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Abstract: The current work was carried out during the year 2006 at Dori Agricultural Experimental

Station of Sahel, North Burkina Faso. The specific objectives of this research are to study: The effect

of desertification processes on soil mineralogical characteristics of the eroded fields and erodible materials.

How far can management practices help in minimizing and combating desertification hazards in Sahel,

North Burkina Faso. The obtained results showed that the studied soils are characterized by sandy to

3 sandy clay loam texture, CaCO % ranges from 7.03 to 37.23%, bulk density varies from 1.20 to 1.58

g/cm and available water ranges between 3.82 and 25.85%. Also, the X-ray diffractograms, verified by3 

the pctrographic examination of the eroded samples underline a general unconformity of the mineralogical

composition. Though most of samples are dominated by quartz, yet the frequency distribution of associated

and accessory minerals differs considerably in their magnitude of occurrence or absence, especially at the

different soil depths. Clay minerals and interstratified ones are essentially inherited from the parent

sediments rather than formed under aeolian activity since the prevailing aridity allows only the physical

disintegration of eroded sediments with nearly no chemical weathering at all. A guideline to the beneficial

measures and practices that should be applied jointly to control and combat desertification hazards are

suggested.

Key words: Wind erosion, water erosion, combat desertification hazards, Soil physical properties, Soil

mineralogy, Sahel North Burkina Faso.

INTRODUCTION

Soil productivity in semi-arid zones is often limited

by water availability. Moreover, in these regions, runoff

is among the main causes of soil degradation and

inefficient water utilization by plants.Burkina Faso is

located in the Sudan-Sahelian zone of West Africa and

is subjected to a high degree of both climate variability

and population growth, 2.3 % / year . The main[1]

climatic features of the country are low rainfall, spatial

and temporal variability, high temperatures particularly

d u r in g  th e  d ry  se a so n  a n d  h ig h  e v a p o -

transpiration.Beyond the Sahelian zone is the dry land

savannah of the Sudanian zone, which registers an

average annual rainfall greater than 600 mm .Ase, , [2 ]

has also experienced serious climate shocks,

particularly drought, since the year 1980.

In addition to the growing demands of natural

resources to satisfy the expanding population, these

climate shocks compromise the sustainability of the

current systems of land use and seriously threaten food

security among rural populations. Since rainfall

constitutes the main source of water for growing crops,

it is an essential element of the water balance. But

when soils are highly degraded, actual rainfall is not

enough  to increase growth and production of

vegetation due to the great amount of water that

infiltrates into soils.

Several soil studies have been undertaken in the

Sahelian region (Leprun,  and Bunasols, ). In another[3] [4 ]

study of the Burkinabe Sahelian region, based on three

transects (Oursi-Tin Akoff, Gorom-Markoy and Dori-

Falagountou), Pallo  highlights the importance of[5]

isohumic soils and, the presence of iron and manganese

sesquioxides soils and of sodic soils.

The sub-arid red brown soils are slightly

differentiated  into haphic arenosols and the sub-arid

red brown modal soils or luvic arenosols are

constituted of aeolian sands. They have a solid

structure, a low to average cohesion and low organic

matter contents (< 3 %).

The sub-arid brown alkaline soils are associated

with sesquioxides and are located on  uplands  with

negligible  slope.  They are made up of clayey-sand
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materials resulting from water erosion. The structure,

which is cubic on the surface, becomes compact at

greater depth. They have a very hard cohesion.

The brown sub-arid vertic soils are found on

sloping uplands and on clayey materials of poorly

drained  plains.  They have a high rate of saturation

(90 % on average) of the surface profile and a pH

from slightly acid to neutral at the surface and alkaline

at lower depth.

The iron and manganese sesquioxides soils are

composed of slightly leached and more leached tropical

ferruginous soils.

The latter covers a large part of the Sahelian

region of Burkina, certainly due to their aeolian origin

(sandy deposits) and to the low rainfall, which does not

allow for considerable leaching of clay material. The

sodic soils are solonetz with a column structure of the

B horizon, having developed on materials resulting

from granite formations. They are characterized by

limestone accumulation, in the form of nodules, black

concretions and the presence of hydromorphie spots, as

sign of a poor drainage.

The study of soil minerals has been devoted great

attention on the international scale, with particular

emphasis on the mineralogy of the clay fraction since

such fraction constitutes the most reactive portion of

soil constituents and its direct relationship to soil

conditions and plant growth.

On the other hand, less attention is paid to the

sand and silt fractions since their mineralogical suite is

formed essentially of primary minerals which are

known by their weak reactivity which, in turn,

contribute slightly to few soil properties and soil -

plant relationships. Nevertheless, weathering of primary

minerals and their decomposition in the soil

environments may contribute, to some extent, to the

occurrence of some secondary minerals and provide

different elements to the soil system depending on the

prevailed environmental conditions. Because water is

considered the prime mover for most chemical and

some physical weathering processes and also wind

participates in the physical disintegration processes, it

is of interest to delineate the role of water and wind

erosional processes on the soil mineralogy of the

eroded areas and mode of depositional environments of

suchs minerals in the Sahel region (Don), North

Burkina Faso.

MATERIALS AND METHODS

The current work was carried out during the year

2006 at Dori Agricultural Experimental Station of

Sahel, North Burkina Faso. Nine soil profiles were dug

deep down to 120 cm depth to represent the soil'

materials in eroded area. The soil samples representing

the subsequent layers throughout the entire depth of

soil  profiles  were  collected for mineralogical

analysis. Also, particle size distribution is determined

by using the pipette method as described by Piper. .[6 ]

Soil moisture retention at 0.1 and 15.0 bar was

determined according to Klute . Total carbonate was[7]

determined using Collin's Calcimeter.

Mineralogical identification of soil minerals was

carried out by X-ray diffraction analysis using Philips

PW apparatus operated at 35 kv and 16 mA with

Copper filter and Cobalt K- á radiation, Jackson . X-[8]

rayed samples were initially sieved through a 0.125

mm screen and mounted onto a glass slide coated with

a thin film of vaseline. Samples were scanned at 2

degrees per minute  in  the range of 2-60

degrees.Microscopic examination of soil samples was

also conducted on the particle size of < 0. 125 mm

fraction, mounted on glass slides using Canada balsam

(RJ), . Identification of soil minerals was carried out[9 ]

as described by Milner .[10]

RESULTS AND DISCUSSION

Sahelian Region: Dori Geographic Situation: The

Seno province belongs to the Sahelian region of

Burkina Faso where Dori is its administrative center.

This province covers an area of 7,020 km . It is2

bordered by Oudalan province to the North, Niger to

the East, and by the provinces of Soum and

Namentenga to the West and the provinces of Gnagna

and Yagha to the South. Dori is situated at a latitude

of 14°02 North and a longitude of 2°88 West, with an

altitude of 288 m high.

Climate: Climatic data of the region under study,

Sahel North Burkina Faso (1963 – 2003) were provided

by the National Meteorological Service. 

The climate is sub-sahelian climate, with a rainfall

lower than 600 mm / year. The average rainfall during

the last forty years is 480.5 rnm. During this period,

the  highest amounts of rain were recorded in 2003

(753 mm), in 1963 (748 mm) and, in 1966 (736 mm).

There is, however, a considerable inter-annual

variability in rainfall. The tendency is for a general

decline in precipitation over the years. Therefore,

rainfall  decreased from 748 mm in 1963 to 259 mm

in 1987. The driest period is recorded during 1977

(279 mm) -1987 (259 mm).

During the last 40 years, there has been a

significant inter-annual variability in temperature, with

a rising trend over the years. So, the average annual
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minimum temperature varied from 20.5 to 23.5°C with

an average of 21.8 °C. The average annual maximum

temperature grew from 36.3°C to 38.4°C with an

average of 37.2°C. In general, the average temperature

from 1963 to 2003 is 29.5°C.

The highest recorded temperatures, are 43.7 °C in

April, 2000 and 44.2 °C in May, 1993 while the

minimum temperatures can fall down to 11°C in

January or December.

The relative humidity is low, particularly during

the dry season. The annual average minimum humidity

over the last 40 years ranges from 25 % to 61 %, with

an average of 43 %. The minimum relative humidity of

the air varies from 21 % to 31 %, whereas the

maximum humidity varies from 50% to 72 %.

Topography: The region lies mostly on granite rocks.

The substratum forms a monotonous landscape

characterized by mild relief. The constituting materials

are of sandy nature. The main topographic forms are

the following:

Fixed Aeolian sands: the large ergs cover a part of

the extreme North of Burkina Faso. They constitute

rectilinear sandy accumulations, oriented in an East-

West direction, at times poorly distinguished not at

well marked times.

Hills and rocky or compacted hillocks: they prevail

and constitute reference points with distinct names and

different characteristics according to the nature of the

rock. They are" either piles of rocks fallen from more

or less larger blocks (granite and schist) or inselbergs

with steep slopes (gabbros);

Uplands are slightly sloping or form flat areas,

including differently evolved materials and constitutive

dynamics. The crusted uplands are slopes covered with

materials stemming from the dismantling of ferruginous

plates, either from compacted hillocks or locally

disintegrated. The gravelly uplands are bare areas, with

a gravelly ferruginous depth profile, resulting from

previous laterization.

Lowlands: the water courses exploit some faults

and fractures in the crystalline platform, beginning on

the top of hillocks, elevations, and impermeable

uplands and concentrating in the lower levels of the

topo-sequence. They are often clayey soils, with very

dense grass cover of Panicum laetum  and some shrubs

(Acacia seyal and Acacia Senegal) used for pasture by

the Fulani.

Sahelian region of Burkina, certainly due to their

aeolian origin (sandy deposits) and to the low rainfall,

does not allow for considerable leaching of clay

material. The sodic soils are solonetz with a columnar

structure of the B horizon, have been developed on

materials resulting from granite formations. They are

characterized by limestone accumulation, in the form of

nodules, black concretions, and hydromorphie spots, a

sign of a poor drainage.

Soil Physical Properties: Field studies reveal that the

soils can be divided according to the type of

degradation by erosion into three groups, as follows:

C soils subjected to wind erosion (soil profiles No.

1,2 and 3).

C soils subjected to water erosion (soil profiels No.

4, 5 and 6)

C soils having less structure (sand dunes). (soil

profiles No. 7, 8 and 9).

The first group of soils displays numerous textural

classes  varying  from  loamy sand to clay loam

(Table 1). This soil group is represented by 3 profiles.

The soil profile No. 1 is characterized by sandy loam

texture in the upper and bottom soil layers, but the

middle soil layer is sandy clay loam. The weighted

means of soil fractions are 71.83, 7.99 and 20, 18% for

the total sand, silt and clay percentages, respectively.

Soil moisture retained at field capacity (0.1 bar) ranges

from 24.78 to 34.36%, while being 8.36 to 12.45% ) at

wilting point (15.0 bar).

As for soil profile No. 2, data in Table (1)

illustrate that such profile is sandy clay loam in its

upper two soil layers, 0-15 and 15-50 cm and the third

soil layer is clay loam. The weighted means of soil

fractions are 62.22, 15.75 and 22.03%) for the total

sand, silt and clay percentages, respectively.

Regarding soil profile No. 3, data in Table (1)

reveal that the upper two soil layers are loamy sand

overlying two sandy clay loam layers.

Regarding the second group of soil profiles (4, 5

and 6), which represent the soils subjected to

concentration, data in Table (1) delineated that soil

texture tends to be finer in the deeper layers.

Soil profile No. 4 is characterized by homogenous

sand texture in its uppermost surface, underlain by

sandy clay loam texture downwards. Profiles 5 and 6

are loamy sand in their uppermost surface followed by

sandy loam and clay loam layer only in profile 6. The

weighted means of total sand, silt and clay contents of

soil profiles, No. 4, 5 and 6 are 65.90, 77.55 and 65.10

%, 10.71, 10.16 and 15.03 % and 23.53, 12.29 and

19.87 in the same sequence. Consequently, the moisture

retained at field capacity was high in the deeper soil

layers (31.37- 42.39 %) relative to those of the upper

soil layers. Likewise, moisture retained at wilting point

follows the same pattern.
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Table 1: Some properties of the studied soil profiels.

Particle size distribution (%) Moisture Content at

3Pbg/cm CaCo %Profile No Depth Cm -------------------------------------- T.C 3 ------------------------- Avail, moisture*

T. Sand Silt Clay 0.1 atm 15 atm

1 0-25 75.11 9.38 15.51 SL 1.41 21.10 24.87 8.36 16.51

25-55 70.79 7.12 22.09 SCL 1.35 18.60 34.36 12.45 21.91

55-90 70.38 7.74 21.88 SL 1.37 17.40 31.78 11.81 19.97

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 0-15 62.49 14.73 22.78 SCL 1.32 17.00 34.86 13.39 21.47

15-50 64.84 12.77 22.39 SCL 1.31 21.80 34.46 14.46 20.00

50-80 48.33 16.62 35.05 CL 1.33 24.00 37.35 16.06 21.29

80-120 70.25 18.08 11.67 SL 1.41 19.70 26.34 10.25 16.09

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 0-20 85.49 5.56 8.95 LS 1.43 20.60 15.60 5.72 9.88

20-40 84.51 4.76 10.73 LS 1.42 19.60 16.23 6.20 10.03

40-60 56.89 11.66 31.45 SCL 1.29 24.70 30.12 9.65 20.47

60-90 53.47 13.89 32.64 SCL 1.27 23.67 31.00 8.34 22.66

90-120 43.65 19.00 37.35 CL 1.21 26.77 32.88 12.67 20.21

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 0-20 92.25 4.30 4.25 S 1.51 11.70 7.66 3.46 4.20

20-40 90.22 2.53 7.25 S 1.52 19.40 13.26 5.93 7.33

40-80 55.22 12.84 31.94 SCL 1.20 36.90 33.37 14.76 18.61

80-120 51.24 15.87 32.89 SCL 1.21 25.00 33.41 12.49 20.92

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 0-20 85.81 4.30 9.89 LS 1.51 25.68 19.12 7.14 11.98

20-50 77.08 11.04 11.88 SL 1.46 14.72 25.48 9.67 15.81

50-90 73.77 12.44 13.79 SL 1.42 16.23 26.89 10.21 16.68

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 0-20 83.47 8.97 7.56 LS 1.47 12.55 17.16 6.99 10.17

20-50 74.52 13.29 12.19 SL 1.39 22.25 29.06 11.79 17.27

50-80 70.03 14.68 15.29 SL 1.43 24.34 31.37 11.18 20.19

80-120 45.14 19.64 35.22 CL 1.27 37.23 42.39 16.54 25.85

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 0-20 97.37 1.24 1.39 S 1.56 12.38 6.55 2.73 3.82

20-60 97.64 0.71 1.65 S 1.57 12.55 7.78 3.24 4.54

60-150 97.39 2.28 0.33 S 1.58 7.03 9.72 4.05 5.67

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 0-20 92.10 3.10 4.80 S 1.51 26.52 12.76 5.65 7.11

20-50 88.75 2.40 8.85 S 1.47 26.77 10.91 4.46 6.45

50-80 94.20 4.20 1.60 S 1.48 27.19 10.77 3.65 7.12

80-120 93.75 3.10 3.15 S 1.47 33.96 7.68 2.98 4.70

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 0-30 97.30 1.20 1.50 S 1.48 13.13 12.96 5.40 7.56

30-60 96.53 2.55 0.92 S 1.51 17.23 8.16 3.40 4.76

60-110 97.71 1.02 1.27 S 1.51 12.46 7.08 2.95 4.13

T.C*= Texture class

By comparison between the first group and second

group of soils, it could be surprisingly noticed that the

clay percentage is lower in the second group than in

the first group. This result is completely opposite to the

fact that water erosion is more active in the soil

surface layer and often reduced the potential of soil to

produce crops by lowering water holding capacity,

nutrients loss, degraded soil structure and disturbed soil

uniformity.

Moving to the third group represented by the

profiles (7, 8 and 9), data in Table (1) reveal that such

profiles are characterized by homogenous soil texture

(sandy textured) and low available water. The sand

content ranges from 88.75 to 97.7 %, the water

retained at field capacity ranges from 6.55 to 12.96 %

and that retained at wilting point varies from 2.37 to

5.65 %).

Mineralogical Analysis: Profile 1 which referred to the

wind eroded or deflated one showed an irregular

vertical distribution of illite, smectite, palygorskite,

quartz, bauxite, magnesite and a tendency of increase

of hematite and rutile with depth while anatase and

kaolinite are nearly uniform throughout profile depth.

An apparent increase of illite, smectite, and quartz in

the soil subsurface layer is clearly observed.

In contrast, palygorskite, bauxite, and magnesite are

depressed in the subsurface layer of the studied profile.

These variations are mainly rendered to the soil

formation  processes which are reflected on layering

and discontinuity of most minerals in such profile.

Such  variations may also dictate the possible

truncation of some minerals which became less

abundant in the delight surface layer such as illite,

smectite, femite and sutite.
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Table 2: Semi-quantitative estimation of clay and accessory minerals in the studied soils.

Minerals %
Depth Cm Profile No. -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Illite Smectite Anatase Kaolinite Gibbsite Palygorskite Quartz Bauxite Magnesite Hematite Rutile

1 0 – 25  - 0.62 1.51 6.12  - 4.65 59.58 23.81 3.54  -  -
25 – 55 0.28 4.30 1.02 6.12  - 1.64 79.23 3.40 0.91 0.79 0.40
55 - 90  - 0.28 1.39 6.90  - 5.04 69.92 8.70 4.95 1.30 0.60

2 0 – 15  - 0.60 1.44 8.80  - 3.20 68.32 9.57 6.04 1.04 0.52
15 – 50  - 0.67 2.61 18.48  - 2.88 52.05 10.55 4.75 0.31 1.07
50 – 80  -  - 7.22 27.92 6.07 6.61 38.31 4.63 4.94 3.26  -
80 – 120  -  - - 1.09  - - 65.53 6.51 0.26  - 12.82

3 0 – 20  -  - - 1.16  - - 49.72 2.52 19.70  - 0.24
20 – 40 0.20 5.55 1.27 8.75 4.31 2.45 52.11 14.30 8.46  - 1.14
40 – 60  -  - 16.37 5.40 0.12 0.99 42.56 13.76 7.92 1.08 8.01
60 – 90 0.34  - 3.03 20.04  - 4.46 58.91 2.32 3.48 2.62  -
90 – 120  -  - 8.95 40.82  - 6.46 26.49 - 6.22 5.03 4.59

4 0 – 20  -  - - 20.00  - - 70.51 2.82 - 3.86  -
20 – 40  -  - 0.58 3.09  - - 94.99 0.17 0.50 0.33  -
40 – 80  -  - 4.92 22.99  - - 62.74 - 9.36  -  -
80 – 120  -  - 1.54 4.04  - 2.58 55.86 - 4.51  - 9.16

5 0 – 20  - 3.17 1.56 6.15  - 4.39 77.74 2.73 4.25  -  -
20 – 50  -  - 1.88 6.82  - 3.28 77.01 - -  -  -
50 - 90  -  - 1.10 5.06 3.39 1.67 73.28 7.27 3.83 0.86 1.82

Minerals %
Depth Cm Profile No. ----------------------------------------------------------------------------------------------------------------------------------------------------

Smectite Anatase Kaolinite Gibbsite Palygorskite Quartz Bauxite Magnesite Hematite Goethite Crystobalite Rutile Calcite

6 0 – 20 0.28 1.84 7.36  - 3.13 79.71 4.02 1.78  -  -  - 1.12 0.78
20 – 50 0.47 1.29 12.76  - 3.21 73.65 4.13 1.03 0.93  -  - 1.76 0.78
50 – 80 0.97 0.68 2.67  - 2.91 82.49 5.82 0.63  -  -  -  -  -
80 – 120  - 0.45 2.40  - 3.50 86.92 6.67 0.39  -  -  -  -  -

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 0 – 20 1.41 0.68 2.43  - 5.48 84.31 5.68  -  -  -  -  -  -

20 – 60  -  - 1.19  - 1.94 92.07 4.81  -  -  -  -  -  -
60 – 150  - 0.64 1.75  - 1.22 88.70 5.57 0.64  -  -  -  -  -

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 0 – 20 1.04 0.52 2.03  - 1.09 86.35 4.83 0.73  -  -  -  -  -

20 – 50  - 0.52 1.67  - 2.55 88.43 6.13 0.69  -  -  -  -  -
50 – 80  - 0.55 1.55 5.34 1.49 82.32 7.49  -  - 2.64 2.87  -  -
80 – 120  - 0.65 0.38 3.31 1.08 76.95 10.41  -  - 5.97 1.24  -  -

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 0 – 30  -  - 1.13  - - 89.78 6.24 0.11  -  -  - 2.74  -

30 – 60  -  - -  - - 94.14 5.86  -  -  -  -  -  -
60 - 110  -  - 1.67  - - 92.56 5.76  -  -  -  -  -  -

Map.: A map of Burkina Faso showing the province selected for the study

Comparing profile 2 which represents the

transitional  zone  with  that of the eroded zone

(profile 1) revealed that smectite and anatase in the top

layers of both profiles are almost similar with no

change while kaolinite, quartz, and magnesite tend to

increase in the transitional zone, indicating their

possible translocation through wind erosion of the

eroded zone. In contrast, bauxite is lower in the

transitional zone, indicating that its transportation via

wind erosion is slight or nearly none. It is also evident
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that hematite and rutile appeared only in the surface

layer of soils in transitional zone, this may be rendered

to their inheritance from the parent materials forming

soils in this zone as well as their possible translocation

from the eroded area. 

Passing along to the deposition zone, kaolinite,

palygorskite. bauxite and magnesite decreased sharply

if compared to their contents in the eroded zone,

anatase entirely disappeared while quartz increased and

rutile appeared as one of the major components.

When comparison between profiles 2 and 3 of the

transitional and depositional zones is worked out, one

should notice that in the depositional zone smectite,

palygorskite, anatase and hematite completely

disappeared, kaolinite, magnesite and bauxite contents

are depressed, quartz decreased slightly whereas rutile

increased considerably.

Considering the water eroded zone (profile 4), data

presented in table (2) indicate that illite is only

detected in the subsurface layer and smectite group of

clays is entirely absent throughout profile depths.

Kaolinite, palygorskite and hematite showed a tendency

of progressive increase downward the soil profile while

bauxite followed a reverse trend as it accumulates in

the top surface while depressed sharply downwards.

Though anatase is concentrated in the top soil

layer, yet it follows an irregular distribution pattern

downward the soil profile. Another irregular vertical

distribution is displayed by quartz, magnesite and rutile

but gibbsite is only detected in the surface layer of

such profile.

Comparing the mineralogy of top surface of

profiles 4 and 5 revealed that anatase, rutile, gibbsite

and palygorskite in profile 4 remain with no apparent

effect of water erosion, since it is not detected in the

surface layer of profile 5, indicating no transportation

to the transitional zone. It seems evident that kaolinite,

quartz and hematite are more concentrated in the top

layer of profile 5 relative to profile 4, indicating drastic

transportation of such minerals to the transitional zone

through water erosion while bauxite is seemingly

slightly transported.

Passing further to the depositional zone, it is

apparent that most of the water - borne minerals

transported to such zone is kaolinite, palygorskite,

quartz, magnesite and rutile while other minerals such

as anatase, gibbsite, bauxite and hematite are either

slightly transported or even non-transported to the

depositional zone.

These results are clearly demonstrated by

comparing profile 5 (transitional zone) and 6

(depositional zone) where the presence of anatase,

palygorskite, magnesite and rutile in the depositional

zone and their disappearance in the transitional zone,

indicate their direct transportation from the eroded zone

to the depositional zone by water erosion, enhanced by

increasing water velocity due to soil relief.

Data in table (2) show that the soils in the whole

area don't contain any illite minerals. Smectite is only

detected as traces in three profiles out of the five

examined profiles where it is present only in the

deepest layers and in the top surface of profi1e 6.

Smectite constitutes 0.28 - 1.41 % of the whole

soils. Kaolinite forms 0.38 - 12.76 % of the soils

minerals, the lowest content is found in the deepest

layers of profile 8 whereas its highest content

characterizes the middle layer of profile 6, such profile

attains  the  highest  content  of kaolinite in general.

In most cases, kaolinite follows an irregular pattern of

depthwise distribution except in profile 6 where it is

uniformly disturbed throughout the entire depth of such

profile.

Palygorskite is identified in all the studied profiles

 except for profile 9. Its content ranges from 1.08 to

5.48 %. The lowest content is associated with the

deepest layer of profiles 7 and 8, whereas its highest

content  is found in the deepest layer of profile 6. Its

vertical distribution, is characterized by an increase

downward the soil profiles 6 and 7 or displayed a

contrary trend as shown in profiles 8 and 9. Quartz is

the most predominant mineral in all the studied soils

irrespective of their location where its content varies

widely from 73.28 up to 92.56 %. The vertical

distribution of quartz (non clay mineral) displayed an

irregular pattern in all profiles except for profiles 7 and

8 where quartz tends to decrease downward the soil

profiles.

Bauxite is seemingly the second predominant

mineral and identified in all the studied profiles. Its

content varies widely from as low as 4.02 up to 10.41

% of the mineralogic composition. The vertical

distribution of bauxite indicates a tendency of decrease

in profiles 7 and 9 while the reverse is true in profile

8. Profile 7 showed an irregular pattern of bauxite

distribution downward the soil profile.

Anatase is identified in traceable amount, not

exceeding 1.84 % in four profiles out of the studied

ones while being entirely absent in profile 9. The

mineral shows an irregular distribution pattern with

depth in profiles 6 and 7 and a tendency of decrease

in profile 7 opposite to profile 8.

Magnesite is only detected in profiles 6 and 7 and

in the top layers of profiles 8 and 9. Its content varies

widely from 0.11 to 3.83. %. The lowest content is

that of the top layers of profile 9 whereas the highest

content is associated with the top layer of profile 6. It

tends to decrease with depth in profile 6 while being

almost constant downward profile 7.

Gibbsite is only identified in the top and the

deepest layers of profiles 6 and 8, respectively.
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Hematite is only detected in the top and deepest

layer of profile 7, while disappeared completely in

other profiles. Likewise, goethite and palygorskite are

only identified in the deepest layers of profile 8.

Rutile is only detected in profile 6 and the top

layers of profile 9. Its depthwise distribution in profile

6 showed an irregular pattern. Calcite is only detected

in the deepest layer of profile 6 with an almost equal

content.

Commenting on the observed changes in

mineralogical composition of soil in the wind and

water - eroded areas, North Burkina Faso, one should

mention that the stability or resistance of soil mineral

spaces to wind or water erosion depends on a large

number of factors which include hardness, cleavage,

coefficient of expansion, original cracks in the mineral

crystal and solubility under specific environment. In

2this regard, Quartz (SiO ), a tectosilicate, which is

composed of continuous framework of tetrahedral in

three dimensions and all of the four oxygens are

shared, predictably has a high degree of resistance

either under wind or water erosion. The oxidation -

reduction in solution of eroded species, may be

important in the weathering of minerals containing

considerable concentrations of Fe and / or Mn. In this

connection, the oxidation of minerals of which Fe

comprises a major element (Fe- bearing minerals such

as hematite) is associated with a decrease of negative

charge of the silicate anion, a reversible deprotonation

of structural OH and, an irreversible ejection of

octahedral metallic cations.

In general, the particles of sand-sized fraction are

almost entirely products of physical weathering under

the prevailed arid climatic conditions but are largely

products of chemical weathering where water action

prevails. The factors controlling weathering of source

rocks (parent material) of the soils under study are age,

rainfall, composition and texture of the parent rock as

well as the topographic expression. Therefore, where

leaching approaches certain stage such as soils under

water erosion, some bauxite, amorphous inorganic

materials of alumina, iron, silica, and manganese are

among the final products. Accordingly, water content

is sufficient to serve as an- important factor in

chemical rock weathering even in a very dry soil

environment. Briefly, climate especially rainfall and

temperature are the two main climatic factors; the

former controls the supply of water for chemical

reaction and for leaching of soluble constituents away

from the weathering environment, and the latter

influences the rate of these chemical reactions.

Moreover, repeated leaching would hasten the

weathering reactions towards completion. Another

important factor affecting the rate of chemical

weathering is topography which modifies the rates of

moisture intake by the parent sediments, leaching of

soluble constituents and exposure of fresh mineral

surfaces. It is also remarkable that kaolinite is only

found in the transitional and depositional zones of wind

eroded soils while being found in all profiles and zones

of water eroded soils. Therefore it is not a product of

ancient weathering and this clay mineral is

characteristic for the sandstone soils where it is a

product of weathering in situ rather than being

inherited from the parent rock. With regard to

palygorskite, it is expected that this mineral is

originated from the parent material (sandstone and

calcareous sandstone) and incorporated to the soils after

physical weathering of the parent rock. However, it

does not persist in soils developed over sandstone,

being converted into semectite (montmorillonite) in the

upper horizon. The absence of micaceous minerals

(muscovite, phlogobite and biotite) and feldspars in all

the studied profiles may suggest that they are

eventually converted into clay minerals resembling illite

and kaolinite, respectively. The prevailing redox

potential of soil may be of direct concern to chemical

weathering of mica and feldspars.

Finally, it is evident that the study,  though

pointed out to identify the changes in soil mineralogical

composition due to wind and water erosion, yet most

of the discussion was mainly concerned with soil

mineralogy  in  relation  to  soil genesis and formation

as  functioned and reworked by weathering aspects.

The variations encountered in soil mineralogy due to

wind and water erosional processes can be expressed

in more precise pattern, and the combination between

origin, genesis and formation of the studied soils

together with wind and water erosional patterns can be

magnified and elucidated more precisely. Needless to

mention that physical and chemical weathering that

took place in the studied soils either during the past or

recent periods depends essentially on the nature and

composition of parent rocks and climatological aspects

prevailed during such periods which, in turn,

determines to what extent the variations encountered

are related to weathering or superficial parameters such

as wind or water erosion.

In general, the soil materials differ in their texture

depending on particles density and shape, consequently

their mineralogy (light, heavy, silt and clay minerals)

this will effectively be superimposed on the precipitated

materials by wind erosion action. This conclusion

concides well with those reported by Folk , Lettau[11]

and Lettau  and Chesler  who stated that the fine[12] [13]

air-borne particles (1-10 jam equivalent radius) consist

predominantly of clay minerals which are derived from

the exposed soils by sand-blasting during wind erosion.

The clay is removed from the soil as individual

particles, as coatings of platelets on quartz grains and
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as coarse aggregates of platelets. Continued sand-

blasting during wind transport removes the clay

platelets from the exposed surfaces of quartz grains and

separates the aggregates. As should be expected, the

finer-grained soil contains the highest percentage of

clay and, upon erosion yields the highest percentage of

fine air-borne-particles.

Based on the foregoing results, one can conclude

that soil erosion is a serious problem affecting

productive agricultural lands and other economic

establishments particularly in the desert areas. The

obtained results showed that wind erosion has

negatively affected most, if not all, soil properties

either physical, chemical, and mineralogical as well as

nutritional properties. To combat and overcome such

problem, various approaches and practices are usually

followed to control wind erosion. Among them, use of

wind breaks/shelterbelts, minimum tillage with crop

residues, sand dune stabilization by mechanical,

chemical and biological (vegetative) measures are

expected to be effective to control wind erosion under

the prevailing conditions of Sahel desert.
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