English for Mining Engineers (C.В. Суховецька) 
For Third year students (ГЕФ)
[bookmark: _Hlk103436676]To-do list (список завдань):
1. P. 20-21 ex. Sience Vocabulary – using dictionary write down transcription to the words, listen to the speaker, read the words by yourself, try to memorise.
https://www.macmillandictionary.com/dictionary/british/earth_1
2. P. 22 ex. Text “Types of rocks” - Read and translate the text, write down new unfamiliar words.  Put 4 different questions to the text.
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useful for civil engineering, for example in the construction of roads,
houses, tunnels, canals or other structures. Sedimentary rocks include
common types of rocks such as chalk, limestone, sandstone, clay and
shale. Sedimentary rocks are also important sources of natural
resources like coal, fossil fuels, drinking water or ores.

The study of the sequence of sedimentary rock strata is the main
source for scientific knowledge about the Earth's history, including
palacogeography, paleoclimatology and the history of life. The
scientific discipline that studies the properties and origin of
sedimentary rocks is called sedimentology. Sedimentology is a part of
both geology and physical geography and overlaps partly with other
disciplines in the Earth sciences, such as pedology, geomorphology,
geochemistry and structural geology.

Based on the processes responsible for their formation,
sedimentary rocks can be subdivided into four groups: clastic
sedimentary rocks, biochemical (or biogenic) sedimentary rocks,
chemical sedimentary rocks and a fourth category for "other"
sedimentary rocks formed by impacts, volcanism, and other minor
processes.

Four basic processes are involved in the formation of a clastic
sedimentary rock: weathering (erosion) caused mainly by friction of
waves, transportation where the sediment is carried along by a current,
deposition and compaction where the sediment is cemented , forming
sedimentary rock. Clastic sedimentary rocks may have particles
ranging in size from microscopic clay to huge boulders. Their names
are based on their clast or grain size. The smallest grains are called
clay, then silt, then sand. Grains larger than 2 millimeters are called
pebbles. Shale is a rock made mostly of clay, siltstone is made up of
silt-sized grains, sandstone is made of sand-sized clasts, and
conglomerate is made of pebbles surrounded by a matrix of sand or
mud.

Biochemical (or biogenic) sedimentary rocks form when large
numbers of living things die, pile up, and are compressed and
cemented to form rock. Accumulated carbon-rich plant material may
form coal. Deposits made mostly of animal shells may form
limestone, coquina, or chert.

Chemical sedimentary rocks are formed by chemical
precipitation. The stalactites and stalagmites you see in caves form
this way, so does the rock salt that table salt comes from. This process
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begins when water traveling through rock dissolves some of the
minerals, carrying them away from their source. Eventually these
minerals can be redeposited, or precipitated, when the water

evaporates away or when the water becomes over-saturated with
minerals.

METAMORPHIC ROCKS

Metamorphic rocks started out as some other type of rock, but
have been substantially changed from their original igneous,
sedimentary, or earlier metamorphic form. Metamorphic rocks form
when rocks are subjected to high heat, high pressure, hot, mineral-rich
fluids or, more commonly, some combination of these factors.
Conditions like these are found deep within the Earth or where
tectonic plates meet. Exposure to these extreme conditions has altered
the mineralogy, texture and chemical composition of the rocks. The
amount of heat and pressure determines the final state of metamorphic
rocks, as does their specific mineral contents.

In metamorphic rocks some or all of the minerals in the original
rock are replaced, atom by atom, to form new minerals.

There are two basic types of metamorphic rocks. Foliated
metamorphic rocks such as gneiss, phyllite, schist, and slate have a
layered or banded appearance that is produced by exposure to heat and
directed pressure. Non-foliated metamorphic rocks such as hornfels,
marble, quartzite, and novaculite do not have a layered or banded
appearance.

Foliated metamorphic rocks have very obvious bands of layers
that formed as a result of a more rapid cooling or higher pressure.
Some examples of foliated metamorphic rocks include gneiss, schist,
slate and soapstone.

Different degrees of pressure and heat result in unique forms of
foliated rock. When submitted to light pressure and low heat,
metamorphic rock forms slate, which is a fragile rock that tends to
break at the joints of layers. This produces thin, flat rocks.

Slightly higher pressures and temperatures produce phyllite,
which is a harder rock that often has a shiny appearance. Phyllite often
includes deposits of micas, which follow the direction of folliation,
giving it its shiny appearance.

Still greater pressures result in the formation of schist. Schist has
a larger grain than phyllite, but it shares phyllite's shiny luster from
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large mica deposits. These deposits are often larger in schist than in
phyllite.

The greatest pressures and heats form gneiss. Gneiss has
alternating bands of dark and light rock, which are formed when
pressures form large mineral deposits into thinner bands. Gneiss has
coarser bands than other foliated metamorphic rocks. Unlike phyllite
and schist, gneiss contains very little mica. However, gneiss often
contains quartz and feldspar.

Non-foliated metamorphic rocks do not have a platy or sheet-
like structure. There are several ways that non-foliated rocks can be
produced. Some rocks, such as limestone are made of minerals that
are not flat or elongate. No matter how much pressure you apply, the
grains will not align!

Generally speaking, non-foliated metamorphic rocks were
created under extremely high temperatures and very low, even
amounts of pressure. These rocks typically cooled very slowly,
allowing the minerals within them to form large, uniform crystals that
are tightly packed together.

Different types of rocks and minerals can form non-foliated
metamorphic rocks. Quartzite is made of metamorphosed sandstone,
while marble is formed from limestone that was metamorphosed.
Hornfels have no specific composition while amphibolites are formed
from hornblende and plagioclase.

Although non-foliated rocks may have small bands of different
colors, the crystals that form them generally have no visible
organization.

What are Metamorphic rocks used for? Slate is most often
used as a roofing material, decorative gardening stone, the base for
tables. Marble is another one of the metamorphic rocks and is a
metamorphosed limestone. Marble remains a popular building and
sculpture material today. It can also be ground down to make cleaning
products or soaps. Schist is another metamorphic rock that is formed
from either mud or shale. It is used for paving and occasionally
sculpture. However, schist is formed at a much higher temperature
than slate is. It is a fairly weak rock so it does not make for a good
building material.

I Use the dictionary and write down transcriptions and translations
of the words given below.
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constitute, cementation, luster, pressure, evaporate, abundance,
dissolve, equivalent, elongate, eruption, extract, determine

II. Give English equivalents to the following Ukrainian words and
word combinations. Make up your own sentences.

KOe]IIlieHT, IIBUKICTD, IHTEHCHBHICTD; Jebpic (ylaMKn); BelIHYHHA,
KUTBKICTB; TBEP/IMii, TBEp/Ie TIIO; 30BHIIIHIi BHIIIAX

III. Match the definitions.

1. texture

2. sediment

3. pedology

4. liquid

5. matter

6. metamorphic rock
7. sedimentary rock

8. igneous rock
9. extrusive rock

10. intrusive rock

A. Sedimentary or igneous rock altered by great heat or pressure, e.g.
limestone changed to marble.

B. The term for a rock formed when molten rock cools and hardens.
C. Volcanic, igneous rock cools on the surface as lava.

D. The scientific study of soils, including their origins, characteristics,
and uses.

E. Rock formed from accumulated sediments. Examples are clay,
sandstone, and limestone.

F. Igneous rock forms when molten rock cools underground.

G. The distinctive physical composition or structure of something,
especially with respect to the size, shape, and arrangement of its parts:
the texture of sandy soil; the texture of cooked fish.

H. Solid fragments of inorganic or organic material that come from
the weathering of rock and are carried and deposited by wind, water,
or ice.

J. Having a flowing quality; fluid.

K. That which occupies space and has mass; physical substance.
28
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IV. Match the synonyms.

to accumulate liquid

to deposit volcanic

fluid to collect

igneous firm

solid matter
weathering erosion

substance to put or set down

V. Fill in the blanks with the proper words. Change the form if
necessary.
sediment/sedimentation/sedimentary

is a material that settles to the bottom of a liquid; lees.
2 Sandstone is a rock.
3. Rock formed by

deposit/deposition

can include layers of sand and mud.
2 They examined the of sand and gravel on the river bed.

3.1 over $3,000 this afternoon.
compress/compression/compressibility/compressible

1. Some materials easily.

2. The author 80 years of history into 15 pages.

3. Paperis a packing material.

4 is a force that tends to shorten or squeeze something,

decreasing its volume.
5. Properties to be tested are: , water absorption and porosity.

nuclear/nucleus/nucleation

1. is a central or fundamental part or thing around which
others are grouped; core.

2. When a radioactive element gives off a neutron, for example, we
call this a event.

3. is the initial process that occurs in the formation of a crystal
from a solution, a liquid, or a vapor.
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VL. Put 7 — 10 key questions to the text.
VILI. Indicate the category of the words: Element or Rock?
tungsten, tin, gabbro, uranium, granite, diorite, platinum,chromium.

VIII. Make a list of chemical elements used in this chapter. Restore
the context they are used in.

IX. Say the following in English and Ukrainian:
O, Si, Al, Mg, Fe, Ca, Na and K
X. Control points:

1. Name the sciences which are closely related to the Earth study.
What does each of these sciences study?

2. Speak about Igneous rocks; their types. Texture and geological
significance.

3. What are Sedimentary rocks? Four types of sedimentary rocks.

4. What are Metamorphic rocks? Foliated and Non-foliated
metamorphic rocks.

5. What are mentioned above types of rocks used for?
6. Speak on the scientific theory of plate tectonics.

ADDITIONAL READING
IGNEOUS ROCK CLASSIFICATION

Igneous rocks are grouped on the basis of texture and mineral
assemblage. Compositional categories based on silica content also
apply to magma types that cool to form different types of volcanic
rocks: komatiite (ultramafic), basalt (mafic), andesite (intermediate)
and rhyolite (felsic). If the same magma cools to form intrusive
igneous rock, the corresponding rock names are peridotite (komatiite),
gabbro (basalt), diorite (andesite) and granite (rhyolite). Differences in
magma composition are reflected by the mineral assemblage, or
variety and abundance of different minerals, in an igneous rock.

1._Ultramafic rocks include peridotite (olivine-pyroxene rock),
dunite (olivine rock) and pyroxenite (pyroxene rock). These rocks are
predominantly intrusive in nature throughout Earth history. Volcanic
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equivalents, known as komatiites, primarily existed during early Earth
history, and there are no known modern examples. The Earth's mantle
is thought to be composed of peridotite.

2. Mafic rocks are black, dark gray or dark green in color, and
composed primarily of olivine, feldspar (calcium plagioclase) and
pyroxene. Basalt, aphanitic but locally porphyritic or vesicular mafic
volcanic rock, is the most abundant igneous rock of the Earth's crust,
forming the ocean floor and volcanic oceanic islands. Gabbro is the
phaneritic intrusive equivalent of basalt, and composes the deeper
ocean crust.

3. Intermediate rocks are medium-gray color, and composed of
amphibole and feldspar (intermediate plagioclase) together with some
pyroxene and biotite. Andesites, locally porphyritic, are intermediate
volcanic rocks found in volcanic chains on continental margins and in
island arcs above subduction zones. Diorite is the phaneritic intrusive
equivalent of andesite, and comprises many of the batholiths found
associated with subduction processes.

4. Felsic rocks are light-colored, locally glassy (obsidian), and
composed of quartz and potassium feldspar with minor sodium
plagioclase, biotite and amphibole. The volcanic rock, rhyolite,
characterizes continental volcanoes and is typically associated with
extremely explosive volcanic activity. The explosive nature of rhyolite
volcanism reflects the magma's high viscosity and gas content relative
to mafic or even intermediate magmas. Granite is the phaneritic
intrusive equivalent of rhyolite, and comprises many of the batholiths
found within continental crust. Pegmatite is extremely coarse-grained
granite, that forms from residual, water-rich magmatic fluids.

In addition to composition, pyroclastic rocks are further
subdivided according to fragment size and type:

1. tuff is a pyroclastic volcanic rock consisting of broken crystals
and pieces of volcanic glass less than 2 mm in diameter. Welded tuffs
occur where particles were hot enough to fuse together after coming to
rest.
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2. volcanic breccia is a pyroclastic volcanic rock composed of
consolidated, angular volcanic particles greater than 2 mm in
diameter.

COLLECTION OF IGNEOUS ROCKS
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UNIT III. ROCKS TYPES

Science Vocabulary

coherent 34YeIUIeHHH, 3 sI3aHil,
31eMeHTOBaHHIT

pertain to MaTH BiTHOIIIEHHS JI0 YOTOCh

aggregate CYKYIIHICTh, CKYITYEHHS]; arperar
(CKyI4eHHs, 3pOIeHHs
MiHepaJliB, sl CKJIaaloTh
TipChKy 1Opojty)

interlocking B3a€MO3B's13aHi, 3B'I3aHI OJMH 3

OJIHIM

igneous rocks

MarMaTH4YHi OPOIH

deposit

TIOKJIaJ1; pOJIOBHINE; BIAKIJIAICHHS

sedimentary rocks

0CajioBi moposu

metamorphic rocks

MeTamopdiuHi mopom

intrusive

IHTPY3HBHMIA, IUTY TOHIYHIIT

extrusive €KCTPY3HBHHIL, By IKAHHUHHIT
solidification 3aCTHIAHHS, 3aTBEPiHHS
debris YJIaMKOBHiT MaTepias

tear ( tore , torn ) PpBAaTH, PO3PHBATH, Bi/IPHBATH
pyroclastic I POKJIACTHYHMIT

vent BXiJTHHIT 91 BUX1IHHI OTBIp
mafic Madidmi, TeMHi TopoH

felsic KHCJII TipChKi mopojtu

silicic ( siliceous)

KpeMHi€BHIT

silica

KBapi

grain 3epHO; KPHCTAL; TpamyIa;
TIIMHKA; KPYITHHKA

nucleation YTBODCHHS LICHTPIB
KpHCTaIi3allii, HyKeartis

viscosity Bxskic_'n,. JIHIKICTD, KISHKICTD;
TATYYICTh

tungsten BONb(pam

uranium ypau

granite rpaiT
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diorite

JUOPHT, TIOPHTOBHI

chromium XpoM

platinum IUIATHHA

gabbro rabpo
YIaMKOBHI, BIUTAMKOBHIT

clastic YyJIaMKOBe POJIOBHIIIE,
KIACTHYHHI (TIPo mopoy)

precipitate ocaji; ociianus (TpyHTy);
OCiJIaTH, OCa/UKyBaTHCH ;
omajgaTH

denudation JleHyallisi, epo3ist

bedding 3aJIITAaHHS

boulder raibKa

silt MyJIHCTI BIIKIIAJIeHHST; IIUIaM

siltstone aNeBpHT

pebble OyIKHIK, TpaBiit

chert KpeMiHb, KpeM'SIHHCTHIT ClIaHellb,
POTOBHK (TipchKa I10pojia)

cave Tnedepa; MOPOKHIHA, YIOrOBHHA;
KapCTOBE yTBOPEHHs

foliated JIHCTYBATHH, PO3JILICHHIT,
IapyBaTHii (po moposy)

non-foliated HeIapyBaTHit

gneiss THeiic

| phyllite it

schist CllaHenb

slate TIHHICTHIA ClIaHelh

hornfels POTOBHK

marble MapMmyp

quartzite KBapIuT

novaculite HOBAKYJIT

soapstone

MHJIbHHIT KaMiHb, CTeaTHT
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Read and translate the text

TYPES OF ROCKS

Rock: any naturally formed, firm and coherent aggregate of
minerals that constitutes part of the Earth. Despite considerable
diversity, we can classify all rocks into three types, according to how
they formed:

1. Igneous rocks (from Latin "ignis" meaning "pertaining to
fire") are formed by cooling and solidification of molten rock material
and typically represented by an interlocking aggregate of silicate
minerals.

2. Sedimentary rocks (from Latin "sedimentum" meaning
"settle") are formed from particles of pre-existing rocks by
cementation or other processes at the Earth's surface.

3. Metamorphic rocks (from Greek "meta" meaning "change"
and "morpho" meaning "form") are formed within the Earth's crust by
solid-state transformation of pre-existing rock (igneous, sedimentary
or even metamorphic) as a result of high temperature, high pressure or
both.

Within each group, rocks share common origins, but do not
necessarily look alike. Difference is a clue to how and where a rock
formed.

IGNEOUS ROCKSIgneous rock (etymology from Latin ignis, fire)
is one of the three main rock types (the others being sedimentary and
metamorphic rock). Igneous rock is formed by magma (molten rock)
being cooled and becoming solid. They may form with or without
crystallization, either below the surface as intrusive (plutonic) rocks or
on the surface as extrusive (volcanic) rocks. This magma can be
derived from partial melts of pre-existing rocks in either the Earth's
mantle or crust. Typically, the melting is caused by one or more of
three processes: an increase in temperature, a decrease in pressure, or
a change in composition. Over 700 types of igneous rocks have been
described, most of them formed beneath the surface of the Earth's
crust. These have diverse properties, depending on their composition
and how they were formed.

Two types of igneous rocks can form from magma:

1. Intrusive (Plutonic) igneous rocks are produced by cooling
and crystallization of magma beneath the Earth's surface. The
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resulting igneous body may represent solidification of a magma
chamber or reservoir in which magma would have been stored during
movement toward the surface.

2. Extrusive (Volcanic) igneous rocks are produced rapid
cooling and crystallization of magma on the Earth's surface.
Volcanoes represent the vents from which molten silicate material,
solid rock debris, and gases escape from the subsurface. The volcanic
products may be coherent (lava) or fragmented (pyroclastic) material.
Pyroclasts are produced when the erupting magma is torn apart by
violent explosions within the volcanic vent.

Magmas are composed of the major elements (O, Si, Al, Mg, Fe,
Ca, Na and K) that form the Earth. The dominant component of most
magmas is silicon dioxide (silica), which constitutes 35-79% of the
liquid. Magmas are grouped into compositional categories based on
silica content: ultramafic (245% silica), mafic (45-52% silica),
intermediate (53-65% silica), and felsic or silicic (>65% silica).

Texture of igneous rocks refers to variations in the sizes and
shapes of mineral grains in a rock, and the type of relationships
between the grains. Texture is determined by:

I Rate of Cooling - a primary control on texture, determines the
relative rate of crystal nucleation and growth:

1. slow cooling - few large crystals produced by growth rate
greater than nucleation rate;

2. rapid cooling - many small crystals produced by nucleation
rate greater than growth rate;

3. quench - glass produced where ions have no time to organize
into crystals.

II. Magma composition and Temperature - control magma
density and magma viscosity (or its internal resistance to flow)

1. high silica melts are viscous and crystallize at low
temperatures (<8500C). Tons have difficulty migrating through liquid
and organizing into crystals;

2. low silica melts are fluid (low viscosity) and have high
temperatures (8500-12000C). Ions easily migrate through liquid and
organize into crystals;

3. higher silica content, the higher the viscosity;

4. higher temperature, the lower the viscosity.

III. Gas content of magma - High gas content reduces
viscosity, leading to larger crystals even at low temperatures. Igneous
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rocks make up approximately 95% of the upper part of the Earth's
crust, but their great abundance is hidden on the Earth's surface by a
relatively thin but widespread layer of sedimentary and metamorphic
rocks.

Igneous rocks are geologically important because:

their minerals and global chemistry give information about the
composition of the mantle, from which some igneous rocks are
extracted, and the temperature and pressure conditions that allowed
this extraction, and/or of other pre-existing rock that melted;

their absolute ages can be obtained from various forms of
radiometric dating and thus can be compared to adjacent geological
strata, allowing a time sequence of events;

their features are usually characteristic of a specific tectonic
environment, allowing tectonic reconstitutions (see plate tectonics);

in some special circumstances they host important mineral
deposits (ores): for example, tungsten, tin, and uranium are commonly
associated with granites and diorites, whereas ores of chromium and
platinum are commonly associated with gabbros.

SEDIMENTARY ROCKS

Sedimentary rocks are types of rock that are formed by the
deposition of material (pre-existing rocks or pieces of once-living
organisms) at the Earth's surface and within bodies of water.
Sedimentary rocks have also been found on Mars. Sedimentation is
the collective name for processes that cause mineral and/or organic
particles (detritus) to settle and accumulate or minerals to precipitate
from a solution. Particles that form a sedimentary rock by
accumulating are called sediment. Before being deposited, sediment
was formed by weathering and erosion in a source area, and then
transported to the place of deposition by water, wind, ice, mass
movement or glaciers, which are called agents of denudation.

Sedimentary rocks cover 75% of the Earth's surface. Though, the
sedimentary rock cover of the continents of the Earth's crust is
extensive, but the total contribution of sedimentary rocks is estimated
to be only 8% of the total volume of the crust. Sedimentary rocks are
only a thin layer over a crust consisting mainly of igneous and
metamorphic rocks. Sedimentary rocks are deposited in layers as
strata, forming a structure called bedding. The study of sedimentary
rocks and rock strata provides information about the subsurface that is
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