MICROMORPHOL OGICAL. STUDY OF INITIAL CLAY ILLU
VIATION AND FORMATION OF A RED MEDITERRANEAN
SOIL.

by
A. R, MERMUT (1)

INTRODUCTION

During the formation of soils, especially from hard.
rocks, it is still interesting to see the morphological chan
ges step by step as to how parent rocks, at last, become -
mature soils. Micromorphological methods are the onliest
tool of soil science to see directly what happens when a
hard rock transforms to a soil, If a hard rock, that has,
just started to westher is observed under the petrographic
microscope, micro-crakc systems are found. It seems
that the formation of microcracks is the first step of wea~
thering of rocks. If a rock formed nainly from a single mi
neral , cleavege characteristic of that particular mineral
must take an important role, when the micro crack, patterns
are forming. There are publications (like Bisdom, 1, 967},
which given the role of micro crack systems during the
rock weathering. Transformation of minerals starts from
the crack surfaces, Mermut (1,973), has aiready observed
namber of thin sections showing the initial stages of soil
formation. Complex chemical reactions occcur which are
controlied partly by climate and partly by chemical make
up of the rock, When the new materials are formed on the
rock surfaces they are released and moved downward as
they come in touch with water,

There are number of studies which have yielded in ~
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formation on the sequence and the magnitude of eluviation
and illuviation processes (Among others; McKeagne and
Arnaud 1.969, Brewer 1,968, Buol and Hoje 1.961, Manis
hina, 1.958). Initial stage of soil formation has not yet
much been the subject of intense micromorphological stu -
dies. Such a study needs to have hard parent rocks and in
situ formed soil.

Red Mediterranean soils, generally, are formed on
the crystalline carbonatic rocks, like [imestones and dolo
mites, especially of Mesozoic eras. Red Mediterranean
soils are extensively found in the west and southwest of
Turkey, It is the purpose of this study to examine a rego-
lith starting from the hard crystalline rocks to the surface
soil horizons enriched with organic matter, Within the pe-
riod of human life no one can be able to see the changes in
rock weathering however it is thought that in regolith one
can see all the phases of the soil formation.

MATERIAL AND METHODS .

A Red Mediterranean soil profile, taken from the
south of Marmara region (Turkey), about 200 m above the
sea lavel, formed on crystalline dolomitic limestone which
had been described and analysed by Hizalan et al., (1,975)
was used, The soil was very thin due to erosion, whereas
the parent material {C horizon) was thick enough to study
(1-2 m).

The area in which the studied soil is situated is cha
racterised by the following climatic data : Nean annual tem
perature 152C, mean annual rainfall about 700 mm, with a
long dry period in the summer and rainy in the winter(Me -
diterranean type of climate),

Micromorphology of the soil is given below :

=] 0-10 cms,
Skeleton grains generally are of the silt size and they are
consisting of quartz, micas, feidispars and organic frag -
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ments. Skew and craze planes, vughs and interconnected
vughas and channels are the formas of the pores. Matrix
is skel-vo~insepic and argiillasepic. Neoferran, ferric no
dules, papules, intercallary iron oxide crystals (siit si -
zed), agrotubules, phytoliths, fecal peliets are the main
pedological features,

C 10-200 cms.

Same skeleton grains as above., There are only vughs and
interconnected vughs, Matrix generally shows crystic plas
mic fabric. Few argillans, neoferrans and ferric nodules

found, are the main pedological features,

INITIAL CLAY ILLUVIATION .

When the hard dolomitic limestones of the examined
profile is observed with minute inclusions of other minerals,
practically no porosity and cracks could have been obser-
ved in the thin section with normal microscope. Macromor
phologically rocks has a milky color, The total amount of
Si0,, Aly03, Fey03, Na203, K20 and H,O (above 1052C)
found about 9. 76 % (table I}, which shows the amount of mi
nute inclusions in the crystalline rock, It is thought that
the soil, in our case a Red Mediterranean soil, has been
formed from these. impurities, consisting of quartz, felds
pars and micas.

Micromorphology of C horizon, having a thickness of
about 2 m and very well preserved, was quite interesting
to see, Vughs and interconnected vughs are found which
had been formed due to leaching of carbonates, Total amount
of Si0y, AlgO3, Fe03, Na,0, K,0O and H,O (above 1052C)
was found around 59,33 %, which was 6 times more as com_
pared with the parent rock. ’ ‘

Texture of soil is found to be light having about 52 %
sand fraction, 14 % coarse particles bigger than 2 mm, in
it. The skeleton grains consisting of calcites, sometimes
as big as visible with necked eyes,k
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If a crack is observed, iliuviated clays particies, so
metimes with other —oarser particies are seen on the wall
of the cracks, The clay illuviation which takes place at
the begining of weathering of lithified parent rocks is ter-
med as Yinitial clay ifiuviation!. When the carbonates are
released and leached, cracks will be widened and ifluvia~
ted material will get again free from to move to other pla-
ces with the impurities left after leaching {(fig. 1 and 2}.

If the jatter process works continuously, ilfuviated ma
terial will be disrupted, enrichment of soil materials takes
place and Red Mediterranean soil forms from this dynamic
material. When the original rock structure is changed to
the extend of about 50 % the resulting material may be de-
signated as soil,

FORMATION OF RED MEDITERRANEAN SOIL .

In the C horizon, ferriargilians were found on the
surface of the vughs and interconnected vughs {fig. 3 and
4}, This is a further step of secondary or tertiary ilfuvia
tion, but still may be considered as initial clay illuviation,
The chemistry of this process would require a discussion
of rock chemistry, a subject which is beyond the scope of
this work,

However considering the electrostatic charges and
attraction froces between the dolomite or calcite and clay
sized particles, is expected that particles in the suspen -
sion will not have much possibility to move downward to a
fong distance and they wil] be adsorbed. The iliuviated
clay sized materials have reddish brown color, because
of free iron in them. These materials are also visibje in
the matrix forming bridges between the crystalline mate -
rials. Considerable amount of free iron oxides found in the
C horizon (table I}, is also showing that these ifluviated
matarials are containing iron compounds in them, C hori -
zon has a yellow, veliowish red color macromorphologica
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Fig 1 - Photomicrographs of initial clay illuviation seen on
o] > - i J
the calcite crystals C horizon, magnification 350 x,
polarized light.







Fige 3- Formation of soil matrix of Red Mediterranean soil.
Note the original rock and soil metarial on it- Mag-
nification 250 x, polarized light.
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lty. This is also an. indication of enrichment of iron oxides
and hydroxides in the C horizon., As matter of fact they
are very important for the staining of the soil. Ferriargi~
ltans, which seem highly rich in iron oxi ides and hydroxi -
des, are very thick, also attract attention. Chemical com_
position of these argillans could have been analysed by
means of "x-ray microprobe analyser!! which author could
not have had in his hand,

Plasma of the C horizon still has crystic fabric in
general, whereas the chemical composition shows the appea
rence of a soil. Micromorphologically the original rock
structure has disappeared. However there are guite number
of original pieces when observed under microscope. If the
decalcification process works continuously, repeatcd iiu
viation processes are also continuing. Carbonates are
jeached out and the remaining materials enriching with the
soil like material, Real soil forms aofter the end point of
decaicification. llluviation process must be sa;i%; active in
this stage, till the swelling and shrinking process becomes
dominant,

B horizon has the typical color of Red medditerranean
soil. This is because of the enrichment of iron oxides which
was 82 times as compared with hard crystalline rock. SiOg
increased 9 times, whereas Al O3 increased about 6. 5 ti-
mes. Even NajO am:i especially K,0 aiso increased very
much, Here it seems that K was used for the formation of
iltitic clay minerals. Instead of argiilans much papules we
re found in the matrix of the B horizon, This shows the ac
tivity of swelling and shrinking process caused by succes]
ve drwing and wetting which is quite normal for this soil in
the area studied, Sk@iwvaminéepia plasmic fabric and papu
les also whow the activity of swelling and shrinking.
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SUMMARY

The illuviation of clay sized inorganic materials,
which takes place during the first stage of weathering of
hard parent rocks is tentatively called Yinitial Clay Hlu-
viation', It was found that during the progressive weathe
ring of hard rocks, illuviated materials again get free to
move to other places with the materials left from previous
weathering,

A red mediterranean soil, formed on crystalline do
fomitic rock , having a very thick ( 2m) C and a .thin
(10 m) B horizon was studied micromorphologically. Fe
rriargillans, found on top of pure calcite, show the evi -
dence of the formation of Red Mediterranean soil from
the materials which are present as impurities in hard
crystalline dolomitic rock. An explanation is given as to
how this process is undergolng: during the formation of
Red Mediterranean Soil.
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