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BBEJEHMUE

JlaHHBIE METOAMYECKHE YKAa3aHUs K IMPAKTUYECKUM 3aHATUSM I10
AHIJIMHACKOMY SI3BIKY IIPEJHA3HA4YEeHbl Uil CTYJCHTOB CIELUAIbHOCTH
21.05.03 «TexHonorusi TreOJIOTHYECKOW pa3BeAKW», CIEIAAIN3AUA
«l"eopuznueckrie METOIbI MOWCKOB U Pa3BEAKH MECTOPOXKIECHUMN
ITOJIE3HBIX MCKOMAEMBIX». MeToaudeckue yKa3aHHus COCTaBJIEHBI B CO-
OTBETCTBHU C Yy4eOHOH mporpamMmoil mo aucuuIuiuHe «HOCTpaHHBIN
S3BIK» U1 (DOPMHUPOBAHUSI MHOSI3BIYHOM MPOGECCHOHANBHON KOMIIETEeH-
UK OyAyIIuX CIELUaINCTOB.

IIpennoxeHHbIE METONUYECKUE MATEpUaIbl IIPEIHA3HAUYEHbI JJIs
ayJUTOPHOH pabOTHI CTYACHTOB U COCTOST U3 YETHIPEX pa3iejioB, COAEP-
Kammx MHQoOpManuio 00 OCHOBHBIX THIAX TOPHBIX MOPOJ, OCOOEHHO-
CTSX BHYTPEHHETO YCTPOMCTBA IJIAaHETHl M reo(PU3NUIEeCKUX METOAax HC-
CIIEOBAaHUS 3€MHBIX HENP.

Meronuueckue yKa3aHUsl COAEp)KaT ydeOHble M ayTCHTHUYHBIC
TEKCThI Ha aHIVIMHCKOM SI3bIKE C pa3pa0OTaHHBIM KOMILIEKCOM IIPENTEK-
CTOBBIX W IIOCIETEKCTOBBIX YNPAKHEHUU. M3ydeHue NpeyIoxKEHHOTO
MaTepuana UMeeT LEeNbI0 Pa3BUTHE M COBEPIICHCTBOBAHHE HABBIKOB UTE-
HUS W TIEepeBOJla TEKCTOB IO CIENHaIbHOCTH. KoMmekc ymnpaxxHeHHH
HaIlpaBJIeH HA pacIIMpEHUE CIOBAPHOrO 3araca, MPeoJOJIeHUE TPYyIHO-
CTell mepeBoja U MpHOOpeTeHNe pa3rOBOPHBIX YMEHHH B cdepe npodec-
CHUOHAJIbHOM JEATEIBHOCTH.



UNIT1 GEOPHYSICAL SCIENCE AND ITS APPLICATIONS

TEXT 1.1 How is the Earth’s Interior Studied?

1 Read and translate the following words. Be careful to pronounce
them correctly.

geology (n) [d31'plod3i] kimberlite (n) ['kimbolatt]
geologist (n) [d31'plad31st) intrusion (n) [In'truz3on]
geophysics (n) [d3ira(v)'f1zIks] erosion (n) [1'roU30n]
geophysicist (n) [d3izoU'fIzIsTst] oceanic (adj) [oU1'2nIk]
basalt (n) ['basarlt] lithosphere (n) ['1160sf1or]
diamond (n) ['dAI(a)mond] gravity (n) ['graeviti]

2 Make up verbs from the following nouns. Translate the words.

a sample — to sample
amine -

a study -

a flow -

an experience -

DN W -

3 Translate the following word combinations. Make up sentences us-
ing the word combinations below.

to sample rocks, some deep mines, rock samples, basalt flows, to mine di-
amonds, to experience extension, to study directly, are studied indirectly, the
study of Earth

4 With a partner, discuss the questions below. Compare your ideas
with other students.

»  What do geologists know about the Earth’s interior?
* How is the Earth’s interior studied?

5 Read the text to check your answers.

What do geologists know about Earth’s interior? How do they
obtain information about the parts of Earth beneath the surface? Geolo-
gists, in fact, are not able to sample rocks very far below Earth’s surface.
Some deep mines penetrate 3 kilometers into Earth, and a deep oil well
may go as far as 8 kilometers beneath the surface; the deepest scientific
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well has reached 12 kilometers in Russia. Rock samples can be brought
up from a mine or a well for geologists to study.

A direct look at rocks from deeper levels can be achieved where
mantle rocks have been brought up to the surface by basalt flows, by the
intrusion and erosion of diamond-bearing kimberlite pipes, where the
lower part of the oceanic lithosphere has been tectonically attached to the
continental crust at a convergent plate boundary, or where old oceanic
lithosphere experiences extension and produces a “tectonic window” into
the upper mantle. However, Earth has a radius of about 6,370 kilometers,
so it is obvious that geologists can only scratch the surface when they try
to study directly the rocks beneath their feet.

Deep parts of Earth are studied indirectly, however, largely
through the branch of geology called geophysics, which is the application
of physical laws and principles to the study of Earth. Geophysics includes
the study of seismic waves and Earth’s magnetic field, gravity, and heat.
All of these things tell us something about the nature of the deeper parts
of Earth. Together, they create a convincing picture of what makes up

Earth’s interior.
Taken from: Charles C. Plummer, Diane H. Carlson, Lisa Hammersley. (2016) Physical
geology (Fifteenth edition), McGraw-Hill Education, New York. —p. 413.

6 Explain what these numbers mean in the text: 3; 8; 12; 6,370

7 Fill in the gaps using the words in the box. There is one extra word.

A Earth’s heat B Gravity mea-  C Magnetic D Seismic waves
surements anomalies

To learn more about the deep interior of Earth, geologists must
study it indirectly, largely by using the tools of geophysics — that is,
seismic waves, and measurements of gravity, heat flow, and Earth’s mag-
netic field.

1) are used to image shallow and deep geologic
structures within the Earth. 2) can indicate where certain
regions of the crust and upper mantle are being held up or held down out
of their natural position of equilibrium. 3) can indicate

hidden ore and geologic structures.
Adapted from: Charles C. Plummer, Diane H. Carlson, Lisa Hammersley. (2016) Physi-
cal geology (Fifteenth edition), McGraw-Hill Education, New York. —p. 413.
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Geophysical Quiz

How well do you know the interior of Earth? Read the statements
below and fill in the gaps. If you have any difficulties, use the terms
and expressions from the box at the bottom of the page.

1. The interior of Earth is studied indirectly by — a study of
seismic waves, gravity, Earth magnetism, and Earth heat.
2. Seismic reflection and seismic refraction can indicate the presence of

3. Earth is divided into three major zones —

4. The crust beneath oceans is 7 kilometers thick and made of on
top of gabbro.

5. Continental crust is 30 to 50 kilometers thick and consists of a crystal-
line basement of (and other rocks) capped by sedimentary rocks.
6. The Mohorovici¢ discontinuity separates the crust from .

7. The mantle is a layer of solid rock 2,900 kilometers thick and is proba-
bly composed of such as peridotite.

8. The lithosphere is 70 to 125 (or more) kilometers thick and moves over
the ductile

9. Seismic-wave shadow zones show the core has a radius of 3,450 kilo-
meters and is divided into

10. A core composition of mostly is suggested by Earth’s density,
the composition of meteorites, and the existence of Earth’s magnetic
field.

11. A positive gravity anomaly forms over

12. A negative gravity anomaly indicates

13. Earth’s magnetic field has two probably generated by convec-
tion circulation and electric currents in the outer core.

14. develops over rock that is more magnetic than neighboring

rock.
Adapted from: Charles C. Plummer, Diane H. Carlson, Lisa Hammersley. (2016) Physi-
cal geology (Fifteenth edition), McGraw-Hill Education, New York. —p. 431.

basalt / the mantle / asthenosphere / low-density rock / a positive magnetic anomaly /
geophysics / the crust, the mantle, and the core / granite and gneiss / a liquid outer core
and a solid inner core / magnetic poles / iron and nickel / an ultramafic rock / boundaries
between rock layers / dense rock




TEXT 1.2 Geophysicist

1 With a partner, discuss the questions below. Make a list of possible
answers. Compare your ideas with other students.

=  What do geophysicists study?
= Where can geophysicists work?

2 Read the text to check your answers.

A geophysicist is a scientist who studies the physical properties
of the Earth, and who may also study the physical properties of other pla-
nets along with moons and other objects found in space. In order to work
in this field, it is usually necessary to have a graduate degree. Numerous
universities around the world offer graduate programs in geophysics, with
both masters and doctorate degrees available to students.

The field of geophysics is quite broad, and geophysicists may en-
gage in a wide range of activities as part of their work. The study of geo-
physics includes the study of surface properties of the Earth, like the cha-
racteristics of the Earth's crust, the study of the atmosphere, the study of
the interior of the Earth, and the study of the Earth's oceans.

One example of the application of geophysics is studying the
Earth's core by analyzing seismic waves. Using supercomputers, geophy-
sicists can map irregularities in the Earth's core on scales as small as one
kilometer.

At one point, it was believed the outer core was fairly homogene-
ous, but geophysical calculations have shown otherwise. Scientists now
suspect that the outer core may consist of alternating layers of liquid and
solid material.

Geophysicists can work in the field, collecting data, making ob-
servations, and calibrating equipment. They can also work in the lab per-
forming controlled experiments and conducting analysis of samples,
teach students in the classroom, and be employed by government agen-
cies and private organizations interested in topics within the scope of
geophysics.

Some professionals use their knowledge of physical properties to
assist in mining, drilling, and construction efforts. Research geophysicist
jobs are usually held by experts in geodesics, geodynamics, or geomag-
netism.
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The largest number of geophysicists find employment in the pe-
troleum industry. Since most of the petroleum deposits are buried deep
below the surface, petroleum geophysicists find oil and gas by building a

clear picture of what is below the Earth's surface.
Adapted from: Tapacosa B.B., /lamunosa D.P., Cabuposa P.H. Reading science. —yueb.
nocoobue. — Kazanwv: Kazan. yn-m, 2016 — ¢ 34 - 35.

3 Match the words combinations with their Russian equivalents:

1 to be engaged in a wide range of activi-
ties
2 to study the interior of the Earth

3 to perform controlled experiments

4 to conduct analysis of samples

5 to collect data and to make observations
6 to study physical properties of the Earth

7 to have a graduate degree

A cobuparh JaHHbIE ¥ IPOBOIANUTH Ha-
OIroACHUS
B poBOJHTE KOHTPOJIBHBIC OIIBITHI

C uzyuath Hezpa 3eMiu

D npoBoauTh aHaNMK3BI 00pA3IOB

E umerts Boiciiee 00pa3oBaHue (JUILIOM)
F myuats pusnveckue cBoiicTBa 3eMin

G 3aHMMAaThCS Pa3IMYHBIMU BUAAMU
JACATCIBHOCTHU

4 Make a list of responsibilities you will have as a geophysicist. What
kinds of work interest you the most? Explain your choice.

5 Fill in the gaps using the words in the box. There is one extra word.

evaluate
features

hazards
outdoors

studies
indoors

evolution
structure

A geophysicist is someone who 1

the Earth using gravi-

ty, magnetic, electrical, and seismic methods. Some geophysicists spend

most of their time 2
others spend most of their time 4

studying various 3

of the Earth, and
using computers for modeling

and calculations. Some geophysicists use these methods to find oil, iron,

copper, and many other minerals. Some 5

environmental 6

earth properties for

and evaluate areas for dams or construction

sites. Research geophysicists study the internal structure and 7 of
the Earth, earthquakes, the ocean and other physical features using these

methods.

Taken from: https://earthquake.usgs.gov/learn/kids/become.php

6 Write an essay of between 120 and 150 words.
Advantages and disadvantages of being a geophysicist.



UNIT 2 OUR PLANET

TEXT 2.1 The Physical Structure of the Earth

1 Fill in the gaps using the words in the box. There is one extra word.

A. Mantle B. Outer core C. Inner core D. Lithosphere E. Crust

The Earth is almost a sphere, consisting of four main layers.

1. is made from solid nickel and iron

2. has the properties of a solid, but can flow very slowly
3. is relatively thin and rocky

4. is made from liquid nickel and iron

2 Read the text to check your answers.

The Earth is an oblate spheroid. It is composed of a number of
different layers as determined by deep drilling and seismic evidence.
These layers are:

e The core which is approximately 7000 kilometers in diameter
(3500 kilometers in radius) and is located at the Earth's center.

e The mantle which surrounds the core and has a thickness of
2900 kilometers.

o The crust floats on top of the mantle.

The core is a layer rich in iron and nickel that is composed of two
layers: the inner and outer cores. The inner core is theorized to be solid
with a density of about 13 grams per cubic centimeter and a radius of
about 1220 kilometers. The outer core is liquid and has a density of about
11 grams per cubic centimeter. It surrounds the inner core and has an av-
erage thickness of about 2250 kilometers.

The mantle is almost 2900 kilometers thick and comprises about
83% of the Earth's volume. It is composed of several different layers. The
upper mantle extends from the base of the crust downward to a depth of
about 670 kilometers. This region of the Earth's interior is thought to be
composed of peridotite, an ultramafic rock made up of the minerals oli-
vine and pyroxene. The top layer of the upper mantle, 100 to
200 kilometers below surface, is called the asthenosphere. Scientific
studies suggest that this layer has physical properties that are different
from the rest of the upper mantle. The rocks in this upper portion of the
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mantle are more rigid and brittle because of cooler temperatures and low-
er pressures. Below the upper mantle is the lower mantle that extends
from 670 to 2900 kilometers below the Earth's surface. This layer is hot
and plastic. The higher pressure in this layer causes the formation of min-
erals that are different from those of the upper mantle.

The lithosphere is a layer that includes the crust and the upper-
most portion of the mantle (Fig. 1). This layer is about 100 kilometers
thick and has the ability to glide over the rest of the upper mantle. Be-
cause of increasing temperature and pressure, deeper portions of the li-
thosphere are capable of plastic flow over geologic time. The lithosphere
is also the zone of earthquakes, mountain building, volcanoes, and conti-
nental drift.

The topmost part of the lithosphere consists of crust. This materi-
al is cool, rigid, and brittle. Two types of crust can be identified: oceanic
crust and continental crust (Fig. 1). Both of these types of crust are less
dense than the rock found in the underlying upper mantle layer. Ocean
crust is thin and measures between 5 to 10 km thick. It is also composed
of basalt and has a density of 3.0 grams per cubic centimeter.

The continental crust is 20 to 70 kilometers thick and composed
mainly of lighter granite. The density of continental crust is about
2.7 grams per cubic centimeter. It is thinnest in areas like the Rift Valleys
of East Africa. Continental crust is thickest beneath mountain ranges and
extends into the mantle. Both of these crust types are composed of nu-
merous tectonic plates that float on top of the mantle. Convection cur-
rents within the mantle cause these plates to move slowly across the as-
thenosphere. Taken from: http://www.physicalgeography.net/fundamentals/10h.html

Continental - Fig. 1. Structure of the Earth's
Crust Sedimentary Oceanic
Deposits Crust crust and top most layer of

the upper mantle.
——10 km

Lithosphere ——100 km

Plastic Asthenosphere
-------------------------------------------------------------- —— 200 km
Upper Mantle
(down to 670 km)
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2 Scan the text 2.1 and fill in the table below.

Elements and minerals mentioned in the text Granite, ...
Physical properties mentioned in the text Rigid, ...
Physical quantities mentioned in the text Density, ...

3 Check your knowledge of the physical structure of our planet. Take
turns asking each other questions and answer them. Give your part-
ner one mark for each correct answer. Count your score at the end.

Student 1

- Which layer surrounds the core?

- Which layer contains most of the Earth’s
mass?

- Which type of the crust is rich in basalt?

- Which layer is made up mostly of iron?

- What causes the slow movements of tec-
tonic plates across the asthenosphere?

Student 2

- What is the crust composed of?

- Which layer includes the crust and the up-
permost part of the mantle?

- Which layer surrounds the inner core?

- Which layer floats on the top of the mantle?

- Which layer extends from 670 to 2900 km
below the Earth’s surface?

Take turns making up your own questions. Continue until one of you

gives up. Who is the winner today?

Who got the most right answers?

4 Tell about the physical structure of the Earth, using the diagram

below.

Oceanic crust

Quter core
(liquid)

Fig. 2. Cross section

Continental crust

0 (st
8| '#'} 5
§ 5
Uppermost
% “mantle
Asthenosphere
(part of mantle)
Mantle
continues
downward
/
Inner core
(solid)
Crust
through the Earth.
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TEXT 2.2 Types of Rocks
1 Discuss these questions with a partner.

*  What is the difference between rocks and minerals?
* How many types of rocks make up the Earth’s crust?
=  What are the names of the three types of rocks?

= How are they formed?

2 Read the text to check your answers.

Rocks and Minerals

The ground we walk on, build on, and grow gardens on is made
of rock. All the rocks in the world are made up of chemicals called min-
erals. Minerals are solid, inorganic (not living) substances found in and
on the earth. Most are chemical compounds, which means that they are
made of two or more elements. For example, the mineral sapphire is
made up of aluminum and oxygen. A few minerals such as gold, silver
and copper are made of a single element. Minerals are considered to be
the building blocks of rocks. Rocks can be a combination of as many as
six types of minerals. Through a microscope, a rock shows that it is made
of crystals of different minerals, all growing together like a puzzle.

Three types of rocks make up the Earth’s crust. Rocks are formed
in three different ways to produce igneous, metamorphic, and sedimenta-
ry rocks. Igneous rocks form when molten magma cools and solidifies.
Metamorphic rocks form when a rock is chemically changed by heat or
pressure to form a new rock type. Sedimentary rocks form when frag-
ments of rocks and other debris are cemented together.

Igneous Rocks

When a candle burns, a runny wax is formed that trickles down
its side and solidifies. Igneous rocks are formed in a similar way. The
rocks solidify from a mass of molten rock, such as when a lava flow cools
and hardens. Because of the heat needed to form igneous rocks, they are
sometimes called “rocks of fire.” There are two main types of igneous
rock: extrusive and intrusive. Extrusive types form when molten rock
comes to the surface and cools quickly, as with lava. This produces a very
fine-grained rock. Intrusive rocks are those that solidified underground,
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cooling slowly to produce coarse-grained rocks. Examples: Granite, ba-
salt, obsidian.

Sedimentary Rocks

Sedimentary rocks are formed when sediment (bits of rock plus
materials such as shells and sand) get packed together. They can take mil-
lions of years to form. You never know what you might find in a sedi-
mentary rock since many rocks of this type are made up of lots of other
rocks, or even animal remains, all stuck together. Sedimentary rocks are
built up of particles laid down as layers or beds of sediment and are later
buried, compressed, and cemented into a solid mass. Most rocks that you
see on the ground are sedimentary. Examples: Sandstone, shale, limes-
tone.

Metamorphic Rocks

Metamorphic rocks are igneous or sedimentary rocks that have
been transformed by heat, pressure, or both. Metamorphic rocks are
usually formed deep within the Earth, during a process such as mountain
building. When you bake bread, you mix flour, yeast, and water together
and bake in a hot oven. In a similar way, heat and pressure from the over-
lying rocks, may change the nature of the rocks below. This process is
called metamorphosis, which means “change.” Examples: Schist, slate,

marble.
Taken from: www kSlearning.com

2 Answer the questions below.

1. How are igneous rocks formed?

. What is another name for igneous rocks?

. What is the difference between to the two types of igneous rocks?

. How are sedimentary rocks made?

. How are metamorphic rocks made?

. What does the word “metamorphosis” mean?

. Which two layers of the Earth are made of rock?

. Put the following layers of the earth in order from the most dense to
the least dense: atmosphere, crust, inner core, mantle, outer core, water.

e BN e RNV, I SRS I\

3 Summarize the information given in text 2.2. Write at least 150
words.
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TEXT 2.3 The Rock Cycle

1 Fill in the blanks to complete the rock cycle using these words:

magma igneous rock sediment
metamorphic rock sedimentary rock

1

(molten material) W Z# 86

Cooling & Crystalizing Meltinginsie ‘
» 4 the Earh g

a #

7z

Cementing &
Compaction

2 Describe the rock cycle.
3 Read and translate the text from Russian into English.

Just like plants and animals have a life cycle, rocks can go
through a rock cycle! Many rocks start from magma or lava, so they are
igneous rocks. The igneous rocks could get broken up in a river or stream
and settle to the bottom of a lake. Over thousands or millions of years, the
broken up rocks could get compacted into a sedimentary rock. The sedi-
mentary rock could get exposed to intense heat, and change to a meta-
morphic rock. Then the metamorphic rock could get covered by many
other rocks and end up deep in Earth’s crust. It may melt and turn into
magma, and the cycle could start over again. The rock cycle is different
than a life cycle of a plant or animal, though, because a rock doesn’t have

to go through the cycle in order, and it may not go through all the stages.
Taken from: www .k5learning.com
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UNIT 3 THEORIES OF THE EARTH’S FORMATION

TEXT 3.1 Continental Drift

1 With a partner, study the map of Pangaea (fig.3) and answer the
questions below.

1. What is Pangaea?

2. How were the modern continents
formed according to the 20th-
century theory of continental drift?

3. What is the most striking evi-
dence for this theory?

Fig. 3. Map of Pangaea

2 Read the text to check your answers.

The theory of continental drift dates back to the early 1900s. It
suggests that all the present-day continents were previously joined into
one supercontinent, Pangaea. During the early Jurassic, about 200 million
years ago, Pangaea broke up. The fragments of the supercontinent drifted
across the face of the earth into their present positions to form the modern
continents.

The most striking evidence for the theory is the close “fit” be-
tween the eastern edges of the continents of North and South America
and the western edges of the continents of Europe and Africa. However,
the theory was not widely accepted at first. It was not known what
process would cause Pangaea to break up and the continents to move.
Adapted from: Hyne, Norman J. Nontechnical guide to petroleum geology, exploration,
drilling, and production / Norman J. Hyne. -- 3rd ed. — p. 74.

3 Find the words in the text which have the same or similar meaning
to the words below. Translate the text from Russian into English.

1 considers 4 parts 7 proof
2 modern 5 moved across 8 broadly
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3 were glued together 6 current locations

TEXT 3.2 Seafloor Spreading

1 Read and translate the following words and word combinations.
Use a dictionary if necessary.

breakup, drifting, convection currents, viscous liquids, the mid-ocean
ridge, the ridge crest, compatible theories, the Gulf of Aden, the Great
Rift Valley of East Africa, graben

2 Fill in the table below. Translate the words.

verbs nouns | verbs nouns
occur - occurrence spread out -
penetrate - produce
split : collide
form
drag

3 Scan the text and find the explanation for the following terms:
seafloor spreading, subduction zone

A new theory, seafloor spreading, was presented in the early
1960s. This theory provided the processes for the breakup of Pangaea and
the drifting of the continents. Seafloor spreading postulates that large,
slow-moving convection currents occur in the interior of the earth where
rocks act as viscous liquids. A convection current is a cell of flowing lig-
uid caused by heating and cooling. Where the liquid is heated, it becomes
less dense and rises. Where the liquid is cooled, it becomes more dense
and sinks. Convection currents cause the interior of the earth to be con-
stantly moving. A rising hot current from the interior of the earth cannot
penetrate the crust of the earth. It arches the crust up to form the mid-
ocean ridge. The hot, molten current then divides and flows to either side
of the mid-ocean ridge. This splits the solid crust of the earth (lithos-
phere) at the ridge crest and drags it to either side of the ridge. The term
seafloor spreading comes from the seafloor being spread out at right an-
gles from the crest of the mid-ocean ridge. The seafloor is spreading out
from several mid-ocean ridges in different oceans. Areas where seafloors
from two different mid-ocean ridges collide are called subduction zones.
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Seafloor spreading and continental drift are compatible theories.
A mid-ocean ridge formed under Pangaea during the Jurassic time and
caused it to break up. The continents, riding on the spreading seafloor,
would have been carried to their present positions as the Atlantic Ocean
became wider. There are modern examples of a newly formed ocean and
a continent that is breaking up. A segment of the mid-ocean ridge from
the Indian Ocean enters the Gulf of Aden and bifurcates into two sec-
tions. One section is located on the bottom of the Red Sea. The Red Sea
is a long, narrow arm of the ocean that separates Egypt and Sudan, in
Africa, from Saudi Arabia. Africa and Saudi Arabia were joined millions
of years ago. A mid-ocean ridge rose beneath them about 20 million years
ago, split them apart, and created the Red Sea. The Red Sea is growing
wider by inches each year. It is similar to the Atlantic Ocean when Pan-
gaea first broke up.

Another section of the mid-ocean ridge underlies the Great Rift
Valley of East Africa. The valley is a series of large, long grabens with
active volcanoes, earthquakes, and deep lakes. East Africa is breaking up
today. A long, narrow arm of the ocean, similar to the Red Sea, will even-
tually occupy the rift valley in the next few thousands of years, forming
two Africas.
Adapted from: Hyne, Norman J. Nontechnical guide to petroleum geology, exploration,
drilling, and production / Norman J. Hyne. -- 3rd ed. — p. 75-79.

4 Do the following statements agree with the information in the text?
Write TRUE, FALSE or NOT GIVEN.

1. The theory of seafloor spreading was developed in the second half of
the 20" century.

2. The theory explained the movement of the supercontinent Pangaea.

3. Heating and cooling of rocks inside our planet causes convection cur-
rents.

4. Convection currents go through the crust of the earth.

5. Mid-ocean ridges can be found in different oceans.

6. The existence of a graben is a striking evidence for the theory of seaf-
loor spreading.

7. Modern continents can’t brake up.

8. There will be two Africas in the future.
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TEXT 3.3 Plate Tectonics

1 With a partner, write as many facts as you know about the theory
of plate tectonics. Compare your list with those of other students.

2 Do the following quiz.

1. The theory of continental drift was suggested by ...
A. Harry H. Hess B. Robert S. Dietz C. Alfred Wegener D. Francis Bacon

2. The theory of plate tectonics was developed in ...
A. 1965 B. 1968 C. 1960 D. 1967

3. At present, there are ... large plates and many smaller ones.

A. nine B. ten C. eight D. seven

4. Each plate originates at ...

A. amid-ocean ridge  B. molten rocks C. the earth’s surface ~ D. the seafloor

5. Mount Everest is composed of ... rocks.

A. plutonic B. sedimentary C. metamorphic D. volcanic

6. The Andes are located along the ... coast of South America.
A. west B. south C. north D. east

3 Read the text and check your answers.

The theory of seafloor spreading developed more or less simulta-
neously by Harry H. Hess and Robert S. Dietz helped support the Wegener
theory of continental drift. Today it is a widely accepted fact that the continents
are in motion. The study of how continents spread apart and move over the
surface of the earth has led to an entirely new branch of earth science known as
plate tectonics.

The modern day theory of plate tectonics, suggested in 1967,
combines the ideas of seafloor spreading and continental drift. Plate tec-
tonics postulates that the solid lithosphere of the earth is divided into
large, moving plates. Every location on the earth’s surface, whether a
continent or a seafloor, is on a moving plate that is sliding across the par-
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tially molten rocks below it. Each plate originates at a mid-ocean ridge
where new seafloor is being formed. The plate is moving at right angles
away from the crest of the ridge at the spreading rate of that ridge. At the
opposite side of the plate from the mid-ocean ridge is a subduction zone,
an ocean trench, and/or a mountain range. Large strike-slip faults occur
where different plates scrape against each other. Continents ride along on
the moving plates.

At present, there are eight large plates and many smaller ones. In
the geologic past, the number and size of the plates have varied along
with their rates and directions.

The major features of the earth’s surface, both modern and an-
cient, can be explained by moving plates. Mountains are formed by the
collision of plates. For hundreds of millions of years, thick sediments ac-
cumulated along continental margins on two different seafloor plates. The
continents eventually collided, and the sediments were compressed, form-
ing mountain ranges such as the Himalayan Mountains. Mount Everest is
composed of sedimentary rocks deposited in the seas between India and
Asia before they collided. The collision between one seafloor plate with a
continent and another seafloor plate forms a coastal mountain range. The
Andes Mountains along the west coast of South America are an example.
Adapted from: Hyne, Norman J. Nontechnical guide to petroleum geology, exploration,
drilling, and production / Norman J. Hyne. -- 3rd ed. — p. 79.

4 Complete the sentences with the appropriate words. There is one
extra word.

1 combines the ideas of seafloor spreading and continental drift. | A Sediments
2 is divided into large, moving plates. B Mountains
3 are sliding across the molten rocks below the earth’s surface. C Plates
4 ride along on the moving plates. D A seafloor
5 are formed by the collision of plates. .

— . . E Plate tectonics
6 occur where different plates scrape against each other. .

— N F Lithosphere
7 are accumulated and deposited in the seas. .

— G Continents

H Faults

5 Look through the texts 3.1, 3.2, 3.3 and fill in the table below.

Theory Author Year Main Idea

o
.

19



[3.... | | | |

6 Search the Internet for more information. Make a report or a pres-
entation “Theories of the Earth’s Formation”.
UNIT4 METHODS OF GEOPHYSICAL EXPLORATION

TEXT 4.1 Magnetic Exploration

1 Read and translate the following words. Be careful to pronounce
them correctly. What do you know about these rocks and minerals?

magnetite (n) ['magnita1t] hematite (n) [‘hemsatait]
pyrrhotite (n) ['pIrotalt] basalt (n) ['basdzlt]
maghemite (n) ['maghImait] iron ore (n) ['aTon 1]

2 Match the words to make collocations. Translate them into Russian

I. 1 significant A currents II. 1 extremely A used
2 electric B anomalies 2 strictly B magnetic
3 permanent C axis 3 naturally C variable
4 geographic D mineral 4 widely D occurring
5 magnetic E effects 5 highly E proportional
6 local F deposits
7 abundant G dykes
8 ore H properties
9 basalt I basement
10 outcropping J magnetic bar

3 Translate the sentences below. Pay attention to the words in bold.

1) Geophysical techniques are applied to find magnetite ores.
Their magnetization is not proportional to the applied field.

2) Significant magnetic effects are produced by only a very small
number of minerals.
Magnetic fields produced by massive magnetite deposits are thou-
sands of nT.

3) Electric currents circulate in the liquid outer core.
Water is the most important liquid we know.

4) The force lines of the magnetic field indicate the presence of a mag-
netic force at every point in space.

5) Variations in magnitude and direction of this field influence the
shapes of local anomalies.
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Science studies don’t indicate the influence of the magnetic fields of
geological bodies on the environment.

6) Most observed magnetic anomalies contain ferro- or ferri-magnetic
substances. Lunar eclipse was observed yesterday.

4 Scan the text to find the following information:

= description of the Earth’s magnetic field model

= examples of naturally occurring magnetic minerals

® magnitudes of magnetic fields produced by basalt dykes and sedimen-
tary rocks

Compasses and dip needles were used in the Middle Ages to find
magnetite ores in Sweden, making the magnetic method the oldest of all
applied geophysical techniques. It is still one of the most widely used,
even though significant magnetic effects are produced by only a very
small number of minerals.

The Earth’s main magnetic field originates in electric currents
circulating in the liquid outer core, but it can be largely modelled by a
small but powerful permanent magnetic bar, located near the center of the
Earth and inclined about 11° from the geographic axis; the force lines of
the magnetic field indicate the presence of a magnetic force at every point
in space.

A body placed in a magnetic field acquires a magnetization
which, if small, is proportional to the field. The magnetic properties of
highly magnetic rocks tend to be extremely variable and their magnetiza-
tion is not strictly proportional to the applied field. The magnetic fields of
geological bodies are superimposed on the background of the Earth’s
main field. Variations in magnitude and direction of this field influence
both the magnitudes and shapes of local anomalies.

Most observed magnetic anomalies are due to the small number
of ferro- or ferri-magnetic substances. Ferro- and ferri-magnetic materials
may have permanent as well as induced magnetic moments, so that their
magnetization is not necessarily in the direction of the Earth’s field.
Magnetite, pyrrhotite and maghemite, are the only important naturally
occurring magnetic minerals and, of the three, magnetite is by far the
most common. Hematite, the most abundant iron mineral, has a very
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small susceptibility and many iron ore deposits do not produce significant
magnetic anomalies.

Magnetic field strengths are now usually measured in nanoTesla
(nT). Massive magnetite deposits can produce magnetic fields of as much
as 200 000 nT, which is several times the magnitude of the Earth’s nor-
mal field. Anomalies of this size are unusual, but basalt dykes and flows
and some larger basic intrusions can produce fields of thousands and oc-
casionally tens of thousands of nT. Anomalous fields of more than
1000 nT are otherwise rare, even in areas of outcropping crystalline
basement. Sedimentary rocks generally produce changes of less than

10 nT, as do the changes in soil magnetization important in archaeology.
Adapted from: Milsom, J. (2003) Field geophysics (Third Edition), John Wiley & Sons
Ltd, England, 232 pp.-p. 51 — 52.

5 Study the photo of the aeromagnetic survey. What equipment is
used in the stinger behind the airplane? What does it measure?

-----_- S 2

PT-Wg5y

Fig. 4. Aeromagnetic survey
6 Read the text to check your answers. Translate it into Russian.

The magnetic method exploits small variations in magnetic mine-
ralogy among rocks. A magnetometer is designed to measure variations
in the magnetic field of the Earth. Magnetic data are used to verify the
presence or absence of magnetically susceptible materials.

The magnetometer is very sensitive to rocks containing a very
magnetic mineral called magnetite. If a large mass of magnetite-bearing
rock (e.g., basement rock) occurs near the surface, it is detected by a larg-
er magnetic force than the normal, regional value. The magnetometer is
primarily used to detect variations of basement rock depth and composi-
tion. It can be used to estimate the thickness of sedimentary rocks filling
a basin and to locate faults that displace basement rock.
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The magnetometer is a relatively inexpensive, portable, and easy-
to-use instrument. It is small enough to be transported in the back of a
pickup truck. The magnetometer can be mounted in a stinger on the back
of an airplane to conduct an aecromagnetic survey that is fast and efficient
and does not need permission from the land owners. The magnetometer
can also operate while being towed behind a boat.
TEXT 4.2 Gravity Exploration

1 Read and translate the following words. Be careful to pronounce
them correctly. What do you know about these rocks and minerals?

chromite (n) ['krouma1t]  halite (n) ['heela1t]
hematite (n) ['hemotait]  kimberlite (n) ['kimbalait]
barite (n) ['ber1t] diatomaceous earth [da1o'tbmelfos 3:0]

2 Translate the following word combinations from the text.

- ground-based gravimeters - relatively light rocks

- easy-to-use instruments - higher-than-normal gravity values
- shallow high density bodies - a grid pattern of points

- shallow low density bodies - abnormally high gravity

3 Read the text and fill in the gaps in the statements below.

1) Ground-based gravimeters are used to measure ...
2) Gravity is measured in ...

3) Regions of higher than average density produce ...
4) Deposits of low-density yield ...

5) Basement rock is ...

6) Salt domes or porous reefs are relatively ... rocks.

Differences in rock density produce small changes in the Earth’s
gravity field. Gravity measurements define anomalous density within the
Earth; in most cases, ground-based gravimeters are used to precisely
measure variations in the gravity field at different points.

Gravity meters are relatively inexpensive, portable, and easy-to-
use instruments. A gravity meter or gravimeter measures the acceleration
of the earth’s gravity at that location. It is very sensitive to the density of
the rocks in the subsurface. It measures gravity in units of acceleration
called milligals.
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Positive gravity anomalies are associated with shallow high den-
sity bodies, whereas gravity lows are associated with shallow low density
bodies. Thus, deposits of high-density chromite, hematite, and barite
yield gravity highs, whereas deposits of low-density halite, weathered
kimberlite, and diatomaceous earth yield gravity lows.

Over a typical area of earth’s crust with 5,000 ft (1,525 m) of se-
dimentary rocks underlain by basement rock that is very dense, the gravi-
ty measurement is predictable. A mass of relatively light rocks such as a
salt dome or porous reef can be detected by the gravity meter because of
values over it that are lower than normal gravity. A mass of relatively
heavy rocks near the surface such as basement rock in the core of a dome
or anticline can be detected by higher-than-normal gravity values (fig. 5).

—————
Normal ==

DENSITY: Normal Light Normal

x x BASEMENT —— [DENSE) xX x
x

Fig. 5. Gravity meter measurements over an area

In order to explore the subsurface of an area using a gravity me-
ter, a grid pattern of points is located on the surface. A gravity reading is
made at each point. The gravity values are then plotted on a base map and
contoured similar to a topographic map. With an aeromagnetic survey,
the plane flies in two sets of parallel lines that intersect at right angles.
Most of the area will have “normal” gravity measurements. Anomalies of

abnormally high (maximum) or low (minimum) gravity are noted.
Adapted from: Hyne, Norman J. Nontechnical guide to petroleum geology, exploration,
drilling, and production / Norman J. Hyne. -- 3rd ed. —p. 211 - 215.
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T MAGNETICS 4 Many salt domes in the

coastal areas of Texas and
Louisiana were discovered
in the 1920s by gravity
meter surveys. How was it
done? Explain using the
diagram below (fig. 6).

Fig. 6. Magnetic anomalies over a salt dome

TEXT 4.3 Seismic Waves

1 With a partner, study the diagram (fig.7) below and answer the fol-
lowing questions.

=  What types of seismic waves do you know?

=  What causes seismic waves?

=  What are their differences?

@ compressional waves
B i
no waves
particle
B HHH @ motion
i e A
B +
B
A
jfEEEEEEN]

wave travel direction
—_—
Fig. 7. Seismic waves: (a) compressional and (b) shear

2 Read the text to check your answers and find the following infor-
mation:

" fype of energy a seismic wave is

v difference between body waves and surface waves

»  methods of elastic wave generation

» application of seismic methods

»  fype of waves which can only occur in solids

= difference between velocities of P and S waves

A seismic wave is acoustic energy generated by an earthquake,
explosion, or similar energetic source and propagated within the Earth or
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along its surface. Earthquakes generate four principal types of elastic
waves; two, known as body waves, travel within the Earth, whereas the
other two, called surface waves, travel along its surface. Seismographs
record the amplitude and frequency of seismic waves and yield informa-
tion about the Earth and its subsurface structure. Artificially generated
seismic waves recorded during seismic surveys are used to collect data in
oil and gas prospecting and engineering. Seismic methods are the most
effective, and the most expensive, of all the geophysical techniques used
to investigate layered media.

When a sound wave travels in air, the molecules oscillate back-
wards and forwards in the direction of energy transport. This compres-
sional wave thus travels as a series of compressions and rarefactions. The
compressional wave in a solid medium has the highest velocity of any of
the possible wave motions and is therefore also known as the primary
wave or simply the P wave.

Particles vibrating at right angles to the direction of energy flow
create an S (shear, ‘shake’ or, because of its relatively slow velocity, sec-
ondary) wave. Shear waves are slower than compressional waves and
cannot pass through a liquid or gas. Their velocity in many consolidated
rocks is roughly half the P wave velocity. It depends slightly on the plane
in which the particles vibrate but these differences are not significant in
small-scale surveys. P and S waves are body waves and expand within the
main rock mass.

Adapted from: Milsom, J. (2003) Field geophysics (Third Edition), John Wiley & Sons
Ltd, England, 232 pp. —p. 179.

3 Read the first paragraph of the text and find English equivalents
for the following Russian expressions.

pacnpocmpansiemvie, ynpyeue 60JHbl, celicmozpagd, cobupams OanHvle,
AMRAUMY0A, UCKYCCMBEHHO, Yacmoma, NOUCK Hepmu u 2aza, odvemHble
6OJIHbI, NOBEPXHOCMHbIE GOJIHbL, 3ANUCLIGAEMble (pecucmpupyemble),
celicmMopa3zeedka, moaoa Kax, 0aeams UHGOPMAYLUI0

4 Match the opposite words. There is one extra word.
stretch, increase, move, liquid, expansion, compress, transmit, compres-
sion, drop, stop, solid
5 Do the following statements agree with the information in the text?
Write TRUE or FALSE.
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1) Of the body waves, S wave has the highest speed of propagation.

2) Compressional waves reach a seismic recording station faster than
shear waves.

3) P waves give the transmitting medium—whether liquid, solid, or gas—
a back-and-forth motion in the direction of the path of propagation.

4) P waves are also called shear or transverse waves.

5) S waves cause points of solid media to move back and forth perpendi-
cular to the direction of propagation.

TEXT 4.4 Geophone

1 Discuss the following questions with a partner.
=  What is a geophone?
= How does it work?
= What’s the difference between geophones and hydrophones?

2 Read the text and label the diagram (fig. 8) below.

Land seismic detectors are known as geophones (fig. 9), marine
detectors as Aydrophones. Both convert mechanical energy into electrical
signals. Geophones are usually positioned by pushing a spike screwed to
the casing firmly into the ground but it may be necessary to unscrew the
spike and use some form of adhesive pad when working on bare rock.

A geophone consists of a coil wound on a high-permeability
magnetic core and suspended by leaf springs in the field of a permanent
magnet. If the coil moves relative to the magnet, voltages are induced and
current will flow in any external circuit. The current is proportional to the
velocity of the coil through the magnetic field, so that ground movements
are recorded. In most cases the coil is mounted so that it is free to vibrate
vertically, since this gives the maximum sensitivity to P waves rising

steeply from subsurface interfaces.
Adapted from: Milsom, J. (2003) Field geophysics (Third Edition), John Wiley & Sons
Ltd, England, 232 pp. —p. 188.
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Fig. 8. The diagram of a geophone Fig. 9. Geophone.

3 Translate the text from English into Russian.
TEXT 4.5 Seismic Exploration

The first oil field found by seismic exploration alone was the Se-
minole field of Oklahoma in 1928. The seismic data at that time were
recorded by analog in the field on a sheet of paper. The printout was noi-
sy and not very accurate. The greatest improvements in petroleum explo-
ration in the last several decades have involved new seismic acquisition
techniques and computer processing of digital seismic data.

1 Study this diagram below. What do you think the trucks and the
geophones do?
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5 recording truck

1 wibrator truck

2 seismic wave
(going down)
3 reflected seismic
wave (coming up)

2 Read the text. Decide if the statements below are TRUE or FALSE.

1 Oil companies make maps of the surface.

2 Seismic waves can't go through rocks.

3 Vibrator trucks make seismic waves.

4 One rock layer reflects all the waves.

5 Geophones send electrical signals to the recording truck.
6 The geophones produce 3D maps.

Drilling is expensive. So oil companies plan carefully before they
start drilling. First they make 3D maps of the rocks below the surface.
Then they study these maps carefully. They look for possible oil traps.

How do they make these maps? How do they find out what is be-
low the surface? The answer is 'seismic waves'. Seismic waves are sound
waves, and they can travel through rock layers.

Most oil companies use vibrator trucks to make seismic waves.
These heavy trucks make vibrations on the surface, and the vibrations
send waves down to the rocks below.

Each rock layer reflects some of the waves. The reflected waves
travel up to geophones on the surface. Geophones are like microphones:
they convert the waves into electrical signals. A machine in the recording
truck records the signals. Computers can convert these signals into 3D
maps.
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Seismic reflection works at sea too. But the crews use hydro-
phones, not geophones, and they use an underwater gun to make seismic

waves.
Taken from: Lansford L., Vallance D. Oxford English for Careers. Oil and Gas 1. Stu-
dent’s Book. — Oxford University Press, 2011. —p. 29.

3 The word “they” is used in the text nine times. It can mean differ-
ent things in different sentences. Find every “they” and say what it
means.

EXAMPLE: In paragraph 1, “they” means “o0il companies”.

4 Look at the labels (1-5) in the diagram above (task 1) and explain
the process.

BEGIN: Vibrator trucks make seismic waves. The waves go ...

5 Look at the
diagram of
seismic reflec-
tion at sea and
explain the
process.

TEXT 4.6 Seismic Equipment

1 With a partner, discuss the meanings of the following words and
word combinations. Use a dictionary if necessary.

a noise survey, a shot point, a shot hole, vibroseis technique, a vibrator
truck, a sweep, an air gun, a geophone, a recording truck, a doghouse, a
hydrophone, a streamer

2 Scan the text to check your answers.

3 Read the text to find out the meaning of these numbers in the text.
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1) about 2 to 4% 3) about 70% 5)6t09m 7) 5 knots
2) 18to 30 m 4) 7 to 20 seconds 6) 2,000 psi

The seismic method uses impulses of sound energy that are put
into the earth. The energy travels down through the subsurface rocks, is
reflected off subsurface rock layers, and returns to the surface to be rec-
orded. Seismic exploration uses subsurface echoes to image the shape of
subsurface sedimentary rocks and locates petroleum traps. A source and a
detector are used. The source emits an impulse of sound energy either at
or near the surface of the ground or at the surface of the ocean. The sound
energy is reflected off subsurface rock layers. The maximum reflection
energy occurs when the angle of incidence between the seismic source
and reflector is equal to the angle of reflection between the reflector and
seismic detector (fig. 10). Only about 2 to 4% of each sound impulse is
reflected off each layer, and the remaining sound impulse goes further
into the rock, to be reflected off deeper and deeper layers. The reflected
sound energy from each layer returns to the surface, where the detector
records it.

SOURCE DETECTOR

Y

REFLECTOR
Fig. 10. A seismic reflection with the angle of incidence (i)
equal to the angle of reflection (7)

The detector on the surface records both the signal, wanted direct
(primary) reflections from the subsurface rock layers, and noise, un-
wanted energy. Noise can be caused by surface traffic, wind, surface and
air waves, and subsurface reflections that are not direct reflections from
subsurface rock layers. A high signal/noise ratio is desired. A noise sur-
vey, a small seismic survey, can be run first to determine the nature of
noise in that area and plan the optimum seismic program to reduce noise.

The location of the seismic source is called the shot point. On
land, the most common seismic sources are explosives and vibroseis. Dy-
namite was the first seismic source used and is still the most common
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explosive source used today. Explosives are used today where the surface
is covered with loose sediments, swamps, or marshes. When using explo-
sives, a small, truck-mounted drilling rig often accompanies the seismic
crew to drill a shot hole, usually 60 to 100 ft (18 to 30 m) deep, to a point
below the soil. The explosives are planted in solid rock on the bottom of
the hole.

About 70% of the seismic exploration run on land today is done
by vibroseis, a technique developed by Continental Oil (now ConocoPhil-
lips). In vibroseis, a vibrator truck (fig. 11) with hydraulic motors
mounted on the back of a truck and a plate called a pad or baseplate lo-
cated on the bottom of the truck bed are used. The vibrator truck drives to
the shot point and lowers the pad onto the ground until the back wheels
are above the ground and most of the weight of the truck is on the pad.
The hydraulic motors use the weight of the truck to shake the ground for
a time (sweep length), often 7 to 20 seconds. A range of frequencies,
called the sweep, is imparted into the subsurface. Vibroseis is very porta-
ble and can be run in populated areas. Other less common land seismic
sources include weight drop, gas gun, land air gun, and guns such as a
shotgun.

At sea, a common seismic source is an air gun. The air gun is a
metal cylinder that is several feet long (fig. 12). It is towed in the water at
a depth of 20 to 30 ft (6 to 9 m) behind the ship. On the ship are air com-
pressors. High-pressure air at 2,000 psi (140 kg/cm?) is pumped through a
flexible, hollow tube into the air gun in the water. On electronic com-
mand, ports are opened on the air gun. An expanding, high-pressure air
bubble in the water provides a seismic source that is not harmful to ma-
rine life. The air gun is also used in some applications in swamps and
marshes. Other seismic sources used at sea include water gun, sleeve gun,
and sparker.
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Fig. 11. Vibrator truck Fig. 12. Air gun

The impulse of seismic energy travels down through the subsur-
face rocks, strikes the top of the subsurface layers, and is reflected back
to the surface as echoes. The returning echoes are recorded on land by
vibration detectors called geophones or jugs. They detect vertical ground
motion and translate it into electrical voltage.

The geophone often has a spike on the bottom so it can be planted
in the ground. One to dozens of geophones are connected to form a group
that records as a single unit called a channel. By using several geophones
in a group, noise is reduced. The geophones in a group are arranged in a
line, several parallel lines, a star, a rectangle, or another geometric pat-
tern. Groups of geophones are deployed in a larger geometric pattern
called the spread. A common spread called a /inear spread consists of a
long main cable stretched out in a line several miles long. Shorter cables
at specific intervals connect the individual geophone groups, which are
equidistant, with the main cable. A split spread, with the source in the
middle of the linear spread, is commonly used on land.

Using these methods, a large number of geophone groups can be
used to cover a large area of the subsurface with each seismic shot. The
geophones are all connected to a lead cable that goes to the recording
truck or doghouse. The data can also be transmitted digitally by a radio
telemetry system that uses radio signals to make the connection. The re-
cording truck has an enclosure on the back called a doghouse, which con-
tains equipment used to digitally record and store the seismic data.

At sea, the source is towed in the water behind a boat that travels
at about 5 knots (5 nautical miles per hour). The seismic energy is power-
ful enough for much of the sound to penetrate the ocean bottom. The re-
turning reflections are recorded on vibration detectors, called Aydro-
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phones, contained in a long plastic tube, the streamer, that is towed be-
hind the boat. Wires are run from the hydrophones through the streamer
to the doghouse on the ship where the recording equipment and comput-
ers are located.

Seismic exploration is most expensive on land, especially in

rugged terrain. It is less expensive and of better quality at sea.
Adapted from: Hyne, Norman J. Nontechnical guide to petroleum geology, exploration,
drilling, and production / Norman J. Hyne. -- 3rd ed. — p. 215 - 223.

4 Complete the statements using the information from the text.

1) Seismic exploration makes it possible to ...

2) The maximum reflection energy takes place when ...

3) Noise occurs due to ...

4) The most common explosive source used today is ...

5) Except vibrator trucks other land seismic sources are ...

6) A common seismic source used at sea and in some applications in
swamps and marshes is ...

7) Geophones record ...

8) The geophone can be put into the ground because it often has ...
9) Geophones are used in a group to ...

10) Equipment for recording and storing seismic data is located in ...

5 Study the following diagrams (fig. 13, fig. 14) and tell about seismic
exploration on land and at sea.

EXPLOSIVES
VIBROSEIS — VIBRATOR SPREAD ARRAY o e TRUCK -
/ SOURCE) GEOPHONES--JUGS ECORDING TRU =

‘:‘;,1; - T o - CABLE

Fig. 13. The seismic method on land
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e

Fig. 14. The seismic method at sea

6 Read the text about geophysical methods and fill in the gaps with
the words from the box. There are two words you do not need to use.

geophone surface magnetometer sub-surface
gravimeter vibrator truck density search
hole planes sound explosives

Geophysicists use mathematics and physics to create a picture of
the 1___. They can identify types of rock by their 2 (mass) and mag-
netic qualities. They use different equipment in their3 . A4 shows
rock density, and a 5___ measures magnetic fields. A magnetometer can
be used in 6 while flying over an area. Another method is seismic ex-
ploration, which uses 7___. Shock waves are produced by 8 __ that are
placed in a9___ in the ground. These waves are reflected back and show
the different kinds of rock under the surface. Instead of explosives, a
10___ will be used.

7 Translate the text in 6 from English into Russian.
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APPENDIX

BapuaHTbl 3K3aMeHAIlUOHHBIX 3aaHU i
BAPHUAHT 1

3ananmue 1. [IucbMeHHbII epeBO] TEKCTA.

The three main types of rocks are sedimentary, metamorphic, and
igneous. The differences between them have to do with how they are
formed. Sedimentary rocks are formed from particles of sand, shells,
pebbles, and other fragments of material. Metamorphic rocks arise from
the transformation of existing rock types, in a process called metamor-
phism, which means "change in form". Igneous rocks are formed when
magma cools and hardens. All rocks are continually changing from one
type to another and back again, as forces inside the earth bring them clos-
er to the surface (where they are weathered, eroded, and compacted) and
forces on the earth sink them back down (where they are heated, pressed,
and melted). So the elements that make up rocks are never created or de-
stroyed — instead, they are constantly being recycled.

3aganue 2. 3am0JHUTE NMPOIYCKH, HCNOJb3Ysl NPAaBMJIBHYI0O IPaMMa-
THYECKYI0 (popmy.

1 Joe ran all the way. It wasn’t necessary. Joe ... (MOaNbHBIH Ii1a-
TOJI, BBIPAXKAIOIIUH OTCYTCTBHE HeoOxoaumocTH / not) have run
all the way.

2 1... (jog) yesterday from 7 till 8 a.m. in the park.

3 She ... (MOJaNBHBIH IIaroj, BEIpaXarOIIuid ClIOCOOHOCTH/ NOt)
pass her driving test yesterday.

4 Sorry, I can’t give you a lift to the station. -0k, I... (take) a
taxi.

5 She ... (write) her first novel when she was 16.

6 The crime ... (investigate) very quickly and the killer got to pris-
on.

7 Ifwe ... (live) in the country, we would swim in the lake in sum-
mer.

8 Letme ... (pay) for the meal. You paid last time.

9 How... (much/ many) milk is there in the fridge?

10 D’ve got ... (any/ much/ little/ a few) friends, so I’'m not lonely.
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11 I will call you as soon as I ... (get) to the hotel.

12 She ... (meet) a customer at the moment.

13 David always enjoyed ... (play) football at school.

14 The Ritz is ... (expensive) hotel in our city.

15 The results of the competition ... (know) in a week’s time.
16 Your essay was ... (bad) than Jim’s.

17 1... (wait) for you since 11.00 this morning.

18 They ... (not talk) to the head teacher yet.

19 In 2035 robots ... (do) all the housework!

20 ...Tom often ... (read) your e-mails?

3ananne 3. CounHenne Ha 3aaaHHyI0 Temy. Oonem 100-120 cioB.
What is the best way to master a foreign language? Explain your opinion.

BAPUAHT 2
3ananmne 1. IIucbMeHHBII TepeBOa TEKCTA.

The speed of seismic waves is affected by the properties of the
material the waves pass through. Measuring the time it takes for certain
waves to get to a seismometer after an earthquake can indicate specific
properties of the materials that the waves encountered. Where a wave
encounters a layer with a different composition, it will change direction
and/or velocity. There are two types of seismic body waves: P-waves, or
pressure waves, and S-waves, or shear waves. P-waves, which go
through both liquids and solids, travel 60% faster than S-waves on
average, because the interior of the Earth does not react the same
way to both of them. S-wave can only move through solid rock, not
through any liquid medium. This property of S-waves led seismol-
ogists to conclude that the Earth's outer core is liquid.

3apanue 2. 3anoJHMTe NPOMYCKH, HCIOJIL3YS NPABUIBHYI0 FPpaMMa-
THYECKYI0 (popmy.

1 Joe ran all the way. It wasn’t necessary. Joe ... (MOIaNbHBIH T1a-
T'OJI, BRIpAXAIONTHi OTCYTCTBHE HEOOXoaumocTH / not) have run
all the way.

2 1...(jog) yesterday from 7 till 8 a.m. in the park.
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8

9
10
11
12
13
14
15
16
17
18
19
20

She ... (MOmaIBHBIN TJIAr0JI, BRIPAXKAIOIIUI CITIOCOOHOCTH/ Not)
pass her driving test yesterday.

Sorry, I can’t give you a lift to the station. -0k, I... (take) a
taxi.
She ... (write) her first novel when she was 16.

The crime ... (investigate) very quickly and the killer got to pris-
on.

If we ... (live) in the country, we would swim in the lake in sum-
mer.

Let me ... (pay) for the meal. You paid last time.

How... (much/ many) milk is there in the fridge?

I’ve got ... (any/ much/ little/ a few) friends, so I’'m not lonely.

I will call you as soon as I ... (get) to the hotel.

She ... (meet) a customer at the moment.

David always enjoyed ... (play) football at school.

The Ritz is ... (expensive) hotel in our city.

The results of the competition ... (know) in a week’s time.

Your essay was ... (bad) than Jim’s.

I ... (wait) for you since 11.00 this morning.

They ... (not talk) to the head teacher yet.

In 2035 robots ... (do) all the housework!

...Tom often ... (read) your e-mails?

3ananne 3. CounHenne Ha 3a1aHHyI0 Temy. Oobem 100-120 cioB.
Do you agree with the statement «Eating a little bit healthier helps you
live longer»?
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ANSWER KEY
UNIT 1

TEXT 1.1: How is the Earth’s Interior Studied?
Ex. 7: 1D, 2B, 3C

Geophysical Quiz

1. geophysics 6. the mantle 11. dense rock.

2. boundaries between rock 7. an ultramafic rock 12. low-density rock.
layers 8. asthenosphere 13. magnetic poles

3. the crust, the mantle, 9. a liquid outer core and a solid  14. A positive magnetic
and the core inner core anomaly

4. basalt 10. iron and nickel

5. granite and gneiss
TEXT 1.2: Geophysicist

Ex.3: 1G2C 3B 4D 5A 6F 7E
Ex. 5: 1 - studies 2 - outdoors 3 - features 4 - indoors 5 - evaluate 6 - ha-
zards 7 - evolution

UNIT 2

TEXT 2.1: The Physical Structure of the Earth
Ex. 1: 1E, 2A, 3B, 4C

TEXT 2.3: The Rock Cycle

Ex. 1: 1 - magma, 2 - igneous rock, 3 - sediment, 4 - sedimentary rock, 5
- metamorphic rock

UNIT 3
TEXT 3.1: Continental Drift
Ex. 3:
1 suggests — considers 5 drifted across — moved across
2 present-day — modern 6 present positions — current locations
3 were joined — were glued together 7 evidence — proof
4 fragments — parts 8 widely — broadly
TEXT 3.2: Seafloor Spreading
Ex. 2:
verbs nouns | verbs nouns
occur - occurrence spread out - spreading
penetrate - penetration produce - production
split - splitting collide - collision
drag - dragging form - formation
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Ex. 4: 1T, 2F, 3T, 4F, 5T, 6NOT GIVEN, 7F, 8T
TEXT 3.3: Plate Tectonics

Ex. 2: 1C, 2D, 3C, 4A, 5B, 6A
Ex. 4: 1E, 2F, 3C, 4G, 5B, 6H, 7A

UNIT 4
TEXT 4.1: Magnetic Exploration

Ex. 2(possible answers):

L. significant effects, electric currents, permanent magnetic bar, geo-
graphic axis, magnetic properties, local anomalies, abundant mineral, ore
deposits, basalt dykes, outcropping basement

I1. extremely variable, strictly proportional, naturally occurring, widely
used, highly magnetic

TEXT 4.2: Gravity Exploration

Ex. 2 (possible answers):

1) Ground-based gravimeters are used to measure variations in the gravi-
ty field at different points.

2) Gravity is measured in units of acceleration called milligals.

3) Regions of higher than average density produce positive gravity ano-
malies / positive anomalies.

4) Deposits of low-density yield gravity lows.

5) Basement rock is very dense

6) Salt domes or porous reefs are relatively light rocks.

Ex. 4 (possible answer): A subsurface salt dome is seen as a surface
anomaly of relatively low gravity and magnetics because the salt is light
in density and has no magnetite mineral grains compared to the surround-
ing sedimentary rocks.

TEXT 4.3: Seismic Waves

Ex. 3:
pacnpocmpansemvie - propagated nouck negpmu u 2aza - oil and gas pros-
ynpyaue 60NHbL - elastic obvemHble 60aHbL  pecting
celicmozpagh  waves nosepxHocmmuvie 8onnbl - body waves
cobupams Oannvie - seismograph sanucvisaemvle (pecucm- - surface waves
amnaumyoa - collect data pupyemvie) - recorded
uckyccmeenno - amplitude celicMopaseeoka - seismic surveys
yacmoma - artificially moeoa kax - whereas
- frequency oasams ungopmayuto - yield information
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Ex. 4: stretch — compress; increase — drop; move — stop; liquid — solid,;
expansion — compression; transmit

Ex. S: IF, 2T, 3T, 4F, 5T

TEXT 4.4: Geophone

Ex. 2: 1- leaf spring; 2 — coil; 3 — spike; 4 - casing

TEXT 4.5: Seismic Exploration

Ex. 2: 1F, 2F, 3T, 4F, 5T, 6F

TEXT 4.6: Seismic Equipment

Ex. 4 (possible answers):

1) Seismic exploration makes it possible to image the shape of subsurface
sedimentary rocks and locates petroleum traps.

2) The maximum reflection energy takes place when the angle of inci-
dence between the seismic source and reflector is equal to the angle of
reflection between the reflector and seismic detector.

3) Noise occurs due to surface traffic, wind, surface and air waves, and
subsurface reflections that are not direct reflections from subsurface rock
layers.

4) The most common explosive source used today is dynamite.

5) Except a vibrator truck, other land seismic sources are weight drop,
gas gun, land air gun, and guns such as a shotgun.

6) A common seismic source used at sea and in some applications in
swamps and marshes is an air gun.

7) Geophones record vertical ground motion.

8) The geophone can be put into the ground because it often has a spike
on the bottom.

9) Geophones are used in a group to reduce noise.

10) Equipment for recording and storing seismic data is located in a dog-
house

Ex. 6: 1. sub-surface; 2. density; 3. search; 4. gravimeter; 5. magnetome-
ter; 6. planes; 7. sound; 8. explosives; 9. hole; 10. vibrator truck
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APPENDIX

Ne BAPUAHT 1 BAPUAHT 2
1 | was watching needn’t
2 | arrived. was jogging
3 | have had couldn’t/ wasn’t able to
4 | may/might/ could will take
5 | will live/ will be living | wrote
6 | the most beautiful was investigated
7 | is being repaired lived
8 | has been crying pay
9 | can much
10 | some a few
11 | many get
12 | to start is meeting
13 ?;nmnelz::tmg / am going playing
14 | better the most expensive
15 | talk will be known
16 | reading worse
17 E?ll;ld/ might/ would have been waiting
18 | speaks / can speak haven’t talked
19 | are visiting will do
20 | was/is made does Tom often read

42




REFERENCES

1. Tapacosa B.B., lamunoBa D.P., Cabuposa P.H. Reading science. —
yueb. mocobue. — Kazann: Kazan. yu-1, 2016 — ¢ 34 - 35.

2. Charles C. Plummer, Diane H. Carlson, Lisa Hammersley. (2016)
Physical geology (Fifteenth edition), McGraw-Hill Education, New Y ork.
—p. 413 -431.

3. Hyne, Norman J. Nontechnical guide to petroleum geology, explora-
tion, drilling, and production / Norman J. Hyne. -- 3rd ed. — 698 pp.

4. Lansford L., Vallance D. Oxford English for Careers. Oil and Gas 1.
Student’s Book. — Oxford University Press, 2011. —p. 29.

5. Milsom, J. (2003) Field geophysics (Third Edition), John Wiley &
Sons Ltd, England, 232 pp.

6. Rocks and Minerals [Dnextponnbsii  pecypc]. URL:
www.k5learning.com (nara oopamenus: 16.01.2019).

7. The Physical Structure of the Earth. [Onekrponnsiii pecypc]. URL:
http://www.physicalgeography.net/fundamentals/10h.html (mara o6pa-
menus: 16.01.2019).

8. What is a geophysicist? [Onektponnsiii pecypc]. URL:
https://earthquake.usgs.gov/learn/kids/become.php (mata oOpamienus:
16.01.2019).

43



CONTENTS

BBEJIEHUE .......ooiiiiiiiiiiee ettt 3
UNIT1 GEOPHYSICAL SCIENCE AND ITS APPLICATIONS ...... 4
TEXT 1.1  How is the Earth’s Interior Studied? ...........ccccceeenennee. 4
TEXT 1.2 GEOPIYSICIS ..uveeuvieiieiieriieieieeereereereeieesieeseeeseneseneseneeenas 7
UNIT 2  OUR PLANET ...ttt e 9
TEXT 2.1  The Physical Structure of the Earth.............ccocecvveennnnnne. 9
TEXT 2.2 Types of ROCKS .....cccvvviiiiiiiieiieciececece e 12
TEXT 2.3 The Rock CyCle.....cuvecviiiiiiiiiiicieeieeieeeeee e 14
UNIT 3 THEORIES OF THE EARTH’S FORMATION................... 15
TEXT 3.1  Continental Drift.......ccccoooeeiiiiiiiiiiiiieeeeseeneeee 15
TEXT 3.2 Seafloor SPreading .........cceeveveereerrencieeieeieeieeseenenens 16
TEXT 3.3 Plate TECIONICS ....oocveieeiieeiriieiie et 18
UNIT4 METHODS OF GEOPHYSICAL EXPLORATION............. 20
TEXT 4.1  Magnetic EXploration ...........cccceevvverveniieciieieeieeseesenns 20
TEXT 4.2  Gravity EXploration..........cccoeeveveieniieeniieneeneesee e 23
TEXT 4.3 SeiSmIC WAVES ....ccocviieiiieciiieciie e e 25
TEXT 4.4 GeEOPRONC......ooviiiieiiieeiieeee et 27
TEXT 4.5  Seismic EXplOration .........ccccevvveveerienieniienieeieenieeninens 28
TEXT 4.6  Seismic EQUIPMENLt.........cceevieriieriinienieeieeieeieeieeieane 30
APPENDIX ...ttt ettt 36
ANSWER KEY ..ttt 39
REFERENCES ...ttt eenns 43

44



UHOCTPAHHBIN SI3BIK
AHIJIMACKUHA 151 TEO®U3UKOB

Memoouueckue ykazanus K npaKmMu4ecKum 3aHAMUAM
ons cmydenmos cneyuanvrocmu 21.05.03

FOREIGN LANGUAGE
ENGLISH FOR GEOPHYSICISTS
Cocr. H.B. Yysunesa
INewaTaercs ¢ OpUrMHaI-MaKeTa, OArOTOBICHHOrO Kadeapoi
HWHOCTPAHHBIX SI3BIKOB
OtBeTcTBeHHbIH 3a Boinyck A.C. Obnosa
JInuenzust U Ne 06517 ot 09.01.2002

[Monnucano k nevatu 08.04.2019. dopmat 60x84/16.
VYen. neu. 1. 2,5. Yen.kp.-o1T. 2,5. Yu.-uzn.a. 2,2. Tupax 50 ax3. 3aka3z 325. C 121.

Cankr-IleTepOyprckuii TOpHBIA YHHBEPCUTET
PUI] CankT-IleTepOyprckoro ropHoro yHUBEpCHTETA
Anpec yausepcuteta u PULL: 199106 Cankr-IlerepOypr, 21-s nunus, 2



	2019 - 81
	2019-81_МУ_Английский для геофизиков_ЧувилеваНВ

