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HPEAUCJTIOBHE

VYyebHO-MeTOAMUECKOE TI0cOOMEe  MpeACTaBisieT CcoOOW  maTrepuan st
yTIyOJIEHHOTO M3YYEeHHs Te0JIOTUU He(TH M ra3a Ha aHTJIMUCKOM SI3bIKE U MOKET
UCIIOIb30BaThCA  MPENOJABATEISIMA  BY30B  HA  NPAKTHUYECKUX  3aHATHUAX
no nucuurinHe  «MHOCTpaHHBIH  sA3BIK B MPO(ECCHOHANBHOM H  JIEJIOBOM
KOMMYHUKaum» win « MTHOCTpaHHBIN SI3bIK B aKaIEMHYECKOU ¥ TTPoecCHOHaTbHOM
KOMMYHUKaMWy (aHruiickuil s3bik). [7maBHas 3amadya — MPEUIOKUTH MYyTH
Pa3BUTHS KOMMYHUKATUBHBIX HABBIKOB y CTYJCHTOB HESA3BIKOBBIX CIEIUAbHOCTEH,
KOTOpbIE HEoO0Xoaumo copMHUpOBaTH MJisd YCHEHNIHOW pealu3allud Mpolecca
U3YYEHUS THOCTPAHHOTO S3bIKa B paMKaXx BBICHIETO yueOHOro 3aBefieHus. Pa3Butue
KOMMYHUKATHUBHBIX HaBBIKOB BKJIOUaeT B ceOsi HE TOJIBKO CBOOOJHOE BIAJICHUE
A3BIKOBBIMH ~ €IMHUIIAMH, HO M TMPAaBWIbHOE MOCTPOECHUE MPEATIOKEHUN
B COOTBETCTBUHU C TPAMMATUYECKUMU HOPMAaMHU HU3y4aeMOTO sI3bIKa, PaCllO3HABAHUE
rpaMMaTHIeCKuX (POPMYII M UX HCTOTB30BAHKE MTPU TOBOPEHUH.

JlanHoe  yueOHO-METOAMYECKOe TMOoCco0Me pacCuMTaHO Ha  CTYJICHTOB,
obOmamaomux  0a30BBIMH  TI'pPAMMAaTUYECKUMU U JIGKCUYECKHMMHU  3HAHUSMHU
no Tematuke «l'eosmorusi HepTH U Ta3za» U COJUEPKUT Oojee JETaTbHYIO
uHdopmalio 1o npoduwiro Ha HWHOCTpaHHOM si3bike. Ilocobue cocrout
U3 creayronmx pasnaenon. The Earth crust — where we find it, Deformation of
sedimentary rocks. TekcTbl 3aJlaHHOW TEMATHKH COIPOBOXIAIOTCS YIPAKHCHHUSIMH,
HaIpaBJICHHBIMU Ha 3aKPEIUICHUE JIEKCUYECKOTr0 M IpaMMaTHUYeCKOTO MaTepuana,
OTPaXKEHHOTO B TEKCTaX.

C mnoMoupl0 MPEACTAaBICHHBIX B  paboTe BHUJAOB KOMMYHUKATHBHOU
NEATeNIbHOCTU  yaaeTcs  cpopMupoBaTh  HEOOXOIUMBIE  HABBIKHM  SI3BIKOBOM
U rpaMMaTHYECKON KOMITETCHIIMHM, KOTOPBIMU JIOJDKEH 00sanath BeimyckHuK (YK-4
CriocobeH OCyHIECTBIATh JCIOBYI0 KOMMYHHUKAIIMIO B YCTHOM W TNHCbMEHHOM
dopmax Ha rocyaapcTBeHHOM si3bike Poccuiickoit denepaiiu 1 MHOCTPAHHOM (-bIX)
s3BIKE (-aXx)).

JlanHOe MeToamyeckoe mocooue ocHoBano Ha kuure Hyne N.J. Nontechnical
guide to petroleum geology, exploration, drilling and production (2" Edition). Tax:xe
UCI0JIb30BaHa MHGOPMAIIHS CO CIASAYIOIMNUX CAaUTOB:
http://www.mirnefti.ru/index.php?id=9
http://www.liberty-oil.ru
http://enc.guru.ua/index.php?title_id=100
http://ru.wikipedia.org/
http://www.planete-energies.com/en/energy-sources-/oil-and-gas/
http://geology.wikia.com/
http://www.glossary.oilfield.slb.com/
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http://www.unctad.org/infocomm/anglais/gas/characteristics.htm
http://www.sjvgeology.org
https://www.geolsoc.org.uk/ks3/gsl/education/resources/rockcycle/page3572.html
https://studopedia.org/1-54961.html
https://studopedia.org/1-54961.html
http://www.thefullwiki.org/Unconformity

JlanHoe mocobme Oymer BocTpeOOBaHO B  y4eOHOM mpoIecce, Kak
nmpenogaBarciiiMu - AJIsI IIPOBCACHUA IIPAKTHUUCCKUX 3aHATUN 110 HHOCTPaHHOMY
A3bIKYy, @ TaKXKe g CaMOCTOATENbHOM paboThl CTyAeHTOB. Moxer ObITh
pekoMeHaoBaHO  cryaeHTamM HMuctutyra Hedbtn uw  raza, mnoaydaronmm
JOTIOJIHUTENIbHOE ~ BhHICIIee oOpa3zoBanue B cdepe «llepeBomuuk B  cdepe
npodeCCHOHATTLHON KOMMYHUKAITUID.
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Part 1: The Earth crust — where we find it.

Mind the definitions

Aggregate arperar (CKOILICHHE, A rock is an aggregate of minerals and/or
cpacTaHue mineraloids and does not have a specific
MHUHEPAJIOB, chemical composition.
COCTaBJJIAIOIIUX
TOPHYIO ITOPOTY)

Basement THO/ICTHJIAOIIAsT The term basement rock is used to define

rock nopoza, pynmaament | the rocks below a sedimentary platform or cover.
Brine coiiéHas BOJIa; Brine is commonly produced during well
paccou, completion operations, particularly after the
muHepanu3oBanHas | hydraulic fracturing of a well.
BOJIA,

Calcite KaJIBILIUT, KapOOHAaT Limestone is a sedimentary rock composed
KaJIbIIMs, almost entirely of the mineral calcite.
W3BECTKOBBIM IIIAT

Clastic 00JIOMOYHBIC Clastic sediments are composed of

sediments OTJIOXKEHHUSI, fragments, or clasts, of pre-existing rock.
TEPPUTCHHBIE

Cleansand | umcTBbIif IECOK A “clean” sand consists of about 90 percent
quartz.

Connate PEJMKTOBAst BOJIA; Connate water can be dense and saline

water CBSI3aHHAs BOJIA compared with seawater.

Crystalline | xpucramyeckue Chemical or crystalline sediments are

sediments ocanounbie mopoasl | formed from mineral solutions.

Dirty sand 3aMJICHHBIH [TECOK A “dirty” sand has more than 10 percent
other material and/or silt mixed in.

Explore BECTH Pa3BEKY The company explored for oil.

Fine-grained | Menko3epHHUCTHIH Basalt is a dark-colored, fine-grained,
igneous rock composed mainly of plagioclase
and pyroxene minerals.

Ground IPYHTOBas BOJa Typically, groundwater is thought of as

water liquid water flowing through shallow aquifers.
Igneous BYJIKAHUYECKOTO In general, rocks are of three types, namely
TIPOMCXOXKICHHS, igneous, sedimentary, and metamorphic.
MarmMaTH4eCKum

Interpret OOBSICHATD, The evidence is difficult to interpret.
TOJIKOBATH,




Intrusion BHEJ[PEHHE, They are also formed when rock is heated
HUHTPY3HS up by the intrusion of hot molten rock called
magma from the Earth's interior.

Insulator JMDJICKTPHK; It is not easy to choose the best insulator

U30JITOD; among the variety of those that are available at
HETIPOBOIHUK the market these days.

Lithology JIUTOJIOTHSI Lithology focuses on macroscopic hand-
sample or outcrop-scale description of rocks.

Loose PBIXJIbIC OTJIOKCHHS The process of turning loose sediment into

sediments hard is called lithification.

Metamorphic | meramopduueckui, Metamorphic  rocks arise from the

MeTaMOopQHBIH transformation of existing rock types, in a
process called metamorphism, which means
“change in form”.

Mineral MHHEPA Minerals range in composition from pure
elements and simple salts to very complex
silicates with thousands of known forms.

Overlie NIepEKPHIBATH Soft clays overlie the basalt.

(3aseraTh BBILLE)

Plutonic HUHTPY3UBHBIN A pluton in geology is a body of intrusive
igneous rock (called a plutonic rock) that
crystallized from magma slowly cooling below
the surface of the Earth.

Rock nopoja The scientific study of rocks is called
petrology, and petrology is an essential
component of geology.

Seashell MOpCKasl paKyIika Seashells have been admired, studied and

used by humans for many different purposes
throughout history and pre-history.

Stratification | HarutacToBaHue, The upper units of stratification are younger
HACJIOCHUE and the lower are older.

Underlay MOJICTHJIATh The green fields are underlaid with
limestone.

Volcanic 3¢ dy3UBHBIN Volcanic rocks are among the most
common rock types on Earth's surface,
particularly in the oceans.

Water table | ypoBeHb IpyHTOBBIX In permeable or porous materials, such as

BOJ

sands and well fractured bedrock, the water table
forms a relatively horizontal plane.




Rocks and Minerals

The earth is composed of rocks, which are
aggregates of small grains or crystals called minerals
(Fig. 1-1). Minerals are naturally occurring, relatively
pure chemical compounds. Examples of minerals are
quartz (SiO2) and calcite (CaCOs). Rocks can be
composed of numerous grains or several different
minerals. The rock granite, for example, is composed of
the minerals quartz, feldspar, hornblende, and biotite.
Rocks can also be composed of numerous grains of the
same mineral. The rock limestone consists only of calcite
mineral grains.

Fig. 1-1 Mineral grains in a rock

Rocks have been formed throughout the billions of
years of earth’s history. The same chemical and physical
processes that form rocks today formed rocks throughout
geological time. The molten lava flowing out a volcano
in Hawaii or Italy today is forming lava rock similar to
lava rock formed millions and billions of years ago.
Ancient sandstone rock composed of sand grains was
formed the same way sand is deposited today: along
beaches, in river channels, and on desert dunes. There is
nothing unusual about ancient rocks. They formed the
same way rocks are forming today.

Answer the questions:
1. What can rocks be composed of?
2. How are rocks formed?

Granite — rpanur
Feldspar — moneBoii
mmar

Hornblende -
poroBasi oOMaHKa,
POTOBUK

Biotite — onoTut
(u€pHas cirofa)

Molten —
pacCILIaBJICHHBIN
Beach — mopckoit
Oeper, B3MOPbE;
OTMEJIb

Dune —arona



Type of rocks

Three types of rocks make up the earth’s crust:
igneous, sedimentary, and metamorphic. Igneous rocks
have been crystallized from a hot, molten liquid.
Sedimentary rocks are composed of sediments that were
deposited on the surface of the ground or bottom of the
ocean or salts that precipitated out of water.
Metamorphic rocks have been recrystallized from other
rocks under high temperatures and pressures.

Answer the questions:
1. What are the types of rocks?
2. How are they formed?

Igneous rocks

Igneous rocks are formed when a molten melt is
cooled. Two types of igneous rocks are plutonic and
volcanic, depending on where they formed.

Plutonic igneous rocks crystallized and solidified
while still below the surface of the earth. Because the
rocks that surround the cooling plutonic rocks are good
insulators, plutonic rocks often take thousands of years to
solidify. When a cooling melt is given a long time to
crystallize, large mineral crystals are formed. Plutonic
igneous rocks are easy to identify because the mineral
crystals are all large enough to be seen by the naked eye.
Plutonic rocks are formed as hot liquids that were injected
into and displaced preexisting rocks in the subsurface.
Because of this, plutonic rock bodies are called intrusions.

Volcanic igneous rocks crystallize on the surface of
the earth as lava. As the lava flows out of a volcano, it
immediately comes in contact with air or water and
rapidly solidifies. The rapid crystallization forms very
small crystals that are difficult to distinguish with the
naked eye.

Answer the questions:

1. What are the types of igneous rocks?

2. How are plutonic igneous rocks formed?

3. How are volcanic igneous rocks formed?
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Crystallize -
BBI3BATH IIPOILECC
KpucTajajin3alnuu,
KpUCTAIIJIN30BATh
Precipitate —
BbIITaAaTh B OCAJ0K

Melt — tasrs,
paciiaBiI€HHOE
BCIIECTBO
Surround -
OKpY>XKaTh,
o0cTynaTh

Identify —
OII03HABAaTh,
pacrio3HaBarh;
Displace —
BBITCCHATD,
3aMCHATH, 3aMCIIATh
Preexisting —
CYILIECTBYIOIIHE
paHee

Distinguish —
HaxXoauThb OTIINYHSA,
pa3ianyarh,
pacrio3HaBaTh



Sedimentary rocks

Sedimentary rocks are composed of sediments of
which there are three types. Clastic sediments are whole
particles that were formed by the breakdown of rocks and
were transported and deposited as whole particles.
Boulders, sand grains, and mud particles are examples.
Organic sediments are formed biologically such as
seashells. Crystalline sediments are formed by the
precipitation of salt out of water. As sediments are buried
in the subsurface, they become solid, sedimentary rocks.
Sedimentary rocks are the rocks that are drilled to find gas
and oil. They are the source and reservoir rocks for gas
and oil.

Loose sediments (unconsolidated sediments) become
relatively hard sedimentary rocks (consolidated
sediments) in the subsurface by the processes of
cementation and compaction. No matter how some
sediments such as sand grains are packed together, there
will be pore spaces between the grains (Fig. 1-2). Once
the grains have been buried in the subsurface, the pore
spaces are filled with water that can be very salty. Under
the higher temperatures and pressures of the subsurface,
salts often precipitate out of the subsurface waters to coat
the grains. These coatings grow together to bridge the
loose grains. This process, called cementation, bonds the
loose grains into a solid sedimentary rock. Two common
cements are the minerals calcite (CaCO3) and quartz
(Si02). Also, as the sediments are buried deeper, the
increasing weight of overlying rocks exerts more pressure
on the grains. This compacts the sediments that also
solidify the rock.

sediment
pore grain

Fig. 1-2 Microscopic view of pores between sediment grains
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Particle — gactuna;

Kpynuia

Boulder -
Oca,HO‘{HBIﬁ BaJlyH,
ANaMCTPOM HC

ooiee 256 MM.

Consolidated
sediments —
YIUTOTHCHHBIC
0CaJIOYHBIC TTOPO/IBI
Cementation -
IIEMEHTHPOBaHHUE.
CKpEIUICHHE,
00bCAUHEHUE
Compaction —
YIUTOTHCHHE

Fill — mamomanTs
Coat — nokpbIBaTh
CJI0EM YEero-JI
Bridge — coequnsaTh
Bond — cBs3biBarsh,
COEJIUHATD,
CKPEIUIATh

EXxert — oka3pIBaTh



Sedimentary rocks often consist of three parts when
examined under a microscope (Fig. 1-3). First, there are
sediment grains. These are composed of minerals such as
quartz or feldspar or seashells. Second, there are natural
cements coating and bonding the grains together. Third,
there are pore spaces. The pores are filled with fluids

(water, gas, or oil) in the subsurface.

= Mineral grain =~
quarkz
Faldspar

Pore -=
water
gas
oil

Fig. 1-3 Clastic sedimentary rock under a microscope

There is an enormous amount of water below the
surface of the ground, called ground water, in the pores of
the sedimentary rocks (Fig. 1-4). Ground water is
described by salt content in parts per thousand (ppt).
Fresh water contains so little salt (0-1 ppt) that it can be
used for drinking water.

—— Water table
Pores filled with water Salinity

0-1%e. Fresh water

Brackish
35%o

Brine

300%o

Fig. 1-4 Groundwater

Brines are subsurface waters that contain more salt
than seawater (35-300 ppt). Brackish waters are
mixtures of fresh waters and brines (1-35 ppt). Below the
surface is a boundary called the water table between the
dry pores above and pores that are filled with water
below. The water table can be on the surface or very deep
depending on how much rain falls in that area. Just below
the water table, the ground water is usually fresh because
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Examine —
HCCIICA0BATD,
I/I3yanB

Drinking water —
IHUTHEBAA BOJA

Seawater — mopckas
BOJA

Brackish water -
COJIOHOBATad BOJIa
Fresh — npecHbrii
Percolate —
MMpOoCavYuBaTHCA,



of rain water that percolates down from the surface. Deep
waters, however, are usually brines. When a well is
drilled, completed, and producing, near-surface fresh
waters must be protected. Meteoric water is fresh,
subsurface water. Connate water is saline, subsurface
water that has been out of contact with the atmosphere for
a long time. Connate water is often water that was
originally trapped in the sediments when they were
deposited.

The sizes of the clastic grains that make up an ancient
sedimentary rock are important. The rock is often classified
according to the grain size. Sandstones are composed of
sand-sized grains whereas shales are composed of fine-
grained (clay-sized) particles. Also, the size of the grains
controls the size of the pore spaces and the quality of the oil
or gas reservoir. Larger grains have larger pores between
them. It is easier for fluids, such as gas and oil, to flow
through larger pores. Clastic grains in sedimentary rocks are
classified by their diameters in millimetres (Fig. 1-5). They
are called boulder, cobble, pebble, granule, sand, silt, and
clay-sized particles. The finest grains (i.e., sand, silt, and
clay-sized) are the most common.

Sorting is the range of particle sizes in the rock (Fig.
1-6). A well-sorted rock is composed of particles of
approximately the same size (Fig. 1-6a). A poorly-sorted,
rock is composed of particles with a wide range of sizes
(Fig. 1-6b). Sorting is the most important factor in
determining the amount of original pore space in a clastic
sedimentary rock. Finer-sized particles in a poorly sorted
rock occupy the spaces between the larger-sized particles
and reduce the volume of the pores. Poorly sorted rocks
can hold less fluids and are lower-quality reservoir rocks
than well-sorted rocks. Well-sorted sandstones are called
clean sands. Because sand grains are light in colour, clean
sandstones are usually light in colour. Poorly sorted
sandstones with significant amounts of silt- and clay-sized
grains are called dirty sands. Because silt- and clay-sized
particles are usually dark in colour, dirty sandstones are
dark coloured.
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IIPOHUKATb CKBO3b
Meteoric water —
MOA3EMHbBIC BOJIBI,
oOpa3zoBaBIIHECs
[IpU IpOcCavYrBaHUU
aTMOC(EpHBIX
OCaJIKOB

Cobble —kpynnas
raibka (pazMepom
64-256 MMm)

Pebble —rpasuii
Granule — rpanyua;
MeJiKkas Jactuia (2-
4 MM)

Silt — menko3em,
JaCTHUIIBI TOYBHI
0,05-0,002 MM B
JMaMeTpe)

Sorting -
COpPTUPOBKA,
KJaccudukanus
Determine —
OTIPEICIISATh
yCTaHaBJIUBATh
Reduce — noumxars
COKpaIlaTh,
YMEHBITIATh

Hold — coxpansrs,
yAEPKUBAThH
Layering —
HaCJTanBaHUE



Sedimentary rocks are identified by their layering,
called stratification or bedding. As the sediments are
deposited, there are frequent variations in the amount and
composition of sediment supply and the level of the ocean
that cause the layering. Sediment layers are originally
deposited horizontal in water. Geologists can interpret
how sedimentary rocks were deposited. Lithology (rock
composition) is an important clue as to how a
sedimentary rock was formed. Sand grains, mud particles,
and shell beds each form different sedimentary rocks.
Each is originally deposited in a very different
environment. Sedimentary structures such as ripple
marks, mud cracks, and flow marks help to visualize
the environment in which the rock was deposited.
Another aid to interpretation is fossils, preserved remains
of plants and animals.

64mm 2mm 1/256mm
l 4mm | 1/16mm
e Q @ L o @ I - . -
Boulder Cobble Pebble Granvle Sand Silt Clay

Fig. 1-5 Grain size in millimetres

Fig. 1-6 Particle sorting (a) well sorted, (b) poorly sorted

Answer the questions:
1. What are three types of sedimentary rock?
2. How can loose sediments become hard?

Bedding -
HAILIACTOBAHMUE;
HAaCJIOEHHE,
CJIOMCTOCTB;
3aj1eraHue

Cause — BbI3LIBATH

Environment —
OKpY’)KECHHE

Ripple marks -
psi0b

Mud crack —
TPCIINHA YChIXaHUA
Flow mark — 3nax
TEUYCHMUS, CIIC
IIOTOKAa

3. What are three parts the sedimentary rocks often consist of?

4. What types of water are there?
5. What is rock classified according to?

6. What is the difference between well- and poorly-sorted rocks?

7. How are sediments deposited?

13



Metamorphic rocks

Metamorphic rocks are any rocks that have been
altered by high heat and pressure. Marble (CaCO3), a
metamorphic  rock, is metamorphosed limestone
(CaCO3), and quartzite (SiO2) is metamorphosed quartz
sandstone (SiO.). Since temperatures and pressures
become greater with depth, a rock often becomes
metamorphosed when buried deep in the earth.

Structure of the Earth’s Crust

The earth is estimated to be about 4.5 billion years
old. Even the sedimentary rocks that generated and hold
the gas and oil are millions to hundreds of millions of
years old. During that vast expanse of geological time,
sea level has not been constant. Sea level has been
rising and falling. During the rise and fall of sea level,
sediments were deposited in layers. Sands were
deposited along the ancient beaches. Mud was
deposited in the shallow seas offshore. Seashells were
deposited in shell beds. These ancient sediments form
the sedimentary rocks that are drilled to find gas and oil.
The rise and fall of sea level has occurred in numerous
cycles (Fig. 1-7). The largest cycles occured every few
hundreds of millions of years. There are shorter cycles
on the large cycles and even shorter cycles on them. At
least five orders of sea level cycles have occurred, with
the shortest occurring every few tens of thousands of
years. The shorter cycles are thought to be caused by
the freezing and melting of glaciers.

0.1 1o 0.2 Million years ?@" Fifth Order Cycles
0.2 to 0.5 Milllon years == Fourth Order Cycles

0.5 to 3 Milllon years ¥=#— Third Order Cycles

| Second

soss TNA— Orier  SER LEVEL

Million years H————H Cycles

Sea Level /
First

Order
I*-* 50+ Milllon years ———-—H Cycles

Fig. 1-7 Sea level cycles (Hyne, 1995)
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Alter — u3smensrs,
BHIOU3MEHATH
Marble — mpamop

Estimate — orienuBars
Cycle — 1k,
(XpOHOJIOTHYECKHI)
TIEPHOT

Order — nopsiiok,
IOCJIEI0BATCILHOCTh
Freeze — 3amep3ars,
o0JieieHeBaTh

Glacier — nennuk



In a typical section of the earth’s crust such as
Tulsa, Oklahoma, about 5000 ft (1500 m) of well-
layered sedimentary rocks are underlain by very old
metamorphic or igneous rocks (Fig.1-8).

There are about one hundred layers of sedimentary
rocks. Sands form the rock sandstone. Mud forms the
rock shale. Sea shells form the rock limestone. The
unproductive rocks, usually igneous and metamorphic
rocks underlying the sedimentary rocks, are called
basement rocks. When drilling encounters basement
rock, the drilling is usually stopped.

SANDSTONE
SANDS

SHALE
MUDS

LIMESTONE
SHELLS

SEDIMENTARY ROCKS

’_____ﬂi__..-—x " T
BASEMENT ROCK X

Fig. 1-8 Cross section of the earth’s crust

In some areas of the earth, there are no sedimentary
rocks, and the basement is on the surface. These areas
are called shields, and there is no gas or oil. Every
continent of the world has at least one shield area (Fig.
1-9). A shield, such as the Canadian shield in eastern
Canada, tends to be a large, low-lying area. Ore
minerals such as iron, copper, lead, zinc, gold, and
silver are mined from the basement rock in shield areas.
The southwest portion of Saudi Arabia is a shield. All
the Saudi Arabian oil fields are located in sedimentary
rocks to the northeast of the Arabian Shield.
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Unproductive —
HENPOAYKTUBHBIN
Shield — mwur
Ore — pyna

Iron — xene3o

Copper — menp

Lead — cBunen

ZiNnC — [UHK

Gold - 30m0t0

Silver — cepe6po

Mine — pa3pabaTsiBaTh
PYIHUK; 10OBIBaTh



Fig. 1-9 Map of the world showing the location of shields in black where
unproductive rocks for gas and oil occur on or near the surface

In other areas called basins, the sedimentary rocks
are very thick. The Caspian basin (Caspian Sea) has
about 85,000 ft (26,000 m) of sedimentary rock cover.
However, 20,000 to 40,000 ft (6,000 to 12,000 m) of
sedimentary rocks is typical of many basins. Basins such
as the Gulf of Mexico, the Anadarko basin of
southwestern Oklahoma, and the Denver- Julesburg
basin of Colorado are large areas that are often more
than 100 miles (160 km) across.

It is in the sedimentary rock basins that the most
gas and oil is found and produced. Because of the thick
sedimentary rock, most basins have source rocks that
have been buried deep enough in the geological past to
generate gas and oil (Fig. 1-10). The deep part of the
basin where the gas and oil forms is called the kitchen
or oven. After the gas and oil is generated, it flows
upward in the overlying rocks. If it intersects a layer of
reservoir rock, the gas and oil then migrates through the
interconnected pores of the reservoir rock layer up the
flanks of the basin where it can be trapped and
concentrated. The trap, such as an anticline, is a
relatively small feature compared to the basin.
Numerous traps can occur along the flanks of the basin.

There are about 600 sedimentary rock basins in the
world. Of the basins that have been explored and drilled,
about 40% are very productive. About 90% of the
world’s oil occurs in only 30 of those basins. The other
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Rock cover —
OCaJIOYHBIN Y€XO0JI

Kitchen - 3ona
obpazoBanus YB
Interconnected —
CBSI3aHHBIM,
B3aMOCBSI3aHHBIN;
COCIUHEHHBIN,
Flank — 60k; kpaii,
CTOpOHA

Barren — nmycroii, He
COJIEPIKAIIHA MTOJIE3HOTO
HCKOIIaeMoro,
0e3pe3yabTaTHBIN



60% of the explored basins are barren. The (o ckBaxwuHne)
unproductive basins either have no source rocks, the  HedTeHenpoayKTUBHBIIL.
source rocks have never been buried deep enough to

generate gas and oil, or the basin was overheated, and

the oil was destroyed.

I‘\
(AN ~
\

~ /\ PRSI
~ basement- -
; Y

Fig. 1-10 Cross section of sedimentary rock basin

Answer the questions:

1. What are metamorphic rocks?

2. Where were different sedimentary rocks deposited?
3. How often did cycles occur?

4. What is a shield?

5. What can you tell about basins?

Exercises

Exercise Ne 1. Match English words with their Russian equivalents.

1. geological time a) pa3jIoM MOPOIbI

2. lava rock b) ObicTpast KprcTaLTU3AIHS

3. the same way C) T€OJIOTUIECKHI ITePHO.T

4. rapid crystallization d) peIXJibIE TOPOIBI

5. preexisting rocks €) BO3pacTaroIIHii Bec

6. whole particles f) mokxprIBaTh 3epHa

7. breakdown of rocks g) ByJIKaHHYECKas TOPOo/Ia

8. loose sediments h) mopoel, CyIeCTBOBABIIIME PAHEE
9. to coat the grains 1) LIeTTbHBIC YACTHYKU

10. increasing weight J) TakuMm ke 0OpazoM

Exercise Ne 2. Make up word combinations and translate them.

1. molten a) sediments
2. earth’s b) crust
3. metamorphic c) rocks
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. physical
. plutonic
. clastic

. organic

O© 00 N O U1 b~

. crystalline s
. relatively

d) hard

e) process

f) lava

g) sediments
h) rocks

1) grains

Exercise Ne 3. Match English words with their Russian equivalents.

O© 00O NO Ol &~ WDN -

. exert more pressure
. Water table

. dry pores

. meteoric water

. fine-grained particles
. clean sandstone
. interconnected pores
. ripple marks
. rise and fall

10. unproductive rock

Exercise Ne 4. Make up word combinations and translate them.

. salt
. drinking
. connate

. light in
. dirty
. mud

O© 00 N O Ol & WDN -

. originally
. well-sorted

basement

10. different

11. barren
12. ground

a) MO3eMHBIE BObI

b) MenKo-3epHHUCThIE YACTHUKH
C) OKa3bIBaTh OOJIBIIIC JaBICHUS
d) HenmpoAyKTHBHAs OPOA

€) YUCTBIHN MeCUaHuK

f) ypoBeHb TpyHTOBBIX BOJ

g) MOAHMMATBCS M OITYCKAThCSI
h) B3aMOCBsI3aHHBIE TIOPHI

1) mycThIE MOPHI

j) psi0b

a) trapped
b) rock

c) color
d) basins
e) water
f) water
g) rocks
h) environment
1) cracks
J) content
K) water
I) sands

Exercise Ne 5. Match words with their definitions.

igneous rock

cementation
sorting

bridge
shields

mineral

precipitate intrusion
brackish waters bedding
kitchen

percolate
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1. Rock that is formed through the cooling and solidification of magma or lava.

2. Forms and spatial position of rocks in the earth’s crust.

3. A naturally occurring solid chemical substance formed through
biogeochemical processes, having characteristic chemical composition, highly
ordered atomic structure, and specific physical properties.

4. The range of sedimentary grain sizes that occurs in sediment or sedimentary
rock.

5. Water that has more salinity than fresh water, but not as much as seawater.

6. Part of the continental crust in which these usually Precambrian basement
rocks crop out extensively at the surface.

7. Cause (drops of moisture or particles of dust) to be deposited from the
atmosphere or from a vapour or suspension.

8. Liquid rock that forms under Earth's surface.

9. The binding together of particles or other things by cement.

10. To connect pore spaces or fluid paths in a rock formation.

11. (Of a liquid or gas) filter gradually through a porous surface or substance.

12. An area of the subsurface where source rock has reached appropriate
conditions of pressure and temperature to generate hydrocarbons.

Exercise Ne 6. Complete the definitions given.

1. A material or structure formed from a loosely compacted mass of fragments
or particles.

2. Form or cause to form crystals again.

3. A rock formed from magma erupted from a volcano.

4. The depth at which soil pore spaces or fractures and voids in rock become
completely saturated with water.

5. Water trapped in the pores of a rock during formation of the rock.

6. A description of its physical characteristics visible at outcrop, in hand or core
samples or with low magnification microscopy, such as colour, texture, grain size, or
composition.

7. Rocks that result when magma cools and crystallizes slowly within the Earth's
crust (example granite).

8. Change (something) to a liquid condition by heating it.

9. A solution of salt (usually sodium chloride) in water.

10. A process that returns to its beginning and repeats itself in the same
sequence.

11. A large-scale structural formation of rock strata.

12. Be situated under (something).

19



Exercise Ne 7. Fill the gaps using the words given.

examples  precipitation  minerals drinking water metamorphic
rocks aggregates grains  igneous rocks plutonic rocks the
unproductive basins  a poorly-sorted  water table  volcanic Loose
sediments brackish waters ground water  connate water clean sands

the grain size  cementation  fossils shields  stratification  to coat
basins  the oven

1. ... have been recrystallized from other rocks under high temperatures and
pressures.

2. Boulders, sand grains, and mud particles are ... .

3. Because the rocks that surround the cooling plutonic rocks are good
insulators, ... often take thousands of years to solidify.

4. The earth is composed of rocks, which are ... of small grains or crystals
called minerals.

5. Rocks can be composed of numerous ... or several different ... .

6. Crystalline sediments are formed by the ... of salt out of water.

7. Fresh water contains so little salt (0-1 ppt) that it can be used for ... .

8. ... have crystallized from a hot, molten liquid.

9. ...become relatively hard sedimentary rocks in the subsurface by the
processes of cementation and compaction.

10. The ... can be on the surface or very deep depending on how much rain falls
in that area.

11. ...igneous rocks crystallize on the surface of the earth as lava.

12. Salts often precipitate out of the subsurface waters ... the grains.

13. This process, called ..., bonds the loose grains into a solid sedimentary rock.

14. There is an enormous amount of water below the surface of the ground,
called ..., in the pores of the sedimentary rocks.

15. The rock is often classified according to ... .

16. ... either have no source rocks, the source rocks have never been buried
deep enough to generate gas and oil, or the basin was overheated, and the oil was
destroyed.

17. ... Is often water that was originally trapped in the sediments when they
were deposited.

18. Well-sorted sandstones are called ... .

19. In some areas of the earth, called ..., there are no sedimentary rocks, and the
basement is on the surface.

20. Another aid to interpretation is ..., preserved remains of plants and animals.

21. ...are mixtures of fresh waters and brines.

22. In other areas called ..., the sedimentary rocks are very thick.

23. Sedimentary rocks are identified by their layering, called ... .
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24. The deep part of the basin where the gas and oil forms is called ... .
25. ...rock is composed of particles with a wide range of sizes.

Exercise Ne 8. Insert the verbs from brackets into correct form in
Conditional sentences.

1. If the cooling (to be) so rapid as to prevent the formation of even small
crystals after extrusion, the resulting rock may be mostly glass.

2. If the cooling of the lava happened slowly, the rocks (to be) coarse-grained.

3. The minute structures, however, disappear, often completely, if the thermal
alteration (to be) very profound; thus small grains of quartz in a shale are lost or
blend with the surrounding particles of clay, and the fine ground-mass of lavas is
entirely reconstructed.

4. If the anticlines are relatively young, they (not to erode) and appear as
topographic ridges on the surface.

5. If an area of the earth’s crust is compressed, the rocks (to fold) into anticlines
and synclines.

6. If folds (to be) present in the rocks of the earth’s crust, that area probably has
been compressed some time in the past.

7. If the ancient reef is covered with a shale or salt caprock, it (to form) a gas
and oil trap.

8. If the contour line elevations (to increase) in a direction, the slope is rising.

9. If the contours (to be spaced) relatively close together, the elevation is
changing rapidly, and the slope is steep.

10. If the source rock is buried deeper, where temperatures are above 300°F
(150°C), thermogenic gas (to generate) from organic matter left in the source rock.

11. Oil can be generated at lower temperatures if the source rock (to expose) to
those temperatures for a longer time.

12. If there is no trap on the migration route, the gas and oil (to flow) out onto
the surface as a gas or oil seep.

13. If there (to be) a trap along migration route, the gas and oil will accumulate
in the trap.

14. If the trap (to form) after the migration, no gas and oil will occur in the trap

15. If the trap has been filled with oil and gas down to the spill point and more
migrates into the trap, some of the oil (to spill) out the side of the trap.

16. If a large mass of magnetite-bearing rock (to occur) near the surface, it is
detected by a larger magnetic force than the normal, regional value

17. If the seismic velocities through the rocks (to know), the structure-contour
and isotime maps can be converted into structural and isopach maps.

18. If the reflections from two intersecting seismic records (not to correlate), it
is called a mis-tie.

19. If no well is available, a stratigraphic test well (to drill) on the seismic line.
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EXxercise Ne 9. Translate sentences into English.

1. Marmaruueckie TOpHBIE TIOPOABI — OTO TMOPOJbI, O0Opa3oBaBIIMECS
HEMOCPEJCTBEHHO M3 MarMbl  (paciylaBI€eHHOM MacChl  MPEUMYIIECTBEHHO
CHWJIMKATHOTO COCTaBa, 00pa30BaHHOMN B TNIYOMHHBIX 30HAX 3€MJIM), B pe3yJbTare e
MOCTYIIJICHUSI B BEPXHUE TOPUIOHTHI 3EMITH, OXJIAXKICHUS U 3aCThIBAHUS.

2. Marmatudeckue TOpHBIE TOpOAbl  (MHTPY3UBHbIE u 3¢ (y3UBHBIC)
KJIacCCU(UUUPYIOTCS B 3aBUCUMOCTH OT pa3Mepa KpHUCTAIJIOB, TEKCTYpHI,
XUMHUYECKOTO COCTaBa WX MPOUCXOXKICHHUS.

3. 'opHbIe TOPOJIBI BYJIKAHUYECKOTO MPOUCXOKIACHUS, KOTOPhIe 00pa30oBaIucCh
Ha T7TyOMHEe, Ha3bIBAIOTCS TUTYTOHUYECKUMU WU UHTPY3UBHBIMH.

4. Te mopo/bl, KOTOPBIE 00PA30BAKCH B pE3yJIbTAaTe U3IUAHUS HA TTIOBEPXHOCTD,
Ha3bIBAIOTCS (PG y3UBHBIMU (M3ITUBIIMMHUCS ) WU BYJIKAHUYECKUMU.

5. braromapst OICTPOMY OCTBIBAaHHIO, KPUCTAUIBI B HUX MEJKHE, MPAKTUYECKH
HE Pa3IMYUMBl HEBOOPY KEHHBIM TJ1a30M (0a3aibT, PHOJUT | ).

6. IHTpy3UBHBIE MOPOJBI OOpa3yrOTCS 3a CUET MOJHON paCKpUCTAUIH3AIluN
MarmMatuudeckoro pacruiaBa. O0OpasyroTcs rinyooko B Heapax 3emiu (ot 5 1o 40 km)
B T€YEHHE OOJIBIIOTO BPEMEHHU, IPU OTHOCUTEIBHO TOCTOSHHBIX TEMIIEpAType
U JIaBJICHUH.

7. U'pyHTOBBIE BOABI OOpa3yrOT BOJOHOCHBI TOPU30HT HA  IEPBOM
OT MOBEPXHOCTH BOJOYIOPHOM cjioe. B cBsi3u ¢ Her1yOOKUM 3alleTaHhEM
OT MOBEPXHOCTH YPOBEHBb I'PYHTOBBIX BOJI UCIIBITHIBAET 3HAUYNTEIBHBIC KOJIEOAHUS TI0
CE30HaM TOJla: OH TO MOBBIIIAETCS MOCIE BBHIMNAJACHUS OCAJIKOB WM TasHHS CHEra,
TO TMIOHMIKAETCSI B 3acCylUIMBOE BpeMs. B cypoBble 3WMBI TPYHTOBBIC BOJBI MOTYT
nmpomep3aTh. DTH BOBI B OOJbIIEH Mepe MOIBEPIKEHBI 3arps3HEHUIO.

8. ConoHoBarasi Bojia — BOJa, Cojieprkaiiasi 0oJiblle coJield, YeM IpecHasl BOja,
HO He OoJIbIIIe YeM MOpCKas BOja.

9. Texnuuecku cojoHoBaras Boja cojepxutr or 0,5 mo 30 rpammoB coiu
HA JIUTP.

10. IIpécHast BOIA — MPOTUBOMOIOKHOCTh MOPCKOM BOJIBI, OXBATHIBACT Ty YaCTh
JOCTYITHOW BOJBI 3€MJIM, B KOTOPOM COJM COAEpPXKATCI B MHUHUMAIIbHBIX
KOJIMYECTBAX.

11. Bona, conénocth kotopoit He npessimaer 0,1 %, gaxe B popme mapa uiau
JIbJ1a HAa3bIBACTCS MIPECHOM.

12. Jlensupie MaccHBBI B TOJSIPHBIX PETHOHAX W JICIHUKH COJEpXKaTr B cebe
HAauMOOJBITYI0 YacTh MpecHOW BoAbl 3emiH. [lomMmuMo »5TOrO, TpecHas Boxa
CYIIIECTBYET B PEKax, py4bsiX, MPECHBIX 03&pax, a TakKe B 00JIaKax.

13. Tlo pa3HbpIM moac4Y€TaMm AOJS MPECHON BOABI B OOIIEM KOJIMYECTBE BOJIBI
Ha 3emiie cocTaBiseT 2,5-3 %.

14. Oxkomno 85-90 % 3amacoB mpecHO# BOABI COAEPIKUTCS B BUJC JIbJIA.
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15. Jlutonorust (0T jaumo — KaMeHb... W ...Jl0o2us — CJIOBO) — Hayka 00
OCaJIOYHBIX MOPOJAaX U COBPEMEHHBIX T'€0JIOTHYECKUX OCaJIKaX, UX BEIIECTBEHHOM
COCTaBe, CTPOCHUH, 3aKOHOMEPHOCTAX U YCIOBUSAX 00pa30BaHUs U U3MEHEHUHU.

16. Bonee cTpOro JUTOJIOTHIO MOXHO OMPENETUTh KaK OTpacib 0ObEKTHBHOTO
3HAHUS O COCTaB€, OTHOUIEHUAX M CBA3AX MEXAY T[EO0JOTMUYECKUMU TelaMu
Y CJIAralolyMHA WX TIOPOJaMH, OOpa30BaHHBIMH TPU MPOIECCAX, MPOUCKOAITIX
B ruapocdepe, armochepe u 6mochepe.

17. Knaccudukauust 00J10MOYHBIX MOPOJ OCHOBAaHAa Ha BEJIMYUHE OOJOMKOB.
Boigenstor crnenyronie BUAbBI 00JOMOYHBIX MOPOJ:1l. KpyNHOOOJIOMOYHBIE MOPOIBI
win nceutsl — pasmep 00J0MKOB Oonee 1 mMMm. DTO BajyHbl, rajabka, rpaBUi
U pyrHue.2. CpenHeoOJIOMOYHbIE TIOPOABl WM TCAMMHUTBI — pa3Mep 3epeH
ot 0,1 1o 1,0 MM. DTO ECKH U IECUAHHUKH.

18. TlecuaHuKu MPECTABISAIOT COOOM CIIEMEHTHPOBAHHBIE TIECKHU.

19. MunepajioM TPUHATO Ha3bIBaTh MPUPOJHOE XUMHUYECKOE COCTUHEHUE,
ABJISIONIEECS] COCTABHOM YaCThIO 36MHOM KOPBI.

20. Kaxaprii MuHepan 00J1aaeT CBOCH XMMHUYECKOW (popMyIioi, oqHAKO COCTaB
MUHEpaa J0BOJIbHO U3MEHYHUB.

21. MuHepan mnpencTaBisieT coOOiMl pemeTky, B KOTOpPOHM aToOMbl OJHHUX
AJIEMEHTOB 3aHUMAIOT CTPOrO OMPEAECICHHOE IOJOKEHUE OTHOCUTENBHO IPYTHX.
JlroboMy KpuCTaILTy M1 MUHEpaTy CBOMCTBEHHA CBOSI KpUCTAIIMUECKasl PEIIETKA.

22. Kaxnaplii MUHEpaJl UMEET OIpeCIICHHbIE (PU3NUECKUE CBOWCTBA, TAKHE KaK
TBEPJIOCTh, OJIECK, YJIENbHBIA Bec, I[BET W T. J. MuHepanbl oOpa3yroTcs Be3Je:
B HeJlpax 3eMJid, B 00JI0Tax, B MYCTBHIHSAX, B oO3epax. BOJBIIMHCTBO MUHEPATIOB
o0pasyeTcst U3 Marmsl.

23. T'opHbIe TOPOABI — ATO COCTABJISAIONIAs 36MHOM MoBepxHOCTU. OOpa3zoBaIUCh
ropasie  mopojabl okojio 4600 MWUIMOHOB JIET HaszaJ U3 MOPUPOJHBIX
KPUCTAJINTMYECKUX BEUIECTB — MUHEPAJIOB.

24. Tloponpl 06magatoT pa3HOOOpPA3HBIMU IIBETAMH M CTPOSHHWEM, HO BCE OHU
JIESATCA Ha TPU THUMA: OCaJl0YHbIe, MarmMaTudeckue u meramopduueckue. [lpuuem
36MHBIE TIOPOJIbI MEIJIEHHO BBIBETPUBAIOTCS U TOCTOSIHHO MPEBpAIAlOTCS JPYT
B JIpyTa.

25. Kanaackuii 1IUT — BBICTYIT JOKEMOPHUHCKOro CKJIag4aToro (QpyHaamMeHTa,
3aHUMaIMil  ceBepHyro  mnojoBuHy  CeBepo-Amepukanckoi  (Kanamckoit)
ratgopmsbl, Bkovas ['pennanguto. COCTOUT M3 OTpaHUYECHHBIX Pa3jioOMaMH IUIHUT,
o0pa30BaHHBIX METaMOPGUPOBAHHBIMH W TPAHUTH3UPOBAHHBIMU CKJIATIACTHIMU
y4aCTKaMHM apXEWCKOM U MPOTEPO3OMCKOW JMOXH, C KOTOPBIMH CBSI3aHBI
pPacoJIOKEHUS 31ECh Py JKeje3a, 30J10Ta, MEIU, HUKENs, KoOallbTa, ypaHa, CBUHIIA,
[IUHKA U JIP.
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Exercise Ne 10. Render the text.

['opHBIe TOPOABI — MPUPOJHAS COBOKYITHOCTH MHUHEpAJOB OoJjiee WM MEHEe
MOCTOSIHHOTO MHHEPAJIOTHYeCKOT0 COCTaBa, 00pa3yrolas CaMOCTOSITENIbHOE TE0
B 3eMHOU Kope. Ilmanersi u apyrue TBEPIbIE KOCMHUYECKHE OOBEKTBI COCTOST
U3 TOPHBIX MOPO/I.

[To mpoucxoxkAeHUIO TOPHBIE TOPOJIBI IETSATCS HA TPU TPYMHIBI: MArMaTUYECKHE
(o dy3uBHBIE U UHTPY3UBHBIEC), OCAJOUYHbIE U MeTamopduueckre. MarmaTu4eckue
U MeTamop(duueckre TopHble OPOJIbI ciaraloT okojio 90 % o0béma 3eMHOM KOpHI,
OJIHAKO, Ha COBPEMEHHOMN IMOBEPXHOCTH MATEPUKOB OOJACTH MX PACIPOCTPaHEHUS
cpaBHUTENBbHO HeBeNUKU. OcTtanbHbie 10 % MpUXOoaATCs Ha TOJII0 0CAI0YHBIX TTOPO/,
3aHuMarome 75 % Iiomaad 3eMHOM TOBEPXHOCTH.

MarMaruueckue TOpHBIE MOpPOALI IO CBOEMY MPOUCXOKICHHUIO JEIATCA
Ha 3¢ dy3uBHBIC W UHTPY3UBHBIE. D) Py3uBHBIE (BYIKAHUYECKHUE) TOPHBIE MOPOIBI
00pa3yroTcs MpHU U3JIMBAHUU MarMbl Ha MOBEPXHOCThH 3eMiU. IHTpy3uBHBIE TOpPHBIC
MOPO/IbI, HATPOTUB, BOZHUKAIOT MIPU U3JIMBAHUU MarMbl B TOJIIIE 3€MHON KOPHI.

Paznenenune mopoa Ha MarMatudeckue, MeTaMophUUecCKHe U OCaJ0YHBIC
HE BCErja O4eBUAHO. B 0caloyHBIX TOPHBIX MOPOJIAax, B MPOIECCE TUAreHe3a, yiKe
OpyU OYeHb HHU3KUX (B TEOJOTMYECKOM CMBICIE) TeMIleparypax, HayuHAIOTCA
MUHEpaJIbHbIC MPEBPAIIECHUS, OJHAKO MOPOJbI CUUTAIOTCS METaMOPHUUECKUMH TIPH
MOSIBJICHUHY B HUX HOBOOOPA30BaHHOTO rpaHuTa. [Ipy yMepeHHBIX TaBICHUSX HAYaJO
MeTamopdusma coorBeTcTByeT Temmepatype 300 °C.

[Ipu BbICOKMX cTemeHsAXx MeTamopduama CTHUpaeTCs TpaHb  MEXKIY
MeTaMOpOUYECKUMH W MarMaTM4eCKUMHM TOPHbIMU mopojaamu. HauuHaercs
IJIaBJICHUE TOPOJ, CMEIICHHE HOBOOOPA30BaHHBIX PACIJIABOB C SIBHO BHEIIHUMH.
YacTto HaOmoAa0OTCs TOCTENEHHBIE TMEePeXo/bl OT SBHO METaMOP(PUUECKHX,
MOJIOCYATHIX MOPO/I, K TUITUYHBIM TPaHUTaM.

Marmarndeckre ropHbl€ MOPObI

[To rnyOune QopMupoBaHUS MOPOABI JENATCS HA TPH TPYIIBI: MOPOIBI
KPUCTAITU3YIONIMECS Ha TIIyOMHE — HMHTPY3UBHBIC TOPHBIE MOPOJbI, HAIpUMED,
rpaHuT. OHU 00pa3yroTCs MPU MEIJIEHHOM OCTHIBAHUM MarmMbl M OOBIYHO XOPOIIIO
pPaCKpHUCTa/UIU30BAHHbBI, THUIMA0UCCAIbHBIE TOpPHBIC TMOPOJAbl 00pa3yroTCs Mpu
3aCThIBAHUM MarMbl Ha HEOOJBIIUX TIyOMHAX, M YacTO HMMEIOT HEPaBHOMEPHO
3€pHUCTBIE CTPYKTYpPHI (10s1epuT). I Py3uBHBIE TOPHBIE MOPOIbI (HOPMHUPYIOTCS Ha
3eMHOM TOBEPXHOCTH WJIM Ha JTHE OKeaHa (0as3asibT, pUOIUT, aHAC3HUT).

BaxHeimen xapakKTEpUCTHKOW MarMaTH4eCKOW MOPOJbI SIBJISETCS COCTaB.
Cy1miecTByeT HECKOIBKO KiIacCU(PUKAIMNA MarMaTUdeCKUX TOPHBIX TTOPOJ TI0 COCTABY
(HOMeHKJIaTypa ropHbIX mopox). Haubonbinee 3HaueHne uMeeT KiaccuguKkanus 1o
coJiepKaHuio B mopojaax kpemueséma SiO2, u menoueit (Na20 + K20).
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OOpa3oBaHue MarmMaTU4EeCKUX TMOPOJ HENPEPHIBHO MPOUCXOAUT M ceiuac,
B 30HaX aKTUBHOI'O BYJIKaHHU3Ma U TOPOOOpa30BaHUS.

Meramopduueckue TropHbIE MOPOAbI OO0Pa3yKOTCSs B TOJIIE 3€MHOW KOPBI
B pe3yJsibTaTe M3MeHeHus (MeTamop(du3mMa) 0CcaJouHbIX WM MarMaTH4YeCKUX TOPHBIX
nopoa. dakrtopamu, BBI3BIBAIOIIMMU OSTH HU3MEHEHHS, MOTYT OBITh: OJIMU30CTH
3aCTBIBAIOIIETO MarMaTU4YeCKOro Tejla M CBA3AHHOE C OTUM IPOTpEBaHUE
MeTaMOppu3yeMOil TOPOJIbI; BO3JIEHCTBUE OTXOISIIMX OT STOTO Tela AKTUBHBIX
XUMHAYECKUX COEAUHEHUW, B IIEPBYIO OYEpPEIb pAa3JIMYHBIX BOJHBIX PAacTBOPOB
(KOHTAKTOBBIN MeTaMOp(U3M), I MOTPY>KEHUE MOPO/IbI B TOJILY 3€MHON KOPBI, T1I€
Ha HeE¢ JeHCTBYIOT (DaKTOpbl PErHOHANBHOTO MeTamop(du3Ma — BBICOKHE
TEMIIEPaTypPhl U JaBICHUS.

TunuuasiMu MeTamopduueckumu [, 1. SIBISIOTCS THEWUCHI, pa3HbIE MO COCTABY
KPUCTAJUIMYECKUE CIIAHIbI, KOHTAKTOBBIE POTOBUKH, CKapHbBI, amMpUOOIUTHI,
MHUTMATUTBI W JAp. Pa3nuume B DPOUCXOXKIAECHUM U, KaK CIEACTBUE 3TOrO,
B MUHEPAJIBHOM COCTaBe . II. pe3KO CKa3bIBAa€TCAd HA HX XUMHYECKOM COCTaBE
U QU3HYECKUX CBOMCTBAX.

OcanouHble TOpHBIE MOPOJIbI 00pa3ylOTCd Ha 3€MHOM MOBEPXHOCTU W BOJIU3U
HEE€ B YCJOBUAX OTHOCUTEIBHO HU3KHX TEMIIEpAaTyp M JABICHUNW B pe3yJIbTATe
npeoOpa3oBaHus MOPCKMX W KOHTHHEHTAJIbHBIX 0caakoB. Ocalo4yHbie TOpHBIC
nopoabl (OI'TI) — ropHble MOpPOABI, CYIIECTBYIOIIUE B TEPMOJUHAMHUYECKUX
YCIOBUSIX, XapaKTEPHBIX ISl TOBEPXHOCTHOM YaCTH 3€MHOM KOPBI, U 00pa3yIonuecs
B PE3yJbTaTE NEPEOTIIOKEHNS POAYKTOB BBIBETPUBAHUS U PA3PyLIEHUs PA3JIMYHBIX
TOPHBIX TOPOJ, XMMHYECKOTO M MEXAHWYECKOTO BBIMAJACHUS OCAaJKa W3 BOJBI,
KU3ZHEAECATEIbHOCTH OPTAaHU3MOB HIIH BCEX TPEX MPOLECCOB OJHOBPEMEHHO.

bonee Tpéx uverBeprei muiomanu matepukoB nokpsito OI'TI, mosaTomy ¢ HUMH
HamOoJiee YacTo MPUXOAUTCS UMETH JIEJI0 TPU reosiorudeckux padborax. Kpome Toro,
¢ OITl reHeTMyeckn WM MPOCTPAHCTBEHHO CBSi3aHA MOJABISIONIASl YaCTh
MECTOPOXKJICHUI moJie3HbIX uckonaeMbix. B OI'Tl xopomio coxpaHUIMCh OCTaTKH
BBIMEpPIIMX OPraHU3MOB, IO KOTOPBIM MOXHO HPOCIEIUTh HCTOPUIO Pa3BUTHS
paznuyHbIX yrojkoB 3emuu. McxomueiM matepuanom npu ¢opmupoBanun OI'TI
ABJISIIOTCS. MMHEpajbHblEe BEIIECTBA, OOpa3oBaBIIMECS 3a CUET pa3pylICHUS
CYIIECTBOBABIIMX pPaHEE MHUHEpPAJIOB H TOPHBIX IOPOJ  MarMaTU4yecKoro,
METaMOP(PHUUECKOTO WM OCaJOYHOTO MPOMCXOXKICHUS M TEPEHECEHHbIE B BHJIEC
TBEPJIBIX YACTHUI] WJIM PACTBOPEHHOT'O BELIECTBA.

N3yyeHnem ocagouHbIX TOPHBIX MTOPOJ 3aHUMAETCs Hayka Jlutomorusi.

Exercise Ne 11. Watch the video “Three main rock types” and do Tests 1, 2,
3. https://distedu.udsu.ru/course/view.php?id=3296 The Earth crust
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Part 2. Deformation of Sedimentary Rocks

Mind the definitions

Deformation | uckpusienue Rocks become deformed when the
HapyIICHHE, Earth’s crust is compressed or stretched.
nedpopmarus The forces needed to do this act over

millions of years — deformation is a very
slow process.

Structural trap | ctpykrypHas A structural trap is a type of
JIOBYIIIKA geological trap that forms as a result of

changes in the structure of the subsurface,
due to tectonic, diapiric, gravitational and
compactional processes.

Weathering BBIBETPHUBAHNE The process of rock disintegration by
paspylicHue the direct influence of local atmospheric

conditions on the Earth's surface is called
weathering.

Erosion 3pO3Us Erosion is the removal of rock and
soil material by natural processes,
principally running water, glaciers, waves,
and wind. Erosion transports rocky
material after the process of weathering
has broken bedrock down into smaller,
moveable pieces.

Unconformity | crparurpadudeckoe An unconformity is a buried erosion

HECOorjaacue surface separating two rock masses or
strata of different ages, indicating that
sediment deposition was not continuous.

Disconformity | mapannensHoe Disconformity is an unconformity
HecorJiacue between parallel layers of sedimentary

rocks, which represents a period of erosion
or non-deposition.

Angular
unconformity

YTJIOBOC HECOIJIACHUC

Angular unconformity is an
unconformity where horizontally parallel
strata of sedimentary rock are deposited on
tilted and eroded layers, producing an
angular discordance with the overlying
horizontal layers.
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Erode BBIBETPUBATH Many human activities remove
paspyiiarh vegetation from an area, making the soil

easily eroded.

Uplift TIOTHSITUE Understanding the idea of uplift is the
B30poC key to making sense of the rock cycle, as it

allows us to see rocks that were once
deeply buried beneath the surface.

Arch HePEKPbIBATh If the rocks are folded into an arch
CBOJIOM, shape, the resulting structure is called an
apka anticline.

Blow (doHTaHUPOBATH An oil well blew out in the North Sea,

causing a very big floating mass of oil.

Anticline AHTUKJIUHAIb In structural geology, an anticline is a
type of fold that is an arch-like shape and
has its oldest beds at its core.

Syncline CUHKJIMHAITH In structural geology, a syncline is a
fold with younger layers closer to the
center of the structure.

Fold CKJIaJKa A geological fold occurs when one or
a stack of originally flat and planar
surfaces, such as sedimentary strata, are
bent or curved as a result of permanent
deformation.

Ridge BEpIIMHA A ridge or mountain ridge is a
geological feature consisting of a chain of
mountains or hills that form a continuous
elevated crest for some distance.

Dome KyTIOJI Domes are distinct, rounded,
spherical-to-ellipsoidal-shaped protrusions
on the Earth's surface.

Homocline MOHOKJIMHAIIb In structural geology, a homocline or

homoclinal structure, (from old Greek:
homo = same, cline = inclination) is a
geological structure in which the layers of
a sequence of rock strata, either
sedimentary or igneous, dips uniformly in
a single direction having the same general
inclination in terms of direction and angle.
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Fracture pa3phbiB A fracture is any separation in a
geologic formation, such as a joint or a
fault that divides the rock into two or more
pieces. A fracture will sometimes form a
deep fissure or crevice in the rock.

Joint pasjioM 0e3 caBura A joint is a break (fracture) of natural
origin in the continuity of either a layer or
body of rock that lacks any visible or
measurable movement parallel to the
surface (plane) of the fracture.

Fault TN3HIOHKTUB In geology, a fault is a planar fracture
or discontinuity in a volume of rock,
across which there has been significant
displacement as a result of rock-mass
movement.

Dip-slip fault | c6poc co Dip-slip faults can be either “normal”

CMEIIICHHEM TI0 (“extensional”) or “reverse”.
[Haga€HUIo
Strike-slip copoc co In a strike-slip fault (also known as a
fault CMEILIEHHUEM TI0 wrench fault, tear fault or transcurrent
POCTUPAHHUIO fault), the fault surface (plane) is usually
near vertical and the footwall moves
laterally either left or right with very little
vertical motion.
Oblique-slip | au3BIOHKTUBHOE A fault, which has a component of
fault HapyIICHHUE CO dip-slip and a component of strike-slip, is
CMEIIICHHUEM U 10 termed an oblique-slip fault.
TOPU30HTAJIN, U I10
BEPTUKAIIN

Horst TopcT A horst represents a block pushed
upward relative to the blocks on either side
by the faulting

Graben rpabcH A graben is a block generally long

compared to its width that has been lowered
relative to the blocks on either side due to
the faulting. Graben is usually represented
by low-lying areas such as rifts and river
valleys whereas horsts represent the ridges
between or on either side of these valleys.
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Thrust fault

HaJIBUT

A thrust fault is a break in the Earth's
crust, across which younger rocks are
pushed above older rocks.

Overthrust
belt

HaABUIOBas 30HA

An elongate area in which thick rock
layers have been pushed over one another
by compressional forces within the earth's

crust.

Sedimentary rocks are originally deposited in horizontal
layers. One type of oil and gas trap, a structural trap, is formed
by the deformation of these rock layers.

Weathering, Erosion, and Unconformities

Weathering is the breakdown of solid rock. Once a rock is
exposed on the surface of the earth, either to the atmosphere
or ocean bottom, it will eventually be mechanically broken
into particles or chemically dissolved by the forces of
weathering. Some sedimentary rocks, such as sandstones, are
more resistant to weathering, and others, such as shales,
readily break down. Erosional processes are those that
transport and deposit sediments. These processes include
rivers, wind, waves, gravity (landslides), and glaciers.

Sea level has been rising and falling throughout
geological time. Whenever sea level was lower, the land was
exposed to erosion, and some of the sedimentary rocks were
stripped off the surface of the land. Buried, ancient erosional
surfaces that were formed during these times are called
unconformities. Two types are disconformities and angular
unconformities.

A disconformity is an erosional channel in which the
sedimentary rock layers above and below the erosional surface
are parallel (fig. 2-1). It is an ancient river channel usually
filled with sand that has become sandstone.
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Fig. 2-1 Disconformity

An angular unconformity is an ancient
erosional surface in which the sedimentary rock
layers below the unconformity are tilted at an
angle to the layers above the unconformity
(plate 2-1). An angular unconformity represents
a time of mountain building followed by
erosion. It often covers a large, subsurface area.
The formation of an angular unconformity
started with the deposition of horizontal
sediment layers as ancient seas covered the
earth. After the seas retreated, exposing the
earth, the sedimentary rocks were tilted to form
hills and mountains. The hills and mountains
were then eroded down, leaving an erosional
surface. The seas again covered the land,
depositing horizontal sedimentary rock layers on
the erosional surface, burying it in the
subsurface.

flat sedimentary rocks above and sedimentary rocks tilted at an
angle below.
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Angular unconformities can form gas and
oil traps (fig. 2-2). One of the sedimentary rock
layers tilted at an angle below it must be a
reservoir rock that can store gas and oil, usually
a sandstone or limestone. The sedimentary rock
layer above it must be a caprock that acts as a
seal, usually a shale or salt layer. The gas and
oil are formed below the unconformity in a
source rock such as black shale. They migrate
up into and then through the pore spaces of the
reservoir rock until they reach the angular
unconformity surface where they are trapped
below the caprock. Because angular
unconformities can cover large subsurface areas,
they can form giant gas and oil fields. The two
largest oil fields in the United States, the East
Texas field and the Prudhoe Bay field in Alaska,
are both in angular unconformity traps. In both
fields, the horizontal rock layers on the surface
of the ground do not give any indication of the
subsurface angular unconformities and their
giant oil accumulations.

Fig. 2-2. Angular unconformity trap

The East Texas field originally contained more than 7
billion bbl (1.1 billion m3) of oil. The oil is located in the
Woodbine Sandstone below an angular unconformity (fig. 2—
3). The Austin Chalk, a very finegrained limestone that forms
the caprock, directly overlies the angular unconformity. The
Woodbine Sandstone was originally deposited as a horizontal
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layer of sand when shallow seas covered East Texas about 100
million years ago (fig. 2-4a). The sandstone was then buried
in the subsurface as it was covered with other sediments (fig.
2-4b). Later, the Sabine uplift, along the Texas-Louisiana
border, arched up and exposed the Woodbine Sandstone
(fig. 2-4c). Erosion removed the Woodbine Sandstone from
the top of the arch (fig. 2-4d). After that, the seas invaded the
area, depositing the Austin Chalk and other sediments,
covering the angular unconformity (fig. 2—4e). The oil formed
in the Eagle Ford Shale source rock below and migrated up
into the Woodbine Sandstone. It then flowed along the porous
sandstone toward the east until it was trapped under the

angular unconformity, unable to flow into the Austin Chalk.

:
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Fig. 2-3. Cross section of East Texas oil field
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Fig. 2-4. Formation of East Texas oil field trap
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The discovery of the East Texas oil field in 1930 is a Abandon — ocraBusath
classic example of petroleum history. Oil companies
explored this area in the early 1900s. There were no oil
seeps in the area, and the companies became discouraged
after drilling some dry holes. The companies abandoned
this area by the mid-1920s and instead drilled in the newly
discovered West Texas oil fields. Because of this,
Columbus Marion “Dad” Joiner, a driller and promoter, was
able to obtain leases for drilling in a large area of eastern
Texas by promising the cotton farmers who owned the land
a share of any oil revenue if he found oil. He started to drill
in the area in the late 1920s using a method best described
as “random drilling.” His only geological help was from a
veterinarian named Dr. A. D. Lloyd. The local farmers
would often volunteer to help drill the well. Because Dad
Joiner had little money, he traded shares in the well for
room and board, equipment repair, supplies, and hired help.

After two wells had caved in, the No. 3 Daisy Bradford
well finally reached below the angular unconformity at
3,725 ft (1,135 m) after 16 months of drilling and blew in
the East Texas oil field on October 5, 1930. The well
initially tested 6,800 bbl/day (1,080 m3/day) and was
completed to produce 300 b/d (48 m3/day). Unfortunately,
Dad Joiner, in his financial need during drilling, had sold
300% of the Daisy Bradford well and was in legal trouble.
The investors had filed a lawsuit to take all the leases away File a lawsuit —
from him. Dad had no money to hire lawyers and defend mogats B cya
himself. H. L. Hunt negotiated a deal with Dad to settle his
legal problems and pay him $1,335,000, mostly in future oil
production for 5,000 acres of prime leases in the field.

The East Texas oil field is 45 miles (72 km) long and 5
miles (8 km) wide (fig. 2-5). More than 30,000 wells were
drilled in the field that has now produced more than 5
billion bbl (800 million m3) of light, sweet crude oil.
Hundreds of poor farming families that had land in the field
became Texas millionaires, and H. L. Hunt became a
billionaire. Dad Joiner went to another area to drill a series
of dry holes and died penniless.
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Fig. 2-5. Map of East Texas oil field.
(Modified from Halbouty, 1991.)

Answer the questions:

. What is weathering?

. What rocks are more resistant to weathering?

. What is an erosional process?

. What happened with the sea level throughout geological time?
. What are two types of unconformity?

. What is an indication of disconformity?

. What is an angular unconformity?

. Describe the process of angular unconformity forming.
. What do angular unconformities form?

10. What sedimentary rocks can store oil and gas?

11. What are the characteristics of Austin chalk?

12. When were East Texas oil fields discovered?

13. What method did Dad Joiner use to drill wells?

14. Why did Joiner die penniless?

O© 00 N O Ol & WDN -
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Anticlines and Synclines

An anticline is a large, upward arch of sedimentary
rocks (fig. 2-6), whereas a syncline is a large, downward
arch of rocks. Anticlines, but not synclines, form high areas
in reservoir rocks and can be gas and oil traps. Folds such
as anticlines expose the rocks to erosion. If the anticlines
are relatively young, they have not been very eroded and
appear as topographic ridges on the surface. A series of
young, rising anticlines that are also prolific petroleum
producers occur as a line of hills that cross the Los Angeles
basin (fig. 2-7). These trend from Beverly Hills in the
north, through the Inglewood (Baldwin Hills) and
Dominguez fields, southward to Long Beach and the
Wilmington field, and offshore into the Huntington Beach
field.

Most anticlines and synclines are not level and are
tilted with respect to the surface of the earth. These are
called plunging anticlines (fig. 2-8) and plunging
synclines. When a plunging anticline or syncline is eroded
down, it leaves a characteristic lobate-shaped pattern on
the surface (fig. 2-9).

Plunging anticline —
MOorpyKaromasacsa
AHTHUKIINHAJIb
Lobate — monacrroii
Pattern — xouTyp

SAMTA
I
g MTS,

2-6. Anticline

Fig.

Fig. 2-8. Plunging anticline
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Fig. 2-9. Surface pattern of eroded, plunging anticline

The formation of anticlines and synclines results in Result in — mpuBoauTh
shortening of the earth’s crust (fig. 2-10). Forces that Shorten — cokpaiarts,
shorten the earth’s crust are compressional. If an area of ykopaunBath
the earth’s crust is compressed, the rocks will be folded Fold — ckmanka
into anticlines and synclines. If folds are present in the
rocks of the earth’s crust, that area probably has been
compressed some time in the past.

Fig. 2-10. Formation of anticlines and synclines by compression

Answer the questions:

1. What is the difference between anticline and syncline?

2. Why are most anticlines and synclines plunging?

3. What does the formation of anticline and syncline result in?
4. What do anticlines form?

5. What are anticlines and synclines?

6. What are the forces that shorten the Earth’s crust?
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Domes
A dome is a circular or elliptical uplift. Domes also Bull’s eye pattern —
form gas and oil traps. Before a dome is eroded down, it B dbopme Oblubero riaasza
forms a hill. Oil was first discovered in the Middle East
in Bahrain, an island in the Persian Gulf, in 1932. The
traps in Bahrain were domes with a low hill on the
surface above each of them. A similar low hill above a
dome in Saudi Arabia was drilled to find the first oil field
there in 1937. If the dome is eroded, it leaves a
characteristic bull’s eye pattern (fig. 2-11) on the
surface.

Fig. 2-11. Surface pattern of eroded dome

Anticlines and domes were the first type of Discover — orkpsiBarts,
petroleum trap recognized. They form many of the giant o0napyxuBarb
oil and gas fields of the world. Most of the Middle East Superimpose —
oil fields are in anticline and dome traps. The Cushing oil nHamnacrosars
field of Oklahoma, discovered in 1912, is located
southwest of Tulsa. The trap is an anticline with three
domes superimposed on it (fig. 2-12). The major
reservoir rock is the Bartlesville sandstone. The best
producing wells are on domes. The Cushing oil field will
produce 450 million bbl (72 million m3) of oil. It was the
largest oil field in the world during World War 1.

Answer the questions:

1. What is a dome?

2. What do domes form?

3. Where was oil first discovered?

4. What is the Bartlesville sandstone?

5. What are traps in the Middle East?

6. Which field was the largest in the world during World War 1?
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Fig. 2-12 Cushing field, Oklahoma: (a) map, (b) cross section

Homoclines
Sedimentary

rocks dipping uniformly
direction are known as a homocline (fig. 2-13). Although 3anerars

homoclines are common, they do not form gas and oil

traps.

Fig. 2-13. Homocline
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Fractures

Two types of natural fractures in rocks are joints and
faults.

Joints

A joint is a fracture in the rocks with no movement of
one side relative to the other (plate 2-2). Joints are
common in sedimentary rocks and are oriented
perpendicular (90°) to the bedding planes. There are
usually two sets of joints oriented at right angles (90°) to
each other. They were formed when erosion removed
sedimentary rocks that were located above and stress on
the rock was relieved. Joints in sedimentary rocks
improve the reservoir quality of the rock. They slightly
increase the fluid storage capacity of the rock (porosity)
and greatly increase the ability of the fluid to flow through
the rock (permeability). Any naturally fractured rock is a
potential reservoir rock.

Bedding plane —
IJIOCKOCTh
HaIJIaCTOBAHUS

Set — crpoenue,
KOH(UTYpauus

Stress — naBnenue
Relieve — o0neryarsb
Improve — ynydmarh
Fluid storage capacity
— €eMKOCTHBIE CBOWCTBA

pe3epByapa

Plate 2-2. Joints in a sandstone (Winding Stair Mountains, Oklahoma)
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Faults

Faults are breaks in the rocks along which one side
has moved relative to the other (plate 2-3). The relative
movement of each side is used to classify faults (fig. 2—
14). Dip-slip faults move primarily up and down, whereas
strike-slip faults move primarily horizontally. Oblique-slip
faults have roughly equal dip-slip and strike-slip
displacements. The side of a fault that extends under the
fault plane is called the footwall (fig. 2-15), and the side
that protrudes above the fault plane is the hanging wall.
Throw (fig. 2-16) is the vertical displacement on a dip-
slip fault. The side of the dip-slip fault that goes down is
called the downthrown side, and the side that goes up is
called the upthrown side.

Displacement —
CMeEIIIeHHUE

Extend - npoctuparbcs
Fault plane —
IUIOCKOCTh CMECTHUTEJISI
Footwall — exauee
KPBLIO

Protrude — BeicTynath
Hanging wall — Bucsiaee
KPBLIO

Plate 2-3. Fault showing displacement of sedimentary rock layers (Austin Chalk, Texas)
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_ _ Fig. 2-16. Dip-slip fault terminology
Flg. 2-15. The sides of a fault (upthrown and downthrown)

Two types of dip-slip faults are normal and reverse. Reverse — B30poc,
If the hanging wall has moved down relative to the o6patHbIit
footwall, it is a normal dip-slip fault (fig. 2-17). In a Pull apart -
normal dip-slip fault, the beds are separated and pulled pasnBurarscs,
apart. A normal dip-slip fault is identified in the cuBurarscs
subsurface by a lost section, a missing layer or layers of Missing -
rocks when a well is drilled through the fault (fig. 2-18). OTCYTCTBYIOLIHH

Fig. 2-18. Lost section on a normal dip-slip fault

Fig. 2-17. Normal dip-slip fault
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A series of parallel, normal dip-slip faults forms a
structure called horst and graben (fig. 2-19). A graben is
the down-dropped block between two normal faults. A
horst is the ridge left standing between two grabens. These
can range in size from inches to tens of miles across.

Fig. 2-19. Horst and graben

If the hanging wall has moved up relative to the
footwall, it is a reverse dip-slip fault. In a reverse dip-slip
fault, some subsurface beds overlap. It is possible to drill
through this fault and encounter the same rock layers
twice in a double section (fig. 2-20). A thrust fault is a
reverse fault with a fault plane less than 45° from
horizontal (fig. 2-21). On a thrust fault, the upper hanging
wall has been thrust up and over the lower footwall. There
are some thrust faults in the earth’s crust where the
hanging wall has been thrust horizontally tens of miles
over the footwall. Several large thrust faults, called the
Rocky Mountain overthrust belt, occur in a band along the
Rocky Mountains. A series of large gas and oil traps are
located in the overthrust belt.

Series — cucrema
Down-dropped —
MIOTPYKECHHBIN

Overlap — nepekpbiBaTh

Fig. 2—20. Double section on a reverse dip-slip fault Fig. 2-21. Thrust fault

A normal dip-slip fault is formed when the rocks are
pulled apart by tensional forces. A reverse dip-slip fault is
formed by shortening the rocks with compressional forces
(fig. 2-22). When the earth’s crust is pulled apart, normal
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dip-slip faults with horsts and grabens are formed. When Recoverable oil —
the earth’s crust is squeezed, reverse dip-slip and thrust usBnexaemas HedTh
faults and folds, such as anticlines and synclines, are

formed.

compression tension

reverse fault normal fault

Fig. 2-22. Forces that form a normal dip-slip fault and a reverse dip-slip fault

Faults can be both active and inactive. When a fault
moves, it can produce shock waves called an earthquake.
Many faults, however, moved a long time ago and are
inactive today. Two very large faults occur in Oklahoma,
the Seneca and Nemaha faults. Both were active hundreds
of millions of years ago but are inactive today.

Dip-slip faults form traps by displacing the reservoir
rock (fig. 2-23). The fault must be a sealing fault, which
means it prevents fluid flow across or along the fault. Any
gas and oil migrating up a reservoir rock will be trapped
under the sealing fault. The largest oil field on land in
England is the Wytch Farm field, located southwest of
London on the South Dorset coast. There are natural oil
seeps along the coast, and the field was discovered in
1973. The trap was formed by a fault cutting the
Sherwood Sandstone reservoir rock (fig. 2-24). It contains
286 million bbl (45 million m®) of recoverable oil.
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Fig. 2-23. Fault trap

Fig. 2-24. Cross section of Wytch Farm oil field, England.
(Modified from Colter and Harvard, 1981.)

A strike-slip fault is described by the horizontal Crest — cBomoBast yacthb

movement of one side relative to the other (fig. 2-25). If cknaaku
the opposite side of the fault as you face it moves to the
right, it is a right-lateral strike-slip fault. If it moves to the
left, it is a left-lateral strike-slip fault. The San Andreas
fault of California is an active right-lateral strike-slip fault.
It is hundreds of miles long and has moved many tens of
miles over a long time. The Potrero oil field in California
(fig. 2-26) is formed by an anticline on sandstone
reservoir rocks. The crest of the anticline is displaced
1,200 ft (365 m) by the Potrero fault, a right-lateral strike-
slip fault.

LEFT LATERAL RIGHT LATERAL

Fig. 2-25. Strike-slip faults

Fig. 2-26. Map of Potrero oil field, California

Answer the questions:

1. How many types of fractures are there?

2. What is a joint?

3. What is the difference between horst and graben?
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4. What is a fault?

5. What are the types of dip-slip faults?

6. What faults move horizontally?

7. What is the difference between dip-slip and strike-slip faults?

8. How does right-lateral strike-slip fault differ from left-lateral one?
9. How is dip-slip fault formed?

10. How can you understand what wall is a footwall.

11. How is normal dip-slip fault identified?

12. What properties of rock are connected with fractures?

13. How are the sides of joints oriented?

Exercises

Exercise Ne 1. Match English words with their Russian equivalents.

1. Weathering a) opo3us

2. Particles b) aHTUKIIMHAIIH

3. Erosion C) YaCTHIIBI

4. Unconformity d) paznom Oe3 caBura
5. Tilt ¢) IIOCKOCTh

6. Deposition f) TU3BIOHKTHB

7. Anticline g) BEIBETPUBAHUC

8. Folds h) cBo/TOBast 9YacTh CKIAIKH
9. Joint 1) HAKJIOHATHCSI

10. Plane J) OTJIOXKEHHE

11. Footwall k) Goratbrii

12. Fault 1) BeprmHa

13. Crest m) nexadee KpbLIo
14. Ridge N) CKJIaIKH

15. Prolific 0) Hecorjacue

Exercise Ne 2. Make up word combinations and translate them.

1. Angular a) processes

2. Erosional b) side

3. finegrained c) anticlines

4. upward d) wall

5. plunging e) limestone

6. Dip-slip f) faults

7. hanging g) trap

8. downthrown h) unconformity
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9. thrust 1) apart

10. right J) plane
11. tensional K) belt

12. overthrust 1) building
13. lost m) forces
14. pulled n) fault
15. fault 0) section
16. structural p) lateral
17. mountain q) fractures
18. topographic r) ridges
19. elliptical s) arch

20. natural t) uplift

Exercise Ne 3. Match English words with their Russian equivalents.

1. erosional surface a) cOPOC CO CKOJIbKEHUEM I10 TaJICHUIO
2. fault plane b) cMemeHne Mo MPOCTUPAHUIO

3. plunging synclines C) B30poc

4. shortening of the earth’s crust d) xanan npeBHeit pexu

5. ancient river channel €) COKpallleHHE 3€MHON KOPBI

6. downward arch f) spo3roHHas TOBEpXHOCTH

7. fluid storage capacity g) EMKOCTHBIE CBOMCTBA KOJUIEKTOPA

8. Dip-slip fault h) mmockocTh cMecTUTENS

9. strike-slip displacement 1) IOTpy>Karonascs aHTHKINHAIb

10. reverse fault J) HUCXOsIIIast apKa

Exercise Ne 4. Match the following words with their definitions.

Syncline Graben Horst Joint Crest
Angular unconformity Fold Dome Deposit Deformation
Dissolve Dip Earthquake A structural trap Weathering
Anticline Thrust fault Reverse fault Fracture Erode

1. It is a type of geological trap that forms as a result of changes in the structure of
the subsurface, due to tectonic, diapiric, gravitational and compactional processes.

2. It involves changes in the shape and/or volume of these substances.

3. To mix a solid substance into a liquid so that it becomes included in it.

4. Sediments that have accumulated, usually after being moved by wind, water or

ice.

5. The highest point of a wave, mountain or geologic structure.

6. The sudden release of accumulated stress in the Earth by movement or shaking.
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7. A relatively low-standing fault block bounded by opposing normal faults. It can
form in areas of rifting or extension, where normal faults are the most common
type of fault.

8. A type of fault formed when the hanging wall fault block moves up along a
fault surface relative to the footwall. Such movement can occur in areas where the
Earth's crust is compressed.

9. The youngest rock layers of this trap form the core of the fold and outward
from the core progressively older rocks occur. It typically does not trap
hydrocarbons because fluids tend to leak up the limbs of the fold.

10. A surface of breakage, cracking or separation within a rock along which there
has been no movement parallel to the defining plane.

11. The angle between a planar feature, such as a sedimentary bed or a fault, and
a horizontal plane.

12. A type of anticline that is circular or elliptical rather than elongate.

13. A wave-like geologic structure that forms when rocks deform by bending
instead of breaking under compressional stress. Anticlines are examples.

14. A surface that separates younger strata from eroded, dipping, older strata and
represents a gap in the geologic record.

15. A type of reverse fault in which the fault plane has a very shallow dip,
typically much less than 45°. The hanging wall fault block moves up the fault
surface relative to the footwall.

16. A relatively high-standing area formed by the movement of normal faults that
dip away from each other. They can form in areas of rifting or extension, where
normal faults are the most abundant variety of fault.

17. A crack or surface of breakage within rock not related to foliation or cleavage
in metamorphic rock along which there has been no movement.

18. An arch-shaped fold in rock in which rock layers are upwardly convex. The
oldest rock layers form the core of the fold, and outward from the core
progressively younger rocks occur. They form many excellent hydrocarbon traps,
particularly in folds with reservoir-quality rocks in their core and impermeable
seals in the outer layers of the fold.

19. To cause or undergo erosion, the process of denudation of rocks, including
physical, chemical and biological breakdown and transportation. The material
from the rocks can be transported by wind, water, ice, or abrasive solid particles,
or by mass-wasting, as in rock falls and landslides.

20. The physical, chemical and biological processes that decompose rock at and
below the surface of the Earth through low pressures and temperatures and the
presence of air and water. Weathering includes processes such as dissolution,
chemical weathering, disintegration and hydration.
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Exercise Ne 5. Give the definitions.

1. 1tis a type of geological trap that forms as a result of changes in
the structure of the subsurface, due to tectonic, diapiric, gravitational and
compactional processes.

2. It involves changes in the shape and/or volume of these substances.

3. To mix a solid substance into a liquid so that it becomes included in it.

4. Sediments that have accumulated, usually after being move by wind, water or ice.

5. The highest point of a wave, mountain or geologic structure.

6. The sudden release of accumulated stress in the Earth by movement or
shaking.

7. A relatively low-standing fault block bounded by opposing normal faults. It
can form in areas of rifting or extension, where normal faults are the most common
type of fault.

8. A type of fault formed when the hanging wall fault block moves up along a
fault surface relative to the footwall. Such movement can occur in areas where the
Earth's crust is compressed.

9. If the displacement is particularly great, it is a reverse fault in which the fault
plane has a shallow dip, typically much less than 45°,

10. A surface of breakage, cracking or separation within a rock along which
there has been no movement parallel to the defining plane.

11. The angle between a planar feature, such as a sedimentary bed or a fault, and
a horizontal plane.

12. A type of anticline that is circular or elliptical rather than elongate.

13. A wave-like geologic structure that forms when rocks deform by bending
instead of breaking under compressional stress. Anticlines are examples.

14. A surface that separates younger strata from eroded, dipping, older strata and
represents a gap in the geologic record.

15. A type of reverse fault in which the fault plane has a very shallow dip,
typically much less than 45°. The hanging wall fault block moves up the fault surface
relative to the footwall.

16. A relatively high-standing area formed by the movement of normal faults
that dip away from each other. They can form in areas of rifting or extension, where
normal faults are the most abundant variety of fault.

17. A crack or surface of breakage within rock not related to foliation or
cleavage in metamorphic rock along which there has been no movement.

18. An arch-shaped fold in rock in which rock layers are upwardly convex. The
oldest rock layers form the core of the fold, and outward from the core progressively
younger rocks occur. They form many excellent hydrocarbon traps, particularly in
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folds with reservoir-quality rocks in their core and impermeable seals in the outer
layers of the fold.

19. To cause or undergo erosion, the process of denudation of rocks, including
physical, chemical and biological breakdown and transportation. The material from
the rocks can be transported by wind, water, ice, or abrasive solid particles, or by
mass-wasting, as in rock falls and landslides.

20. The physical, chemical and biological processes that decompose rock at and
below the surface of the Earth through low pressures and temperatures and the
presence of air and water. Weathering includes processes such as dissolution,
chemical weathering, disintegration and hydration.

Exercise Ne 6. Fill the gaps using the words given.

flow breakdown downthrown down-dropped
deformation overthrust belt folds domes
angular anticline fractured earthquake
unconformities surface fault

1. When a fault moves, it can produce shock waves called an ... .

2. A graben is the ... block between two normal faults.

3. It prevents fluid ... across or along the fault.

4. An ... is a large, upward arch of sedimentary rocks.

5. ... unconformities can form gas and oil traps.

6. If ... are present in the rocks of the earth’s crust, that area probably has been
compressed some time in the past.

7. The hills and mountains were then eroded down, leaving an erosional ... .
8. In a reverse dip-slip ... , some subsurface beds overlap.

9. A structural trap is formed by the ... of these rock layers.

10. ... were one of the petroleum traps recognized.

11. Weathering is the ... of solid rock

12. Any naturally ... rock is a potential reservoir rock.

13. The side of the dip-slip fault that goes down is called the ... side.

14. Buried, ancient erosional surfaces are called ... .

15. A series of large gas and oil traps are located in the ... .

Exercise Ne 7. Put the verbs in brackets into Active or Passive Voice.

1. Oil and gas traps, sometimes referred to as petroleum traps are below ground
traps where a permeable reservoir rock (to cover) by some low permeability cap rock.

2. These traps are types that (to form) as a result of some structural deformation
—a bend or dip - of rock.
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3. Anticline traps (to form) by a folding of rock.

4. A sandstone bed covered with low permeability shale (to fold) into a trap that
contains petroleum products.

5. Hydrocarbons (to trap) in the peak of this fold.

6. Most anticline traps (to create) as a result of sideways pressure, folding the
layers of rock, but can also occur from sediments being compacted.

7. The process of this salt deforming rock (to know) as salt tectonics, and take
place over hundreds of millions of years.

8. When the sediment that creates the reservoir rock (to deposit) in a
discontinuous layer, the seals are created beside and on top of the reservoir.

9. There are two main types of stratigraphic traps that (to classify) by when
changes (to occur) relative to the sedimentation process.

10. Secondary stratigraphic traps (to result) from changes that develop after
sedimentation has occurred.

11. Petroleum geologists broadly (to classify) traps into three categories that (to
base) on their geological characteristics: the structural trap, the stratigraphic trap and
the far less common hydrodynamic trap.

12. Traps (to describe) as structural traps (in deformed strata such as folds and
faults) or stratigraphic traps (in areas where rock types change, such as
unconformities, pinch-outs and reefs).

13. If there is a layer of impermeable rock (to present) in this dome shape, then
hydrocarbons can accumulate at the crest until the anticline (to fill) to the spill point

14. These traps (to hold) oil and gas because the earth has been bent and
deformed in some way.

15. The stratigraphic trap (to form) when rock layers at the bottom were tilted,
then eroded flat.

16. An unconformity (to represent) time during which no sediments were
preserved in a region.

17. Disconformities (to mark) by features of subaerial erosion.

18. A nonconformity  (to  exist) between  sedimentary  rocks
and metamorphic or igneous rocks when the sedimentary rock (to lie) above and was
deposited on the pre-existing and eroded metamorphic or igneous rock.

19. Anticlines usually (to develop) above thrust faults.

20. On a geologic map, synclines (to recognize) as a sequence of rock layers,
with the youngest at the fold's center or hinge and with a reverse sequence of the
same rock layers on the opposite side of the hinge.

21. The domed strata generally (to break) by faults that radiate out from the salt
on circular domes but that may be more linear on elongate domes or anticlines with
one fault or set of faults predominant.
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22. Thrust faults with a very low angle of dip and a very large total displacement
(to call) overthrusts or detachments; these often (to find) in intensely deformed
mountain belts.

23. Reverse fault displacements (to combine) vertical and compressional
displacements.

24. Together, normal and reverse faults (to call) dip-slip faults, because the
movement on them (to occur) along the dip direction -- either down or up,
respectively.

25. A plunging anticline (to make) a U-shaped or V-shaped pattern that points,
or closes, in the direction of plunge.

Exercise Ne 8. Translate these sentences into English.

1. CrpykTypHas JOBYIIKa - TOJ3€MHas JIOByIIKa s HedTH WIH Tasa,
BO3HUKIIAS MpU AePOpMAaIIH MTOPOIABI-KOJJIEKTOPA, TaKas Kak cOpOC MM CKIIaIKa.

2. Ilockonbky He(pTh W Ta3 Jerde BOJAbl, a KOJUIEKTOPhl OOBIYHO HMMEIOT
pEruoHaBHBIN YKIIOH, XOTS 4acTO U CJIa0bli, HEPTh W ra3 ABUXKYTCS B BOJE, KaK B
BEPTUKAIBHOM, TaK U B TOPU3O0HTAIIBHOM HANPABJIEHUU, TIOKA HE BCTPETAT HA CBOEM
NyTH HEMNPOHUIIAEMbIE WM CJIa0ONpOHUIIaeMble TopoAbl. Hemponwuiaemsiii cioii,
NIEPEKPBIBAIOLINN KOJUIEKTOP, HA3bIBAETCS MOKPBIIIKOM.

3. CTpykTypHas JOBYIIKa MPEACTABISIET COOOW pe3ynbTaT MpeoOpa3OBaHUS
dopMBI  KOJIJIEKTOpa; CcTpaTturpaduueckas k€ JOBYLIKa BO3HHMKAaeT Ojaromaps
M3MEHEHUSAM CBOMCTB CAMOM MOPOJIBI.

4. Haubonee pacrpocTpaHEeHHbIN Cilyyail BOSHUKHOBEHUS JIOBYILKH JJi1 HEPTH
M raza B 1NOrpeOCHHOW MPOHUIIAEMON TONIIE CBs3aH C OOpa3oBaHUEM
AHTUKJIMHAIBHOMN CKIIQJKH.

5. CymecTByeT MHOXKECTBO Kiaccu(ukanuidi JOBymieK sl HepTH M rasa.
Knaccudukanusa Krnanma BkIOYaeT cleayroliye OCHOBHBIE MX PAa3HOBUIHOCTH:
1) aHTHUKJIMHATIBHBIC CTPYKTYPBI, 2) CUHKJIMHAJILHBIC CTPYKTYPBHI,
3) TOMOKJIIMHATIBHBIE CTPYKTYpPbI, 4) KYHOJOBHUIHBIE CTPYKTYPBI, WM «KYIIOJIa»,
5) Hecoryacusi, 7) TPEUIMHBI U 8) TU3bIOHKTUBHI.

6. OOpa3oBaHue MOYTH BCEX JIOBYIIEK HE(PTH U raza MPOUCXOJUT BCIEACTBUE
nedopMalfil KOJIJIEKTOPCKUX TIaCTOB.

/. CornacHoe  3ajJleraHUe€  XapakTepU3yeTcsi  OTCYTCTBHEM  IEPEPHIBOB
B OCaJKOHAKOIJICHUHU.

8. IIpu cormacHOM 3ajeraHuy TPAHULBI CIOEB MapajljieIbHBI MEXay co0oii,
a UI3MEHEHHE COCTaBa YKa3blBA€T HA IOCTEIEHHOE 3aKOHOMEPHOE HW3MEHEHHE
YCIIOBUH OCaJKOHAKOILJICHUS.

9. HecornacHoe  3ajieraHue Wy HECOTJIACHE BBIPAXKAET MEPEPhIB B OCAJKO-
HAKOIUICHHH, KOTOPBIiA BbIpakKaeTcs OTCYTCTBUEM OTIPEIECIICHHBIX
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CTpaTUrpauyecKux TOPU3OHTOB M OOYCIOBJIEH pa3IMUHBIMU NpPUYMHAMU. Takoe
HECorjacue Ha3bIBAeTCs CTpaTUTrpadUIecKuM.

10. TloBepxHOCTb, pa3AesAOIIasl HECOTIACHO 3aJeTaloIINe TOJIIH, HA3bIBACTCS
MOBEPXHOCTBIO HECOTJIACHS.

11. YrnoBoe Hecornacue MOPOSBICHO B IEPEPHIBE OCAJKOHAKOIUICHUS MEXIY
JBYMSI TOJIIAMU CJIO€B, UMEIOITUMHU PA3JIMYHbBIA YTOJl HAKJIOHA.

12. B 3TOM ciyyae MOBEPXHOCTh HECOTJIACHS TOJ YTJIOM IEpeceKaeT HUKHUE
ciou (OoJiee MpEeBHHE) U pacrojaraercsi mapauieibHO HACJIOCHUIO BEpXHEH, Ooiee
MOJIOZ0U TOJILLIH.

13. COopocamu Ha3BIBAIOTCS HAPYIIEHHUS, B KOTOPBIX IOBEPXHOCTh pa3pbiBa
HAKJIOHEHA B CTOPOHY PAaCIOJIOKEHHUSI OMYILIEHHBIX TTOPO/I.

14. B3Opocamu Ha3bIBAIOTCS HAPYIICHHUS, B KOTOPBIX IMOBEPXHOCTH pa3pbiBa
HAKJIOHEHA B CTOPOHY PACIHOJIOKEHHUS MPUTTOIHSITHIX TOPO/I.

15. 'opcTaMu Ha3bIBAIOTCSA  CTPYKTYphI, OOpa3oBaHHbIE cOpocamMu WU
B30pOcaMH, IIEHTPaIbHbIE YaCTH KOTOPBIX MPUIOIHSITHI U HA TTIOBEPXHOCTH CIIOKEHBI
0oJiee IPEBHUMU TTOPOJIAMH, YEM MOPOJIbl, 0OOHAXKEHHBIE B UX KPAEBBIX YaCTAX

16. Pa3ppiBbl  B30pOCOBOrO  XapakTepa, BO3HHUKAIOIIUE  OJHOBPEMEHHO
CO CKJIaTYaTOCThIO, HA3bIBAIOTCS HAJIBUTAMHU.

17. I'pabenamu Ha3BIBAIOTCA  CTPYKTYpPBI, O0Opa3oBaHHBIE cOpocamMu WU
B30pOCcaMH, IIEHTPaIbHbIE YACTHU KOTOPBIX OMYILEHBI U CJIOKEHbl HA MOBEPXHOCTH
nopogamMu, OOJiee MOJOIBIMH, YEeM TOPOJIbI, OOHAKAIONIUECS B MPHUIOIHATHIX
KpaeBbIX YaCTSX.

18. B Hacrosiuee Bpemsi pa3pblBHbIE HAapyIIEHHs O€3 CMELIEHUS Ha3bIBAIOT
IPOCTO TPEUIMHAMMU.

19. HanBur — oiuH U3 BUIOB pa3phIBHBIX CMEIIEHUH CIIOEB TOPHBIX MOPO/I.

20. HagBur npenacraBiser co0oil HaJBUTaHUE OJHOM MAacChl IMOPOJ Ha JAPYTYIO
10 HAKJIOHEHHOMY Pa3jioMy.

21. TakuMm 006pa3oM, MIIACTHI, JISKAIIUE C BEPXHEH CTOPOHBI pa3ioMa, CABUHYTHI
BBEPX, a4 C HUKHEN — BHHU3.

22. llepBblii 0710K Ha3bIBAETCS BUCSIYUM, BTOPOM — JIEKAUUM.

23. Ilpu 3TOM paznoM HaKJIOHEH K TOPU3OHTY 1OJI HEOOIBIIMM yTIIOM — HHA4ye
00BEKT Ha3bIBAIOT HE HAJBUTOM, & B3OPOCOM.

24. I'paHuIly MEXTy HUIMHU OOBIYHO TIPOBOJISAT MO BEJIMUMHE yria 45°.

25. HagBuru o0pa3yroTcst Py CXKaTUX 36MHOM KOPBI.
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Exercise Ne 9. Render the text using words from the unit.
IlepBuYHOE U HAPYLICHHOE 3aJIeTaHUE CJI0€B

bonpiias yacte ocagkoB oOpasyercs B MOPCKMX WJIM KOHTHUHEHTAJIbHBIX
BOJOEMaxX WM Ha TNPUOPEKHBIX pPABHUHAX. 3ajeraHue OCAJKOB IPU ITOM
NPAKTUYECKH TOpPU3OHTadbHOE (yron HakioHa He Oonee 1). Takoe 3aneranue
Ha3bIBAIOT MEpBUYHBIM. [lepBUuHOE 3aneranue ¢ 0osiee KPyThIM 3aJIeTAHUEM TOPO/I,
nocturatomeM 3-4°, a wHorma 10° MOKeT BO3HMKHYTh Ha CKJIOHAX HAa3E€MHBIX
Y TIOJIBOJAHBIX BO3BBIIIEHHOCTEW, KaHbOHOB, YCTyNoB. llepBuuHOe 3aneranue
OCaJIOYHBIX  TOPOJl  COXpAHSIETCS  CPAaBHUTEJBHO  PEIKO M  Hapyllaercs
NOCJIEAYIOIMIMMU TEKTOHUYECKHUMU ABUKECHUSMHU, YTO NPUBOAUT K UX HAKIOHHOMY
3aJieraHuio, 00Pa30BAHMIO CKIIAAYATHIX U PA3PhIBHBIX HAPYIIICHUN.

[InacTel 0cago4HBIX MOPOA MOTYT UMETh COTJIACHOE M HECOIJIACHOE 3aJIETaHHe
[0 OTHOLICHHUIO JApPYyr K Apyry. B ciyuyae corjmacHoro 3ajeraHusi KaxKIbld
BBITICTICKAIIMN CIIOM, 0€3 KaKuX-TMOO CJENOB TEpephiBa B HAKOIUICHUH OCAKOB
HajJeraeT Ha HWXelnexamue nopoasl. HecornacHoe 3aneranue oOpa3yercst Toria,
KOrJla MEXJy BBIIIEISKAIIUM M TOACTHIAIONIUM CJIOSAMH OTMEYaeTCs MepepbhiB
B OCQIKOHAKOTUIGHMM W  cTparturpaduyeckas IOCJIeI0BaTeIbHOCTh HapyIlIeHa.
HecornacHnoe 3aneranne MOXeT OBbITh MapajuIeIbHBIM, KOTJa IUIACThl, HECMOTPS Ha
NEepeEPHIB B OTJIOKEHUU OCANIKA, COXPAHSAIOT MAapaJJIEIbHOE 3aJeraHue M YIOBBIM,
KOrja OJIHa TOJIa JEXUT C TNEPEpPhIBOM MO OTHOUIEHUIO K JIPyrod Moj
onpenenéHHbIM yrioM. Hanpumep, Korja Ha CMSATOM B CKJIAJKH IJIACTE U3BECTHSKA
TOPU30OHTAIBHO 3ajeraeT CJIOW TecyaHuka. BreisiBlieHHe cTpaturpaguieckux
HECOrJacuil sBJIAETCS OJHOM W3 HaumOoJiee BaXKHBIX 3aJad Te€OJOTHMYECKOro
KApTUPOBAHUS U IPOBOJUTCS C UCIIOJIB30BAHUEM CIEAYIOIINX TPU3HAKOB:

1. xapakTepHO€ CTpPOECHHE MOBEPXHOCTH HECOIJIACHs, MUMEIOLEH HEPOBHOCTH,
YCTYIIBI,

2. yTIIOBOE HECOTJIACHE MEXKTY CIIOSIMU Pa3HOTO BO3PACTa;

3. pe3kuii BO3pacTHOM pa3phiB MEX Iy (hayHOU B BBIINIE- U HIHKEIICKAITUX CITOEB;

4. pe3koe pazinyue B CTENEHU MeTaMop(u3Ma JBYyX COMPUKACAIOIINUXCS CIOEB;

5. pe3Kuii mepexoj] OT MOPCKUX K KOHTUHEHTAIbHBIM OTJIOKEHUSIM U HA000pOT;

6. creqibl BEIBETPUBAHUS HA MIOBEPXHOCTU HECOTJIACHSI.

IaukaTUBHbIE IMCIOKAIMU CJI0EB FTOPHBIX MOPO/

B pe3ynbraTe aeiicTBHS TacTUYECKHX JepopMaruii TOPHBIX TOPOJ, BOSHUKAET
HapylIEHHOE 3ajJieraHue CJ0€B 3eMHOM Kopbl 0€3 BHAMMOTO pa3pbiBa UX
crutonmHOCcTH. Takue hopMbl HApYIIIEHUI HA3BIBAIOT TUIMKATUBHBIMU JTUCIOKAIASMH.
K HUM OTHOCHTCS 00pa3oBaHKEe MOHOKIMHAJICH, CKIIAIOK U (PIICKCYD.

MoHOKIMHAIIBHOE ~ 3ajieraHue 00pa3yeTcs Torja, Korja TOpU30HTAIbHO
3aJIeTalIIe TOPOJIbl B pe3ysibTaTe TEKTOHHMYECKUX JABMIKCHUM MPUOOpENr HaKJIOH
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1O/l OAHUM YTJIOM Ha 3HAYMTEJIbHOM MpPOCTpaHCTBE. MOHOKIMHANIb — 3TO Hauboiee
npocras Gopma IUIMKATUBHBIX JUCIOKAIMM, IIUPOKO MPOSIBICHA B YeXJIaX MOJOJBIX
u apeBHux miatdopm. CymiecTByOT ciaadoHakiaoHHble (10 15°), momorue (16-30°),
kpyThie (30-75°), moctaBneHHbie Ha To10BY (80-90°) MOHOKIMHAIIH.

Cxitamuateie AedopMaivy WM CKIAJKU — 3TO BOJTHOOOpa3HbIE M3TMOBI TIACTOB
06e3 pas3pbiBa CIUIOIIHOCTA MOPOJ. DTOT THI AMCIOKAIMA MpOSBICH Hamboiee
mHUpoKko. Bo Bcex THmax CKJIAIOK pa3IMyalOT HECKOJBKO OCHOBHBIX 3JIEMEHTOB.
Yactb CKJIAQOKU B MecTe meperuba ciIo€B Ha3bIBAETCS 3aMKOM, CBOJIOM WJIU
aapoM. Kpbliibsi - OOKOBBIE YacTH CKIAJ0K, MPHUMBIKAOIIME K CBOXYy. Pa3mepsl
CKJIQJIOK XapaKTEePU3YIOTCS IJTUHOM, IMUPUHOM, BHICOTOM.

CkJiagku, IUIacThl KOTOPBIX BBITHYTHI KBEPXY, HA3bIBAIOTCS AHTUKIMHAISIMH.
VY 3TuX CKJaloK B sipe Ha JHEBHOM IOBEPXHOCTH OOHaXaroTcsi Oosiee IpeBHHE
HOpOJIbI, @ Ha KPBUIBAX - OOJiee MOJIOABIE W OHU HAKIOHEHBI OT siapa. CKiIaukw,
IUTaCThl KOTOPBIX MPOTHYTHl KHHU3Y, HA3BIBAIOTCA CHUHKIMHAISIMH. Y HUX B sIpe
oOHaxkaroTcsl 0oJjiee MOJIOJbIE MOPOJbl, U KPbUIbS HAKIOHEHBI K SApPYy. ODTO JIBE
OCHOBHBIE (DOPMBI CKIIAIOK.

TexToHMYECKHE ABMKCHHUS MHOTIA IPUBOJAT K Pa3pbiBy CIUIONIHOCTH TUIACTOB
TOPHBIX TIOPOJI W OOpPa30BaHUIO Pa3pPhIBHBIX HAPYIICHUHA WIN JU3BIOHKTUBHBIX
nuciokamnuii. Pasnuuaior HapymieHuss 0e3 CYIIECTBEHHOTO CMEIIEHHUS 10 HUM
U HapymieHusi co cMeuieHusiMu. Hapymenus 6e3 cMmemieHusi — 31o TpemuHbl. OHu
pa3nuyaroTcs MO IHpHHE (OT MIUIMMETPOB JO HECKOJBKHX METPOB), IO
IPOTSKEHHOCTH (OT MEPBBIX CAHTUMETPOB JI0 JECATKOB KUJIOMETPOB), MO TIIyOUHE,
dopme (mpAMOIMHEHHBIE, AyrooOpasHele W J1p.) W T.aA. Kpome Tpemun
TEKTOHHYECKOTO  TMPOUCXOXJCHUS  CYIIECTBYIOT  TPEUIMHBI  AK30TE€HHOTO
(HETEKTOHUYECKOTO) MPOUCXOXKICHUS — TPCIIUHBI YCHIXaHUs, OIMOJI3HEH, 00BaJOB,
pacIIMpeHust MOPO/JI, OTCIAUBAHUS U JIP.

K mnHapymeHussM co CMEIIEHHEM OTHOCSTCS COpOCHI, B30pPOCHI, CABUTH
¥ HaJIBUTH. OJEMEHTaMH TEKTOHMYECKHX HapyIIEHUN SBISIOTCS: CMECTUTEINb,
KpbUIbs, YroJl HakKJOHAa CMECTUTENS aMIUIUTyAbl cMmelleHus. CMecTHTeNnb — 3TO
IJIOCKOCTh, 10 KOTOPOM MPOUCXOAHUT CMEIEHHUE. YTOJ HAKIOHA CMECTUTENS MOXKET
BapbUpOBaTh OT HeckoJibkux rpaxycoB 10 80-90° Kpeuibs — TOdImM MOPOJ,
pacrnoyio)kKeHHble MO0 00e CTOpoHbl cMmecTuTens. [Ipu HaKJIOHHOM MOJIOKEHUU
CMECTHUTEJS KPBLIO, KOTOPOE PACIOJIaraeTCsl HaJl HUM, Ha3bIBAETCS BUCSYUM KPBLJIOM,
a pacIoI0KEHHOE O]l HUM — JICHKAUIHUM.

Onnolt u3 HamboJsiee XapakTepHbIX (OPM pa3pbIBHBIX HAPYILICHUHN SBISIETCA
cOpoc. DTO HapylIEHHE, Y KOTOPOr0 CMECTUTENIb HAKIIOHEH B CTOPOHY OIYILIEHHOIO
Kpbla (HE3aBUCUMO OT TOTO, SIBISIETCS OHO BHCSYMM WM Jexkadnm). Eciam ke
CMECTHTEJb HAaKIIOHEH B CTOPOHY MPHUIIOAHITHIX TMOPOJ M YXOAUT TOJ HUX, TO TaKOE
HapylIeHWe  Ha3blBaeTcsa B30poc. B oTimume  OT  ONMHCAHHBIX  THIIOB
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HapyLIEHUH CABUIOM Ha3bIBA€TCs Pa3pbIBHOE HAPYIIECHHUE, Y KOTOPOrO NEpPEMEIICHHE
IPOUCXOUT TNPEUMYLIECTBEHHO B TOPU3OHTAJIBHOM HAIpaBiICHUH, & CMECTHUTEIb
pacnoyiokeH BepTUKalbHO. Yacto (Mo moYTH Bcerga) cOpoOChl M CABUTH
HPOSIBIISIIOTCS COBMECTHO M Ha3bIBAIOTCS COPOCO-CABUTAMHU U CABUTO-COpOCaMHu.

Hansurom Ha3piBaeTcss IUCIOKALUs C Pa3pblBOM IUIACTOB W HAJBUTAHHEM
OJIHOTO KpbUIa HA JIPyro€ MO OTHOCUTEIBHO IIOJIOIOW WM TOPU30HTAIBHOM
IUIOCKOCTU. DTO HApyIIEHHE B30POCOBOrO THIIA, BO3HHMKAIOIIEE OOBIYHO BMECTE CO
CKJIaI4aToCThio. Bwimenstor kpyTele (Oonee 45°), mnosnorue (menee 45°)
Y TOPU30HTAJIbHBIE HAJBUTU. OTU CTPYKTYPhl LIMPOKO MPOSIBIEHBI B CKJIAAYaThIX
obOnactsx. HanBur c¢ OOJBIIMM TOPU3OHTAILHBIM MEPEMEIICHHEM Ha3bIBAeTCA
LIAPBSKEM, Y KOTOPOrO BHUCSAYEE KpPBUIO MOXKET IEPEMEIIAThCSl HAa MHOTHE
KHJIOMETPHI U J1a’K€ Ha JAECITKNA KHJIOMETPOB.

COpocoBble HapylIeHHMs 4YacTO NPOSABISIOTCS B BHJIE CHUCTEM cOpPOCOB
u B30pocoB. Ilpu »sTOM 00pa3yrorcs cBoeoOpasHbie CTPYKTyphl. ['paben —
OMYILIEHHBIM Y4YacTOK 3€MHOM KOpbI, OTPAaHMYEHHBIM MapauieIbHbIMU COpOCcaMu
3HAYUTEJIBHON MPOTHKEHHOCTU. ['OpCT — NPUNOAHATBIM Y4YaCTOK 3EMHOW KOPBHI,
3aKIIOYEHHBIM MEXAYy NapajuleibHbIMUA pa3ioMaMu. Heckoiabko mapasuienbHbIX
CTYNEHYATO PACIOJIOKEHHBIX rpabeHOB 00pa3yIOT CIOXKHBIN IrpadeH. DTO OTHOCUTCA
K cTpykrypam Benukux adpukanckux o3€p (Tanranpmuka, Anbbepra, Pynomnnoda),
pudty Kpacnoro mops, pudty o3epa baiikan, Peitnckomy rpabeny u mp.

Exercise Ne 10. Watch the film

https://distedu.udsu.ru/course/view.php?id=3296 ¢aiia Joint and faults,
Deformation of sedimentary rocks. Give the main peculiarities of different types
of joints and faults according to the information in the video.

Exercise Ne 11. Do you know that?

Ghawar is an oil field located in Eastern Province, Saudi Arabia. Measuring 280
by 30 km (174 by 19 mi), it is by far the largest conventional oil field in the
world, and accounts for roughly a third of the cumulative oil production of Saudi
Arabia as of 2018.

Ghawar occupies an anticline above a basement fault block dating
to Carboniferous time, about 320 million years ago; Cretaceous tectonic activity, as
the northeast margin of Africa began to impinge on southwest Asia, enhanced the
structure. Reservoir rocks are Jurassic Arab-D limestones with exceptional porosity
(as much as 35% of the rock in places), which is about 280 feet thick and occurs
6,000-7,000 feet beneath the surface. Source rock is the Jurassic Hanifa formation, a
marine shelf deposit of mud and lime with as much as 5% organic material (1%
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to 7% is considered good oil source rock). The seal is an evaporitic package of rocks
including impermeable anhydrite.

Notable examples of anticlines

Europe

The Weald — Artois Anticline is a major anticline which outcrops in southeast
England and northern France. It was formed from the late Oligocene to
middle Miocene, during the Alpine orogeny.

North America

Anticlines can have a major effect on the local geomorphology and economy of
the regions in which they occur. One example of this is the ElI Dorado anticline in
Kansas. The anticline was first tapped into for its petroleum in 1918. Soon after the
site became a very prosperous area for entrepreneurs following World War | and the
rapid popularization of motor vehicles. By 1995 the El Dorado oil fields had
produced 300 million barrels of oil. The central Kansas uplift is an antiform
composed of several small anticlines that have collectively produced more than 2.5
million barrels of oil.

Another notable anticline is the Tierra Amarilla anticline in San Ysidro, New
Mexico. This is a popular hiking and biking site because of the great biodiversity,
geologic beauty and paleontological resources. This plunging anticline is made up of
Petrified Forest mudstones and sandstone and its caprock is made of Pleistocene and
Holocene travertine. The anticline contains springs that deposit carbon dioxide
travertine that help to contribute to the rich diversity of microorganisms. This area
also contains remains of fossils and ancient plants from the Jurassic period that are
sometimes exposed through geological erosion.

The Ventura Anticline is a geologic structure that is part of the Ventura oil
fields, the seventh largest oil field in California that was discovered in the 1860s. The
anticline runs east to west for 16 miles, dipping steeply 30-60 degrees at both ends.
Ventura County has a high rate of compression and seismic activity due to the
converging San Andreas Fault. As a result, the Ventura anticline rises at a rate of
5 mm/year with the adjacent Ventura Basin converging at a rate of about 7-
10 mm/year. The anticline is composed of a series of sandstone rock beds and an
Impermeable rock cap under which vast reserves of oil and gas are trapped. Eight
different oil bearing zones along the anticline vary greatly from 3,500 to 12,000 feet.
The oil and gas formed these pools as they migrated upward during the Pliocene Era
and became contained beneath the caprock. This oil field is still active and has a
cumulative production of one billion barrels of oil making it one of the most vital
historical and economic features of Ventura County.

56



Faults and ore deposits

Many ore deposits lie on faults. This is due to the fact that damaged fault zones
allow for the circulation of mineral-bearing fluids. Intersections of near-vertical faults
are often locations of significant ore deposits.

An example of a fault hosting valuable porphyry copper deposits is northern
Chile's Domeyko Fault with deposits at Chuquicamata, Collahuasi, EI Abra, El
Salvador, La Escondida and Potrerillos.l Further south in Chile Los Bronces and El
Teniente porphyry copper deposit lie each at the intersection of two fault systems.

Large overthrust faults occur in areas that have undergone great compressional
forces. These conditions exist in the orogenic belts that result from either
two continental tectonic collisions or from subduction zone accretion. The resultant
compressional forces produce mountain ranges. The Himalayas, the Alps, and
the Appalachians are prominent examples of compressional orogenies with numerous
overthrust faults.

Thrust faults occur in the foreland basin which occur marginal to orogenic belts.
Here, compression does not result in appreciable mountain building, which is mostly
accommodated by folding and stacking of thrusts. Instead thrust faults generally
cause a thickening of the stratigraphic section. When thrusts are developed in orogens
formed in previously rifted margins, inversion of the buried paleo-rifts can induce the
nucleation of thrust ramps.
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