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Chemical Composition and Mineralogy of Harmattan Dust from Kano
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Abstract: This study was conducted to obtain the mineral composition of the various fractions of Harmattan
dust separated according to their specific gravities. Soil dust is a major constituent of airborne particles in the
global atmosphere. The generation and transport of dust are processes that continue to this day, playing an
important role in geochemical and geophysical processes, including the addition of nutrients to soils and to the
oceans. Mineral dust suspended in the atmosphere interacts with the solar and earth’s thermal radiation thereby
affecting the climate radiative budget. Studies on the Harmattan dust mineralogy were carried out after
separation into six fractions by means of heavy liquid solutions. The major components were; quartz, haematite,
illite, micas, feldspars, kaolinite and chlorite. There is increased interest in the properties of small airborne
particles because of the role that they play in many environmental processes. Much of this interest stems from
the possible impact of aerosol on climate-related processes that involves radiation and cloud. For this reason
aerosol, studies are focused on the chemical and physical properties of aerosols that relate to radiation and to
hygroscopic behavior.
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INTRODUCTION

Nine regions contribute to the total global production
of desert dust, North Africa (Sahara), South Africa, the
Arabian Peninsula, Central Asia, Western China, Eastern
China, North America, South America and Australia
(Prospero et al., 2002; Tanaka and Chiba, 2006).

North Africa is the main dust emission source area,
alone responsible for generating over 50% of the total
desert  dust  found  in  the  atmosphere (De Longueville
et al., 2010) and almost five times as much as the second
biggest source (the Arabian Peninsula). Harmattan dust
plays an important role in many biogeochemical systems.
It provides key nutrients for oceanic phytoplankton.
Mineral dust deposition has been shown to fertilize ocean
surfaces, potentially stimulating algal blooms, as well as
forests such as the Amazon where between three and four
tetra grams of Sahara dust are deposited each year (Swap
et al., 1992). Air borne dust particles affect human health,
through their impact on local and regional air qualities
(Anuforom et al., 2007; Sassen et al., 2003). Extensive
research has been conducted on PM (particulate matter)
during the Harmattan season (McTainsh, 1980; Adepetu
et al., 1988; Adedokun et al., 1989; Breuning-Madsen and
Awadzi, 2005). Ogugbuaja and Goni (1999) and
Ogugbuaja and Barsisa (2001) have determined the
elemental contents of suspended particulate matter from
Maiduguri metropolis on an annual basis with elemental
enrichment factors. The minor elements in Harmattan dust
may occur in primary or secondary minerals, for example,

they may be found in clay minerals of the kaolin,
montmorillonite, and hydro mica group (Mitchell, 1964),
and in simple oxides, sulfides or carbonates. As such, they
may either be components of the crystal lattice in
particular minerals or be superficially adsorbed on them.
In addition to their association with minerals, the minor
elements may also occur as dissolved ions or complexes
in the aqueous phase of Harmattan dust or be bound by
salt linkage or adsorptive forces in the organic fraction. 

The study of heavy metals, their occurrence in natural
system and their toxicity to plants, animals and human
beings is well documented (Natusch et al., 1978). The
heavy metals are harmful to animals even in very small
amounts. If the natural pathway of heavy metals from
Harmattan dust and vegetation to herbivores continues
into carnivores including human beings, then the
possibility arises that the natural heavy metal status of the
geological environment (in cases where food is of local
derivation) can affect the health and physical conditions
of human population groups. If geochemical studies of
Harmattan dust are to be meaningful in terms of
agriculture, then we require information on the
concentration, mineral form and availability of elements
in the active Harmattan dust constituents. When studies of
the distribution of elements within a group of particles are
required, it is sometimes necessary to fractionate a bulk
sample before analysis. Fractionation of particles
according to density is conveniently accomplished by
means of a float-sink techniques (Ruch, 1974) employing
successively less dense liquids such as bromoform, iodo-
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methane and dimethyl-sulphoxide or mixture of these
solvents (Olson and Skogerboe, 1975). The objective of
this work was to characterize the Harmattan dust using
atomic absorption spectroscopy and X-ray diffraction. 

MATERIALS AND METHODS 

The Harmattan dust collection sites were on the
campuses of Bayero University Kano and Ahmadu Bello
University, Zaria both in Nigeria. Wet and dry collection
techniques as described by McTainsh and Walker (1982)
and Jimoh (1985) were employed.

Bromoform/dimethyl-sulphoxide mixtures were used
to provide liquids of varying specific gravities.
Separations into various groups were made on the basis of
the specific gravity: 

C Fraction A: Heavy group minerals having specific
gravity greater than 2.88. 

C Fraction B: Quartz group-minerals having specific
gravity less that 2.88 but greater than 2.62. Feldspar
group-minerals having specific gravity less than 2.62
were further separated into:

C Fraction C: Minerals having specific gravity greater
than 2.59 but less than 2.62. 

C Fraction D: Minerals having specific gravity greater
than 2.50 but less than 2.59. 

C Fraction E: Minerals having specific gravity greater
than 2.0 but less than 2.50 

C Fraction F: Minerals having specific gravity less
than 2.0, together with the organic material. 

The bromoform used was of high purity and had a
specific gravity of about 2.88. Separation and removal of
precipitated minerals from the various liquid mixtures
were achieved by centrifuging and freezing. Straight-
walled, Pyrex, micro-centrifuge tubes with conical
bottoms were used. The tubes were centrifuged at 3000-
4000 rpm for 15 min as recommended by Muller (1967).
After centrifuging, the precipitated material was removed
from the suspended material by the method of partial
freezing as described by Fessenden (1959).

Liquid nitrogen was used as refrigerant (Scull, 1960).
The various fractions separated above were analyzed by
a Varian model 1200 atomic absorption spectroscopy
(AAS) and x-ray diffraction patterns were obtained by a
Philip Debye Scherer powder camera using CuK"
radiations.

Interpretation of a powder film involves measuring
the distances between the various pairs of arcs. This was
done by using a Hilger and Watts Ltd. Instrument, which
comprise a long glass plate inscribed with a millimeter
scale and a metal cursor fitted with a glass plate on which

Table 1: Specific gravities and percentage distribution by weight of
Harmattan dust separated into fractions A, B, C, D, E, and F

Specific gravities Fractions 1 2 3 4 Mean
>2.88 A 3.37 3.48 3.42 4.46 3.70
<2.88>2.62 B 1.69 0.79 1.64 1.09 1.30
<2.62>2.59 C 26.06 28.62 32.20 33.10 29.99
<2.59>2.50 D 36.42 35.65 31.12 28.61 32.95
<2.50>2.00 E 30.54 29.56 29.94 30.33 30.09
<2.00 F 1.92 1.89 1.68 2.41 1.9

Table 2:  Elemental composition of fractions A to F and the original
dust sample
mg/g
-------------------------------------------------------------------------

Element A B  C D E F 0/S
Cu 695 224 80 81 155 91 120
Zn 1450 947 200 225 724 573 448
Fe 218750 144566 14600 15968 42266 28415 32370
Pb 1405 698 ND ND 234 189 149
Ca 53250 39083 3900 1547 23403 26520 11952
Ba 12200 22881 2305 11327 6482 8564 7221
Cr 220 73 25 37 50 24 42
Mn 5750 2343 136 153 439 409 463
Cd 41.5 ND ND ND ND ND ND
Mg 9950 9920 2200 2061 5489 8774 3735
Sr 615 613 110 629 459 613 408
A1 58320 78290 14025 66242 55988 93245 48556
Rb 215 334 32 294 88 184 156
Ti 117750 71037 4500 4491 8233 8225 10458
Ni 350.0 349.0 ND ND 279.0 149.0 99.6
Co 60 40 ND 20 25 30 20
Au 60.0 52.3 ND 22.5 15.0 22.4 15.0

Table 3: Percentage distribution of metals in fractions A-F 
Element A B C D E F Total (%)
Cu 20.14 2.27 18.81 20.28 36.52 1.41 99.43
Zn 12.59 2.80 13.99 17.25 50.82 2.56 100.01
Fe 24.61 5.71 13.31 15.98 38.68 1.70 99.99
Pb 38.52 6.67 51.85 2.96 100
Ca 16.81 4.33 9.98 4.34 60.08 4.45 99.99
Ba 6.19 4.08 9.49 51.16 26.77 2.32 100.01
Cr 18.13 2.15 17.00 27.65 34.00 1.07 100.01
Mn 44.94 6.33 8.65 10.55 27.85 1.69 100.01
Cd 100 100
Mg 10.05 3.52 18.03 18.52 45.14 4.73 99.99
Sr 5.46 1.90 7.84 49.17 32.78 2.85 100
A1 4.51 2.13 8.79 45.54 35.20 3.84 100.01
Rb 5.32 2.09 6.46 65.07 17.83 2.42 99.19
Ti 40.54 8.60 12.56 13.74 23.05 1.51 100
Ni 12.44 4.31 80.38 2.87 100
Co 12.64 2.87 37.93 43.10 3.45 99.99
Au 14.47 4.61 48.68 29.61 2.63 100.00

were scribed fiducial lines and a vernier scale. With this
it was possible to estimate line positions to within ±0.01
mm. Conversion of the measured distances into d-spacing,
the form which powder diffraction data are usually
handled was carried out by converting the millimeter
values into 2 values in degrees. 42 values in degrees were
obtained from the differences in readings between the
various pairs of arcs. 2 Values were then calculated and
substituted in the Bragg equation:

d 

2sin

where 8 = 1.542Å for CuK".
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Table 4: Minerals identified in the six fractions
A B C D E F
Haematite SiO2 SiO2 KAISi3O8 Al2Si2O5 (OH)4 Al2Si2O5 (OH)4

FeOOH (Fe2O3.H2O) Quartz Quartz High sanidine Kaolinite Kaolinite
Geothites F-Al2O3

6Hyalophane SiO2 g- Al2O3

Ilmenite Delta alumina SiO2 Quartz Epsilon alumina
Ti3O5

5Hoegbomite Quartz :-CaCO3 $-BaSiO3

Titanium oxide Fe4 (TiO4)3 BaCaTiO4 Vaterite Barium silicate
Mg3Si2O5 (OH)4 Iron titanate Barium calcium titanate CaCO3 III

5Hoegbomite
Chlorite "-Ca2SiO4 Calcite :-CaCO3

ZrSiO4 Bredigite 7Corundophillite chlorite Vaterite
Zircon BaTiO3 CaCO3 F-Al2O3

MgTiO3 Barium titanium oxide Aragonite Delta alumina
Geikielite :-CaCO3 $-BaSiO3 Ca (Al2Si2O8).4H2O
ZnTiO3 Vaterite Barium silicate Gismondine
Zinc meta titanate $-BaSiO3

8Clintonite (xanthophyllite) Mg3 Si2 O5 (OH)4
1lllite Barium silicate Mg5 Al (Si3 Al) O10

 (OH)8 Chlorite
CaTiO3 Clinochlore Chlorite
Perovskite 9Grochauite (Chlorite)
CaO.Ti2O3 (CaTi2O3) 10Sheridanite (Chlorite)
Calcium titanium (III) oxide 8CaO.3SiO2 3H2O
2Braunite II Calcium silicate hydroxide
3Anandite 11Chlorite-1a
4Muscovite 12Chlorite-1b
NiTiO3 Ca (Al2 Si2 O8). 4H2O
Nickel titanium oxide Gismondine
Fe2 O3

13Hyalophane
FeTiO3

Ca (UO2)2 (PO4)2 8-12 H20
Autunite
Ca (Al2Si2O8).4H2O
Gismondine
1): (K, Na, Ca)2O.3.33 (Mg. Mn)O.4.3 (Al. Fe. Ti)2O216(Si, Al) O2. 4H2O(lllite); 2):  Mn 5.8 Fe 1.25 Ca0.46BaO O.08 Si0.45O.12 (Braunite (II); 3): (Ba, K)
(Fe, Mg)3, (Si, Al, Fe) 4 O.O 10 (O.OH)2 (Anandite); 4): (K.Na) (Al, Mg, Fe)2 (Si2.1 Al0.9) O10 (OH)2 (Muscovite); 5): Ti 1.7 Fe1.6 Mg6.3 AI18.8 Si 0.2 O40

(Hoegbomite); 6): (0.57K Al Si3 O8) (0.43 Ba AI2 Si2 O8) (Hyalophane); 7): (Mg4.9 Al0.75 Fe (lll)0.17 Fe(ll)0.007 Cr0.18) (Si2.6 Al1.4) O16 (OH)8

Corundophillite Chlorite); 8): Ca (Mg2.13 Fe O.11 AI0.76) (AI2.89 Si1.11 O9.92 (OH)2.14 (Chlorite); 9): (Mg4.2 Fe 0.88 Al 1.82) (Si2.6 Al1.4) O10 (OH)8 (Grochauite
Chlorite); 10): (Mg4.2 Fe 2+ 0.1 Al1.6) (Si 2.5 Al1.5) O10.1 (OH)7.9 (Sheridanite Chlorite); 11): (Mg2.6 Fe2.2 Al1.2) (Si 2.8 Al1.2 O10) (OH)8 (Chlorite-1a); 12):
(Mg3.13 Fe2.0 Al0.87) Si 3.3 Al0.7 O10 (OH)8 (Chlorite-1 b); 13): Ba 0.39 K0.43 Na0.17 Ca 0.01 Al 1.4 Si2.6 O8 (Hyalophane)

Line intensities were estimated by eye. Estimation by
eye was made against a relative scale in which the
strongest reflexion was assigned strong (s) or very strong
(vs) and the graduation goes through medium strong (mv),
medium (m), medium weak (mv), weak (w) and very
weak (vw). The d-spacing’s calculated as explained above
together with their relative intensities, for each sample,
were used to identify the various minerals in each fraction
A to F separated out according to their specific gravities.
Individual minerals were identified from the d-spacing’s
using the data tabulated by the Joint Committee on
Powder Diffraction Standards (1974) and following the
instructions in the search manual. Each of the fractions A
to F was decomposed by tri-acid mixtures (48% Analar
HClO4 (2 cm3) 70% Aristar HNO3 (6 cm3) and 48%
Aristar HF (5 cm3)) digestion.

RESULTS AND DISCUSSION

Chemical analyses of the fractions: It is necessary to
determine how elemental concentration is distributed in
Harmattan dust with respect to specific gravity. For this
reason, samples A to F separated out according to their
specific gravities were analysed and their elemental
composition determined. Table 1 gives the specific

gravity distribution for typical dust samples arrived at by
repeating four measurements. The table also shows the
percentage distribution by weight of the various fractions
separated according to their specific gravities. The
chemical analysis of each fraction by AAS is given in
Table 2 together with the analysis of the original sample
(O/S). A tri-acid digestion mixture containing
hydrofluoric, nitric and perchloric acids was used for
sample dissolution. 

Table 3 illustrates in percentage terms how the total
amount of a metal in the dust is distributed among
fractions A to F.

The highest percentage distribution of most of the
elements is found in fraction E except for Ba, Sr, Al, Rb
and Au which have highest percentage distribution in
fraction D, and Fraction A contains the highest percentage
distribution for Mn, Cd and Ti.

Mineralogical composition of harmattan dust: Studies
on the harmattan dust mineralogy showed that, the major
components are: quartz, haematite, illite, micas, feldspars,
kaolinite, chlorite and other accessory minerals. Table 4
lists the minerals found in the various fractions. The
mineral  ilmenite (FeTiO3), found in fraction A is feebly
ferromagnetic, and substantial replacement of the iron by
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magnesium, zinc etc. may occur in mineral specimens.
Examples of this replacement are shown by the presence
of geikielite (MgTiO3), perovskite (CaTiO3), zinc meta
titanate (ZnTiO3), nickel titanium oxide (NiTiO3), in
fraction A and BaTiO3 in fraction B. The clay minerals
present in fraction A are illite and muscovite, which is an
example of mica. The illite minerals are similar in their
general structural characteristics to the micas (Grim et al.,
1937). Kaolinite is found to be present in fractions E and
F. Apart from kaolinite, the other major mineral present in
fraction E is chlorite.

Chlorites are common accessory minerals, probably
forming secondarily by alteration of primary
ferromagnesian minerals such as micas. Chlorites are
considerably more hydrated and more basic than micas
and contain no alkalis. The micas are very important
mineralogical components of a wide range of
agriculturally significant soils. The micaceous clay
minerals in the Harmattan dust are important because of
their chemistry (e.g., as sources of nutrient elements) and
because of their colloidal properties (e.g., their large
surface areas which may be highly reactive). 

The minerals identified in fraction F appeared to be
present in most of the other fractions, especially fraction
E. Since this fraction contains most of the organic matter
in Harmattan dust, the minerals may be present as
inclusions. 

Comparison of chemical and mineralogical analysis:
The chemical analysis of the various fractions by Atomic
Absorption Spectroscopy (AAS) helped by indicating the
expected minerals in each fraction. 

Fraction A contains 21.9% Fe, 11.8% Ti, 5.8% AI,
5.3% Ca and 1.0% Mg. 

This corresponds to the major elements in this
fraction. In line with this result is the identification of
minerals such as Fe2O3. FeO.TiO2 (ilmenite), Ti3O5,
Mg3Si2O5 (HO)4, MgTiO3, CaTiO3 etc. Other elements
present in appreciable quantities in this fraction are: Ba
(1.2%), Mn (0.58%), Ni (0.035%), Pb (0.14%) Zn
(0.15%), Cr (0.02%), Cu (0.07%) and Sr (0.06%), The
minerals containing these elements identified in fraction
A are: Braunite, Anandite, NiTiO3 and ZnTiO3. 

No mineral containing Pb, Cr, Cu and Sr are
identified in fraction A. In fraction B, the major elements
found by AAS are Fe (14.4%), AI (7.8%), Ti (7.1%), Ba
(2.2%), Ca (3.9%) and Mg (1.0%). These elements
corresponds to the identification of the following minerals
in this fraction: Fe4 (TiO4)3, hoegbomite, F-Al2O3, BaTiO3,
Bredigite ("-Ca2SiO4), and Vaterite (:-CaCO3). The other
elements determined by AAS in this fraction have their
composition less than 1.0% and hence no mineral
containing these elements were  identified  in fraction B.

Such elements are Cu (0.02%), Zn (0.09%), Pb
(0.07%), Cr (0.007%), Mn (0.2%), Sr (0.06%), Rb
(0.03%), Ni (0.03%) and Co (0.004%). 

In fraction C most of the elements determined by
AAS have their composition less than 1% except Al
(1.40%) and Fe (1.46%). However, the only mineral
identified in this fraction is quartz (SiO2). The presence of
other minerals is undisputed, but they may be present in
small quantities making identification very difficult. 

In fraction D the composition of the major elements
determined by AAS are Al (6.6%), Fe (1.6%), Ba (1.1%),
Ti (0.45%), Ca (0.15%). This result corresponds to the
identification of the following minerals: High sanidine
(KAISi3O8), Hyalophane and BaCaTiO4.

Although, K is not determined by AAS, single
particle analysis of this fraction showed that appreciable
amount of K (6.16%) is present in the particle analyzed by
Analytical Electron Microscopy (Jimoh, 2011). No
mineral containing Fe could be identified in this fraction,
although the percentage of Fe (1.6) is appreciable. The
probable reason is that Fe is substituted in the clay
mineral lattice identified in this fraction, or that the
quantity of iron containing mineral is very small for any
conclusive identification. Determination of the various
elements in fraction E by AAS showed that the percentage
of the major elements are Al (5.60), Ca (2.34), Fe (4.22),

Mg (0.55), Ba (0.65), Ti (0.82) and Cr (0.005). The
minerals identified in this fraction corresponding to this
elemental composition are: kaolinite (Al2Si2O5 (OH)4,
vaterite (:-CaCO3), calcite (CaCO3), corundophillite
chlorite, grochauite (chlorite) and hyalophane. 

No mineral containing Ti is identified in this fraction.
Fraction E contains the second highest number of
minerals identified in each fraction and the possibility of
missing out some of the minerals is very high. Analysis of
fraction F by AAS showed that this fraction contains the
highest percentage of Al (9.3). The percentage
composition of other major elements found in this fraction
are Fe (2.84), Ca (2.65), Ba (0.85), Mg (0.88) and Ti
(0.82). This elemental composition corresponds to the
following minerals found in this fration: Kaolinite
(AI2Si2O5 (OH)4), g-AI2O3 $-BaSiO3 ,hoegbomite, vaterite
(:-CaCO3), F-Al2O3 and gismondine.

In this study, it is found that some high specific
gravity minerals tend to find their way into the group of
lower density. This may be because they are partially
weathered, whereby the density is lowered, or because
they are of flaky habit, when surface tension counteracts
the force of gravity. Another explanation is that individual
grains are not composed entirely of one mineral. A grain
consisting almost entirely of a certain mineral, may
include, or have attached to it, a minute particle of a
mineral of higher or lower specific gravity.

CONCLUSION

Among atmospheric aerosols, mineral dust produced
from windblown soils and deserts is one of the largest
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contributors to the global aerosol loading and has strong
impact on regional and global climates, long term climate
trends, as well as marine and terrestrial ecosystems. Dust
may affect clouds properties in two ways: by serving as
cloud condensation nuclei changing the cloud
microphysical and dynamical properties or by changing
the stability by absorbing and scattering the solar
radiation. The specific gravities of the various minerals
identified in the Harmattan dust range from <2.0 to >2.88.
It has been estimated that more than half of the dust that
is deposited annually in the Amazon forest originates in
the Bodélé depression, therefore providing the nutrients
supply to the soil of the Amazon which is shallow,
lacking of soluble minerals and due to heavy rains poor in
nutrients. The Sahara is the major sources on earth of
mineral dust. Harmattan dust consists mostly of tiny
pieces of metal oxides (iron oxides, aluminum oxides,
titanium oxides etc.) quarts, clays and carbonates such as
vaterite, calcite and aragonite, and a host of other
minerals.
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