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i, INTRCUDUCTION.

——
Iron and manganese oxides are among the importent
congtituents in soils since they are sources of the micro-
nutrients Fe and Lin, Their reversible oxidation-reduction
controls their behaviour in soils and, to a great extent,

the svailable amount of those microhutrients.

From the pedological view point, ironerich concretions,
nodules, moitles, plinthites, bog iron ores and coatings agre
common features of some soils, Iron oxides have & high pig-
menting power that determines soil colour. Thus, so0il colour
as determined by the type and distribution of iron oxides
within a goill profile is helpful in explaining soil genregis,
and is considered ag an important criterion for naming and

classifying soils,

Black manganese-rich concretions, ncdules, mottles and
glaebules are zlso common in some goils, and their presence
as dominant features in seasonally-saturated horizons, is

taken as morphological evidence of a fluctuating water-table.

Considering soil mineralogy, Fe and Kn are involved in
the crystal structures of some clay and non~clay minerals,
and may also be incorporated or entrapped into such structures
during éoil formation and development, Lioreover, the chemical
nature of both Fe and Kn oxides and their high specific sur-

face area allow iron oxides to be an efficient sink for
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anions such ag phosphate, molybdate and silicate in addition
to the trace elements Cu, Pb, V, Zn, Co, Cr and Ni while
lead to a high sorption capacity for heavy metals in cage of

mahganegse oxideg,

The aim of the current study is to characterize the
mineralogy and chemisfry of Fe and Mn oxides in a collection
of profiles representing soils of Nile and desert alluvium
and those derived from lacustrine, sandy and calcareous
deposits. Therefore, the study includes an evaluation of Fe
and Mn bearing minerals in the clay fraction together with
their forms in soils. Furthermore; sequential extraction
was applied to distinguish the fractions of Fe and Mn

aggociated with soil components,
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2+ REVIEW OF LITERATURE.

Iron is one of the metsllic congtituents of soils. It
exists in ferrous and ferric forms either in primary or gec-
ondary minersls. The primary iron-bearing minersls are mainly
olivines, pyroxenes and amphibocles which are collectively
termed ferromsghesium silicates that are usually associated
with lgneous rocks. The biotite micas with g Trimorphic
clay structure and the iron ores comprise hematite, ilmenite
and magnetite, The iron containing secondary minerals cennot
be defined clearly owing to their heterogenity, Ahmed (1976),
Biogenic products and chemical constituents such as calcite
and dolomite formed at the place of deposition usually con-
tain less than 1 % iron except where the deposition has
occurred in shallow seas when calcites and perhaps iron
minerals, as for example chamosite and/or siderite, may be

found, Ahmed (1976),

Iron occurs in the weathering sequence perhaps as hemge
tite and/or goethite = through the alteration of Fe, Mg~
bearing silicate minerals such as biotite, hornblende, and

illite clay minerals,... etc.

Clay and primary minerals containing iron as an
essential element ere "hydromicas" illiite, hontronite,

chlorite, vermiculite, chamosite, glauconite, griffithite,
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crongsteolite and greenalite, Brindley (1961).

In soils, Fauck (1970) found that during pedogenic
processes a great amount of gilica being dissolved from
quartz and leached out the ferrolitic profile, in red soils
developed on parent material containing 50-95 % quartz,
5-40 % kaolinite and 1-6 % iron oxides under tropic condi-
tion with annual precipitation of 1-2m and one or two dry
geasons, tha main cherasterigtics of soil developmen: ugrg
rubification by accumulation of Fe oxides in the quartz

skeletonsa.

Jarlous iron minerals in different colours may bae

founi! in soils, namely; goethite with a yellowigh brown
colo r (7.5 ¥R~10 YR); aematite with a brizht red colour
(5R-_.357R}, lepidocrociie with an orange colour (573=7,5%);
aaghamite reddicn brown); magaetite  (black) and sl-
Terrinydrite with a reddisn brown colour (5YR~=T.5YR),

Chukov (1973).

Accoraing to Jciuwertmann and laylor (1977), there
a2 otiler types of irvon adnern’s lile limonite, aka_aneite
and green rust, These minsrals, altiough of lexs importance,
may appear in the earth due to special envirosmental con-

ditions that favour their formation. Generally, hematite
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is responsible for the red colour of many Oxisols (Laterite)
and goethite may give the yellow colour of some Alfisols
and other types of So0ilg, Celso de Castro Fitho (1984).

2sl.1. Forms of iron in soils.,

Iron occurs in soils in different forms of oxideg,
hydroxides and amorphous inorganic materials ag reported
by saveral investigators. The various crystalline iron
oxides and their properties are briefly summarized by
Schwertmann and Taylor (1977). They mentioned that with
the exception of magnetite, all have been identified ag
products of pedogenesis. The properties of these oxides

can d’Ufer markedly due mainly to adsorption or incorpora-~

tigﬁ of foreign lons present in the z0il environment into
theis structure, (Taylor and Graky, {1967), this can affaect
crysvil development., Farticle s3ize and degree of isomor-
phous substitution can afrfect line widtn and posiition in
tne X~ray diffraction pattern as well ag the temperature of
the reaction during thermal adulysls, lorrish and Taylor
(1761) and Pawluk (1972).

’

a) Goetlite (x~ls00ll),
Goethite iz the most frequentiy occurring form of
iron oxides in goils, Thermodynamically, it has the sreat-

est stability uader most soil conditions, Zerner (1969) and
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Langmuir and Vhittemore (1971). It occurs in almost every
801l type and climate region and is responsible for the
yellowish brown colour of many soils, while the high con-
centration of goethite may assume dark brown and even
black colours, but it generally gives the yellow-brown

streak typical of goethite, Schwertmann and Taylor (1977).

Goethite in soils may possibly be formed by any of
the following three processeas, Tamura and Jacksgon (1953).
I, Slow precipitation of ferric ions in solution at low pH.
II. Aging of ferric hydroxide gel at high temperature ang pH,

1II. Oxidation of ferrous carbonate ions.

According to these authors, the process (I) is per-
haps the most feasible, According to HMurphy et al.(1975),
goethite is formed in solution under various conditions,
The rate and amount of precipitate formation were dependent
on the degree of anion penetration for the polycations

and precipitates and the total enion concentration,

b) Hematite (tx-FeEOB).

In many reddish soils, goethite is associated with
hemetite which is the second most frequent soil iron oxide,
Schwertmann and Taylor (1977). Hematite appears to be
absent in soils recently formed under a humid temperate

climate. It gives the soil & red colour and has a greater

Central Library - Ain Shams University



-7 -
pigmenilng efiect barticularly when it occcurs in Tinely
dicpersed fornm.

According to Tamurs snd Jacksorn (1953), hematite can
ve formed as follows.

1- Transformation of all iron oxides to hematite when heated
to sufficiently high temperature.

¢— ageln; of fervie-hydroxide gel at high tenpereture in
very dilute alkaline solution.

3- Rapid drying of FeCO3 filmg.

c) Lepidocrocite (¥—TeCOH).

Lepidocrocite occurs in soils less frequently than
goethite or hematite, Van der Narel (1951), Brown (1953)
and Schwertmann (1959). Goethite and lepidocrocite are
often associated. Lepidocrocite is usually formed from the
oxidation of precipitated Tect hydroxy compounds, ahd
eappears to be restricteqd hydromorphic soils where Fez+ is
generated due to oxygen deficiency, Therefore, its occur-
rence is indicative of hydromorphic conditions (water-
logged soils). Accordingly, it is Tfound commonly in gleys
and pseudogleys, particularly those high in clay, Fischer
(1e72). Neverthelesg, it is not found in calcareous hydro-
morphic soils where goethite formsg ingtead, Schwerimann

and Teylor (1973). lacroscopically, lepidocrocite occurs as
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bright orange mottles or bands. Lepidocrocite does not
originate directly from ferric iron, The possible pathwayg
being through ferrous iron as follows, Tamura and Jackson
(1953).

(1) Oxidation of ferrous hydroxide at pH 4~8 in the abserce
of carbonate ions. (2) Oxidation of ferrous bicarbonate or
sulphide. Lepidocrocite is mora likely to occur under cone
ditions of low carbonate and oxygenh concentration, Thig beirgz
the reasan for iis Presenge ualy in the lower horizons of water-
vater-logged soils., Schwertmann and Taylor(1977)studied the
occurrence of lepidocrocite and its association with goethite
in Nata'l goils (3South Africa). They found that hydromorphic
soile (pseudogleys) in high lacd mountain climate of Natal
cont:zin appreciable amounts of lepidocrocite. Its occcurrence
appecrs to be restricied to imperfectly drained lower posi-
tiona on zoutnern (cooler) zlopes at an altitude betvieen
1,300-~1,900 m., In these positions, e 1g reduced under an-
aercvic conditions leading to lepidocrocite formation on re—
oxidation, Coethite ig closely associated with lepidocrocite
and increases on approaching better agrated microzones such
a5 root chanrels and textural tounderies wiare 1t usually
forms crusts, Ross and vang (1982) found that lepidocrocite
occurred in B and C norizons of geveral poorly drained acid

goils.
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d) Meghemite (E-FGQOB).

ilaghemite 1s especially commorn in highly weathered
goila of tropical and subtropical climates and also occurg
in goilg of temperate regions, Taylor and Schwertmann (1974).
Occurrences in goils formed from basic ignecus rocks geem to
prevail in all these regiong. The mineral is reddish brown
and ferromagnetic. It may be finely dispersed or concretiong,

frequently in association with hematite.

The formation of maghemite in nature may occur by
oxidation of magnetite,Bonifas and Legoux (1957), and by
ignition of amorphous oxides in pregence of organic materials.
There “s also evidence for the formation of maghemite pedolo=-

gically through the agency of soil organic nmatter,

e) utznetite (rae,0,).
374
wagnetite iz a ubigquitous oxide wineral in iznaoua,
metamorphic ang sedinentary rocks. It is present 1a the
neavy fraction of soils developed on very diverse parent
materials, Cades (1963)sinclud.ng shovers of volcanic ash,
Jdzota ef al.(1975).

Aagnetife may be formed by the following mitnoda,
Tamura and Jackson (1953).
1- Precipitation of a mixture of ferrous cgnd ferric ions.
2= Slow oxidation of ferroug iohs in gsolution,

3~ Oxidation of forrous nydroxide a% lo.w temparature using
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