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The lithosphere and the soil as power equipment and hazard
Árpád Dávid
2013
This course is realized as a part of the TÁMOP-4.1.2.A/1-11/1-2011-0038 project.

1. Introduction
The majority of the processes which have great influence for the being of the mankind take place on and in that
relatively thin outer, some ten kilometres thick part of the planet Earth what is called lithosphere. Due to these
processes formed the pattern of the continents and oceans well-known today.
These could mean benefit or could be hazardous for the inhabitants of the planet. The formation of rocks, ores,
coal, oil, waters and the soil at one side. While earthquakes, tsunamis, volcanic eruptions, debris flows on the
other hand. Incredible forces! Processes different in scale and speed. Special interactions. These are introduced
in the 12 chapters of this booklet.
The author hopes that his work will be fined thought-provoking and make the readers for further study the
smaller or bigger beauties or own-inspiring processes and forms of the Earth!

2. 1. The formation and structure of the Earth
2.1. 1.1. The formation of the Earth
The standard model for the formation of the Solar System (including the Earth) is the solar nebula hypothesis. In
this model, the Solar system formed from a large, rotating cloud of interstellar dust and gas called the solar
nebula. It was composed of hydrogen and helium created shortly after the Big Bang 13.7 Ga (billion years ago)
and heavier elements ejected by supernovae (Fig. 1.1.). About 4.5 Ga, the nebula began a contraction that may
have been triggered by the shock wave of a nearby supernova. A shock wave would have also made the nebula
1
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rotate. As the cloud began to accelerate, its angular momentum, gravity and inertia flattened it into a
protoplanetary disk perpendicular to its axis of rotation. Small perturbations due to collisions and the angular
momentum of other large debris created the means by which kilometre-sized protoplanets began to form,
orbiting the nebular centre (Fig. 1.2.).
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Fig. 1.1. The model of Big Bang
within the Milky Way

Fig. 1.2. The position of Solar System

The center of the nebula, not having much angular momentum, collapsed rapidly, the compression heating it
until nuclear fusion of hydrogen into helium began. After more contraction, a T Tauri star ignited and evolved
into the Sun. Meanwhile, in the outer part of the nebula gravity caused matter to condense around density
perturbations and dust particles, and the rest of the protoplanetary disk began separating into rings. In a process
known as runaway accretion, successively larger fragments of dust and debris clumped together to form planets.
Earth formed in this manner about 4.54 billion years ago (with an uncertainty of 1%) and was largely completed
within 10–20 million years. The solar wind of the newly formed T Tauri star cleared out most of the material in
the disk that had not already condensed into larger bodies. The same process is expected to produce accretion
disks around virtually all newly forming stars in the universe, some of which yield planets (Fig. 1.3.).

Fig. 1.3. The beginning phase of the formation of the Solar System
The proto-Earth grew by accretion until its interior was hot enough to melt the heavy, siderophile metals.
Having higher densities than the silicates, these metals sank. This so-called iron catastrophe resulted in the
separation of a primitive mantle and a (metallic) core only 10 million years after the Earth began to form,
producing the layered structure of Earth and setting up the formation of Earth's magnetic field.
Earth's only natural satellite, the Moon, is larger relative to its planet than any other satellite in the solar system.
Rocks from the Moon's surface were brought to Earth. Radiometric dating of these rocks has shown the Moon to
be 4.53 ± .01 billion years old, at least 30 million years after the solar system was formed. New evidence
suggests the Moon formed even later, 4.48 ± 0.02 Ga, or 70–110 million years after the start of the Solar System
(Fig. 1.4.).
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Fig. 1.4. The components of the Solar System (mdm-english.blogspot.com)
Theories for the formation of the Moon must explain its late formation as well as the following facts. First, the
Moon has a low density (3.3 times that of water, compared to 5.5 for the earth) and a small metallic core.
Second, there is virtually no water or other volatiles on the moon. Third, the Earth and Moon have the same
oxygen isotopic signature (relative abundance of the oxygen isotopes). Of the theories that have been proposed
to account for these phenomena, only one is widely accepted: The giant impact hypothesis proposes that the
Moon originated after a body the size of Mars struck the proto-Earth a glancing blow.
The collision between the impactor, sometimes named Theia, and the Earth released about 100 million times
more energy than the impact that caused the extinction of the dinosaurs. This was enough to vaporize some of
the Earth's outer layers and melt both bodies. A portion of the mantle material was ejected into orbit around the
Earth. The giant impact hypothesis predicts that the Moon was depleted of metallic material, explaining its
abnormal composition. The ejecta in orbit around the Earth could have condensed into a single body within a
couple of weeks. Under the influence of its own gravity, the ejected material became a more spherical body: the
Moon (Fig. 1.5.).
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Fig. 1.5. The collision of Theia with the early Earth

2.2. 1.2. The shape of the Earth
The geoid, simply stated, is the shape that the surface of the oceans would take under the influence of gravity
alone. All points on that surface have the same scalar potential - there is no difference in potential energy
between any two. In that idealized situation, other influences such the rotation of the earth, winds due to solar
heating, and so on have no effect. The surface of the geoid is farther away from the centre of the earth where the
gravity is weaker, and nearer where it is stronger. The differences in gravity, and hence the scalar potential field,
arise from the uneven distribution of the density of matter in the earth (Fig. 1.6.).
Fig. 1.6. The model of geoid form of the Earth (wwww.earthsky.org)
Specifically, the geoid is the equipotential surface that would coincide with the mean ocean surface of the Earth
if the oceans and atmosphere were in equilibrium, at rest relative to the rotating Earth, and extended through the
continents (such as with very narrow canals). According to Gauss, who first described it, it is the "mathematical
figure of the Earth", a smooth but highly irregular surface that corresponds not to the actual surface of the
Earth's crust, but to a surface which can only be known through extensive gravitational measurements and
calculations. Despite being an important concept for almost two hundred years in the history of geodesy and
geophysics, it has only been defined to high precision in recent decades, for instance by works of Petr Vaníček,
and others. It is often described as the true physical figure of the Earth, in contrast to the idealized geometrical
figure of a reference ellipsoid (Fig. 1.7.).
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Fig. 1.7. Comparison of the geoid and the reference ellipsoid

2.3. 1.3. Structure of the Earth
The force exerted by Earth's gravity can be used to calculate its mass, and by estimating the volume of the Earth,
its average density can be calculated. Astronomers can also calculate Earth's mass from its orbit and effects on
nearby planetary bodies. Observations of rocks, bodies of water and atmosphere allow estimation of the mass,
volume and density of rocks to a certain depth, so the remaining mass must be in the deeper layers.
The structure of Earth can be defined in two ways: by mechanical properties such as rheology, or chemically.
Mechanically, it can be divided into lithosphere, asthenosphere, mesospheric mantle, outer core, and the inner
core. The interior of Earth is divided into 5 important layers. Chemically, Earth can be divided into the crust,
upper mantle, lower mantle, outer core, and inner core. The geologic component layers of Earth are at the
following depths below the surface (Fig. 1.8.):
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Fig. 1.8. The inner structure of the Earth (www.tampo412a.ttk.pte.hu)
The layering of Earth has been inferred indirectly using the time of travel of refracted and reflected seismic
waves created by earthquakes. The core does not allow shear waves to pass through it, while the speed of travel
(seismic velocity) is different in other layers. The changes in seismic velocity between different layers cause
refraction owing to Snell's law. Reflections are caused by a large increase in seismic velocity and are similar to
light reflecting from a mirror (Fig. 1.9.).
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Fig. 1.9. The spreading of earthquake waves in the Earth (Báldi 1991)

2.3.1. 1.3.1. Crust
The crust ranges from 5–70 km in depth and is the outermost layer. The thin parts are the oceanic crust, which
underlie the ocean basins (5–10 km) and are composed of dense (mafic) iron magnesium silicate igneous rocks,
like basalt. The thicker crust is continental crust, which is less dense and composed of (felsic) sodium potassium
aluminium silicate rocks, like granite. The crust-mantle boundary occurs as two physically different events.
First, there is a discontinuity in the seismic velocity, which is known as the Mohorovičić discontinuity or Moho.
The cause of the Moho is thought to be a change in rock composition from rocks containing plagioclase feldspar
(above) to rocks that contain no feldspars (below). Second, in oceanic crust, there is a chemical discontinuity
between ultramafic cumulates and tectonized harzburgites, which has been observed from deep parts of the
oceanic crust that have been obducted onto the continental crust and preserved as ophiolite sequences (Fig.
1.10.).
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Fig. 1.10. Structure of the lithosphere
Many rocks now making up Earth's crust formed less than 100 million (1×108) years ago; however, the oldest
known mineral grains are 4.4 billion (4.4×109) years old, indicating that Earth has had a solid crust for at least
that long.

2.3.2. 1.3.2. Mantle
Earth's mantle extends to a depth of 2,890 km, making it the thickest layer of Earth. The pressure, at the bottom
of the mantle, is ~140 GPa (1.4 Matm). The mantle is composed of silicate rocks that are rich in iron and
magnesium relative to the overlying crust. Although solid, the high temperatures within the mantle cause the
silicate material to be sufficiently ductile that it can flow on very long timescales. Convection of the mantle is
expressed at the surface through the motions of tectonic plates. The melting point and viscosity of a substance
depends on the pressure it is under. As there is intense and increasing pressure as one travels deeper into the
mantle, the lower part of the mantle flows less easily than does the upper mantle (chemical changes within the
mantle may also be important). The viscosity of the mantle ranges between 1021 and 1024 Pa·s, depending on
depth. In comparison, the viscosity of water is approximately 10−3 Pa·s and that of pitch is 107 Pa·s (Fig.
1.11.).
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Fig. 1.11. The inner structure of the Earth and the characteristic boundaries (Báldi 1991)

2.3.3. 1.3.3. Core
The average density of Earth is 5,515 kg/m3. Since the average density of surface material is only around 3,000
kg/m3, we must conclude that denser materials exist within Earth's core. Further evidence for the high density
core comes from the study of seismology.
Seismic measurements show that the core is divided into two parts, a solid inner core with a radius of ~1,220 km
and a liquid outer core extending beyond it to a radius of ~3,400 km. The solid inner core was discovered in
1936 by Inge Lehmann and is generally believed to be composed primarily of iron and some nickel. In early
stages of Earth's formation about 4.5 billion (4.5×109) years ago, melting would have caused denser substances
to sink toward the center in a process called planetary differentiation (see also the iron catastrophe), while lessdense materials would have migrated to the crust. The core is thus believed to largely be composed of iron
(80%), along with nickel and one or more light elements, whereas other dense elements, such as lead and
uranium, either are too rare to be significant or tend to bind to lighter elements and thus remain in the crust (see
felsic materials). Some have argued that the inner core may be in the form of a single iron crystal.
Under laboratory conditions a sample of iron nickel alloy was subjected to the corelike pressures by gripping it
in a vise between 2 diamond tips, and then heating to approximately 4000 K. The sample was observed with xrays, and strongly supported the theory that Earth's inner core was made of giant crystals running north to south.
The liquid outer core surrounds the inner core and is believed to be composed of iron mixed with nickel and
trace amounts of lighter elements.
Recent speculation suggests that the innermost part of the core is enriched in gold, platinum and other
siderophile elements.
The matter that comprises Earth is connected in fundamental ways to matter of certain chondrite meteorites, and
to matter of outer portion of the Sun. There is good reason to believe that Earth is, in the main, like a chondrite
meteorite. Beginning as early as 1940, scientists, including Francis Birch, built geophysics upon the premise
that Earth is like ordinary chondrites, the most common type of meteorite observed impacting Earth, while
totally ignoring another, albeit less abundant type, called enstatite chondrites. The principal difference between
the two meteorite types is that enstatite chondrites formed under circumstances of extremely limited available
oxygen, leading to certain normally oxyphile elements existing either partially or wholly in the alloy portion that
corresponds to the core of Earth.
Dynamo theory suggests that convection in the outer core, combined with the Coriolis effect, gives rise to
Earth's magnetic field. The solid inner core is too hot to hold a permanent magnetic field (see Curie
temperature) but probably acts to stabilize the magnetic field generated by the liquid outer core. The average
magnetic field strength in Earth's outer core is estimated to be 25 Gauss, 50 times stronger than the magnetic
field at the surface.
Recent evidence has suggested that the inner core of Earth may rotate slightly faster than the rest of the planet.
In August 2005 a team of geophysicists announced in the journal Science that, according to their estimates,
Earth's inner core rotates approximately 0.3 to 0.5 degrees per year relative to the rotation of the surface.
The current scientific explanation for Earth's temperature gradient is a combination of heat left over from the
planet's initial formation, decay of radioactive elements, and freezing of the inner core.

2.4. Presentation
For more information on this chapter see the presentation below
Presentation

2.5. Self-checking tests
1 Delineate the theory ofl Earth formation! 2 Describe the structure of the Earth!
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3. 2. Materials of the lithosphere
3.1. 2.1. Rocks, rock-forming processes
The lithosphere is the rigid outermost shell of the Earth. It comprises the crust and the portion of the upper
mantle that behaves elastically on time scales of thousands of years or greater. The lithosphere is underlain by
the asthenosphere, the weaker, hotter, and deeper part of the upper mantle. The boundary between the
lithosphere and the underlying asthenosphere is defined by a difference in response to stress: the lithosphere
remains rigid for very long periods of geologic time in which it deforms elastically and through brittle failure,
while the asthenosphere deforms viscously and accommodates strain through plastic deformation. The thickness
of the lithosphere is considered to be the depth to the isotherm associated with the transition between brittle and
viscous behavior. The mantle part of the lithosphere consists largely of peridotite. The crust is distinguished
from the upper mantle by the change in chemical composition that takes place at the Moho discontinuity.
Oceanic lithosphere consists mainly of mafic crust and ultramafic mantle (peridotite) and is denser than
continental lithosphere, for which the mantle is associated with crust made of felsic rocks (Picts. 2.1. – 2.4.).

Pict. 2.1. A polymineralic rock – granite

Pict. 2.2. Thin section of granite
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Pict. 2.3. A monomineralic rock – limestone

Pict. 2.4. Thin section of limestone

Rocks are generally classified by mineral and chemical composition, by the texture of the constituent particles
and by the processes that formed them. These indicators separate rocks into igneous, sedimentary, and
metamorphic. They are further classified according to particle size. The transformation of one rock type to
another is described by the geological model called the rock cycle. For example sedimentary rocks can be
changed into metamorphic rocks, and these can be weathered and the pieces transported away. These pieces
could be deposited in lakes or seas and eventually form new sedimentary rock. Many routes through the rock
cycle are possible (Fig. 2.1.).

Fig. 2.1. The rock cycle
The sedimentary rock cover of the continents of the Earth's crust is extensive, but the total contribution of
sedimentary rocks is estimated to be only 5% of the total volume of the crust. Sedimentary rocks are only a thin
veneer over a crust consisting mainly of igneous and metamorphic rock (Fig. 2.2.).
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Fig. 2.2. The rate of different type of rocks a, in the lithosphere and b, on the surface

3.1.1. 2.1.1. Igneous rocks
Igneous rock is formed through the cooling and solidification of magma or lava. Igneous rock may form with or
without crystallization, either below the surface as intrusive (plutonic) rocks or on the surface as extrusive
(volcanic) rocks. This magma can be derived from partial melts of pre-existing rocks in either a planet's mantle
or crust. Typically, the melting is caused by one or more of three processes: an increase in temperature, a
decrease in pressure, or a change in composition. Over 700 types of igneous rocks have been described, most of
them having formed beneath the surface of Earth's crust. These have diverse properties, depending on their
composition and how they were formed (Fig. 2.3.).
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Fig. 2.3. The places of igneous rock formation
A schematic description of the order in which minerals form during the cooling and solidification of magma and
of the way the newly formed minerals react with the remaining magma to form yet another series of minerals.
The series is named after American geologist Norman L. Bowen (1887-1956), who first described the scheme.
Bowen determined that specific minerals form at specific temperatures as a magma cools. At the higher
temperatures associated with mafic and intermediate magmas, the general progression can be separated into two
branches. The continuous branch describes the evolution of the plagioclase feldspars as they evolve from being
calcium-rich to more sodium-rich. The discontinuous branch describes the formation of the mafic minerals
olivine, pyroxene, amphibole, and biotite mica. At lower temperatures, the branches merge and we obtain the
minerals common to the felsic rocks - orthoclase feldspar, muscovite mica, and quartz (Fig. 2.4.).
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Fig. 2.4. Cristallization model of Bowen
Most magmas only entirely melt for small parts of their histories. More typically, they are mixes of melt and
crystals, and sometimes also of gas bubbles. Melt, crystals, and bubbles usually have different densities, and so
they can separate as magmas evolve.
As magma cools, minerals typically crystallize from the melt at different temperatures (fractional
crystallization). As minerals crystallize, the composition of the residual melt typically changes. If crystals
separate from melt, then the residual melt will differ in composition from the parent magma. For instance, a
magma of gabbroic composition can produce a residual melt of granitic composition if early formed crystals are
separated from the magma. Gabbro may have a liquidus temperature near 1200°C, and derivative granitecomposition melt may have a liquidus temperature as low as about 700°C. Incompatible elements are
concentrated in the last residues of magma during fractional crystallization and in the first melts produced
during partial melting: either process can form the magma that crystallizes to pegmatite, a rock type commonly
enriched in incompatible elements. Bowen's reaction series is important for understanding the idealised
sequence of fractional crystallisation of a magma (Fig. 2.5.).
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Fig. 2.5. The places of formation and characteristics of the igneous rocks
Magma composition can be determined by processes other than partial melting and fractional crystallization. For
instance, magmas commonly interact with rocks they intrude, both by melting those rocks and by reacting with
them. Magmas of different compositions can mix with one another. In rare cases, melts can separate into two
immiscible melts of contrasting compositions.
Igneous rocks are classified according to mode of occurrence, texture, mineralogy, chemical composition, and
the geometry of the igneous body.
The classification of the igneous rocks can be taken on the base of their silica-content. Ultramafic rocks have a
lowest content of silica (SiO2 < 45%), with more than 90% of mafic minerals (e.g., dunite) (Picts. 2.5., 2.6.).
Mafic rocks content less silicon relative to felsic rocks (SiO2 < 50%), with predominance of mafic minerals
pyroxenes, olivines and calcic plagioclase; these rocks (example, basalt, gabbro) are usually dark coloured, and
have a higher density than felsic rocks (Picts. 2.7., 2.8.). Intermediate rock‘s silica content is between 50-70%,
with predominantly feldspars and plagioclases. Quartz doesn‘t occur in these rocks. They are usually dark
coloured: grey, reddish or brownish (example andesite, diorite) (Picts. 2.9., 2.10.). Felsic rocks have a highest
content of silicon(SiO2> 70%), with predominance of quartz, alkali feldspars and plagioclases: the felsic
minerals; these rocks (e.g., granite, rhyolite) are usually light coloured, and have low density (Picts. 2.11.,
2.12.).
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Pict. 2.5. Ultramafic plutonic rock – wherlite
rock

Pict. 2.6. Thin section of an ultramafic

Pict. 2.7. Maficplutonic rock – gabbro

Pict. 2.8. Thin section of gabbro
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Pict. 2.9. Neutral plutonic rock – diorite

Pict. 2.10. Thin section of diorite

Pict. 2.11. Felsic plutonic rock – granite

Pict. 2.12. Thin section of granite

Texture also is an important criterion for the naming of igneous rocks. The texture of igneous rocks includes the
size, shape, orientation, and distribution of mineral grains and the intergrain relationships.
1. Phaneritic textures are typical of intrusive igneous rocks, these rocks crystallized slowly below the Earth's
surface. As a magma cools slowly the minerals have time to grow and form large crystals. The minerals in a
phaneritic igneous rock are sufficiently large to see each individual crystal with the naked eye. Examples of
phaneritic igneous rocks are gabbro, diorite and granite (Picts. 2.13.-2.15.).
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Pict. 2.13. Granite

Pict. 2.14. Granite pegmatite

Pict. 2.15. Granite aplite

2. Porphyritic textures develop when conditions during cooling of a magma change relatively quickly. The
earlier formed minerals will have formed slowly and remain as large crystals, whereas, sudden cooling causes
the rapid crystallization of the remainder of the melt into a fine grained (aphanitic) matrix. The result is an
aphanitic rock with some larger crystals (phenocrysts) imbedded within its matrix. Porphyritic texture also
occurs when magma crystallizes below a volcano but is erupted before completing crystallization thus forcing
the remaining lava to crystallize more rapidly with much smaller crystals. Examples of porphyritic igneous rock
include basalt, andesite and rhyolite (Pict. 2.16.).
3. Aphanitic rocks in contrast to phaneritic rocks, typically form from lava which crystallize rapidly on or near
the Earth' surface. Because extrusive rocks make contact with the atmosphere they cool quickly, so the minerals
do not have time to form large crystals. The individual crystals in an aphanitic igneous rock are not
distinguisable to the naked eye (Pict. 2.17.).
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Pict. 2.16. Andesite with porphyritic texture
texture

Pict. 2.17. Rhyolite with aphanitic

For igneous rocks where all minerals are visible at least via microscope, the mineralogy is used to classify the
rock (Fig. 2.6.).

Fig. 2.6. The rate of the rock-building minerals in the igneous rocks
This usually occurs on ternary diagrams, where the relative proportions of four minerals. These are quartz (Q),
alkali feldspars (A), plagioclase feldspars (P), and feldspathoids (F). F and Q for chemical reasons cannot exist
together in one plutonic rock. Other minerals may and almost certainly occur in these rocks as well but they
have no significance in this classification scheme. The whole diagram is actually composed of two ternary plots
(QAP and FAP). To use the classification, the concentration (the mode) of these minerals must be known and
recalculated to make their sum 100%. This system was worked out by Streckeisen (Fig. 2.7.).
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Fig. 2.7. Place of igneous rocks in the Streckeisen diagram
For example: We have a dark coloured rock with phaneritic texture. It contains the following minerals: anortite
– 31%; pyroxene – 43%; amphibole – 20%; opaque grains – 6%. What can be these rock? First step: anortite,
pyroxene and amphibole are un-mafic components. Their summarized relation is 94%. It needs to recalculate
this to 100%. After it, modal rate of anortite will be 32,98%, while the modal rate of pyroxene will be 45,74%
and the modal rate of amphibole will be 21,28%. On the base of these date, our sample is gabbro.

3.1.2. 2.1.2. Sedimentary rocks
Sedimentary rock is a type of rock that is formed by sedimentation of material at the Earth's surface and within
bodies of water. Sedimentation is the collective name for processes that cause mineral and/or organic particles
(detritus) to settle and accumulate or minerals to precipitate from a solution . Particles that form a sedimentary
rock by accumulating are called sediment. Before being deposited, sediment was formed by weathering and
erosion in a source area (Figs. 2.8., 2.9.), and then transported to the place of deposition by water, wind, mass
movement or glaciers which are called agents of denudation (Fig. 2.10.).
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Fig. 2.8. Factors of the rock fragmentation

Fig. 2.9. Factors of the rock weathering
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Fig. 2.10. Transportation of different size fragments
Sedimentary rocks are deposited in layers as strata, forming a structure called bedding. The study of
sedimentary rocks and rock strata provides information about the subsurface that is useful for civil engineering,
for example in the construction of roads, houses, tunnels, canals or other constructions. Sedimentary rocks are
also important sources of natural resources like coal, fossil fuels, drinking water or ores.
The study of the sequence of sedimentary rock strata is the main source for scientific knowledge about the
Earth's history, including palaeogeography, paleoclimatology and the history of life.
The scientific discipline that studies the properties and origin of sedimentary rocks is called sedimentology.
Sedimentology is both part of geology and physical geography and overlaps partly with other disciplines in the
Earth sciences, such as pedology, geomorphology, geochemistry or structural geology.
Based on the processes responsible for their formation, sedimentary rocks can be subdivided into groups.
3.1.2.1. 2.1.2.1. Extrabasinal (=Siliciclastic, = Clastic) sedimentary rocks
Clastic sedimentary rocks are composed of silicate minerals and rock fragments that were transported by
moving fluids (as bed load, suspended load, or by sediment gravity flows) and were deposited when these fluids
came to rest. Clastic rocks are composed largely of quartz, feldspar, rock (lithic) fragments, clay minerals, and
mica; numerous other minerals may be present as accessories and may be important locally.
Clastic sediment, and thus clastic sedimentary rocks, are subdivided according to the dominant particle size
(diameter). Most geologists use the Udden-Wentworth grain size scale and divide unconsolidated sediment into
four fractions: gravel (>2 mm diameter); sand (1/16 to 2 mm diameter); mud (clay is <1/256 mm; silt (is
between 1/16 and 1/256 mm) (Table 2.1.).

Grain size (mm) incoherent debris

cemented rocks

>256

boulder

coarse grained rocks:

64-256

coarse grain gravel

conglomerate

4-64

gravel

2-4

fine grain gravel

1-2

coarse grained sand

breccia

sandstone
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0,5-1

semi-coarse grained sand

0,25-0,5

medium-grained sand

0,125-0,25

small-grained sand

0,063-0,125

fine grained sand

0,031-0,063

coarse grained aleurite

0,016-0,031

medium-grained aleurite

0,008-0,016

fine grained aleurite

0,004-0,008

very fine grained aleurite

<0,004

clay

aleurolite

"mudrock"

clay stone

Table 2.1. Classification of siliciclastic rocks on the base of their grain size (Szakmány 2008)
The classification of clastic sedimentary rocks parallels this scheme; conglomerates and breccias are made
mostly of gravel, sandstones are made mostly of sand, and mudrocks are made mostly of mud. This tripartite
subdivision is mirrored by the broad categories of rudites, arenites, and lutites, respectively, in older literature.
Subdivision of these three broad categories is based on differences in clast shape (conglomerates and breccias),
composition (sandstones), grain size and/or texture (mudrocks).
Sedimentary rocks content different sized grains offer. When the rock is built by two or more dominant grain
size it is necessary to sign it in the name of the rock (example sandy marl) (Fig. 2.11.).
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Fig. 2.11. Classification of the extrabasinal sedimentary rocks (Szakmány 2008a)
Conglomerates and breccias
Conglomerates are coarse grained rocks dominantly composed of gravel sized particles that are typically held
together by a finer grained martix. The dominant grain size is >2 mm. These rocks are often subdivided up into
conglomerates and breccias. The major characteristic that divides these two categories is the amount of
rounding. The gravel sized particles that make up breccias are angular while in conglomerates they are well
rounded (Picts. 2.18.-2.21.).
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Pict. 2.18. Dolomite debris

Pict. 2.19. Dolomite breccia
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Pict. 20. Pebbles

Pict. 21. Conglomerate

Conglomerates are common in stratigraphic successions of most, if not all ages but only make up one percent or
less, by weight of the total sedimentary rock mass. In terms or origin and depositional mechanisms they are very
similar to sandstones. As a result, the two categories often contain the same sedimentary structures (Figs. 2.12.,
2.13.).

Fig. 2.12. Classification of the extrabasinal grains on the base of their shape and roundness (Szakmány
2008a)

32
Created by XMLmind XSL-FO Converter.

Fig. 2.13. Classification of the extrabasinal grains on the base of their sorting (Szakmány 2008a)
Sandstones
Sandstones are medium grained rocks composed of rounded or angular fragments of sand size, that often but not
always have a cement uniting them together. These sand size particles are often quartz minerals but there are a
few common categories and a wide variety of classification schemes that are given are used to classify
sandstones based on composition. Classification schemes vary widely, but most geologists have adopted the
Dott scheme, which uses the relative abundance of quartz, feldspar, and lithic framework grains and the
abundance of muddy matrix between these larger grains. These are the three most abundant components of
sandstones; all other minerals are considered accessories and not used in the naming of the rock, regardless of
abundance. However accessories allude to original environment. For example glauconite grains sign deep sea
environment (Picts. 2.22-2.24.).
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Pict. 2.22. Sand from desert

Pict. 2.23. Sand from sea

Pict. 2.24. Futóhomok

Six sandstone names are possible using descriptors for grain composition (quartz-, feldspathic-, and lithic-) and
amount of matrix (wacke or arenite). For example, a quartz arenite would be composed of mostly (>90%) quartz
grains and have little/no clayey matrix between the grains, a lithic wacke would have abundant lithic grains
(<90% quartz, remainder would have more lithics than feldspar) and abundant muddy matrix, etc. (Picts. 2.252.27.).
Pict. 2.25. Limonitic sandstone
sandstone

Pict. 2.26. Quartzite sandstone

Pict. 2.27. Glauconitic

Mudrocks
Rocks that are classified as mudrocks are very fine grained. Grain size of these rocks is smaller than 0,06 mm.
Silt and clay represent at least 50% of the material that mudrocks are composed of. Classification schemes for
mudrocks tend to vary but most are based on the grain size of the major constituents. In mudrocks, these are
generally silt, and clay. Mudrocks that are composed mainly of silt particles are classified as siltstones. In turn,
rocks that possess clay as the majority particle are called claystones. In geology, a mixture of both silt and clay
is called mud. Rocks that possess large amounts of both clay and silt are called mudstones (Pict. 2.28.).
Loess is a special type of fine grained sedimentary rocks.Loess isaeolian sediment formed by the accumulation
of wind-blown silt, typically in the 0.02-0.06 mm size range. It composed of crystals of quartz, feldspar, mica
and other minerals. Grains are loosely cemented by calcium carbonate. It is usually homogeneous and highly
porous and is traversed by vertical capillaries that permit the sediment to fracture and form vertical bluffs. Loess
deposits sometimes contain "pebbles" called or "loess dolls". These nodules of calcium carbonate range in size
from peas to baseballs or grapefruit. They were formed by infiltrating precipitation that dissolved and leached
carbonate grains in the loess. As water moved downward, the lime was redeposited around some nucleus to
form the unusually shaped concretions.
Bauxite is another special and important type of Modrocks, It is an aluminium ore and is the main source of
aluminium. This form of rock consists mostly of the minerals gibbsite Al(OH) 3, boehmite γ-AlO(OH), and
diaspore α-AlO(OH), in a mixture with the two iron oxides goethite and hematite, the clay mineral kaolinite, and
small amounts of anatase TiO2. Lateritic bauxites (silicate bauxites) are distinguished from karst bauxite ores
(carbonate bauxites). The early discovered carbonate bauxites occur predominantly in Europe and Jamaica
above carbonate rocks (limestone and dolomite), where they were formed by lateritic weathering and residual
accumulation of intercalated clays or by clay dissolution residues of the limestone. The lateritic bauxites are
found mostly in the countries of the tropics. They were formed by lateritization of various silicate rocks such as
granite, gneiss, basalt, syenite, and shale. In comparison with the iron-rich laterites, the formation of bauxites
demands even more on intense weathering conditions in a location with very good drainage. This enables the
dissolution of the kaolinite and the precipitation of the gibbsite. Zones with highest aluminium content are
frequently located below a ferruginous surface layer. The aluminium hydroxide in the lateritic bauxite deposits
is almost exclusively gibbsite (Pict. 2.29.).
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Pict. 2.28. Mudstone

Pict. 2.29. Bauxite

3.1.2.2. 2.1.2.2. Intrabasinal sedimentary rocks
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Grains of intrabasinal sedimentary rocks are arise in the sedimentation basin. The most frequent rocks of this
group are carbonates, like limestone and dolomite.
Carbonate rocks
Carbonate rocks are made of particles (composed >50% carbonate minerals) embedded in a cement. The
particles are carbonate minerals, mostly calcite (CaCO3) and dolomite (CaMg(CO3)2). Most carbonate rocks
result from the accumulation of bioclasts created by calcareous organisms. Therefore carbonate rocks originate
in area favouring biological activity i.e. in shallow and warm seas in areas with little to no siliciclastic input. In
present day Earth these areas are limited to ±40 latitude in region away or protected from erosion-prone elevated
continental areas.
Limestone
Limestone is composed largely of the minerals calcite and aragonite, which are different crystal forms of
calcium carbonate (CaCO3). Many limestones are composed from skeletal fragments of marine organisms such
as coral or foraminifera. Limestone makes up about 10% of the total volume of all sedimentary rocks.
Calcite can be evolve both continental and marine environments. The terrestrial carbonate rock called travertine.
It formed by the precipitation of carbonate minerals from solution in ground and surface waters, and/or
geothermally heated hot-springs. Similar (but softer and extremely porous) deposits formed from ambienttemperature water are known as tufa (Picts. 2.30., 2.31.).
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Pict. 2.30. Travertine with leaf imprint

Pict. 2.31. Dropstone

Marine limestones have several types. Two classification schemes are in common use by those who work on
carbonate rocks. Although you will use only the Folk classification in lab, you should also become familiar with
the Dunham classification since it is widely used as well (Picts. 2.32-2.34.).
Pict. 2.32. Permian limestone
limestone

Pict. 2.33. Triassic limestone

Pict. 2.34. Jurassic

Folk classification
The Folk classification use the type of components to classify limestones. Allochemical rocks are those that
contain grains brought in from elsewhere (i.e. similar to detrital grains in clastic rocks). Orthochemical rocks are
those in which the carbonate crystallized in place. Allochemical rocks have grains that may consist of
fossiliferous material, ooids, peloids, or intraclasts. These are embedded in a matrix consisting of
microcrystalline carbonate (calcite or dolomite), called micrite, or larger visible crystals of carbonate, called
sparite. Sparite is clear granular carbonate that has formed through recrystallization of micrite, or by
crystallization within previously existing void spaces during diagenesis.
The name of the rock contains the type of the orthochemical and allochemical components (example oosparite,
biomicrite) (Table 2.2.).

Quantity of
components

allochemical >10%
allochemical
component

<10% allochemical component

sparit micrit 1-10%
allochemical <1% alloe>mic e>spa component
chemical
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Rocks of
reefs and
biohermas

rite
>25% intraclast

rite

component

intrasp intram dominant
arite icrite allochemical
components
oospar oomic
ite
rite

<25% >25% ooid
intracl
ast

intraclasts micrite or
dismicrite
micrite
(if
it
with
contains
intraclast sparite)
content
ooids

<25%
ooid

>3:1

biospa biomic
rite
rite

micrite
with ooid
content
bioclasts

between
biopel biopel
3:1 and 1:3 sparite micrit
e

micrite
with fossil
content

biolithit

peloids
<1:3

pelspa pelmic
rite
rite

micrite
with
peloid
content

Table 2.2. Classification of limestones after Folk (1959, 1962)
Dunham classification
The Dunham classification is based on the concept of grain support. The classification divides carbonate rocks
into two broad groups, those whose original components were not bound together during deposition and those
whose original components formed in place and consist of intergrowths of skeletal material. The latter group are
called boundstones (similar to biolithite of the Folk classification). The former group is further subdivided as to
whether or not the grains are mud-supported or grain supported. If the rock consists of less than 10% grains it is
called a mudstone (potentially confusing if taken out of context). If it is mud supported with greater than 10%
grains it is called a wackstone. If the rock is grain supported, it is called a packstone, if the grains have shapes
that allow for small amounts of mud to occur in the interstices, and a grainstone if there is no mud between the
grains (Table 2.3.).

Original components not bound together during deposition

Original
components
bound
together
during
the
deposition

contains mud (particles of clay and fine silt size)

lacks mud

mud-supported

grain-supported

less than 10% allockemical components

more
than
allochemical
components

mudstone

wackestone

10%

packstone

43
Created by XMLmind XSL-FO Converter.

grainston boundstone

e
Table 2.3. Classification of limestones after Dunham (1962)
Mixed rocks
Marl contains to this group. It is a calcium carbonate rich mud or mudstone which contains variable amounts of
clays and aragonite. Marl was originally an old term loosely applied to a variety of materials, most of which
occur as loose, earthy deposits consisting chiefly of an intimate mixture of clay and calcium carbonate, formed
under freshwater conditions; specifically an earthy substance containing 35-65% clay and 65-35% carbonate
(Picts. 2.25., 2.36.).
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Pict. 2.35. Calcareous marl with plant imprints
imprints

Pict. 2.36. Argillaceous marl with plant
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Siliceous rocks
Siliceous sedimentary rocks are almost entirely composed of silica (SiO 2), typically as chert, opal, chalcedony or
other microcrystalline forms. Chert is a mineralogically simple rock consisting of microcrystalline quartz.
Deposits of chert formed from the accumulation of siliceous skeletons from microscopic organisms such as
radiolaria and diatoms. It varies greatly in colour (from white to black), but most often manifests as grey, brown,
greyish brown and light green to rusty red; its colour is an expression of trace elements present in the rock, and
both red and green are most often related to traces of iron (in its oxidized and reduced forms respectively).
There are numerous varieties of chert, classified based on their visible, microscopic and physical characteristics
(Picts. 2.37-2.39.).
Pict. 2.37. Flintstone

Pict. 2.38. Radiolarite

Pict. 2.39. Diatomite

Evaporites
Evaporite sedimentary rocks are composed of minerals formed from the evaporation of water. Marine evaporites
tend to have thicker deposits and are usually the focus of more extensive research. They also have a system of
evaporation. The first phase of the experiment begins when about 50% of the original water depth remains. At
this point, minor carbonates begin to form. The next phase in the sequence comes when the experiment is left
with about 20% of its original level. At this point, the mineral gypsum begins to form, which is then followed by
halite at 10%, excluding carbonate minerals that tend not to be evaporates. The most common minerals that are
generally considered to be the most representative of marine evaporates are calcite, gypsum and anhydrite,
halite, sylvite, carnallite, langbeinite, polyhalite, and kanite. Kieserite (MgSO4) may also be included, which
often will make up less than four percent of the overall content. However, there are approximately 80 different
minerals that have been reported found in evaporite deposits, though only about a dozen are common enough to
be considered important rock formers. Evaporite rocks commonly include abundant halite (rock salt), gypsum,
and anhydrite (Picts. 2.40., 2.41.).
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Pict. 2.40. Gypsum

Pict. 2.41. Halite

Iron-rich sedimentary rocks
Iron-rich sedimentary rocks are composed of >15% iron; the most common forms are banded iron formations
and ironstones. The majority of these rocks were deposited during specific geologic time periods: The
Precambrian (3800 to 570 million years ago), the early Paleozoic (570 to 410 million years ago), and the middle
to late Mesozoic (205 to 66 million years ago). Overall, they make up a very small portion of the total
sedimentary record. Iron-rich sedimentary rocks can be oxide ironstones (oolitic ironstone, bog iron, banded
ironstone) or carbonate ironstones (white iron ore, black iron ore) (Pict. 2.42.).
Manganeous sedimentary rocks
Manganeous sedimentary rocks are composed of > 8% Mn-minerals. Those can be carbonate Mn-rocks and
oxide Mn-rocks (Pict. 2.43.).
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Pict. 2.42. Ankerite

Pict. 2.43. Manganese noodle

Phosphatic sedimentary rocks
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Phosphorite is a non-detrital sedimentary rock which contains high amounts of phosphate bearing minerals. The
phosphate content of phosphorite is at least 15 to 20%, which is a large enrichment over the typical sedimentary
rock content of less than 0.2%. The phosphate is present as fluorapatite Ca 5(PO4)3F (CFA) typically in
cryptocrystalline masses (grain sizes < 1 μm) referred to as collophane. It is also present hydroxyapatite
Ca5(PO4)3OH, which is often dissolved from vertebrate bones and teeth, whereas fluorapatite can originate from
hydrothermal veins. Other sources also include chemically dissolved phosphate minerals from igneous and
metamorphic rocks. Phosphorite deposits often occur in extensive layers, which cumulatively cover tens of
thousands of square kilometres of the Earth's crust (Pict. 2.44.).

Pict. 2.44. Modern phosphate
Organic-rich sedimentary rocks
Organic-rich sedimentary rocks are a specific type of sedimentary rock that contains significant amounts (>3%)
of organic carbon. The most common types include coal, lignite, oil shale, or black shale. The organic material
may be disseminated throughout the rock giving it a uniform dark colour, and/or may be present as discrete
occurrences of tar, bitumen, asphalt, petroleum, coal or carbonaceous material. Organic-rich sedimentary rocks
may act as source rocks which generate hydrocarbons that accumulate in other sedimentary "reservoir" rocks.
Coal is a combustible black or brownish-black sedimentary rock usually occurring in rock strata in layers or
veins called coal beds or coal seams. The harder forms, such as anthracite coal, can be regarded as metamorphic
rock because of later exposure to elevated temperature and pressure. Coal is composed primarily of carbon
along with variable quantities of other elements, chiefly hydrogen, sulfur, oxygen, and nitrogen. Throughout
history, coal has been a useful resource. It is primarily burned for the production of electricity and/or heat, and is
also used for industrial purposes, such as refining metals. A fossil fuel, coal forms when dead plant matter is
converted into peat, which in turn is converted into lignite, then sub-bituminous coal, after that bituminous coal,
and lastly anthracite. This involves biological and geological processes that take place over a long period.
Lignite, often referred to as brown coal, is a soft brown fuel with characteristics that put it somewhere between
coal and peat. Lignite is brownish-black in colour and has a carbon content of around 25-35%, a high inherent
moisture content sometimes as high as 66%, and an ash content ranging from 6% to 19% compared with 6% to
12% for bituminous coal (Picts. 2.45-2.49.).
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Pict. 2.45. Peat
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Pict. 2.46. Lignite

Pict. 2.47. Brown coal
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Pict. 2.48. Black coal

Pict. 49. Antracite

Oilshale, also known as kerogenshale, is an organic-rich fine-grained sedimentary rock containing kerogen (a
solid mixture of organic chemical compounds) from which liquid hydrocarbons called shale oil (not to be
confused with tight oil - crude oil occurring naturally in shales) can be produced. Shale oil is a substitute for
conventional crude oil; however, extracting shale oil from oil shale is more costly than the production of
conventional crude oil both financially and in terms of its environmental impact. Oil shale gains attention as a
potential abundant source of oil whenever the price of crude oil rises (Pict. 2.50.).
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Pict. 2.50. Mineral oil
Petroleum is a naturally occurring flammable liquid consisting of a complex mixture of hydrocarbons of various
molecular weights and other liquid organic compounds, that are found in geologic formations beneath the
Earth's surface. The name Petroleum covers both naturally occurring unprocessed crude oils and petroleum
products that are made up of refined crude oil. A fossil fuel, it is formed when large quantities of dead
organisms, usually zooplankton and algae, are buried underneath sedimentary rock and undergo intense heat and
pressure. Petroleum is recovered mostly through oil drilling. This comes after the studies of structural geology
(at the reservoir scale), sedimentary basin analysis, reservoir characterization (mainly in terms of porosity and
permeable structures) (Fig. 2.14.).

Fig. 2.14. Two types of petroleum traps: A. stratigraphical trap; B. dome trap
3.1.2.3. 2.1.2.3. Volcanoclastites
Volcanoclastites or pyroclastites are sedimentary rocks gearing to explosive volcanism. It contains more than
75% primer volcanic clasts. Components of volcanoclastic rocks are the following:
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- Juvenile components: vesicular magmatic components. These evolve during the fragmentation of magma.
- Crystals: Whole or fragmented crystals, which crystallized in the magma chamber.
- Lithic components: Rock fragments with massive inner structure.
Pyroclastites can be classified on the base of their grain size when they content more than 75% volcanic clasts
(Table 2.4.) (Picts. 2.51-2.55.).

grain size

incoherent sediment

diagenized rock

> 64 mm

block (angular)

pyroclastic breccia

bomb (rounded)

pyroclastic agglomerate

2 - 64 mm

lapilli

lapillite

0,0625 – 2 mm

coarse grained ash

coarse grained tuff

< 0,0625 mm

fine grained ash

fine grained tuf

Table 2.4. Classification of pyroclastites (Szakmány 2008)
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Pict. 2.51. Volcanic block

Pict. 2.52. Volcanic bomb
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Pict. 2.53. Rhyolite lapillite

Pict. 2.54. Basalt tuff

Pict. 2.54. Rhyolite tuff

We can determine pyroclastic rocks on the base of their chemism also (for example rhyolite tuff, andesite tuff,
basalt tuff).
When magmas reach the surface of the Earth they erupt from a vent. They may erupt explosive or
phreatomagmatic. 1. -Explosive eruptions are favored by high gas content and high viscosity. Explosive bursting
of bubbles will fragment the magma into clots of liquid that will cool as they fall through the air. 2. Phreatomagmatic eruptions are produced when magma comes in contact with shallow groundwater causing the
groundwater to flash to steam and be ejected along with pre-existing fragments of the rock and tephra from the
magma. Because the water expands so rapidly, these eruptions are violently explosive although the distribution
of pyroclasts around the vent is much less than in a Plinian eruption.Phreaticeruptions is a type of this. The
magma encounters shallow groundwater, flashing the groundwater to steam, which is explosively ejected along
with pre-exiting fragments of rock. No new magma reaches the surface.
Pyroclastites origin from the following types of the eruption‘s process:
1. Ash falls: When a volcano erupts, it will eject a wide variety of material into the air above it (called
pyroclastic fall). The fine material (millimetre-sized ash), which is derived from volcanic glass, rock and crystal
particles, can be carried by currents in the eruption column to high above the volcano and pass into the
downwind plume to rain out forming ash fall deposits.
2. Pyroclastic flows: If a large volume of volcanic debris is erupted quickly from a volcano, the eruption column
can collapse, like pointing a garden hose directly up in the sky. As the eruption column collapses it can
transform into an outwardly expanding flood of hot solid ejecta in a fluidizing gas cloud. This is known as a
pyroclastic flow. The flow direction may be topographically controlled. Flows often travel at speeds up to 200
km/h, and cause total destruction of the areas they cover. Flows maybe very hot (several hundred oC) and can
start fires. Some pyroclastic surges are cooler (usually less than 300 oC) and often deposit sticky wet mud.
3. Pyroclastic surges: Pyroclastic surges are low density flows of pyroclastic material. The reason they are low
density is because they lack a high concentration of particles and contain a lot of gases. These flows are very
turbulent and fast. They overtop high topographic features and are not confined to valleys. However, this type of
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flow usually does not travel as far as a pyroclastic flow. Pyroclastic surges can travel up to at least 10 kilometers
from the source. There are three types of pyroclastic surges: 1) base surge, 2) ash cloud surge, and 3) ground
surge. A base surge is usually formed when the volcano initially starts to erupt from the base of the eruption
column as it collapses. It usually does not travel greater than 10 kilometers from its source. A ground surge
usually forms at the base of a pyroclastic flow. http://www.geo.mtu.edu/volcanoes/hazards/primer/images/volcimages/basesurge.jpgAn ash cloud surge forms when the eruption column is neither buoying material upward by
convection or collapsing.

3.1.3. 2.1.3. Metamorphic rocks
Metamorphic rock is the transformation of an existing rock type, the protolith, in a process called
metamorphism, which means "change in form". The protolith is subjected to heat and pressure (temperatures
greater than 150 to 200 °C and pressures of 1500 bars) causing profound physical and/or chemical change. The
protolith may be sedimentary rock, igneous rock or another older metamorphic rock. Metamorphic rocks make
up a large part of the Earth's crust and are classified by texture and by chemical and mineral assemblage
(metamorphic facies). They may be formed simply by being deep beneath the Earth's surface, subjected to high
temperatures and the great pressure of the rock layers above it. They can form from tectonic processes such as
continental collisions, which cause horizontal pressure, friction and distortion. They are also formed when rock
is heated up by the intrusion of hot molten rock called magma from the Earth's interior. The study of
metamorphic rocks (now exposed at the Earth's surface following erosion and uplift) provides information about
the temperatures and pressures that occur at great depths within the Earth's crust. Some examples of
metamorphic rocks are gneiss, slate, marble, schist, and quartzite.
Metamorphic rocks and index minerals
Metamorphic minerals are those that form only at the high temperatures and pressures associated with the
process of metamorphism. These minerals, known as index minerals, include sillimanite, kyanite, staurolite,
andalusite, and some garnet.
Other minerals, such as olivines, pyroxenes, amphiboles, micas, feldspars, and quartz, may be found in
metamorphic rocks, but are not necessarily the result of the process of metamorphism. These minerals formed
during the crystallization of igneous rocks. They are stable at high temperatures and pressures and may remain
chemically unchanged during the metamorphic process. However, all minerals are stable only within certain
limits, and the presence of some minerals in metamorphic rocks indicates the approximate temperatures and
pressures at which they formed.
The change in the particle size of the rock during the process of metamorphism is called recrystallization. For
instance, the small calcite crystals in the sedimentary rock limestone change into larger crystals in the
metamorphic rock marble, or in metamorphosed sandstone, recrystallization of the original quartz sand grains
results in very compact quartzite, in which the often larger quartz crystals are interlocked. Both high
temperatures and pressures contribute to recrystallization. High temperatures allow the atoms and ions in solid
crystals to migrate, thus reorganizing the crystals, while high pressures cause solution of the crystals within the
rock at their point of contact.
Some types of metamorphism
Metamorphic rocks can be grouping into two groups on the base of areal expanding of the metamorphism.
Regional metamorphism expands on big area.
1. Dinamothermal (orogenic) metamorphism (P stress, T): Thisis a type of metamorphism of regional extent related
to the development of orogenic belts. The metamorphism may be associated with various phases of orogenic
development and involve both compressional and extensional regimes. Dynamic and thermal effects are
combined in varying proportions and timescales and a wide range of P-T conditions may occur.
2. Burial metamorphism (Plit, T): When sedimentary rocks are buried to depths of several hundred meters,
temperatures greater than 300oC may develop in the absence of differential stress. New minerals grow, but the
rock does not appear to be metamorphosed. The main minerals produced are often the Zeolites. Burial
metamorphism overlaps, to some extent, with diagenesis, and grades into regional metamorphism as
temperature and pressure increase.
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3. Hydrothermal metamorphism [C (T, /P/)]:Rocks that are altered at high temperatures and moderate pressures
by hydrothermal fluids are hydrothermally metamorphosed. This is common in basaltic rocks that generally lack
hydrous minerals. The hydrothermal metamorphism results in alteration to such Mg-Fe rich hydrous minerals as
talc, chlorite, serpentine, actinolite, tremolite, zeolites, and clay minerals. Rich ore deposits are often formed as
a result of hydrothermal metamorphism.
3.a. Ocean-floor metamorphism: Ocean-floor metamorphism is a type of metamorphism of regional or local
extent related to the steep geothermal gradient occurring near spreading centres in oceanic environments. The
recrystallisation, which is mostly incomplete, encompasses a wide range of temperatures. The metamorphism is
associated with circulating hot aqueous fluids (with related metasomatism) and typically shows an increasing
temperature of metamorphism with depth.
3.b. Hydrothermal metamorphism at subduction zone: Mechanism of the metamorphism is very similar to the
ocean-floor metamorphism. But its reason is the orogenic magmatism.
3.c. Hydrothermal metamorphism at geothermal region: Metamorfism gears to the volcanic, post-volcanic
processes. But these are local events usually.
Local metamorphism expands on small area.
1. Contact metamorphism: It is the name given to the changes that take place when magma is injected into the
surrounding solid rock (country rock). The changes that occur are greatest wherever the magma comes into
contact with the rock because the temperatures are highest at this boundary and decrease with distance from it.
Around the igneous rock that forms from the cooling magma is a metamorphosed zone called a contact
metamorphism aureole. Aureoles may show all degrees of metamorphism from the contact area to
unmetamorphosed (unchanged) country rock some distance away. The formation of important ore minerals may
occur by the process of metasomatism at or near the contact zone. When a rock is contact altered by an igneous
intrusion it very frequently becomes more indurated, and more coarsely crystalline. Many altered rocks of this
type were formerly called hornstones, and the term hornfels is often used by geologists to signify those fine
grained, compact, non-foliated products of contact metamorphism. A shale may become a dark argillaceous
hornfels, full of tiny plates of brownish biotite; a marl or impure limestone may change to a grey, yellow or
greenish lime-silicate-hornfels or siliceous marble, tough and splintery, with abundant augite, garnet,
wollastonite and other minerals in which calcite is an important component. A diabase or andesite may become
a diabase hornfels or andesite hornfels with development of new hornblende and biotite and a partial
recrystallization of the original feldspar. Chert or flint may become a finely crystalline quartz rock; sandstones
lose their clastic structure and are converted into a mosaic of small close-fitting grains of quartz in a
metamorphic rock called quartzite.
2. Dislocational (dynamic) metamorphism [P, (/T/)]:This type of metamorphism is due to mechanical
deformation, like when two bodies of rock slide past one another along a fault zone. Heat is generated by the
friction of sliding along the zone, and the rocks tend to crushed and pulverized due to the sliding. Dislocational
metamorphism is not very common and is restricted to a narrow zone along which the sliding occurred.
3. Impact (shock) metamorphism (P, T):When an extraterrestrial body, such as a meteorite or comet impacts
with the Earth or if there is a very large volcanic explosion, ultrahigh pressures can be generated in the impacted
rock. These ultrahigh pressures can produce minerals that are only stable at very high pressure, such as the SiO 2
polymorphs coesite and stishovite. In addition they can produce textures known as shock lamellae in mineral
grains, and such textures as shatter cones in the impacted rock.
Metamorphic Facies
The concept of metamorphic facies was first proposed by Eskola (1915) who gave the following definition: A
metamorphic faciesis "a group of rocks characterised by a definite set of minerals which, under the conditions
obtaining during their formation, were at perfect equilibrium with each other. The quantitative and qualitative
mineral composition in the rocks of a given facies varies gradually in correspondence with variation in the
chemical bulk composition of the rocks".
It is one of the strengths of the metamorphic facies classification that it identifies the regularities and
consistencies in mineral assemblage development, which may be related to P-T conditions, but does not attempt
to define actual pressures and temperatures. Eskola (1920, 1939) distinguished eight facies, namely: greenschist,
epidote-amphibolite, amphibolite, pyroxene-hornfels, sanidinite, granulite, glaucophane-schist and eclogite
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facies. Todays people use more metamorphic facies than Eskola, but his system usefull in the modern petrology
also (Fig. 2.15.).

Fig. 2.15. Classification of metamorphic rocks by Escola
Classification of metamorphic rocks
Relative terms such as high-temperature or low-pressure are often used to refer to the physical conditions of
metamorphism but without precise designation of the temperatures and pressures involved. In order to maintain
similarity of meaning it is proposed that the whole spectrum of temperature conditions encountered in
metamorphism be divided into five parts, and the corresponding metamorphism may be designated as: very low, low-, medium-, high-, very high-temperature metamorphism. Likewise the broad range of pressure conditions
may be divided into five to give: very low-, low-, medium-, high-, very high-pressure metamorphism. In the
highest part of the very high pressure ultra-high-pressure metamorphism may be distinguished. The whole range
of P/T ratios encountered may be divided into three fields (radial sectors in a PT diagram) to give: low, medium,
high, P/T metamorphism.
The term metamorphic grade is widely used to indicate relative conditions of metamorphism, but it is used
variably. Within a given metamorphic area, the terms lower and higher grade have been used to indicate the
relative intensity of metamorphism, as related to either increasing temperature or increasing pressure conditions
of metamorphism or often both. To avoid this it is recommended that metamorphic grade should refer only to
temperature of metamorphism, following Winkler (1974, 1976). If the whole range of temperature conditions is
again divided into four, then we may refer to very low, low, medium, high, grade of metamorphism (Fig. 2.16.)
(Picts. 2.56-2.59.).
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Fig. 2.16. Metamorphic facies of Winkler (Szakmány 2008b)
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Pict. 2.56. Shale

Pict. 2.57. Mica shale
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Pict. 2.58. Crystalline limestone

Pict. 2.59. Gneiss

Protolith
Protolith refers to the original rock, prior to metamorphism. In low grade metamorphic rocks, original textures
are often preserved allowing one to determine the likely protolith. As the grade of metamorphism increases,
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original textures are replaced with metamorphic textures and other clues, such as bulk chemical composition of
the rock, are used to determine the protolith.
If a rock has undergone only slight metamorphism such that its original texture can still be observed then the
rock is given a name based on its original name, with the prefix meta- applied. For example: metabasalt,
metagraywacke, meta-andesite, metagranite.

3.2. Presentation
For more information on this chapter see the presentation below
Presentation
Presentation

3.3. Self-checking tests
1 Delineate the formation of igneous rocks! Name the main types of igneous rocks! 2 Delineate the formation of
sedimentary rocks! Name the main types of sedimentary rocks! 3 Delineate the formation of metamorphic
rocks! Name the main types of metamorphic rocks!

4. 3. Movement processes in the lithosphere
Lithosphere plates are always in move because of the processes of plate tectonics. Traces of these movements
can be found in the rocks. Structural geology is the study of the three-dimensional distribution of rock units with
respect to their deformational histories. The primary goal of structural geology is to use measurements of
present-day rock geometries to uncover information about the history of deformation (strain) in the rocks, and
ultimately, to understand the stress field that resulted in the observed strain and geometries. This understanding
of the dynamics of the stress field can be linked to important events in the regional geologic past; a common
goal is to understand the structural evolution of a particular area with respect to regionally widespread patterns
of rock deformation (e.g., mountain building, rifting) due to plate tectonics (Picts. 3.1-3.3.).

66
Created by XMLmind XSL-FO Converter.

Pict. 3.1. A mountain peak of the High Tatra

Pict. 3.2. Granodiorite in the High Tatra
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Pict. 3.3. Triassic limestone in the Bükk Mountains
Three types of tectonics can be differentiating on the base of the scale of processes. These are microtectonics,
mesotectonics and macrotectonics.

4.1. 3.1. Microtectonics
Rock microstructure or texture of rocks is studied by structural geologists on a small scale to provide detailed
information mainly about metamorphic rocks. Textural study involves measurement and characterisation of
foliations, crenulations, metamorphic minerals, and timing relationships between these structural features and
mineralogical features. Geologists use their measurements of rock geometries to understand histories of strain in
the rocks. Strain can take the form of brittle faulting and ductile folding and shearing. Brittle deformation takes
place in the shallow crust, and ductile deformation takes place in the deeper crust, where temperatures and
pressures are higher.
Microfracturing, or microseismicity, is often thought of as a symptom caused by rocks under strain, where
small-scale failures, perhaps on areas the size of a dinner plate or a smaller area, release stress under high strain
conditions. Only when sufficient microfractures link up into a large slip surface can a large seismic event or
earthquake occur. According to this theory, after a large earthquake, the majority of the stress is released and the
frequency of microfracturing is exponentially lower. A connected theory, accelerating moment release (AMR),
claims that the seismicity rate accelerates in a well-behaved way prior to major earthquakes, and that it might
provide a helpful tool for earthquake prediction on the scale of days to years. AMR may be used to predict rock
failures within mines, and applications are being attempted for the portions of faults within brittle rheological
conditions. Researchers observe like behavior in tremors preceding volcanic eruptions.
Foliation, as it forms generally perpendicular to the direction of principal stress, records the direction of
shortening. This is related to the axis of folds, which generally form an axial-planar foliation within their axial
regions.Foliation in geology refers to repetitive layering in metamorphic rocks. Each layer may be as thin as a
sheet of paper, or over a meter in thickness. It is caused by shearing forces (pressures pushing different sections
of the rock in different directions), or differential pressure (higher pressure from one direction than in others).
The layers form parallel to the direction of the shear, or perpendicular to the direction of higher pressure.
Foliation is common in rocks affected by the regional metamorphic compression typical of areas of mountain
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belt formation (orogenic belts). Cleavage is a type of rock foliation, a fabric element that describes the way
planar features develop in a rock. Foliation is separated into two groups: primary and secondary. Primary deals
with igneous and sedimentary rocks while secondary deals with rocks that undergo metamorphism as a result of
deformation. Cleavage is a type of secondary foliation associated with fine grained rocks. For coarser grained
rocks, schistosity is used to describe secondary foliation.
Crenulations form when an early planar fabric is overprinted by a later planar fabric. Crenulations form by
recrystallisation of mica minerals during metamorphism. Micaceous minerals form planar surfaces known as
foliations perpendicular to the principal stress field. If a rock is subjected to two separate deformations and the
second deformation is at some other angle to the original, growth of new micas on the foliation planes will
create a new foliation plane perpendicular to the plane of principal stress. The angular intersection of the two
foliations causes a diagnostic texture called a crenulation, which may involve folding of the earlier mica
foliations by the later foliation (Pict. 3.4.).

3.4. kép: Slide surface on limestone

4.2. 3.2. Mesotectonics
Rocks are under pressure in geological units because of the moving of lithosphere plates. These pressure calls
stress. In geology, stress is a physical quantity that expresses the internal forces that neighbouring particles of
rocks exert on each other. For example, when a solid vertical bar is supporting a weight, each particle in the bar
pulls on the particles immediately above and below it. These forces are actually the average of a very large
number of intermolecular forces and collisions between the molecules in those particles. The answer of rock
blocks for these stress call straine.
Stress inside a rock body may arise by various mechanisms, such as reaction to external forces applied to the
bulk material (like gravity) or to its surface (like contact forces, external pressure, or friction). Any strain
(deformation) of a solid material generates an internal elasticstress, analogous to the reaction force of a spring,
that tends to restore the material to its original undeformed state. In liquids and gases, only deformations that
change the volume generate persistent elastic stress. However, if the deformation is gradually changing with
time, even in fluids there will usually be some viscous stress, opposing that change. Elastic and viscous stresses
are usually combined under the name mechanical stress.
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The relationship between the stress and strain that a particular material displays is known as that material's
Stress-Strain curve. It is unique for each material and is found by recording the amount of deformation (strain)
at distinct intervals of tensile or compressive loading (stress). These curves reveal many of the properties of a
material (Fig. 3.1.).

Fig. 3.1. Connection of stress and strain

4.2.1. 3.2.1. Folds
Folds form under varied conditions of stress, hydrostatic pressure, pore pressure, and temperature gradient, as
evidenced by their presence in soft sediments, the full spectrum of metamorphic rocks, and even as primary flow
structures in some igneous rocks. A set of folds distributed on a regional scale constitutes a fold belt, a common
feature of orogenic zones. Folds in rock are formed in relation to the stress field in which the rocks are located
and the rheology, or method of response to stress, of the rock at the time at which the stress is applied. The
rheology of the layers being folded determines characteristic features of the folds that are measured in the field.
Rocks that deform more easily form many short-wavelength, high-amplitude folds. Rocks that do not deform as
easily form long-wavelength, low-amplitude folds (Fig. 3.2.).
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Fig. 3.2. The parts of a fold
The fold can be divided into hinge and limb portions. The limbs are the flanks of the fold and the hinge is where
the flanks join together. The hinge point is the point of maximum radius of curvature for a fold. The crest of the
fold is the highest point of the fold surface, and the trough is the lowest point. The inflection point of a fold is
the point on a limb at which the concavity reverses; on regular folds, this is the midpoint of the limb. The hinge
points along an entire folded surface form a hinge line, which can be either a crest line or a trough line. The
trend and plunge of a linear hinge line gives you information about the orientation of the fold. To more
completely describe the orientation of a fold, one must describe the axial surface. The axial surface is the
surface defined by connecting all the hinge lines of stacked folding surfaces. If the axial surface is a planar
surface then it is called the axial plane and can be described by the strike and dip of the plane. An axial trace is
the line of intersection of the axial surface with any other surface (ground, side of mountain, geological crosssection) (Picts. 3.5-3.7.).
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Pict. 3.5. Folds in evaporite
laminated limestone

Pict. 3.6. Folded limestone

Pict. 3.7. Folded

Folds can have, but don‘t necessarily have a fold axis. A fold axis, ―is the closest approximation to a straight
line that when moved parallel to itself, generates the form of the fold‖. Fold tightness is defined by the angle
between the fold's limbs, called the interlimb angle. Gentle folds have an interlimb angle of between 180° and
120°.
Not all folds are equal on both sides of the axis of the fold. Those with limbs of relatively equal length are
termed symmetrical, and those with highly unequal limbs are asymmetrical. Asymmetrical folds generally have
an axis at an angle to the original unfolded surface they formed on.
Folds have several types on the base of the shape, interlimb angle.
·

Anticline: linear, strata normally dip away from axial centre, oldest strata in centre.

·

Syncline: linear, strata normally dip toward axial centre, youngest strata in centre.

·

Antiform: linear, strata dip away from axial centre, age unknown, or inverted.

·

Synform: linear, strata dip toward axial centre, age unknown, or inverted.

·

Isoclinal folds : have an interlimb angle of between 10° and zero, with essentially parallel limbs

·

Dome: nonlinear, strata dip away from centre in all directions, oldest strata in centre.

·

Basin: nonlinear, strata dip toward centre in all directions, youngest strata in centre.

·

Monocline: linear, strata dip in one direction between horizontal layers on each side.

·

Chevron: angular fold with straight limbs and small hinges
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·
Recumbent: linear, fold axial plane oriented at low angle resulting in overturned strata in one limb of the
fold.
·
Slump: typically monoclinal, result of differential compaction or dissolution during sedimentation and
lithification.
·
Ptygmatic: Folds are chaotic, random and disconnected. Typical of sedimentary slump folding, migmatites
and decollement detachment zones.
·
Parasitic: short wavelength folds formed within a larger wavelength fold structure - normally associated
with differences in bed thicknesshttp://en.wikipedia.org/wiki/Fold_%28geology%29#cite_note-Park_parasitic-8
·

Disharmonic: Folds in adjacent layers with different wavelengths and shapes (Fig. 3.3.).

Fig. 3.3. The most frequent fold types: A. symmetric fold; B. oblique fold; C. isoclinal fold, D. overturned
fold; E. horizontal fold (after Báldi 1991)
Dome is a special type of folds. It is characteristic in evaporites mainly in salt beds. Salt domes are massive
underground salt deposits. Mushroom-shaped and thousands of feet thick, they form where shallows seas once
stood. They built up over tens of thousands of years as saltwater flooded these former marine basins, then
evaporated. Salt domes form as a consequence of the relative buoyancy of salt when buried beneath other types
of sediment. The salt flows upward to form salt domes, sheets, pillars and other structures. Hydrocarbons are
commonly found around salt domes because of the abundance and variety of traps created by salt movement and
the association with evaporite minerals that can provide excellent sealing capabilities (Fig. 3.4.).
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Fig. 3.4. Model of saltv dome

4.2.2. 3.2.2. Faulting
Because of friction and the rigidity of the rock, the rocks cannot glide or flow past each other. Rather, stress
builds up in rocks and when it reaches a level that exceeds the strain threshold, the accumulated potential energy
is dissipated by the release of strain. In this case stress causes fractures by exceeding the rock strength, causing
the rock to lose cohesion along its weakest plane. A fracture will sometimes form a deep fissure or crevice in the
rock. This deformation creates propagation of fractures into previously unfractured rock, when the rock is
subjected to tensile stress. In the case of a homogenous stress field, the crack will propagate in the direction
perpendicular to the least principal stress (Picts. 3.8., 3.9.).
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Pict. 3.8. Fractures filled with calcite

Pict. 3.9. Fractures in granodiorite
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Faults are active form of fracture in a geologic environment. Strain is both accumulative and instantaneous
depending on the rheology of the rock; the ductile lower crust and mantle accumulates deformation gradually
via shearing, whereas the brittle upper crust reacts by fracture - instantaneous stress release - to cause motion
along the fault. A fault in ductile rocks can also release instantaneously when the strain rate is too great. The
energy released by instantaneous strain release causes earthquakes, a common phenomenon along transform
boundaries (Picts. 3.10., 3.11.).
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Pict. 3.10. Small size faults in sandy marl

Pict. 3.11. Big size faults in limestone

Slip is defined as the relative movement of geological features present on either side of a fault plane, and is a
displacement vector. A fault's sense of slip is defined as the relative motion of the rock on each side of the fault
with respect to the other side. In measuring the horizontal or vertical separation, the throw of the fault is the
vertical component of the dip separation and the heave of the fault is the horizontal component, as in "throw up
and heave out" (Fig. 3.5.).
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Fig. 3.5. Flexura at the fault (Báldi 1991)
The vector of slip can be qualitatively assessed by studying the fault bend folding, i.e., the drag folding of strata
on either side of the fault; the direction and magnitude of heave and throw can be measured only by finding
common intersection points on either side of the fault. In practice, it is usually only possible to find the slip
direction of faults, and an approximation of the heave and throw vector (Picts. 3.12., 3.13.).

80
Created by XMLmind XSL-FO Converter.

81
Created by XMLmind XSL-FO Converter.

Pict. 3.12. Tectonic mirror on limestone

Pict. 3.13. Tectonic breccia in limestone

Geologists can categorize faults into three groups based on the sense of slip:
1.
a fault where the relative movement (or slip) on the fault plane is approximately vertical is known as a
normal fault,
2.

or reverse fault depending on direction of movement,

3.
where the slip is approximately horizontal, the fault is known as a transcurrent or strike-slip fault (Fig.
3.6.).

Fig. 3.6. The most frequent types of faults (on the base of Báldi 1991)
Normal faults
A normal fault occurs when the crust is extended. The hanging wall moves downward, relative to the footwall.
A downthrown block between two normal faults dipping towards each other is called a graben. An upthrown
block between two normal faults dipping away from each other is called a horst. Low-angle normal faults with
regional tectonic significance may be designated detachment faults.
Reverse faults
A reverse fault (or thrust fault) is the opposite of a normal fault—the hanging wall moves up relative to the
footwall. Reverse faults indicate shortening of the crust. The dip of a reverse fault is relatively steep, greater
than 45°.A thrust fault has the same sense of motion as a reverse fault, but with the dip of the fault plane at less
than 45°. Thrust faults typically form ramps, flats and fault-bend (hanging wall and foot wall) folds. Thrust
faults form nappes and klippen in the large thrust belts. Subduction zones are a special class of thrusts that form
the largest faults on Earth and give rise to the largest earthquakes.
The fault plane is the plane that represents the fracture surface of a fault. Flat segments of thrust fault planes are
known as flats, and inclined sections of the thrust are known as ramps. A reverse fault occurs primarily across
lithological units whereas a thrust usually occurs within or at a low angle to lithological units. It is often hard to
recognize thrusts because their deformation and dislocation can be difficult to detect when they occur within the
same rocks without appreciable offset of lithological contacts. Fault-bend folds are formed by movement of the
hanging wall over a non-planar fault surface and are found associated with both extensional and thrust faults.
Faults may be reactivated at a later time with the movement in the opposite direction to the original movement
(fault inversion). A normal fault may therefore become a reverse fault and vice versa.
Strike-slip faults
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The fault surface is usually near vertical and the footwall moves either left or right or laterally with very little
vertical motion. Strike-slip faults with left-lateral motion are also known as sinistral faults. Those with rightlateral motion are also known as dextral faults.
A special class of strike-slip faults is the transform fault, where such faults form a plate boundary. These are
found related to offsets in spreading centers, such as mid-ocean ridges, and less commonly within continental
lithosphere, such as the Alpine Fault, New Zealand. Transform faults are also referred to as conservative plate
boundaries, as lithosphere is neither created nor destroyed.

4.2.3. 3.2.3. Fold and thrust belts
A fold and thrust belt is a series of mountainous foothills, adjacent to an orogenic belt, which form due to
contractional tectonics. Fold and thrust belts commonly form in the forelands adjacent to major orogens as
deformation propagates outwards. Fold and thrust belts usually comprise both folds and thrust faults, commonly
interrelated. They are commonly also known as thrust-and-fold belts, or simply thrust-fold belts (Fig. 3.7.).

3.7. ábra: Formation of thrust belts
Erosion can remove part of the overlying block, creating a fenster (or window) when the underlying block is
only exposed in a relatively small area. When erosion removes most of the overlying block, leaving only islandlike remnants resting on the lower block, the remnants are called klippen (Fig. 3.8.).
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Fig. 3.8. Tectonic window in high mountain region

4.3. 3.3. Macrotectonics
The lithosphere is always moving, but very slowly. It is broken into huge sections called tectonic plates. The
extreme heat from the mantle part of the lithosphere makes it easier for the plates to move. The movement of the
lithosphere, called plate tectonics, is the reason behind a lot of Earth's most dramatic geologic events.

4.3.1. 3.3.1. Isostasy
Isostasy is a term used in geology to refer to the state of gravitational equilibrium between the earth's lithosphere
and asthenosphere such that the tectonic plates "float" at an elevation which depends on their thickness and
density. This concept is invoked to explain how different topographic heights can exist at the Earth's surface.
When a certain area of lithosphere reaches the state of isostasy, it is said to be in isostatic equilibrium. Isostasy
is not a process that upsets equilibrium, but rather one which restores it (a negative feedback). It is generally
accepted that the earth is a dynamic system that responds to loads in many different ways. However, isostasy
provides an important 'view' of the processes that are happening in areas that are experiencing vertical
movement.
When continents collide, the continental crust may thicken at their edges in the collision. If this happens, much
of the thickened crust may move downwards rather than up as the iceberg in water. In this case the crust
thickens and the upper part of the thickened crust may become a mountain range. However, some continental
collisions are far more complex than this, and the region may not be in isostatic equilibrium, so this subject has
to be treated with caution (Fig. 3.9.).

Fig. 3.9. The model of isostasy
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The formation of ice sheets can cause the Earth's surface to sink. Conversely, isostatic post-glacial rebound is
observed in areas once covered by ice sheets that have now melted, such as around the Baltic Sea and Hudson
Bay. As the ice retreats, the load on the lithosphere and asthenosphere is reduced and they rebound back towards
their equilibrium levels. In this way, it is possible to find former sea cliffs and associated wave-cut platforms
hundreds of metres above present-day sea level. The rebound movements are so slow that the uplift caused by
the ending of the last glacial period is still continuing (Fig. 3.10.).

Fig. 3.10. Isostatically formed coastal benchs at Scandinavia (Báldi 1991)

4.3.2. 3.3.2. Plate tectonics
Plate tectonics is a scientific theory that describes the large-scale motions of Earth's lithosphere. The model
builds on the concepts of continental drift, developed during the first decades of the 20th century. It was
accepted by the geoscientific community after the concepts of seafloor spreading were developed in the late
1950s and early 1960s.
The lithosphere is broken up into tectonic plates. On Earth, there are seven major plates (depending on how they
are defined) and many minor plates (Fig. 3.11.). Earthquakes, volcanic activity, mountain-building, and oceanic
trench formation occur along boundaries of these plates. The lateral relative movement of the plates typically
varies from zero to 100 mm annually.
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Fig. 3.11. The largest lithosphere plates of the Earth
Tectonic plates are composed of oceanic lithosphere and thicker continental lithosphere, each topped by its own
kind of crust. Tectonic plates are able to move because the Earth's lithosphere has a higher strength and lower
density than the underlying asthenosphere. Lateral density variations in the mantle result in convection. Plate
movement is thought to be driven by a combination of the motion of the seafloor away from the spreading ridge
and drag downward at the subduction zones.
Mechanically, the lithosphere is cooler and more rigid, while the asthenosphere is hotter and flows more easily.
In terms of heat transfer, the lithosphere loses heat by conduction, whereas the asthenosphere also transfers heat
by convection and has a nearly adiabatic temperature gradient. This division should not be confused with the
chemical subdivision of these same layers into the mantle and the crust.
Lithosphere plates consist of lithospheric mantle overlain by either or both of two types of crustal material:
oceanic crust and continental crust. Average oceanic lithosphere is typically 100 km thick; its thickness is a
function of its age: as time passes, it conductively cools and becomes thicker. Because it is formed at mid-ocean
ridges and spreads outwards, its thickness is therefore a function of its distance from the mid-ocean ridge where
it was formed.
The location where two plates meet is called a plateboundary. The majority of the world's active volcanoes
occur along plate boundaries, with the Pacific Plate's Ring of Fire being most active and most widely known.
These boundaries are discussed in further detail below. Some volcanoes occur in the interiors of plates, and
these have been variously attributed to internal plate deformation and to mantle plumes.
Types of plate boundaries
Three types of plate boundaries exist. They are associated with different types of surface phenomena. The
different types of plate boundaries are:
1. Divergent boundariesoccur where two plates slide apart from each other. Mid-ocean ridges (e.g., MidAtlantic Ridge) and active zones of rifting (such as Africa's East African Rift) are both examples of divergent
boundaries.
2. Convergent boundaries(or active margins) occur where two plates slide towards each other commonly
forming either a subduction zone (if one plate moves underneath the other) or a continental collision (if the two
plates contain continental crust). Deep marine trenches are typically associated with subduction zones, and the
basins that develop along the active boundary are often called "foreland basins". The subducting slab contains
many hydrous minerals, which release their water on heating; this water then causes the mantle to melt,
producing volcanism. Examples of this are the Andes mountain range in South America and the Japanese island
arc.
Transform boundaries occur where plates slide or, perhaps more accurately, grind past each other along
transform faults. The relative motion of the two plates is either sinistral (left side toward the observer) or dextral
(right side toward the observer). The San Andreas Fault in California is an example of a transform boundary
exhibiting dextral motion (Fig. 3.12.).
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Fig. 3.12. Moving types of the lithosphere plates and their characteristics
Divergent boundaries
The interconnected ocean-ridge system is the longest topographic feature on the Earth's surface, exceeding 70
000 km in length. Typical ocean ridges are 3000-4000 km wide, with up to several kilometres of relief in the
axial rift zone. Ocean ridges are characterized by shallow earthquakes limited to axial rift zones. These
earthquakes are generally small in magnitude, commonly occur in swarms and appear to be associated with
intrusion and extrusion of basaltic magmas. First-motion studies indicate that rift earthquakes are produced
dominantly by vertical faulting as is expected if new lithosphere is being injected upwards. Most faulting occurs
in the depth range of 2-8 km and some ruptures extend to the sea floor (Fig. 3.13.).
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Fig. 3.13. Model of the divergent plate boundary (Stow 2006)
The median valley of ocean ridges varies in geological character due to the changing importance of tectonic
extension and volcanism. In the northern part of the Mid-Atlantic ridge, stretching and thinning of the crust
dominate in one section, while volcanism dominates in another. Where tectonic thinning is important, faulting
has exposed gabbros and serpentinites from deeper crustal levels. Volcanic features range from large ridges (>
50 km long) in sections of the median valley where volcanism has dominated, to small volcanic cones in
sections dominated by extension. The axial topography of fast- and slow-spreading ridges varies considerably
(Picts. 3.14., 3.15.).
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Pict. 3.15. Jurasic pillow lava near Szarvaskő

Pict. 3.14. Pillow lava at the Mid Atlantic Ridge

A deep axial valley with flanking mountains characterizes slow-spreading ridges, while relatively low relief, and
in some instances a topographic high, characterize fast-spreading ridges. Model studies sug gest that differences
in horizontal stresses in the oceanic lithosphere may account for the relationship between ridge topography and
spreading rate. As oceanic lithosphere thickens with distance from a ridge axis, horizontal extensional stresses
can produce the axial topography found on slow-spreading ridges. In fast-spreading ridges, however, the
calculated stresses are too small to result in appreciable relief. The axis of ocean ridges is not continuous, but
may be offset by several tens to hundreds of kilometres by transform faults. Evidence suggests that ocean ridges
grow and die out by lateral propagation. Offset magnetic anomalies and bathymetry consistent with propagating
rifts, with and without transform faults, have been described along the Galapagos ridge and in the Juan de Fuca
plate.
Convergent boundaries (subduction zones)
Convergent plate boundaries are defined by earthquake hypocentres that lie in an approximate plane and dip
beneath arc systems. This plane, known as theseismic zone or Benioff-zone, dips at moderate to steep angles
and extends in some instances to the 660 km seismic discontinuity. The seismic zone is interpreted as a brittle
region in the upper 10-20 km of descending lithospheric slabs. In general, seismic zones are curved surfaces
with radii of curvature of several hundred kilometres and with irregularities on scales of < 100 km.
Approximately planar seismic zones are exceptional. Seismic gaps in some zones suggest, although do not
prove, fragmentation of the descending slab. Dips range from 30 ° to 90°, averaging about 45° (Fig. 3.14.).
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Fig. 3.14. Position of A Benioff zone at the Nazca- and South American plates
Subduction have three types: when 1) oceanic crust collides with continental, 2) oceanic crust collides with
oceanic and 3) continental crust collides with continental subduction (Fig. 3.15.).
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Fig. 3.14. Models of the convergent plate boundary types (Stow 2006)
Oceanic crust collides with continental subduction
If the descending oceanic plate is carrying a continent, the less dense continental material cannot sink, so it
dives into the trench behind the leading oceanic crust until it gets stuck. This crumples its leading edge into
folded mountains and causes some of the oceanic crust of the overlying plate to be deposited on top of the
continent. Pressure steadily builds up until the trench ―flips,‖ and the previously overriding oceanic plate dives
under the continental crust. This could explain why most ocean trenches are found along the edges of continents.
If a trench has flipped because of the arrival of a continent, and the newly subducted plate also carries a
continent, a collision of land masses is unavoidable. When this happens, subduction terminates along the
collision zone, the trench disappears, and the continents collide, resulting in the birth of a new mountain range.
Oceanic crust collides with subduction
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When two oceanic plates meet, a deep underwater trench forms where the thicker plate plunges beneath the
thinner one. At first, great pressure at the thrusting plates causes earthquakes. These open up spaces to the hot,
molten magma so it can push through in submarine volcanoes. Eventually, the material builds up in a crest until
it breaks the surface of the ocean, forming island "arcs" and archipelagos. This is how the Philippine Islands
originated.
Continental crust collides with continental subduction
When two continental plates can converge, this might not technically form a subduction zone. Land crust doesn't
have sufficiently different densities or thicknesses for one to be subducted. Still, the land bulges and forms
interior mountain ranges without volcanoes, such as the Himalayas.
Transform faults and fracture zones
Transform faults are plate boundaries along which plates slide past each other and plate surface is conserved.
They uniquely define the direction of motion between two bounding plates. Ocean-floor transform faults differ
from transcurrent faults in that the sense of motion relative to offset along an ocean ridge axis is opposite to that
predicted by transcurrent motion. These offsets may have developed at the time spreading began and reflect
inhomogeneous fracturing of the lithosphere. Transform faults, like ocean ridges, are characterized by shallow
earthquakes (< 50 km deep). Both geophysical and petrological data from ophiolites cut by transforms suggest
that most oceanic transforms are ieaky', in that magma is injected along fault surfaces producing strips of new
lithosphere. Transforms cross continental or oceanic crust and may show apparent lateral displacements of many
hundreds of kilometres. First-motion studies of oceanic transform faults indicate lateral motion in a direction
away from ocean ridges. Also, as predicted by seafloor spreading, earthquakes are restricted to areas between
offset ridge axes. Transform faults may produce large structural discontinuities on the sea floor, and in some
cases structural and topographic breaks known as fracture zonesmark the locations of former ridge-ridge
transforms on the sea floor. There are three types of transform faults: ridge-ridge, ridge-trench, and trenchtrench faults. Ridge-ridge transform faults are most common, and these may retain constant length as a function
of time for symmetrical spreading, whereas ridge-trench and trench-trench transforms decrease or increase in
length as they evolve (Fig. 3.16.).
Large continental transform faults form where pieces of continental lithosphere are squeezed within
intracontinental convergence zones such as the Anatolian fault in Turkey. Large earthquakes (M > 8) separated
by long periods of quiescence occur along 'locked' segments of continental transforms, whereas intermediatemagnitude earthquakes characterize fault segments in which episodic slippage releases stresses. Large
earthquakes along continental transforms appear to have a period of about 150 years, as indicated by records
from the San Andreas fault in California. Ridge segments between oceanic transforms behave independently of
each other. This may be caused by instability in the convective upcurrents that feed ocean ridges, causing these
upcurrents to segment into regularly spaced rising diapers, with each diaper feeding a different ridge segment.
Transforms may arise at the junctions of ridge segments because magma supply between diapers is inadequate
for normal oceanic crustal accretion. The persistence" of transforms over millions of years indicates that
asthenospheric diapers retain their integrity for long periods of time. It appears from the use of fixed hotspot
models of absolute plate motion that both ridge axes and transforms migrate together at a rate of a few
centimetres per year. This, in turn, requires that mantle diapers migrate, and suggests that ocean-ridge segments
and diapers are decoupled from underlying mantle flow.
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Fig. 3.16. Model of transform fault

4.4. Presentation
For more information on this chapter see the presentation below
Presentation

4.5. Self-checking tests
1 Describe the main elements of mesotectonics! 2 Introduce the process of isostasy and explain plate tectonics!

5. 4. Useful and harmful impacts of lithospheric
processes for the humanity – case studies
5.1. 4.1. Minoan eruption
The Minoan eruption of Thera, also referred to as the Thera eruption or Santorini eruption, was a major
catastrophic volcanic eruption with a Volcanic Explosivity Index (VEI) of 6 or 7 and a Dense-rock equivalent
(DRE) of 60 km3, which is estimated to have occurred in the mid second millennium BCE. The eruption was
one of the largest volcanic events on Earth in recorded history. The eruption devastated the island of Thera (also
called Santorini), including the Minoan settlement at Akrotiri, as well as communities and agricultural areas on
nearby islands and on the coast of Crete (Fig. 4.1.).

93
Created by XMLmind XSL-FO Converter.

Fig. 4.1. Geographical position of Santorini
There are no clear ancient records of the eruption; the eruption seems to have inspired certain Greek myths, may
have caused turmoil in Egypt, and may be alluded to in a Chinese chronicle. Additionally, it has been speculated
that the Minoan eruption and the destruction of the city at Akrotiri provided the basis for or otherwise inspired
Plato's story of Atlantis.
Geological evidence shows the Thera volcano erupted numerous times over several hundred thousand years
before the Minoan eruption. In a repeating process, the volcano would violently erupt, then eventually collapse
into a roughly circular seawater-filled caldera, with numerous small islands forming the circle. The caldera
would slowly refill with magma, building a new volcano, which erupted and then collapsed in an ongoing
cyclical process (Fig. 4.2.).

Fig. 4.2. Tectonic profile of the Aegean Sea
Immediately prior to the Minoan eruption, the walls of the caldera formed a nearly continuous ring of islands
with the only entrance lying between Thera and the tiny island of Aspronisi. This cataclysmic eruption was
centered on a small island just north of the existing island of Nea Kameni in the centre of the then-existing
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caldera. The northern part of the caldera was refilled by the volcanic ash and lava, then collapsed again (Fig.
4.3., 4.4.).

Fig. 4.3. Spreading of the volcanic ash of the Thera
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Fig. 4.4. Geological profile of Thera
On Santorini, there is a 60 m thick layer of white tephra that overlies the soil clearly delineating the ground level
prior to the eruption. This layer has three distinct bands that indicate the different phases of the eruption. Studies
have identified four major eruption phases, and one minor precursory tephra fall. The thinness of the first ash
layer, along with the lack of noticeable erosion of that layer by winter rains before the next layer was deposited,
indicate that the volcano gave the local population a few months' warning. Since no human remains have been
found at the Akrotiri site, this preliminary volcanic activity probably caused the island's population to flee. It is
also suggested that several months before the eruption, Santorini experienced one or more earthquakes, which
damaged the local settlements.
Intense magmatic activity of the first major phase (B0 1/Minoan A) of the eruption deposited up to 7 m of pumice
and ash, with a minor lithic component, southeast and east. Archaeological evidence indicated burial of manmade structures with limited damage. The second (B0 2/Minoan B) and third (B03/Minoan C) eruption phases
involved pyroclastic flow activity and the possible generation of tsunamis. Man-made structures not buried
during Minoan A were completely destroyed. The third phase was also characterized by the initiation of caldera
collapse. The fourth, and last, major phase (B0 4/Minoan D) was marked by varied activity: lithic-rich base surge
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deposits, lahars, debris flows, and co-ignimbrite ash-fall deposits. This phase was characterized by the
completion of caldera collapse, which produced tsunami.
The radiocarbon dates have significant implications for the accepted chronology of Eastern Mediterranean
cultures. The Minoan eruption is a key marker for the Bronze Age archaeology of the Eastern Mediterranean
world. It provides a fixed point for aligning the entire chronology of the second millennium BCE in the Aegean,
because evidence of the eruption is found throughout the region. Despite this evidence, the exact date of the
eruption has been difficult to determine. For most of the twentieth century, archaeologists placed it at
approximately 1500 BCE, but this date appeared to be too young as radiocarbon dating analysis of an olive tree
buried beneath a lava flow from the volcano indicates that the eruption occurred between 1627 BCE and 1600
BCE with a 95% degree of probability.
Archaeologists developed the Late Bronze Age chronologies of eastern Mediterranean cultures by analyzing the
origin of artifacts (for example, items from Crete, mainland Greece, Cyprus or Canaan) found in each
archaeological layer. If an artifact's origin can be accurately dated, then it gives a reference date for the layer in
which it is found. If the Thera eruption could be associated with a given layer of Cretan (or other) culture,
chronologists could use the date of that layer to date the eruption itself. Since Thera's culture at the time of
destruction was similar to the Late Minoan IA (LMIA) culture on Crete, LMIA is the baseline to establish
chronology elsewhere. The eruption also aligns with Late Cycladic I (LCI) and Late Helladic I (LHI) cultures,
but predates Peloponnesian LHI. Archeological digs on Akrotiri have also yielded fragments of nine SyroPalestinian Middle Bronze II (MBII) gypsum vessels.
The Aegean prehistorians felt so confident about their calculations that they rejected early radiocarbon dates in
the 1970s for LMI/LCI Thera, because radiocarbon suggested a date about a century earlier than the
"traditional" dates.
Another method used to establish the date of eruption is tree-ring dating. Tree-ring data has shown that a large
event interfering with normal tree growth in North America occurred during 1629–1628 BCE. Evidence of a
climatic event around 1628 BCE has been found in studies of growth depression of European oaks in Ireland
and of Scotch pines in Sweden. Bristlecone pine frost rings also indicate a date of 1627 BCE, supporting the late
1600s BCE dating. Procedural changes in how ice cores are interpreted would bring that data more in line with
the dendrochronological numbers.
The eruption devastated the nearby Minoan settlement at Akrotiri on Santorini, which was entombed in a layer
of pumice. It is believed that the eruption also severely affected the Minoan population on Crete, although the
extent of the impact is debated. Early theories proposed that ashfall from Thera on the eastern half of Crete
choked off plant life, causing starvation of the local population. However, after more thorough field
examinations, this theory has lost credibility, as it has been determined that no more than 5 mm (0.20 in) of ash
fell anywhere on Crete. Other theories have been proposed based on archeological evidence found on Crete
indicating that a tsunami, likely associated with the eruption, impacted the coastal areas of Crete and may have
severely devastated the Minoan coastal settlements. A more recent theory is that much of the damage done to
Minoan sites resulted from a large earthquake that preceded the Thera Eruption.
Significant Minoan remains have been found above the Late Minoan I era Thera ash layer and tsunami level,
and it is unclear whether these effects were enough to trigger the downfall of the Minoan civilization. The
Mycenaean conquest of the Minoans occurred in Late Minoan II period, not many years after the eruption, and
many archaeologists speculate that the eruption induced a crisis in Minoan civilization, which allowed the
Mycenaeans to conquer them easily.

5.2. 4.2. Eruption of Mount Vesuvius in AD 79
In the year of 79 AD, Mount Vesuvius erupted in one of the most catastrophic and famous eruptions in
European history. Historians have learned about the eruption from the eyewitness account of Pliny the Younger,
a Roman administrator and poet (Fig. 4.5., 4.6.).
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Fig. 4.5. Geographical position of Vesuvius
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Fig. 4.6. Map of the Vesuvius
Mount Vesuvius spawned a deadly cloud of volcanic gas, stones, ash and fumes to a height of 20.5 miles,
spewing molten rock and pulverized pumice at the rate of 1.5 million tons per second, ultimately releasing a
hundred thousand times the thermal energy released by the Hiroshima bombing. The towns of Pompeii and
Herculaneum were obliterated and buried underneath massive pyroclastic flows. An estimated 16,000 people
died from the eruption.
The 79 AD eruption was preceded by a powerful earthquake seventeen years beforehand on 5 February, AD 62,
which caused widespread destruction around the Bay of Naples, and particularly to Pompeii. Some of the
damage had still not been repaired when the volcano erupted. The deaths of 600 sheep from "tainted air" in the
vicinity of Pompeii reported by Seneca the Younger leads Haraldur Sigurdsson to compare them to similar
deaths of sheep in Iceland from pools of volcanic carbon dioxide and to speculate that the earthquake of 62 was
related to new activity by Vesuvius (Fig. 4.7.).
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Fig. 4.7. Model of the Vesuvius type explosion
Another smaller earthquake took place in 64 AD; it was recorded by Suetonius in his biography of Nero, and by
Tacitus in Annales because it took place while Nero was in Naples performing for the first time in a public
theatre. Suetonius recorded that the emperor continued singing through the earthquake until he had finished his
song, while Tacitus wrote that the theatre collapsed shortly after being evacuated.
The Romans grew accustomed to minor earth tremors in the region; the writer Pliny the Younger even wrote
that they "were not particularly alarming because they are frequent in Campania". Small earthquakes started
taking place on 20 August, 79 becoming more frequent over the next four days, but the warnings were not
recognised (Fig. 4.8.).
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Fig. 4.8. 3D model of the explosion of Vesuvius at 79 AD

5.3. 4.3. 1755 Lisbon earthquake
The 1755 Lisbon earthquake, also known as the Great Lisbon Earthquake, occurred in the Kingdom of Portugal
on Saturday, 1 November 1755, the holiday of All Saints' Day, at around 09:40 local time. In combination with
subsequent fires and a tsunami, the earthquake almost totally destroyed Lisbon and adjoining areas.
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Seismologists today estimate the Lisbon earthquake had a magnitude in the range 8.5–9.0) on the moment
magnitude scale, with its epicentre in the Atlantic Ocean about 200 km west-southwest of Cape St. Vincent.
Estimates place the death toll in Lisbon alone between 10,000 and 100,000 people, making it one of the
deadliest earthquakes in history (Fig. 4.9.).

Fig. 4.9. The spread of tsunami waves at the Lisboa earthquake, 1755
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The earthquake accentuated political tensions in the Kingdom of Portugal and profoundly disrupted the
country's colonial ambitions. The event was widely discussed and dwelt upon by European Enlightenment
philosophers, and inspired major developments in theodicy and in the philosophy of the sublime. As the first
earthquake studied scientifically for its effects over a large area, it led to the birth of modern seismology and
earthquake engineering.
The Azores-Gibraltar Transform Fault, which marks the boundary between the African (Nubian) and the
Eurasian continental plates, runs westward from Gibraltar into the Atlantic. It shows a complex and active
tectonic behavior, and is responsible for several important earthquakes that hit Lisbon before November 1755:
eight in the 14th century, five in the 16th century (including the 1531 earthquake that destroyed 1,500 houses,
and the 1597 earthquake when three streets vanished), and three in the 17th century. During the 18th century,
earthquakes were reported in 1724 and 1750.
In 1755, the earthquake struck on the morning of 1 November, the holiday of All Saints' Day. Contemporary
reports state that the earthquake lasted between three and a half and six minutes, causing fissures 5 metres wide
to open in the city centre. Survivors rushed to the open space of the docks for safety and watched as the water
receded, revealing a sea floor littered with lost cargo and shipwrecks. Approximately 40 minutes after the
earthquake, a tsunami engulfed the harbour and downtown area, rushing up the Tagus river, "so fast that several
people riding on horseback ... were forced to gallop as fast as possible to the upper grounds for fear of being
carried away." It was followed by two more waves. In the areas unaffected by the tsunami, fire quickly broke
out, and flames raged for five days.
Shocks from the earthquake were felt throughout Europe as far as Finland and North Africa, and according to
some sources even in Greenland and in the Caribbean. Tsunamis as tall as 20 metres (66 ft) swept the coast of
North Africa, and struck Martinique and Barbados across the Atlantic. A three-metre (ten-foot) tsunami hit
Cornwall on the southern English coast. Galway, on the west coast of Ireland, was also hit, resulting in partial
destruction of the "Spanish Arch" section of the city wall. At Kinsale, several vessels were whirled round in the
harbor, and water poured into the marketplace.
Although seismologists and geologists had always agreed that the epicentre was in the Atlantic to the West of
the Iberian Peninsula, its exact location has been a subject of considerable debate. Early theories had proposed
the Gorringe Ridge until simulations showed that a source closer to the shore of Portugal was required to
comply with the observed effects of the tsunami. A seismic reflection survey of the ocean floor along the
Azores-Gibraltar fault has revealed a 50 km-long thrust structure southwest of Cape St. Vincent, with a dip-slip
throw of more than 1 km, that might have been created by the primary tectonic event (Fig. 4.10.).
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Fig. 4.10. Size and frequency of earthquakes at Cape St. Vincente

5.4. 4.4. 2004 Indian Ocean earthquake and tsunami
The 2004 Indian Ocean earthquake was an undersea megathrust earthquake that occurred at 00:58:53 UTC on
Sunday, 26 December 2004, with an epicentre off the west coast of Sumatra, Indonesia. The quake itself is
known by the scientific community as the Sumatra–Andaman earthquake. The resulting tsunami was given
various names, including the 2004 Indian Ocean tsunami, South Asian tsunami, Indonesian tsunami, and the
Boxing Day tsunami.
With a magnitude of Mw 9.1–9.3, it is the third largest earthquake ever recorded on a seismograph. The
earthquake had the longest duration of faulting ever observed, between 8.3 and 10 minutes. It caused the entire
planet to vibrate as much as 1 centimetre and triggered other earthquakes as far away as Alaska. Its epicentre
was between Simeulue and mainland Indonesia. The plight of the affected people and countries prompted a
worldwide humanitarian response.
The hypocentre of the main earthquake was approximately 160 km, in the Indian Ocean just north of Simeulue
island, off the western coast of northern Sumatra, at a depth of 30 km below mean sea level (initially reported
as 10 km). The northern section of the Sunda megathrust, which had been assumed dormant, ruptured; the
rupture having a length of 1,300 km. The earthquake (followed by the tsunami) was felt simultaneously as far
away as Bangladesh, India, Malaysia, Myanmar, Thailand, Singapore and the Maldives. Splay faults, or
secondary "pop up faults", caused long, narrow parts of the sea floor to pop up in seconds. This quickly elevated
the height and increased the speed of waves, causing the complete destruction of the nearby Indonesian town of
Lhoknga (Fig. 4.11.).
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Fig. 4.11. Movement of the lithosphere plates at the Sumatra earthquake, 2004
The megathrust earthquake was unusually large in geographical and geological extent. An estimated 1,600
kilometres of fault surface slipped (or ruptured) about 15 metres along the subduction zone where the India Plate
slides (or subducts) under the overriding Burma Plate. The slip did not happen instantaneously but took place in
two phases over a period of several minutes:
·
Seismographic and acoustic data indicate that the first phase involved a rupture about 400 kilometres long
and 100 kilometres wide, located 30 kilometers beneath the sea bed—the largest rupture ever known to have
been caused by an earthquake. The rupture proceeded at a speed of about 2.8 kilometres per second (1.7 miles
per second) (10,000 km/h), beginning off the coast of Aceh and proceeding north-westerly over a period of
about 100 seconds.
·
A pause of about another 100 seconds took place before the rupture continued northwards towards the
Andaman and Nicobar Islands. However, the northern rupture occurred more slowly than in the south, at about
2.1 km/s (7,500 km/h), continuing north for another five minutes to a plate boundary where the fault type
changes from subduction to strike-slip.
The India Plate is part of the great Indo-Australian Plate, which underlies the Indian Ocean and Bay of Bengal,
and is drifting north-east at an average of 6 centimetres per year. The India Plate meets the Burma Plate (which
is considered a portion of the great Eurasian Plate) at the Sunda Trench. At this point the India Plate subducts
beneath the Burma Plate, which carries the Nicobar Islands, the Andaman Islands, and northern Sumatra. The
India Plate sinks deeper and deeper beneath the Burma Plate until the increasing temperature and pressure drive
volatiles out of the subducting plate. These volatiles rise into the overlying plate causing partial melting and the
formation of magma. The rising magma intrudes into the crust above and exits the Earth's crust through
volcanoes in the form of a volcanic arc. The volcanic activity that results as the Indo-Australian Plate subducts
the Eurasian Plate has created the Sunda Arc (Fig. 4.12.).

Fig. 4.12. 3D model of movement of the tsunami wave
As well as the sideways movement between the plates, the sea floor is estimated to have risen by several metres,
displacing an estimated 30 km3 of water and triggering devastating tsunami waves. The waves did not originate
from a point source, as was inaccurately depicted in some illustrations of their paths of travel, but rather radiated
outwards along the entire 1,600 kilometre length of the rupture. This greatly increased the geographical area
over which the waves were observed, reaching as far as Mexico, Chile, and the Arctic. The raising of the sea
floor significantly reduced the capacity of the Indian Ocean, producing a permanent rise in the global sea level
by an estimated 0.1 millimetres.
The earthquake generated a seismic oscillation of the Earth's surface of up to 20–30 cm, equivalent to the effect
of the tidal forces caused by the Sun and Moon. The shock waves of the earthquake were felt across the planet;
as far away as the U.S. state of Oklahoma, where vertical movements of 3 mm were recorded. By February
2005, the earthquake's effects were still detectable as a 20 µm complex harmonic oscillation of the Earth's
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surface, which gradually diminished and merged with the incessant free oscillation of the Earth more than 4
months after the earthquake.
Because of its enormous energy release and shallow rupture depth, the earthquake generated remarkable seismic
ground motions around the globe, particularly due to huge Rayleigh (surface) elastic waves that exceeded 1 cm
in vertical amplitude everywhere on Earth. The shift of mass and the massive release of energy very slightly
altered the Earth's rotation. The exact amount is not yet known, but theoretical models suggest the earthquake
shortened the length of a day by 2.68 microseconds, due to a decrease in the oblateness of the Earth. It also
caused the Earth to minutely "wobble" on its axis by up to 2.5 cm in the direction of 145° east longitude, or
perhaps by up to 5 or 6 cm (2.0 or 2.4 in). However, because of tidal effects of the Moon, the length of a day
increases at an average of 15 µs per year, so any rotational change due to the earthquake will be lost quickly.
Similarly, the natural Chandler wobble of the Earth, which in some cases can be up to 15 m, will eventually
offset the minor wobble produced by the earthquake.
More spectacularly, there was 10 m movement laterally and 4–5 m vertically along the fault line. Early
speculation was that some of the smaller islands south-west of Sumatra, which is on the Burma Plate (the
southern regions are on the Sunda Plate), might have moved south-west by up to 36 m, but more accurate data
released more than a month after the earthquake found the movement to be about 20 cm. Since movement was
vertical as well as lateral, some coastal areas may have been moved to below sea level. The Andaman and
Nicobar Islands appear to have shifted south-west by around 1.25 m and to have sunk by 1 m.
In February 2005, the Royal Navy vessel HMS Scott surveyed the seabed around the earthquake zone, which
varies in depth between 1,000 and 5,000 m. The survey, conducted using a high-resolution, multi-beam sonar
system, revealed that the earthquake had made a huge impact on the topography of the seabed. 1,500-metre-high
thrust ridges created by previous geologic activity along the fault had collapsed, generating landslides several
kilometers wide. One such landslide consisted of a single block of rock some 100 m high and 2 km long. The
momentum of the water displaced by tectonic uplift had also dragged massive slabs of rock, each weighing
millions of tons, as far as 10 km across the seabed. An oceanic trench several kilometres wide was exposed in
the earthquake zone.
The tsunami, like all others, behaved very differently in deep water than in shallow water. In deep ocean water,
tsunami waves form only a small hump, barely noticeable and harmless, which generally travels at a very high
speed of 500 to 1,000 km/h; in shallow water near coastlines, a tsunami slows down to only tens of kilometres
per hour, but in doing so forms large destructive waves. Scientists investigating the damage in Aceh found
evidence that the wave reached a height of 24 metres when coming ashore along large stretches of the coastline,
rising to 30 metres in some areas when travelling inland.
Radar satellites recorded the heights of tsunami waves in deep water: at two hours after the earthquake, the
maximum height was 60 centimetres. These are the first such observations ever made. Unfortunately these
observations could not be used to provide a warning, since the satellites were not built for that purpose and the
data took hours to analyze.
Because the 1,600 km fault affected by the earthquake was in a nearly north-south orientation, the greatest
strength of the tsunami waves was in an east-west direction. Bangladesh, which lies at the northern end of the
Bay of Bengal, had very few casualties despite being a low-lying country relatively near the epicenter. It also
benefited from the fact that the earthquake proceeded more slowly in the northern rupture zone, greatly reducing
the energy of the water displacements in that region.
Coasts that have a landmass between them and the tsunami's location of origin are usually safe; however,
tsunami waves can sometimes diffract around such landmasses. Thus, the Indian state of Kerala was hit by the
tsunami despite being on the western coast of India, and the western coast of Sri Lanka also suffered substantial
impacts. Also distance alone was no guarantee of safety; Somalia was hit harder than Bangladesh despite being
much farther away.
Because of the distances involved, the tsunami took anywhere from fifteen minutes to seven hours (for Somalia)
to reach the various coastlines. The northern regions of the Indonesian island of Sumatra were hit very quickly,
while Sri Lanka and the east coast of India were hit roughly 90 minutes to two hours later. Thailand was also
struck about two hours later despite being closer to the epicentre, because the tsunami travelled more slowly in
the shallow Andaman Sea off its western coast.
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The tsunami was noticed as far as Struisbaai in South Africa, some 8,500 km away, where a 1.5 m high tide
surged on shore about 16 hours after the earthquake. It took a relatively long time to reach this spot at the
southernmost point of Africa, probably because of the broad continental shelf off South Africa and because the
tsunami would have followed the South African coast from east to west. The tsunami also reached Antarctica,
where tidal gauges at Japan's Showa Base recorded oscillations of up to a metre, with disturbances lasting a
couple of days.
Some of the tsunami's energy escaped into the Pacific Ocean, where it produced small but measurable tsunamis
along the western coasts of North and South America, typically around 20 to 40 cm. At Manzanillo, Mexico, a
2.6 m crest-to-trough tsunami was measured. As well, the tsunami was large enough to be detected in
Vancouver, British Columbia, Canada. This puzzled many scientists, as the tsunamis measured in some parts of
South America were larger than those measured in some parts of the Indian Ocean. It has been theorized that the
tsunamis were focused and directed at long ranges by the mid-ocean ridges which run along the margins of the
continental plates (Fig. 4.13.).

Fig. 4.13. Spreading of the tsunami wave at Sumatra

5.5. 4.5. Geothermal energy
Geothermalenergy is thermal energy generated and stored in the Earth. Thermal energy is the energy that
determines the temperature of matter. The Geothermal energy of the Earth's crust originates from the original
formation of the planet (20%) and from radioactive decay of minerals (80%). The geothermal gradient, which is
the difference in temperature between the core of the planet and its surface, drives a continuous conduction of
thermal energy in the form of heat from the core to the surface.
At the core of the Earth, thermal energy is created by radioactive decay and temperatures may reach over 5000
degrees Celsius (9,000 degrees Fahrenheit). Heat conducts from the core to surrounding cooler rock. The high
temperature and pressure cause some rock to melt, creating magma convection upward since it is lighter than the
solid rock. The magma heats rock and water in the crust, sometimes up to 370 degrees Celsius (700 degrees
Fahrenheit).
From hot springs, geothermal energy has been used for bathing since Paleolithic times and for space heating
since ancient Roman times, but it is now better known for electricity generation. Worldwide, about 10,715
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megawatts (MW) of geothermal power is online in 24 countries. An additional 28 gigawatts of direct geothermal
heating capacity is installed for district heating, space heating, spas, industrial processes, desalination and
agricultural applications.
Geothermal power is cost effective, reliable, sustainable, and environmentally friendly, but has historically been
limited to areas near tectonic plate boundaries. Recent technological advances have dramatically expanded the
range and size of viable resources, especially for applications such as home heating, opening a potential for
widespread exploitation. Geothermal wells release greenhouse gases trapped deep within the earth, but these
emissions are much lower per energy unit than those of fossil fuels. As a result, geothermal power has the
potential to help mitigate global warming if widely deployed in place of fossil fuels.
Geothermal power is considered to be renewable because any projected heat extraction is small compared to the
Earth's heat content. The Earth has an internal heat content of 10 31 joules (3·1015 TW·hr). About 20% of this is
residual heat from planetary accretion, and the remainder is attributed to higher radioactive decay rates that
existed in the past. Natural heat flows are not in equilibrium, and the planet is slowly cooling down on geologic
timescales. Human extraction taps a minute fraction of the natural outflow, often without accelerating it.
Even though geothermal power is globally sustainable, extraction must still be monitored to avoid local
depletion. Over the course of decades, individual wells draw down local temperatures and water levels until a
new equilibrium is reached with natural flows. The three oldest sites, at Larderello, Wairakei, and the Geysers
have experienced reduced output because of local depletion. Heat and water, in uncertain proportions, were
extracted faster than they were replenished. If production is reduced and water is reinjected, these wells could
theoretically recover their full potential. Such mitigation strategies have already been implemented at some
sites. The long-term sustainability of geothermal energy has been demonstrated at the Lardarello field in Italy
since 1913, at the Wairakei field in New Zealand since 1958, and at The Geysers field in California since 1960.
Falling electricity production may be boosted through drilling additional supply boreholes, as at Poihipi and
Ohaaki. The Wairakei power station has been running much longer, with its first unit commissioned in
November 1958, and it attained its peak generation of 173MW in 1965, but already the supply of high-pressure
steam was faltering, in 1982 being derated to intermediate pressure and the station managing 157MW. Around
the start of the 20th century it was managing about 150MW, then in 2005 two 8MW isopentane systems were
added, boosting the station's output by about 14MW. Detailed data are unavailable, being lost due to reorganisations. One such re-organisation in 1996 causes the absence of early data for Poihipi (started 1996), and
the gap in 1996/7 for Wairakei and Ohaaki; half-hourly data for Ohaaki's first few months of operation are also
missing, as well as for most of Wairakei's history.

5.6. 4.6. Magmatic metallogeny
The largest ore deposits of Hungary can be bite to the pegmatite – hydrothermal mart of magmatic system.
On the area of Matra Mountains can be found two important ore deposits. The origins of these are the following:
In the region of Recsk and Parádfürdő, ore enrichments in genetic relationship are known on the surface as well
as at shallow and deep levels. This is associated with the Oligocene magmatism. On the surface, in the
Parádfürdő district, a hydrothermal, low sulphidisation ore deposits of gold (-silver) in veins associated with
shallow depth quartz-porphyre intrusion is known. To the stratovolcanic levels of the Lahóca Hill at Recsk, an
ore deposit of Cu, Au and Ag starting at a meso-epithermal temperature is related. This energetic-luzoniticbournonitic-pyritic siliceous massive ore formation in hydrothermal explosive breccias provided the most
important ore material to the mining at Lahóca.
Following the extinction of volcanic activity taking place in the Western and Central Mátra during the MidMiocene, a post-volcanic activity along with tectonic movements began resulting in the formation of
hydrothermal lithologic deformation and ore-bearing veins. In the Gyöngyösoroszi-MátrakeresztesMátraszentimre area of nearly 30 km2, Hungary‘s largest occurrence of lead-zinc ore in veins was explored. The
ore-bearing veins of the ore deposits in the Central Mátra were exposed by several smaller study adits and the
deep adit of Parádsasvár. In the vein filling, predominantly spharelite and wurtzite and marginally galenite and
chalcopyrite as well as rich disseminated pyrite are typical ore minerals

5.7. Presentation
For more information on this chapter see the presentation below
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Presentation

5.8. Self-checking tests
1 Describe the impact of earthquakes to the society! 2 What are the benefits of the volcanism to the mankind? 3
Describe the geothermal energy!

6. 5. Basics of pedology
6.1. 5.1. Definition of soil
Soil is a natural body consisting of layers (soil horizons) that are primarily composed of minerals which differ
from their parent materials in their texture, structure, consistency, color, chemical, biological and other
characteristics. It is the unconsolidated or loose covering of fine rock particles that covers the surface of the
earth. Soil is the end product of the influence of the climate (temperature, precipitation), relief (slope),
organisms (flora and fauna), parent materials (original minerals), and time. In engineering terms, soil is referred
to as regolith, or loose rock material that lies above the 'solid geology'. In horticulture, the terms 'soil' is defined
as the layer that contains organic material that influences and has been influenced by plant roots and may range
in depth from centimetres to many metres.
Soil is composed of particles of broken rock (parent materials) which have been altered by physical, chemical
and biological processes that include weathering (disintegration) with associated erosion (movement). Soil is
altered from its parent material by the interactions between the lithosphere, hydrosphere, atmosphere, and
biosphere. It is a mixture of mineral and organic materials in the form of solids, gases and liquids. Soil is
commonly referred to as "earth" or "dirt"; technically, the term "dirt" should be restricted to displaced soil.
Soil forms a structure filled with pore spaces and can be thought of as a mixture of solids, water, and gases.
Accordingly, soils are often treated as a three-state system. Most soils have a density between 1 and 2 g/cm³.
Little of the soil of planet Earth is older than the Pleistocene and none is older than the Cenozoic, although
fossilized soils are preserved from as far back as the Archean.

6.2. 5.2. The Pedosphere
The Pedosphere is the soil cover of the Earth, which consist of specific natural bodies (elements), i.e. of soils,
which are diverse by their compositions and properties. The soil cover was formed on the surface of the land as
a result of centuries-old effects (actions) of solar radiation, atmospheric moisture, vegetation, animals and
microorganisms on surface layers of rocks.
The upper limit of the soil is air or shallow water. Its lower limit coincides with the lower limit of biologic
activity, as reflected by the rooting depth of native perennial plants. This active soil section is between
corresponds with what is commonly defined as the solum (Fig. 5.1.).
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Fig. 5.1. The pedon and the solum (Szalai – Jakab 2011)
As soil differ in their properties both in the vertical succession of overlying horizons and spatial variations. The
first aspect requires the observation and study of a soil profile pit, approximately 1m x 1m x 1m in size and
being considered representative for the soil around. This small basic entity, from which one can observe
variations in properties and extract samples for analytical investigations, is called a pedon. It is the smallest
volume that can be called a soil, but large enough to exhibit a full set of horizons. While the combination of
various pedons with minor differences within a larger landform is called a polypedon.
Among numerous properties and functions of soils and the Pedosphere as the whole, the following ones, having
especially important ecological significance, are isolated:
- functions of soils as unique habitat for a great diversity of life forms;
- function of soil cover as a link between geological and biological substance circulation in terrestrial
ecosystems and the biosphere; and
- function of the soil fertility in agriculture and biological productivity in natural landscapes.

6.3. 5.3. Genetic soil levels
The soils are differentiated from one another by the characteristics and properties of their profiles. A soil profile
is a physical and chemical description of the layers (called horizons) that make up the soil, from the surface to
the depth where pedogenic (soil forming) processes are no longer evident. If a person digs a hole in the ground
and looks at the wall of that hole, he is looking at the soil's profile. The horizons of the profile have formed and
differentiated from the original parent material in place - they are not the result of geologic processes, although
some features of a profile may be caused by geologic events.
A typical profile of a mature soil includes the following horizons:
1.
O horizon (O stands for organic) includes litter layer, duff, and sometimes a humus layer. These materials
are differentiated by the degree of decomposition of the organic matter. This horizon is often missing in
cultivated soils, manicured lawns, and severely eroded soils.
2.
A horizon contains a mixture of organic and mineral components. This layer most closely resembles the
ideal soil; commonly referred to as topsoil.
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3.
B horizon is a zone of illuviation (accumulated substances - clays, organic matter, iron and aluminum
compounds) that have been leached from overlying horizons.
4.

C horizon is lightly weathered parent material (Fig. 5.2.).

Fig. 5.2. The horizons of a general soil profile

6.4. 5.4. Physical properties of soils
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The physical properties of soils, in order of decreasing importance, are texture, structure, density, porosity,
consistency, temperature, colour and resistivity. Most of these determine the aeration of the soil and the ability
of water to infiltrate and to be held in the soil. Soil texture is determined by the relative proportion of the three
kinds of soil particles, called soil "separates": sand, silt, and clay. Larger soil structures called "peds" are created
from the separates when iron oxides, carbonates, clay, and silica with the organic constituent humus, coat
particles and cause them to adhere into larger, relatively stable secondary structures. Soil density, particularly
bulk density, is a measure of soil compaction. Soil porosity consists of the part of the soil volume occupied by
air and water. Consistency is the ability of soil to stick together. Soil temperature and colour are self-defining.
Resistivity refers to the resistance to conduction of electric currents and affects the rate of corrosion of metal
and concrete structures. The properties may vary through the depth of a soil profile.

6.4.1. 5.4.1. Texture
The mineral components of soil, sand, silt and clay, determine a soil's texture (Table 5.1.). In the illustrated
USDA textural classification triangle, the only soil that does not exhibit one of these predominately is called
"loam" (Fig.5.3.). While even pure sand, silt or clay may be considered a soil, from the perspective of food
production a loam soil with a small amount of organic material is considered ideal. The mineral constituents of a
loam soil might be 40% sand, 40% silt and the balance 20% clay by weight. Soil texture affects soil behaviour,
in particular its retention capacity for nutrients and water.

Size (mm)

Atterberg classification

USDA classification

<0,002

clay

clay

mud

mud

0,002 – 0,02

0,002 – 0,05
0,05 – 0,1

0,02 – 0,2

fine grained sand
fine grained sand

0,1 – 0,5
0,2 – 2,0

medium grained sand
coarse grained sand

0,5 – 1,0

coarse grained sand

1,0 – 2,0

very coarse grained sand

>2,0

rock fragment, gravel

Table 5.1. Classification of the grains according to Atterberg and the USDA

Fig. 5.3. Grain size of the soil fragments
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rock fragment, gravel

Sand and silt are the products of physical and chemical weathering; clay, on the other hand, is a product of
chemical weathering but often forms as a secondary mineral precipitated from dissolved minerals. It is the
specific surface area of soil particles and the unbalanced ionic charges within them that determine their role in
the cation exchange capacity of soil, and hence its fertility. Sand is least active, followed by silt; clay is the most
active. Sand's greatest benefit to soil is that it resists compaction and increases porosity. Silt is mineralogically
like sand but with its higher specific surface area it is more chemically active than sand. But it is the clay
content, with its very high specific surface area and generally large number of negative charges, that gives a soil
its high retention capacity for water and nutrients. Clay soils also resist wind and water erosion better than silty
and sandy soils, as the particles are bonded to each other (Table 5.2.).

Grains

Specific surface

diameter (mm)

weight (g)

number in 1 g

m2/g

2

1,11*10-2

9,0*101

1,13*10-3

1

1,38*10-3

7,2*102

2,26*10-3

0,2

1,11*10-5

9,0*104

1,13*10-2

0,05

1,73*10-7

5,7*106

4,52*10-2

0,02

1,11*10-8

9,0*107

1,13*10-1

0,002

1,11*10-11

9,0*1010

1,13

Table 5.2. Some physical characteristics of grains
Sand is the most stable of the mineral components of soil; it consists of rock fragments, primarily quartz
particles, ranging in size from 2.0 to 0.05 mm in diameter. Silt ranges in size from 0.05 to 0.002 mm. Clay
cannot be resolved by optical microscopes as its particles are 0.002 mm or less in diameter. In medium-textured
soils, clay is often washed downward through the soil profile and accumulates in the subsoil.
Soil components larger than 2.0 mm are classed as rock and gravel and are removed before determining the
percentages of the remaining components and the texture class of the soil, but are included in the name. For
example, a sandy loam soil with 20% gravel would be called gravelly sandy loam.
When the organic component of a soil is substantial, the soil is called organic soil rather than mineral soil. A soil
is called organic if:
1. Mineral fraction is 0% clay and organic matter is 20% or more
2. Mineral fraction is 0% to 50% clay and organic matter is between 20% and 30%
3. Mineral fraction is 50% or more clay and organic matter 30% or more (Fig. 5.4.).
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Fig. 5.4. Az USDA által kidolgozott textúraminősítési háromszögdiagram (Füleky 2011)

6.4.2. 5.4.2. Structure
The clumping of the soil textural components of sand, silt and clay forms aggregates and the further association
of those aggregates into larger units forms soil structures called peds (Fig. 5.5.).

Fig. 5.5. Types of the soil aggregates : a) microaggregates ; b) macroaggregates ; c) pores in
macroaggregates (Stefanovits et al. 1999)
The adhesion of the soil textural components by organic substances, iron oxides, carbonates, clays, and silica
(Table 5.3.), and the breakage of those aggregates due to expansion-contraction, freezing-thawing, and wettingdrying cycles, shape soil into distinct geometric forms. These peds evolve into units which may have various
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shapes, sizes and degrees of development. A soil clod, however, is not a ped but rather a mass of soil that results
from mechanical disturbance. The soil structure affects aeration, water movement, conduction of heat, plant root
growth and resistance to erosion. Water has the strongest effect on soil structure due to its solution and
precipitation of minerals and its effect on plant growth.

Adhesive material Mechanism of aggregate formation
Organic materials

A humusz, és a szerves maradványok mikrobiológiai lebontásának köztes termékei, az ún.
nyálkaanyagok kiemelkedő szerepet játszanak a vízálló porózus aggregátumok
kialakításában. Egyes mikroorganizmus-populációk azonban gyorsan le tudják bontani,
ezért a hatásuk nem tartós.

Clay minerals

Az agyagásványok ragasztóhatása elsősorban az adhéziós erőknek tulajdonítható.
Kötőanyagként főként a humuszban szegény vályog- és agyagtalajoknál van nagy
szerepük. A szerkezet stabilitása azonban csak akkor számottevő, ha kalciummal telített
agyagásványok vannak a talajban.

Fe-, Al-hydoxides, A pórusok falán és a durvább szemcsék érintkezési pontjainál kicsapódva igen erős
oxy-hydroxides
cementáló hatást fejtenek ki. A vas- és alumínium-ionok a mállás során a szilikátok
kristályrácsából szabadulnak fel.
Cation-binding

A két és három vegyértékű kationok által alkotott hídkötések befolyásolják a kolloidok,
ill. a kolloidok és a durvább szemcsék összekapcsolódását. Gyengén savanyú, semleges
és gyengén lúgos talajban a Ca2+, savanyú és erősen savanyú közegben az Al3+ a
legfontosabb hídképző kation.

Calcium-carbonate A semleges és gyengén lúgos talaj száradásakor az oldott Ca- és Mg-hidrogénkarbonát
CaCO3, MgCO3 és CaMg(CO3)2 formájában kicsapódik az aggregátumok felületén. A talaj
átnedvesedésekor azonban ismét feloldódik, ezért egyedül nem tud tartós/vízálló
szerkezetet biztosítani.
Colonies of micro
organisms, faeces
of soil habitant
animals

A baktériumtelepek bevonják, a gombafonalak átszövik a szerkezeti egységeket. Ez az ún.
biológiai szerkezet nem tartós. Ha a biológiai aktivitás csökken, a szerkezetstabilizáló
hatás is gyengül. A talajban élő férgek és bogarak ürülékében is ragasztóanyagok vannak.
Különösen jelentős a gilisztafélék ürülékének nagy szervesanyag- és Ca-tartalma.

Table 5.3. Characteristic adhesive materials of soils and the mechanism of aggregte formation
Soil structure often gives clues to its texture, organic matter content, biological activity, past soil evolution,
human use, and the chemical and mineralogical conditions under which the soil formed. While texture is defined
by the mineral component of a soil and is an innate property of the soil that does not change with agricultural
activities, soil structure can be improved or destroyed by the choice and timing of farming practices.
At the largest scale, the forces that shape a soil's structure result from swelling and shrinkage that initially tend
to act horizontally, causing vertically oriented prismatic peds. Clayey soil, due to its differential drying rate with
respect to the surface, will induce horizontal cracks, reducing columns to blocky peds. Roots, rodents, worms,
and freezing-thawing cycles further break the peds into a spherical shape (Picts. 5.1., 5.2.).
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Pic. 5.1. Duzzadás-zsugorodás jelensége agyagos talajon
talajon

Pict. 5.2.Fagyás miatti repedéshálózat agyagos
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At a smaller scale, plant roots extend into voids and remove water and cause the open spaces to increase, and
further decrease physical aggregation size. At the same time roots, fungal hyphae and earthworms create
microscopic tunnels that break up peds (Picts. 5.3., 5.4.).
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Pict. 5.3. Fracturing effect of roots

Pict. 5.4. Biological weathering

At an even smaller scale, soil aggregation continues as bacteria and fungi exude sticky polysaccharides which
bind soil into small peds. The addition of the raw organic matter that bacteria and fungi feed upon encourages
the formation of this desirable soil structure.
At the lowest scale, the soil chemistry affects the aggregation or dispersal of soil particles. The clay particles
contain polyvalent cations which give the faces of clay layers a net negative charge. At the same time the edges
of the clay plates have a slight positive charge, thereby allowing the edges to adhere to the faces of other clay
particles or to flocculate. On the other hand, when monovalent ions such as sodium invade and displace the
polyvalent cations, they weaken the positive charges on the edges, while the negative surface charges are
relatively strengthened. This leaves a net negative charge on the clay, causing the particles to push apart, and so
prevents the flocculation of clay particles into larger assemblages. As a result, the clay disperses and settles into
voids between peds, causing them to close. In this way the soil aggregation is destroyed and the soil made
impenetrable to air and water. Such sodic soil tends to form columnar structures near the surface.

6.4.3. 5.4.3. Porosity
Pore space is that part of the bulk volume that is not occupied by either mineral or organic matter but is open
space occupied by either air or water. Ideally, the total pore space should be 50% of the soil volume. The air
space is needed to supply oxygen to organisms decomposing organic matter, humus, and plant roots. Pore space
also allows the movement and storage of water and dissolved nutrients.
There are four categories of pores:
1. Micropores: < 2 microns
2. Mesopores: 2-20 microns
3. Macropores: 20-200 microns
4. Megapores: 200 microns-0.2 mm (Table 5.4.)

Name of pore type

Diametre (μm)

Function at soil water

Micropores

fine pores

<0,2

pores of adherent water

Mesopores

Medium pores

0,2-10

pores of capillar water

Macropores

medium-coarse pores 10-50

pores of capillar-gravitation
water

coarse pores

pores of gravitation water

Megapores

very coarse
and cracks

50-1000
pores >1000

Table 5.4. Classification of soil pores in size
In comparison, root hairs are 8 to 12 microns in diameter. When pore space is less than 30 microns, the forces of
attraction that hold water in place are greater than those acting to drain the water. At that point, soil becomes
water-logged and it cannot breathe. For a growing plant, pore size is of greater importance than total pore space.
A medium-textured loam provides the ideal balance of pore sizes. Having large pore spaces that allow rapid air
and water movement is superior to smaller pore space but has a greater percentage pore space. Tillage has the
short-term benefit of temporarily increasing the number of pores of largest size, but in the end those will be
degraded by the destruction of soil aggregation.

6.4.4. 5.4.4. Soil water
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Water affects soil formation, structure, stability and erosion but is of primary concern with respect to plant
growth. Water is essential to plants for four reasons:
1. It constitutes 85%-95% of the plant's protoplasm.
2. It is essential for photosynthesis.
3. It is the solvent in which nutrients are carried to, into and throughout the plant.
4. It provides the turgidity by which the plant keeps itself in proper position.
In addition, water alters the soil profile by dissolving and redepositing minerals, often at lower levels, and
possibly leaving the soil sterile in the case of extreme rainfall and drainage. In a loam soil, solids constitute half
the volume, air one-quarter of the volume, and water one-quarter of the volume, of which only half will be
available to most plants.
Water retention forces.Water is retained in a soil when the adhesive force of attraction of water for soil particles
and the cohesive forces water feels for itself are capable of resisting the force of gravity which tends to drain
water from the soil. When a field is flooded, the air space is displaced by water. The field will drain under the
force of gravity until it reaches what is called field capacity, at which point the smallest pores are filled with
water and the largest with water and air. The total amount of water held when field capacity is reached is a
function of the specific surface area of the soil particles. As a result, high clay and high organic soils have
higher field capacities. The total force required to pull or push water out of soil is termed suction and usually
expressed in units of bars (105 pascal) which is just a little less than one-atmosphere pressure. Alternatively, the
terms "tension" or "moisture potential" may be used.
Moisture classification.The forces with which water is held in soils determine its availability to plants. Forces of
adhesion hold water strongly to mineral and humus surfaces and less strongly to itself by cohesive forces. A
plant's root may penetrate a very small volume of water that is adhering to soil and be initially able to draw in
water that is only lightly held by the cohesive forces. But as the droplet is drawn down, the forces of adhesion of
the water for the soil particles make reducing the volume of water increasingly difficult until the plant cannot
produce sufficient suction to use the remaining water. The remaining water is considered unavailable. The
amount of available water depends upon the soil texture and humus amounts and the type of plant attempting to
use the water. Cacti, for example, can produce greater suction than can agricultural crop plants (Fig- 5.6.).
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Fig. 5.6. Model of the capillarity (Füleki 2011)
The following description applies to a loam soil and agricultural crops. When a field is flooded, it is said to be
saturated and all available air space is occupied by water. The suction required to draw water into a plant root is
zero. As the field drains under the influence of gravity (drained water is called gravitational water or drain-able
water), the suction a plant must produce to use such water increases to 1/3 bar. At that point, the soil is said to
have reached field capacity, and plants that use the water must produce increasingly higher suction, finally up to
15 bar. At 15 bar suction, the soil water amount is called wilting percent. At that suction the plant cannot sustain
its water needs as water is still being lost from the plant by transpiration; the plant's turgidity is lost, and it wilts.
The next level, called air-dry, occurs at 1000 bar suction. Finally the oven dry condition is reached at 10,000 bar
suction. All water below wilting percentage is called unavailable water.

6.4.5. 5.4.5. Soil atmosphere
The atmosphere of soil is radically different from the atmosphere above. The consumption of oxygen, by
microbes and plant roots and their release of carbon dioxide, decrease oxygen and increase carbon dioxide
concentration. Atmospheric CO2 concentration is 0.03%, but in the soil pore space it may range from 10 to 100
times that level. At extreme levels CO2 is toxic. In addition, the soil voids are saturated with water vapour.
Adequate porosity is necessary not just to allow the penetration of water but also to allow gases to diffuse in and
out. Movement of gases is by diffusion from high concentrations to lower. Oxygen diffuses in and is consumed
and excess levels of carbon dioxide, diffuse out with other gases as well as water. Soil texture and structure
strongly affect soil porosity and gas diffusion. Platy and compacted soils impede gas flow, and a deficiency of
oxygen may encourage anaerobic bacteria to reduce nitrate to the gases N2, N2O, and NO, which are then lost to
the atmosphere. Aerated soil is also a net sink of methane CH 4 but a net producer of greenhouse gases when
soils are depleted of oxygen and subject to elevated temperatures.

6.4.6. 5.4.6. Temperature
Soil temperature regulates seed germination, root growth and the availability of nutrients. Soil temperatures
range from permafrost at a few inches below the surface to 38°C in Hawaii on a warm day. The colour of the
ground cover and its insulating ability has a strong influence on soil temperature. Snow cover will reflect light
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and heavy mulching will slow the warming of the soil, but at the same time they will reduce the fluctuations in
the surface temperature.
Below 50 cm, soil temperature seldom changes and can be approximated by adding 1.8°C to the mean annual air
temperature.
Most often, soil temperatures must be accepted and agricultural activities adapted to them to:
1. maximize germination and growth by timing of planting
2. optimise use of anhydrous ammonia by applying to soil below 10°C
3. prevent heaving and thawing due to frosts from damaging shallow-rooted crops
4. prevent damage to desirable soil structure by freezing of saturated soils
5. improve uptake of phosphorus by plants
Otherwise soil temperatures can be raised by drying soils or the use of clear plastic mulches. Organic mulches
slow the warming of the soil.

6.4.7. 5.4.7. Colour
Soil colour is often the first impression one has when viewing soil. Striking colours and contrasting patterns are
especially noticeable. The Red River (Mississippi watershed) carries sediment eroded from extensive reddish
soils like Port Silt Loam in Oklahoma. The Yellow River in China carries yellow sediment from eroding loess
soils. Mollisols in the Great Plains of North America are darkened and enriched by organic matter. Podsols in
boreal forests have highly contrasting layers due to acidity and leaching.
In general, colour is determined by organic matter content, drainage conditions, and the degree of oxidation.
Soil colour, while easily discerned, has little use in predicting soil characteristics. It is of use in distinguishing
boundaries within a soil profile, determining the origin of a soil's parent material, as an indication of wetness
and waterlogged conditions, and as a qualitative means of measuring organic, salt and carbonate contents of
soils (Fig. 5.7.). Colour is recorded in the Munsell color system as for instance 10YR3/4.
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Fig. 5.7. Possible colour of soils on the Munsell scale
Soil colour is primarily influenced by soil mineralogy. Many soil colours are due to various iron minerals. The
development and distribution of colour in a soil profile result from chemical and biological weathering,
especially redox reactions. As the primary minerals in soil parent material weather, the elements combine into
new and colourful compounds. Iron forms secondary minerals of a yellow or red colour, organic matter
decomposes into black and brown compounds, and manganese, sulfur and nitrogen can form black mineral
deposits. These pigments can produce various colour patterns within a soil. Aerobic conditions produce uniform
or gradual colour changes, while reducing environments (anaerobic) result in rapid colour flow with complex,
mottled patterns and points of colour concentration.

6.5. 5.5. Chemical properties
The chemistry of soil determines the availability of nutrients, the health of microbial populations, and its
physical properties. In addition, soil chemistry also determines its corrosivity, stability, and ability to absorb
pollutants and to filter water. It is the surface chemistry of clays and humus colloids that determines soil's
chemical properties. The very high specific surface area of colloids gives soil its great ability to hold and release
cations in what is referred to as cation exchange. Cation-exchange capacity (CEC) is the amount of
exchangeable cations per unit weight of dry soil and is expressed in terms of milliequivalents of hydrogen ion
per 100 grams of soil. ―A colloid is a small, insoluble, nondiffusible particle larger than a molecule but small
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enough to remain suspended in a fluid medium without settling. Most soils contain organic colloidal particles as
well as the inorganic colloidal particles of clays.‖

6.5.1. 5.5.1. Soil salinity
Soil salinity is the salt content in the soil; the process of increasing the salt content is known as salination. Salt is
a natural element of soils and water. Salination can be caused by natural processes such as mineral weathering
or the gradual withdrawal of an ocean. It can also be caused by artificial processes such as irrigation. Salt is a
natural element of soils and water. The ions responsible for salination are: Na +, K+, Ca2+, Mg2+ and Cl-. As the
Na+ (sodium) predominates, soils can become sodic. Sodic soils present particular challenges because they tend
to have very poor structure which limits or prevents water infiltration and drainage. Over long periods of time,
as soil minerals weather and release salts, these salts are flushed or leached out of the soil by drainage water in
areas with sufficient precipitation. In addition to mineral weathering, salts are also deposited via dust and
precipitation. In dry regions salts may accumulate, leading to naturally saline soils.

6.5.2. 5.5.2. Colloids
Colloids are the most important elements of soils, which determine the chemical properties. They have two
types, mineral and organic colloids. Due to its high specific surface area and its unbalanced negative charges,
clay is the most active mineral component of soil. It is a colloidal and most often a crystalline material. In soils,
clay is defined in a physical sense as any mineral particle less than two microns (2x10−6 inches) in effective
diameter. Chemically, clay is a range of minerals with certain reactive properties. Clay is also a soil textural
class. Many soil minerals, such as gypsum, carbonates, or quartz, are small enough to be classified physically as
clay but chemically do not afford the same utility as do clay minerals.
Clay was once thought to be very small particles of quartz, feldspar, mica, hornblende or augite, but it is now
known to be (with the exception of mica-based clays) a precipitate with a mineralogical composition different
from its parent materials and is classed as a secondary mineral. The type of clay that is formed is a function of
the parent material and the composition of the minerals in solution. Mica-based clays result from a modification
of the primary mica mineral in such a way that it behaves and is classed as a clay. Most clays are crystalline, but
some are amorphous. The clays of soil are a mixture of the various types of clay, but one type predominates.
Most clays are crystalline and most are made up of three or four planes of oxygen held together by planes of
aluminium and silicon by way of ionic bonds that together form a single layer of clay. The spatial arrangement
of the oxygen atoms determines clay's structure. Half of the weight of clay is oxygen, but on a volume basis
oxygen is ninety percent. The layers of clay are sometimes held together through hydrogen bonds or potassium
bridges and as a result swell less in the presence of water. Other clays, such as montmorillonite, have layers that
are loosely attached and will swell greatly when water intervenes.
Organic colloids: Humus is the penultimate state of decomposition of organic matter; while it may linger for a
thousand years, on the larger scale of the age of the other soil components, it is temporary. It is composed of the
very stable lignins (30%) and complex sugars (polyuronides, 30%). Its chemical assay is 60% carbon, 5%
nitrogen, some oxygen and the remainder hydrogen, sulfur, and phosphorus. On a dry weight basis, the CEC of
humus is many times greater than that of clay. Plant roots also have cation exchange sites (Fig. 5.8.).
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Fig. 5.8. Colloid model of Stern (Szalai – Jakab 2011)

6.5.3. 5.5.3. Soil pH
At 25°C an aqueous solution that has a pH of 3.5 has 10 -3.5 moles hydrogen ions per litre of solution (and also 10 10.5
mole/litre OH-). A pH of 7, defined as neutral, has 10−7 moles hydrogen ions per litre of solution and also 10 −7
moles of OH- per litre; since the two concentrations are equal, they are said to neutralise each other. A pH of 9.5
is 10-9.5 moles hydrogen ions per litre of solution (and also 10-2.5 mole per litre OH-). A pH of 3.5 has one million
times more hydrogen ions per litre than a solution with pH of 9.5 (9.5 - 3.5 = 6 or 106) and is more acidic (Table
5.5.).

Filep

Bohn et al.

pHH2O

characteristics

pHH2O

Very
acidic

<4,5

Exchangeable
measurable

Acidic

4,5–5,5

Protontöbblet
hatására
a 4,0–5,5
szilikátrácsból
jelentős
mennyiségű Al 3+ oldódik ki

H+
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is <4,0

characteristics
Exchangeable
H+
is
measurable
Exchangeable
Al3+
is
measurable

Poorly
acidic

5,5–6,8

A protontöbblet hatására a 5,5–7,0
változó töltések Ca2+, Mg2+,
Na+, K+ ionjai lecserélődnek
és
a
humusz-agyag
komplexek Ca2+ és Mg2+-hídjai
felbomlanak

Neutral

6,8–7,2

pH doesn‘t increase while soil
contains calcite and dolomite

Poorly
alcalic

7,2–8,5

Maximal
V~100%

Alcalic

8,5–9,0

Rate of exchangeable Na+ is
growing

Very
alcalic

9,0<

Exchangeable
dominant

basic

Exchangeable
H+
doesn‘t
measurable,
Al-hydroxyl
polymers are
dominant

saturation.

Na+

is

Table 5.5. Categories of soil acidity (after Filep Gy.and Bohn, H. et al.)
The effect of pH on a soil is to remove from the soil or to make available certain ions. Soils with high acidity
tend to have toxic amounts of aluminium and manganese. Plants which need calcium need moderate alkalinity,
but most minerals are more soluble in acid soils. Soil organisms are hindered by high acidity, and most
agricultural crops do best with mineral soils of pH 6.5 and organic soils of pH 5.5.
In high rainfall areas, soils tend to acidity as the basic cations are forced off the soil colloids by the mass action
of hydrogen ions from the rain as those attach to the colloids. High rainfall rates can then wash the nutrients out,
leaving the soil sterile. Once the colloids are saturated with H+, the addition of any more hydrogen ions or
aluminum hydroxyl cations drives the pH even lower (more acidic) as the soil is left with no buffering capacity.
In extreme rainfall areas and high temperatures, the clay and humus may be washed out, further reducing the
buffering capacity of the soil. In low rainfall areas, unleached calcium pushes pH to 8.5 and with the addition of
exchangeable sodium, soils may reach pH 10. Beyond a pH of 9, plant growth is reduced. High pH results in
low micro-nutrient mobility, but water-soluble chelates of those can supply the deficit. Sodium can be reduced
by the addition of gypsum (calcium sulphate) as calcium adheres to clay more tightly than does sodium causing
sodium to be pushed in to the soil water solution where it can be washed out by an abundance of water.

6.5.4. 5.5.4. Cation and anion exchange
Cation exchange, between colloids and soil water, buffers (moderates) soil pH, alters soil structure, and purifies
percolating water by adsorbing cations of all types, both useful and harmful. The negative charges on a colloid
particle make it able to hold cations to its surface. The charges result from four sources.
1. Isomorphous substitution occurs in clay when lower-valence cations substitute for higher-valence cations in
the crystal structure. Substitutions in the outermost layers are more effective than for the innermost layers, as
the charge strength drops off as the square of the distance. The net result is a negative charge.
2. Edge-of-clay oxygen atoms are not in balance ionically as the tetrahedral and octahedral structures are
incomplete at the edges of clay.
3. Hydrogens of the clay hydroxyls may be ionised into solution, leaving an oxygen with a negative charge.
4. Hydrogens of humus hydroxyl groups may be ionised into solution, leaving an oxygen with a negative
charge.
Cations held to the negatively charged colloids resist being washed downward by water and out of reach of
plants' roots, thereby preserving the fertility of soils in areas of moderate rainfall and low temperatures. There is
a hierarchy in the process of cation exchange on colloids, as they differ in the strength of adsorption and their
ability to replace one another. If present in equal amounts:
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Al3+ replaces H+ replaces Ca2+ replaces Mg2+ replaces K+ same as NH4+ replaces Na+
If one cation is added in large amounts, it may replace the others by the sheer force of its numbers (mass action).
This is largely what occurs with the addition of fertiliser.
As the soil solution becomes more acidic (an abundance of H +), the other cations bound to colloids are pushed
into solution. This is caused by the ionisation of hydroxyl groups on the surface of soil colloids in what is
described as pH-dependent charges. Unlike permanent charges developed by isomorphous substitution, pHdependent charges are variable and increase with increasing pH. As a result, those cations can be made available
to plants but are also able to be leached from the soil, possibly making the soil less fertile. Plants will excrete H +
into the soil and by that means, push cations off the colloids, thus making those cations absorbable by the plant.

6.5.5. 5.5.5. Buffering of soils
The resistance of soil to changes in pH and available cations from the addition of acid or basic material is a
measure of the buffering capacity of a soil and increases as the CEC increases. Hence, pure sand has almost no
buffering ability, while soils high in colloids have high buffering capacity. Buffering occurs by cation exchange
and neutralisation.
The addition of highly basic aqueous ammonia to a soil will cause the ammonium to displace hydrogen ions
from the colloids, and the end product is water and colloidally fixed ammonium, but no permanent change
overall in soil pH.
The addition of lime, CaCO3, will displace hydrogen ions from the soil colloids, causing the fixation of calcium
and the evolution of CO2 and water, with no permanent change in soil pH.
The addition of carbonic acid (the solution of CO2 in water) will displace calcium from colloids, as hydrogen
ions are fixed to the colloids, evolving water and slightly alkaline (temporary increase in pH) highly soluble
calcium bicarbonate, which will then precipitate as lime (CaCO 3) and water at a lower level in the soil profile,
with the result of no permanent change in soil pH.
All of the above are examples of the buffering of soil pH. The general principal is that an increase in a particular
cation in the soil water solution will cause that cation to be fixed to colloids (buffered) and a decrease in
solution of that cation will cause it to be withdrawn from the colloid and moved into solution (buffered). The
degree of buffering is limited by the CEC of the soil; the greater the CEC, the greater the buffering capacity of
the soil.

6.5.6. 5.5.6. Organic matter
The organic soil matter includes all the dead plant material and all creatures, live and dead. The living
component of an acre of soil may include 900 lb of earthworms, 2400 lb of fungi, 1500 lb of bacteria, 133 lb of
protozoa and 890 lb of arthropods and algae.
Most living things in soils, including plants, insects, bacteria and fungi, are dependent on organic matter for
nutrients and energy. Soils have varying organic compounds in varying degrees of decomposition. Organic
matter holds soils open, allowing the infiltration of air and water, and may hold as much as twice its weight in
water. Many soils, including desert and rocky-gravel soils, have little or no organic matter. Soils that are all
organic matter, such as peat (histosols), are infertile. In its earliest stage of decomposition, the original organic
material is often called raw organic matter. The final stage of decomposition is called humus.
Humus refers to organic matter that has been decomposed by bacteria, fungi, and protozoa to the final point
where it is resistant to further breakdown. Humus usually constitutes only five percent of the soil or less by
volume, but it is an essential source of nutrients and adds important textural qualities crucial to soil health and
plant growth. Humus also hold bits of undecomposed organic matter which feed arthropods and worms which
further improve the soil. Humus has a high cation exchange capacity that on a dry weight basis is many times
greater than that of clay colloids. It also acts as a buffer, like clay, against changes in pH and soil moisture.
Humic acids and fulvic acids, which begin as raw organic matter, are important constituents of humus. After the
death of plants and animals, microbes begin to feed on the residues, resulting finally in the formation of humus.
With decomposition, there is a reduction of water-soluble constituents including cellulose and hemicellulose and
nutrients such as nitrogen, phosphorus, and sulfur. As the residues break down, only complex molecules made
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of aromatic carbon rings, oxygen and hydrogen remain in the form of humin, lignin and lignin complexes as
humus. While the structure of humus has few nutrients, it is able to attract and hold cation and anion nutrients
by weak bonds that can be released in response to changes in soil pH.
Lignin is resistant to breakdown and accumulates within the soil. It also reacts with amino acids, which further
increases its resistance to decomposition, including enzymatic decomposition by microbes. Fats and waxes from
plant matter have some resistance to decomposition and persist in soils for a while. Clay soils often have higher
organic contents that persist longer than soils without clay as the organic molecules adhere to and are stabilised
by the clay. Proteins normally decompose readily, but when bound to clay particles, they become more resistant
to decomposition. Clay particles also absorb the enzymes exuded by microbes which would normally break
down proteins. The addition of organic matter to clay soils can render that organic matter and any added
nutrients inaccessible to plants and microbes for many years. High soil tannin (polyphenol) content can cause
nitrogen to be sequestered in proteins or cause nitrogen immobilization.
Humus formation is a process dependent on the amount of plant material added each year and the type of base
soil. Both are affected by climate and the type of organisms present. Soils with humus can vary in nitrogen
content but typically have 3 - 6% nitrogen. Raw organic matter, as a reserve of nitrogen and phosphorus, is a
vital component affecting soil fertility. Humus also absorbs water, and expands and shrinks between dry and wet
states, increasing soil porosity. Humus is less stable than the soil's mineral constituents, as it is reduced by
microbial decomposition, and over time its concentration diminshes without the addition of new organic matter.
However, humus may persist over centuries if not millennia.

6.6. 5.6. Edaphon
Organisms affect the type of organic matter that is added to the soil, the rate at which the organic matter is
decomposed, the part of the soil to which the organic matter is added and translocated, and the types of chemical
reactions that occur in the soil.
One of the most notable effects that soil organisms have on soils in the ACE Basin study area is on the amount
of organic matter that is present. In wetland soils, SOM tends to build up because the anaerobic soil bacteria are
less efficient than their aerobic cousins at decomposing it.
The soil and the organisms living on and in it comprise an ecosystem. The active components of the soil
ecosystem are the vegetation, fauna, including microorganisms, and man (Table 5.6.).
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Table. 5.6. Characteristic organisms in the soil ( Stefanovits et al. 1999 )

6.6.1. 5.6.1. Microorganisms
The organic matter of the soil is colonized by a variety of soil organisms, most importantly the microorganisms,
which derive energy for growth from the oxidative decomposition of complex organic molecules. During
decomposition, essential elements are converted form organic combination to simple inorganic forms
(mineralization). Most of the microorganisms are concentrated in the top 15 - 25 cm of the soil because C
substrates are more plentiful there. Estimates of microbial biomass C range from 500 to 2,000 kg /ha to 15-cm
depth. Types of microorganisms comprise bacteria, actinomycetes, fungi, algae, protozoa, and soil enzymes.

6.6.2. 5.6.2. Fungi
A gram of soil can contain around one million fungi, such as yeasts and moulds. Many fungi are parasitic, often
causing disease to their living host plant, although some have beneficial relationships with living plants, as
illustrated below. In terms of soil and humus creation, the most important fungi tend to be saprotrophic; that is,
they live on dead or decaying organic matter, thus breaking it down and converting it to forms that are available
to the higher plants. A succession of fungi species will colonise the dead matter, beginning with those that use
sugars and starches, which are succeeded by those that are able to break down cellulose and lignins. Fungi
spread underground by sending long thin threads known as mycelium throughout the soil; these threads can be
observed throughout many soils and compost heaps.

6.6.3. 5.6.3. Vegetation
The primary succession of plants that colonize a weathering rock culminates in the development of a climax
community, the species composition of which depends on the climate and parent material, but which, in turn,
has a profound influence on the soil that is formed. For example in the Mid-West of the U.S. deciduous forest
seems to accelerate soil formation compared to grassland on the same parent material under similar climatic
conditions. Differences in the chemical composition of leaf leachates can partly account for a divergent pattern
of soil formation. For example acid litter of pines or heather favours the development of acid soils with poor soil
structure, whereas litter of deciduous trees favours the development of well structured soils (Picts. 5.5., 5.6.).

129
Created by XMLmind XSL-FO Converter.

Pict. 5.5. Csupasz kőzetfelszínen megtelepedett zuzmók

Pict. 5.6. A talaj nagy részét kitevő gyökérzet
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6.6.4. 5.6.4. Mezo-/Macrofauna
Earthworms are the most important of the soil forming fauna in temperate regions, being supported to a variable
extent by the small arthropods and the larger burrowing animals (rabbits, moles). Earthworms are also important
in tropical soils, but in general the activities of termites, ants, and beetles are of greater significance, particularly
in the subhumid to semiarid savannah of Africa and Asia. Earthworms build up a stone-free layer at the soil
surface, as well as intimately mixing the litter with fine mineral particles they have ingested. The surface area of
the organic matter that is accessible to microbial attack is then much greater. Types of the mezofauna comprise
arthropods (e.g. mites, collembola) and annelids (e.g earthworms, enchytraeids).

6.7. Presentation
For more information on this chapter see the presentation below
Presentation

6.8. Self-checking tests
1 Explain the goals and rules of pedology and its place among the natural science! 2 Delineate the genetic soil
levels! 3 Introduce the physical characteristics of soils! 4 Introduce the chemical characteristics of soils! 5
Describe the edafon!

7. 6. Basics of soil geography
7.1. 6.1. Soil classification
A number of classification have been made on different basis by the agricultural scientists, geographers and
geologists. The objects of classifying the soils differ in different classifications.
Two main types of classification are accepted global today. These are the following:
1. Soil classification system of FAO-UNESCO: In 1974, the Food and Agriculture Organization of the United
Nations (FAO) published its Soil Map of the World (SMW). Compilation of the SMW was a formidable task
involving collection and correlation of soil information from all over the world. Initially, the Legend to the
SMW consisted of 26 (`first level') "Major Soil Groupings" comprising a total of 106 (`second level') `Soil
Units'.
Now, this system contains 32 „Major Soil Group‖ which are aggregated in 9 `sets' composed as follows:
1. First, a separation is made between organic soils and mineral soils; all organic soils are grouped in Set #1.
2. The remaining (mineral) Major Soil Groups are each allocated to one of nine sets on the basis of `dominant
identifiers', i.e. those soil forming factor(s) which most clearly conditioned soil formation (Table 6.1.).

Dominant environmental factors

Major Soil Groups

Organic soils

histosols

Mineral soils whose formation was conditioned by their parent material

vertisols

- Soils developed in expanding clays

arenosols

- Soils developed in residual and shifting sands

andosols

- Soils developed in volcanic material
Mineral soils whose formation was conditioned by the topography/physiography of fluvisols
the terrain
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- Soils in elevated regions with non-level topography

gleysols

- Soils in lowlands (wetlands) with level topography

regosols
leptosols

Mineral soils whose formation is conditioned by their limited age (not confined to cambisols
any particular region)
Mineral soils whose formation was conditioned by climate:(sub-) humid tropics

ferralsols
nitisols
acrisols
alisols
lixisols
plinthosols

Mineral soils whose formation was conditioned by climate: arid and semi-arid solonchaks
regions
solonetz
gypsisols
calcisols
durisols
Mineral soils whose formation was conditioned by climate: steppes and steppic chernozems
regions
kastanozems
phaeozems
greyzems
Mineral soils whose formation was conditioned by climate: (sub-) humid temperate luvisols
regions
podzoluvisols
planosols
podzols
albeluvisols
cryosols
Mineral soils whose formation was conditioned by human influences (not confined to anthrosols
any particular region)
technosols
Table 6.1. Soil classification of FAO-UNESCO
2. Soil Classification System of United States: A taxonomy is an arrangement in a systematic manner. Soil
taxonomy has six categories. They are, from most general to specific: order, suborder, great group, subgroup,
family and series. The soil properties that can be measured quantitatively are used to classify soils. A partial list
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is: depth, moisture, temperature, texture, structure, cation exchange capacity, base saturation, clay mineralogy,
organic matter content and salt content. In the United States, soil orders are the top hierarchical level of soil
classification in the USDA soil taxonomy. The names of the orders end with the suffix -sol. There are 12 soil
orders in Soil Taxonomy: The criteria for the order divisions include properties that reflect major differences in
the genesis of soils (Fig. 6.1.).

Fig. 6.1. Geographical position of the soil orders (USDA System)

7.2. 6.2. Geographic Classification (=Soil Zonality)
Geographers have classified soil in terms of their areal distribution over the earth's land surfaces which are
linked with the climates, parent materials etc. As we know, under similar climatic conditions similar soil types
develop.
The U.S. Department of agriculture proposed classification system in 1938, which is much simpler and
recognizes the existence of three orders of soils
1. Zonal Soils
2. Intrazonal Soils
3. Azonal soils
Zonal soils are by far the most important and widespread soils. These are exhibiting a mature and welldeveloped soil profile indicating the fullest play of various soil-forming factors (Fig. 6.2.).
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Fig. 6.2. Geographical position of the zonal soils
They develop on well- drained areas, on parent material which has ramained in the original place for a
sufficiently long time to have been affected by various soil- forming processes.
Intrazonal soils are developed under conditions of poor drainage, on regolith where soluble salt contents are
high. Soils of bog areas and alkali flats are examples of intrazonal soil. All of them have distinct profile
characteristics.
Azonal soil lack well-developed soil profiles which may be due to non-availability of sufficient time for them to
develop fully or due to the location on very steep slopes which prohibits profile development. Alluvial soils,
dune sands, lithosols (i.e. mountain soils on steep slopes) and organic soils, which develop on peat bogs are
examples of azonal soils.

7.2.1. 6.2.1. Zonal soils of glacial zone
Tundra soils: These are found along the polar margins in the Tundra region. These are characterized by acidic
reaction, slow chemical and organic changes, homogenous soil profile and low fertility. This is a permafrost
region arid is affected by water melting and logging during summers.

7.2.2. 6.2.2. Zonal soils of boreal zone
Podzols: These are found in humid mid latitude forests and the coniferous forest regions having moderate to low
rainfall. Melting of snow in these colder regions allow adequate water flow for leaching to take place resulting
in high acidity. Thick forest vegetation allows slow organic matter decomposition and subsequent podzolization.
Though they have low fertility, but it can be enhanced by the addition of lime and fertilizers.
Grey Drown podzolic soils: These are found in the mid latitude deciduous forests on the western margin of
continents and parts of East Asia. They are characterized by lesser leaching and acidity and more Humus
content than podzols. They are reasonably fertile.
6.2.3. Zonal soils of temperate zone
Chernozem: Found in temperate grassland areas of the world which receives low and light precipitation. Thick
accumulation of humus gives it a characteristic black color and therefore it is also known Black Earth. The
moderate rainfall which the region receives resulting in balanced leaching and evaporation, does not allow the
humus to percolate. Further it is characterized by clayey texture, basic nature and high fertility.
Chestnut: As these are found in the arid margins of the Chernozem belt they have lower humus content, are of
lighter color and fertile than the chernozems.
Seirozems: These are found in the mid latitude continental deserts of central Asia and N. America and are
characterized by poor horizon development, low humus content, lime concentration and grey color. Under
irrigation they become productive.
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7.2.3. 6.2.4. Zonal soils of Mediterranean and sub-tropical zone
Terra Rossa: This is a deep red coloured soil which is characterstic at the Mediterranean region. It develops on
limstones.
Red and yellow soils: Found in regions having high temperature and abundant rainfall. This soil is affected by
leaching, podzolization and laterization and has a well developed horizon. It is susceptible to erosion and gives a
good response to agriculture when mixed with fertilizers.

7.2.4. 6.2.5. Zonal soils of tropical zone
Laterite soils: These are found in high rainfall areas (e. g. Equatorial rain forests) having hot and humid
conditions. It is also found in areas of wet and dry conditions. They are charectrerised by leaching, accumulation
of sesquioxides. Crust formation, acidic nature and red color.
Red soils: these soils are also found in tropical areas having high rainfall. They are highly leached having
residues of iron and aluminum oxides. This deeply weathered soil is low in fertility.
Black soils: these soils are formed on the basaltic bed rock formed because of lava flow. Such soils are highly
water retentive and are good for production of dry crops.
Red Desert soils: Found in arid tropical areas and is characterized by underdeveloped horizon, coarse texture,
and moderate to high fertility. This soil becomes productive when irrigation is applied and salt content is
rationalized. The most important characteristic of these soils is the saline nature and encrustation of its surface.
Because of excessive dryness lime is brought to the surface.

7.2.5. 6.2.6. Azonal soil
These soils are formed in mountainous regions out of fine grains produced by weathering. However, due to
various reasons, this fine grained material constantly slides down the slope. As a result, the time necessary for
the formation of soils does not become available. Therefore, these soils remain immature. For e.g. soils along
the slopes of Himalaya mountains. In river plains, particularly in flood-plain areas, new alluvium gets deposited
every year. The time for soil formation remains inadequate. Hence, flood plain soils also remain immature. In
river plains, due to alluvium and availability of water, the farmlands are fertile but the soils remain immature

7.3. 6.3. Soil classification system of Hungary
The current Hungarian Soil Classification System (HSCS) was developed in the 1960s, based on the genetic
principles of Dokuchaev. The central unit is the soil type grouping soils that were believed to have developed
under similar soil forming factors and processes. The major soil types are the highest category which groups
soils based on climatic, geographical and genetic bases. Subtypes and varieties are distinguished according to
the assumed dominance of soil forming processes and observable/measurable morphogenetic properties. On the
highest, Major Soil Type level, 9 categories are distinguished: skeletal soils, shallow soils influenced by the
parent material, brown forest soils, chernozems, salt affected soils, meadow soils, peat soils, soils of swampy
forests, and soils of alluvial and slope sediments (Láng et al. 2010). These type of soils are interpreted on
Genetic Soil Map of Hungary (Fig. 6.3.).
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Fig. 6.3. Genetic soils of Hungary (www.enfo.agt.bme.hu)

7.3.1. 6.3.1. Skeletal soils
Skeletal soil is a very weakly developed mineral soil in unconsolidated materials with only a limited surface
horizon having formed. Limiting factors for soil development range from low soil temperatures, prolonged
dryness, characteristics of the parent material or erosion. Skeletal soils form a taxonomic rest group containing
all soil types that cannot be accommodated in any of the other WRB Reference Groups. Skeletal soils are
extensive in eroding lands, in particular, in arid and semi-arid areas and in mountainous regions. They cover 2 %
of Europe (Fig. 6.4.).
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Fig. 6.4. Distribution of skeletal soils (www.enfo.agt.bme.hu)
Skeletal soils category contains the following soil types and subtypes (Figs. 6.5-6.9.):

Type

Characteristics

Subtypes

köves, sziklás váztalaj

- többnyire hegyvidéki területeken található, ahol erőteljes a talajpusztulás
- talajréteg <10 cm, sziklás foltokkal váltakozik

kavicsos váztalaj

- alapkőzet kavics- és iszaprétegek váltakozásából áll

-

- rossz vízgazdálkodású, kevés a tápanyag
- minősége az iszapréteg vastagságától függ (<20% iszap)
földes kopár

- laza üledékes kőzeteken keletkezik

- karbonátos

- gyors erodálódás akadályozza a talajképződést

- nem karbonátos

- humuszos szint <10 cm
futóhomok

- még nem ismerhetők fel határozottan a talajképződés bélyegei

- karbonátos

- állandó növénytakaró nincs

- nem karbonátos

- szárazon mozgékony, könnyen erodálódik

- lepel homok

- vízgazdálkodása gyenge, tápanyag-gazdálkodása rossz
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humuszos homok

- humuszos szint morfológiailag megfigyelhető

- karbonátos

- humusztartalom <1%, humuszos réteg vastagsága <40 cm

- nem karbonátos

- nehezebben szárad ki, nem mobilis

- kétrétegű

- vízgazdálkodása közepes, tápanyag-gazdálkodása rossz

138
Created by XMLmind XSL-FO Converter.

139
Created by XMLmind XSL-FO Converter.

140
Created by XMLmind XSL-FO Converter.

Fig. 6.5. Köves sziklás váztalaj

Fig. 6.6. Kavicsos váztalaj
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Fig. 6.7. Földes kopár
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Fig. 6.8. Futóhomok

Fig. 6.9. Humuszos homok

(Lévai 2000)

7.3.2. 6.3.2. Shallow soils influenced by the parent material
These soils are over hard rock or gravelly material. They are found mainly in mountainous regions and in areas
where the soil has been eroded to the extent that hard rock comes near to the surface. Because of limited
pedogenic development, they do not have much structure. On a global scale, these type of soil is very extensive.
It is called Rendzinas on limestone while those on acid rocks, such as granite, are called Rankers. They cover 9
% of Europe (Fig. 6.10.).
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Fig. 6.10. Distribution of soils influenced by parent material (www.enfo.agt.bme.hu)
This category contains the following soil types and subtypes (Figs. 6.11-6.13.):

Type

Characteristics

Subtypes

humuszkarbonát-talaj - laza, üledékes, szénsavas meszet tartalmazó talajképző kőzet - humusztartalom 2-5%, ‘A-szint‘ vastagsága 20-50 cm
- gyenge kilúgozás jelentkezik
- vízgazdálkodása gyenge, tápanyag-gazdálkodása közepes, jó
rendzina

- tömör, szénsavas meszet tartalmazó kőzeten alakul ki

- fekete

- erőteljes humuszosodás, gyenge kilúgozódás jellemzi

- barna

- sekély termőrétegű, köves talaj

vörös
rendzina

- tápanyag-szolgáltató képessége jó
fekete nyirok

- tömör, eruptív kőzetek málladékán alakul ki (andezit, bazalt, tufák)
- erős humuszosodás, gyenge kilúgozódás, morzsás szerkezet
- vízgazdálkodása szélsőséges

ranker

- tömör, szilikátos kőzeteken alakul ki
- termőrétege sekély, víz- és tápanyag-gazdálkodása rossz
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-

agyagos

145
Created by XMLmind XSL-FO Converter.

146
Created by XMLmind XSL-FO Converter.

Fig. 6.11. Humuszkarbonát talaj

Fig. 6.12. Rendzina

Fig. 6.13. Erubase (Lévai 2000)

6.3.3. Brown forest soils
Brown earths are mostly located between 35° and 55° north of the Equator. The largest expanses cover western
and central Europe, large areas of western and trans-Uralian Russia, the east coast of America and eastern Asia.
They are normally located in regions with a humid temperate climate. Rainfall totals are moderate, usually
below 76 cm per year, and temperatures range from 4°C in the winter to 18°C in the summer. They are welldrained fertile soils with a pH of between 5.0 and 6.5.
They generally have three horizons: the A, B and C horizon. Horizon A is usually a brownish colour, and over
20 cm in depth. It is composed of mull humus (well decomposed alkaline organic matter) and mineral matter. It
is biologically active with many soil organisms and plant roots mixing the mull humus with mineral particles.
As a result, the boundary between the A and B horizons can be ill defined in unploughed examples. Horizon B
is mostly composed of mineral matter which has been weathered from the parent material, but it often contains
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inclusions of more organic material carried in by organisms, especially earthworms. It is lighter in colour than
the A horizon, and is often weakly illuviated (leached). Due to limited leaching only the more soluble bases are
moved down through the profile. Horizon C is made up of the parent material, which is generally permeable and
non- or slightly acidic, for example clay loam (Fig. 6.14.).

Fig. 6.14. Distribution of brown forest soils (www.enfo.agt.bme.hu)
Brown forest soils category contains the following soil types and subtypes (Figs. 6.15-6.22.):

Type

Characteristics

Subtypes

karbonátmaradványos - gyenge kilúgozás miatt a szénsavas-mész tartalom nem barna erdőtalaj
oldódott ki
- erős humuszosodás, kismértékű savanyodás
- ‘A-‘ és ‘B-szint‘-ben egyenletes agyagosodás alakul ki
- vízgazdálkodása, tápanyag-gazdálkodása jó
csernozjom
erdőtalaj

barna - erőteljes, mély, morzsás szerkezetű humuszos szint, mely a - csernozjom jellegű
felhalmozódási szintet is elfedheti
barna erdőtalaj
- felhalmozódási szint vöröses-barnás színű

- típusos csernozjom
barna erdőtalaj

- agyagtartalom azonos a kilúgozási és a felhalmozódási
szintben
erdőmaradványos
csernozjom
- vízgazdálkodása kedvező, tápanyag-gazdálkodása jó
- gyengén savanyú, pH<6,5
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barnaföld

- humuszosodás és kilúgozódás mellett erős agyagosodás

- típusos

- ‘A-szint‘ 20-30 cm, barnás színű, morzsás, szemcsés - visszameszeződött
szerkezetű
- mélyben kovárványos
- felhalmozódási szint vöröses-barna, szemcsés vagy diós
- ‘A-‘ és ‘B-szint‘ agyagtartalma hasonló
- gyengén savanyú vagy semleges
- vízgazdálkodása, tápanyag-ellátottsága jó
agyagbemosódásos
barna erdőtalaj

- humuszosodás, kilúgozódás és agyagosodás jellemző

- gyengén podzolos

- gyenge agyagvándorlás és savasodás

- típusos

- kilúgozódási szint fakó barnás-szürke, felhalmozódási szint - mélyben kovárványos
sötétebb
- gyengén savanyú, pH = 6,2-6,5
- felhalmozódási szintben vaskiválások
- vízgazdálkodása kedvező, tápanyag-ellátottsága közepes
podzolos
erdőtalaj

barna humuszosodás,
kilúgozódás,
agyagbemosódás jelentős

agyagosodás

és - erősen podzolos
- közepesen podzolos

- podzolosodás és savanyodás erőteljes

- mélyben kovárványos

- kilúgozódási szint kifakul, kifehéredik
- ‘A-szint‘ széttagolódik vékony, humuszos A1 és fakó, poros
A2 –re
- kémhatása savanyú, pH = 5,5-6,2
- felhalmozódási szint rozsdabarna, diós szerkezetű
- vízgazdálkodása változó, tápanyag-gazdálkodása kedvezőtlen
N-ellátottsággal és a foszfátok megkötésével jellemezhető
pangó vizes
erdőtalaj

barna - humuszosodás, kilúgozódás, agyagosodás, agyagbemosódás - podzolos
és podzolosodás jelentős
- agyagbemosódásos
- redukció és savanyodás erőteljes
- kilúgozási szint 30-40cm, erősen kifakult
- felhalmozódási
márványosodás van

szint

sárgásbarna,

benne

szürke

- talajképző kőzet vályog vagy agyag
- kémhatása savanyú, pH < 6
- vízgazdálkodása és tápanyag-gazdálkodása kedvezőtlen
- nitrogén-, foszfát- és káliumtartalom kicsi
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kovárványos
erdőtalaj

barna - homokon kialakult barna erdőtalaj-típus

- podzolos

- ‘A-szint‘ 30-50 (80) cm, világosbarna, homokos szerkezetű

- agyagbemosódásos

- humusztartalma csekély

- típusos

- kovárványosodás megfigyelhető a felhalmozódási szintben

- humuszos

- gyengén savanyú
- vízgazdálkodása és tápanyag-gazdálkodása a kovárvány miatt
jó
savanyú
erdőtalaj

barna - humuszosodás, kilúgozás, agyagosodás és erős savanyodás nyers humuszos
jellemzi
savanyú humuszos
- agyagpalán, filliten, porfiriten képződik
- nagyon savanyú, pH = 3,5-5,0
- kilúgozási szint barnásfekete, morzsás
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Fig. 6.15. Karbonátmaradványos b.e.t. Fig. 6.16. Chernozem brown soil
brown soil
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Fig. 6.17. Ramann type
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Fig. 6.18. Agyagbemosódásos b.e.t
brown soil

Fig. 6.19. Podzol brown soil
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Fig. 6.20. Pseudogleyic
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Fig. 6.21. „Kovárvány” brown soil

Fig. 6.22. Acidic, not podzolic brown soil (Lévai 2000)

7.3.3. 6.3.4. Chernozems
Chernozems accommodates soils with a thick black surface layer that is rich in organic matter. Russian soil
scientist Dokuchaev coined the name ―Chernozems‖ in 1883 to denote the typical ―zonal‖ soil of the tall grass
steppes in continental Russia. The ‗typical‘ Chernozem formed in uniformly textured, silty parent material
(loess), under tall-grass vegetation with vigorous growth. The above ground biomass amounts to some 1 to 1.5
tons of dry matter per hectare; the corresponding root mass, already incorporated in the soil, weighs 4 to 6
tons/hectare.
The main concentration of roots is in the upper 60 cm of soil, with 80 percent of all roots concentrated in the top
30 to 40 cm. Deep, humus-rich Chernozems occur in the central part of the steppe zone where the annual
precipitation sum is approximately equal to the evaporation sum. Such soils contain 10 to 16 percent organic
matter in their surface layers, are neutral in reaction (pH 7.0, and around 7.5 in the subsoil), and highly saturated
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with bases. Soil fauna is very active in Chernozems, in wet periods predominantly in the upper 50-cm layer but
the animals move to deeper strata at the onset of the dry period.
Virgin Chernozems have a thin leafy litter layer on top of a dark grey to black, crumb, ‗vermic‘ Ah-horizon. The
surface horizon can be only 20 cm thick but extends down to a depth of more than 2 metres in well-developed
Chernozems. Worm casts and krotovinas testify of intense faunal activity.
Calcium carbonate accumulation is common in the lower part of the surface soil, evident from pseudomycelium
and/or nodules of secondary carbonates in a brownish grey to cinnamon subsoil. The subsurface horizon has a
blocky or weakly prismatic structure.
The grass vegetation grades into deciduous forest towards the north of the Chernozem belt where the Ahhorizon can overly an argic B-horizon (Luvic Chernozems) or may even penetrate the B-horizon with tongues
that are deeper than wide (Glossic Chernozems).
The total pore volume of the Ah-horizon amounts to 55 to 60 volume percent and lies between 45 and 55
percent in the subsoil. The soils have good moisture holding properties; reported soil moisture contents of some
33 percent at field capacity and 13 percent at permanent wilting point suggest an 'available water capacity‘ of
some 20 volume percent. The stable micro-aggregate structure (‗crumb‘) of the humus-rich Ah-horizons ensures
a favourable combination of capillary and non-capillary porosity and makes these soils suitable for irrigated
farming.
Chernozem surface soils contain between 5 and 15 percent of 'mild' humus with a high proportion of humic
acids and a C/N-ratio that is typically around 10. The surface horizon is neutral in reaction (pH 6.5-7.5) but the
pH may reach a value of 7.5-8.5 in the subsoil, particularly where there is accumulation of lime. Chernozems
have good natural fertility; the surface soil contains 0.2-0.5 percent nitrogen and 0.1 to >0.2 percent phosphorus.
This phosphorus is only partly 'available'; crops on Chernozems tend to respond favourably to application of Pfertilizers. In southern Chernozems, the humus contents are lower (4-5 percent) and consequently also the cation
exchange capacity: 20-35 cmol(+)/kg dry soil, versus 40-55 cmol(+) per kg in central Chernozems. Normally,
the base saturation percentage is close to 95 percent with Ca 2+ and Mg2+ as the main adsorbed cations but sodium
adsorption may be high in southern Chernozems (Fig. 6.23.).

Fig. 6.23. Distribution of chernozems (www.enfo.agt.bme.hu)
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Chernozems category contains the following soil types and subtypes (Figs. 6.24-6.26.):

Type

Characteristics

Subtypes

öntés csernozjom - iszapos-homokos talajképző kőzet
- intenzív szervesanyag-felhalmozódás, humusztartalom 3-4%

- karbonátos
- nem karbonátos

- vízgazdálkodása változó, tápanyag-gazdálkodása a N-tartalomtól függ
kilúgozott
csernozjom

- kilúgozási folyamat erőteljes

-

- vastag, morzsalékos szerkezetű humuszos szint
- vízgazdálkodása, tápanyag-gazdálkodása jó

mészlepedékes
csernozjom

- feltalaj humusztartalma 3-4 %, színe sötétbarna, szerkezete morzsás

- típusos

- kémhatása semleges, kissé lúgos

- alföldi

- felhalmozódási szintben mészlepedékek

- mélyben sós

- vízgazdálkodása, tápanyag-gazdálkodása jó
réti csernozjom

- a humusz-felhalmozódást gyenge vízhatás kíséri

- karbonátos

- talajvíz vagy belvíz közelsége jellemző

- nem karbonátos

- humuszos szint sötétbarna, szemcsés szerkezetű

- mélyben sós

- felhalmozódási szintben mészkonkréciók vannak

- szolonyeces

- vízgazdálkodására a talajvíz felfelé áramlása jellemző
- tápanyag-ellátottsága jó
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Fig.6.24. Kilúgozott csernozjom
(Lévai 2000)

Fig. 6.25. Mészlep. csernozjom

Fig. 6.26. Meadow chernozem

7.3.4. 6.3.5. Salt affected soils
Salt-affected soils occur in all continents and under almost all climatic conditions. Their distribution, however,
is relatively more extensive in the arid and semi-arid regions compared to the humid regions. The nature and
properties of these soils are also diverse such that they require specific approaches for their reclamation and
management to maintain their long term productivity.
The presence of excess salts on the soil surface and in the root zone characterizes all saline soils. The main
source of all salts in the soil is the primary minerals in the exposed layer of the earth‘s crust. During the process
of chemical weathering which involves hydrolysis, hydration, solution, oxidation, carbonation and other
processes, the salt constituents are gradually released and made soluble. The released salts are transported away
from their source of origin through surface or groundwater streams. The salts in the groundwater stream are
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gradually concentrated as the water with dissolved salts moves from the more humid to the less humid and
relatively arid areas. The predominant ions near the site of weathering in the presence of carbon dioxide will be
carbonates and hydrogen-carbonates of calcium, magnesium, potassium and sodium; their concentrations,
however, are low. As the water with dissolved solutes moves from the more humid to the arid regions, the salts
are concentrated and the concentration may become high enough to result in precipitation of salts of low
solubility. Apart from the precipitation, the chemical constituents of water may undergo further changes through
processes of exchange, adsorption, differential mobility, etc., and the net result of these processes invariably is
to increase the concentration in respect of chloride and sodium ions in the underground water and in the soils.
The area of Hungarian salt affected soils, are located at an elevation of 80-90 m above sea level, under
temperate continental climate, with10°C mean annual temperature of, 527 mm average annual precipitation, and
900 mm mean annual pan evaporation (Fig. 6.27.).

Fig. 6.27. Distribution of salt affected sooils (www.enfo.agt.bme.hu)
Category of salt affected soils contains the following soil types and subtypes (Figs. 6.28-6.30.):

Type

Characteristics

Subtypes

szoloncsák

- felső szinten vízben oldódó Na-sók felhalmozódása

- a sók minősége szerint

- nehéz szinteket elkülöníteni, gyenge humuszosodás jellemzi
- erősen lúgos, pH > 9
vízgazdálkodása, tápanyag-ellátottsága rossz
szoloncsákszolonyec

- vízben oldódó Na-sók, és oszlopos szint jellemzi
- ‘A-szint‘ 5-10 cm, világosszürke, poros
- lúgos vagy erősen lúgos lehet
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- a sók minősége
mennyisége szerint

és

- vízgazdálkodása rossz, tápanyag-ellátottsága rossz
réti
szolonyec

- vízben oldható Na-sók mélyebben halmozódnak fel

- kérges

- ‘A-szint‘ <15 cm, világos szürkésbarna, lemezes szerkezetű

- közepes

- felszínén fehér por (kova) lehet
- felhalmozódási szint oszlopos szerkezetű, benne vaskiválás lehet
vízgazdálkodása
humusztartalomtól függ

hözepes,

tápanyag-ellátottsága

a

sztyeppesedő - talajszelvény felső részén már nem érvényesül a talajvíz hatása, - közepes
réti
megindul a kilúgozás
- mély
szolonyec
- ‘A-szint‘ 20-30 cm, barnásszürke, szerkezete szemcsés, morzsás
- felhalmozódási szint sötétbarna, oszlopos
- vízgazdálkodása közepes, tápanyag-ellátottsága jó
másodlagosa - az eredeti talajtípus bélyegei mellett szikesedés és is megfigyelhető - elszikesedett csernozjom
n szikesedett
- keletkezésükben az emberi tevékenység döntő
- elszikesedett réti talaj
talaj
- víz- és tápanyag-gazdálkodásuk kedvezőtlen

165
Created by XMLmind XSL-FO Converter.

- elszikesedett öntéstalaj
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Fig. 6.28. Solonchak
szolonyec (Lévai 2000)

Fig. 6.29. Meadow solonchak

Fig. 6.30. Sztyeppesedő réti

7.3.5. 6.3.6. Meadow soils
Meadow soils develop under wet conditions under a grassland population and show predominantly anaerobic
processes of microbial decomposition leading to moderate accumulation of organic matter. Removal of excess
water by drainage and river regulation causes the development to proceed towards steppe soils. Profiles and
properties are described of eight types (meadow soil proper; saline-, solonetsic-and solonchakous meadow soils;
alluvial-and peaty meadow soils; meadow chernozem; meadow solonets), and some sub-types and varieties are
proposed according to the degree of solonization, the contents of organic matter and CaCO 3, parent matter, and
groundwater level (Fig. 6.31.).
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Fig. 6.31. Distribution of meadow soils (www.enfo.agt.bme.hu)
Meadow soils category contains the following soil types and subtypes (Fig. 6.32-6.35.):

Type

Characteristics

Subtypes

szoloncsákos réti talaj - ‘A-szint‘ fekete, humuszos

- szulfátos

- ‘B-szint‘ fekete, hasábos

- szódás

- sófelhalmozódás, vaskiválás jellemzi
- víz- és tápanyag-gazdálkodása szélsőséges
szolonyeces réti talaj

- kismértékű szikesedés jellemző

- szolonyeces

- ‘A-szint‘ fekete, humuszos

- erősen szolonyeces

-‘B-szint‘ hasábos, megnő a cserélhető Na mennyisége
- vízgazdálkodása kedvezőtlen, tápanyag-gazdálkodása rossz
réti talaj

- humuszosodás, kilúgozódás és vaskiválás jellemzi

- karbonátos

- ‘A-szint‘ fekete, humuszos, szemcsés szerkezetű

- nem karbonátos

- ‘B-szint‘ hasábos

- mélyben sós

- kémhatása változó, a talajképző kőzettől függ

mélyben
szolonyeces

- vízgazdálkodása kedvező, tápanyag-gazdálkodása közepes
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öntés réti talaj

- humuszképződés
megjelenik

mellett

rétegzett

hordalékanyag

- ‘A-szint‘ 30-40 cm, humusztartalma 2-3%

is - karbonátos
- nem karbonátos

- a talajszelvény kevésbé fejlett, apró vaskiválások jellemzik
- vízgazdálkodása és tápanyag-ellátottsága kedvező
lápos réti talaj

- humuszosodás mellett a láposodás jellemzi

- típusos

- ‘A-szint‘ humusztartalma homokon 4-10%, vályogon 7-20%

- szoloncsákos

- vízgazdálkodása rossz, túlzott nedvesség jellemzi

- szolonyeces

- tápanyag-gazdálkodása gyenge
csernozjom réti talaj

- szerves anyaga a csernozjom talajokra jellemző

- karbonátos

- mélyebb szinteken rozsdafoltok

- nem karbonátos

- vízgazdálkodásuk és tápanyag-ellátottságuk kedvező

- mélyben sós
mélyben
szolonyeces
- szolonyeces
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6.32. ábra: Szoloncsákos réti talaj
talaj

6.33. ábra: Szolonyeces réti talaj
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6.34. ábra: Típusos réti

6.35. ábra: Lápos réti talaj (Lévai 2000)

7.3.6. 6.3.7. Peat soils
Peat soils contain more than 30% organic material (They show a typical dark-brown to black color. Depending
on their conservation status, the peat-forming plant residues are more or less visible to the naked eye. The
subsoils of peat soils can consist of sand, silt, loam and clay or of special, in lakes deposited materials, the mud.
Depending on their parent material, mud can look white (lime mud), olive green (liver mud from algae) or dark
brown (clay mud). Peat soils mainly develop in groundwater-influenced lowlands or along rivers and lakes (Fig.
6.36.).
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Fig. 6.36. Distribution of peat soils (www.enfo.agt.bme.hu)
Peat soils category contains the following soil types and subtypes (Fig. 6.37.):

Type

Characteristics

Subtypes

mohaláptalaj

- tőzegmoha szerves anyagának humifikálódása során keletkezik - erősen savanyú

rétláptalaj

lecsapolt
telkesített
rétláptalaj

- állandó vízborítás hatására felhalmozódó növényi agyagból

- tőzegláptalaj

- a talajszelvényt különböző tulajdonságú tőzegrészek építik fel

- kotus tőzegláptalaj

- gyengén savanyú, pH > 5,5-6,0

- tőzeges láptalaj

- víz- és tápanyag-gazdálkodásuk szélsőséges

- kotus láptalaj

és - emberi beavatkozás következtében átalault rétláptalaj
- megszűnik az állandó vízborítás

- telkesített tőzegláptalaj
telkesített
láptalaj

tőzeges

- telkesített kotus láptalaj
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Fig. 6.37. Mohaláp talaj (Lévai 2000)

7.3.7. 6.3.8. Soils of swampy forests
7.3.8. 6.3.9. Soils of alluvial and slope sediments
Alluvium has been deposited along the entire valley. In some places only remnants of the original terraces
remain and only traces of alluvium occur on the lower slopes; in other places extensive areas of terrace remain
and the terrain is prominently benched and undulating to level. The soils, although predominantly loams, are
variable due to variation in the amount of clay washed from higher slopes and to variations in the deposits along
the valley. Some of the deposits are quite sandy but these have almost invariably been excavated and are
mapped within the disturbed land units. Alluvium that is predominantly loamy is considered in this unit. The
loamy alluvium is generally deep, i.e. >100cm, although rock floaters, principally of basalt, sometimes occur.
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While colluvial soil is the loose soil particles that derived from rocks and accumulated through the action of
gravity at the base of steep slopes or cliffs (Fig. 6.38.).

Fig. 6.38. Distribution of alluvial soils (www.enfo.agt.bme.hu)
Category of soils of alluvial and slope sediments contains the following soil types and subtypes (Figs. 6.396.41.):

Type

Characteristics

Subtypes

nyers öntéstalaj - folyóvizek és tavak fiatal talajai

- karbonátos

- minden áradás után újra kezdődik a talajosodás

- nem karbonátos

- fejletlen talajszelvény

- karbonátos, kétrétegű

- humusz mennyisége jelentéktelen, < 1%

- nem karbonátos, kétrétegű

- vízgazdálkodása kedvező, tápanyag-ellátottsága közepes
humuszos
öntéstalaj

- humuszosodás megfigyelhető

- karbonátos

- ‘A-szint‘ 20-40 cm, humusztartalma 1-2 %

- nem karbonátos

- vízgazdálkodása, talaj-ellátottsága közepes

- karbonátos, kétrétegű
- nem karbonátos, kétrétegű
- réti öntés

lejtőhordaléktalaj

- a szelvény egyes rétegei között nincs genetikai kapcsolat
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- csemozjomok lejtőhordaléka

- magasabb területről lehordott talajok felhalmozódása

- erdőtalajok lejtöhordaléka

- humuszos réteg vastagsága elérheti a 1,5-2,0 m-t

- rendzinák lejtőhordaléka

- vízgazdálkodása jó, tápanyag-gazdálkodása változó

- vegyes üledékek
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Fig. 6.39. Nyers öntéstalaj
talaj (Lévai 2000

Fig. 6.40. Humuszos öntéstalaj

Fig. 6.41. Lejtőhordalék

7.4. Presentation
For more information on this chapter see the presentation below
Presentation

7.5. Self-checking tests
1 Describe the two main global soil classification systems! 2 Explain the zonality of the soil 3 Characterize the
soil classification system of Hungary and name the major soil types of the country!
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8. 7. Soil formation
The physical and chemical properties of a soil are determined by the soil forming process under which they
form. Though all soils are created by the various horizon development processes of additions, transformations,
translocation and removals, it is the soil forming or, pedogenic processes that determines the kind of soil that is
ultimately formed.

8.1. 7.1. Influences on soil formation
Soil formation, or pedogenesis, is the combined effect of physical, chemical, biological and anthropogenic
processes on soil parent material. Soil is said to be formed when organic matter has accumulated and colloids
are washed downward, leaving deposits of clay, humus, iron oxide, carbonate, and gypsum. As a result, horizons
form in the soil profile. These constituents are moved (translocated) from one level to another by water and
animal activity. The alteration and movement of materials within a soil causes the formation of distinctive soil
horizons.
How soil formation proceeds is influenced by at least five classic factors that are intertwined in the evolution of
a soil. They are: parent material, climate, topography (relief), organisms, and time. When reordered to climate,
relief, organisms, parent material, and time, they form the acronym CROPT.
An example of the development of a soil would begin with the weathering of lava flow bedrock, which would
produce the purely mineral-based parent material from which the soil texture forms. Soil development would
proceed most rapidly from bare rock of recent flows in a warm climate, under heavy and frequent rainfall.
Under such conditions, plants become established very quickly on basaltic lava, even though there is very little
organic material. The plants are supported by the porous rock as it is filled with nutrient-bearing water that
carries dissolved minerals from the rocks and guano. Crevasses and pockets, local topography of the rocks,
would hold fine materials and harbour plant roots. The developing plant roots are associated with mycorrhizal
fungi that assist in breaking up the porous lava, and by these means organic matter and a finer mineral soil
accumulate with time.

8.1.1. 7.1.1. Parent material
The mineral material from which a soil forms is called parent material. Rock, whether its origin is igneous,
sedimentary, or metamorphic, is the source of all soil mineral materials and origin of all plant nutrients with the
exceptions of nitrogen, hydrogen and carbon. As the parent material is chemically and physically weathered,
transported, deposited and precipitated, it is transformed into a soil.
Typical soil mineral materials are:
·

Quartz: SiO2

·

Calcite: CaCO3

·

Feldspar: KAlSi3O8

·

Mica (biotite): K(Mg,Fe)3AlSi3O10(OH)2

Parent materials are classified according to how they came to be deposited. Residual materials are mineral
materials that have weathered in place from primary bedrock. Transported materials are those that have been
deposited by water, wind, ice or gravity. And cumulose material is organic matter that has grown and
accumulates in place (Picts. 7.1-7.6.).
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Pict. 7.1. Andesite as soil forming rock
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Pict. 7.2. Shallow side of aa meandering river

Pict. 7.3. Alluvial plain
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Pict. 7.4. Shallow soil on hard rocks

Pict. 7.5. Thick soil on loess

Pict. 7.6. Rendzina – chaarcteristic soil on limestone
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8.1.2. 7.1.2. Climate
Climate is the dominant factor in soil formation, and soils show the distinctive characteristics of the climate
zones in which they form. Mineral precipitation and temperature are the primary climatic influences on soil
formation.
Climate directly affects the rate of weathering and leaching. Soil is said to be formed when detectable layers of
clays, organic colloids, carbonates, or soluble salts have been moved downward. Wind moves sand and smaller
particles, especially in arid regions where there is little plant cover. The type and amount of precipitation
influence soil formation by affecting the movement of ions and particles through the soil, and aid in the
development of different soil profiles. Soil profiles are more distinct in wet and cool climates, where organic
materials may accumulate, than in wet and warm climates, where organic materials are rapidly consumed. The
effectiveness of water in weathering parent rock material depends on seasonal and daily temperature
fluctuations. Cycles of freezing and thawing constitute an effective mechanism which breaks up rocks and other
consolidated materials.
Climate also indirectly influences soil formation through the effects of vegetation cover and biological activity,
which modify the rates of chemical reactions in the soil.

8.1.3. 7.1.3. Topography
The topography, or relief, characterised by the inclination of the surface, determines the rate of precipitation
runoff and rate of formation or erosion of the surface soil profiles. Steep slopes allow rapid runoff and erosion
of the top soil profiles and little mineral deposition in lower profiles. Depressions allow the accumulation of
water, minerals and organic matter and in the extreme, the resulting soils will be saline marshes or peat bogs.
Intermediate topography affords the best conditions for the formation of an agriculturally productive soil.
1. Position generally refers to the point on the landscapewhere the soil is located. Most soil series have a
ratherlimited range of position and land form. In figure 3, thelandscape is divided into (1) upland, (2) upland
depression, (3) terrace, and (4) floodplain. Most soils can beclassified into one of these landscape positions by
observing the general surroundings in respect to streams or natural drainage systems.
2. Slope generally is expressed as a percentage that is calculated by dividing the difference inelevation between
two points by the horizontal distanceand multiplying by 100. For example, a 10 percent slopewould have a 10foot drop per 100 horizontal feet. Thepercent slope can be estimated visually, but the Abneylevel, or a similar
type of instrument, is used for moreprecise measurements.

8.1.4. 7.1.4. Organisms
Soil is the most abundant ecosystem on Earth, but the vast majority of organisms in soil are microbes, a great
many of which have not been described. There may be a population limit of around one billion cells per gram of
soil, but estimates of the number of species vary widely. One estimate put the number at over a million species
per gram of soil, although a later study suggests a maximum of just over 50,000 species per gram of soil. The
total number of organisms and species can vary widely according to soil type, location, and depth.
Plants, animals, fungi, bacteria and humans affect soil formation (see soil biomantle and stonelayer). Animals,
soil mesofauna and micro-organisms mix soils as they form burrows and pores, allowing moisture and gases to
move about. In the same way, plant roots open channels in soils. Plants with deep taproots can penetrate many
metres through the different soil layers to bring up nutrients from deeper in the profile. Plants with fibrous roots
that spread out near the soil surface have roots that are easily decomposed, adding organic matter. Microorganisms, including fungi and bacteria, effect chemical exchanges between roots and soil and act as a reserve
of nutrients. Humans impact soil formation by removing vegetation cover with erosion as the result. Their
tillage also mixes the different soil layers, restarting the soil formation process as less weathered material is
mixed with the more developed upper layers.
Vegetation impacts soils in numerous ways. It can prevent erosion caused by excessive rain that results in
surface runoff. Plants shade soils, keeping them cooler and slowing evaporation of soil moisture, or conversely,
by way of transpiration, plants can cause soils to lose moisture. Plants can form new chemicals that can break
down minerals and improve soil structure. The type and amount of vegetation depends on climate, topography,
soil characteristics, and biological factors. Soil factors such as density, depth, chemistry, pH, temperature and
moisture greatly affect the type of plants that can grow in a given location. Dead plants and fallen leaves and
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stems begin their decomposition on the surface. There, organisms feed on them and mix the organic material
with the upper soil layers; these added organic compounds become part of the soil formation process.

8.1.5. 7.1.5. Time
Time is a factor in the interactions of all the above. Over time, soils evolve features that are dependent on the
interplay of other soil forming factors. Soil is always changing. It takes about 800 to 1000 years for a 2.5 cm
(0.98 in) thick layer of fertile soil to be formed in nature. For example, recently deposited material from a flood
exhibits no soil development because there has not been enough time for the material to form a structure that
further defines soil. The original soil surface is buried, and the formation process must begin anew for this
deposit. Over a period of between hundreds and thousands of years, the soil will develop a profile that depends
on the intensities of biota and climate. While soil can achieve relative stability of its properties for extended
periods, the soil life cycle ultimately ends in soil conditions that leave it vulnerable to erosion. Despite the
inevitability of soil retrogression and degradation, most soil cycles are long.
Soil-forming factors continue to affect soils during their existence, even on ―stable‖ landscapes that are longenduring, some for millions of years. Materials are deposited on top or are blown or washed from the surface.
With additions, removals and alterations, soils are always subject to new conditions. Whether these are slow or
rapid changes depends on climate, topography and biological activity.

8.1.6. 7.1.6. Human activity
Human activities have had pronounced impacts on soil properties. Conifer afforestation in the uplands has
caused significant decreases in soil pH and in the quality and turnover of organic matter. Acid deposition has
increased soil acidity by a similar amount to conifer afforestation but has been shown to affect soils at greater
depths. Acid deposition has also increased the mobility of trace metals in the soil and therefore increased metal
concentrations in drainage waters. Applications of sewage sludge to the soil have been shown to increase metal
concentrations, although most of the Scottish soils affected have high trace metal binding capacities.
Intensification of arable cultivation in the lowlands has reduced organic matter concentrations, structural
stability and soil workability, and has had effects on soil erodibility. Human trampling, while highly localised,
affects sensitive mountain soils in popular areas, leading to loss of surface organic horizons, and therefore,
carbon storage (Grieve 2001) (Picts. 7.7-7.8.).
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Pict. 7.7. Step-working on a hill

Pict. 7.8. Ploughed soil

8.2. 7.2. Processes of pedogenesis
8.2.1. 7.2.1. Physical weathering
Physical weathering is the class of processes that causes the disintegration of rocks without chemical change.
The primary process in physical weathering is abrasion (the process by which clasts and other particles are
reduced in size). However, chemical and physical weathering often go hand in hand. Physical weathering can
occur due to temperature, pressure, frost etc. For example, cracks exploited by physical weathering will increase
the surface area exposed to chemical action. Furthermore, the chemical action of minerals in cracks can aid the
disintegration process. Physical weathering is also called mechanical weathering, disaggregation (Pict. 7.9.).
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Pict. 7.9. Physical weathering on dolomite
Thermal stress: Thermal stress weathering (sometimes called insolation weathering) results from expansion or
contraction of rock, caused by temperature changes. Thermal stress weathering comprises two main types,
thermal shock and thermal fatigue. Thermal stress weathering is an important mechanism in deserts, where there
is a large diurnal temperature range, hot in the day and cold at night. The repeated heating and cooling exerts
stress on the outer layers of rocks, which can cause their outer layers to peel off in thin sheets. The process of
peeling off is also called exfoliation. Although temperature changes are the principal driver, moisture can
enhance thermal expansion in rock. Forest fires and range fires are also known to cause significant weathering
of rocks and boulders exposed along the ground surface. Intense localized heat can rapidly expand a boulder
(Pict. 7.10.).
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Pict. 7.10. Thermal weathering
Frost weathering:Frost weathering, frost wedging, ice wedging or cryofracturing is the collective name for
several processes where ice is present. These processes include frost shattering, frost-wedging and freeze-thaw
weathering. Severe frost shattering produces huge piles of rock fragments called scree which may be located at
the foot of mountain areas or along slopes. Frost weathering is common in mountain areas where the
temperature is around the freezing point of water. Certain frost-susceptible soils expand or heave upon freezing
as a result of water migrating via capillary action to grow ice lenses near the freezing front. This same
phenomenon occurs within pore spaces of rocks. The ice accumulations grow larger as they attract liquid water
from the surrounding pores. The ice crystal growth weakens the rocks which, in time, break up. It is caused by
the approximately 10% (9.87) expansion of ice when water freezes, which can place considerable stress on
anything containing the water as it freezes.
Freeze induced weathering action occurs mainly in environments where there is a lot of moisture, and
temperatures frequently fluctuate above and below freezing point, especially in alpine and periglacial areas. An
example of rocks susceptible to frost action is chalk, which has many pore spaces for the growth of ice crystals.
This process can be seen in Dartmoor where it results in the formation of tors. When water that has entered the
joints freezes, the ice formed strains the walls of the joints and causes the joints to deepen and widen. When the
ice thaws, water can flow further into the rock. Repeated freeze-thaw cycles weaken the rocks which, over time,
break up along the joints into angular pieces. The angular rock fragments gather at the foot of the slope to form
a talus slope (or scree slope). The splitting of rocks along the joints into blocks is called block disintegration.
The blocks of rocks that are detached are of various shapes depending on rock structure.
Pressure release: In pressure release, also known as unloading, overlying materials (not necessarily rocks) are
removed (by erosion, or other processes), which causes underlying rocks to expand and fracture parallel to the
surface.
Intrusive igneous rocks (e.g. granite) are formed deep beneath the Earth's surface. They are under tremendous
pressure because of the overlying rock material. When erosion removes the overlying rock material, these
intrusive rocks are exposed and the pressure on them is released. The outer parts of the rocks then tend to
expand. The expansion sets up stresses which cause fractures parallel to the rock surface to form. Over time,
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sheets of rock break away from the exposed rocks along the fractures, a process known as exfoliation.
Exfoliation due to pressure release is also known as "sheeting".
Retreat of an overlying glacier can also lead to exfoliation due to pressure release.
Hydraulic action: Hydraulic action occurs when water (generally from powerful waves) rushes rapidly into
cracks in the rock face, thus trapping a layer of air at the bottom of the crack, compressing it and weakening the
rock. When the wave retreats, the trapped air is suddenly released with explosive force.
Salt crystallization, otherwise known as haloclasty, causes disintegration of rocks when saline solutions seep
into cracks and joints in the rocks and evaporate, leaving salt crystals behind. These salt crystals expand as they
are heated up, exerting pressure on the confining rock. Salt crystallization may also take place when solutions
decompose rocks (for example, limestone and chalk) to form salt solutions of sodium sulfate or sodium
carbonate, of which the moisture evaporates to form their respective salt crystals. The salts which have proved
most effective in disintegrating rocks are sodium sulfate, magnesium sulfate, and calcium chloride. Some of
these salts can expand up to three times or even more.
It is normally associated with arid climates where strong heating causes strong evaporation and therefore salt
crystallization. It is also common along coasts. An example of salt weathering can be seen in the honeycombed
stones in sea wall. Honeycomb is a type of tafoni, a class of cavernous rock weathering structures, which likely
develop in large part by chemical and physical salt weathering processes.
Living organisms may contribute to mechanical weathering (as well as chemical weathering, see 'biological'
weathering below). Lichens and mosses grow on essentially bare rock surfaces and create a more humid
chemical microenvironment. The attachment of these organisms to the rock surface enhances physical as well as
chemical breakdown of the surface microlayer of the rock. On a larger scale, seedlings sprouting in a crevice
and plant roots exert physical pressure as well as providing a pathway for water and chemical infiltration (Pict.
7.11.).

Pict. 7.11. Physical weathering because of the roots

8.2.2. 7.2.2. Chemical weathering
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Chemical weathering changes the composition of rocks, often transforming them when water interacts with
minerals to create various chemical reactions. Chemical weathering is a gradual and ongoing process as the
mineralogy of the rock adjusts to the near surface environment. New or secondary minerals develop from the
original minerals of the rock. In this the processes of oxidation and hydrolysis are most important.
The process of mountain block uplift is important in exposing new rock strata to the atmosphere and moisture,
enabling important chemical weathering to occur; significant release occurs of Ca 2+ and other minerals into
surface waters.
Dissolution and carbonation: Rainfall is acidic because atmospheric carbon dioxide dissolves in the rainwater
producing weak carbonic acid. In unpolluted environments, the rainfall pH is around 5.6. Acid rain occurs when
gases such as sulfur dioxide and nitrogen oxides are present in the atmosphere. These oxides react in the rain
water to produce stronger acids and can lower the pH to 4.5 or even 3.0. Sulfur dioxide, SO 2, comes from
volcanic eruptions or from fossil fuels, can become sulfuric acid within rainwater, which can cause solution
weathering to the rocks on which it falls.
Some minerals, due to their natural solubility (e.g. evaporites), oxidation potential (iron-rich minerals, such as
pyrite), or instability relative to surficial conditions (see Goldich dissolution series) will weather through
dissolution naturally, even without acidic water.
One of the most well-known solution weathering processes is carbonation, the process in which atmospheric
carbon dioxide leads to solution weathering. Carbonation occurs on rocks which contain calcium carbonate,
such as limestone and chalk. This takes place when rain combines with carbon dioxide or an organic acid to
form a weak carbonic acid which reacts with calcium carbonate (the limestone) and forms calcium bicarbonate.
This process speeds up with a decrease in temperature, not because low temperatures generally drive reactions
faster, but because colder water holds more dissolved carbon dioxide gas. Carbonation is therefore a large
feature of glacial weathering.
The reactions as follows:
CO2 + H2O => H2CO3
carbon dioxide + water => carbonic acid
H2CO3 + CaCO3 => Ca(HCO3)2
carbonic acid + calcium carbonate => calcium bicarbonate
Carbonation on the surface of well-jointed limestone produces a dissected limestone pavement. This process is
most effective along the joints, widening and deepening them.
Hydration:Mineral hydration is a form of chemical weathering that involves the rigid attachment of H+ and OHions to the atoms and molecules of a mineral.
When rock minerals take up water, the increased volume creates physical stresses within the rock. For example
iron oxides are converted to iron hydroxides and the hydration of anhydrite forms gypsum.
Hydrolysis on silicates and carbonates:Hydrolysis is a chemical weathering process affecting silicate and
carbonate minerals. In such reactions, pure water ionizes slightly and reacts with silicate minerals. An example
reaction:
Mg2SiO4 + 4H+ + 4OH-⇌ 2Mg2+ + 4OH- + H4SiO4
olivine (forsterite) + four ionized water molecules ⇌ ions in solution + silicic acid in solution
This reaction theoretically results in complete dissolution of the original mineral, if enough water is available to
drive the reaction. In reality, pure water rarely acts as a H + donor. Carbon dioxide, though, dissolves readily in
water forming a weak acid and H+ donor.
Mg2SiO4 + 4CO2 + 4H2O ⇌ 2Mg2+ + 4HCO3- + H4SiO4
olivine (forsterite) + carbon dioxide + water ⇌ Magnesium and bicarbonate ions in solution + silicic acid in
solution
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This hydrolysis reaction is much more common. Carbonic acid is consumed by silicate weathering, resulting in
more alkaline solutions because of the bicarbonate. This is an important reaction in controlling the amount of
CO2 in the atmosphere and can affect climate.
Aluminosilicates when subjected to the hydrolysis reaction produce a secondary mineral rather than simply
releasing cations.
2KAlSi3O8 + 2H2CO3 + 9H2O ⇌ Al2Si2O5(OH)4 + 4H4SiO4 + 2K+ + 2HCO3Orthoclase (aluminosilicate feldspar) + carbonic acid + water ⇌ Kaolinite (a clay mineral) + silicic acid in
solution + potassium and bicarbonate ions in solution
Oxidation:Within the weathering environment chemical oxidation of a variety of metals occurs. The most
commonly observed is the oxidation of Fe2+ (iron) and combination with oxygen and water to form Fe 3+
hydroxides and oxides such as goethite, limonite, and hematite. This gives the affected rocks a reddish-brown
coloration on the surface which crumbles easily and weakens the rock. This process is better known as 'rusting',
though it is distinct from the rusting of metallic iron. Many other metallic ores and minerals oxidize and hydrate
to produce colored deposits, such as chalcopyrites or CuFeS 2 oxidizing to copper hydroxide and iron oxides.

8.2.3. 7.2.3. Biological weathering
A number of plants and animals may create chemical weathering through release of acidic compounds, i.e. moss
on roofs is classed as weathering. Mineral weathering can also be initiated and/or accelerated by soil
microorganisms. Lichens on rocks are thought to increase chemical weathering rates. For example, an
experimental study on hornblende granite in New Jersey, USA, demonstrated a 3x - 4x increase in weathering
rate under lichen covered surfaces compared to recently exposed bare rock surfaces.
The most common forms of biological weathering are the release of chelating compounds (i.e. organic acids,
siderophores) and of acidifying molecules (i.e. protons, organic acids) by plants so as to break down aluminium
and iron containing compounds in the soils beneath them. Decaying remains of dead plants in soil may form
organic acids which, when dissolved in water, cause chemical weathering. Extreme release of chelating
compounds can easily affect surrounding rocks and soils, and may lead to podsolization of soils.
The symbiotic mycorrhizal fungi associated with tree root systems can release inorganic nutrients from minerals
such as apatite or biotite and transfer these nutrients to the trees, thus contributing to tree nutrition. It was also
recently evidenced that bacterial communities can impact mineral stability leading to the release of inorganic
nutrients. To date a large range of bacterial strains or communities from diverse genera have been reported to be
able to colonize mineral surfaces and/or to weather minerals, and for some of them a plant growth promoting
effect was demonstrated. The demonstrated or hypothesised mechanisms used by bacteria to weather minerals
include several oxidoreduction and dissolution reactions as well as the production of weathering agents, such as
protons, organic acids and chelating molecules.

8.2.4. 7.2.4. Humification
The process of "humification" can occur naturally in soil, or in the production of compost. The importance of
chemically stable humus is thought by some to be the fertility it provides to soils in both a physical and
chemical sense, though some agricultural experts put a greater focus on other features of it, such as its ability to
suppress disease. It helps the soil retain moisture by increasing microporosity, and encourages the formation of
good soil structure. The incorporation of oxygen into large organic molecular assemblages generates many
active, negatively charged sites that bind to positively charged ions (cations) of plant nutrients, making them
more available to the plant by way of ion exchange. Humus allows soil organisms to feed and reproduce, and is
often described as the "life-force" of the soil. Yet, it is difficult to define humus precisely; it is a highly complex
substance, which is still not fully understood. Humus should be differentiated from decomposing organic matter
in that the latter is rough-looking material, with the original plant remains still visible, whereas fully humified
organic matter is uniform in appearance (a dark, spongy, jelly-like substance) and amorphous in structure, and
may remain such for millennia or more. It has no determinate shape, structure or character. However, humified
organic matter, when examined under the microscope may reveal tiny plant, animal or microbial remains that
have been mechanically, but not chemically, degraded. This suggests a fuzzy boundary between humus and
organic matter. In most literature, humus is clearly considered as an integral part of soil organic matter (Picts.
7.12., 13.).
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Pict. 7.12. Traces of earthworm in soil

Pict. 7.13. Soil mixing by mole

8.2.5. 7.2.5. Leaching
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Leaching is the movement of contaminants, such as water-soluble pesticides or fertilizers, carried by water
downward through permeable soils. Generally speaking, most pesticides adsorb to soil particles (especially
clay), become immobile, and do not leach. In pedology, it means to loss of soluble substances and colloids from
the top layer of soil by percolating precipitation. The materials lost are carried downward (eluviated) and are
generally redeposited (illuviated) in a lower layer. This transport results in a porous and open top layer and a
dense, compact lower layer. The rate of leaching increases with the amount of rainfall, high temperatures, and
the removal of protective vegetation. In areas of extensive leaching, many plant nutrients are lost, leaving quartz
and hydroxides of iron, manganese, and aluminum. Accumulations of residual minerals and of those redeposited
in lower layers may coalesce to form continuous, tough, impermeable layers called duricrusts (Pict. 7.14.).

Pict. 7.14. lime leaching in soil

8.2.6. 7.2.6. Argillization
Argillization is used to reduce filtration capacity of fissured, rocky cavernous strata and of gravelly soils. In this
method a clay suspension, with a small amount of a coagulant added, is inserted under high pressure into the
fissures of the stratum.

8.2.7. 7.2.7. Lessivage
Lessivage is a kind of leaching from clay particles being carried down in suspension. The process can lead to the
breakdown of peds (the particles that give the soil its characteristic structure).

8.2.8. 7.2.8. Podzolization
Podzolization occurs in cool and moist climates under pine forests. They are typical of the colder portions of the
humid continental and subarctic climates. The E horizon is heavily leached and basically composed a of light
colored layer of sand. The upper portion of the B horizon is stained reddish colour from the accumulation of
sesquioxides. The profile gets lighter in colour as depth increases. Podzolization of sandy soils in the southern
United States has been the result of planting pine plantations.

8.2.9. 7.2.9. Solodization
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Most Solonetzic soils have a neutral to acidic A horizon indicating that some solodization has occurred. As
solodization proceeds, the horizons of salt and lime accumulation move downward from the B to the C horizon.
In most Solonetzic soils the saturation extract of the C horizon has a conductivity of at least 4 mS cm-1.
Solodization is arrested where saline groundwater is within capillary reach of the solum, and resalinization may
occur in groundwater discharge areas.

8.2.10. 7.2.10. Gleization
Gleization occurs in regions of high rainfall and low-lying areas that may be naturally waterlogged. Bacterial
activity is slowed in the constantly wet environment thus inhibiting the decomposition of dead vegetation
allowing it to accumulate in thick layers. Peat is found in the upper portion of the soil. Decaying plant matter
releases organic acids that react with iron in the soil. The iron is reduced rather than oxidized giving the soil a
black to bluish - gray colour (Pict. 7.15.).
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Pict. 7.15. Gleization in bog soil

8.2.11. 7.2.11. Forming of argillic sand laminae
It is a type of concentration in soils. In this case small argillic sand laminae arise in the ‗B‘ horizon during
accumulation clay minerals and fine grained sand.

8.2.12. 7.2.12. Salinization
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Salinization occurs in warm and dry locations where soluble salts precipitate from water and accumulate in the
soil. Saline soils are common in desert and steppe climates. Salt may also accumulate in soils from sea spray.
The rapid evaporation of salt-rich irrigation water has devastated thousands of acres of land world-wide.

8.2.13. 7.2.13. Bog formation
Bog Formation is a soil-forming process that results in excessive wetting of soil. Bog formation starts with a
change in the water and aeration budgets, an accumulation of moisture, and the development of anaerobic
conditions in the soil. It is manifested by signs of gleying and by the accumulation of the semidecomposed plant
residues forming peat. Bog formation may be caused by ground or slope water or by atmospheric precipitation.
Bog formation is increased by man‘s industrial activity. For example, the destruction of trees in the northern part
of the taiga zone leads to the disruption of the water balance in the soils, the elevation of the groundwater level,
and bog formation. Bog formation also results from a rise in the groundwater level after the construction of
hydraulic works (along the shores of artificial seas and canals) and after unregulated irrigation. The most
efficient and promising method of controlling steady bog formation is to install closed drainage. Temporary bog
formation can be prevented by deep plowing and construction of temporary ditches and trenches.

8.3. 7.3. Functions of soil
Soils perform five key functions in the global ecosystem.
Medium for plant growth
As an anchor for plant roots and as a water holding tank for needed moisture, soil provides a hospitable place for
a plant to take root. Some of the soil properties affecting plant growth include: soil texture (coarse of fine),
aggregate size, porosity, aeration (permeability), and water holding capacity.
An important function of soil is to store and supply nutrients to plants. The ability to perform this function is
referred to as soil fertility. The clay and organic matter (OM) content of a soil directly influence its fertility.
Greater clay and OM content will generally lead to greater soil fertility. The soil in figure 2 has a dark brown to
black color, indicating abundant OM accumulation, and a highly fertile soil.
Regulator of Water Supplies
As rain or snow falls upon the land, the soil is there to absorb and store the moisture for later use. This creates a
pool of available water for plants and soil organisms to live on between precipitation or irrigation events. When
soils are very wet, near saturation, water moves downward through the soil profile unless it is drawn back
towards the surface by evaporation and plant transpiration.
The amount of water a soil can retain against the pull of gravity is called its water holding capacity (WHC). This
property is close related to the number of very small mircro-pores present in a soil due to the effects of
capillarity.
The rate of water movement into the soil (infiltration) is influenced by its texture, physical condition (soil
structure and tilth), and the amount of vegetative cover on the soil surface. Coarse (sandy) soils allow rapid
infiltration, but have less water storage ability, due to their generally large pore sizes. Fine textured soils have an
abundance of micropores, allow them to retain a lot of water, but also causing a slow rate of water infiltration.
Organic matter tends to increase the ability of all soils to retain water, and also increases infiltration rates of fine
textured soils.
Recycler of raw materials
As a recycler of raw materials, soil performs one of its greatest functions in the global ecosystem.
Decomposition of dead plants, animals, and organisms by soil flora and fauna (e.g., bacteria, fungi, and insects)
transforms their remains into simpler mineral forms, which are then utilized by other living plants, animals, and
microorganisms in their creation of new living tissues and soil humus.
Many factors influence the rate of decomposition of organic materials in soil. Major determinants of the rate of
decomposition include the soil physical environment, and the chemical make-up of the decomposing materials.
The activity levels of decomposing organisms are greatly impacted by the amount of water and oxygen present,
and by the soil temperature. The chemical makeup of a material, especially the amount of the element nitrogen
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present in it, has a major impact on the ‗digestibility‘ of any material by soil organisms. More nitrogen in the
material will usually result in a faster rate of decomposition.
Through the processes of decomposition and humus formation, soils have the capacity to store great quantities
of atmospheric carbon and essential plant nutrients. This biologically active carbon can remain in soil organic
matter for decades or even centuries. This temporary storage of carbon in the organic matter of soils and
biomass is termed carbon sequestration. Soil organic carbon has been identified as one of the major factors in
maintaining the balance of the global carbon cycle. Land management practices that influence soil organic
matter levels have been extensively studied, and are often cited as having the potential to impact the occurrence
of global climate change.
Habitat for soil organisms
Soil is teeming with living organisms of varied size. Ranging from large, easily visible plant roots and animals,
to very small mites and insects, to microscopically small microorganisms (e.g. bacteria and fungi.)
Microorganisms are the primary decomposers of the soil, and perform much of the work of transforming and
recycling old, dead materials into the raw materials needed for growth of new plants and organisms.
Most living things on Earth require a few basic elements: air, food, water, and a place to live. The decomposers
in soil have need of a suitable physical environment or ‗habitat‘ to do their work. Water is necessary for the
activities of all soil organisms, but they can exist in a dormant state for long periods when water is absent. Most
living organisms are ‘aerobic‘ (requiring oxygen), including plant roots and microorganisms, however some
have evolved to thrive when oxygen is absent (anaerobes). Greater soil porosity and a wide range of pore sizes
(diameter) in the soil allows these organisms to ‘breathe‘ easier. Soil textural type has a great influence on the
available habitat for soil organisms. Finer soils have a greater number of small ‘micro-pores‘ that provide
habitat for microorganisms like bacteria and fungi. In addition to the need for suitable habitat, all soil organisms
require some type of organic material to use as an energy and carbon source, that is to say they require food. An
abundant supply of fresh organic materials will ensure a robust population of soil organisms.
Landscaping and engineering medium
Soils are the base material for roads, homes, buildings, and other structures set upon them, but the physical
properties of different soil types are greatly variable. The properties of concern in engineering and construction
applications include: bearing strength, compressibility, consistency, shear strength, and shrink-swell potential.
These engineering variables are influenced by the most basic soil physical properties such as texture, structure,
clay mineral type, and water content. Landscaping applications range in scale from bridge and roadway
construction around highway interchanges to courtyards and greenspaces around commercial sites to the grading
and lawns of residential housing developments. In all these instances, both the physical and ecological functions
of soils must be considered.

8.4. Presentation
For more information on this chapter see the presentation below
Presentation

8.5. Self-checking tests
1 Characterize the most important factors of soil formation! 2 Delienate the processes of pedogenesis! 3
Introduce the functions of the pedosphere!

9. 8. Methods of soil study I.
Pedosphere is a multi-elemental, complex system. Because of this studying of soils need knowing and using of
different investigational methods. In this chapter, we conclude the most important methods on field. We take in
on base of the ―Field book for describing and sampling soils, Version 3.0‖ of Schoeneberger, P.J. et al. 2012.

9.1. 8.1. Field studying

199
Created by XMLmind XSL-FO Converter.

Soils are landscape entities that reflect geomorphic, pedologic, and hydrologic processes and parent material
distribution. Thus, site selection, regardless of purpose, must consider soilscape relationships (Picts. 8.1., 8.2.).

Pict. 8.1. Soil profile at a road
building

Pict. 8.2. Soil profile at a foundation of
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9.1.1. 8.1.1. Selection of location of soil profile
It is widely accepted in soil science to dig special pits called soil profiles (test soil pits) in order to describe soil
types, study their morphological features, define boundaries between different soil types and collect samples for
analyses. Any soil study starts not with the digging of a pit but with selection of pit location. In order to choose
the right place for the soil profile, the area should be thoroughly examined in relation to relief and vegetation. If
the relief is flat, the pit is excavated in a central, most representative part. A slope is excavated in its top, middle
and bottom parts. When studying a river valley, pits should be dug in the floodplain (alluvial flat), terraces and
in the watersheds. When conducting a complex environmental research of an area, soil profiles should be
embedded, one in each main type of plant associations. The profile should be dug in the most representative
place of the studied territory. They should not be embedded near roads or ditches, or any untypical location.

9.1.2. 8.1.2. Soil profile
The vertical dimension, exposed by excavation from the surface to the parent material, constitutes the soil
profile. Layers in the soil, distinguished on the basis of color, soil texture, soil structure, and other visible
properties, are called horizons. Several horizons make up the soil profile. A soil profile description identifies the
horizons and their thickness and provides context for data collection and interpretation.
If you don‘t have a natural excavation of soil (e.g. wall of ditch) you have to make a soil pit to analyse the
genetic horizons of soil. In this case you have to dig a soil pit approximately 1 meter deep (or until an
impenetrable layer is reached) and as big around as is necessary to easily observe all of the soil horizons from
the bottom to the top of the pit (approximately 1.5 x 1.5 m wide). Digging is much easier when the soil is moist.
If possible, plan digging shortly after a rain. As soil is removed from the pit, place it carefully in piles
representing each of the natural layers as they occur in the profile. The removed soil can be put on a tarp or
other type of plastic sheet to make cleaning up the site easier. Cover piles of removed soil with plastic to prevent
them from eroding away. When finished with the soil characterization measurements, the horizons need to be
replaced into the soil pit in reverse order (last one out should be first one back in) (Pict. 8.3.).

Pict. 8.3. Soil profile (forrás: www.enfo.agt.bme.hu)

9.1.3. 8.1.3. Soil cores
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Soil cores have to use if it is impossible to make soil profiles (e.g. in forests or agricultural areas) or if we need
supplemental informations only. A soil core sampler and the related technique for vertical quantitative
determinations of soil rhizosphere microorganisms are described. It is easy to construct, requires no special
maintenance, and was successful in numerous field trials during the last 20 years. The tool may be easily
adapted to other types of soil research, such as root distribution and routine soil testing (Pict. 8.4.).

Pict. 8.4. Hand soil core (forrás: www.enfo.agt.bme.hu)

9.1.4. 8.1.4. Analyses of soil profile
During the analyses of soil profile, for each layer, record the observation method by which the primary
observations are made. Description of soil profile is determined by laws. The following data have to be attend
on the documents:
- Basic data. It is necessary to register the most important dates, like describe kind, relative size, GPS
coordinates and the date.
- Geomorphic environment. Geomorphic environments are landscape, landform, and microfeature terms
grouped by geomorphic process or by common settings. Conventionally, the entire land-feature term is used.
But some data storage programs (e.g., NASIS) may have shorthand codes developed for some terms.
- Relief. Three-dimensional descriptors of parts of landforms or microfeatures that are best applied to areas.
Other unique descriptors are available for hills, terraces and stepped landforms, mountains, and flat plains.
- Slope. Characteristics slope affects the thickness and quality of soil. Slope shape is described in two directions:
1) up and down slope and 2) across slope. These two descriptors are commonly reported as a pair.
- Vegetation. Vegetation of the area is indicator of soil characteristics, like salinization, acidization and
moisture. Because of this it is very important to note the vegetation exactely.
- Deep of soil profile/thickness of mould horizon
- morphology of soil profile.
genetic horizons: For the purposes of soil classification, diagnostic horizons have been developed to provide
major distinctions among soils. Diagnostic horizons do not necessarily correspond with those described in the
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field, but are defined on the basis of specific depth limits and/or presence of specific properties. Diagnostic
surface horizons are called epipedons (Pict. 8.5.).

Pict. 8.5. Boundary of soil horizons in chernozem
colour: Colour reflects an integration of chemical, biological and physical transformations and translocations
that have occurred within a soil. In general, colour of surface horizons reflects a strong imprint of biological
processes, notably those influenced by the ecological origin of soil organic matter (SOM). Soil organic matter
imparts a dark brown to black colour to the soil. Generally, the higher the organic matter content of the soil, the
darker the soil. A brigh-light colour can be related to an eluvial horizon, where sesquioxide, carbonates and/or
clay minerals have been leached out (Fig. 8.1.).
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Fig. 8.1. Possible colour of soils on the Munsell scale
Soil colour is usually registered by comparison of a standard colour chart (Munsell Book of Colours). The
Munsell notation distinguishes three characteristics of the colour: hue, value, and chroma. Hue is the dominant
spectral colour, i.e., whether the hue is pure colour such as yellow, red, green, or a mixture of pure colours.
Value describes the degree of lightness or brightness of the hue reflected in the property of the grey colour that
is being added to the hue. Chroma is the amount of a particular hue added to a grey or the relative purity of the
hue.
For example, 2.5YR 4/2 describes the hue 2.5YR, dark-greyish brown with a value 4 and a chroma of 2. It
should be stressed that soil colour is dependent on soil moisture, hence if soil colour is recorded also the soil
moisture conditions have to be described (e.g. soil colour dry, soil colour wet). In the upper Midwest and other
humid areas, colours are conventionally recorded moist. This convention may differ in other climatic regimes.
soil structure: Structure refers to the arrangement of soil particles. Soil structure is the product of processes that
aggregate, cement, compact or unconsolidated soil material. In essence, soil structure is a physical condition that
is distinct from that of the initial material from which it formed, and can be related to processes of soil
formation. To describe structure in a soil profile it is best to examine the profile standing some meters apart to
recognize larger structural units (e.g. prisms). The next step is to study the structure by removing soil material
for more detailed inspection. It should be stressed that soil moisture affects the expression of soil structure. The
classification of soil structure considers the grade, form, and size of particles (Fig. 8.2.).
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Fig. 8.2. Characteristic forms of soil structure (Stefanovits et al. 1999)
texture: Texture refers to the amount of sand, silt, and clay in a soil sample. The distribution of particle sizes
determines the soil texture, which can be assessed in the field or by a particle-size analysis in the laboratory. A
field analysis is carried out in the following way: a small soil sample is taken, water is added to the sample, it is
kneaded between the fingers and thumb until the aggregates are broken down. The guidelines to determine the
particle class are sand, silt and clay. Sand particles are large enough to grate against each other and they can be
detected by sight. Sand shows no stickiness or plasticity when wet. In the case of silt, grains cannot be detected
by feel, but their presence makes the soil feel smooth and soapy and only very slightly sticky. The characteristic
of clay is the stickiness. If the soil sample can be rolled easily and the sample is sticky and plastic when wet (or
hard and cloddy when dry) it indicates a high clay content. Note that a high organic matter content tend to
smoothen the soil and can influence the feeling for clay.
consistence: Consistence refers to the cohesion among soil particles and adhesion of soil to other substances or
the resistance of the soil to deformation. Consistence is described for three moisture levels: wet, moist, and dry.
The stickiness describes the quality of adhesion to other objects and the plasticity the capability of being
moulded by hands.
rock fragments: These are discrete, water-stable particles >2 mm. It need to analyse type, size, roundness ant
quantity of rock fragments horizon by horizon in the soil (Pict. 8.6.).
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Pict. 8.6. Rock fragments in soil
soil crusts: A soil crust is a thin (i.e., <1 cm up to 10 cm thick) surface layer of soil particles bound together by
living organisms and/or by minerals into a horizontal ―mat‖ or small polygonal plates. Soil rusts form at the soil
surface and have different physical and/or chemical characteristics than the underlying soil material. Typically,
soil crusts change the infiltration rate of the mineral soil and stabilize loose soil particles and aggregates. There
are two general categories of soil crusts: (I) biological crusts and (II) mineral crusts.
concentrations: Concentrations are soil features that form by accumulation of material during pedogenesis.
Processes involved are chemical dissolution/precipitation, oxidation and reduction, physical and/or biological
removal, transport, and accumulation. It has several types, like masses, nodules, concretions, etc. (Pict. 8.7.).
roots: Plant roots give evidence of the plant root activity and the penetration. For example, it is important to
record if roots only penetrate through cracks, are retarded by waterlogged layers or cemented layers. Other
reasons for limited root penetration can be soil compaction or the absence of nutrients. If there is no obstacle to
root growth in the soil the roots may be distributed evenly in a soil. It is important to record the quantity and
diameter of roots (Pict. 8.8.).
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Pict. 8.7. Lime concretions in loess

Pict. 8.8. Dense roots in soil
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animal burrows: Several animal species live in soil. They have a very important role to develop the texture of
soil and increase their organic matter content. Size, complexity and quantity of animal burrows determine the
porosity of soils.
CaCO3: In arid, semiarid, and subhumid environments, pedogenic carbonate accumulation is of overarching and
unifying importance. Calcium carbonate (CaCO3) mediates or controls key chemical and physical soil properties
(e.g., pH, nutrient availability, dispersionflocculation, organic matter stabilization). Calcium carbonate in soil
may be inherited from parent material and/or may accumulate via pedogenic processes. Climate (precipitation,
temperature, evapotranspiration), carbonate solubility, and microbial biomineralization control and constrain the
rate and quantity of pedogenic carbonate accumulation. Pedogenic carbonate stage morphology and expression
are initially different for a fine earth matrix than for a coarse fragment matrix soils. A fine-grained soil has
greater surface area and total porosity that requires a correspondingly greater carbonate quantity to fill voids and
form equivalent carbonate stages compared to a coarse-textured soil. Thus, it takes more time for a fine-grained
soil to reach the same carbonate stage as a coarse-textured soil under the same conditions. CaCO3 content of soil
can be determine with using of 10% hydrochloric acid.
pH: The acidity of a soil can be tested using a simple field test set for fast pH determination. The pH is
important for the pH dependent charge of silicates and organic material, therefore for the cation exchange
capacity. Furthermore, the pH determines which buffering system is active, i.e. how soils can cope with
additional H+ ions. For example, buffering systems are carbonates, organic matter, silicates, or iron and
aluminium oxihydroxides.
soil moisture: Humic and fulvic acids are considered to be hydrophilic colloids. As such, they have a high
affinity for water and are solvated in aquaeous solution. Organic compounds (organic colloids < 2 micrometer)
have the characteristic to increase field capacity because they tend to hydrolize. Generally, organic matter can
hold up to 20 times its weight in water. This is important particularly for sandy soils to improve soil moisture
conditions during summer seasons, when precipitation is limited and evapotranspiration rates are high. If
organic matter becomes dry it is prone to wind erosion and can be transported over wide distances.

9.2. 8.2. Soil sampling
Soil property data by itself has little value without context; soil data requires an accompanying geo-referenced
description. Sampling needs and strategies vary by project objectives. Various reviews and summaries outline
sampling strategies and techniques.
The most effective and efficient strategy for sampling is by horizon. Variations in soil properties may occur
within a horizon, but distinct differences generally occur between horizons. Consequently, soil horizons are a
meaningful and comparable schema for sample collection. Soil profile descriptions and horizon sampling
techniques incorporate depth and boundary variability and can produce homogeneous samples. It is advisable to
subsample soil horizons about 50 cm thick. Fixed-depth sampling alone does not capture such variation and may
lead to the erroneous interpretation of data.
Project objectives (e.g., soil genesis or archeological) may require within-horizon detail. Property variation or
trends within horizons require samples at specified increments (e.g., every 10 cm). Increment samples should be
taken within horizons; sample depths should not cross horizon boundaries. Increment sampling provides more
detail than horizon sampling but adds time and expense. This approach is generally limited to special projects.
Specified objectives (e.g., surface compaction studies) may address properties by fixed depths (e.g., 0-5 cm or
5-10 cm) instead of by soil horizons. This approach, while appropriate for certain purposes, precludes data
comparison by horizon. Data collected by depth is comparable within a study and to other studies employing the
same depths. Fixed-depth samples may straddle horizons that contain contrasting materials (e.g., sandy over
clayey strata). The resultant data represents neither horizon and is difficult to interpret. Use this approach with
caution.

9.3. Presentation
For more information on this chapter see the presentation below
Presentation
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9.4. Self-checking tests
1 Explain the methods of soil profile making! 2 What are the advantages to combine soil profile making
together with drillings? 3 Which soil characteristics have to study during the field works?

10. 9. Methods of soil study II.
Pedosphere is a multi-elemental, complex system. Because of this studying of soils need knowing and using of
different investigational methods. In this chapter, we conclude the most important methods in laboratory. We
take in on base of the ―Soil survey laboratory methods manual Version 4.0‖ by Burt, R. 2004.
Laboratory measurement of soil properties (e.g., particle size, organic carbon, etc.) requires sample collection.
Soils are landscape entities that reflect geomorphic, pedologic, and hydrologic processes and parent material
distribution. A soil profile description identifies the horizons and their thickness and provides context for data
collection and interpretation. Soil property data by itself has little value without context; soil data requires an
accompanying geo-referenced description. Sampling needs and strategies vary by project objectives. Various
reviews and summaries outline sampling strategies and techniques. Statistical design and analysis (e.g., random,
randomized block, grid, transect, traverse, geostatistical) are important aspects of sample collection.
The most commonly used sampling design for many field studies is systematic sampling using either transects
or grids. The major caution in the use of systematic sampling with a constant spacing is that the objects to be
sampled must not be arranged in an orderly manner which might correspond to the spacing along the transect or
the grid. The choice of a transect or a grid depend s on several factors. The complexity of landforms at the site is
a consideration. For level and near-level landscapes either a transect or a grid can be used. Where no significant
across-slope curvature exists each point in the land scape receives flow from only those points immediately
upslope and a sing le transect can adequately capture the variation s with slope position. A single transect will
not, however, be sufficient if significant plan curvature exists. In this case a zigzag design or multiple, randomly
oriented transects could be used, but more typically a grid design is used. It is important to ensure that all slope
elements are represented in the grid design (Carter, M.R. – Gregorich, E.G. 2008) (Fig. 9.1.).

Fig. 9.1. Map of systematic soil sampling

10.1. 9.1. Soil sampling
Methods of soil sampling are determined by the aims of investigations and the methods of laboratory analyses.
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1. Sampling from soil profile: This is the most commonly used method of sampling. It is good for determining
the type of soil, studying the horizons, the colour and the most frequent soil characteristics. It is necessary to
make a well-cleaned profile for the work. When we sampling the whole profile, we have to take samples from
all of the horizons (1,5-2,0 kg per horizons) from the bottom to the top (Pict. 9.1.).
2. Soil core sampling: When we don‘t have possibility to make soil profiles, we can take samples using soil
driller. It can be a good method when we have to sampling horizons, which are under the surface of
groundwater. Moreover we can study the significant soil processes across these soil cores (Pict. 9.2.).
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Fig. 9.1. Sampling from soil profile

Fig. 9.2. Sampling with hand soil core

3. Untamed soil sample: This method is useful to study the soil moisture and some physical properties of the
soil. We have to use the Vér-type apparatus to the sampling. Because of the exact analyses, we have to take
three to five parallel samples from the same horizon.
4. Average sampling: This is the good method to analyse nutrient content of the soil. In this case we have to take
samples at every 15 - 30 m. These samples have to mixed and take 1,5 – 2,5 kg from it for the analyses.
5. Special soil sampling: Special soil sampling is necessary to determine the contamination of soil. We have to
allow for the size of contaminated are, the type, aggregate, dangerous and origin of contamination, the winddirection and position of groundwater. When the contaminated area is less than 1000 m2 we need a dense
sampling. It means 10 to 20 average samples. While when the examined area is bigger than 1000 m 2, we have to
take 20 to 30 average samples.
6. Sampling of groundwater: Studying of groundwater can be necessary in the case of contamination or
agricultural planning. If the surface of groundwater is high enough, we can take samples from the base of soil
profile. Or we can use the soil observing founts. All of the cases we need 1 - 2 l of groundwater minimum. We
have to use special brown glasses and unmetallic tools to the collecting and storage of the samples (Füleky
2011).

10.2. 9.2. Handling and storage of soil samples
Soil variability and sample size are interferences to sample collection and preparation. The objective of
laboratory preparation is to homogenize the soil samples used in chemical, physical, and mineralogical analyses.
At each stage of sampling, an additional component of variability, the variability within the larger units, is
added to the sampling error. Soil material needs to be adequate in amount and thoroughly mixed in order to
obtain a representative sample.
The requirements for each sampling campaign will differ, but a typical sequence is as follows:
- Collect composite sample in the field or from the experimental system.
- If the sample is too large, reduce clump size, mix and package a portion of the composite to transport to the
laboratory.
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- Collect a subsample for determination of moisture content, the subsample is weighed, dried at 105°C, and
reweighed.
- Dry remaining sample to a moisture content suitable for further sample handling.
- If appropriate and required, further reduce clump size, such as by grinding.
- Subsample as required for analysis.
- Prepare an archive sample.
Laboratory analyses of soil samples are generally determined on the air-dry, fine-earth (<2-mm) fraction. Airdry is generally the optimum water content to handle and to process soil. In addition, the weight of air-dry soil
remains relatively constant, and biological activity is low during storage. For routine soil analyses, need to
homogenize and process samples to pass a 2-mm sieve. For some standard air-dry analyses, the <2-mm fraction
is further processed so as to be in accordance with a standard method, e.g., Atterberg Limits; to meet the sample
preparation requirements of the analytical instrument, e.g., total C, N, and S; or to achieve greater homogeneity
of sample material, e.g., total elemental analysis and carbonates and/or gypsum. Additionally, some standard
air-dry analyses by definition may require non-sieved material, e.g., whole-soil samples for aggregate stability.
Generally, the >2-mm fractions are sieved, weighed, and discarded and are excluded from most chemical,
physical, and mineralogical analysis. Some exceptions include but are not limited to samples containing coarse
fragments with carbonate- or gypsum-indurated material or material from Cr and R soil horizons. In these cases,
the coarse fragments may be crushed to <2 mm and analytical results reported on that fraction, e.g., 2 to 20 mm,
or the coarse fragments and fine-earth material are homogenized and crushed to < 2 mm with laboratory
analyses made on the whole soil. Additionally, depending on the type of soil material, samples can be tested for
the proportion and particle-size of air-dry rock fragments that resist abrupt immersion in tap water.
Laboratory identification numbers and preparation codes are assigned to bulk soil samples. These identification
numbers are unique client- and laboratory-assigned numbers that carry important information about the soil
sample (e.g., pedon, soil horizon, location, and year sampled). Laboratory preparation codes depend on the
properties of the sample and on the requested analyses. These codes carry generalized information about the
characteristics of the analyzed fraction, i.e., the water content (e.g., air-dry, field-moist) and the original and
final particle-size fraction (e.g., sieved <2-mm fraction processed to 75 µm) and by inference, the type of
analyses performed.

10.3. 9.3. Physical properties of soils
The physical properties of soils, in order of decreasing importance, are texture, structure, density, porosity,
consistency, temperature, colour and resistivity. Most of these determine the aeration of the soil and the ability
of water to infiltrate and to be held in the soil. Soil texture is determined by the relative proportion of the three
kinds of soil particles, called soil "separates": sand, silt, and clay. Larger soil structures called "peds" are created
from the separates when iron oxides, carbonates, clay, and silica with the organic constituent humus, coat
particles and cause them to adhere into larger, relatively stable secondary structures. Soil density, particularly
bulk density, is a measure of soil compaction. Soil porosity consists of the part of the soil volume occupied by
air and water. Soil consistency is the ability of soil to stick together. Soil temperature and colour are selfdefining. Resistivity refers to the resistance to conduction of electric currents and affects the rate of corrosion of
metal and concrete structures. The properties may vary through the depth of a soil profile (Table 9.1.).

A
talaj
talajfélesége

szövete,

fizikai A%

(I+A)%

KA

5h mm

hy %

durva homok (DH)

5>

10>

25>

350<

0 - 0,5

homok (H)

5-15

10-25

25-30

350-300

0,5 -1

homokos vályog (HV)

15-20

25-30

30-37

250-300

1-2

vályog (V)

20-30

30-60

37-42

150-250

2 -3,5
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agyagos vályog (AV)

30-40

60-70

42-50

75-150

3,5-5

agyag (A)

40-45

70-80

50-60

75-40

5-6

nehéz agyag (NA)

45<

80<

60<

40>

6<

9.1. táblázat: A talaj fizikai féleségére utaló vizsgálatok
A% - agyagtartalom, (I+A)% - iszap + agyagtartalom, KA – Arany-féle kötöttségi szám, 5h mm – ötórás
kapilláris vízemelő képesség, hy% - Kuron-féle higroszkóposság

10.3.1. 9.3.1. Texture
Particle-size distribution analysis is a measurement of the size distribution of individual particles in a soil
sample. These data may be presented on a cumulative PSDA curve. These distribution curves are used in many
kinds of investigations and evaluations, e.g., geologic, hydrologic, geomorphic, engineering, and soil science. In
soil science, particle-size is used as a tool to explain soil genesis, quantify soil classification, and define soil
texture.
In the USDA classification system (Soil Survey Staff, 1953, 1993), soil texture refers to the relative proportions
of clay, silt, and sand on a <2-mm basis. It also recognizes proportions of five subclasses of sand. In addition to
the USDA soil classification scheme, there are other classification systems, e.g., the particle-size classes for
differentiation of families in soil taxonomy (Table 9.2.).

Name

name of gains

Diameter of grains (mm)

Skeleton

pebbles, blocks

> 2,0

Fine soil

coarse grained sand (Dh)

2,0 - 0,2

fine grained sand (Fh)

0,2 - 0,02

mud (I)

0,02 - 0,002

clay (A)

< 0,002

Table. 9.2. Grain size of soil according to the Atterberg system
The procedure described herein covers the destruction or dispersion of <2-mm diameter soil aggregates into
discrete units by chemical, mechanical, or ultrasonic means, followed by the separation or fractionation of these
particles according to size limits through sieving and sedimentation. Upon isolation of these particle-sizes or
size increments, the amount of each size-fraction is then gravimetrically measured as a percent of the total
sample weight on an oven-dry basis. The SSL routinely determines the soil separates of total sand (0.05 to 2.0
mm), silt (0.002 to 0.05 mm), and clay (< 2 mm). If there are >2 mm diameter soil fractions, we need to separate
it by dry sifting (Table 9.3.).

2r (mm)

tw (°C)

v (cm/s)

time to falling 10 cm

density = 2,7 g/cm3

0,02
15

3,30*10-2

0h05‘03‖

20

3,75*10-2

0h04‘27‖

25

4,20*10-2

0h03‘58‖
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0,002

15

3,25*10-4

8h30‘00‖

20

3,67*10-4

7h35‘00‖

25

4,16*10-4

6h40‘00‖

Table. 9.3. Falling time of different size grains

10.3.2. 9.3.2 Sticky limit
Sticky limits are the limits of water content used to define soil behaviour. Soils can be classified to four groups
on the base of their stickiness:
Non-Sticky – little or no soil adheres to fingers after release of pressure
Slightly Sticky – soil adheres to both fingers after release of pressure with little stretching on separation of
fingers
Moderately Sticky – soil adheres to both fingers after release of pressure with some stretching on separation of
fingers
Very Sticky - soil adheres firmly to both fingers after release of pressure with stretches greatly on separation of
fingers (Fig. 9.2.) .

Pict. 9.2. Determination of Sticky limit

10.3.3. 9.3.3. Hygroscopicity
Hygroscopic moisture content of the soil is usually determined by an air-drying method and has been related
with the surface area and cation exchange capacity of the soil, by many researchers. However, as relative
humidity influences the overall soil-water interaction, quantification of its impact on hygroscopic moisture
content of the soil becomes mandatory. There are several types of hygroscopicity. Kuron‘s hygroscopicity is
used in Hungary (Pict. 9.3.).
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Pict. 9.3. Exiccatore to cooling the dried sample (www.chemmed.ru)

10.3.4. 9.3.4. Density of the soil
Density is defined as mass per unit volume. Particle density is the density of only the mineral particles that make
up a soil; i.e., it excludes pore space and organic material. Particle density averages approximately 2.65 g/cc
(165 lbm/ft3).

10.3.5. 9.3.5. Bulk density of the soil
Soil bulk density of a sample is the ratio of the mass of solids to the total or bulk volume. This total volume
includes the volume of both solids and pore space. Bulk density is distinguished from particle density which is
mass per unit volume of only the solid phase. Particle density excludes pore spaces between particles. As bulk
density (Db) is usually reported for the <2-mm soil fabric, the mass and volume of rock fragments are
subtracted from the total mass and volume. The bulk density of cultivated loam is about 1.1 to 1.4 g/cc (for
comparison water is 1.0 g/cc). A lower bulk density by itself does not indicate suitability for plant growth due to
the influence of soil texture and structure.

10.3.6. 9.3.6. Calculation of total porosity
Total porosity can be calculate from density and bulk density of the soil used the following formula:

where: Pö – total porosity, in %,
Ts – bulk density, in g/cm3,
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S – density of the soil, in g/cm3(Füleky 2011).

10.3.7. 9.3.7. Determination of soil porosity
Pore space is that part of the bulk volume that is not occupied by either mineral or organic matter but is open
space occupied by either air or water. Ideally, the total pore space should be 50% of the soil volume. The air
space is needed to supply oxygen to organisms decomposing organic matter, humus, and plant roots. Pore space
also allows the movement and storage of water and dissolved nutrients.
There are four categories of pores:
1. Very fine pores: < 2 microns
2. Fine pores: 2-20 microns
3. Medium pores: 20-200 microns
4. Coarse pores: 200 microns-0.2 mm
In comparison, root hairs are 8 to 12 microns in diameter. When pore space is less than 30 microns, the forces of
attraction that hold water in place are greater than those acting to drain the water. At that point, soil becomes
water-logged and it cannot breathe. For a growing plant, pore size is of greater importance than total pore space.
A medium-textured loam provides the ideal balance of pore sizes. Having large pore spaces that allow rapid air
and water movement is superior to smaller pore space but has a greater percentage pore space. Tillage has the
short-term benefit of temporarily increasing the number of pores of largest size, but in the end those will be
degraded by the destruction of soil aggregation.

10.3.8. 9.3.8. Water retention
Water retention is defined as the soil water content at a given soil water suction. Water is retained in a soil when
the adhesive force of attraction of water for soil particles and the cohesive forces water feels for itself are
capable of resisting the force of gravity which tends to drain water from the soil. When a field is flooded, the air
space is displaced by water. The field will drain under the force of gravity until it reaches what is called field
capacity, at which point the smallest pores are filled with water and the largest with water and air. The total
amount of water held when field capacity is reached is a function of the specific surface area of the soil
particles. As a result, high clay and high organic soils have higher field capacities. The total force required to
pull or push water out of soil is termed suction and usually expressed in units of bars (10 5 pascal) which is just a
little less than one-atmosphere pressure. Alternatively, the terms "tension" or "moisture potential" may be used.
Two desorption procedures are commonly used to measure water retention, a suction method and a pressure
method. The SSL uses the pressure method with either a pressure-plate or pressure-membrane extractor.

10.3.9. 9.3.9. Capillary action in soil
Capillary water is held in the capillary pores (micro pores). Capillary water is retained on the soil particles by
surface forces. It is held so strongly that gravity cannot remove it from the soil particles. The molecules of
capillary water are free and mobile and are present in a liquid state. Due to this reason, it evaporates easily at
ordinary temperature though it is held firmly by the soil particle; plant roots are able to absorb it. Capillary
water is, therefore, known as available water. The capillary water is held between 1/3 and 31 atmosphere
pressure. The amount of capillary water that a soil is able to hold varies considerably. The following factors are
responsible for variation in the amount of capillary water: surface tension, soil texture, soil structure and organic
matter.

10.3.10. 9.4. Chemical properties of soils
The chemistry of soil determines the availability of nutrients, the health of microbial populations, and its
physical properties. In addition, soil chemistry also determines its corrosivity, stability, and ability to absorb
pollutants and to filter water. The surface chemistry of clays and humus colloids determines soil's chemical
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properties. Due to its high specific surface area and its unbalanced negative charges, clay is the most active
mineral component of soil. It is a colloidal and most often a crystalline material. In soils, clay is defined in a
physical sense as any mineral particle less than two microns in effective diameter. Chemically, clay is a range of
minerals with certain reactive properties. Clay is also a soil textural class. Many soil minerals, such as gypsum,
carbonates, or quartz, are small enough to be classified physically as clay but chemically do not afford the same
utility as do clay minerals.

10.3.11. 9.4.1. Chemical reaction (pH) of soils
Soil reactivity is expressed in terms of pH and is a measure of the acidity or alkalinity of the soil. More
precisely, it is a measure of hydrogen ion concentration in an aqueous solution and ranges in values from 0 to 14
(acidic to basic) but practically speaking for soils, pH ranges from 3.5 to 9.5, as pH values beyond those
extremes are toxic to life forms (Table 9.4.).

Megnevezés

pH érték

very acidic

- 4,5

acidic

4,5 – 5,5

little acidic

5,5 – 6,8

neutral

6,8 – 7,2

little alkaline

7,2 – 8,5

alkaline

8,5 – 9,0

very alkaline

up to 9,0

Table. 9.4. pH of soils
The pH is important for the pH dependent charge of silicates and organic material, therefore for the cation
exchange capacity. Furthermore, the pH determines which buffering system is active, i.e. how soils can cope
with additional H+ ions. For example, buffering systems are carbonates, organic matter, silicates, or iron and
aluminium oxihydroxides.
Using HCl on a small soil sample the reaction (effervescence) can give clues of the calcium carbon content in
the sample.
2 HCl + CaCO3 <--> CaCl2 + H2CO3 (effervescence)

10.3.12. 9.4.2. CaCO3 content of soils
Inorganic carbonate either as calcium (calcite) or magnesium (dolomite) carbonate or mixtures of both, occurs
in soil as a result of weathering, or is inherited from the parent material. Most soil of arid and semi-arid regions
are calcareous. As with alkaline pH, soils with free CaCO 3 tend to have lower availability of P and of some
micronutrient cations. Consequently, CaCO3 equivalent is normally determined.
Active CaCO3 is usually related to total CaCO3 equivalent, being about 50% or so of the total value. Proponents
of its use claim that this fraction is more closely related to nutrient behaviour, such as involved with iron
chlorosis (Pict. 9.4.).
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Pict. 9.4. Scheibler calcimetre (www.itenviro.hu)

10.3.13. 9.4.3. Soil acidity
Acid soils, by definition, are those with pH below 7.0. The lower the pH, the more acid is the soil. Each unit pH
drop indicates ten times more acidity. For example, pH 5.0 has 10 times more acidity than pH 6.0, and 100 times
more acidity than pH 7.0. many soils have become acid because of warm temperatures and high rain fall. Under
such environmental conditions, soils weather quickly. Basic cations (e.g., Ca, Mg, K), which are essential to
living organisms, are leached from the soil profile, leaving behind more stable materials rich in Fe and Al
oxides. This natural weathering process makes soils acid and generally devoid of nutrients.
Man-made processes also contribute significantly to soil acidity. Applications of NH4+ producing fertilizers (e.g.,
urea, anhydrous NH3, (NH4)2SO4) acidify soils through a biological reaction by which NH 4+ is oxidized to NO3and H+. Sulfur dioxide (SO2) and nitrogen oxides (NOx) released primarily by industrial activities react with
water to form acid rain, which acidifies soils, particularly forest soils with low buffering capacities.
planting acid-tolerant crops is a reasonable option for dealing with acid soils, liming
is traditionally used to correct soil acidity and to improve soil productivity. When
lime (i.e., CaCO3) is added to a moist soil, the following reactions will occur:

(1) Lime is dissolved slowly by moisture in the soil to produce Ca 2+ and OHCaCO3 + H2O (in soil) ==> Ca2+ + 2OH- + CO2 (gas)
(2) Newly produced Ca2+ will exchange with Al3+ and H+ on the surface of acid soils
2Ca2+ + soil-Al ===> soil-Ca + Al3+
+ soil-H

soil-Ca + H+
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(3) Lime-produced OH- will react with Al3+ to form Al(OH)3 solid and with H+ to form water.
Al3+ + 3OH- ===> Al(OH)3 (solid)
H+ + OH- ===> H2O
Thus liming eliminates toxic Al3+ and H+ through the reactions with OH-. Excess OH- from lime will raise the
soil pH, which is the most recognizable effect of liming. Another added benefit of liming is the supply of Ca2+
and Mg2+ if dolomite [Ca,Mg(CO3)2] is used.

10.3.14. 9.4.4. Cation exchange capacity (T-value) and extractable cations in
soil
Ion exchange is a reversible process by which one cation or anion held on the solid phase is exchanged with
another cation or anion in the liquid phase, and if two solid phases are in contact, ion exchange may also take
place between two surfaces. In most agricultural soils, the cation exchange capacity (CEC) is generally
considered to be more important than anion exchange (AEC), with the anion molecular retention capacity of
these soils usually much smaller than the CEC. Some soils with abundant goethite and gibbsite, as do some oxic
horizons or subsoils of Oxisols, may have a CEC to AEC ratio approaching 1.0 (net charge of zero) or a small
positive charge.
Soil mineral and organic colloidal particles have negative valence charges that hold dissociable cations, and thus
are "colloidal electrolytes". CEC is a reversible reaction in soil solution, dependent upon negative charges of
soil components arising from permanently charged or pH-dependent sites on organic matter and mineral colloid
surfaces. The mechanisms for these negative charges are isomorphic substitution within layered silicate
minerals; broken bonds at mineral edges and external surfaces; dissociation of acidic functional groups in
organic compounds; and preferential adsorption of certain ions on particle surfaces.
CEC is a measure of the total quantity of negative charges per unit weight of the material and is commonly
expressed in units of milliequivalents per 100 g of soil (meq 100 g -1) or centimoles per kg of soil (cmol(+) kg-1).
The SSL reports cmol(+) kg-1 on <2-mm base. The CEC can range from less than 1.0 to greater than 100
cmol(+) kg-1 soil. The term equivalent is defined as "1 gram atomic weight of hydrogen or the amount of any
other ion that will combine with or displace this amount of hydrogen". The milliequivalent weight of a
substance is one thousandth of its atomic weight. Since the equivalent weight of hydrogen is about 1 gram, the
term milliequivalent may be defined as "1 milligram of hydrogen or the amount of any other ion that will
combine with or displace it".

10.3.15. 9.4.5. Total water-solvable salinity
Salt-affected soils that are caused by excess accumulation of salts, typically most pronounced at the soil surface.
Salts can be transported to the soil surface by capillary transport from a salt laden water table and then
accumulate due to evaporation. They can also be concentrated in soils due to human activity, for example the
use of potassium as fertilizer, which can form sylvite, a naturally occurring salt. As soil salinity increases, salt
effects can result in degradation of soils and vegetation.
Salinization is a process that results from:
- high levels of salt in the water.
- landscape features that allow salts to become mobile(movement of water table).
- climatic trends that favour accumulation.
- human activities such as land clearing, aquaculture activities and the salting of icy roads.
Salt is a natural element of soils and water. The ions responsible for salination are: Na +, K+, Ca2+, Mg2+ and Cl-.
As the Na+ (sodium) predominates, soils can become sodic. Sodic soils present particular challenges because
they tend to have very poor structure which limits or prevents water infiltration and drainage.
Salinity from irrigation can occur over time wherever irrigation occurs, since almost all water (even natural
rainfall) contains some dissolved salts. When the plants use the water, the salts are left behind in the soil and
eventually begin to accumulate. Since soil salinity makes it more difficult for plants to absorb soil moisture,
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these salts must be leached out of the plant root zone by applying additional water. This water in excess of plant
needs is called the leaching fraction. Salination from irrigation water is also greatly increased by poor drainage
and use of saline water for irrigating agricultural crops.

10.3.16. 9.4.6. Organic matters in soil
The organic soil matter includes all the dead plant material and all creatures, live and dead. The living
component of an acre of soil may include 900 lb of earthworms, 2400 lb of fungi, 1500 lb of bacteria, 133 lb of
protozoa and 890 lb of arthropods and algae.
Most living things in soils, including plants, insects, bacteria and fungi, are dependent on organic matter for
nutrients and energy. Soils have varying organic compounds in varying degrees of decomposition. Organic
matter holds soils open, allowing the infiltration of air and water, and may hold as much as twice its weight in
water. Many soils, including desert and rocky-gravel soils, have little or no organic matter. Soils that are all
organic matter, such as peat (histosols), are infertile. In its earliest stage of decomposition, the original organic
material is often called raw organic matter. The final stage of decomposition is called humus.

10.3.17. 9.4.7. Characterization of humus quality
Humus refers to organic matter that has been decomposed by bacteria, fungi, and protozoa to the final point
where it is resistant to further breakdown. Humus usually constitutes only five percent of the soil or less by
volume, but it is an essential source of nutrients and adds important textural qualities crucial to soil health and
plant growth. Humus also hold bits of undecomposed organic matter which feed arthropods and worms which
further improve the soil. Humus has a high cation exchange capacity that on a dry weight basis is many times
greater than that of clay colloids. It also acts as a buffer, like clay, against changes in pH and soil moisture.
Humic acids and fulvic acids, which begin as raw organic matter, are important constituents of humus. After the
death of plants and animals, microbes begin to feed on the residues, resulting finally in the formation of humus.
With decomposition, there is a reduction of water-soluble constituents including cellulose and hemicellulose and
nutrients such as nitrogen, phosphorus, and sulfur. As the residues break down, only complex molecules made
of aromatic carbon rings, oxygen and hydrogen remain in the form of humin, lignin and lignin complexes as
humus. While the structure of humus has few nutrients, it is able to attract and hold cation and anion nutrients
by weak bonds that can be released in response to changes in soil pH.
Lignin is resistant to breakdown and accumulates within the soil. It also reacts with amino acids, which further
increases its resistance to decomposition, including enzymatic decomposition by microbes. Fats and waxes from
plant matter have some resistance to decomposition and persist in soils for a while. Clay soils often have higher
organic contents that persist longer than soils without clay as the organic molecules adhere to and are stabilised
by the clay. Proteins normally decompose readily, but when bound to clay particles, they become more resistant
to decomposition. Clay particles also absorb the enzymes exuded by microbes which would normally break
down proteins. The addition of organic matter to clay soils can render that organic matter and any added
nutrients inaccessible to plants and microbes for many years. High soil tannin (polyphenol) content can cause
nitrogen to be sequestered in proteins or cause nitrogen immobilisation.
Humus formation is a process dependent on the amount of plant material added each year and the type of base
soil. Both are affected by climate and the type of organisms present. Soils with humus can vary in nitrogen
content but typically have 3 to 6% nitrogen. Raw organic matter, as a reserve of nitrogen and phosphorus, is a
vital component affecting soil fertility. Humus also absorbs water, and expands and shrinks between dry and wet
states, increasing soil porosity. Humus is less stable than the soil's mineral constituents, as it is reduced by
microbial decomposition, and over time its concentration diminshes without the addition of new organic matter.
However, humus may persist over centuries if not millennia.

10.3.18. 9.4.8. Mineral nitrogen in soils
Nitrogen is the most critical element obtained by plants from the soil and is a bottleneck in plant growth. Plants
can use the nitrogen as either the ammonium cation ammonium (NH 4+) or the anion nitrate (NO3-). Nitrogen is
seldom missing in the soil, but is often in the form of raw organic material which cannot be used directly. In a
process called mineralization, certain bacteria feed on organic matter, releasing ammonia (NH 3) (which may be
reduced to ammonium NH4+) and other nutrients. As long as the carbon to nitrogen ratio (C/N) in the soil is
above 30:1, nitrogen will be in short supply and other bacteria will feed on the ammonium and incorporate its
nitrogen into their cells. In that form the nitrogen is said to be immobilized. Later, when such bacteria die, they
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too are mineralized and some of the nitrogen is released as ammonium and nitrate. If the C/N is less than 15,
ammonia is freed to the soil, where it may be used by bacteria which oxidize it to nitrate in a process called
nitrification.

10.3.19. 9.4.9. Well solvable phosphorus content of soils
Phosphorus is the second most critical plant nutrient. The soil mineral apatite is the most common mineral
source of phosphorus. While there is on average 1000 lb of phosphorus per acre in the soil, it is generally in
unavailable forms. The available portion of phosphorus is low as it is in the form of phosphates of low
solubility. Total phosphorus is about 0.1 percent by weight of the soil, but only one percent of that is available.
Of the part available, more than half comes from the mineralization of organic matter. Agricultural fields may
need to be fertilized to make up for the phosphorus that has been removed in the crop (Table 9.5.).

solvable
AL- solvable phosphorus content (P2O5 mg/100 g soil)
phosphorus content
Clay soil
Loam soil

Sand soil

very low

<2

3

5

low

3-5

4-7

6-10

moderately

6-8

8-12

11-16

little much

9-12

13-18

17-25

much

13-18

19-25

26-35

very much

> 19

26

36

Table. 9.5. Solvable phosphorus content of soils

10.3.20. 9.4.10. Well solvable potassium content of soils
The amount of potassium in a soil may be as much as 80,000 lb per acre, of which only 150 lb or 2% is
available for plant growth. When solubilized, half will be held as exchangeable cations on clay while the other
half is in the soil water solution. Potassium fixation occurs when soils dry and the potassium is bonded between
layers of clay. Under certain conditions, dependent on the soil texture, intensity of drying, and initial amount of
exchangeable potassium, the fixed percentage may be as much as 90% within ten minutes. Potassium may be
leached from soils low in clay (Table 9.6.).

solvable potassium content

AL- solvable potassium content (K2O mg/100 g soil)
Soil type
Sand

Loam

Clay

very low

<5

<7

< 10

low

6-10

8-12

11-16

moderately

11-15

13-18

17-23

little much

16-20

19-24

24-29

much

21-25

25-30

30-35
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> 26

very much

> 31

> 36

Table. 9.6. Solvable potassium content of soils

10.3.21. 9.4.11. Electrical conductivity of soil
Soil salinity is generally measured by the electrical conductivity (EC) of a soil extract. A soil is considered
saline if the EC of the saturation extract exceeds 4 dS m-1 at 25°C. The main ions comprising soluble salts are
cations Na, Ca, Mg; and anions SO4, and Cl. Minor amounts of K, HCO3, CO3, and NO3 may also be present.
Soil sodicity is the accumulation of exchangeable Na, determined by measuring the exchangeable sodium
percentage (ESP); or more commonly, estimated from the sodium adsorption ratio (SAR) of a soil–water
extract. If the SAR of the saturation extract exceeds 13, the soil is considered sodic.

10.4. Presentation
For more information on this chapter see the presentation below
Presentation

10.5. Self-checking tests
1 Which are the most important aspects at soil sampling? 2 Describe the different types of soil sampling
methods! 3 Which physical characteristics of the soil can be studied at laboratory? 4 Which chemical
characteristics of the soil can be studid at laboratory?

11. 10. Soils and environments
11.1. 10.1. FAO-UNESCO soil classification
The Food and Agriculture Organization of the United Nations (FAO) developed a supranational classification,
also called World Soil Classification, which offers useful generalizations about soils pedogenesis in relation to
the interactions with the main soil-forming factors. It was first published in form of the UNESCO Soil Map of
the World (1974) (scale 1:5 M.). Many of the names offered in that classification are known in many countries
and do have similar meanings.
Originally developed as a legend to the Soil Map of the World, the classification was applied by United Nations
sponsored projects. Many countries modified this system to fit their particular needs.
The Soil Units (153) were mapped as Soil Associations, designated by the dominant soil unit: with soil phases
(soil properties, such as saline, lithic, stony), with three textural classes (coarse, medium, and fine) three slopes
classes superimposed (level to gently undulating, rolling to hilly, and steeply dissected to mountainous) Soil
Units form 32 World Classes. The FAO soil map was a very simple classification system with units very broad,
but was the first truly international system, and most soils could be accommodated on the basis of their field
descriptions. The FAO soil map was intended for mapping soils at a continental scale but not at local scale.
In 1998 this system was replaced by the World Reference Base for Soil Resources.
For WRB purposes the diagnostic horizons (Table 10.1.), defined in Revised Legend (FAO, 1988), have been
used as a basis, with the exception of the fimic horizon which has not been retained. New ones are introduced,
such as andic, anthropedogenic (anthraquic, hydragric, hortic, irragric, plaggic and ferric horizons), chernic,
cryic, duric, ferric, folic, fragic, fulvic, melanic, nitic, petroduric, petroplinthic, plinthic, salic, takyric, vertic,
vitric and yermic horizons. Some of these horizons replace FAO's diagnostic properties and phases (Table
10.2.).

Histic H horizon

The histic horizon is a surface horizon, or a subsurface horizon occurring at shallow depth,
which consists of poorly aerated organic soil material.
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Mollic A horizon

The mollic horizon is a well structured, dark coloured surface horizon with a high base
saturation and a moderate to high content in organic matter.

Umbric A horizon The umbric horizon is a thick, dark coloured, base-desaturated surface horizon rich in
organic matter.
Fimic A horizon

These horizons comprise a variety of surface and subsurface horizons which result from
long-continued cultivation. The characteristics and properties of these horizons depend
much on the soil management practices used.

Ochric A horizon

The ochric horizon is a surface horizon lacking fine stratification and which is either light
coloured, or thin, or has an low organic carbon content, or is massive and (very) hard when
dry.

Albic E horizon

The albic horizon is a light coloured subsurface horizon from which clay and free iron
oxides have been removed, or in which the oxides have been segregated to the extent that
the colour of the horizon is determined by the colour of the sand and silt particles rather
than by coatings on these particles.

Ferralic B horizon The ferralic horizon is a subsurface horizon resulting from long and intense weathering, in
which the clay fraction is dominated by low activity clays, and the silt and sand fractions
by highly resistant minerals, such as iron-, aluminium-, manganese- and titanium oxides.
Natric B horizon

The natric horizon is a dense subsurface horizon with a higher clay content than the
overlying horizon(s). It has a high content in exchangeable sodium and/or magnesium.

Argic B horizon

The argic horizon is a subsurface horizon which has a distinctly higher clay content than
the overlying horizon. The textural differentiation may be caused by an illuvial
accumulation of clay.

Spodic B horizon

The spodic horizon is a dark coloured subsurface horizon which contains illuvial
amorphous substances composed of organic matter and aluminium, with or without iron. It
is characterized by a high pH-dependent charge, a large surface area and high water
retention.

Cambic B horizon The cambic horizon is a subsurface horizon showing evidence of alteration relative to the
underlying horizons. It lacks the set of properties diagnostic for a ferralic, argic, natric or
spodic horizon and the dark colours, organic matter content and structure of a histic, folic,
mollic or umbric horizon.
Calcic horizon

The calcic horizon is a horizon in which secondary calcium carbonate (CaCO 3) has
accumulated either in a diffuse form or as discontinuous concentrations. (CaC03 > 15%).

Gypsic horizon

The gypsic horizon (from L. gypsum) is a non-cemented horizon containing secondary
accumulations of gypsum (CaSO4.2H2O) in various forms. (gypsum> 5%).

Petrocalcic
horizon

A petrocalcic horizon is an indurated calcic horizon, which is cemented by calcium
carbonate and, in places, by calcium and some magnesium carbonate. It is either massive
or platy in nature, and extremely hard.

Petrogypsic
horizon

The petrogypsic horizon is a cemented horizon containing secondary accumulations of
gypsum (CaSO4.2H2O).

Sulfuric horizon

The sulfuric horizon is an extremely acid subsurface horizon in which sulphuric acid is
formed through oxidation of sulphides.
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Table 10.1. A FAO-talaj osztályozás által használt diagnosztikai talajszintek (Stefanovits et al 1999)

Abrupt
change

textural An abrupt textural change is a very sharp increase in clay content within a limited depth
range.

Andic properties

The andic properties is resulting from moderate weathering of mainly pyroclastic
deposits.

Ferralic properties

Ferralic properties refer to mineral soil material which has a relative low cation
exchange capacity. It also includes soil materials which would qualify for a ferralic
horizon apart for their coarse texture.

Ferric properties

The ferric properties are in which segregation of iron has taken place to such an extent
that large mottles or concretions have formed and the inter-mottle/inter-concretionary
matrix is largely depleted of iron.

Fluvic properties

The fulvic properties are in thick, black horizon at or near to the surface, which is
usually associated with short-range-order minerals (usually allophane) or with organoaluminium complexes.

Geric properties

Geric properties refers to mineral soil material which has a very low effective cation
exchange capacity or even acts as an anion exchanger.

Hydromorphyc
properties

Soils formed at marshes, swamps, bogs, or poorly drained flat uplands. These are filled
with water in long tíme.

Gypsiferous
properties

The rate of gypsum (CaSO4.2H2O) is more than 5% in the soil.

interfingering

to change laterally from albic E horizon into the argic, or natric B horizon, where the
two types form interpenetrating wedges.

Albeluvic tonguing

It is connotative of penetrations of clay and iron-depleted material into an argic
horizon. When peas are present, albeluvic tongues occur along ped surfaces.
Redoximorphic characteristics and stagnic properties are not necessarily present.

Nitic properties

The rate of clay minerals is mote than 30%.

organic soil material

Underwater soils contain more than 20% organic material

Permafrost

Permafrost is a layer in which the temperature is perennially at or below 0°C for at least
two consecutive years.

Plinthite

The plinthite is iron-rich, humus-poor mixture of kaolinitic clay with quartz and other
constituents, and which changes irreversibly to a hardpan or to irregular aggregates on
exposure to repeated wetting and drying with free access of oxygen.

salic properties

The salic surface contains a secondary enrichment of readily soluble salts, i.e. salts
more soluble than gypsum (CaSO4.2H2O; log Ks = - 4.85 at 25°C).

slickensides

smoothly polished surface caused by frictional movement between soil blocks

smeary eonsistence

Soil when wet, is silt loam with a smeary consistency; when dry, it feels sandy. It can
be because of pressure.

Table 10.2. A FAO-talaj osztályozás által használt diagnosztikai tulajdonságok (Stefanovits et al 1999)
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The capital letters H, O, A, E, B, C and R represent the master horizons and layers of soils. The capital letters
are the base symbols to which other characters are added to complete the designation.
H - Layers dominated by organic material, formed from accumulations of undecomposed or partially
decomposed organic material at the soil surface which may be underwater. All H horizons are saturated with
water for prolonged periods or were once saturated but are now artificially drained.
O - Layers dominated by organic material, consisting of undecomposed or partially decomposed litter, such as
leaves, needles, twigs, moss, and lichens, which has accumulated on the surface; they may be on top of either
mineral or organic soils. O horizons are not saturated with water for prolonged periods.
A - Mineral horizons which formed at the surface or below an O horizon, in which all or much of the original
rock structure has been obliterated.
E - Mineral horizons in which the main feature is loss of silicate clay, iron, aluminum, or some combination of
these, leaving a concentration of sand and silt particles, and in which all or much of the original rock structure
has been obliterated.
B - Horizons that formed below an A, E, O or H horizon, and in which the dominant features are the obliteration
of all or much of the original rock structure.
C - Horizons or layers, excluding hard bedrock.
R - Hard bedrock underlying the soil.
In addition to the main descriptors above, several modifiers exist to add necessary detail to each horizon. Firstly,
each major horizon may be divided into sub-horizons by the addition of a numerical subscript, based on minor
shifts in colour or texture with increasing depth (e.g., B21, B22, B23 etc.). Suffixes describing particular
physical features of a horizon may also be added. These vary considerably between countries, but a limited
selection of common ones are listed here:
b - buried horizon.
i - frozen soil (permafrost).
t - a gleyed horizon.
s - sesquioxide accumulation.
k - calcium-accumulation level.
n - high Na-containing
q - silica-accumulation level
p - arable layer
The US system employs largely similar suffixes, with a few important differences. For instance, 'e' under the US
system denotes a horizon containing "organic material of intermediate decomposition" rather than a bleached
horizon.

11.2. 10.2. Soil-classification system of FAO-UNESCO
Képződést leginkább meghatározó tényezők

Nagy talajcsoportok

soils with high mould content

histosols

rock-forming soils

vertisols
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arenosols
andosols
topography- and relief-forming soils

fluvisols
gleysols
regosols
leptosols

relative yuong soils

cambisols

soils of humide, tropic and subtropic climate

ferralsols
nitisols
acrisols
alisols
lixisols
plinthosols

soils of aride or semiaride climate

solonchaks
solonetz
gypsisols
calcisols
durisol

soils of steppe climate

chernozems
kastanosems
phaeozems
greyzems

soils of humide, cold and temperate climate

luvisols
podzoluvisols
planosols
podzols
albeluvisol
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cryosol
antropogenous soils

anthrosols
technosol

Table. 10.3. Classification of soil by FAO-UNESCO
Map of the soil types can be seen on Fig. 10.1.

Fig. 10.1. Geographical position of soils of FAO-UNESCO
Soils with high mould content
Histosol is a soil consisting primarily of organic materials. They are defined as having 40 centimetres or more of
organic soil material in the upper 80 centimetres. Organic soil material has an organic carbon content (by
weight) of 12 to 18 percent, or more, depending on the clay content of the soil. These materials include muck
(sapric soil material), mucky peat (hemic soil material), or peat (fibric soil material). Aquic conditions or
artificial drainage are required. Typically, histosols have very low bulk density and are poorly drained because
the organic matter holds water very well. Most are acidic and many are very deficient in major plant nutrients
which are washed away in the consistently moist soil (Pict. 10.1.).
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Pict. 10.1. Profile of Histosol (www.isric.org)
Rock-forming soils
Andosols are soils found in volcanic areas formed in volcanic tephra. In some cases can andosols also be found
outside active volcanic areas. Andosols cover an estimate of 1-2% of earth's ice-free land surface. Andosols are
closely related to other types of soils such as vitrosols, vitrandosols, vitrons and Pumice Soils that are used in
different soil classification systems. Poorly developed Andosols are often rich in vitreous materials and are
therefore also called Vitric Andosols. Andosols are usually defined as soils containing high proportions of glass
and amorphous colloidal materials, including allophane, imogolite and ferrihydrite (Pict. 10.2.).
Arenosols. It consists basically of unconsolidated sand deposits, often found in shifting sand dunes but also in
areas of very coarse-textured parent material subject to millions of years of weathering. This latter case is
characteristic of the Guiana Highlands of northern South America. A psamment has no distinct soil horizons,
and must consist entirely of material of loamy sand or coarser in texture. Arenosols typically have very low
water-holding capacities because the sand in the soil is not graded so that sands of varying coarseness are
constantly mixed right through the soil. Because most sands are highly siliceous, psamments are also extremely
low in all essential nutrients, most especially phosphorus and are highly acidic in all except very arid climates.
Arennosols formed as a result of glacial erosion (common in northern Europe) are typically of rather higher
native fertility because of their youth, but are still much less fertile than most soils in the regions they are
located in (Pict. 10.3.).
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Vertisol is a soil in which there is a high content of expansive clay known as montmorillonite that forms deep
cracks in drier seasons or years. Alternate shrinking and swelling causes self-mulching, where the soil material
consistently mixes itself, causing vertisols to have an extremely deep A horizon and no B horizon. (A soil with
no B horizon is called an A/C soil). This heaving of the underlying material to the surface often creates a
microrelief known as gilgai. Vertisols typically form from highly basic rocks, such as basalt, in climates that are
seasonally humid or subject to erratic droughts and floods, or to impeded drainage. Depending on the parent
material and the climate, they can range from grey or red to the more familiar deep black (known as "black
earths" in Australia, "black gumbo" in East Texas, and "black cotton" soils in East Africa). Vertisols are found
between 50°N and 45°S of the equator (Pict. 10.4.).
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Pict. 10.2. Profile of Andosol
(www.isric.org)

Pict. 10.3. Profile of Arenosol

Topography- and relief-forming soils
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Pict. 10.4. Profile of Vertisol

Fluvisols are genetically young soils in alluvial deposits. Apart from river sediments, they also occur in
lacustrine and marine deposits. The good natural fertility of most Fluvisols and their attractive dwelling sites on
river levees and higher parts in marine landscapes were recognized in prehistoric times.
Fluvisols are found on alluvial plains, river fans, valleys and tidal marshes on all continents and in all climate
zones. Under natural conditions periodical flooding is fairly common. The soils have a clear evidence of
stratification. Soil horizons are weakly developed, but a distinct topsoil horizon may be present. Many dryland
crops are grown on Fluvisols, normally with some form of water control. On tropical Fluvisols with satisfactory
irrigation and drainage paddy rice cultivation is widespread (Pict. 10.5.).
Gleysols are wetland soils (hydric soils) that, unless drained, are saturated with groundwater for long enough
periods to develop a characteristic gleyic colour pattern. This pattern is essentially made up of reddish, brownish
or yellowish colours at surfaces of soil particles (peds) and/or in the upper soil horizons mixed with
greyish/blueish colours inside the peds and/or deeper in the soil. Gleysols are also known as Gleyzems and
meadow soils or as groundwater soils and hydro-morphic soils. Gleysols occur on wide range of unconsolidated
materials, mainly fluvial, marine and lacustrine sediments with basic to acidic mineralogy. They are found in
depression areas and low landscape positions with shallow groundwater (Pict. 10.6.).
Regosols are very weakly developed mineral soils in unconsolidated materials. Regosols are extensive in
eroding lands, in particular in arid and semi-arid areas and in mountain regions. Internationally, Regosols
correlate with soil taxa that are marked by incipient soil formation such as Entisols in the USDA soil taxonomy
or skeletal soils in the Australian soil classification. The group of Regosols is a taxonomic rest group containing
all soils that could not be accommodated in any of the other groups. Excluded from the Regosols are weakly
developed soils that classify as Leptosols (very shallow soils), Arenosols (sandy soils) or Fluvisols (in recent
alluvial deposits. These soils have AC-profiles. Profile development is minimal as a consequence of young age
and/or slow soil formation (Pict. 10.7.).
Leptosols are exceedingly shallow soils. They are often referred to as skeletal soils. The basic requirement for
recognition of an orthent is that any former soil has been either completely removed or so truncated that the
diagnostic horizons typical of all orders other than entisols are absent. Most orthents are found in very steep,
mountainous regions where erodible material is so rapidly removed by erosion that a permanent covering of
deep soil cannot establish itself. Such conditions occur in almost all regions of the world where steep slopes are
prevalent. In Australia and a few regions of Africa, orthents occur in flat terrain because the parent rock contains
absolutely no weatherable minerals except short-lived additions from rainfall, so that there is no breaking down
of the minerals (chiefly iron oxides) in the rock (Pict. 10.8.).
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Pict. 10.5. Profile of Fluvisol
Regosol

Pict. 10.6. Profile of Gleysol

Pict. 10.8. Profile of Leptosol (www.isric.org)
Relative young soils
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Pict. 10.7. Profile of

Cambisols are developed in medium and fine-textured materials derived from a wide range of rocks, mostly in
alluvial, colluvial and aeolian deposits. Most of these soils make good agricultural land and are intensively used.
Cambisols in temperate climates are among the most productive soils on earth. Cambisols cover an estimated 15
million square kilometres worldwide. They are well represented in temperate and boreal regions that were under
the influence of glaciation during the Pleistocene, partly because the soil's parent material is still young, but also
because soil formation is comparatively slow in the cool, northern regions. Cambisols are less common in the
tropics and subtropics. But they are common in areas with active erosion where they may occur in association
with mature tropical soils (Pict. 10.9.).

Pict. 10.9. Profile of Cambisol (www.isric.org)
Humid tropical and subtropical soils
Ferrasols are best known for their occurrence in tropical rain forest, 15-25 degrees north and south of the
Equator. Some oxisols have been previously classified as laterite soils. The main processes of soil formation of
oxisols are weathering, humification and pedoturbation due to animals. These processes produce the
characteristic soil profile. They are defined as soils containing at all depths no more than 10 percent weatherable
minerals, and low cation exchange capacity. Ferrasols are always a red or yellowish color, due to the high
concentration of iron(III) and aluminium oxides and hydroxides. In addition they also contain quartz and kaolin,
plus small amounts of other clay minerals and organic matter. Present-day Ferrasols are found almost
exclusively in tropical areas, in South America and Africa, almost always on highly stable continental cratons
(Pict. 10.10.).

Nitisols are technically defined by a significant accumulation of clay (30 percent or more by mass and extending
as much as 150 cm [5 feet] below the surface) and by a blocky aggregate structure. Iron oxides and high water
content are believed to play important roles in creating the soil structure. Nitisols are also strongly influenced by
biological activity, resulting in a homogenization of the upper portion of the soil profile. They are perhaps the
most inherently fertile of the tropical soils because of their high nutrient content and deep, permeable structure.
They are exploited widely for plantation agriculture (Pict. 10.11.).
Acrisol is a type of soil as classified by the Food and Agriculture Organization. It is clay-rich, and is associated
with humid, tropical climates, such as those found in Brazil, and often supports forested areas. It is one of the 30
major soil groups of the World Reference Base for Soil Resources. Acrisols correspond to the aquult, humults,
udults and ustults sub-orders of ultisols in the USDA soil taxonomy and also to oxisols with a candic horizons
and some alfisols. The acrisols low fertility and toxic amounts of aluminium pose limitations to its agricultural
use, favouring in many places its use for silviculture, low intensity pasture and protected areas (Pict. 10.12.).
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Alisols are characterized by the presence of a dense subsurface layer of accumulated clay of mixed mineralogy
(mostly kaolinitic) containing a significant amount of readily soluble aluminum ions bound to soil particles and
by the lack of an extensively leached layer below the surface horizon (uppermost layer). They occur under the
same topographic conditions as Acrisols but in climates with greater precipitation and higher temperatures.
Alisols are highly acidic, poorly drained soils prone to aluminum toxicity and water erosion. Liming and
fertilization are essential to their agricultural use - primarily for growing oil palm, corn (maize), and cotton
(Pict. 10.13.).
Lixisols are defined by the presence of a subsurface layer of accumulated kaolinitic clays, where at least half of
the readily displaceable ions are calcium, magnesium, sodium, or potassium, but they are also identified by the
absence of an extensively leached layer below the surface horizon (uppermost layer). Lixisols develop on old
landscapes in a tropical climate with a pronounced dry season. Their age and mineralogy have led to low levels
of plant nutrients and a high erodibility, making agriculture possible only with frequent fertilizer applications,
minimum tillage, and careful erosion control. Perennial crops are thus more suitable for these soils than root or
tuber crops (Pict. 10.14.).
Plinthosols form under a variety of climatic and topographic conditions. They are defined by a subsurface layer
containing an iron-rich mixture of clay minerals (chiefly kaolinite) and silica that hardens on exposure into
ironstone concretions known as plinthite. The impenetrability of the hardened plinthite layer, as well as the
fluctuating water table that produces it, restrict the use of these soils to grazing or forestry, although the
hardened plinthite has value as subgrade material for roads or even as iron ore (the iron oxide content can be as
high as 80 percent by mass) (Pict. 10.15.).
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Pict. 10.10. Profile of Ferralsol

Pict. 10.13. Profile of Alisol
Plinthosol (www.isric.org)

Pict. 10.11. Profile of Nitisol

Pict. 10.14. Profile of Lixisol

Soils of arid or semiarid climate
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Pict. 10.12. Profile of Acrisol

Pict. 10.15. Profile of

Solonchaks are defined by high soluble salt accumulation within 30 cm (1 foot) of the land surface and by the
absence of distinct subsurface horizonation (layering), except possibly for accumulations of gypsum, sodium, or
calcium carbonate or layers showing the effects of waterlogging. Solonchaks are formed from saline parent
material under conditions of high evaporation - conditions encountered in closed basins under warm to hot
climates with a well-defined dry season, as in arid, Mediterranean, or subtropical zones. Owing to their high
soluble salt accumulations, Solonchaks require irrigation and drainage if they are to be used for agriculture
(Pict. 10.16.).
Solonetz soils are defined by an accumulation of sodium salts and readily displaceable sodium ions bound to soil
particles in a layer below the surface horizon (uppermost layer). This subsurface layer also contains a significant
amount of accumulated clay. Because of the high sodium content and dense, clay-rich subsoil, irrigated
agriculture of these soils requires extensive reclamation - through leaching with fresh water and the construction
of engineered drainage systems (Pict. 10.17.).
Gypsisols are soils with substantial secondary accumulation of gypsum (CaSO 4.2H2O). They are found in the
driest parts of the arid climate zone. Gypsisols are developed in mostly unconsolidated alluvial, colluvial and
aeolian deposits of base-rich weathering material. They are found on level to hilly land in arid regions. These
soils have ABC profiles. Accumulation of calcium sulphate, with or without carbonates, is concentrated in and
below the B-horizon. Deep Gypsisols located close to water resources can be planted to a wide range of crops
(Pict.10.18.).
Calcisols are characterized by a layer of translocated (migrated) calcium carbonate - whether soft and powdery
or hard and cemented - at some depth in the soil profile. They are usually well-drained soils with fine to medium
texture, and they are relatively fertile because of their high calcium content. Their chief use is for animal grazing
(Pict. 10.19.).
Durisols are soils in semiarid environments that have a substantial layer of silica within 1 metre of the land
surface. The silica occurs either as weakly cemented nodules or as hardpan and accumulates as a result of
downward translocation (migration) when solubilized during weathering of the soil (Pict. 10.20.).
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Pict. 10.16. Profile of Solonchak
Gypsisol

Pict. 10.17. Profile of Solonetz
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Pict. 10.18. Profile of
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Pict. 10.19. Profile of Calcisol

Pict. 10.20. Profile of Durisol (www.isric.org)

Soils of steppe climate
Chernozem, "black dirt" or "black earth", is a black-coloured soil containing a high percentage of humus (7% to
15%), and high percentages of phosphoric acids, phosphorus and ammonia. Chernozem is very fertile and
produces a high agricultural yield. There are two "Chernozem belts" in the world: from eastern Croatia
(Slavonia), along the Danube, to southern Russia into Siberia, and the other in the Canadian Prairies. Similar
soil types occur in Texas and Hungary. Chernozem layer thickness may vary widely, from several inches up to
1.5 metres. The terrain can also be found in small quantities elsewhere (for example, on 1% of Polish territory)
(Pict. 10.21.).
Kastanozems. These soils are rich in humus, and originally covered with early maturing native grasslands
vegetation, which produces a characteristic brown surface layer in the first meter in depth. They have a relative
high level of available calcium ions bound to soil particles and can have a petrocalcic horizon between 25 and
100 cm thick. No diagnostic horizons other than an albic, argic, cambic or vertic horizon, or a petrocalcic
horizon in the substratum. Kastanozems are found in relatively dry zones with 200 to 450 mm of rainfall a year
(Pict. 10.22.).
Phaeozems are characterized by a humus-rich surface layer covered in the natural state with abundant grass or
deciduous forest vegetation. They are highly arable soils and are used for growing wheat, soybeans, and pasture
for cattle, as well as for wood and fuel production. Phaeozems have a high content of available calcium ions
bound to soil particles, resulting in a very permeable, well-aggregated structure. These soils occur in association
with Chernozems but under more humid climatic conditions (more than 550 mm of rainfall per year), which
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results in the absence of calcium carbonate or salt accumulation in subsurface layers. They may exhibit a layer
of clay accumulation, however. Their surface layers are usually higher in humus than those of Chernozems
(Pict. 10.23.).
Greyzems (Grey Forest Soils) are zonal soils of the forest - steppe. Greyzems are characterized by a dark mollic
horizon, with uncoated (bleached) silt and sand grains on pedfaces, and an argic horizon as diagnostic horizons.
Gray forest soils are mostly acidic, especially in the A2B horizons and the upper part of the B horizon; alkaline
or neutral soils are typical of the lower part of the B horizon. Gray forest soils have relatively good physical
properties and are biologically active and fertile. They are divided into the following subtypes: light gray
(similar to soddy podzols), gray, and dark gray (resembling leached chernozems) (Pict. 10.24.).

Pict. 10.21. Profile of Chernozem
Phaeozem

Pict. 10.22. Profile of Kastanozem
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Pict. 10.23. Profile of

Pict. 10.24. Profile of Greyzem (www.isric.org)
Soils of humide, cold and temperate climate
Luvisols . The mixed mineralogy, high nutrient content, and good drainage of these soils make them suitable for
a wide range of agriculture, from grains to orchards to vineyards. Luvisols form on flat or gently sloping
landscapes under climatic regimes that range from cool temperate to warm Mediterranean. Luvisols are
technically characterized by a surface accumulation of humus overlying an extensively leached layer that is
nearly devoid of clay and iron-bearing minerals. Below the latter lies a layer of mixed clay accumulation that
has high levels of available nutrient ions comprising calcium, magnesium, sodium, or potassium (Pict. 10.25.).
Podzoluvisols are characterized by a distinct bleached, iron- and clay-depleted horizon overlying and
penetrating (tonguing into) a brownish horizon of clay accumulation. They develop on flat to undulating plains
under boreal, taiga, coniferous or mixed forest. The climate is cold temperate or colder, with evenly distributed
precipitation of between 500 and 1000 mm per year (Pict. 10.26.).
Planosol is a soil with a light-coloured, coarse-textured, surface horizon that shows signs of periodic water
stagnation and abruptly overlies a dense, slowly permeable subsoil with significantly more clay than the surface
horizon. These soils are typically in seasonally waterlogged flat lands. They occur mainly in subtropical and
temperate, semi-arid and subhumid regions. Planosols are formed mostly in clayey alluvial and colluvial
deposits. Geological stratification and/or a pedogenetic process of destruction and removal of clay has resulted
in the relatively coarse-textured, light-coloured surface soil abruptly overlying finer textured subsoil; impeded
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downward percolation of water causes temporarily reducing conditions with a stagnic colour pattern, at least
close to the abrupt textural change (Pict. 10.27.).
Podzol. In soil science, podzols are the typical soils of coniferous, or boreal forests. They are also the typical
soils of eucalypt forests and heathlands in southern Australia. These soils are found in areas that are wet and
cold (for example in Northern Ontario or Russia) and also in warm areas such as Florida (humic variant of the
northern podzol or Humod). Most Spodosols are poor soils for agriculture. Some of them are sandy and
excessively drained. Others have shallow rooting zones and poor drainage due to subsoil cementation. The E
horizon, which is usually 4-8 cm thick, is low in Fe and Al oxides and humus. It is formed under moist, cool and
acidic conditions, especially where the parent material, such as granite or sandstone, is rich in quartz. It is found
under a layer of organic material in the process of decomposition, which is usually 5-10 cm thick. In the middle,
there is often a thin layer of 0.5 to 1 cm. The bleached soil goes over into a red or redbrown horizon called rusty
soil. The colour is strongest in the upper part, and change at a depth of 50 to 100 cm progressively to the part of
the soil that is mainly not affected by processes; that is the parent material (Pict. 10.28.).
Albeluvisols are characterized by a subsurface layer of brownish clay into which "tongues" of bleached material
project from an overlying layer extensively leached of clay and iron oxides. They form in cold climates on
relatively flat terrain that supports boreal landscapes, taiga, or coniferous or mixed forest. High acidity, low
plant-nutrient content, and fragile aggregate structure are common to these soils. Such adverse climatic and
chemical conditions, combined with the impeding clay layer, prevent agricultural use, except in areas where the
growing season is sufficient to allow grazing, cold-hardy grains, or acid-tolerant root crops (Pict. 10.29.).

Cryosols are characterized by frozen soil within 1 metre (39 inches) of the land surface and by waterlogging
during periods of thaw. They often show disrupted soil layers, cracks, or patterned surface features such as frost
mounds, caused by the physical actions of ice formation and melting. Cryosols may be either mineral soils or
humus-rich materials (Pict. 10.30.).
Antropogenous soils
Anthrosols are defined as any soils that have been modified profoundly by human activities, including burial,
partial removal, cutting and filling, waste disposal, manuring, and irrigated agriculture. These soils vary widely
in their biological, chemical, and physical properties. Occupying 0.004 percent of the continental land surface of
the Earth, they are growing in extent along with the influence of human society on the soil environment (Pict.
10.31.).

244
Created by XMLmind XSL-FO Converter.

245
Created by XMLmind XSL-FO Converter.

Pict. 10.25. Profile of Luvisol

Pict. 10.26. Profile of Podzoluvisol
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Pict. 10.27. Profile of Planosol

Pict. 10.28. Profile of Podzol
Cryosol (www.isric.org)

Pict. 10.29. Profile of Albeluvisol
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Pict. 10.30. Profile of

Technosol is a new type of soil that combines soils whose properties and pedogenesis are dominated by their
technical origin. They contain either a significant amount of artefacts (something in the soil recognizably made
or extracted from the earth by humans), some sort of geotechnical liner, or are sealed by technic hard rock (hard
material created by humans, having properties unlike natural rock). They include soils from wastes (landfills,
sludge, cinders, mine spoils and ashes), pavements with their underlying unconsolidated materials, soils with
geomembranes and constructed soils in human-made materials. However, Technosols can also refer to a
situation in which normal soil, such as a Chernozem, has been moved to a new location to act as a fill. If this fill
is less than 50 cm, then the soil is called a Technosol (Pict. 10.32.).

Pict. 10.31. Profile of Anthrosol

Pict. 10.32. Profile of Technosol ( www.isric.org )

11.3. Presentation
For more information on this chapter see the presentation below
Presentation

11.4. Self-checking tests
1 Describe the fundamentals of soil classification system of FAO-UNESCO and characterize the major soil
groups!

12. 11. Natural processes modifying the quality of the
soils from the Equator to the polar regions. Case
studies
12.1. 11.1. Effects of volcanism
The volcanic origin soils have high level of fertility and are as a result used extensively for agricultural
purposes. The components and texture of volcanic origin rocks (mostly pyroclastic rocks) are very favourable
for soil formation. Very important elements and ions release from minerals during the weathering. The key
characteristics of volcanic soils (andisols) for agriculture are their water retention capacity and their ability to fix
elements, in particular phosphates.
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Volcanic soils have very specific water retention properties in that the size and shapes of the particles it is made
of will allow the creation of capillaries, giving the soil a low bulk density and high porosity. These are critical
for the circulation of water. The propensity to retain phosphorus is very high, due to high content of Al and Fe
compounds. This makes them highly suitable for agricultural activities as it reduces the need for added
fertilisation and hence leads to better yields and potentially lower costs of production of agricultural products.
Volcanic soils have pHs between 5 and 7. This has significant implications with respect to the ability to fix
elements and fluorine sorption is maximal at pH 6.0. As a result volcanic soils can sometimes show excessive
concentrations of fluorine which will impact on animals and humans feeding of its products. Nanzyo (2002)
indicates however that newly reclaimed soils can show low productivity due to low content in nutrients and
micronutrients, toxic aluminium content and possibly the necessity for stabilising the soil organic nitrogen; as a
result these soils might require amelioration.
Other side, activity of volcanoes can destroy soils. The most importand impact have volcanic ash. During an
eruption, volcanic ash is ejected from the volcano up into the atmosphere and subsequently falls to the ground in
the form of ash falls. Volcanic ash is composed of fine-grained rock and mineral fragments and glass shards,
commonly with acid droplets and soluble salts coating the ash-grain surfaces. The properties of the ash depend
mostly on the relative proportions of their main constituents. Most of the ash is deposited close to a volcano but
as a consequence of buoyancy in the eruptive column some of it will be transported for distances up to hundreds
or thousands of kilometres in an ash plume. Particle size decreases as the distance from the volcano increases, as
does the thickness of the deposition layer. Particle size and amount of fallout is highly dependent on the vigour
of the eruption. The effects ash can have on agriculture results from both its physical and chemical properties.
The physical effects are the result of the deposition of particles, which will affect plants and livestock through
loading. In addition, the propensity of particles to fix volcanic gases can give them particular chemical
properties which can have implications –positive or negative- for soils, plants and livestock.
Andisols have fairly unique properties that make them highly suitable for use in agricultural production.
However, these properties are not necessarily achieved immediately after an ash fall and time might be required
to enable the soils to yield the benefits from newly added volcanic material. The main impacts of loading of ash
on top of existing soil relate to its interaction with water. Adding a large quantity of ash of one dominating
particle size will have implications for the water retention and circulation properties of the soil, as ash properties
are fairly different from that of already cultivated soils. The formation of capillaries that would facilitate the
circulation of water through the soil requires the presence of particles of a range of sizes. Where one size
dominates, the absence of capillaries may lead to the creation of a hard. Such crust prevents water infiltration
and plants are often unable to grow through the crust. Pre-existing plants will only survive if they have a deep
root system that enables them to absorb water from the lower layers, and the supply of water to these layers can
be maintained through some other source than rain. On the other hand, the presence of an ash layer on top of the
soil can sometimes act as mulch that will protect the moisture within the soil and prevent or limit evaporation,
thanks to the thixotropic properties of volcanic soils. From a water retention point of view, the impact the
addition of ash can have on soils is very dependent on the thickness of the ash layerand on whether the
vegetation relies mainly on ground moisture or on rainfall forsurvival (Lebon 2009).

12.2. 11.2. Evolution of the Sahara
The Sahara is the most well known, and largest desert on Earth. It is a land of violent contrasts and extreme
conditions, where life is difficult at best. Yet some 10,000 years ago, the region we now call the Sahara-a name
derived from the Arabic word for desert- was in a green and fertile phase in which rain-swollen rivers flowed
from tree-covered mountains, and hippopotamuses wallowed in lakes and lagoons.
Today's Sahara is, in fact, the result of hundreds of millions of years of geologic and climatic change. Over the
last 2.5 million years, climatic changes comparable to those that caused alternating ice ages and periods of
interglacial warming in Europe also influenced rainfall and weather patterns in North Africa. Dry phases, when
desert conditions prevailed and spread, alternated with humid periods, when great networks of rivers and lakes
supported large animal and human populations.
Fossil finds in the Libyan Desert, now one of the hottest and most barren stretches of the Sahara, show that
during one of its wet phases the region was home to Stegotetrabeledon syrticus, a giant mastodon much bigger
than a modem elephant and equipped with four massive eight-foot-long tusks. The vegetation must have been
abundant indeed to satisfy the needs of such a huge and voracious plant eater. In the course of its evolution, the
Sahara has been both larger and considerably smaller than it is today. Fifteen thousand years ago an expanding
desert created sand dunes some 300 miles south of its present boundary. On the other hand, perhaps as recently
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as 7,000 years ago, Lake Chad covered more than 10 times the area it now does and reached 400 miles north of
its present shores into what is now desert terrain.
The most recent of the Sahara's wet phases began 12,000 to 10,000 years ago, toward the end of the last glacial
period. The oldest of the Tassili n'Ajjer rock engravings and paintings, dating from the sixth millennium B.C. or
earlier, depict hunters of a Negroid race, who wore animal skins and masks and stalked their prey with clubs,
lances, and boomerangs. Though crude, the art of these early Saharan hunter-gatherers reveals a rich, gamefilled landscape, very similar to the savannas of sub-Saharan East Africa today. But the art also chronicles the
gradual drying out of the area. About 4000 B.C. whenn the Sahara could no longer provide enough food for
herds of elephants and other large game, the hunter-gatherers were replaced by nomads from the east-possibly
from the Upper Nile Valley who kept huge herds of cattle and flocks of sheep and goats. These pastoral people
were also the skilled artists who created some of the most spectacular of the Tassili n'Ajjer rock paintings.
But despite the recurrences of moist periods, the Sahara ultimately could not escape the consequences of its
geography and climate. Continental drift has placed North Africa in the earth's equatorial arid belt, where-except
under extraordinary circumstances, such as the ebb and flow of an ice age-constant high atmospheric pressure
produces air that is simply too dry for clouds and rain to form. The peculiar nature of the ancient Sahara's
drainage system also played a crucial role in creating the desert. Instead of flowing into the sea, Saharan
waterways ran from the mountains into closed basins in the lowlands. During wet periods these powerful rivers
and streams shaped and eroded the mountains and deposited the resulting debris in the basins, gradually filling
them. The result of this process was the formation of the Saharan gravel plains, known as regs. During dry
phases the wind took over the work of erosion, sifting out grains of sand and heaping them up in undulating
sand seas, called ergs, at the outer edges of the desert, beyond the gravel plains.

12.3. Presentation
For more information on this chapter see the presentation below
Presentation

12.4. Self-checking tests
1 Explain the impacts of volcanism to the soil formation! 2 Describe the hystory of climate change at the Sahara
Desert during the last 100.000 years!

13. 12. Social processes modifying the quality of the
soils from the Equator to the polar regions. Case
studies
13.1. 12.1. Anthropogenic causes of desertification in Africa
The world's great deserts have been formed by natural processes interacting over long intervals of time. During
most of these times, deserts have grown and shrunk independent of human activities. The largest hot desert is
the Sahara todays, which is currently expanding south at a rate of up to 48 kilometers per year (Fig. 12.1.).
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Fig. 12.1. Geographical position
(www.earthobservatory.nasa.gov)
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Desertiﬁcation takes place worldwide in drylands, and its effects are experienced locally, nationally, regionally,
and globally. Drylands occupy 41% of Earth‘s land area. The immediate cause of desertification is the removal
of most vegetation. This is driven by a number of factors, alone or in combination, such as drought, climatic
shifts, tillage for agriculture, overgrazing and deforestation for fuel or construction materials. Vegetation plays a
major role in determining the biological composition of the soil. Dry soil surfaces blow away with the wind or
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are washed away by flash floods, leaving infertile lower soil layers that bake in the sun and become an
unproductive hardpan (Fig. 12.2.) (Pict. 12.1.).

Fig. 12.2. Sensitive areas of the Earth for desertification

Fig. 12.1. Degraded, poor-quality soil in the Sahel (www.churlsonewild.files.worlspress.com)
Historically, dryland livelihoods have been based on a mixture of hunting, gathering, cropping, and animal
husbandry. This mixture varied in composition with time, place, and culture. At least 90% of the inhabitants of
drylands live in developing nations, where they also suffer from poor economic and social conditions.
Population pressure, however, has led to a growing tension between two main land uses: pastoral rangeland and
cultivated land use. In some areas, this led to intercultural conﬂicts and desertiﬁcation as herders and farmers
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claim access to and use of the same land. In other cases, it led to synergistic interaction and integration between
the two land uses, with herders cultivating more land, farmers holding more livestock, and an increased
exchange of services between the two groups.This situation is exacerbated by land degradation because of the
reduction in productivity, the precariousness of living conditions and the difficulty of access to resources and
opportunities.
A downward spiral is created in many underdeveloped countries by overgrazing, land exhaustion and
overdrafting of groundwater in many of the marginally productive world regions due to overpopulation
pressures to exploit marginal drylands for farming. Decision-makers are understandably averse to invest in arid
zones with low potential. This absence of investment contributes to the marginalisation of these zones. When
unfavourable agro-climatic conditions are combined with an absence of infrastructure and access to markets, as
well as poorly adapted production techniques and an underfed and undereducated population, most such zones
are excluded from development.

13.2. 12.2. Forest at the desert Negev
Yatir Forest is the largest planted forest in Israel; the forest covers an area of 30 square kilometers. It is located
on the southern slopes of Mount Hebron, on the edge of the Negev Desert. The forest is situated at a relatively
high altitude in a semi-arid region with an average yearly rainfall of 300–350 mm and low humidity. The ground
is composed of hard lime rocks, and soft chalk rocks. The forest contains more than four million trees planted
amongst both rocky and desert landscape. Conifers such as Jerusalem pine and Cypress make up the majority of
plantings. Among the many other plantings, there are also carob and pistachio trees, orchard trees (olive, fig)
and vineyards for winemaking. Yatir Forest was named after the Levite city whose ruins are found within it
(Fig. 12.3.).

Fig. 12.3. Geographical position of Yatir forest
For the past 10 years, the Weizmann Institute has been operating a research station in the semi-arid Yatir Forest,
a pine forest at the edge of the Negev Desert. This station is part of a world-wide project composed of over 400
stations, called FLUXNET (it is a NASA projekt), which investigates the relationship between forests, the
atmosphere and climate around the globe. The contribution of the Yatir station, says Prof. Dan Yakir of the
Environmental Sciences and Energy Research Department, is unique as it ―is one of very few in the semi-arid
zone, which covers over 17% of the Earth‘s land surface, and it has the longest record of the processes taking
place in semi-arid forests.
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Studies conducted in Yatir forest under the direction of Prof. Dan Yakir of the Weizmann Institute of Science, in
collaboration with the Desert Research Institute, have shown that the trees function as a trap for carbon in the
air. Over the years of measurement, Yakir‘s group has found that the semi-arid forest, even though it‘s not as
luxuriant as temperate forests farther north, is a surprisingly good carbon sink – better than most European pine
forests and about on par with the global average. This was unexpected news for a forest sitting at the edge of a
desert, and it indicated that there is real hope for the more temperate forests if things heat up under future global
change scenarios.
Moreover the dark-coloured forest canopy had a much lower albedo, absorbing quite a bit more of the sun‘s
energy than the pale, reflective surface of surrounding areas.
Next, the researchers looked at the mechanisms for ―air conditioning‖ within the forest itself. The plants of
semi-arid pine forest use an alternative, efficient, air-cooling system, instead. As semi-arid forests are not as
dense as their temperate counterparts, the air in the open spaces between the trees comes into contact with a
large surface area, and heat can be easily transferred from the leaves to the air currents. This semi-arid air
cooling system is quite efficient at cooling the treetops, and this cooling, in turn, leads to a reduction in infrared
(thermal) radiation out into space. In other words, while the semi-arid forest can cool itself well enough to
survive and take up carbon, it both absorbs more solar radiation energy (through the albedo effect) and retains
more of this energy (by suppressing the emission of infrared radiation) (http://www.weizmann.org.uk) (Pict.
12.2.).

Pict. 12.2. View of the Yatir Forest (www.wikipedia.hu)

13.3. 12.3. Environmental effects of irrigation in Mesopotamia
Mesopotamiais a name for the area of the Tigris–Euphrates river system, corresponding to modern-day Iraq, the
northeastern section of Syria and to a lesser extent southeastern Turkey and smaller parts of southwestern Iran.
Overland routes in Mesopotamia usually follow the Euphrates because the banks of the Tigris are frequently
steep and difficult. The climate of the region is semi-arid with a vast desert expanse in the north which gives
way to a 15,000 square kilometre region of marshes, lagoons, mud flats, and reed banks in the south. In the
extreme south, the Euphrates and the Tigris unite and empty into the Persian Gulf.
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Agriculture began around 10,000 to 12,000 years ago. It has been supplemented by nomadic pastoralism, where
tent-dwelling nomads herded sheep and goats from the river pastures in the dry summer months, out into
seasonal grazing lands on the desert fringe in the wet winter season. In the marshlands to the south of the area, a
complex water-borne fishing culture has existed since prehistoric times, and has added to the cultural mix. The
first documented agriculture occurred 11,500 year ago between Jericho in the Jordan Valley and Mureybet in the
Euphrates Valley. At Mureybit, a site on the banks of the Euphrates, seeds from an uplands area—where the
plants from the seeds grow naturally— were found and dated to 11,500 years ago. An abundance of seeds from
plants that grew elsewhere found near human sites is offered as evidence of agriculture. The earliest crops were
wheat, barley, various legumes, grapes, melons, dates, pistachios and almonds. The world's first wheat, peas,
cherries, olives, rye, chickpeas and rye evolved from wild plants found in Turkey and the Middle East (Fig.
12.4.).
Fig. 2.4. The land of Mesopotamia and the irrigated area (www.2.bp.blogspot.com)
Mesopotamia was originally swampy in some areas and dry in others. The climate was too hot and dry in most
places to raise crops without some assistance. Mesopotamians developed irrigation agriculture. To irrigate the
land, the earliest inhabitants of the region drained the swampy lands and built canals through the dry areas.
Irrigation system began on a small-scale basis and developed into a large scale operation as the government
gained more power.
The Sumerians built huge embankments along the Euphrates River, drained the marshes and dug irrigation
ditches and canals. The canals were intended to supply water from the Euphrates in order to irrigate the
agricultural area. The intensive irrigation led to seepage, flooding and over-irrigation and a rise in the
groundwater level.
During the same period, there was a gradual and marked reduction in the cultivation of salt-sensitive wheat,
which was replaced by salt-tolerant barley. Thus, around 3500 BC, it appears that as much wheat as barley was
grown in Southern Mesopotamia: by the reign of Entemenak of Girsu (2500 BC), wheat accounted for only one
sixth of production: by about 2100 BC it accounted for no more than two percent of crops; and by 1700 BC, no
wheat was grown at all. The early Mesopotamian civilizations are believed to have fallen because salt accruing
from irrigated water turned fertile land into a salt desert. Continuous irrigation raised the ground water, capillary
action—the ability of a liquid to flow against gravity where liquid spontaneously rises in a narrow space such as
between grains of sand and soil— brought the salts to the surface, poisoning the soil and make it useless for
growing wheat. Barley is more salt resistant than wheat. It was grown in less damaged areas. Soil fertility also
declined dramatically – largely as a result of salinity. In 2400 BC the average yield of barley per hectare in
Girsu appears to have been 2,537 litres. By 2100 BC, that yield had declined to 1,460 litres; and by 1700 BC,
the yield at Larsa nearby, had fallen to an average of 897 litres per hectare. The fertile soil turned to sand by
drought and the changing course of the Euphrates that today is several miles away from Ur and Nippur.

13.4. 12.4. Effects of red alumina mud to the soil
The red mud involved in the accident is a waste product of the Bayer process, which refines bauxite into a form
of aluminium oxide called alumina. The mud primarily contains non-aluminium compounds present in the
bauxite ore and left as residues after its refining along with sodium hydroxide used to dissolve aluminium oxide.
Iron(III) oxide, the compound from which the red color originates, is the main component, but it also contains
other compounds. The mud, which is highly alkaline when it is first produced, is stored in large open-air ponds;
It is thought that there is about 30 million tonnes of red mud stored around the Ajkai Timföldgyár plant at
Hungary.
There was an industrial accident here on 4 October 2010. the northwestern corner of the dam of reservoir no. 10
collapsed, freeing approximately one million cubic metres of liquid waste from red mud lakes. The mud was
released as a 1–2 m wave, flooding several nearby localities, including the village of Kolontár and the town of
Devecser. At least nine people died, and 122 people were injured. About 40 square kilometres of land were
initially affected. The spill reached the Danube on 7 October 2010. The ruptured and weakened wall of the
reservoir that released the caustic sludge is in danger of collapsing entirely, which could release an additional
500,000 cubic metres of sludge. The wave of mud flooded streets in Kolontár and Devecser. The high-pH mud
was considered hazardous and would cause an alkaline reaction on contact if not washed off with clean water.
The waste extinguished all life in the Marcal river, and reached the Danube on 7 October, prompting countries
located further down the river to develop emergency plans in response (Pict. 12.3.).
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Pict. 12.3. Red mud catastrophe at Devecser, Hungary (www.wikipedia.hu)
Red mud contains toxic metals like arsenic, chromium, cadmium and nickel. The mud also contains radioactive
elements and is highly alkaline, caustic enough to burn organic materials. This accident was taken unfertile
more than 40 km2 farmland because of the high-pH and toxic mud covering. Scientits removed more than 10 cm
of red mud coating farmland and refill this area with clean, fertile soil. After it they studied the growth and
rigidity of plants. The scientists‘ tests showed that plants in contaminated soil grew about 25 percent slower than
crops grown in uncontaminated soil. The main culprit, however, appeared to be not toxic metals or radioactivity,
but red mud‘s intense alkalinity and salt content. Adding gypsum to the red mud can reduce alkalinity and will
accelerate the removal of the salts, the scientists add, recommending long-term monitoring of metals in the
crops to remove any concerns with food chain contamination.

13.5. 12.5. Deforestation in Amazonia
The Amazon rainforestis a moist broadleaf forest that covers most of the Amazon Basin of South America. This
basin encompasses seven million square kilometres of which five and a half million square kilometres are
covered by the rainforest. Rainforests now cover less than 6% of Earth's land surface. But more than half of all
the world's plant and animal species live in tropical rain forests. So, the wet tropical forests are the most speciesrich biome, and tropical forests in the Americas are consistently more species rich than the wet forests in Africa
and Asia.As the largest tract of tropical rainforest in the Americas, the Amazonian rainforests have unparalleled
biodiversity.
Tropical forests and woodlands (e.g. savannahs) exchange vast amounts of water and energy with the
atmosphere and are thought to be important in controlling local and regional climates. Water released by plants
into the atmosphere through evapotranspiration (evaporation and plant transpiration) and to the ocean by the
rivers, influences world climate and the circulation of ocean currents. This works as a feedback mechanism, as
the process also sustains the regional climate on which it depends. Furthermore tropical rainforests produce 40%
of Earth's oxygen.
Today tropical forests in Amazonia are being cleared rapidly, representing an important worldwide element of
land-use and land-cover change.
Deforestation has been a feature of Amazonian landscape since long before the arrival of Europeans in the
1500s. In Brazil, deforestation over the course of several centuries destroyed the Atlantic forest of the southcentral part of the country. The Amazon rubber boom lasted from the invention of the pneumatic tire in the
1880s to the beginning of commercial rubber production from plantations in Southeast Asia in 1914. During this
period ―agricultural colonies‖ such as those in the 35,000 km2 near Belém, in the state of Pará, supplied the
rapidly growing urban centres. Much of the agricultural land was abandoned to secondary forest when the
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rubber boom collapsed. More recent clearing surges occurred with the opening of the Belém-Brasília Highway
in the late 1950s, and especially the Trans Amazon Highway in 1970. This event often taken as the beginning of
the ―modern‖ period of Amazonian clearing. The pace of clearing was especially dramatic in the case of state of
Paraná, where the forest was almost completely cleared in less than 30 years in the middle of the 20th century.
Amazonian deforestation causes serious impacts that, if counted in decision making, would often be seen to
outweigh the benefits derived from clearing. Loss of biodiversity is one such impact, which implies both loss of
the value of the direct uses to which the species lost might be put by humans and the loss of existence values
that are independent of such direct uses. Deforestation also affects water cycling, because conversion of forest to
cattle pasture results in the water running off into the rivers and flowing directly to the ocean without being
recycled through the trees. A significant part of the rainfall in Amazonia, especially in the dry season, depends
on water that has been recycled through the trees of the forest.
Global warming receives a substantial input of greenhouse gases from Amazonian deforestation, although the
majority of the gases released by humanity as a whole come from burning fossil fuels such as petroleum and
coal rather than from deforestation. However, over three-fourths of Brazil‘s contribution to this global problem
is the result of Amazonian deforestation. Half of the dry weight of the trees is carbon, and when forest is cut this
carbon is released to the atmosphere either as carbon dioxide or as methane, both from burning and from
decomposition of wood that fails to burn. The fact that most deforestation is for cattle pastures that do little
either for the national economy or for providing employment to the population offers an opportunity to slow
deforestation as part of a program for mitigating global warming. The value of the damage done by greenhousegas emissions from deforestation far exceeds the value of the timber, beef and other products that are sold as a
result of the clearing.

13.6. Presentation
For more information on this chapter see the presentation below
Presentation

13.7. Self-checking tests
1 What are the environmental hazards of the slash and burn agriculture and goat breeding at the Sahel? 2
Explain the soil modification effect of forestation in the case of Yatir Forest! 3 What were the environmental
and social effects of irrigation farming in Mesopotamia? 4 Describe the environmental effects of red alumina
mud accident at Kolontár, Hungary!
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15. Test
1. What does the total porosity of the soil mean? a, the total volume of the air in the soil b, the totality of pores
within and among the aggregates c, the space between the soil particles 2. What is the Mohorovicicdiscontinuity? a, an insulating surface b, a surface which protects against the UV-radiation c, a seismic
discontinuity 3. Which are the major rock types? a, igneous, sedimentary, metamorphic b volcanic, clastic,
metamorphic c, organic, inorganic, chemical 4. What is tectonics about? a, examines the different movements of
the lithosphere b, examines the processes tane place on the surface of the lithosphere c, examines the
metamorphosis of the litosphere 5. Which does not belong to weathering? a, solution b, oxidation c, evaporation
6. Which movement is NOT characteristic to the lithosphere? a, convergent b, rotating c, no movement 7. Why
was the Lisbon earthquake ruinous in 1755? a, because all buildings had been destroyed b, because the town had
been obliterated by a tsunami c, because the town had been perished in a combustion 8. What gives the colour of
the soil?? a, its mineral content b, the quality and quantity of its organic material c, its paint content 9. Which is
the characteristic soil type of the arctic zone? a, podzol b, solonetz c, none 10. What is the smallest unit of the
pedosphere which shows all the characteristic features of the soil? a, pedon b, pedum c, peron 11. Which
research method requires the Scheibler-calcimeter? a, pH value determination b, carbonate-content
determination c, mould-content determination 12.What makes ensure the water-flux between the soil particles?
a, diffusion b, capillary drive c, centrifugal force 13. Which classification is used in Hungary? a, genetic258
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soilgeographical system b, geological system c, genetic system 14.Why plays the pedosphere significant role
regarding the life on Earth? a, because it gives space and food for the living creatures b, because it generates lot
of social debates the possession of crop lands c, because it radiates back certain amount of the heat 15. Which
chemical characteristic feature can be studied during field-work? a, carbonate content b, organic material
content c, colloid content 16. Which shows the rate of hydrating ability? a, dendity b, hygroscopy c, Aranyvalue 17. How many main soil groups contain the soils of Hungary? a, 9 b, 17 c, 8 18. What proves the former
rich vegetation of the Sahara desert? a, several thousand years old cave paintings b, several thousand years old
agricultural utensils c, nothing, only a theory 19. What was the result of the irrigation in Southern Mesopotamia
during the ancient times? a, plant covered the land in great abundancedúsan tenyésztek a termesztett növények
b, salinization c, the water disappeared from the river 20. What is the role of the colloids? a, determine the
structure of the soil b, determine the colour of the soil c, determine the smell of the soil
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