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PREFICE

This book is an outgrowth of our experiences in teaching the course of Soil
Science with Elements of Geology at the Department of Agrobiology of the National
University of Bioresources and Life Sciences of Ukraine. The book is recommended
for the undergraduate students of Agrobiology (Agronomy) specialized in Crop
Production Systems and Agrochemistry and Soil Science. It corresponds to the
Typical Program of Study. Our aim with this text is to help preparing the Bachelors of
Science in Agrobiology who take some courses of study in English. It also helps to
correspond with each other the terminological systems of Geology and especially
Soil Science used in Ukraine and elsewhere in the world and thereby prepares the
students to understand the original English language courses.

The concepts of soil fertility, productivity, proper use and conservation will be
stressed in a series of chapters. Fertilizer use and availability of nutrients are not
given much attention, as in Ukraine this subject is taught in the special courses of
Agricultural Chemistry and Fertilizing systems.

The first part of the manual is more or less like those taught in the other
countries of the world, whereas the second part, especially in the sphere of soil
genesis, classification, taxonomy, geography use and conservation remains “more
Ukrainian”. It is justified by the circumstance that the book is specially prepared for
the Ukrainian. English — language students of Agronomy*. We hope that the readers
will find it helpful and not too dull.

L.R. Petrenko compiled the following chapters and their parts:
2,4,5,6,10,22,23,24 and 26.

L.R. Petrenko and V.M. Kozak compiled the following chapters and their parts:
1,3,7,8,9;

L.R. Petrenko and M.F. Berezhniak compiled the following chapters and their
parts: 11,12,13,17,18,25, 30;

L.R. Petrenko and E.M. Berezhniak: 14,15,16,19,21;

L.R. Petrenko, M.F. Berezhniak and E.M. Berezhniak: 28 and 31.
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Part One.

Geology
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INTRODUCTION
Geology (from Greek “Ge”= earth and “logos” = study) is one of the most

important sciences about the Earth. We, the humans, share a unique habitat — the
earth — with all the other living things. According to our current knowledge, no other
planet in our solar system sustains life as we know it. Geology studies composition,
structure, and history of Earth, as well as the processes occurring within it and on its
surface. Geology is not the only science of Earth. It is connected with numerous
natural and historical sciences. Present-day geology uses the methods of
mathematics, physics, chemistry, biology, and geography.

A considerable progress in geology’s development started with the appearance
of borderline sciences like geophysics, geochemistry, biochemistry, crystallography,
paleogeography, etc., which obtain different data on composition, condition, and
properties of materials of the earth crust and the geospheres below it. Of primary
importance in this respect are geography, oceanography and so on. They allow to
understand geologic processes occurring on the earth’s surface, including land forms
(relief) formation and the laws governing its development. Geology and geography
are mutually “profitable” in the study of land forms. They give birth to
geomorphology as an independent science.

Present-day soil science (pedology) was given an impact for its development by
geology. Today it is methodologically connected with this science. Thus V. V.
Dokuchaev, giving one of his first definitions to the soil, stated that it is “the daylight
or external horizons of geologic rocks considerably changed by the combined
influence of water, air, and the organisms, alive and dead.” According to V. V.
Dokuchaev, a parent material of any soil is one of five natural soil-forming factors,
and that it is from parent material that the soil inherits a set of properties so
important for the formation of soil productivity, including soil texture (particle size
distribution), mineralogical, and chemical composition. Such divisions of geology as
petrology (science of the rocks), mineralogy (study of the minerals forming and
composing the rocks), and crystallography of mineral solids, give soil science its
methods in the study of soil mineralogical composition as well as the laws of soil
formation and functioning. The behaviors of water in the soil and soil water regimes
cannot be understood without hydrogeology. Soil genesis and evolution base
themselves on dynamic geology, particularly on tectonics, seismology, and the study
of the volcanoes. Geomorphology helps to understand and evaluate the role of
topography (land forms) in soil formation and geography of soils. According to V.I.
Vernadsky, the soil on Earth occupies a special intermediate position between the
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living nature (the organisms) and a non-living one (rocks, minerals, magma, etc.). So
the soil is a specific biomineral (living-non-living) body of nature. Space voyages
have given us new views of Earth. We are now able to see more details of the
earth’s surface features. To better understand the earth, we need to observe its
features and materials even more closely. The present-day model of the earth’s
interior allows us to identify the inner core at the center of the earth, the outer
core, the mantle and the crust. The outer layer of the earth, or the crust, and the
solid layer of the upper mantle, underlying it (the lithosphere, from Greek = stone,
rock), make up the direct and special object of geological studies, the subject-matter
of the science of geology.

Geology studies the lithosphere’s composition in the form of geologic rocks,
their minerals and chemical elements composing them. Some rocks from the
hardening and crystallization of magma (the molten solid formed near the bottom of
the crust or within the upper mantle). Such rocks are known as igneous rocks.

Some rocks form at the surface from exposed igneous and other rocks,
undergoing weathering, transformation, and sedimentation. They are known as
sedimentary rocks. Still other rocks form under conditions of high heat and pressure,
deeply buried, from the former igneous or sedimentary rocks. They are known as
metamorphic (changed) rocks.

The lithosphere’s material composition is studied by the geological sciences
partly united under the name of the sciences of geochemical cycle. They include

Petrography (from Greek “petras” = rock, stone and “grapho” = to write or describe)
or Petrology, which is the science of igneous and metamorphic rocks, their
composition, structure, conditions of formation and the extent of changes
undergone under the impact of various factors, as well as their distribution within
the earth’s crust. Lithology is the science which studies sedimentary rocks.
Mineralogy is the study of the minerals composing the rocks. Crystallography and

Crystalochemistry study mineral crystals. Historical geology is the study of the origin

and evolution of the earth and its inhabitants. In working out the geologic history of
an area, the geologist utilizes Stratigraphy, which is concerned with the origin,
composition, sequence, and correlation of the rock strata, Paleonthology (the study

of ancient organisms as revealed by their fossils), and Paleogeography, which deals

with the studies of the geographic conditions of past times. Quaternary geology

studies the deposits of the latest of geologic periods which goes on today.
Hydrogeology is the science of the groundwater system, which is an important part

of the water cycle and the use of water resources, including water conservation.
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Geochemistry is a generalizing branch of science on the chemical composition of the

lithosphere. It also studies the history of chemical elements and the laws governing
their distribution and migration in the interior and the surface of the earth.

In order to understand the earth, we need to observe it in many different ways.
Our present knowledge has come from countless observations and investigations
over many years. Earth has been observed from the atomic level to its cosmic level.
The process by which scientists use satellites to observe the earth is called remote
sensing. Scientists use satellite photographs made from the images to study earth
resources. Crop yields are determined by studying soil, plant conditions, and
climates depicted on each photograph. Geologists can identify mineral deposits by
observing land structures. Water engineers and environmentalists directly observe
river patterns or amounts of pollution in the bays and lakes.

A future agronomist should understand the causes and motive forces of the
processes of wind and water erosion of soils, as well as to know which rocks and
minerals are utilized as raw materials for the production of commercial fertilizers
and soil amendments.

Questions and Assighments:

1. Why is geology considered one of the most important sciences of the Earth?

2. Name and define the main divisions of geology.

3. Which sciences and why comprise the geochemical cycle?

4. Speak on the importance of geological information for the students of
agrobiology and environmental studies.
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Chapter 1
General Views of Earth

1.1. Earth in the Solar System and the Universe

Earth as a celestial body is not the subject of geology. But to understand geology
we must have the general notions on the Earth’s position in the solar system and
the Universe, as the environment, which surrounds our planet, affects the processes
within the earth and on its surfaces. Our galaxy, the Milky Way, is a bright band of
light which stretches from horizon to horizon. Early Greek astronomers guessed that
the Milky Way was made of many stars. In 1610 Galileo found they were right when
he viewed the area with his telescope.

The Milky Way is a spiral galaxy. Its diameter is about 80,000 light-years. It
contains about 100 to 200 billion stars. Almost all of its stars are at least 100 light-
years from Earth. Alpha Centauri is our nearest star. Yet, light from Alpha Centauri
left there 4.3 years before we see it. In our galaxy, there are about 100 clusters of
stars. These clusters contain thousands of stars. The center of the galaxy is hidden
by dark clouds of gas. The sun is near a spiral arm about 30,000 light-years from the
center of the Milky Way. The sun carries the whole solar system with it as it orbits
the center of the galaxy at about 200-300 kilometers per second. The orbit takes
about 250 million years to complete. The sun is a main sequence star. It came into
being about 4.6 billion years ago. Mercury, Venus, Earth, and Mars are the inner
planets. These planets are close to the sun. All of them are solid bodies in contrast
to the outer planets, most of which are gaseous bodies. Mercury, Venus, and Earth
are from the sun at the distance of 57.94, 108.26, and 149.509 min kilometers
respectively. After Mars, there come asteroids, Jupiter, Saturn, Uranus, Neptune,
and Plato. Comets and meteoroids are other bodies of the solar system. Some solar
system data are given in the following table (Table 1).

Earth has a diameter of 12756 km. Moon is its only satellite. Earth and its moon
travel around the sun as a unit. The distance between them is of 384400 km. The
pull of Moon’s gravity is only one-sixth of the Earth’s gravity. Since the rotation and
revolution of the Moon take about the same amount of time, a casual observer on
Earth always sees the same side of the Moon. The Moon’s diameter is 3476
kilometers. The Moon’s density is 3.3 g/cm®. Because of its low density, the Moon
does not have a large enough gravity field to hold an atmosphere.

The sun contains 99.86 percent of the mass of the solar system. Most of the
mass of the Sun is due to the gases, hydrogen and helium. Gases at the sun’s
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equator move faster than those at the poles. The sun’s diameter is 1341 thousand
kilometers which is about 109 Earth diameters. The temperature of its surface is of
6000°C and that of its interior, according to astrophysicists, reaches 20,000,000°C.
The sun has a central gaseous core and several other layers (Fig. 1).

Table 1. Solar System Data (Focus on Earth Science, 1991)

- 0 c - c 0 Q
- 3 3 = o &2 o] 5 2 S 2 c
Characteristics = 5 S o g o = © -4 = 32
= > - = 2 ) > 2 =
Mean distance
from Sun 10° 58 108 150 - 228 779 1428 2869 4496 5906 -
km
Length of year
87.96 | 2247 | 365.24 - 686.98 | 43326 | 10759.2 | 30685 | 60190 90700 -
(Earth days)
Period of
. 58.65 | 243 1.0 273 1.02 0.41 0.43 0.45 0.6 6.4 25.4
rotation (days)
Mean density
3 5.5 5.2 5.52 3.34 3.9 1.33 0.7 1.71 1.77 1.5 1.4
g/cm
Diameter at
4880 12100 12756 3476 6786 142200 119300 47100 48400 2414 1392000
equator (km)
Relative mass
0.06 0.82 1.0 0.12 0.11 318 95 14.6 173 0.002 -
(Earth=1)
Surface
350 to -30to
temperature 170 500 - - P -146 -180 -190 -220 -230 -
(°C)
Number of
) 0 0 1 - 2 1Bor 1 hor11 5 2 1 -
Satellites 14
Cco N Cco
. 2, 2 2 H2, HI, H2, HI,
Atmospheric HI, HCl, H,0, N,, O,, cH cH H,, HI, | Hy, HI, | Frozen
gases 0, H, | CO, | O, Ar, Co, Ar, NH“' NH“' CH, CH, | gases
H,0 | CO, H,0 > 3

The sun’s gases are in constant motion which makes it impossible to tell exactly
where boundaries are between different layers. In the core, hydrogen gas is
changed into helium gas. At temperatures of about 15 million °C, protons, which
normally repel each other, are forced to combine. A stable He nucleus of two
protons and two neutrons is formed. During this nuclear reaction, energy, which is
the source of the sun’s heat and light, is released. Radiation flows outward from the
sun’s interior to the surface. From the surface, radiation escapes into space. The
photosphere is the surface of the sun. This layer emits visible radiation. The
chromosphere is a bright red halo which extends about 6000 km beyond the
photosphere. The red color is due to the hydrogen gas presence. Prominences of gas
shoot outward from the chromospheres. Some fall back into the sun. Others escape
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into space. Beyond the chromospheres is the thinner, transparent zone of the
corona. This zone of very hot gas is visible only during a total eclipse of the sun.
Sunspots are cool, dark areas on the sun’s surface. Temperatures in sunspots are
about 4000°C. Solar flares are sudden increases in brightness near sunspots groups.
They disturb radio reception and affect Earth’s magnetic field. Gases in the upper
atmosphere excited by solar flares, radiate lights known as the aurora borealis. The

solar wind is made up of ions moving outward from the sun. The velocity of the solar
wind ranges from 250 to 800 km per second. The solar wind is especially strong after
solar flare activity. lons are deflected toward Earth’s poles by the magnetic field. The
solar wind interferes with radio waves in the upper atmosphere. The galaxy of the
Milky Way moves towards the stellar system of the Unicorn at a velocity of 210 km
per second. All the galaxies are combined into Megagalaxies and the Universe is
endless.

Fig. 1. Structure of the sun (by Riza Arievanda).
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1.2. Origin of the Solar System and Earth
Earth is the third planet outward from the sun. Its origin has been debated for a

long time. Many questions still are unanswered. Probably the most widely accepted
theory for the origin of the solar system is the dust cloud theory. According to this

idea, a dust cloud began to rotate. Movement grew faster and faster until the dust
and gas flattened into a disk-shaped cloud which separated into eddies. These
eddies were similar to the ones seen in swiftly moving water. At the center of the
cloud, the largest eddy formed the sun. In the smaller eddies, grains of matter grew
larger by collision. The grains stuck together and grew larger as they gathered up
more material. When the mass had swept up most of the material in the eddy, a
planet was formed.

Questions still rise about the moon origin. The idea of Moon capture by the
earth is the most widely accepted idea at present. Probably many moon-sized
bodies formed in the original dust and gas cloud. These bodies combined with the
planet or moved into space depending on how close they were to the earth when
they formed. The moon must have been a rigid body when it joined the earth-moon
system. Only a rigid body could maintain its spherical shape despite the earth’s
gravity field.

1.3. Shape, Dimensions, and Structure of Earth

An oblate spheroid called geoid is the best description of the earth’s shape.

Recent data from satellites suggest that the earth’s southern hemisphere is a little
larger than the northern hemisphere. The earth bulges at the equator. The oceanic
floor may have trenches (gashes cut into the abyssal plain). Many ocean canyons are
longer and deeper than anything on the continents. The Grand Canyon is about 1.6
kilometers deep. The Marianas Trench is at least 11 kilometers deep. This trench is

near the Marianas Islands in the Western Pacific Ocean. High mountain ridges also
make the earth’s surface rough. Mount Chomolungma (Jomolungma) in the

Himalayas is almost 9000 meters high (8848 m). It is the loftiest peak of the entire
world. Below are given the basic data characterizing Earth:

- Equatorial radius (km) 6378.2;

- Polar radius (km) 6356.9;

- Surface area (mIn km?) 1.08*10%;

- Mass of living matter in the biosphere (tons) 5.0%¥10";

- Mean density (g/cm?) 5.52;

- Mean density of surface rocks (g/cm?) 2.7-2.8.
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The earth’s crust is a rock wall of the globe. It is studied by geology. Hydrosphere
is studied by Hydrology and Oceanology and the atmosphere — by Meteorology and
Climatology.

1.4. Earth’s Spheres
The body of Earth has a concentric structure. The core is in the center of it. The

geospheres concentrically surround it. Earthquake studies give us the only clues to
the composition or makeup of the inner layers of the earth. These are the layers of
different density. The geospheres are internal and external. Atmosphere,

hydrosphere, and biosphere belong to the external or outer geospheres. The earth’s
crust, mantle and core belong to internal geospheres. The rotation of the earth on
its axis is the main cause for its differentiation into the geospheres. The density of
the spheres increases from the surface to the center of the globe.

1.4.1. Outer Geoshperes

The earth’s blanket of the atmosphere is a mixture of many gases, mainly
nitrogen 78%, and oxygen, 21%. Other gases such as carbon dioxide and water vapor
vary in amount from place to place (Table 2).

Table 2. Gases of Earth’s Atmosphere

Gas Chemical symbol Percent by volume
Nitrogen N, 78.09
Oxygen 0, 20.95
Argon Ar 0.93
Carbon dioxide Cco, 0.03
Water vapor H,0 Oto4.0
Neon Ne trace
Helium He trace
Methane CH,4 trace
Krypton Kr trace
Xenon Xe trace
Hydrogen H, trace
Ozone (OF trace

It is believed that in the last decade or so the content of CO, has increased from
0.03 to 0.045%. The gases in the air are involved into cycles. They are absorbed by
the plants and consumed by the animals, and then again come back to air, water or
rocks. Water vapor in the air is a source of precipitation and it also increases the
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air’s density. The atmosphere partly absorbs and disperses the solar radiation. Of
the total amount of solar radiation incoming to the earth, about 31% is reflected
back into outer space and 69% are utilized for the warming up of the atmosphere
and the surface of the continents and oceans. Atmospheric pressure is of great
importance for the movements of air masses. Air masses distribute the evaporated
water rather unevenly over the globe. The weather is dependent on them. Water is
essential for life processes. Water vapor, like carbon dioxide, helps prevent heat loss
from the earth.

The atmosphere is divided into four layers based on temperature. The
troposphere is the layer nearest Earth. It contains 75 percent of the gases of the
atmosphere as well as dust and water vapors. This layer is the zone where weather
occurs. Temperatures decrease with increasing height in the troposphere. Near the
top of the troposphere, about 11 kilometers from Earth, a thin layer called the
tropopause acts as a ceiling to the weather zone. This layer contains strong winds
called the jet streams. Above the tropopause, lies the stratosphere. This layer

extends upward to about 50 km from the earth. In the lower part of the zone,
temperatures are a constant -50°C. However, at about 50 km temperatures rise to
about 0°C. The stratosphere contains layer of ozone. Ozone keeps most of the

ultraviolet radiation from the sun from reaching Earth’s surface.

The mesosphere, the next layer of atmosphere, is the coldest zone. This layer
extends from about 50 km upward to about 85 km. Temperatures decrease to near -
100°C at the top of the mesosphere.

The next layer of atmosphere is the thermosphere which includes the

ionosphere and exosphere. The thermosphere extends upward to 500 or 750 km.
Temperatures in this zone increase rapidly because of the absorption of solar
energy. The ionosphere is electrically charged. lons form three layers that reflect
radiowaves back to Earth. The radio waves are reflected at an angle and return to
the earth far from their starting point. In the lower part of the exosphere, the
atmosphere becomes extremely thin. Some gases escape into space. The
atmosphere extends possibly as far as 80000 km beyond the earth.

But to the geologists, troposphere is the most important layer whose thermal
regime is mainly caused by the heat obtained from the earth’s surface. Every 100
meters of elevation decrease air temperature by 0.5-0.6 degrees, so that at height
of 10-12 km it is about -55°C.

Hydrosphere includes the ocean, a continuous body of salt water that covers a

little over 70 percent of the earth’s surface. Large as the ocean is, it is only part of
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the hydrosphere, or Earth’s water portion. Water in lakes and rivers and ice frozen

in glaciers are all part of the earth’s water supply. Ground water is closely connected
with the hydrosphere. According to V. I. Vernadsky, oceanic water occupies a
volume of 1370 min km?>. Inland water is of 4 mIn km?>, continental glacier water of
16-20 min km®, and ground water — of 400 min km?>. Total volume of natural water
on Earth is about 1.8 billion km® Mean depth of the hydrosphere is of 3.75 km, the
greatest being of 11 km?® (the already mentioned Marians Trench). Chemical
elements dominating in the hydrosphere are oxygen and hydrogen (96.69%), and
sodium and chlorine (3%). The hydrosphere interacts with the other geospheres, so
all elements of the periodic system are encountered in it. Composition of ocean
water is not constant. Some substances are carried to the ocean by rivers that flow
over weathered rocks. Many elements are in solution in the water vapor given off by
volcanoes. Chlorine gas is one material that is added by volcanic action. Sodium is a
product of weathering and probably is carried to the ocean by surface waters. Other
substances dissolved in seawater include calcium, magnesium and potassium. When
ocean water evaporates, it leaves the dissolved salts behind. Salt, magnesium, and
bromine are three products extracted today from seawater.

The biosphere is the zone of the organisms’ active life. It occupies the lower
atmosphere (12-16 km), hydrosphere, and the upper layers of the earth’s crust
(about 3-4 km). Its total thickness may reach some 25-30 km. Biosphere takes part in
the processes of rock formation and destruction. According to V.l. Vernadsky, there
is no chemical force on Earth more constantly acting and more powerful by the end
product of its action, as the living organisms.

According to some calculations, the living matter of Earth is about 10** metric
tons in mass which is no more than 1/100,000 part of a percent of the mass of the
earth’s crust. Ecology is the study of the relationship between an organism (living
thing) and its environment. No organism is completely self-sufficient. The biosphere
is made up of many ecosystems. An ecosystem can be as small as the surface of a
leaf or as large as the entire ocean.

Today’s Earth is a habitat for over 500,000 plants and over 1min animal species.
All geospheres are densely populated by the microorganisms. They participate in the
cycles of life (small biological cycle of matter and energy on Earth). Soil formation is
a part of this kind of activity. Soil cover of the earth is often referred to as
pedosphere. The soils provide physical support for plants and create the water-and-
air-filled pores that make plant growth possible and contain the elements of plant
nutrition.
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1.4.2. Internal Geospheres

The internal structure of the earth can be presented by the following scheme
(Fig. 2).

I 30-65 km

3

2885 km

2270 km

1216 km

2885 5155 6371 km

1. Continental crust; 2. Oceanic crust; 3. Upper mantle; 4. Lower mantle; 5.
Outer core; 6. Inner core; A: Mohorovicic discontinuity; B: Gutenberg Discontinuity;

C: Lehmann—Bullen discontinuity.
Fig. 2. Internal Structure of Earth (by Dake, From Wikipedia).

The Earth’s crust is the solid layer of Earth. Compared with other layers, it is the
most nonuniform in composition and very dynamic. The tectonic theory proves that
the earth’s crust is made up of the floating plates, which “float” or move very slowly
(a few mm per year) on the molten material of the mantle.

The crust experiences a lot of stress caused by forces within the Earth itself, as
the crust is the surface, or outermost, layer of the Earth. There are two major

sections (types) of the crust. One section is called continental crust. Continental

crust makes up the Earth’s landmasses, such as the Eurasian or the North American
continent. In most places, continental crust is about 32 km thick. But under tall

mountains, it can be up to 70 km thick. The other section of the crust is called
24


http://en.wikipedia.org/wiki/Mohorovi%C4%8Di%C4%87_discontinuity
http://en.wikipedia.org/wiki/Gutenberg_Discontinuity
http://en.wikipedia.org/wiki/Inner_core

oceanic crust. It is found under the ocean floor. It is thinner than continental crust,
and may be about 8 km thick.

Continental crust usually consists of three layers: sedimentary, granitic, and

basaltic (Fig. 3). Oceanic crust usually consists of two layers: sedimentary and
basaltic.

Oceanic Continental

crust crust
sedimentary rocks

upper mantle

Fig. 3. Structure of the Earth’s Crust.

Sedimentary layer is composed by soft clastic or other sedimentary rocks. The
majority of such rocks have layered structure. Their density varies from 1.00 to 2.65
g/cm’. The thickness of sedimentary layer may vary from a few meters to 10-15 km.
There are places on Earth where sedimentary layer is absent.

Granitic layer is composed mainly by the igneous and metamorphic rocks with
the dominant content of aluminum and silicon in them. Mean content of silica (SiO,)
in the rocks over 60% and they are, therefore, acid rocks. Rock density is within
2.65-2.80 g/cm’. The layer’s thickness is not the same everywhere, the greatest (60-
70 km) being encountered under mountain ranges.

Basaltic layer directly underlies a granitic one. Its thickness may vary from 5 to

30 km. By chemical composition, its rocks are basalt-like, basic ones with lower silica
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content than that of granites. The layer’s density may reach 3.32 g/cm®. The lower
boundary of this layer is known as Mohorovicic discontinuity, or the Moho. This
sharp boundary, first identified in 1909 by A. Mohorovicic, a Yugoslav seismologist,
lies 30 to 50 km beneath the surface.

Beneath the Earth’s crust is a layer called the mantle. It extends from the
bottom of the crust downward make it longer about 2900 km to the Earth’s core.
The mantle is made of rock that flows slowly-sort of like molasses or hot, thick tar.
Because the mantle is much denser than the crust, the solid rocky crust floats on the
mantle. It is distinctly divided into three layers: upper (B), intermediate (C) and
lower (D), the last being at depth of 900-2900 km. The upper mantle is composed
primarily of oxygen, silicon, and probably magnesium. The lower mantle is
composed primarily of oxygen, silicon, magnesium, and nickel. The specific gravity of
the rocks in the mantle ranges from 3.5 (in the upper part) to as much as 8.0 at the
bottom. Some scientists give evidence of the D-layer density to be within 5.7 to 9.4
g/cm’. The core of the earth has a density approaching that of iron at appropriate
pressure. So some think that the core contains iron and nickel and is even endowed
with magnetic properties. The super-high pressure within the ore impedes the
melting of its material and it possesses the properties of heavy metals. But all these
are the hypotheses. The core is thought to be very hot, dense, and under
tremendous pressure. The outer core is believed to be fluid. The materials
composing this zone have specific gravities of 12.0 or more. The inner core is
believed to be solid. The rocks are presumed to be quite heavy. Some may have a
specific gravity of more than 17 (17.3-17.9 g/cm?). All the divisions of the earth were
identified by the velocity of seismic waves. They move through the Earth at different
speeds, depending on the density of the material through which they are moving. As
they move deeper into the Earth, where material is more dense they speed up.

Questions & Assighments

. Shortly characterize the position of Earth and Solar system in the Universe.
. Give a short characteristic of the sun.

. Speak on the shape and dimensions of the Earth.

. Shortly characterize the external geospheres.

. Tell whatever you know about the earth’s crust

. What do you know about the internal structure of the Earth?

. What is the biosphere and what function does it fulfill on Earth?

0o N O U A W N B

. Speak on the continental and oceanic sections (types) of the earth’s crust.
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Chapter 2

Geological Processes

2.1. Endogenic and Exogenic Processes

What we in our country call endogenic and exogenic processes are known in the
English-language countries as the processes of internal and external dynamics,
respectively. Along the entire history of the Earth it was subjected to dynamic
changes. The composition of the earth’s crust, shape and even the number of
continents, land forms, etc., were in a state of continuous change.

The processes of internal and external dynamics take place continuously and at
the same time, creating all the multiformity and variety of the structure and
composition of the earth’s crust. The processes of internal dynamics include the
earth’s crust dynamics, plate tectonics, magmatic processes, metamorphic
processes, volcanoes and earthquakes. The external dynamics processes include
weathering, mass wasting, and the geologic activities of the rivers, wind, ground
water, glaciers, oceans, bogs, lakes, etc. Fault and fold deformations in the earth’s
crust are connected with origin of mountains (orogenesis). Exogenic processes occur
in the surface layers of the crust and on its surface under the influence of the solar
energy. Gravity forces also contribute to the character and intensity of these
processes. The heat that evolves during the processes of radioactive decay
complimented by the energy of gravity makes the motive force of endogenic
geological processes.

Both exogenic and endogenic processes occur with a differing rate which is
generally relatively low. That is why the action of these processes can make itself
felt in the course of many hundreds, thousands, and even millions of years. But
there are such events as the earthquakes, volcanic eruptions, landslips, mudflows,
etc. They occur catastrophically rapidly.

The interaction of internal and external processes in the earth’s crust and on the
surface of the Earth forms the deposits of various useful materials, belonging to
nonrenewable resources. Coal, oil, gas, salts, etc. form their deposits as a result of
exogenic processes. Endogenic processes connected to the intrusions of magma and
its differentiation into various materials, as well as metamorphic processes, usually
lead to the formation of metal or other ores. Internal dynamics processes, certainly,
play a greater role in the formation of the earth’s crust per se and in the
manifestation of continental drift and other phenomena of plate tectonics.

Many scientists pay attention to the fact that endogenic and exogenic processes

act upon the earth’s crust in opposite directions. The former create the landforms
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on the surface of the earth, whereas the latter tend to smooth them out. Soil
erosion and terrestrial denudation are sometimes viewed by the scientists as the
great leveler of the land. We do not only study the Earth as we see it today, but also
its history as it has evolved to its present condition. We must look at processes and
structures that occur today, and interpret what must have happened in the past.
Then we shall have a better understanding of things happening around us.

2.2. Internal Dynamics Processes

What causes the land to change? How do the mountains and the valleys form?
Throughout the Earth’s long history, its surface has been lifted up, pushed down,
and broken by forces beneath the surface. Although the movements of the Earth’s
surface are usually too small and too slow to be directly observed, they are
constantly changing the appearance of the Earth.

These movements may be slow (epeirogenic) and violent (earthquakes and
volcanoes). Thus the Earth looks different today from the way it did millions of years
ago. What were once small hills may now be mountains that stand almost 9
kilometers above sea level!

The Earth also experiences stress. It is caused by forces within the Earth itself.
These forces push and pull on the part of the Earth known as the crust. You already
know that the crust is the surface, or outermost, layer of the Earth. There are two
major sections of the crust. One section is called continental crust. Continental crust

makes up the Earth’s landmasses, such as the North American or Eurasian
Continents. In most places, continental crust is about 32 kilometers thick. But under
tall mountains, it can be up to 70 kilometers thick.

The other section of the crust is called oceanic crust. Oceanic crust is found
under the ocean floor. It is thinner than continental crust. For example, it may be
about 8 kilometers thick.

As the rocks of the crust undergo stress, they slowly change shape and volume.
They also move up or down or sideways. Their movement causes the rocks to break,
tilt, and fold. The breaking, tilting, and folding of rocks is called deformation. The
three types of deformation are compression, tension, and shearing, which are

illustrated by the following figure:

Compression squeezes the rocks of the crust. The particles in the crustal rocks
move closer together, making the rocks denser and smaller in volume. Compression
is acting like a trashcompacter, squeezing a large amount of matter into a smaller
amount of space. Tension pulls on the rocks of the crust causing them to stretch out
over a larger area. A rock becomes thinner in the middle than at the ends. As the
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volume of the rock increases, its density decreases. This causes the rocks to twist or
tear apart. During shearing, the rocks simply bend or break apart.

Continental rift

(b) Tension

San Andreas Fault
(c) Shearing
from “Crustal Deformation and Mountain Building”, by Mt. Cook, New Zealand

Fig. 4. Crust Deformations by Different Forms of Stress.

Compression, tension, and shearing can change a rock’s volume, its shape, or
both. These stresses can also cause the rocks to fracture, or crack. If the rocks
fracture along numerous flat surfaces which show no displacement, the rocks are
called joints. Joints are generally parallel to one another. Some rocks have joints
that form in more than one direction. Such rocks may break into blocks.

2.2.1. Tectonic Movements of the Earth’s Crust.

Faulting. Stress sometimes causes rocks to break. A break or crack along which
rocks move is called a fault. The rocks on one side of the fault slide past the rocks on
the other side of the fault. Movements along a fault can be up, down, or sideways.
Earthquakes often occur along faults in the Earth’s crust.
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Fault animations

Footwall/ Hanging
block wall block
(a) Normal fault (b) Oblique slip fault

Strike-slip fault
(due to lateral shear)

(c) Reverse fault (d) Thrust fault (e) Strike-slip fault
from “Crustal Deformation and Mountain Building”, by Mt. Cook, New Zealand

Hanging wall Footwall

Fig. 5. Types of Fault.
The block of rock above the fault is called the hanging wall. The block below the

fault is called the foot wall. Stress can cause either the hanging wall or the foot wall
to move up or down along a fault. If tension is acting on a fault, the hanging wall will
move down relative to the foot wall. If this occurs, the fault between the two blocks
is called a normal fault. If compression is acting on a fault, the hanging wall will

move up relative to the foot wall. This type of fault is called a reverse fault. A special

type of reverse fault is a thrust fault, when compression causes the hanging wall to
slide over the foot wall. Thrust faults usually carry rocks many kilometers from their
original position. A thrust fault pushes older rocks on top of younger rocks.

Shearing will cause the blocks of rock to slide horizontally past each other. One
block moves to the left or right in relation to the other block. The fault along which
the blocks move horizontally past each other is called a lateral fault:

The lateral fault is also known as a strike-slip fault, as the blocks of rock move
horizontally past each other.
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from “Crustal Deformation and Mountain Building”, by Mt. Cook, New Zealand

| Strike-slip faults I

Left-lateral Right-lateral

| Oblique-slip faults |

Normal plus
right-lateral

Reverse plus left-lateral

Fig. 6. Lateral Fault.
Faulted Mountains and Valleys. When there are many normal faults in one area,

a series of mountains and valleys may form. Mountains formed by blocks of rock

uplifted by normal faults are called fault-block mountains. Thus the Cordilleran

Mountain region contains many fault-block mountains. Valleys also form when
mountains form. Some valleys are formed when the block of land between two
normal faults slides downward. Valley created in this way are called rift valleys, like
Death Valley in California. It is a long, narrow valley 87 meters below sea level.

Folding. Sometimes when stress is applied to the rocks of the crust, the rocks
bend but do not break. A bend in a rock is called a fold. A rock can fold either
upward or downward. An upward fold in a rock is called an anticline. A downward
fold in a rock is called a syncline.

Fault Structure (Horst and Graben)
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Hinge line

(@)  Anticline

Axial planE\ }-[inge line

(b) Syncline\AXial jeane
trace

from “Crustal Deformation and Mountain Building”, by Mt. Cook, New Zealand

Fig. 7. Faulting and Folding.

Folds vary in size. Some are large enough to form mountains. Layered rocks with
large folds often have smaller folds within the layers. The Appalachian Mountains
are made of many anticlines and synclines. This folded mountain chain extends from
Canada to Alabama. Even though an anticline is an upward fold, it is not always
higher than the surrounding land. An anticline may be under hills, valleys, or flat
areas. An anticline may be hidden by layers of rock that build up in the low-lying
areas around it after it forms. Or the stress may not have been great enough to

bring the fold to the Earth’s surface.
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A plateau [pla'To] is a large area of flat land that is raised high above sea level.
Plateaus are often raised up by the same processes that form mountains. But the
rock layers in a plateau remain flat. This is not the case with mountains, in which the
rock layers are tilted and broken by faulting or are warped by folding. One way a
plateau may be formed is by a slow flat-topped fold. The Appalachian Plateau, which
lies just west of the folded Appalachian Mountains, was created millions of years
ago by such a fold. This plateau covers much of New York, Pennsylvania, Ohio,
Kentucky, West Virginia, and Tennessee.

Plateaus can also be formed by a series of molted rock flows on the surface of
the Earth. Molten rock at the surface of the Earth is called lava. Molten rock deep
within the Earth is called magma. The lava sometimes fills in valleys and covers hills.
The flowing and spreading out of lava is repeated over and over again. The
hardened lava sheets pile up and form a raised plateau. Rivers often carve large
plateau into many smaller plateaus or cut deep valleys and canyons through
plateaus.

Domes. Sometimes magma pushes upward but does not reach the Earth’s
surface. The stress caused by the magma caused the rock layers above it to fold
upward, forming an uplifted area. At some point, the magma cools and forms
hardened rock. The uplifted area created by rising magma is called a dome. A dome
is a raised area shaped roughly like the top half of a sphere. The outline of a dome is
oval or circular. You can think of a dome as rather like a blister on the surface of the
Earth.

Magma. Over a long period of time, the uppermost rock layers may be worn
away to reveal the dome’s core of hardened magma.

from “Crustal Deformation and Mountain Building”, by Mt. Cook, New Zealand

Map surface Basin

Fig. 8. A Dome.
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Domes may form many separate peaks called dome mountains. The Black Hills
of South Dakota and Wyoming are dome mountains.

The majority of mountains formed as folded mountains. They include the
Himalayas, The Caucasus Mountains, the Andes, and the Pyrenees. Folded
mountains were formed in different epochs. The Scandinavian and Scotland
mountains are the oldest. The Urals, Altay, Tien-Shan, etc., were formed later on.
But the folds can easily be seen in some younger mountains like the Caucasus, the
Alps, and the Himalayas.

A number of factors determine if the rocks will fault or fold. One factor is
temperature. IF the rocks become extremely hot during compression they are more

likely to fold than to fault. Another factor that affects whether rocks will fault or fold
is pressure. The greater the pressure applied to the rocks, the more likely they are to
fold rather than fault.

Rock type is yet another factor that determines whether rocks will fault or fold.
Some types of rocks break easily when stress is applied. Such fragile rocks are said to
be brittle. Sandstone is one example of brittle rock. Other rocks, such as rock salt,
bend easily under stress. Rocks that bend easily are said to be ductile. Ductile rocks

are more likely to fold, whereas brittle rocks are more likely to fault. Still another
factor is whether the stress is applied gradually or suddenly.
Deep Fractures in the Earth’s Crust. Such fractures could have taken place at the

dawn of our planet formation. They may be billions of year old. The fractures may
reach the depth of 800 kms and more. Their length may be up to a few thousand
kilometers. The entire earth’s crust is divided by them into large approximately
rectangular blocks. The belts of basic and ultrabasic intrusions are connected with
deep fractures and, therefore, they form the fields rich in useful fossil materials.
Deep fractures can be identified even within the Ukrainian Crystalline Shield. Deep
fractures extend themselves also along the ocean floor. Their origin still remains
enigmatic. The evolution of a large amount of heat during radioactive decay
processes in the deeper parts of the earth’s crust may cause the distension and
cracking of the upper parts of it. Be it as it may, but they theory of plate tectonics
should be taken into the arsenal of our science too.

In spite of all the evidence from fossils and rocks, many scientists still refuse to
accept the theory of continental drift. During the 1950’s and 1960’s, new techniques
and instruments enabled scientists to make better observations of the ocean floor.
The plates of the earth’s crust meet at plate boundaries or margins. There are three

types of plate margin:
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1) Diverging plates causes constructive plate margins: e.g. Mid-Atlantic Ridge.
Plates move apart. Magma oozes and forms new plate;

2) Converging plates cause destructive plates margins: e.g. West coast of South
America. Two plates move toward each other. Crust is destroyed. Fold mountains,
earthquakes and volcanoes are common;

3) Transform plates cause conservative plate margins: e.g. the West coast of

North America. Plates move sideways against each other. Material is not gained or
lost. Volcanoes are rare but earthquakes are common. Friction between the two
plates causes earthquakes.

By the way, the process in which crust plunges back into the Earth is called
subduction. Oceanic plate may subduct below continental plate. Old ocean floor
may then become molten rock. When the two parts of ocean floor move away from
the midocean ridge, lava hardens to form new ocean floor.

Once again we get persuaded that the slow and violent movements of the earth

crust, though divided by the classification, are just the different phenomena of the

same essence.

The areas of the Earth’s crust can be moved up and down through faulting,
folding and uplifting. But there is another process in which the crust moves up and
down. Beneath the Earth’s crust is a layer called the mantle, extending downward
about 2900 kilometers to the Earth’s core. The mantle is made of rock that flows
slowly-sort of like malasses or hot, thick tar. Because the mantle is much denser
than the crust, the solid, rocky crust floats on the mantle. The floating crust exerts a
downward force on the mantle. But the mantle also exerts a force. A balance exists
between the downward force of the crust and the upward force of the mantle. The
balancing of these two forces is called isostasy. If material is added to an area of the
crust, that area will float lower on the mantle. If material is removed, that area will
float higher. The crust is always balanced on the mantle. Isostasy explains why some
low-laying regions — such as Norway, Sweden, and Finland — have slowly risen.
Thousands of year ago, these northern European countries were covered by tons of
ice. The melting of the ice removed material from the crust. The land began to float
higher on the mantle. Crustal rock can also sink. The Mississippi River has dropped
millions of tons of mud and sand particles into the Gulf of Mexico. The addition of
materials of the crust of the Gulf floor causes it to sink. But the depth of the water in
the Gulf has not changed. A balance is maintained between the building up and the
sinking of the Gulf floor.
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Slow crust movements are known as secular movements, secular meaning

lasting for centuries. Beside Scandinavian Peninsula, still rising at the rate of one
centimeter a year, other coastal regions experience sinking. Evidence of this are the
flooded ruins of ancient houses, the extensions of river valleys now under water,
etc. Portions of the North Sea coast are gradually sinking at the rate of 10 cm per
hundred years.

Movements of the earth crust occur everywhere, as has been proved by
precision instruments. Some regions of the Donets Hills (JoHeubKknin KpsaxK) and the
Central Russian Upland (CepeaHbopycbka BucoumHa) in the East European Plain
(CxigHoeBponelicbKa piBHMHA), for example, are gradually rising. Moscow and its
neighborhood, on the other hand, are gradually sinking at the rate of approximately
several millimeters a year.

In the course of thousands of years, secular earth movements have greatly
changed the shapes of the continents. When land rises and its area increases,
islands are sometimes connected with the mainland. When land sinks and is flooded
by the sea, the mainland is sometimes divided into parts and new islands are
formed. Thus, several thousands of years ago the British Isles were part of the
continent. Many regions, where there is land today, were formerly the bottoms of
seas, e.g., the Central Danubian and Lower Danubian Plains.

2.2.2. Earthquakes
An earthquake is the shaking and trembling that results from the sudden

movement of part of the earth’s crust. The earthquakes are caused by the internal

forces of the earth which act violently. When rocks in the earth’s crust break,
earthquake waves travel through the earth in all directions. The ground shakes and
trembles. During a severe earthquake, the ground can rise and fall like waves in an
ocean. The motion of the ground causes buildings, trees, and telephone poles to
sway and fall. Loud noises can sometimes be heard coming from the ground.

More than one million earthquakes occur every year. This is approximately one
earthquake every thirty seconds. The vast majority of earthquakes are so small that
the surface of the earth barely moves. But about twenty earthquakes a year cause
severe changes in the Earth’s surface. They cause serious damage to buildings and
dramatic loss of life in populated areas.

The most common cause of earthguakes is faulting. Rocks break and slide past

one another. Energy is released during this process. As the rocks move, they cause
nearby rocks to move also. The rocks continue to move in this way until the energy
is used up.
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As was already stated, earthquakes occur at converging or transform plate

margins. As two plates move towards each other, one can be pushed down under
the other one and into the mantle. If this plate gets stuck it causes a lot of strain in
the surrounding rocks. Sideways-moving plates can also get stuck. When this tension
in the rocks is finally released it produces strong shock waves known as seismic
waves. The shock waves spread out from the focus — the point where the earth-
quake starts. Near the focus the waves are stronger and cause more damage. The
epicenter is the point on the Earth’s surface immediately above the focus.

--Copvright-1999-Joha-Wilev and Sons, Inc.

Fig. 9. The relationship between the epicenter and the focus of an earthquake.

The San Andreas Fault in California extends near the border with Mexico to the
south through the city of San Francisco and continues on and off shore to the coast
of northern California. It is 960 kms long and 32 kms deep. The land to the west of
the San Andreas Fault is slowly moving north. The land to the east of the fault is
slowly moving south. But the rocks along the fault do not all move at the same time.
Earthquakes occur in one area and then in another. One of the worst of the
disasters occurred in 1906, when movement along a small section of the San
Andreas Fault caused the famous San Francisco earthquake. Here are the examples
of major recent earthquakes:

Place Year Deaths Size
Seattle 2001 0 7.2
India 2001 20,000 7.7
Turkey 1999 10,000 6.7
Kobe-Japan 1995 5,000 7.2
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Earthquakes also occur on the floor of the ocean. They often produce giant sea
waves called tsunamis. Tsunamis can travel at speeds of 700 to 800 kms per hour. As
they approach the coast, tsunamis can reach height of greater than 20 meters. It can
cause great damage.

Earthquake waves are known as seismic ['saizmik] waves. There are three main
types of seismic waves. Each type of wave has a characteristic speed and manner of
travel. Seismic waves that travel the fastest are called primary waves, or P waves. P

waves arrive at a given point before any other type of seismic wave. P waves travel
through solids, liquids, and gases. They move through the Earth at different speeds,
depending on density of the material through which they are moving. In denser
material, their speed is greater. P waves are push-pull waves. As P waves travel they
push rock particles into the particles ahead of them, thus compressing the particles.
The rock particles then bounce back. They hit the particles behind them that are
being pushed forward. The particles move back and forth in the direction the waves
are moving.

Seismic waves, that do not travel through the earth as fast as P waves do, are
called secondary waves, or S waves. S waves arrive at a give point after P waves do.

S waves travel through solids but do not through liquids and gases. Like P waves, S
waves speed up when they pass through denser material.

Part of the Earth’s interior is molten, or a hot liquid. Because S waves do not
travel through liquids, they are not always recorded at all locations during an
earthquake. S waves cause rock particles to move from side to side. The rock
particles move at right angles to the direction of the waves.

The slowest-moving seismic waves are called surface waves or L waves. L waves

arrive at a given point after primary and secondary waves do. L waves originate on
the Earth’s surface at the epicenter. Then they move along the Earth’s surface the
way waves travel in the ocean. Just as the water’s surface rises and falls with each
passing wave, the Earth’s surface moves up and down with each L wave that passes.
L waves cause most of the damage during an earthquake because they bend and
twist the Earth’s surface.

Shock (or seismic) waves are recorded by a sensitive instrument called a

seismograph. Although crude seismographs were in use hundreds of years ago, the

first practical seismograph was developed by John Milne in 1893. The figure below
represents a seismograph:
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horizontal seismograph

Pm————

horizontal ground movement

Source: www.visual.merriam-webster.com/earth/geology/earthquake/seismographs_2.php

Fig. 10. Seismograph.
After-shocks, usually decreasing in strength but continuing over a period of
several hours or days.
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Source: www.earthquake.usgs.gov/learn/topics/seismology/keeping_track.php
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Fig. 11. A Seismograph Reading.

The strength of an earthquake is measured on the Richter scale. The Scale can,
at first glance, be misleading because each point is ten times greater than the
previous one. A seismometer is a machine with a seismograph on a revolving drum.

Earthquake vibrations are recorded by a sensitive arm with a pen at the end which
moves up and down. The Richter scale is for energy released, which is an open-

ended scale. This is a logarithmic scale — which means that an earthquake with a

score of 5 is ten times as powerful than one with a score of 4. Most serious

earthquakes are in the range of 5 to 9. The earthquake in San Francisco in 1906 was
the most powerful recent one, with a value of 8.6. Below is a popular form of the
Richter Scale:

Richter scale no. No. of earthquakes per year Typical effects of this magnitude
<34 800 000 Detected only by seismometers
3.5-4.2 30 000 Just about noticeable indoors
43-438 4 800 Most people notice them, windows rattle.
49-54 1400 Everyone notices them, dishes may break, open doors swing.
5.5-6.1 500 Slight damage to buildings, plaster cracks, bricks fall.
6.2 6.9 100 ::::;:j ;Ig:::‘?e to buildings: chimneys fall, houses move on
7.0-73 15 Serious damage: bridges twist, walls fracture, buildings may
collapse.
7.4-79 4 Great damage, most buildings collapse.
> 8.0 One every 5 to 10 years Total damage, surface waves seen, objects thrown in the air.

A collision of plate boundaries, when two plates of continental crust moved
towards each other, like Indo-Australian Plate moves towards the Eurasian Plate,
caused serious earthquakes in India (1993), Iran (1997), and Afganistan (1998).
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The Pacific Plate (oceanic crust) moves towards the Eurasian Plate (continental
crust) causing earthquakes, e.g. Kobe (Japan) 1995.

The Pacific Plate moves more quickly than the North American Plate. Pressure
builds up along the San Andreas Fault causing earthquakes in San Francisco in 1906
and 1989.

The amount of damage caused by an earthquake depends on several different
factors. The earthquake’s strength, the kind of rock and soil that underlies an area,
the population of the area, and the time at which the earthquake occurs all
influence how damaging a particular earthquake is. It is very important just how
prepared countries are. Less economically developed countries (LEDCs) have less
time, money and expertise to prepare for hazards. More economically developed
countries (MEDCs) are better prepared but they still can’t stop disasters happening.
They can just limit the damage. In 1975, Chinese scientists predicted with great
accuracy that an earthquake would occur in their country. Most of the people in
three areas of the country were evacuated before the earthquake struck. Many
thousands of lives were saved. And although it sounds a bit unscientific, some
scientists in China believe that changes in the behavior of certain animals might help
to predict earthquakes.

2.2.3. Magmatism
The substance, forming the earth’s crust and the geospheres, according to some

views, is in solid state, in spite of high temperatures at great depths. The pressure at
these depths “maintains” the substance in solid state. Durable development of our
planet favored the establishment of thermodynamic equilibrium in the earth crust
and the geospheres below it. Any disturbance of this equilibrium (like the growth of
temperature or lowering of pressure) melts the substance in some local places and it
becomes liquid. This process is accompanied by the growth of volume. Magma (hot
liquid rock) moves towards the weakened places of the earth’s crust or flows onto
its surface.

The penetration of magma into the crust is known as intrusive magmatism, or

plufonism (Pluto being a god of the Earth’s interior in ancient Greece). If magmatic
materials are poured out upon the surface of the earth, as when lava flows from a
volcano, this occurrence is known as extrusive or eruptive or effusive magmatism

(Latin effusion meaning pouring out). It is also known under the name of volcanism
(Volcano being a god of fire in ancient Rome).
Intrusive_ magmatism is the movement of magma rising up in the earth’s crust

but not being able to push itself to the very surface. Very often, such magma
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gradually hardens in the crust, forming various intrusions. Their shape is much
dependent on surrounding rocks. The growth of temperature or the lowering of
pressure in local spots of the mantle may cause the melting of its solid material. The
density of silicate melt is lower than that of igneous or metamorphic rocks and it
may reach the values more typical for the sedimentary rocks. The gases in magma
make it more motile. This favors its penetration into the earth’s crust as well as its
eruption onto the surface.

Intrusive igneous rocks occur when magma cools very slowly. They have a course
texture and form features like batholiths and tors. If magma flows along rock
openings before cooling, it forms sills and dikes (Fig. 12).
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Fig. 12. Forms of Intrusions.

When the magma cools very-very slowly, large hexagonal columns form — e.g.
the Giants Causeway in Northern Ireland. The body of a batholith is composed
mainly of granite or granodiorite. Their peripheral parts are composed mainly of
syenite or diorite. Stocks are magmatic bodies which look like batholiths but are
smaller, up to 200 kms® in area. The sills may have thickness from a few centimeters
to several dozens or even hundreds of meters. Sheet sills dominate in layered
surrounding rocks; they may be up to 45 meters thick and up to 150 kms long. They
are composed mainly of basic and ultrabasic rocks. They spread out as essentially
horizontal sheets between belts or layers of rocks.
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Laccoliths are lens-like or mushroom-shaped intrusive bodies that have relatively
flat undersurfaces and arched or domed upper surfaces. They are intruded between
the bedding planes, are thicker in the center, and become thinner near their
margins. A dome may be formed when rising magma causes the rock layers above it
to fold upward. The uplifted area created by rising magma is called a dome. It is
shaped roughly like the top half of a sphere. The outline of a dome is oval or circular.
You can think of it as rather like a blister on the surface of the earth.

Over a long period of time, the uppermost rock layers may be worn away to
reveal the dome’s core of hardened magma. Domes that have been worn away in
places form many separate peaks called dome mountains (The Black Hills of South
Dakota).

Many of the domed mountains in the Crimea and Northern Caucasus (Beshtan,
Mashuk, and Zalizna) have been formed by laccoliths. A dike is a tabular or wall-like
mass of igneous rock that cuts across bedding planes when introduced into
sedimentary rocks. Dikes commonly result from magma being injected into cracks
and joints in the rocks, and range in size from a few feet to many miles in length.
They are common in volcanic area.

During the solidification of magma, the amount of gases in it becomes excessive
and they begin to evolve interacting with each other and with newly formed
minerals. Some useful and rare minerals may be formed in this way. Generally
speaking, the intrusive processes are very conducive to the formation of rare
elements in hydrothermal and other veins. Everywhere on contacts with magma,
different rocks form new minerals, not contained in either them or magma.

2.2.4. Volcanic Processes

When magma reaches the Earth’s surface, it is called lava. The place in the
Earth’s surface through which magma and other materials reach the surface (and
the magma becomes lava) is called a volcano. A lava flow is so hot that it incinerates
every burnable thing in its path. In some places, lava can build up to form a cone-
shaped mountain. Volcanoes are often (but not always) cone-shaped, formed by
material from the mantle being forced through an opening in the Earth’s crust, the
vent. Volcanoes often have more than one vent. If there is more than one vent, lava
will sometimes pour from the sides of a volcano as well as from the top.

All volcanic eruptions are not alike. Some are quiet, with lava slowly oozing from
a vent. Other eruptions are very violent, with lava and other materials being hurled
hundreds of meters into the air. Many scientists spend their working lives studying
volcanoes, the “windows” into the interior of the Earth. They can determine the
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chemical composition of the magma from which the lava formed. Such data provide
information about the composition of the part of the Earth that remains unseen.
There are four main types of lava. One type is dark-colored and contains a lot of

water. This lava is rich in the elements iron and magnesium. When it cools, igneous
rocks such as basalt are formed. Another type of lave is light in color. It contains
little water and is rich in the elements silicon and aluminum. Compounds of these
elements account for its lighter color. On cooling, it forms the igneous rock rhyolite,
which resembles granite. The third type of lava has a chemical composition which is
intermediate between the two already mentioned types. Andesite is dominantly
formed from this type of lava. The fourth type of lava contains large amounts of
gases such as steam a carbon dioxide. When this lava hardens, it forms rocks with
many holes in them. Pumice and scoria are igneous rocks formed from this type of
lava. Some dark-colored lava is thin and runny and has a tendency to flow. The
islands of Hawaii and Iceland were formed by many lava flows. But light-colored lava
causes explosive eruptions. Because it is rich in silicon, it tends to harden in the
vents of a volcano. Explosive eruptions are caused when lava in the vents hardens
into rocks. Steam and new lava build up under rocks. When the pressure becomes
great, a violent explosion occurs. During volcanic eruptions, many rock fragments
are blown into the air. The smallest particles are called volcanic dust. Particles are

less than 0.25 mm in diameter. Rock particles between 0.25 and 5 mm in diameter
are called volcanic ash. Volcanic ash eventually forms some rocks. Both volcanic dust
and volcanic ash can be carried away from a volcano by the wind. Larger rock
particles are called volcanic bombs. They are a few centimeters to several meters in

size. Small bombs about the size of golf balls are called cinders. Molten volcanic

bombs harden as they travel through the air.
Volcanoes are extinct, dormant, or active: 1) extinct: will never erupt again; 2)

dormant: has not erupted in 2000 years, and 3) active: has erupted recently and is
like to erupt again. Mount Etna, Italy, has erupted in 2001.
Different types of volcanic eruptions form different types of volcanoes. Some

volcanoes are built from quiet flows of thin, runny lava that spread over a broad
area. Other volcanoes are formed from violent eruptions. Some volcanoes are
formed from a combination of quiet flows of lava and violent eruptions.

Volcanoes made mostly of cinders and other rock particles that have been blown
into the air are called cinder cones. They form from explosive eruptions. The

material is loosely arranged so the cones are not high. But they have a narrow base
and steep sides. Volcanoes composed of quiet lava flows are called shield volcanoes.
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The lava flows over a large area because it is runny. Volcanoes built up of alternating
layers of rock particles of lava (made up of lava and ash) are called composite
volcanoes (Fig. 13).
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Fig. 13. Types of Volcanoes.

The most famous composite volcanoes are Mount Vesuvins near Neaples and
Mount Etna in Sicily, both in Italy. Volcanoes are rather unpredictable phenomena.
Some volcanoes erupt fairly regularly; others have not erupted within modern
history. Most major earthquakes and volcanic eruptions occur in three zones of the

world. There is a great deal of movement and activity in the Earth’s crust in these

zones. Volcanoes and earthquakes are near plate margins. There are over 600 active
volcanoes in the world today. One major earthquake and volcano zone extends

nearly all the way around the edge of the Pacific Ocean. This zone goes through New
Zealand, the Philippines, Japan, Alaska, and along the western coasts of North and
South America. The San Andreas Fault is part of this zone. This zone, that circles the
Pacific Ocean, is called the Ring of Fire. A second major earthquake and volcano

zone is located near the Mediterranean Sea. The Mediterranean Zone extends
across Asia into India. Many countries in the zone, including Italy, Greece, and
Turkey, have violent earthquakes. Many volcanic eruptions have also occurred in
this zone. The third major zone extends through Iceland to the middle of the Atlantic

Ocean. There is under the ocean a long range of volcanic mountains called the Mid-
Atlantic Ridge. Volcano and earthquake activity in this area are due to the formation
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of new parts of the Earth’s crust along the ridge. Volcanic islands in the Atlantic
Ocean, such as Iceland, are part of the Mid-Atlantic Ridge. The eruption of Vesuvins
on August 24, AD 79 while it destroyed two lively cities of the ancient world,
preserved evidence of these civilizations for almost two thousand years. Scientists
still study a great historical treasure.

2.3. External (Surface) Dynamics Processes

The radiant energy of the sun finds its way into the atmosphere, hydrosphere,
biosphere, the upper layers of the earth’s crust and becomes transformed into
thermal, mechanical, chemical and biological energy. All these kinds of energy in
interaction with the force of gravity cause the occurrence of different geological
processes, which transform the Earth’s surface and the upper horizons of the Earth’s
crust. These processes are known under the name of exogenic or external dynamics
processes, whereas the changes in the land forms and the horizons of the upper
portion of the Earth’s crust caused by exogenic processes are also known as
exogenic or external geological phenomena and formations.

The most important agents of the external dynamics processes are:

e Solar radiation absorbed and accumulated on Earth and governing the
thermal regime of its surface;

e Water getting on the surface and entering the surface layers and the Earth’s
crust from the atmosphere;

e The gases of the atmosphere, particularly oxygen and carbon dioxide which
evolve as a result of biochemical and mineral processes, and

e Plant and animal organisms.

Human beings are involved in all of these processes and perform their specific
function on the Earth.

2.3.1. Weathering
It is the process whereby which the rocks undergo natural chemical and physical

change at or near the surface of the earth (cortex of weathering). It is one of the
most important of all geologic processes. It provides much of the material from
which sedimentary rocks are formed and is important in the shaping of surface and
responsible for the formation of soil. Rock fragments produced by weathering are
removed by erosion — the loosening and carrying away of rock debris by natural
agents. Weathering and erosion are constantly at work, wearing away the rocks of
the earth’s surface.
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Physical (mechanical) weathering takes place when a rock is reduced to smaller

fragments without undergoing a change in chemical composition. This type of
weathering, known also as disintegration, may be the result of a variety of physical

forces. Frost action, alternate heating and cooling, freezing of water in cracks — all
are the most potent agents of physical weathering. The most intensive physical
weathering occurs under the influence of great gradients of diurnal and seasonal
temperatures. In hot deserts the rock surface may reach the temperature of 60-70°C
during the day and cool to nearly 0°C at night. Physical weathering becomes more
intensive when water gets into cracks and fissures of rocks and creates capillary
tension there. Freezing water increases in volume by one-tenth which produces a
great pressure upon the walls of cracks.

In arid regions the same reaction is caused by soluble salts which crystallize from
their solutions in cracks, fissures and other voids in the rocks. Anhydrite (CaSO,),
combining with water molecules, transforms into gypsum (CaSO,*2H,0) and
increases its initial volume by one-third (33%). Here physics and chemistry go arm in
arm. As rocks on the earth’s surface undergo weathering, large pieces often break
off the rocks. Over a long period of time, the rocks crumble and decay. One can see
the results of weathering at the base of a mountain or on a mountain slope. Pieces
of broken rocks pile up in these areas. These piles of rock fragments are called talus
slopes. During mechanical weathering, rocks are broken into different shapes and
smaller pieces. Sharp and angular rock fragments gradually become smooth and
rounded. Often the pieces break off in curved sheets or slabs parallel to the rock’s
surface. This type of breaking off of rock is called exfoliation. Wind-blown sand
causes mechanical weathering of rocks by abrasion. Abrasion is the wearing away of
rocks by solid particles carried by wind, water, or other forces. In some areas of the
Earth, particularly in certain mountain regions, the rocks are subjected to drastic
temperature changes almost daily. Rocks of high mountain peaks expand, as they
are heated in the day time, and constrict when subjected to freezing temperatures
at night. In rocks with well formed distinct crystals of various minerals, possessing
different coefficients of volumetric and linear expansion, the temperature variations
cause the disintegration of a rock into the grains of the minerals composing it.

As a result of physical weathering, clastic sediments are formed. The solid rock

becomes capable to retain and conduct through itself of water and air. Its surface
area increases very considerably, which, in its turn, creates favorable conditions for
chemical weathering. Chemical weathering, or decomposition, produces a chemical

breakdown of the rock, which may destroy the original minerals and produce new
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ones. Chemical weathering produces rock materials that are basically different from
the original rock. Although chemical changes occur in a variety of ways, the more
common processes of decomposition are dissolution, hydration, hydrolysis,
carbonation, oxidation, reduction, etc. Minerals can be added or removed from
rocks. Most chemical weathering is caused by water and carbon dioxide. Water can
form acids when it mixes with certain gases in the atmosphere. Carbon dioxide
(CO,), which is generally present in air, water, and soils, commonly unites chemically
with certain rock minerals, greatly altering their composition. Substances, produced
in this manner (carbonates and bicarbonates), are relatively soluble and therefore
easily removed and carried away. Carbonic acid (H,COs3) is an effective agent in
attacking such minerals as calcite and dolomite: CaCO3;+H,0+C0O,=Ca(HCO:s),.

In nature carbonic acid is formed when CO, in the air dissolves in rain. This
slightly acidic rain falls to the ground and is able to dissolve certain rocks on or
beneath the surface of the earth. Sulfur oxides are a byproduct of the burning of
coal. These compounds dissolve in rainwater to form sulfuric acid. Rain, that
contains sulfuric acid, is one type of acid rain. It corrodes or wears away rocks and
other materials rather quickly. The solubility of minerals in salt water also increases.
Every increase in temperature by 10°C hastens the rate of chemical reactions 2-2.5
times. This explains a very intensive chemical weathering in equatorial areas of the
globe and their slow passage in polar ones.

The reaction of feldspar with water illustrates the hydrolysis:

KAISi;Og + H,0 = KOH + HAISi;Os.

An acid environment stimulates the reaction of water with minerals and is one

of the most important weathering reactions:
4NaAlSiz0g + 18H,0 + 4H" = Al4(OH)g[Si,010] + 8H,SiO, + 4Na”
albite kaolinite hydrous silica

In the reaction a primary mineral, albite, is converted to kaolin, a clay mineral.
Some clay minerals tend to be resistant to further weathering. A process described
above is sometimes called kaolinization. Chemical weathering of the most abundant

primary minerals (orthoclase, albite, etc.) give birth to a number of secondary
minerals like salts, oxides (hydroxides), and clay minerals. The kaolinite, even though
resistant to further weathering, may be decomposed and disappear from the rock or
soil:

AI4(OH)8[S|4010] + 10H20 = 4AI(OH)3 + 4H4S|O4
gibbsite
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Hydration of minerals (their chemical union with water) produces hydrous
oxides:

2Fe203 + 3H20 = 2Fe203*3H20

hematite limonite
CaSO, + 2H,0 = CaS0O,*2H,0
anhydrite gypsum

Oxidation occurs as oxygen, assisted by moist air, combines with minerals to
form oxides. Rocks and minerals containing iron compounds are especially
susceptible to this type of decomposition. Certain iron compounds (for example,
pyrite) form acids when oxidized:

2FeS, + 20, +H,0 = 2FeS0O, + H,S0,;
12FeS0O, + 6H,0 + 30, = 4Fe,(S0,4); + Fe(OH)3;
2Fe,(S0,)3 + 9H,0 = 2Fe,03*3H,0 + 6H,S0,.

The acid affects the rocks and thereby hastens the process of decomposition.
The joint action of oxidation, hydration, and carbonation is a powerful agent of
weathering of amphiboles and pyroxenes:

4CaFe[Si,0¢g] + O, + 4H,CO3 + 4H,0 = 4CaCO; + 4FeOOH + 8H,Si0;

calcite goethite  hydrous
silica
The weathering of certain primary silicate minerals is very important for the
formation of parent materials and soils. Ferromagnesian silicate weathering may be

represented by the generalized scheme:
(Olivines Pyroxenes Amphiboles)+0,+HFe(OH);+Mg**+Ca**+silica residue.

Soils dominated by these minerals in the fine silt and clay fraction are the
minimally weathered soils all over the world, but mainly the soils of the desert
regions where limited water keeps chemical weathering at its minimum.

Muscovite mica weathering proceeds in the following way:

Muscovite™ = lllite™ > Vermiculite > Smectite.
Biotite mica, much more widespread in nature, yields in the following products:
Biotite™ = Chlorite™#** >Vermiculite > Smectite.

Potassium cation released from micas and hydromicas (illite) becomes available
for plant nutrition.
As to organic or biological weathering, some geologists are still undecided as to

indentifying it among the types of weathering, as its mechanisms, in their essence,
belong to either physical or chemical weathering. Anyway, biological weathering is
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very potent, and soil formation would be impossible without it. The activities of
various organisms promote rock disintegration and chemical transformation of
primary minerals into secondary ones. Tree roots, which frequently grow in rock
crevices, can exert sufficient pressure to force rock fragments apart (root pry). Some
bacteria (Bac. Extorquens) are capable to disintegrate and decompose (dissolve)
feldspars. Lichens exude organic acids and decompose feldspars. The residues are
no less efficient decomposers of aluminosilicates and iron and aluminum oxides.
Some burrowing animals as a rodents, worms, and ants, bring to the surface rock
particles to be exposed to the action of weathering. All these organic activities,
taking place in the masses of disintegrated rocks, signify the beginning of the
primary process of soil formation. The roots and residues of higher plants accelerate
such process very much.

The upper part of the earth’s crust, where the processes of weathering are
noticeably active, is sometimes called the cortex of weathering. The thickness of the

cortex of weathering may be within the range of a few meters to one or two
hundred of meters. It was developing for a different period of time. Some cortexes
(corti) of weathering were developing since very ancient geologic epochs. They
reflect the climatic conditions of weathering, according to which different types of
cortex have been identified. Thus for taiga zone, it is reasonable to speak about
siallitic acid type of cortex, as in these conditions, carbonates of bases have been
leached from the cortex of weathering and it became "unsaturated with bases”.

Kaolinite and mica are two the most widespread minerals among the products of
weathering.

Forest-Steppe and Steppe zones of Ukraine are characterized by siallitic
saturated cortex of weathering, as the carbonates of bases were not leached from
the cortex of weathering and parent materials of soils. Hydrous micas and
montmorillonite clays are widely encountered in them. Calcium dominates among
the exchangeable cations of soils. In humid climate of tropics, the cortex of
weathering becomes enriched with the oxides and hydroxides of iron, aluminum
and other elements. Montmorillonite clays and hydrous micas are not resistant to
weathering under such conditions:

Al(OH),[Si;010] + 10H,0 = 2AI(OH); + 4Si(OH),

pyrophyllite gibbsite hydrous
silica

Even kaolinite decomposes resulting in the formation of gibbsite and silicic acid:
Al4(OH)g[Si,010] + 10H,0 = 4AI(OH); + 4Si(OH),
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Gibbsite is a mineral more resistant to weathering then kaolinite. The loss of
silicic acid by leaching results in the progressive loss of silicon. This type of
weathering is called feralllitic. In arid climates physical weathering dominates as
chemical one is impeded by the lack of water. B.B. Polynov identified a clastic type
of the cortex of weathering in which the products of weathering remain in the place
of their formation. Eluvium of a clastic rock formed from a solid rock is shown in the
following figure (Fig. 14).
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Fig. 14. Eluvial Cortex of Weathering.

Any process of weathering forms the products of two types:
e Removable or soluble products: salts, acids, bases, etc.

e Residual products not removed from the place of weathering and resistant to

decomposition under given climatic conditions.

From the standpoint of soil science, the cortex of weathering is classified into
two types: allitic and siallitic, siallitic being the dominant all over Ukraine, excepting
probably some areas on the southern slopes of the main range of the Crimean
Mountains (our subtropical zone). In tropics and subtropics the cortex of weathering
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is the thickest. Some scientists (including B. B. Polynov) identify the stages of the
processes of weathering which depend upon climate and the composition of original
rocks. According to B. B. Polynov, the stages are as follows:

1) clastic with the dominance of mechanical disintegration;

2) siallitic saturated with the leaching of chlorides and sulfates, and preservation

of a bulk of CaCO;; among the secondary minerals, hydromuscovite, sericite and
moutmorillonite are dominant;

3) siallitic acid, characterized by deep leaching and acid reaction. Kaolinite and
halloysite are the dominant clay minerals, and

4) final allitic (lateritic) cortex, occurring in hot climates with excess or sufficient
humidity. Red-colored bauxites and iron oxides (limonite) dominate here among the
secondary minerals.

It was V. V. Dokuchaev who first paid proper attention to the climatic (and
general geographic) zonality of weathering and connected it with zonality of soils.

2.3.2. Geologic Activity of Wind
Air moves from an area of high pressure to an area of low pressure. Winds are

formed by this movement of air from one place to another. There are two general
types of winds: local winds and global winds. Local winds blow from any direction
and usually cover short distances. Global winds blow from a specific direction and

almost always cover longer distance than local winds. Both local winds and global
winds are caused by differences in air pressure due to unequal heating of the

atmosphere.
During the day, the air over a land area is often warmer than the air over nearby

lake or sea. The air is warmer because the land heats up faster than the water. As
the warm air over the land rises, the cooler air over the sea moves inland to take its
place. This flow of air from the sea to the land is called a sea breeze.

During the night, the land cools off faster than the water. The air over the sea is
now warmer than the air over the land. This warm air over the sea rises. The cooler
air over the land moves to replace the rising warm air over the sea. A flow of air
from the land to the sea, called a land breeze, is formed.

A major land and sea breeze is called a monsoon. A monsoon is a seasonal wind,
as in Arabic it means ‘season’. During part of the year, a monsoon blows from the
land to the ocean. During the rest of the year, it blows from the ocean to the land.
When a monsoon blows from the ocean to the land, it brings in warm, moist air. This
results in a rainy season with warm temperatures and huge amounts of rain.
Monsoon winds are very common in Asia.
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Global winds. Unequal heating of the Earth’s surface also forms large global

wind systems. In areas near the equator, the sun is almost directly overhead for

most of the year. The direct rays of the sun heat the Earth’s surface rapidly. The
polar regions receive slanting rays from the sun, which do not heat the surface as
rapidly as the direct rays do. So temperatures near the poles are lower than those
near the equator. At the equator, the warm air rises and moves towards the poles.
At the poles, the cooler air sinks and moves towards the equator. This movement
produces a global pattern of air circulation. Global winds do not move directly from
north to south or vice versa, because the Earth rotates, or spins on its axis, from
west to east. The paths of the winds shift in relation to the Earth’s surface. All winds
in the Northern Hemisphere curve to the right as they move. In the Southern

Hemisphere, winds curve to the left. This shift in wind direction is called the Coriolis
effect due to the rotation of the Earth. At the equator (0° latitude), surface winds
are quite calm. These winds are called the doldrums. Any winds that do form are
weak.

Meteorologists and weather observers use a wind vane to determine the
direction of the wind on the Earth’s surface. A wind vane points into the wind. An
anemometer is used to measure wind speed, which is expressed in meters per
second.

Air pressure has a great effect on the weather. An area of low pressure that
contains rising warm air is called a cyclone. In a cyclone, cooler air moves in to take
place of the rising warm air. The air currents begin to spin. Winds spiral around and
into the center of the cyclone. The winds move in a counterclockwise direction in

the Northern Hemisphere. Cyclones usually cause rainy, stormy weather.

A high-pressure area that contains cold, dry air is called an anticyclone. Winds
spiral around the out from the center of an anticyclone. In the Northern
Hemisphere, the winds move in a clockwise direction. The weather caused by
anticyclones is usually clear, dry, and fair.

A hurricane is a powerful cyclone (a low-pressure area containing rising warm
air) that forms over tropical oceans. Hurricanes that form over the Western Pacific
Ocean are called typhoons. The rapidly spinning rising air forms a doughnut-shaped
wall of strong winds, clouds and rainfall. Inside the wall, the air is calm. This calm
center is called the eye of the hurricane. Outside the eye, winds may reach speeds
between 120 and 320 kilometers per hour (33-89 meters per second). A typical
hurricane lasts about 9 days.
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Tornadoes are also incredibly destructive. A tornado is a whirling, funnel-shaped
cloud. It develops in low, heavy cumulonimbus clouds. The air pressure at the
bottom of the funnel of swirling air is extremely low. When this low-pressure area
touches the ground, it acts like a giant vacuum cleaner. Luckily, the diameter of an

average tornado is only about 0.4 kilometer. The length of a tornado’s path varies,
but it averages 6 kilometers. A tornado in Nebraska tossed a 225-kg baby grand
piano almost 400 meters across a corn field!

Geological work of winds takes place in all climatic zones but under the following

conditions it is the most intensive:

e arid climate with evaporation 6-10 times greater than precipitation;

e scarce vegetation cover with weak roots;

e intensive physical weathering producing much clastic material, and

e constancy of winds.

So the deserts and semideserts are the most susceptible areas for destruction by
the wind. Such areas are about 20% of continental area.

The destructive activity of the wind is when it wears land away. Wind is the most

active agent of erosion in deserts; in plowed fields, and on beaches. In these places
loose material is exposed at the earth’s surface. This loose material can easily be
picked up and carried by the wind. Wind erodes the earth’s surface in two ways.
Wind removes loose materials such as clay, silt, dust, and sand from the land. This
type of wind erosion is called deflation. Wind erosion is usually considered a
problem of dry land regions, but humid area sandy soils (our Polissya), muck soils
(our overdried peats), and fine-textured soils, that are laid bare, can suffer severely
from soil drifting. Soil carried by the wind by suspension (particles less than 0.05 mm
in diameter), saltation (0.05-0.5 mm), and surface creep (larger than 0.5 mm). Wind

erosion damage includes loss of soil, textural change, nutrient and productivity loss,
abrasion, air pollution, and_sedimentation. Annual soil losses higher than 700 mt/ha

have been estimated for highly erodible, bare soils. The particles often act like a
sandblaster, cutting and polishing rocks. This type of wind erosion is called abrasion.
Wind has power to detach and transport soil grains. After transportation, particles

and aggregates come to rest short or long distance from their origin. Detaching
capacity of wind is directly proportional to the square of its velocity. Transporting

capacity of wind is related to the third power of its velocity. The relationship
between amount of soil removed from a unit area (the carrying capacity of the
wind) appears to be proportional to the fifth power of its velocity. There is also an
eolian transfer of soluble salts from salted areas to unsalted ones. The greatest
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concentration of solid material carried by the wind is in a layer of air not higher than

2 meters from the surface.

In many desert regions wind erosion forms wind caves by wearing away less
resistant material. Sometimes wind erodes desert sands down to the depth where
water is present. With water available on the surface, trees, shrubs, and grasses
grow. Then a green, fertile area within a desert, called an oasis, forms.

In desert areas and along shorelines, wind blown sand is often deposited near
rocks and bushes. Wind flowing over these deposits is slowed down. More sand is
deposited. The mounds of sand continue to grow to form sand dunes. A sand dune
is @ mound of sand deposited by wind. They vary in size and shape:

wind direction

sand avalanches

Barchan Dune dune movement

A. Movement of sand dune (from Wikipedia)
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crescentic dune complex dune parabolic dune

longitudinal dunes transverse dunes chain of dunes

B. Aeolian dune shapes (by “Skull the Kepper”, from www.geocaching.com)
Fig. 15. A: Movement of sand dune; B: Aeolian dune shapes.

The side of the dune facing the wind has a gentle slope. Sand is carried up the
gentle slope, or windward side, to the crest, or top of the dune. At the crest, the
sand is dropped by the wind. The sand slides down the other side. This side of the
dune, the slip face, has a steep slope. As the wind blows, sand dunes move across
the area where they form. They move in the direction in which the wind is blowing.
Sometimes they cover buildings, farmlands, and trees.

Some fine particles of silt are not deposited in dunes. They are deposited by the
wind many kilometers from where they were picked up. Loess is formed. Loess
deposits are very fertile. They are light in color and may be many meters thick.
Three quarters of Ukrainian soils’ parent materials are represented by loess and
loess-like loams. They are ideal parent materials. Among eolian forms of
topography, in addition to dunes and barkhans, there also are loess plateaus and

eolian knolls (small hills). Moving sands can be stopped by planting grasses with root
systems well developed in a horizontal plane. The plantings of pine are also used for
the purpose.

2.3.3. Geologic Activity of Precipitation

Atmospheric precipitations that reached the surface of the earth are distributed
in the following way. Part of them, being evaporated comes back to the
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atmosphere; another part, having infiltrated through permeable rocks, is
accumulated on the first from the surface water-tight layer forming ground water.
The rest of precipitation is accumulated in temporary streams without beds which
run along the lines of flow and join each other in larger flows with beds — channels
and creeks which form what is called a river runoff. Streams cut valleys in all but the
most arid landscapes. Most streams are integrated into river systems that carry
runoff water to the ocean.

Sheet runoff. It is also called horizontal transfer of water. Surface runoff is when

water flows over ground to rivers, lakes or the sea. Geological work of sheet runoff
becomes more evident as the slope is steeper, rocks are more susceptible to
detachment, and more rain or snowmelt water runs along the slope. Sheet erosion
is the removal of thin layers of soil over the whole soil surface. Raindrop splash and
surface flow cause sheet erosion, with splash providing most of the detaching
energy and flow providing most of the transporting capacity. Sheet erosion is

insidious because it is difficult to see. The first sign is when subsoil color begins to
show, as cultivation mixes surface soil and subsoil. It is most apparent on upper
portions of convex slopes. Gentle rains and light snows evaporate, sink into the
ground, or are used by plants and animals. Heavy, fast downpours become runoff
when the ground is saturated by long periods of rain, further precipitation becomes
runoff. Steep slopes shed water quickly. Gentle slopes or flat areas hold water in
place until it evaporates or sinks into the ground. Impermeable rocks cause rapid

runoff.
Rill erosion. Rills are channels small enough to be obliterated by normal tillage

operations. Rill erosion occurs when runoff water concentrates in streamlets as it
passes downhill. This water has greater scouring action than sheet flow. It removes

soil from the edges and beds of the streamlets. Rills frequently occur between crop
rows and along tillage marks.
Gully erosion. Erosion channels too large to be erased by ordinary tillage are

called gullies. The channels in deep loess soils are U-shaped with almost vertical
walls. But V-shaped channels often develop where friable surface soils overlie
cohesive, tight, nonerodible subsoils. Gullies are active when their walls are free of
vegetation, and inactive when they are stabilized by vegetation.

Streambank erosion. Removal of soil material from the sides of running streams

is called streambank erosion. It is usually greatest along the outsides of bends.
Streams that are “unloaded” pick up sediment from their beds and banks.
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Water pollution and sedimentation are the work of erosion too. Soil sediment is

the greatest single pollutant of surface water. The muddying of streams and lakes
reduces their value for home and industrial use. Rich bottomland soils owe their
productivity to sediments eroded from the surface of upland soils. But they can be
harmed if subsequent erosion deposits subsoil or other less productive material on
them. The accumulation of sediment in the lower part of a slope is called deluvial
process. Deluvium is a genetic type of continental deposits with slightly identifiable
layering. In mountain regions, it is rich in clastic material. Speaking about erosion
and sedimentation, it is necessary to remember that these processes may be natural
or geologic and accelerated, or instigated by the activity of man. The normal rate of
erosion under natural vegetation is in approximate equilibrium with the rate of soil
formation. Accelerated erosion reduces the amount of plant growth a soil is able to
support. A shallower soil, with its reduced capacity for storing water and plant
nutrients, cannot match the productive potential of the uneroded soil.

Speaking about geological work of rainfall, it would not come amiss to
remember a simple formula proposed by V. V. Slastikhin in 1964

A=, (1)

where A is the force or work of a rainfall, i is its intensity in mm per minute, and
t — its duration in minutes. What can be expected from a rainfall is given in the
following table.

Table. 4. Rainfall Classification

Type Strength (A) Expected Effect
. No runoff; slight soil detachment
Drizzle <1 . : .
owing to raindrop impact
Ordinary 1-3 Slight runoff; small soil loss
Moderate 3-5 Noticeable runoff; moderate soil loss
Water fl the sl ; seri il
Average downpour 5.7 ater flows oh es gpes, serious soi
loss; small gullies possible
Severe downpour 7.9 Flc?odlng of plalnlan.d valleys, severe
soil loss, severe gullying
Floods on small rivers; catastrophic soil
Very severe downpour 9-12 . . .
loss and gullying; active landslides

Rainfall water in alliance with the force of gravity on mountain slopes can cause
catastrophic phenomena of mass movement, including talus slopes and piles,
landslides, and mudflows. The assistance of rains may contribute to the growth of
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landslides, which are rapid movements of large amounts of material. Sometimes
large blocks break away from steep mountain slopes. Landslides often follow long
periods of rain. The gradual loosening of a mass of rock takes a long time. Landslides

can carry millions of metric tons of rock to lower elevations causing tremendous
damage. Mudflows also are rapid movements. These flows occur after heavy rains.

When rains do come, the fine-grained particles wash down the slope. The mudflow
follows old channels down to the valley below. There are thick mud spreads out into
a cone-shaped mass. A mudflow can move whatever is in its path, including houses
and farms. Some downslope movements are extremely slow. Creep is this kind of
mass movement. Soil moisture helps to lessen the resistance of the fine particles to
gravity.

2.3.4. Geologic Activity of Rivers

Rivers are the most important erosional agent because they affect so much area.
Landscapes are largely the work of running water, even in desert regions. River
systems begin when runoff follows the same channel rainfall after rainfall. Runoff

follows the shortest path downward unless the material is too resistant for it to cut
through. The flow then turns aside and cuts a path around the resistant obstacle.
Once established, the same path is used by all later runoff. Small rills form first. They
join to form creeks, which join to form streams, which join to form the main river.
The network of channels is a drainage system. Many drainage systems have a

treelike pattern. Rivers usually begin in mountains or hills. The downward pull of
gravity gives them energy to cut away the land and form valleys. The larger streams

are called tributaries. They flow into the main river. The main river is like the tree
trunk. In time the main river empties into another river, a lake, or an ocean at a
place called the mouth of the river.

The area, drained by a main river and its channels, is called a drainage basin. The

land, that separates one drainage basin from another, is called a divide. But as the
drainage system of a river develops, the divide becomes narrower. Sometimes a
drainage system will cut through its divide and steal runoff from another drainage
basin.

A drainage system grows larger by deepening its channels, widening its valleys,
and adding more rills and gullies to its system. The river grows larger and faster, and
the river valley grows deeper and wider. In time the river reaches a balance
between the processes of erosion and deposition. One square kilometer of
Ukrainian territory contains 0.25 kms of rivers. Of rivers over 10 kms in length there
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are 4000, of those over 100 kms — about 120, of those over 500 kms — eight. The
largest rivers in Ukraine are named in the following table (Table 5):

Table. 5. The Largest Rivers of Ukraine

Name of a ) Length (km) — Area of Basin,
River Enters into Total Wlthm thousand km?®
Ukraine

Dnieper Black Sea 2201 981 504.0
Southern Bug | Black Sea 806 63.7
Psyol Dnieper 717 22.8
Dniester Black Sea 1362 705 72.1
Siversky bon 1053 672 98.9
Donets

Goryn’ Prypyat 659 22.7
Desna Dnieper 1130 591 88.9
Inguletz Dnieper 549 14.9
Vorskla Dnieper 464 14.7
Sluch Irpin’ 451 13.8
Styr Prypyat 494 445 13.1
Western Bug | Vistula 831 401 73.5
Teteriv Dnieper 385 15.3
Sula Dnieper 365 19.6
Ingul Southern Bug 354 98.9
Ros’ Dnieper 346 12.6
Samara Dnieper 320 22.6
Prut Danube 967 272 27.5
Tissa Danube 966 201 153.0
Seim Desna 748 250 27.5
Zbruch Dniester 244 34
Oskil Siversky 472 177 14.8

Donets
Danube Black Sea 2900 174 817.0

Erosion basis for a given river is the level of the main river into which a given

river falls. General erosion basis for any river is sea level. The Dnieper’s erosion basis
is the level of water in the Black Sea. Life cycles of rivers are characterized by certain

stages of their development in time. An immature river, or young river, is a river in

an early stage of development. An immature river cuts a valley with steep sides into
the earth’s surface. The valley is typically V-shaped, and river covers almost the
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entire valley floor. The waters of an immature river flow very quickly over rocks,
producing rapids (noporu). Waterfalls are also commonly found in immature rivers.
A river that has been developing for many thousands of years is called a mature
river. Because of continuous erosion, the rapids and waterfalls have largely
disappeared. The river has also eroded much of the valley floor. The valley walls are
far from the river itself. The floor of the valley is broad and flat. The course of the
river has also become curved and winding, forming loops called meanders. A river

reaches a balance between the processes of erosion and deposition. Then a river

has a profile of equilibrium along its length. Drainage systems may be changed by

any of the following:

e uplift or lowering of the headwater area where the river begins;

e uplift or lowering of the sea level;

e change in climate (the famous Russian geographer A. |. Voyeikov: “Rivers are
always the product of the climate”), and

e wearing down of the divide (Bogoain).

Speaking about the geological work of rivers, it is necessary to remember that a
drainage basin works as a system (Table. 6):

Table. 6. Drainage Basin System

INPUTS FLOWS STORAGE OUTPUTS
Precipitation Surface run-off Channel storage River run-off
Channel flow Ground water storage | Evaporation
Infiltration Short-term storage Transpiration
Through flow Soil moisture storage
Percolation Vegetation storage
Ground water flow

How the Drainage Basin
works as a System

soil -
{ Surface runoff
oroverland

River
Rock— X channel

\
Groundwater
flow

Key EBINPUT STORAGE @BFLOW @OUTPUT
Fig. 16. Drainage Basin as a System (by Wendy Yin, Himani Deshpande, Momtafin Khan).

Percolation
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Water enters the drainage basin as precipitation. It goes through a series of

flows and stores before reaching the seas as river run-off. The time between rain

and river runoff varies with the basin characteristics (shape, size, rock type,
vegetation). Energy is put into the system by the steepness of the hills/valley and
the force of gravity. Water moves rock and soil material through the drainage basin
system. It’s picked up when the water energy is high and deposited when the energy
is low.

A river basin has several important features:
1) The source is where a river starts, usually in an upland area.

)
2) A tributary is a stream that joins the main river.
3) A confluence is the point where two rivers join.
4) The mouth is where the river flows into the sea.
5) An estuary is where the mouth is low enough to let the sea enter at high tide — this
causes deposition, forming mud and sand banks which the river flows between.
A stream or river carries a large amount of sediments. In places where the

stream or river slows down, sediments are deposited.
Oxbow lakes (cTapunyHi o3epa). Sometimes the meanders of a river form large, U-

shaped bends. Erosion and deposition along such bends can cut these bands off
from the river. A small lake called an oxbow lake is formed (oxbow = spmo gns

BONA):
(a) = / { Sed}mgnts deposited (b) \ | amr Banks liable
Current :j [ o msns!e gibend \ g to erosion
strongest —c\| SR 7, = Gty 7 Newer
on outside ':f//‘ A G = \‘/ /_\ i deposits of
of bend e \ = Z) o A = sediment
SERFIETS |\~ N \Z
1 Gap between 7= 1= W Older
Rapid # iz two arms of ‘ = R deposits of
erosion of | = river narrowed j;‘ll_’/if il = sediment
gﬂrt;';;:gf it (S it \(\\ VA AN /™ Strongest
N /> ) ) Y e RS
bends \\\ [\ ’ ~ _‘1 ‘; \ \_{, current
7 e TN 221 By AN
:‘.1 I ‘?;{ ‘ e,
-1 | ]
), (A A
© &/ River still (d) s 0ld path of river
3/ {111, flows around = now dry
Y ~_/“meander =] 3,
River % ; Fa Gy ; Current =\
breaks =iy \ \ \ \ & along = ‘
through = =\\' /" B VA= straighter  —{ |
narrow gap — ":\" = gath s || ] |
whenin _/ ) A & ecomes | f
flood Sy ‘/\ v Y dominant =y |
Z) k ; :\-/ S =40 “Abandoned  Figure 1.13
=1 s =4 meander or
- :‘ ZI4 | R The development of

an oxbow lake

Fig. 17. An oxbow lake formation (by Weebly, from www.acege
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Alluvial fans. When a river leaves the mountains and runs out onto a plain, its
speed decreases. Nearly all the sediments the river is carrying are dropped. They
build up to form an alluvial fan. The sediments spread out from the river channel in
a fan like shape.

Deltas. Large amounts of sediments, deposited at the mouth of a large river that
flows into a lake or an ocean, form a delta. A delta forms because the river’s speed
decreases as it runs into the body of standing water. The river cannot carry as much
material when it is moving slowly. So it deposits much of the sediments. Sediments
build up above the river’s water level.

FLOOD PLAINS & LEVEES. On both sides of a mature river or stream, flat areas
called flood plains form. After heavy rains or spring thaws, the river overflows its

banks and covers the floor plain. Sediments are deposited on the plain. Repeated
flooding causes sediment to build up. Flood plains have fertile soils. Sediments
deposited on a flood plain usually consist of fine particles. The larger particles, which
settle first, are deposited along the sides of the river. They form a ridgelike deposit

called a levee (npupycnosuii Ban). Rivers flow in linear features called valleys.

Tectonic types of the valleys are given in the following figure:

Fig. 18. Tectonic Types of River Valleys: a — synclinal; b — anticlinal; ¢ —
monoclinal; d — along the line of fracture; e — graven-valley.

The elements of a river valley are: riverbed, floodplain, slopes, terraces and
banks. Terraces are formed when the base level of a stream changes and its channel
is cut too deep for normal flooding to occur. The stream may have cut through a

barrier to a lower base level, or uplift may have increased the slope of the stream
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channel. Either cause leaves the former flood plain higher than the stream and its
new floodplain. The older floodplain becomes a terrace, but its origin is recognizable
by its flat surface bordered by a slope down to the new floodplain on one side and a
slope up to another terrace or the upland above on the other side. Terraces are
subject to erosion as the new floodplain enlarges and to dissection where tributary
streams cross them. Types of river terraces are given in the following figure:

(221 B2

Fig. 19. Types of River Terraces:
a — erosional; b — accumulative; ¢ — plinth-like (yokonbHi); P — riverbed; N -
floodplain, |, Il, Il — above the floodplain terraces; H1, H2, H3 — erosion cycles, 1 —
alluvial deposits; 2 — bedrock

A valley cross profile has three stages:

1) upper: near to the river’s source the valley has a narrow floor and steep sides,

i.e. is V-shaped.
2) middle: lower down the river, the floor is wider and the sides are more gently

sloping.
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3) lower: when the river is near to the sea it has a wide floor and gentle sides:

Long and cross profiles on a TYPICAL river

UPPER MIDDLE LOWER
VALLEY REACHES REACHES

Vertical erosion

Characteristics ; : Channel is deeper and
with Hydraulic | wider Channel is atits widest and
& processes action, abrasion & et ) s e ikl
attrition dominant! Vertical erosion pest. Y

decreasing in
importance, more
lateral erosion and
deposition.

Deposition more important
than erosion

processes

Traction and
saltation at high
flow

Fine material deposited

Large amount of load but the

Suspension is the SO
size is very small and very

Load size is large main transportation

400 and angular type rousiier) LONG profile is the
= T |V shaped valleys o T e e change in gradient with
> and less angular distance. It starts off
2 300 o] steep but reduces with
P distance from source,
o 200 and has a CONCAVE
w profile
o
> 100
o
=
«©
=« 0
o
D
< -100

Increasing distance downstream
Source Mouth

Fig. 20. Three Stages of Valley Development from Upper to Lower Reaches.

A river’s long profile varies as it moves downstream:

1) In the upper stage, the river’s gradient is quite steep.
2) In the middle stage it is more gentle.

3) In the lower stage it is very gentle and almost flat.
Rivers erode in four main ways, called erosion processes:

1) Corrasion or abrasion is when large pieces of bedload material wear away the

riverbed and banks — e.g. in floods. If material collects in a dip, it swirls round
forming a pothole.
2) Attrition means the rocks being transported are eroded. The sediment

particles knock against the bed or each other and break apart, becoming smaller and

more rounded.
3) Hydraulic action is when the force of the water wears away at softer rocks

such as clay.
4) Solution or corrosion is when chalk and limestone dissolve in water.
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River erosion is headward, vertical or lateral;

1) Headward erosion is when the furthest point upstream, the valley head, is
worn away by rainwash, undercutting or soil creep. Soil creep is the slow movement
of soil downhill over time.

2) Vertical Erosion deepens the valley as the water force grows — common in the

upper stage when the gradient is steep.
3) Lateral Erosion widens the valley, combined with weathering of the sides —it’s

common in the middle and lower stage valley.

The movement of eroded material — transportation of the load occurs in four
ways:

1) Suspension is when fine silt and clay material is carried along the water itself.

2) Saltation is when small sand-sized particles are bounced along the riverbed.

3) Traction is when larger materials like pebbles or boulders are dragged along
the bed.

4) Solution is when eroded material dissolved in the water is carried away.

Deposition is when a river dumps its load. Material is deposited where the flow

of the river is slower, forming what Ukrainians call npupycnosi Bigaminunu.

Interlocking spurs are caused by erosion. They are ridges produced when a river in

the upper stage twists and turns round obstacles of hard rock along its downward
pathway. These ridges interlock with one another like the teeth of a zip fastener.
Waterfalls are found at steep parts of the river bed. A layer of hard rock won’t
erode very easily so when the river reaches it, any softer rocks on the downstream
side are eroded more quickly. The river bed gets steeper where it crosses the hard
rocks and a waterfall forms. Waterfalls can form when the hard rock is horizontal,
vertical or dips upstream. At the foot of the waterfall the water wears away the
softer rock to form a plunge pool (Bogob6inHmin Konoaeub). Rapids (noporu) are a
series of little waterfalls. They are found where there are alternative bands of hard

and soft rock.

Estuaries are funnel-shaped river months. Most are found where an existing

river has had its lower reaches flooded after changes in sea level. Deltas form when

a river deposits silt too fast for the sea to remove it — because the sea is tideless or
the load is too big. There are three main types of deltas (Fig. 21).
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Fig. 21. Main Types of Deltas.
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Now it is time to speak about the combined geological work of rainfalls and the

rivers. In such a combination they may cause floods. Using the storm hydrograph,
such major hazards can be predicted. The graph shows the change in the river
discharge (volume of water flowing per second) over a short period of time after a
storm. It is used to work out when a flood might be coming.

Discharge rises quickly due
to rapid surface run- off and
reaches its peak just 10 hours

Run-off / discharge after peak rainfall
(cumecs)
Peak discharge
50

Risin
Precipitation causes limb ? : Discharge falls at a slower rate due
the discharge in the 1 to base flow increasing. Base flow
river to rise ' oY is the normal flow of water in the
30 ' 1 \ river derived from throughflow and
f:‘::‘a“ 4 ! ::::”9 groundwater flow
E 20 : sw'::g . Normal (base)
£ 50 Lag time : un N flow
. 40 : /
'i 30 10 ! oy~ o2 z
i 20 w L 'L - [ ]
o 10 ®> - =
cE 0 \ > 1
1200 \Approach 0000 1200 0000
Segment
Day 1 —— Day 2

Base flow slowly declines as
throughflow declines

Fig. 22. Change in the river discharge over a short period of time after a storm.
1) The base flow is the normal discharge of the river.
2) The rising limb represents the increase in discharge after the storm.
3) The falling or recession limb represents the decrease in discharge.

4)The lag time is the amount of time between peak rainfall and peak

discharge.

The river is likely to flood when the graph is steep. This is because there is a
rapid increase in discharge over a short period of time and the river system is unable
to transport it away.

Floods can cause extensive damage. Previous flood data can be analyzed to
predict when a new flooding is going to hit. Changing land use can help reduce
flooding. Afforestation of bare slopes in the upper reaches reduces run-off. Lag time
is longer with less run-off or river discharge. Leaving land up river as pasture gives a
continuous plant cover, reducing runoff. Scientists believe that the severe flooding

we’ve had in recent years could be an effect of global warming.
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2.3.5. Geologic Activity of Seas and Oceans

Two thirds of Earth’s surface is covered by the ocean. The ocean is a continuous
body of salt water that covers a little over 70 percent of the Earth’s surface. Large as
the ocean is, it is only part of the hydrosphere. Ocean water has a number of
different elements in solution. Some substances are carried to the ocean by rivers
that flow over weathered rock. As it was already stated, the ocean is a store house
of dissolved minerals. Salt, magnesium, and bromine are three products extracted

from seawater.

The power of the sea is also tremendous. Waves are energy movements through
water caused by the wind. They are the main way in which the sea erodes,
transports, and deposits material. The energy of a wave is determined by its height,
which is the distance between its trough and crest, and length, the distance

between two crests:
The geologic works of the wind and the sea cooperate to produce waves:

Flg 23. Sea Wave Parameters (from “Highways in the Coastal Environment: Second Edition” by FHWA).

Wave height and length vary according to the speed and length of time a wave
has been moving, and the fetch — the distance of open sea over which the wind has
blown. Near the coast, waves slowdown in the shallow water, causing them to
“break”, becoming unstable. Seawater moving up to beach is swash, and moving
back to the sea is “backwash”. Waves can be constructive and destructive:
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Fig. 24. Constructive and Destructive Waves (by J Harkness).

Constructive waves operate in calm weather and are about a meter high. The

swash is strong and erosion is limited. They are involved with the transport and
deposition of material creating landforms.
Destructive waves operate in storm conditions and are about 5 to 6 meters high.

The backwash is strong and there is a lot of erosion.
The sea erodes the coast in five ways:

1) Hydraulic action — lots of sea water crashes against the land, and air and
water are trapped and compressed in rock surface cracks. When the sea

moves away again, the air expands explosively weakening the rocks, enlarging
the cracks and breaking pieces off.

2) Corrasion is very effective and is caused by broken rock fragments
battering the land, cliffs, etc., and breaking off other pieces of rock.

3) Attrition occurs when rock fragments grind each other down into
smaller and smoother pebbles, shingle, and finally sand which is later
deposited as beaches, etc.
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4) Corrosion involves chemical action of sea on rock. If the rocks is

limestone, it dissolves in the sea water — some sea salts can also react with
certain rocks and cause them to rot.
5) Wave pounding — the “battering ram” action of the weight of the

pounding waves.
Waves can move material along the coast:

1) Longshore drift happens when waves break at an oblique angle to the

shore (not right angles) due to the prevailing wind.
2) This means that each wave pushes material along the beach a bit more.
3) Features can be formed by this process.
Wave erosion forms many coastal features over long periods of time. Rock

erosion forms cliffs. Waves erode rocks along the shoreline by hydraulic action,
corrosion, corrasion and pounding. A notch is slowly formed at the high water mark
which may develop into a cave. Rock above the notch becomes unstable with
nothing to support it, and it collapses. The coastline can retreat over many years as
this process continues to form a wave cut platform. White Cliffs of Dover may be a

good example. The actual size and angle of the cliff will depend on the local rock and
its hardness, etc.

Eroded hard and soft rocks form headlands. In Ukrainian they are Buctynu
naneko B mope. If there are alternate bands of hard and softer rock in the coastline,

the harder rocks take longer to erode than the softer rocks. The hard rock will be
left jutting out forming one or more headlands, usually with cliffs. The softer rocks

will be eroded to form bays. The bays will usually slope more gently inland, creating
room for a beach to form.

Caves, arches, and stacks can also be formed. A crack or rock weakness in a
headland can be eroded. This forms one or more caves. Further erosion enlarges the
cave and it breaks through the headland forming an arch. The roof of the arch is
often unstable and eventually collapses leaving a stack or series of stacks:
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Fig. 25. Caves, Arches, and Stacks Formation.

Certain coastal landforms, like the beaches, are formed by deposition. Beaches
are found on coastlines where eroded material in the sea has been deposited e.g. in
bays between headlands. They vary in size. Storm beaches are ridges of boulders at

the landward side of beaches caused by heavy seas piling up material at the high-
tide mark. Spits (kocu, aKk Ty3na) are long beaches formed by longshore drift. Spits

are sand or pebble beaches sticking out to sea, but joined to the land at one end.
They tend to be formed by the process of longshore drift. At the spit end there are
usually some hooks or reserves formed by occasional strong winds from another

direction. Barrier beaches are found where a spit extends right across a shallow bay.

The water behind it is left as a lagoon which may slowly become a marsh. As these
elements of geology are to be of use to the students of ecology, we shall now speak
on ocean life. Living things abound in the oceans. Marine animals are classified b
their habits and by the part of ocean water which they use.

Plankton are plants and animals that float at or near the ocean surface.
Plankton, for the most part, are microscopic creatures. Diatoms are tiny one-celled
plants, a type of algae. The diatoms may cover the ocean surface and form a great
blanket of food. Marine animals move in quickly and the food is used up.

Nekton include all swimming forms from tiny herring to huge whales. Nekton
can move from one depth and place to another. Some nekton prefer cold water,
others like warm regions. Most flesh-eating nekton prefer cold water.
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Benthos are bottom dwellers. They live in shallow water where sunlight reaches
the seafloor. Benthos include coral, snails, starfish, clams, and other animals that
live on the seafloor.

Both oxygen for animals and carbon dioxide for plants are dissolved in seawater.
Buoyancy ['boiansi], or upward lift, of water makes movement in ocean water very
easy. Plants are the base of the food chain in the ocean as they are on land. Ocean
plants can live only as deep as sunlight reaches. Most plants belong to the floating
plankton. Scientists have found life even at the bottom of the Marianas Trench
which is nearly 11 kms deep.

Sea level is the elevation at which land and sea meet and is defined as zero
elevation. Without consideration of tides and waves. All ocean depths are below sea
level. Most land elevations are above sea level. In a few places even land elevations

are below sea level.

The shoreline is the boundary where land and sea meet. The shore zone includes
the area lying between high and low tides. Near the shore, materials are in constant
motion. The coast is a strip of land lying between the shoreline and the first big
change in the land surface. The width of the coast may be from several meters to
several kilometers. It depends on the topography or relief of the land. The coast

belongs to the continent, but it is linked to the sea by contact with ocean waves and
currents. The continental shelf is a relatively flat part of the continent which is

covered by seawater. The shelf lies between the coast and the continental slope.
Water from the ocean basin covers the shelf. The continental slope is the steeply

sloping surface between the outer edge of the continental shelf and the ocean basin
proper. If you think of the ocean basin as a pan, the continental slope becomes the
side of the pan (ckoBopiaka).

The abyss [9'bi:s] is the deepest part of the ocean basin. Its average depth is
about 4572 meters. Abyssal plains are almost level areas in the deepest part of the

ocean basin. Many volcanic peaks rise from the plain. Single or in chains. Some
volcanoes rise above sea level to form islands.
The mid-ocean ridge is the longest feature on the earth. This underwater

mountain chain rises from the abyssal plain. Some of its peaks form islands, but
most of the chain is covered by water. The ridge is 482 to 4830 kms wide. The mid-
ocean ridge extends from Iceland in the Atlantic Ocean to midway between Africa
and South America in the South Atlantic. It goes around Africa, into the Indian
Ocean, and then across the Pacific northward to the North American continent. The
chain is about 75000 kms long. A rift zone, or central crack, is present throughout
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the length of the chain. This rift zone has many earthquakes, and volcanoes are
common.

Trenches are gashes cut into abyssal plain. The Grand Canyon is about 1.6 kms
deep. The Marianas Trench, of which it was mentioned here, is at least 11 kms deep.
It is in the western Pacific Ocean.

Sediments cover the ocean floor almost everywhere. Deep ocean sediments

contain meteoric dust, volcanic ash, some organic matter, and windblown dust.

Qoze [uz] (nMnkuii myn, TBaHb) is the most characteristic deposit of the abyss.
Between 4000 & 8000 meters, the deposits are mostly fine clay. Between 600 &
4000 meters, carbonate matter can survive. Shells and diatom coverings cover about
half the ocean floor.

Coral reefs are calcite deposits built in shallow water on the edge of the
continental shelf. The reef structure is started by coral organisms that live in
colonies. Once the reef structure begins, many other forms of life join the colony
and add to the reef growth. Conditions favoring such growth are water
temperatures between 20 and 26°C. The water needs to circulate freely in order to
bring food to the stationary animals. The water also must be shallow enough, so
that sunlight reaches the reef. Reefs are common around volcanic islands in the
South Pacific. Many of the volcanic islands slowly sink below sea level. The coral
reef, however, continues to grow upward towards the sunlight. This kind of coral
island is known as an atoll. The ring of coral surrounds quiet water or a lagoon. At
some depth below the lagoon the former volcanic island is submerged:

1
i
!

Volcanic Island

Barrier Reef

Fig. 26. Deep Sea Deposits (Source: http://pubs.usgs.gov/fs/2002/fs025-02/).
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Ooze is red-colored clay in Ukrainian understanding. It may contain concretions
of reduced Mn, Fe, S,, Co, Ni, Cu, Pb, Zn, Mo, V, La, etc.

2.3.6. Geologic Activity of Lakes and Bogs

Freshwater lakes all over the globe contain about 125*10° km® of water (Pleiss,
1977). It is only 0.009 and 0.008 percent respectively of total volume of water on
Earth. Somebody was quite right in calling the lakes, and ponds, and pools the oases
in the landscape. Total area of the lakes is about 2.7 min km?® which makes 1.8
percent of the global terrestrial area.

So the lakes are the reservoirs of water on the surface of the continents which
are not directly connected with the seas and oceans. The lakes are found at
different altitudes, from about -400 to over 5000 meters. Their size and area differ
very much from less than a square km to 31 thousand km® (Baikal) or even 395
thousand km? (Caspian Sea). The depths also differ: Baikal’s is of 1741 m, whereas
Elton’s is only 0.8 m

Lake basins may arise as a result of internal or external dynamics processes.
Some are the depressions plowed out by the glaciers and partitioned by moraine
ridges. Some lakes formed in tectonic grabens, like Baikal, Issyk-Kool, Victoria, etc.
Karst phenomena may also lead to the formation of lakes, as well as the craters of
extinct volcanoes. Such lakes are found in Kamchatka or in Armenia. Lakes may also
be formed within the flood plains of river valleys (oxbow lakes) and in the deltas.

About 20 thousand lakes, of which over 7 thousand are over 0.1 km? in area, are
found in Ukraine. More and more men-made lakes (the reservoirs) appear on Earth.
Some lakes are locked reservoirs with standing water (Caspian Sea, Aral, Balkhash,
Issyk-Kool, etc.). Some are with alternating regime and some — with flowing water
(river lakes), like Ladoga, Onega, Baikal, etc. Some, with underground flow (like
those formed in karst), are called blind. The lakes may be fed with atmospheric
water and with ground water. By the chemical composition of their water, the lakes
are fresh-water (water salinity less than 0.1%) saltish (0.1-3.5%), and salty (>3.5%).
Flowing-water lakes are, as a rule, fresh-watered especially so in humid climates.
Onega’s water contains only 0.03% of soluble salts. Standing-water lakes are the
most salty.

Geologic activity of the lakes can be classified as destruction, transfer and
accumulation of sediment material. Destructive or ruining activity of the lakes is like
that of the sea but much smaller. The same is the work of the waves and small tides.
Large lakes (Caspian, Aral, Baikal, Onega) have large waves — up to 2-3 meters in
height. Their abrasive activity may be very great.
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Accumulating or collecting activity of the lakes depends on their water regime,

water salinity, size, climate and topography. Mechanical, chemical, and organic
sediments form in the lakes.

The sediments of fresh-water lakes have mechanical and organic origin. The
sediments of salt ones — a chemical origin. In the zone near the banks — pebbles,
gravel, and sand accumulate. Further from the banks, there are found the
accumulations of clay and lake silt, or marl. As the lake starts overgrow with
vegetation, organic silt — sapropel — forms in the central part of it, whereas near the
banks, there form the accumulations of peat. With time, sapropel subsides and
becomes a compacted fossil rock, a sapropelite.

The lakes formed by the glaciers have the alternating layers of sandy and clay
deposits (bandied clays).

Chemical sediments dominate in salt lakes. Of soluble salts, that crystallize with
their drying, the chlorides are the most abundant, whereas the sulfates and,
occasionally, carbonates occupy a lesser place. Chemical and organic sediments are
raw materials for chemical, food-producing and other industries. Lake muds are
employed in medicine. In tropical lakes the deposits of bauxites are no rarity.

Bogs. They are the water-logged areas of land with specific vegetation, after
dying out of which peat or sapropel are formed. In Ukraine the bogs are
encountered mainly in the Forest Zone (Polissya) and within the floodplains of big
rivers. Marshy meadows lie between ponds often overgrown with splendidly
colorful plant species. Whatever size, whether pond, pool or lake, all areas of fresh
water enliven and enrich the landscape in a variety of ways.

By the conditions of their formation (feeding with water) the bogs are upland
(on water shads) and lowland (in river valleys) (Fig. 27).

Upland (ombrotrophic) bogs are fed with only atmospheric water. They are poor

in mineral salts so the vegetation is poor and not demanding to nutrition. The
residues of vegetation form peats with low ash content and high heat capacity.
Lowland (minerotrophic) bogs are fed with ground water rich in salts and

minerals. The vegetation on them is richer. Peats form with high ash content and
lower heat capacity as compared with upland peat.

Carbonation of residues in peat formation leads to ever increasing content of
carbon in peats, which with time and under the pressure of overlying layers may be
transformed very gradually into brown coal.
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Fig. 27. Genetic Types of Bogs: a — upland (ombrotrophic) bog; b — lowland
(minerotrophic) bog; ¢ — swamp forming with the overgrowth of a lake; 1 —
sphagnum peat; 2 — sedge peat and sedge-willow peat; 3 — hypnum peat; 4 — reed
peat; 5 — floating peat different composition; 6 — sapropel peat; 7 — sapropel; 8 —
ooze; 9 —solid; 10 — water

2.3.7. Geologic Activity of Glaciers

A glacier is a large mass of moving ice and snow. Glaciers form where there are
many large snowfalls and the temperatures remain very cold. New snow falls in
flakes on the surface of the old snow. As the snow builds up, rounded ice granules
form in the upper layer of snow. Some glaciers form in high mountains where the
snow that falls in the winter does not melt completely in the summer. The snow
builds up over the years and gradually turns into ice. When about 30 to 60 meters of
snow and ice granules accumulate, their weight causes bottom granules to become
crystallized ice. The bottom ice becomes pliable, somewhat like putty (3ama3ska),
and begins to move. If there is a slope, movement will be downslope. If there is not
a slope, the glaciers spred outward in all directions, like spilled molasses (naToka).

Glacier classification. Glaciers are classified as valley, piedmont ['pi:dmont], and

continental. Valley glaciers are also called alpine glaciers. They form at high
elevations where snow lasts year after year. Valley glaciers take over the valleys of a
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river system that preceded the cold climate. Glaciers begin as snowfields that collect
in hollows, or valleys. Steep slopes have little snow because the snow slides down
the slope, is blown away, or melts. But in the hollows the snow can remain.

Changes in climate bring about changes in the elevation of the end position.
Warmer climates cause the glacier to retreat to a higher elevation. Colder climates
move the glacier front to a lower elevation.

Continental glaciers are great masses of ice that accumulate in high altitudes. At

present, Greenland and Antarctica are covered by continental glaciers. Movement
of ice in these glaciers is outward from the center of accumulation. Continental
glaciers range in thickness from 2500 to 3000 meters.

Piedmont glaciers form at the foot of some mountains where valley glaciers

extend onto the plains. At the foot of the mountains, ice forms a continuous sheet
as the glaciers spread out on the plains and join one another.
Erosion by glaciers. They carry a more massive load of debris that rivers. But

they do not cover as much of the earth. However glaciers, where they are present,
completely change the face of the earth. They move over the land like giant
bulldozers. They scrape away all loose fragments and pile the debris in massive
mounds. Glaciers work by abrading and plucking. Abrasion is a process where rock
fragments in the ice grind against the rock over which the ice is moving — like a
rough sandpaper — wearing away the land. Plucking is the combination of freezing
with the ice flows downward until it penetrates openings in the rock. Usually, those
openings are cracks. Meltwater freezes in the cracks and becomes part of the
moving glacier. In this way massive loads of boulders, gravel, and sand are added to
the bottom of the glacier. As the ice moves forward, the debris abrades the bedrock
beneath. Rocks beneath the glacier may be scoured or polished. Glaciers dig into
soft rock more deeply than into hard rock.

Glacial erosion created upland features. Ice in hollows caused plucking and
freeze — thaw action which steepened the back and side walls. The ice moved with a
circular motion known as rotational slip which deepened the hollow into a bowl

shape, a corrie — forming a lip at the valley end. The original hollow, or cirque, in
which the snow accumulates may eventually reach the mountain summit. Hollow in
Ukrainian means “nowmHa”. Some peaks look like horns (poru) after it. Two
neighboring corries meant glacial erosion narrowed and steepened the wall

between them, forming a knife-edged ridge or aréte.
The old valleys were altered by the glacier:
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1) The valley cross-profile was changed from a V-shape to U-shape as the

glacier moved down it with great power, eroding slope material.

2) The valley, or glacial trough, became a straighter, more linear features,
as the ice didn’t wind round spurs but cut through them, leaving steep edges
on the valley sides — truncated spurs.

3) Original tributary valleys are now at higher levels than the main valley

as they didn’t experience such powerful glacial erosion. Tributary streams
enter the valley as waterfalls from hanging valleys.

When the ice melts, a variety of deposits are laid down — either by the glaciers
themselves or by powerful meltwater streams. Glaciers produced moraines,
drumlins, and erratics.

At some time in the life of a glacier, melting begins. Then the ice drops its load
and forms a number of new landforms. The first material dropped as the ice melts is
unsorted and unlayered. It is a jumble of boulders, sand, and clay called till or drift.
As meltwater flows away from the front of the glacier, it carries some of the sand
and clay with it. Like river deposits, this sediment is sorted as the velocity of the
water slows.

Most sediment is dropped at the front of the glacier. Mounds of till form during
periods when the forward movement of ice is about equal to the rate of melting.
These mounds or moraines, cover the front of a glacier. There are different types of
moraines. Till deposited at the front end of a glacier is called a terminal moraine. Till

deposited along the sides of a glacier is called a lateral moraine. The rocks found in a

moraine are evidence of where the glacier formed. Rocks can be carried great
distance. The position of a terminal moraine indicates how far the glacier advanced

before retreating.

Drumlins. A drumlin is an oval-shaped mound of till. Its tip points in the direction
that the glacier was moving. Drumlins were formed as deposits of till rounded by the
glacial ice.

Meltwater deposits. Melting ice forms streams that flow out from the glacier,

the meltwater streams. They carry away sand and gravel. The meltwater may also

form small lakes and ponds near the glacier. Many present-day rivers were originally
meltwater streams.

Sediments deposited by rivers of glacial meltwater form areas called outwash
plains. They are fan-shaped and form in front of terminal moraines.

Iceberg deposits. Valley glaciers and continental glaciers sometimes reach the

sea. When this happens, the glaciers form cliffs of ice and snow. Parts of the glaciers
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break off and drift into the sea. These glacial parts are called icebergs. Icebergs may
contain rocks and debris picked up from the land. As the icebergs melt, the rocks
and debris are deposited on the ocean floor.

Glacial lakes. Glaciers created many of the lakes in the United States. In Finland
too. Such lakes are found in Ukrainian Forest Zone too. Glaciers can form lakes in
two ways. Glaciers till or deposits from meltwater sometimes pile up in low-lying
river channels and other areas. These deposits keep water from flowing away from
the area. The land areas fill with water, and lakes are formed.

Sometimes huge blocks of glacial ice are left behind by a glacier. The ice blocks
are surrounded by or covered with sediments deposited by the glacier. When the ice
melts, it leaves a depression, or hole, in the ground. Lakes formed in this way are
called kettle lakes. Kettle lakes are usually round and very deep.

Other meltwater deposits. Eskers are long, winding ridges of deposited material

laid down in the channels of streams in and under ice. Kames are small mounds of
deposits formed when meltwater streams flow over the snout (puno) of the glacier
to flatter ground below. Kame terraces are linear features along the side of valleys

where meltwater streams deposited their load between the side of the valley and
the edge of the glacier.
Climate and Sea Level Changes. Global climates were affected by the melting of

the glaciers. Even regions not a part of glaciations became more humid. Many huge
lakes formed as the glacier melted. As the ice melted and returned to the ocean, sea
level rose. If all the ice left in Greenland and the Antarctic melted, sea level would
rise about 60 meters.

Glacier velocity is from a few dozen centimeters to 20 meters per day.

Theories of Glacial Origin. Geologists are certain that ice ages have occurred at

least 3 times in the past. Probably there have been other glacial periods, but these 3
ages left confirming evidence. The earliest ice age occurred over 600 million years
ago. The second period of glaciations took place about 200 million years ago. The
most recent ice age began over 1 million years ago, and the ice retreated to its
present position about 10000 years ago. The most recent research suggests that the
amount of ice on the earth is greatest every 22 000, 42 000, and 100 000 years.
Scientists relate these figures to three changes in the earth’s movements. Earth’s
axis is now tilted 23%° to the plane of its orbit. This tilt increases to 25°C and then
decreases to 22°C. When the tilt is at its maximum, 25°, Earth’s poles receive more
radiation. When the tilt is at its minimum, 22°, the poles receive less radiation. This
decrease occurs about every 42 000 years. Another factor may be the change in the
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shape of Earth’s orbit around the sun. Every 100 000 years, the orbit becomes
almost a circle. When the orbit is more circular, than at present, Earth is farther
from the sun during fall, winter and spring. These seasons then are colder than they
are now.

The third factor also involves the earth’s axis. Due to differences in gravity force
on the earth, the axis wobbles every 22 000 years. According to this theory, an ice
age may begin. The more elliptical orbit and greater tilt bring warm interglacial
periods. Changes in the wobble may make the ice age colder than usual and the
interglacial periods warmer.

For the past million years, ice ages have alternated with warm climates. Some of
the ice ages lasted 60 000 years. Some interglacial intervals were warmer than our
climate today. The most recent ice age reached a peak 18 000 years ago, then the
earth began to warm up. The ice retreated to its present location about 10 000 years
ago. The present interglacial period began about 14 000 years ago Most of the
interglacial intervals have lasted about 12 000 years. Some scientists predict the
beginning of another ice age within a 1000 years or so. Present theories do not
answer all questions about glaciations, but perhaps current research will help.

2.3.8. Geologic Activity of Ground Water
Ground water is an important part of the water cycle. About 0.25 cm of the

average 76.2 centimeters of rain that falls each year returns to the underground.
Underground water returns to the surface in permanent streams, swamps, springs,
and seeps. Where the ground water is removed through wells, it may be used up
faster than it can be returned by rainwater.

Underground water moves downward through permeable rock until it reaches a
depth where no rock openings are present. Above the impermeable rock, all
openings are filled with water to form a zone of saturation. The upper surface of the

zone is called the water table. Above the zone of saturation, rock openings are filled
with air between rainstorms. In this zone, called the zone of oxidation, water and

oxygen react with elements in the rock to form clay and carbonates. This is the zone
where the rock is changed to soil. Some water that sinks into the ground becomes
soil moisture for a time. This zone, although not too thick, supplies water to plants.
Therefore, it is important. If soil moisture is not renewed by rainfall, it is lost to the
underground water or to evaporation. If present, soil moisture is just below the
ground surface.

Some water is trapped just above the water table in small openings called
‘capillaries. These hairlike openings attract molecules of a liquid (surface tension)
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and return water to the surface during dry spells. Now it is important to understand
that soil moisture is measured in percent by dry weight. In any layer of soil, having
the same moisture all over, it is possible to calculate the amount of water in metric
tons or cubic meters per hectare by the formula:
Q=W *h*d, (2)

where Q is the amount of water in a layer h centimeters thick and having a bulk
density in grams of dry soil per cubic centimeter. Bulk density is the weight in grams
of cm?® of dry soil in its natural (undisturbed, like it lies in the field) compactness.
Having divided Q in mt/ha by 10 we can obtain the amount of water in a given layer
expressed in millimeters of water “column”. It is convenient to express the amount
of rainfall and the amount of water in a certain layer of soil in the same units like the
millimeters.

Water balance in a root zone of a plant is depicted in the following scheme:
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Fig. 28. The Water Balance of a Root Zone (Schematic) (D. Hillel, 1982).
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Rainwater moves directly down to the zone of saturation if all rocks are
permeable. If some layers are impermeable, without connected openings, water
may be trapped above them in a perched water table. Then water flows along the
surface of the impermeable layer until it reaches the opening of some kind.

Gravity causes ground water to move from higher to lower elevations. Ground
water moves more slowly than surface water because of friction with rock openings.
Large openings cause less friction than small openings.
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Soil water (Boaa B rpyHTi) is found in soil layer. It can get warmer in summer,
evaporate from the soil, and freeze to ice in winter. It can be saline in warm
climates, rich in organics in wet (overwet) soils, etc. Ground waters (niarpyHTosi

Boau) lie at a certain depth from ground surface. They are underlain by the first
from the surface impermeable layer. They feed “at the expense” of infiltration and
condensation. River, lake, reservoir and other waters may take part in their
“feeding”. They do not freeze in winter. Their temperature changes only in a narrow
range. Their upper surface (water table) imitates the land forms above them but
with a lesser range.
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Fig. 29. Ground Waters.

Underground waters (nia3emHi Bogu) lie in the acquifers below ground water.

Permeable rock layers filled with water are called aquifers. Gravel and sand are
the best aquifers because they have the largest continuous openings. Openings in

limestone along cracks or between layers also may be large. Sometimes all openings
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have been filled with cement and rocks cannot hold liquid. Most sands and gravels
yield water when wells are drilled into them. This water must be pumped to reach
the surface.

Artesian water is under pressure due to the weight of the column of water in the

aquifer. When an aquifer is between two impermeable layers and the upper part of
the aquifer reaches the surface, the water moves through the aquifer as it does in a
pipe. Water rises toward the surface through any available opening which may be
cracks in the overlying rock layer or drilled wells. Water does not rise as high as the
intake area because of friction.

Y - Static Water Level Recharge Area For

g y . Confined Aquifer
Water Table Well Potentiometric Surface Artesian Well
(Water Pressure Level)

Flowing Artesian
Well

Fig. 30. A cross section of a landscape showing an aquifer carrying water to an
artesian well (R. C. Nielsen, 2010).

Geysers are hot springs that have a small surface opening. Water is forced
upward by stream pressure at fairly regular intervals. Hot springs occur in the same
area as geysers, but openings are not constricted. Calcium sulfate, calcium
carbonate, and various sulfur compounds are dissolved in the hot water giving such
springs unusual color, taste, and odor. Heat comes from hot, intrusive igneous rocks.

Erosion by groundwater. Rainwater is a weak acid which will dissolve limestone

rocks. Water circulating in limestone areas is called “hard” because it contains much
Ca’* and Mg®" in solution. As water seeps downward in limestone regions, the
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limestone is dissolved. This leaves openings called caves. Large caves or caverns may
be joined by narrow passages through which a stream of underground water flows.
But eventually, the stream rejoins the surface drainage system.

Features formed by solution include natural bridges, sinkholes, and cave

deposits. Valleys form when the roof of an underground passage (Karst) collapses. If
a section of the roof remains, it forms a natural bridge. Sinkholes (KapctoBsi niiku)
are funnel-shaped depressions dissolved from limestone along intersecting cracks or
joints.

Groundwater deposits. Groundwater usually contains large amounts of dissolved

minerals, especially if water flows through limestone or through volcanic rocks.
Deposits from groundwater usually are CaCO; or silica. Cave deposits formed from
cool water are mostly CaCO;. Groundwater loses CO, as it seeps into the roof of a
cave. Water loaded with dissolved calcite drips from the roof leaving behind a
deposit called a stalactite.

Pronounce it [stuhLAKtite]. The rest of the water falls to the cave floor and
evaporates, building a stalagmite Pronounce it [stuhLAGmite]. These two forms
often merge to form columns.

Fig. 31. Stalactites and Stalagmites (from Wikipedia).
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Valuable minerals including copper, silver, lead, and zinc are deposited by
groundwater in rock openings called veins. Groundwater also deposits cementing
material and changes loose sediment into hard sedimentary rock. But of that more

anon.

2.3.9. Sediment Diagenesis

The sediments, formed as a result of geological work described in the preceding
sections, gradually transform into sedimentary rocks. This transformation proceeds
under the influence of physical, chemical, and biological processes. It is known
under the name of diagenesis (from Greek = rebirth).

The phenomena of diagenesis envelop the processes of compaction,
cementation, recrystallization, dissolution and replacement of minerals; the
formation of other minerals as well as of concretions and other forms of mineral
existence. The extent and character of mineral transformation depend on sediment
texture and composition. Some sediments of sandy texture, or gravels, change little.
Some undergo deep changes. Some complex chemical reactions take place in clay
and silt sediments, like dissolution and removal of certain mineral components as
well as formation of new minerals. Some minerals change their crystal structure.
Bacteria and other microorganisms take an active part in the processes of
diagenesis.

The processes of recrystallization sometimes occur rather quickly. Organic
essence of coral reefs quickly transforms into limestone. The same is true of
limestone algae. The rapidness of the process is caused by the evolution of carbon
dioxide as a result of organic matter decomposition. The same is the cause of rapid
transformation of carbonatic silts into limestone.

The changes of reducing conditions into oxidizing ones and vice versa also favor
the rapid character of chemical transformation. When one sediment becomes
quickly covered by the other, all oxidized forms of elements undergo reduction.
Hydrous micas, containing iron, transform into glanconite under slightly oxidizing
conditions, into ciderite under slightly reducing conditions, and into a pyrite.
Microorganisms help these processes to proceed fast. They consume oxygen and
respire carbon dioxide. Dissolution and recrystallization of rocks favor the formation
of concretions and different crystal combination in porous rocks. Cementation of
sediment components during diagenesis may occur at the expense of sediment
materials or from materials which form at the later stages of sediment
transformation (epigenetic cement), e.g. iron oxides, opal, and carbonates.
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The processes of diagenesis are “to blame” for the formation of oil, gas and
other fossil fuels during the transformation of organic remains. The transformation
of plant residues in anaerobic conditions into peat and subsequently into brown coal
also deserves the name of diagenesis.

The particles of silt, transferred by the wind to the territory of preset-day
Ukraine, underwent compaction, carbonation and organism impact before they
became a loess, an ideal parent material of Ukrainian soils.

Questions and Assignments

Which geological processes are called endogenic, and which — exogenic?
Characterize the essential of endogenic processes.

Which types of weathering do you know?

Define cortex of weathering and give a list of its basic types.

Outline the main aspects of geological work of the wind.

Define river system and name its component parts

Characterize floodplain deposits.

Delta deposits as interaction of geological work of rivers and the sea.

W oo NOUAEWNR

How do peats form in the evolution of lakes?

=
©

Say what you know on the periodicity of glaciations on Earth.

=
A

Speak on landforms created by the glaciers.
Illustrate the difference among glacial till, moraine, and glacial outwash.

=
w

Speak on groundwater geological activity.

=
B

Speak on the role of groundwater in formation of soils.

=
v

Define diagenesis and briefly characterize its component processes.
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Chapter 3
Fundamentals of Mineralogy

3.1. Detinition of a mineral

The geologist is primarily interested in the earth’s rocky crust, while the soil
scientist is interested in sedimentary and to a lesser extent in the products of
weathering of igneous and metamorphic rocks, as parent materials of soils. But
before we can study rocks, it is necessary to know something about minerals, for
these are the building blocks of rocks, and, therefore, of the earth’s crust as a whole.
The geologists differ when defining the term mineral, but the following definition is
generally accepted: Minerals are chemical elements or compounds which occur

naturally within the crust of the earth. Some definitions stress that minerals are

both physically and chemically determinate natural bodies formed within the earth’s
crust and on its surface as a result of physicochemical processes. Anyway, the word

“mineral” is derived from the Latin “minera” which means “ore”. Over 2500
minerals have been found in nature. But only some 50-60 of them compose rocks

and are widespread in nature. They are called the rock-forming minerals. Such

minerals as calcite, quartz, feldspar, micas, amphiboles, pyroxenes, and many others
are rock-forming minerals. The minerals like gold, diamond, uranium minerals and
silver are found in relatively few rocks.

Besides a definite chemical composition or range of composition, the minerals
possess an orderly internal arrangement of atoms (crystalline structure), and certain
other distinct physical properties. It should be noted, however, that the chemical
and physical properties of some minerals may vary within definite limits. Rocks are
aggregates or mixtures of minerals, the composition of which may vary greatly.
Granite typically contains three minerals — feldspar, mica, and quartz, while
limestone is composed primarily of one mineral — calcite.

According to their origin, the minerals are divided into primary and secondary.

Primary minerals are those that have solidified from an original molten state (from
magma) or were formed during the metamorphism. They did not undergo any
chemical transformations since their formation. Secondary minerals were formed as
a result of chemical weathering of primary minerals. The most widespread primary
minerals in rocks and soils are feldspars, quartz, amphiboles, pyroxenes, and micas.
These minerals make up the lion’s share of the mass of igneous rocks (by F. I. Clark)
(Table 7):
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Primary minerals %
Feldspars 59.5
Quartz 12
Amphiboles (hornblendes) and 16.8
pyroxenes
Micas 3.8
Others 7.9

Quartz is the most resistant among them to chemical weathering. It is,
therefore, the most widespread in soils (>40%), while feldspars occupy the second
place (up to 20% in most soils and corti of weathering).

Among the secondary minerals, the most wide-spread are the salts, oxides and
hydroxides and clay minerals, such as calcite (CaCO;), gypsum (CaSO,*2H,0),
gibbsite (Al(OH);), hematite (Fe,03), goethite (FeOOH), kaolinite (Al4(OH)g[Sis010]),
etc.

In the majority of soils (except lateritic ones), the primary minerals predominate.
Only in the fine separates of soil mechanical particles (<0.001 mm) the secondary
minerals predominate.

3.2. Elements of Crystallography

When crystalline minerals, which predominate in nature, solidify and grow
without interference, they will normally adopt smooth angular shapes known as
crystals. The planes that form the outside of the crystals are known as faces. These
are related directly to the internal atomic structure of the mineral, and the size of
the faces is dependent upon the frequency of the atoms in the different planes. The
shape of the crystals and the angles between related sets of crystal faces are
important in mineral identification.

Crystals of all minerals are conceptualized in terms of an array of points in space,

called a lattice. The lattice represents the periodic nature of the mineral structure
regardless of the specific atoms involved. The unit cell is the repeat unit by which
the crystal lattice can be built. The lattices can be atomic (diamond, sulphur,
graphite), ionic (halite, gypsum, calcite, fluorite, pyrite, clay minerals, etc.) and
molecular (sugar, aspirin, etc.).

All crystalline substances are anisotropic: their properties are different in
nonparallel directions. Each mineral has been assigned to one of six crystal systems.
These systems have been established on the basis of the number, position, and
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relative lengths of the crystal axes — imaginary lines extending through the center of
the crystal (Fig. 32):

from http://www4.nau.edu/meteorite/meteorite/book-glossaryc.htmil:
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Fig. 32. Crystal axes (shown as lines) and systems.

Crystal axes are used to orient the crystal when it is studied. For example, the
crystals, assigned to the tetragonal system, have three axes: two of equal length
called the horizontal axes; the third (vertical) axis, which may be longer or shorter
than the other two, is always placed vertically when the crystal is properly oriented.
Thus, the vertical axis of a crystal will always be perpendicular to the horizontal axes
when the crystal is properly oriented.

Every crystal system possesses a type of symmetry that is peculiar to all
members of any given system but unlike that of crystals belonging to other systems.
The type of symmetry present is determined by arrangement of the axes of the
crystal. Mineralogists recognize the following crystal systems:

Isometric of Cubic System. Crystals have three axes of equal length and at right

angles to one another.

90



Isometric System

R a8 4

Cube Octahedron Dodecahedron

Fig. 33. Isometric Crystal System (halite) (the axes are shown as broken lines)

Tetragonal System. Tetragonal crystals are characterized by having all three axes

at right angles. The lateral (horizontal) axes are of equal length but are longer or
shorter than the vertical axis.

Tetragonal System

198

Tetragonal Dipyramid Pyramid
Prism with Prism

Fig. 34. Tetragonal Crystal System (zircon).

Hexagonal System. This system has crystals marked by three horizontal axes of

equal length which intersect at angles of 120 degrees, and a vertical axis at right
angles to these. The vertical axis is either longer or shorter than the horizontal axes.

91



Hexagonal System

5

Hexagonal Hexagonal
Prism Dipyramid

Fig. 35. Hexagonal Crystal System (quartz).

Trigonal system. The trigonal system is a subsystem of the hexagonal. Most gem
references will list these as hexagonal. Minerals that form in the trigonal system

include all varieties of Quartz, (agates, aventurine, chalcedony, jasper, tiger eye,
citrine, amethyst, etc.,) Benitoite, Corundum, (rubies and sapphires,) Hematite,
Rhodochrosite and Tourmaline.

Trigonal System

P

Dipyramid Rhombohedron Scalenohedron

Fig. 36. Trigonal Crystal System.

Orthorhombic System. Crystals have three axes, all at right angles and each of a
different length.
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Orthorhombic System

Prism Dipyramid Prism

Fig. 37. Orthorhombic Crystal System (staurolite).

Monoclinic System. Crystals have three unequal axes, two of which intersect at

right angles. The third axis is oblique to one of the others.

Monoclinic System

Prism Prism Clinopinacoid

Fig. 38. Monoclinic Crystal System (orthoclase).

Triclinic System. The triclinic system has crystals characterized by three axes of

unequal length and all oblique to one another.
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Triclinic System

Prism Prism Dipyramid

Fig. 39. Triclinic Crystal System (albite).

Crystal Habits. Any given mineral crystal will grow or develop in such a way as to
form certain typical shapes. These forms are called their habits. Crystal habits are
useful in the identification of minerals because they indicate what forms or

combination of forms a mineral is likely to assume. For example, tourmaline has a
columnar habit, galena a cubic habit and barite a tabular habit. Because crystals of a
specific mineral will develop only in the crystal system of that mineral, it follows that
a cubic system crystal will show only cubic system characteristics. However, when
crystals are formed at different temperatures, they may assume different habits
within their system. Thus, fluorite crystals formed at low temperatures have a cubic
form while those formed at high temperatures have an octahedral form. In some
instances a mineral crystal may show a combination of two forms.

a b o
Fig. 40. Types of Crystal Habits. a — Cubic. b — Column. ¢ — Tabular.
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In addition to temperature, such factors as pressure, composition of the
solutions from which the minerals crystallize, and variation in mineral composition
may affect crystal forms. The presence of impurities in a mineral may also modify
the habit of a crystal.

3.3. Physical Properties of Minerals

Each mineral possesses certain physical properties or characteristics by which it
may be recognized or identified. These properties include color, streak, hardness,
luster, specific gravity, cleavage and fracture, play of colors, transparency,
magnetism, etc.

Color is one of the first things that is noticed about a mineral. But the same
mineral may vary in color from one specimen to another. Only some minerals have
relatively constant colors. Azurite is always blue, malachite — green, cinnabar — red,
pyrite — yellow. Quartz or tourmaline occur in a wide variety of colors. Very often
color variations are due to minor chemical impurities within the mineral. Apatite
may be green, light-blue, grey, brown, violate, and white. Quartz’s crystals may be
colorless (transparent), milky white, black (morione), and smoke-colored (rauch-
topaz). Color may be of little use in identifying some minerals. Anyway, the
specimen should be examined in natural light. The surface should be fresh, not
weathered and dry, not wet. Certain of the metallic minerals will tarnish and the
true color will not be revealed except on a fresh surface.

Streak. When a mineral is rubbed across a piece of unglazed tile, it may leave a
line similar to a pencil or crayon mark. This line is composed of the powdered
minerals. The color of this powdered material is known as streak of the mineral, and
the unglazed tile used in such a test is called a streak plate. The streak in some
minerals will not be the same as the color of the specimen. A piece of black
hematite will leave a reddish brown streak, while a specimen of a pyrite will leave a
streak of greenish gray instead of a golden yellow. An extremely hard mineral such
as topaz or corundum will leave no streak as it will not be powdered by a softer
surface of a streak plate.

Hardness is a very important identifying feature of a mineral. The hardness of a
mineral is determined by what materials it will scratch, and what materials will
scratch it. The hardness or scratch test may be done with simple testing materials
carried in the field. For greater accuracy one may use the scale of hardness called
Mohs’ scale. In establishing this scale, Mohs, the German mineralogist, assigned
each of the reference minerals a number. He designated talc, the softest in the
series, as having a hardness of 1. The hardest mineral, diamond, was assigned a
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hardness of 10. Mohs’ scale, composed of the tem reference minerals arranged in
order of increasing hardness, is as follows:
No 1 — Talc (softest)

No 2 — Gypsum
No 3 — Calcite
No 4 — Fluorite
No 5 — Apatite
No 6 — Feldspar
No 7 — Quartz
No 8 — Topaz

No 9 — Corundum
No 10 — Diamond (hardest).
Note that Mohs’ scale is so arranged that each mineral will be scratched by
those having higher numbers, and will scratch those having lower numbers.
It is also possible to test for hardness by using the following common objects
(Table 8):

ltem Hardness

Fingernail About 2 %
Copper penny About 3
Glass 5-5%
Knife blade 5%-6
Steal file 6%-7

Each of the above items will scratch a mineral of the indicated hardness: the
fingernail will scratch talc (hardness of 1) and gypsum (hardness of 2), but would not
scratch calcite which has a hardness of 3. Minerals with hardness of 6 and more will
leave scratches on a steel blade of a knife and on a glass.

Luster. The appearance of the surface of a mineral as seen in reflected light is
called luster. Some minerals shine like metals, for example silver or gold. These are
said to have metallic luster. Other lusters are called nonmetallic. The more
important nonmetallic lusters and some common examples are given below:

Adamantine — brilliant glossy luster: typical of diamond
Vitreous — glassy, looks like glass: quartz or topaz
Resinous — the luster of resin: sphalerite

Greasy — like an oily surface: nepheline

Pearly — like mother-of-pearl: talc

Silky — the luster of silk or rayon: asbestos or satin-spar gypsum
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Dull — as the name implies: chalk or clay.

Submetallic luster is intermediate between metallic and nonmetallic luster. The
mineral wolframite displays typical submetallic luster. Here too, one must take into
consideration such factors as tarnish, type of lighting, and general condition of the
specimen being examined.

Specific Gravity is determined by comparing the weight of the mineral specimen

with the weight of an equal volume of fresh water. A specimen of galena (specific
gravity about 7.5) would be about 7.5 times as heavy as the same volume of water.
Specific gravity of most minerals changes from 0.9 to 2.3 g*cm™.

Minerals with specific gravity up to 2.5 (halite, gypsum, sulphur, etc.) are called
light minerals, those with specific gravity within 2.5-4.0 (quartz, calcite, orthoclase,
etc.) are middle-weight minerals, and those with specific gravity over 4.0 are heavy
ones (like hematite, magnetite, cinnabar and pyrite).

Cleavage and Fracture. Mineral crystals will break if they are strained beyond

their plastic and elastic limits. If the crystal breaks irregularly if is said to exhibit
fracture, but if it should break along surfaces related to the crystal structure. It is
said to show cleavage. Each break or cleavage plane is closely related to the atomic

structure of the mineral and designates planes of weakness within the crystal. The
number of cleavage planes present and the angles between them are constant for
any given mineral. Cleavage is, therefore, useful in mineral identification. The
mineral galena cleaves in three planes (directions) at right angles to one another.
Calcite has three cleavage planes that are not at right angles to one another. Hence,
galena is said to have cubic cleavage, and calcite rhombohedral cleavage. Four

varieties of cleavage are recognized: perfect (minerals easily split into parts with
smooth surface): micas, some specimen of gypsum and graphite; nearly perfect
(minerals split or break into smooth-faced fragments, but not so easily): orthoclase,
halite, calcite, etc; moderate (angite and amphiboles), and nonperfect (not easily
detectable): apatite, beryl, etc. Many minerals do not possess any cleavage, but
their broken surfaces (fractures) may be of value in identifying them. There are
several types of fractures; some of the more common types are:

Conchoidal — the broken surface of the specimen shows a fracture resembling
the smooth curved surface of a shell. This type of fracture is typical of chipped glass,
quartz, and obsidian.

Splintery or Fibrous — fibers or splinters are revealed along the fracture surface:

pectolite.
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Hackly — fracture surfaced marked by rough jagged edges: copper, silver, and
certain other minerals.

Uneven — rough irregular fracture of surface. This type is common in jasper, a
variety of quartz and many other minerals.

Even — as the name implies: magnesite.

Earthy — as the name implies: kaolinite.

Other physical properties may also aid greatly in identification. Play of colors:

variations in color when viewed from different angles: labradorite. Asterism: the
mineral exhibits a star-like effects when viewed either by reflected or transmitted
light: certain specimen of phlogopite or the star-like — sapphire. Transparency or

lack of it: opague — no light passes through the mineral: galena, pyrite, and
magnetite. Transluscent — light passes through the mineral but an object cannot be
seen through it: chalcedony and certain other varieties of quartz. Transparent — light
passes through the mineral and the outline of objects can be clearly seen through it:
halite, calcite, clear crystalline quartz.

Magnetism: a mineral is attracted to an iron magnet: magnetite, or lodestone,
and pyrrhotite. Some minerals may glow or emit light by exposure to ultraviolet
rays. Exposure to X-rays, cathode rays, or radiation from radioactive substances can
cause luminescence too. A mineral exhibiting phosphorescence will continue to glow

after the cause of excitation has been removed. Rhombohedral calcite crystal
exhibits double refraction.

The mineral may occur in nature in various forms. ldeal monocrystals are rare
(quartz, rhombohedral calcite, micas, pyrite). Doubles of crystals are also rare:
gypsum, quartz, orthoclase. More often occurring are concretions, geodes, crystal
and earthy masses.

3.4. Origin and Classification of Minerals

The majority of rock-forming minerals are silicates (feldspars, pyroxenes,
amphiboles, micas, clay, minerals, etc.) and other compounds of silicon (quartz,
opal, etc.). The minerals are formed in nature under a variety of conditions. The
entire set of the processes of mineral formation has been divided into three groups
depending on the source of energy utilized in these processes: endogenic, exogenic,
and metamorphogenic.

Endogenic processes of mineral formation are the processes of internal

dynamics. The minerals of igneous rocks were formed by these processes. Igneous
rocks have solidified from an original molten state, the Latin word ignis meaning
“fire”. The temperature within the earth are exceedingly hot and many rocks and
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minerals exist in a molten condition called magma (from Greek — dough). These
magmas are large bodies of molten rock deeply buried within the earth. Magmatic
formation of minerals occurs at high temperatures (700-1600°C) and pressure
(dozens and hundreds of MPa). Rising up within the crust the magma gradually gets
cooler and solidifies forming the crystals of various minerals (crystallizing
differentiation). At the beginning of this process (at 1600°C) some hardmelting
minerals crystallize, such as magnetite (Fe;0,4), chromite (FeO*Cr,0;) and apatite
[Cas(PO,4)s(CILF,OH)]. Then iron-magnesium silicates appear: olivine, augite,
hornblende, biotite, etc. Further on, at 800-900°C, muscovite and basic plagioclases
form their crystals. Then, if some free silica still remains in solidifying magma, there
takes place the crystallization of quartz.

At the next stage the pegmatitic processes of mineral formation occur and

pegmatitic dikes and veins commonly result from the residual magma being injected
into cracks and joints in the rocks of already crystallized magma. The pegmatitic
processes occur at 500-600°C. The pegmatites contain large crystals of feldspars
overgrown with smaller crystals of quartz and other minerals. Pegmatitic veins very

often contain some large crystals of microcline, apatite, topaz, beryl, tantal,
tourmaline and the minerals of some rare elements. Such veins are the only
industrial source of a muscovite (white mica).

During further solidification of magma the amount gases in it becomes excessive
and they begin to evolve interacting with each other and with newly formed
minerals. Thus begins the pneumatolitic processes of mineral formation. Many
chemical elements leave magma in this way. The gases that are emitted from the
molten magma are composed largely of water vapor, with varying amounts of
carbon dioxide, hydrogen sulfide, and chlorine. Pneumatolitic rocks are composed of
quartz, muscovite, topaz, rare elements; some valuable ores are formed in this way,
containing tungsten, tin and molubdenum.

The further cooling of magma at high pressure and temperature up to 350-370°C
is accompanied by the flow of overheated (but liquid) water which, possessing
expressed acidic properties, is capable to dissolve many substances. Such
(hydrothermal) processes give birth to the formation of noble and colored metals (in
native states or composing certain polymetallic ores).

Sometimes magmatic materials are poured out upon the surface of the earth, as,
for example, when lava flows from a volcano. The magma loses its gases and
undergoes relatively rapid cooling. A part of its gaseous components (HF, HCI, H,S,
SO,, P, etc.) evaporate. At low temperatures, such components can turn from the
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gaseous to solid state. In this way the native sulfur as well as boron and some other
minerals may form in the volcanic craters (exhalationic process of mineral
formation). Endogenic minerals are, thus primary minerals which form at high
temperatures and are derived from igneous rocks.

Exogenic processes of mineral formation are the processes of external dynamics.
They take place at or near the surface of the earth. They are subjected to the

influence of solar energy, temperature, oxygen and other components of the
atmosphere, water and aqueous solutions, living and dead organisms. They occur at
relatively moderate temperatures and atmospheric pressure.

Weathering, the process whereby rocks undergo natural chemical and physical
change at or near the surface of the earth is one of the most important of all
geologic processes. It provides much of the material from which sedimentary rocks
are formed, is important in the shaping of surface land forms, and is responsible for
the formation of soil. Rock fragments produced by weathering are removed by
erosion — the loosening and carrying away of rock debris by natural agents.
Weathering and erosion are constantly at work, wearing away the rocks of the
earth’s surface.

Physical, or mechanical, weathering takes place when a rock is reduced to

smaller fragments without undergoing a change in chemical composition. This type
of weathering, known also as disintegration, may be the result of a variety of

physical forces. Frost action, alternate heating and cooling, organic activities — all are
the most potent agents of physical weathering.

When water freezes in the cracks or pores of rocks it expands exerting sufficient
pressure to break down the rock. In frost wedging these pressures are directed
laterally; in frost heaving, which usually occurs in unconsolidated rocks, they are
exerted upward.

In some areas of the earth, particularly in certain mountainous regions, the rocks
are subjected to drastic temperature changes almost daily. Rocks of a high mountain
peaks expand as they are heated in the daytime, and contract when subjected to
freezing temperatures at night. This process, repeated over long periods of time, will
cause small cracks and crevices which permit other agents of weathering, such as
frost wedging or solution (see below) to attack the rock. In rocks with well formed
distinct crystals of various minerals possessing varying coefficients of volume and
linear expansion, the temperature variations cause the disintegration of a rock into
the grains of the minerals composing it.
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The activities of various organisms also promote rock disintegration and
chemical transformation of primary minerals into secondary ones. This is organic or
biological weathering. Some geologists are still undecided as to indentifying it

among the types of weathering, as its mechanisms, in their essence, belong to either
physical or chemical weathering. Anyway, biological weathering is very potent and
soil formation would be impossible without it. Tree roots, which frequently grow in
rock crevices, can exert sufficient pressure to force rock fragments apart. Some
bacteria (Bac. Extorquens) are capable to disintegrate and decompose silicates.
Lichens, exuding organic acids, can decompose (dissolve) feldspars. The fungi are no
less efficient decomposers of alumosilicases and iron and aluminum oxides. Some
burrowing animals as rodents, worms and ants, bring to the surface rock particles to
be exposed to the action of weathering. All these organic activities, taking place in
the masses of disintegrated rocks, signify the beginning of the primary process of
soil formation. The roots and residues of higher plants accelerate such processes
very much.

Chemical Weathering, or decomposition, produces a chemical breakdown of the

rock, which may destroy the original minerals and produce new ones. Physical
weathering simply produces smaller fragments of the parent rock; chemical
weathering produces rock materials that are basically different form the original
rock. Although chemical changes occur in a variety of ways, the more common
processes of decomposition are oxidation, hydration, carbonation, solution, etc.

Oxidation occurs as oxygen, assisted by moist air, combines with minerals to
form oxides. Rocks and minerals containing iron compounds are especially
susceptible to this type of decomposition. The oxidation of iron compounds, which
produces rust, is also responsible for the color of many red, yellow, and brown rocks
and soils. Certain iron compounds (for example, pyrite) form acids when oxidized:

2Fe52 + 702 +H20= 2Fe504 + H2504
12FeSO, + 6H,0 + 30, = 4Fe,(S04); + Fe(OH)3
2Fe2(SO4)3 + 9H20 = 2Fe203*3H20 + 6H2$O4

The acid attacks the rocks and thereby hastens the process of decomposition.
The reaction of a feldspar with water may illustrate the hydrolysis:

KAISi;Og + H,0 = KOH + HAISi;0g

An acid environment stimulates the reaction of water with minerals and is one
of the most important weathering reactions:
4NaA|S|308 + 18H20 + 4H+ = AI4(OH)8[S|4010] + 8H4S|O4 + 4Na+

albite kaolinite
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In the reaction a primary mineral, albite, is converted to kaolinite. The first-
formed kaolinite particles are very small. They increase in size as additional ions
attach or join the crystal, resulting in a gradual increase in particle size. Clay particles
like kaolinite are called clay minerals. Some clay minerals tend to be resistant to

further weathering. A process described above is sometimes called “kaolinization”.
Chemical weathering of the most abundant primary minerals (orthoclase, albite,
etc.) gives birth to a number of secondary minerals: salts, oxides (hydroxides) and
clay minerals. The kaolinite, even though very resistant to further weathering, may
be decomposed and disappear from the rock or soil:

A|4(OH)8[S|4010] + 10H20 = 4A|(OH)3 + 4H4S|O4
gibbsite

Hydration of minerals (their chemical combination with water) produces
hydrous silicates and hydrous oxides. Some examples of this are the conversion of
anhydrite to gypsum and the reaction between hematite and water to produce

limonite:

CaSO, + 2H,0 = CaS0,*2H,0
anhydrite gypsum
2Fe203 + 3H20 = 2Fe203*3H20

limonite

In addition to the chemical effect of hydration, there is a physical expansion of
the minerals during this process. Thus the hydration of anhydrite increases its
volume by 50-60%. Besides, its solubility in water at 20°C increases from practically
zero to 2.6 g*I™.

Carbon dioxide (CO,), which is generally present in air, water, and soils,
commonly unites chemically with certain rock minerals, greatly altering their
composition. Substances produced in this manner (carbonates and bicarbonates)
are relatively soluble and therefore easily removed and carried away. In addition,
the union of carbon dioxide and water produces carbonic acid (H,COs), an effective
agent in attacking such minerals as calcite and dolomite:

CaCO; + H,0 + CO, = Ca(HCO;),

The joint action of oxidation, hydration and carbonation is a powerful agent of
weathering of amphiboles and pyroxenes:

4CaFeSi,0g + O, + 4H,CO5; + 6H,0 = 4CaCO3 + 4FeO(OH) + 8H,Si0;
augite goethite

Reduction also plays a significant role in the weathering of minerals containing
reducing elements in an oxidized form. But this process involves the participation of
chemotrophic microorganisms and proceeds in the deficit of oxygen.
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The upper part of the earth’s crust where the processes of weathering are
noticeably active is sometimes termed as the “cortex of weathering”. Soil scientists
consider the soils to be new formations within the cortex of weathering. They prefer
to classify the cortex of weathering by dividing it into (1) sialitic and (2) alitic.

Sialitic cortex of weathering is widespread in the regions with moderately humid

climate and not so high temperatures. Clay minerals which form as a result of
weathering, mainly smectites and hydromicas, are resistant to any further changes
and tend to accumulate in this cortex:

2K[AISi;0g] + 4H,0 + 2H" = Al,(OH),[Si,040] + 2K" + 2H,Si0,
pyrophylite

Primary minerals resistant to weathering also accumulate in parent materials
and soils. Quartz becomes the most abundant mineral in sedimentary rocks, parent
materials and mineral soils.

Alitic cortex of weathering develops in humid and relatively hot climates of
tropics and subtropics. Clay minerals and hydromicas cease to be resistant to
weathering under such conditions and turn into hydroxides and oxides of aluminum
and iron. Even kaolinite decomposes, resulting in the formation of gibbsite and silicic
acid. Gibbsite is a mineral more resistant to weathering then the kaolinite. The loss
of silicic acid by leaching is resulting in the progressive loss of silicon. There is a
progressive increase in the accumulative of aluminum, which tends to be
incorporated into resistant secondary minerals that accumulate in the soil.

Metamorphogenic processes of mineral formation. Metamorphic rocks are rocks

(originally either igneous or sedimentary) that have been buried deep within the
earth and subjected to high temperatures and pressures. During the process of
metamorphism the original rock undergoes physical and chemical alterations which
may greatly modify its texture, mineral composition, and chemical composition.
Minerals are formed with dense crystal structures. In the deeper zones of
metamorphism the minerals undergo dehydration, deoxydation and decarbonation.
Thus opal may be turned into a chalcedone, and chalcedone, in its turn, into quartz;
limonite changes into a hematite, while hematite, losing a part of its oxygen, turns
into a magnetite. Carbonates change to silicates losing their carbonic acid. Many
minerals of metamorphic origin (micas, talc, chlorite, hornblende, etc.) acquire a
characteristic platy, leafy and occasionally needle-shaped structure. Limestone may
be metamorphosed into marble, and sandstone into quartzite. Coal changes to
graphite. Magmatic fluids commonly introduce new elements and compounds which
will modify the chemical composition of the original rock and result in the formation

of new minerals.
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Classification of minerals. Although different classification schemes could be

used, mineralogists have found that minerals with similar chemical compositions
share a great number of other properties than minerals grouped by other criteria.
Thus, minerals are first divided into classes depending upon the dominant anion or
anionic group. The main classes are:

(1) native elements;

(2) oxides and hydroxides;

(3) carbonates;

(4) phosphates;

(5) sulfates;

(6) nitrates;

(7) halides;

(8) sulfides, and

(9) silicates.

These classes are subdivided into subclasses on the basis of chemical and

structural similarities. Commonly occurring mineral classes, particularly the silicates,
are covered here in more detail than the others.

3.5. Native Elements

The minerals of native elements, composed of only one element, are not very
abundant in the earth’s crust: some 30 minerals occur in it more or less frequently.
First of all, these are noble metals (Au, Ag, Pt, etc.), some colored metals (Cu, Hg, Bi,
Pb), nonmetals (As, C, S) and gaseous elements (O, N, He, etc.). In Ukrainian
mineralogy, unlike in that of other countries, the gaseous and liquid minerals are
considered the minerals too. And there is a proper reason for it. Some minerals
occur as allotropic varieties (for example, carbon in the forms of diamond and
graphite).

But the native elements are very important for the industries and other spheres
of human activity. The most widespread of them are graphite and sulfur.

Graphite-C. The mineral’s name is derived from the Greek “Ypapw” — to write.
The mineral is of grey, sometimes black color, black streak, metallic to dull luster. It
seldom occurs in the form of distinct crystalline formations (hexagonal tablets).
Hardness 1: specific gravity 2.2; greasy to touch; perfect cleavage; a good conductor
of electricity. The mineral is of igneous (pegmatitic) or metamorphic origin. As a
rock-forming mineral it occurs in metamorphic slates of a very fine texture in which
mineral crystals cannot be detected with the naked eye; it splits readily into thin
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even slabs. It also occurs in gneiss, a rock characterized by alternating bands of
darker minerals — graphite among them.

Igneous deposits of a graphite are represented by massive accumulations, in
which graphite is associated with feldspars (microcline or nepheline). In Ukraine, the
largest deposits were formed by metamorphosis in Volyn, Kiev Region, Left Bank of
the Bug, Krivyi Rig and others.

Graphite is commonly used for the manufacture of crucibles for the smelting of
rare metals and some special grades of steel. Electrodes and contacts of electric
machines are made from it, as well as some lubricants and paints. Lead pencils do
not contain lead, but a graphite.

Sulfur-S is the only mineral of the class that possesses a molecular structure.
Very often it occurs in a chemically pure state, but sometimes it contains the
impurities of As, Se, Te and may be polluted by bitumens, clay and carbonates. It is
of straw-yellow color when pure but may also be honey-yellow or yellowish-brown,
reddish, greenish, grey, brown and even black; streak-colorless or pale-yellowish;
luster resinous to greasy, but may be adamantine on the faces of crystals; hardness:
1% to 2 %; specific gravity: 2.1; fracture: Conchoidal to uneven.

This mineral is found in volcanic rocks, around hot springs, and associated with
salt domes. It can be inflamed from a match and to burn with a blue flame and the
emanation of SO,. Sulfur may be of volcanic and exogenic (sedimentary) origin.
Pneumatolitic processes like: SO, + 2H,S = 35S + 2H,0 occurs in the crevices of
igneous rocks. The industrial deposits of sulfur are connected with metallic (sulfide)
ore and carbonates, silicates and sulfates of calcium. Much of the United States
production is from the “cap rock” of certain salt domes in the Gulf Coast region of
Texas and Louisiana.

Sulfur is used as a beaching agent, in making paper, sulfuric acid, gunpowder,
matches, insecticides, and medicines. It is also used in the process of vulcanizing
rubber.

3.6. Oxides and Hydroxides
The minerals formed of a union of various elements with oxygen belong to the

class of oxides. If water also enters their composition, they are called hydroxides.
Quartz is the most abundant of these minerals (12.5% by weight of the earth’s
crust). In nature silica (SiO;) occurs as seven distinct polymorphs: quartz,
cristobalite, tridymite, coesite, stishovite, lechatelierite (silica glass), and opal; the
latter two are amorphous. Of these minerals, quartz is most abundant in soil
environments, while disordered cristobalite commonly occurs in soils. Opal is a
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hydrated “amorphous” silica that comprises the bulk of diatomaceous rocks of
biogenic origin.

Quartz is an important part of many igneous rocks and is common in
sedimentary and metamorphic rocks. Quartz may occur in combination with other
minerals, or, as in the case of pure sandstones and quartzites, may be the only one
present.

Pure quartz is composed of silicon dioxide (SiO,), but certain varieties contain
impurities such as iron or manganese. These impurities are responsible for the
varied colors of certain types of quartz. Quartz occurs in crystalline aggregates or in
irregular grains or masses. The term cryptocrystalline (literally “hidden crystals”) is

used to describe quartz varieties in which crystals are not evident.

Crystallizing in the hexagonal system, quartz commonly forms six-sided crystals
with pyramidal ends. It may be colorless, white, rose, violet, smoky, gray, or a wide
variety of other colors. It has a vitreous to greasy luster, a hardness of 7, specific
gravity of 2.65, and conchoidal to uneven fracture. Quartz may be transparent to
opaque and leaves a white or very pale colored streak. Some of the more common
crystalline varieties of quartz are amethyst, milky quartz, smoky quartz, pink quartz,
rock crystal quartz (see Fig. 41).

a
Fig. 41. Well-developed Hexagonal Quartz: a — Crystals with Pyramidal Ends; b —

Rock Crystal Quartz.

Massive or cryptocrystalline varieties include agate, chalcedony, chert, flint and
jasper. Quartz is apt to occur almost anywhere, and most sands are composed
largely of quartz fragments. Quartz is used in the manufacture of electronic
equipment and some varieties — in making lenses and prisms. Other types of quartz
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are valuable as semiprecious stones or gems. Sandstone is used as building stone,
and quartz sands are used as abrasives and in making concrete and glass.

The mineral is found in essentially all soils and parent materials. It often
constitutes the major portion of all sand and silt fractions and is a major component
of the coarse clay fraction of many soils.

Opal is a naturally occurring hydrous (SiO,*nH,), x-ray amorphous silica
polymorph. It occurs in most soils only in minor quantities. It may be of either
organic or inorganic origin. Organic bioliths and inorganic siliceous accumulations
may be common in duripans. Biogenic opal, which includes bodies with
characteristic shapes, sizes, and forms that are deposited in or secreted by plants
and animals, may be found in soils and geologic sediments as residue products.

Iron oxides and hydroxides are among the most valuable products known to

man as are all the other metallic or ore minerals. Iron, man’s most useful and
important metal, is obtained from a variety of iron minerals. Some of them tend to
accumulate in the cortex of weathering, parent materials and soils. Anhydrous iron
oxides include magnetite (Fes0,4) and hematite (Fe,0s). The most widespread among
the hydroxides of iron is limonite (2Fe,03*3H,,).

Magnetite (Fes0,) is a combination of ferric (Fe,03) and ferrous (FeO) oxides. It
occurs among the metamorphic rocks (gneiss or slates), where it is formed from
hematite. It is strongly attracted by a magnet. Magnetite contains 75% iron. Its color
is mostly black (iron-black) and so is its streak; hardness: 5 % to 6 %; luster: metallic
to submetallic; fracture: conchoidal to uneven; specific gravity: 5.0 to 5.2. A variety
of magnetite that acts as a magnet is known as lodestone. It occurs in nature as
crystals of a cubic system (octahedral). Though igneous and metamorphic origin
predominates, it can also form as are result of weathering of angite, feldspar, and
chlorite.

Hematite (Fe,0s) is the most important ore of iron. One of the world’s most
common minerals, it occurs in massive black beds and in scaly schistose rocks.
Hematite is mostly sedimentary in origin, and most deposits have been altered and

enriched by subsequent solutions. Sometimes it may form by the metamorphosis of
a limonite (dehydration):

2F6203*3H20 > 2F8203 ('3H20)
or by the weathering (oxidation) of a magnetite:

ZFE304 +% 02 = 3Fe203
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Occasionally hematite forms what is known as iron rose: the scales of a mineral
combine very much like the petals of a rose. Oolitic (bean) formations are also
encountered in the form of earthy masses. Physical properties: color: gray, reddish
brown to iron black; hardness: 5 to 6 ¥;; specific gravity: 4.9 to 5.3; luster: metallic to
earthy; streak: red (regardless of color), hence the name from Greek yepatikoo —
“bloody”; fracture: splintery to uneven. Large deposits of hematite are found near
Krivoy Rog (Ukraine). In the United States large deposits of this ore are found in
Minnesota, Alabama, and Michigan.

Limonite (2Fe,03*3H,0) is not so much a mineral as it is a rock. A term is used to
refer to several comingled hydrous iron oxides. It occurs in compact or earthy
masses and is a relatively common iron ore. The mineral is of exogenic origin and,
therefore, belongs to the secondary minerals. It is an amorphous mixture of colloidal
particles of iron oxide and adsorbed water, so its chemical composition is not
definite. Physical properties: color: yellow, brown, or black; hardness: 1 to 5 %;
specific gravity; 3.4 to 4.0; luster: dull earthy; streak: yellow-brown; fracture:
uneven. Though the crystal form is not typical to limonite, it sometimes forms
pseudomorphoses like small cubes on a pyrite. Among the forms occurring in nature
there are “kidneys”, concretions, geodes, and oolites (“beans”). As an ore, limonite
is used in the manufacture of pig iron and steel. Some clayey limonites and ironous
clays are used for the manufacture of paints: yellow and red ochres.

Iron oxides and hydroxides in soil environments. Iron oxides occurs, at least in

small amounts, in nearly all soils. The absence of Fe oxides, or their occurrence in
only trace amount, usually is due to strong reduction and removal from the profile
or the absence of Fe-bearing primary minerals in soil parent materials.

Magnetite occurs from trace to moderate quantities in soils and sometimes
makes up a significant portion of the “heavy” mineral fraction. This is especially true
for young soils influenced by basic igneous rocks — e.g. basalt.

Goethite (FeOOH) generally is considered the most widespread Fe mineral in

soils, occurring under wide-ranging conditions. It is a significant component of most
Oxisols (“red earth”). Goethite is the most common Fe oxides identified in soil
concretions and modules, which often form in soils that are wet at least part of the
year. Goethite, and other Fe oxides containing Fe*, are unstable in a reducing
environment. The solubilized Fe** may be translocated to another part of the profile,
where there is a more oxidizing environment to form mottles or concretions.
Hematite occurs in a great variety of soils, but more of it is present in soils of
tropical and warm temperate regions than in those of colder areas. Hematite is an
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effective soil — pigmenting agent. It has been correlated with red color
development. Hematite often is a constituent of concretions and nodules. Limonite,
or rather ferrihydrite, is associated with bog iron deposits and occurs in spodic
(illuvial) horizons of sand-textured soils (like Ukrainian sod podzolic soils). In such
soils, iron and aluminum oxides (sesquioxides) are released in weathering and
complex or chelate with organic matter and are transported to the subsoil, resulting
in the formation of an illuvial horizon.

Aluminum oxides and hydroxides. Aluminum, one of the more important metals

of industry, is derived primarily from bauxite, a hydrous aluminum oxide
(Al,05*2H,0). Corundum (Al,0s) is also a widespread mineral of blue or yellow
colors and barrel-shaped crystals. Its hardness is 9 (scratches all the minerals except
almond); specific gravity: 4; luster: bright vitreous. The mineral contains 53 % Al and
some impurities like Cr, U, Fe and Ti. In modern technology, corundum is used as
abrasive material and in cutting instrument. As a rule, this mineral occurs in a pure
state, but may also be encountered as a rock-forming mineral. Its origin is connected
with the cooling magmas and the metamorphism. It often occurs in elluvial deposits
occur in the Urals (Ilmen and Cherry Mountains). Corundum is also a fire-resistant
material. Its transparent varieties are employed in precision instrument
manufacture, optics and jewelry (ruby).

Bauxite (Al,03*2H,0) is actually a mixture of minerals. It occurs in earthy,
claylike masses, or in a pisolithic form as rounded concretions in a claylike matrix.
Physical properties are: color: white, yellow, brown, red; hardness: 1 to 3; specific
gravity: 2.0 to 2.5; streak: like the color. Diaspore (Al,O; * H,0) and hydrargillite
(Al,03*3H,0) are the main minerals composing bauxite, which is of secondary origin
connected with microbiological weathering of feldspars and the other
aluminosilicates. Bauxite origin is also connected with alitic cortex of weathering in
humid tropics and subtropics. It is the main aluminum ore, the closest to Ukraine
deposits of which are on the territory of a Russian Federation (Tikhvin and in the
Urals, along the Chusova river).

Corundum, formed mostly in metamorphic rocks, is occasionally identified in the

heavy-mineral fraction of soils, as it was listed as one of the more resistant minerals
in th