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Введение

Предлагаемое практическое пособие предназначено для работы в группах студентов для обучения их различным видам чтения профессиональных текстов, владение которыми необходимо будущим специалистам, а также формирования устной речи, письма, переводческих навыков. Помимо этого пособие может быть использовано при работе в студенческих группах с углубленным изучением английского языка для развития навыков чтения и говорения по теме «My Future Profession». 

Целью пособия является развитие коммуникативных умений и навыков различных видов речевой деятельности, а также навыков реферирования специальной литературы. 

Пособие состоит из десяти разделов, каждый из которых включает ряд упражнений для развития лексико-грамматических навыков чтения и письма. Оригинальные тексты по темам разделов, а также комплекс условно-речевых и речевых упражнений и ряд текстов для дополнительного чтения, входящие в настоящее практическое пособие, отвечают принципам современной коммуникативной методики. 

При отборе текстов авторы стремились к тому, чтобы каждый текст носил профессиональный характер и был насыщен лексикой, связанной с профессиональной деятельностью будущих специалистов в области геологии и разведки месторождений полезных ископаемых. 

Активный лексический и грамматический минимум определяется темами пособия.

Unit 1 Minerals
Ex. 1 Translate the following words and word combinations:

Igneous rocks, to reach the surface, an intrusive igneous rock, to be too small for the unaided eye to see, as a result of erosion, rock-forming igneous minerals, at extremely high pressures, to grow in magmas, to be abundant in rocks of granitic composition, to occur in association with, cleavage, to be appropriate for minerals to start crystallizing, sodium- and potassium-rich feldspars, the overall composition of the rock, above destructive plate boundaries, to be move viscous than, to melt, molten, to reach progressively shallower depths, vulnerability to the process of erosion, to be granitic in composition, oceanic gabbro, to be neither plutonic nor volcanic, to be injected upwards, a dyke, coarse-grained rocks, at the time of their formation, to be injected in a horizontal sheet, much finer crystals, to provide evidence (that), a frozen mixture of the elements, to be of medium grain size, to undergo dramatic changes.
Ex. 2  Read and translate the text:

Igneous intrusions
Rocks formed by cooling of a magma are called igneous rocks, from the Latin word for fire. Not all magma reaches the surface. Often it solidifies at depth, to form an intrusive igneous rock.

Volcanic rocks cool so quickly that usually the only crystals that grow within them are too small for the unaided eye to see. However, an intrusive rock cools more slowly, so there is time for the crystals of which the rock is formed to grow to lengths of millimetres or sentimetres before the rock is completely solidified. Crystals this big are easy to see when the body is eventually exposed on the surface as a result of erosion.
Minerals 

Because the crust and mantle contain so much silicon and oxygen, all the common sorts of crystals that grow in magmas from these sources contain these elements. The crystalline structure of rock-forming igneous minerals is based on two- or three-dimensional arrays of silicon and oxygen held together by molecular bonds. These minerals, as well as the rocks that they form, are commonly referred to as silicates.

The most familiar of the silicate minerals is pure silica. This contains just silicon and oxygen, and has the formula SiO2. In crystalline form this is the mineral quartz, except at extremely high pressures when the atoms are squeezed into more tightly-packed crystalline structure. All other silicate minerals contain various metallic elements in addition to silicon and oxygen. Quartz is a robust, hard-wearing mineral. It is able to grow in magmas whose SiO2 content exceeds 52 %. Quartz is abundant in rocks of granitic composition and is usually present, though scarce, in rocks of andesitic composition.
The potentially confusing use of silica meaning two quite different things is standard in geology. The silica (or SiO2) content quoted for a rock is based on an overall chemical analysis of the elements making up the rock. This should not be taken to imply that all or any of the silicon and oxygen occurs in the form of quartz or any other pure silica mineral. On the other hand, when SiO2  is given as the chemical formula of a mineral, it means that this mineral contains Si and O only, in the ratio 1 : 2. This specific ration is dictated by number of oxygen atoms each silicon atom is able to form a bond with. The three-dimensional structure of such bonds controls the properties of the crystal.
In magmas whose composition is basic (42 – 52 % silica) or ultrabasic (<45 % silica), metallic elements are so abundant that no quartz crystals can grow, and the only silicate minerals to form contain a relatively high proportion of metals. The most extreme example is olivine, formula Mg2SiO4, in which  there are twice as many metal atoms (in this case, magnesium) as silicon atoms. Actually, iron (Fe) atoms can fit in the same place as magnesium atoms, so olivine can have any composition ranging between Mg2SiO4  and Fe2SiO4, with Mg and Fe in any proportion.
Olivine most often occurs in association with pyroxene, another metal-rich silicate, with the formula (Ca, Mg, Fe)2Si2O6. A rock composed essentially of just olivine and pyroxene is described as a peridotite, and these are the dominant minerals in mantle rocks.

In magmas of higher  SiO2 content, the proportions of magnesium and iron tend to be lower, whereas aluminium (Al), calcium (Ca), sodium (Na), and potassium (K) become more abundant. One result is the appearance of minerals known as feldspars.
The other important silicate minerals are mica and amphibole. These occur in granitic and andesitic rocks and depend on the presence of water in the magma. 
Each of these minerals, and varieties within each type, can be distinguished by features such as colour, hardness, cleavage (regular planes of weakness in the crystal resulting from its atomic structure), and optical properties. With practice it is possible to recognize many of these when you find a coarse-grained igneous rock exposed in the field, without the aid of analytical instruments. Having identified each of the minerals making up rock, it is then possible to give the rock itself a name, and thence to deduce the conditions under which the rock is likely to have formed.
Crystallization of Minerals in Cooling Magma

As a magma rises it gets cooler, because heat escapes into the surrounding rocks. Eventually the temperature and pressure will be appropriate for minerals to start crystallizing. The nature of these minerals depends on the overall composition of the magma. Each mineral species begins to crystallize at a different temperature. Generally speaking, the more metal-rich minerals crystallize at higher temperatures, and quartz and the sodium- and potassium-rich feldspars crystallize at lower temperatures. This process, which is really partial melting in reverse, is known as fractional crystallization.
If the crystals are carried along with the remaining magma until everything has crystallized, then the overall composition of the rock is the same as that of the initial magma, even though the rock consists of several minerals each having a different composition. However, if the first crystals become separated from the magma the remaining magma will have a different composition, rather richer in silca, from what it started with. In this way andesitic magmas can evolve from originally basaltic magmas, and granitic magmas can evolve from andesitic magmas. When these new magmas crystallize, they will form rocks of different composition to that of the initial magma.
Never the surface, a basaltic magma begins to crystallize at about 1200 °C and is entirely solidified by about 1080 °C. The corresponding temperatures for a granitic magma are 1100 °C and 960 °C, and those for an andesitic magma lie somewhere in between. At depth, the pressure acts to increase these temperatures by about 20 °C for every 10 km depth. However, this applies only for water-free magmas. Above destructive plate boundaries magmas are usually rich in water. The effect of this is to reduce the temperature at which crystallization begins, so that in a ‘wet’ granitic magma at 10-30 km depth crystals do not begin to form until the temperature has dropped to about 720 °C. on approaching the surface, the water vapour is liable to escape. If the magma had already cooled to close to its ‘wet’ crystallization temperature, then this loss of water will cause the magma to solidify rapidly, bacuse it will be well below its ‘dry’ crystallization temperature.
Granite

This is one reason why granitic magmas in particular are more widely known for the large intrusions they form than for volcanic products. Another reason is that they are about a thousand times more viscous than basalts, and so are less easily extruded onto the surface. It is not uncommon to find coarse-grained solidified intrusions of granitic composition that are tens of kilometers across. These constitute the well-known rock type granite.
How then does a granitic magma, originating, say 30 km deep near the base of the crust, rise upwards? As magma forms it seeps along grain boundaries, but cannot flow freely enough to escape until about 5 % of the source rock has melted, which may take 10000 years or more. If there is a nearby plane of weakness such as a fault or fracture the magma may escape up it in a matter of 1000 years or so and spread out higher in the crust to form a large granite mass. However, if there is no easy pathway available, magma will remain trapped at depth until it has grown into a large enough body to force its way up to shallower level by buoyancy alone. At first, the surrounding rocks will be hot, and soft enough to allow the granite magma to push them aside, rising at a rate of a few centimeters or metres per year. As the granite reaches progressively shallower depths the surrounding rocks will be colder and therefore more brittle so that eventually the granite can rise no further.
There are two other processes that may aid magma ascent. First, if the overlying rocks have a melting point similar to or lower than that of the magma, they may become assimilated into the magma. Essentially, the magma melts its way through, continuing to rise until it has run out of heat. This, incidentally, is another way in which magma composition can evolve. Alternatively, the granite may pluck off blocks of rocks from above. These sink down through the granite, allowing the granite to pass upwards. This process is called ‘stopping’.
Most of the granites with which geologists are familiar ceased to rise at depths of a few kilometers within the crust. They have become exposed at the surface, millions of years after their emplacement, when the original overburden or rock has been worn away. This is encouraged by the fact that, even when solid, granite is less dense than most other rock types, and it tends to buoy up the terrain, increasing its vulnerability to the processes of erosion.
Granites can form wherever the composition of originally basaltic or andesitic magmas had been able to evolve so as to become sufficiently rich in silica, and so they can be found in any setting. However, they are particularly common above destructive plate margins (caused in particular by the melting of the lower crust above a subduction zone) and in the mountain belts at sites of continental collisions. Here, the thickness of the continental crust is usually doubled, and the rate of local radiogenic heat production is doubled too. This encourages melting low down in the thickened crust even after relative motion between the two collided plates has ceased.
Large granite massifs are termed ‘plutons’, after Pluto, the Greek and Roman god of the underworld. Sometimes, geophysical evidence suggests that several plutons are joined together at depth, in which case the larger unit is referred to as a ‘batholith’.

Not all plutons are granitic in composition. For example, the 60-million-year-old continental flood basalts (reflecting the rifting of the north Atlantic ocean between Britain and Greenland) are associated with plutons of basaltic composition. Being coarse grained, we describe them as gabbro rather thn basalt.
Basaltic Intrusions in the Oceanic Crust

Gabbro is also crystallizing to form the lower oceanic crust at constructive plate boundaries. This gabbro layer can be recognized aeismically in the oceans and can be studied on-land in ophiolites, which are slices of oceanic crust and upper mantle that have been thrust over the edge of a continent during a collision. Much of the gabbro appears to arrive in place as a crystal-rich mush.
Between the gabbro layer and the basaltic pillow lavas erupted on the sea floor, thee is a layer that is neither plutonic nor volcanic. This marks the depth at which pulses of magma are injected upwards along a vertical fissure to feed the lavas. When magma freezes in such a fissure it forms a vertical curtain of intrusive igneous rock called a dyke. In sea-floor spreading, successive dykes intrude each other, and so a layer is formed consisting of nothing but dykes, which is sometimes called a sheeted dyke complex.
Dykes and Sills
Dykes cool faster than plutonic rocks. As a result, the crystals grow smaller than in a plutonic rock but coarser than in a volcanic rock. Dykes intruding other rock types are common in volcanic areas of the continents, but sheeted dykes, where dykes intrude nothing but dykes, can form only where there has been continual spreading and are known only in ophiolite and below the ocean floor.
In many volcanic provinces dykes occur roughly parallel to one another (at right angles to the direction of crustal extension), forming a dyke swarm. Near a volcano it is common for dykes to be radial to the volcano. Volcanic eruptions that occur on the flank (side) of a volcano rather than at the summit vent are usually where the top of a radial dyke reaches the surface. Another form of dyke occurs where magma is injected up the fracture that has allowed the floor of a caldera to subside. This is known as a ring dyke, because of its circular plan view. Not all shallow intrusions cut up vertically like dykes. Sometimes magma is injected in a horizontal sheet, especially where the surrounding rock is composed of flat-lying beds. The generally horizontal igneous body that results is described as a sill.
Grain Sizes in Igneous Rocks

We have made a generalization in this chapter that plutonic rocks are coarse grained, shallow intrusions are medium grained and volcanic rocks are fine grained. Although invariably true for plutonic rocks, there are circumstances where these rules are broken for shallow intrusions and volcanic rocks. For example, if a magma begins to crystallize by slow cooling at depth but is then erupted, it may carry with it some largish crystals that had already begun to grow. These will be surrounded by much finer crystals that had already begun to grow until the magma cooled rapidly at or near the surface. Recognition of isolated large crystals (known as phenocrysts) in a lava or shallow intrusive rock provides evidence that the magna had a complicated history, cooling in at least two stages.
Another exception involves the very last fraction of a per cent of magma to crystallize in a magma body. This is likely to be very rich in water and volcanic gases such as fluorine, because these are preferentially retained in the magma as crystals grow. Strong concentrations of these make it difficult for new crystals to begin to form. As a result the crystals that do get started have to grow very big, in extreme cases a metre or more long, but more usually centimeters in size. Such very coarse-grained igneous rocks are described as pegmatites, and can be found in veins (filling irregular fractures) within igneous intrusions or the surrounding rocks.
Conversely not all volcanic rocks are crystalline at all. Magma erupted at the surface may chill so rapidly that there is no time for crystals to begin to form. The rock is therefore a frozen mixture of the elements that were present in the magma, lacking crystalline structure, and is described as a glass. Pyrocalistic igneous rocks may consist largely of glassy fragments, and many lavas consist of fine grained crystals floating within a glassy matrix.
Shallow intrusions, especially dykes, although generally of medium grain size (with or without a few larger phenocrysts) often have very fine crystals, or even a glassy texture, at their edges. Such a chilled margin forms because the surrounding rock was cold, and the edge of the igneous body froze against it. Chilled margins are rare at the edges of plutonic intrusions because the surrounding rocks were not usually cold. There are two factors contributing to this. The first is that, being deeper down, things are warmer in general. The second is that plutons are so big and contain so much heat that they heat up the surrounding rock before being cooled much themselves. This heat can cause the surrounding rock to undergo dramatic changes, by a process known as metamorphism.
Ex. 3 Answer the following questions:

1 What is called igneous rock?
2 Is pure silica the most familiar of the silicate minerals?

3 What are the other important silicate minerals?

4 What process is known as fractional crystallization?

5 What is another reason why granitic magmas are more widely known for the large intrusions they form than for volcanic products?
6 What is termed ‘plutons’?

7 What is a dyke?

8 What is referred to as a ‘batholith’?

9 Where can very coarse-grained igneous rocks be found in?
Ex. 4 Word-building:
a)
translate the following words:

deep – deepen – depth; decrease – decreased – decreasing; melt – melting – molten; prevent – prevention – preventing; subduct – subduction; solid – solidify – solidification; basalt – basaltic; spread – spreading; chemistry – chemical; divide – division – divided – dividing; inhabit – inhabitant – inhabited – inhabitable;
b)
translate the following words; mind the prefix -sub:

subterranean, subsurface, subsoil, subdivision, subgroup, subcrustal, subtropical, subcontinent, submarine.
Ex. 5 Match the equivalents:

a)  - adjacent layers;
-
abyssal rocks;
-
dimensions of crystals;
-
valuable minerals;
-
shape and size of grains;
-
mode of occurrence;
-
coarse-grained;
-
uplifts;
-
zones of major deformation;
b) - способ залегания;
-
крупнозернистый;
-
зоны крупных нарушений;
-
абиссальные (глубинные) пород;
-
смежные пласты (слои);
-
размеры кристаллов;
-
взбросы;
-
форма и размер зерен;
-
ценные минералы.
Ex. 6 Match the equivalents:

a) - затвердевшие массы;
- обломочные породы;
- медленно остывать;
- мелкозернистый;
- многочисленные трещины;
- неправильная форма;
- на определенной глубине;
- экономически важный;


- научная ценность;


- существующие типы пород;
b) - irregular shape;
- at a certain depth;
- economically important;
- solidified masses;
- scientific value;
- to cool slowly;
- existing types of rocks;     
- fine-grained;
- fragmentary rocks.
Ex. 7 Are these statements true or false?

1
The crystalline structure of rock-forming igneous minerals is based on two-or three-dimensional arrays of silicon and oxygen held together by molecular bonds.

2
The most familiar of the silicate minerals is marble.

3
As magma rises it gets hotter.

4
Above destructive plate boundaries magmas are usually rich in water.

5
Large granite massifs are termed “plutons”.

6
When magma freezes in such a fissure it forms a horizontal curtain of intrusive igneous rock called a dyke.
7
Dykes cool faster than plutonic rocks.
Ex. 8 Fill in the gaps with the appropriate preposition:
1
Rocks formed … cooling of magma are called igneous rocks.

2
We were dealing … igneous rocks of the volcanic kind throughout the previous chapter.

3
… when the atoms are squeezed … more tightly-packed crystalline structure.

4
These occur in granitic and andesitic rocks and depend … the presence of water in the magma.

5
As a magma rises it gets cooler, because heat escapes … the surrounding rocks.

6
… where the whole liquid solidified … a specific temperature.

7
Most of the granites … which geologists are familiar ceased to rise depth of a few kilometres within the crust.

8
Not all shallow intrusions cut … vertically like dykes.

9
These will be surrounded by much finer crystals that did not begin to grow until the magma cooled rapidly … or … the surface.

10 Volcanic eruptions that occur … the flank (side) of a volcano ….
Ex. 9 Give the three forms of the irregular verbs:
Break, begin, burn, leave, show, get, hold, find, understand, build, lose, take, grow.
Ex. 10 Put questions to the italicized words:
1 Olivine most often occurs in association with pyroxene.

2 Near the surface, a basaltic magma begins to crystallize at about 12000 C.

3 On approaching the surface, the water vapour is liable to escape.

4 Dykes cool faster than plutonic rocks, because they are thin curtains.

5 Another exception involves the very last fraction of a per cent of magma to crystallize in a magma body.
Ex. 11 Complete the sentences using the words in brackets:
(cleavage, plutons, batholith, igneous rocks, a sill, a dyke, fractional crystallization)

1 Sometimes, geophysical evidence suggests that several plutons are joined together at depth in which case the larger unit is referred to as a … . 


2 The generally horizontal igneous body that results is described as … . 


3 Rocks formed by cooling of a magma are called
 … .
4 This process, which is really partial melting in reverse, is known as … .


5 Large granite massifs are termed …, after Pluto, the Greek and Roman god of the underworld.

6 When magma freezes in such a fissure it forms a vertical curtain of intrusive igneous rock called … .


7 Each of these minerals, and varieties within each type, can be distinguished by features such as colour, hardness, …, and optical properties.
Ex. 12 Find English equivalents:
интрузивная изверженная порода; содержать много кислорода; существовать в виде кварца; кристаллическая структура; в виде химической формулы; атомная структура; оптические свойства; природа минералов; затвердевать при конкретной температуре; хорошо известный тип породы; плутон; дайка; вулканические извержения; крупнозернистый; мелкозернистый; лава; магма; метаморфизм; батолит.

Ex. 13 Give a summary of the text using the following phrases: 
the title of the text is ...; the text deals with ... (is devoted to ..., is about ...); the text stresses the importance of ...; the text further says ...; in conclusion the author says ...; concerning the problem.   

Grammar 
Ex. 14 Use the right form of the verb be:

1 The  information  about  the  exams   ...   encouraging. 2 All the equipment in the laboratory ... the latest design. 3 My knowledge of German ... very limited.          4 These analyses ... not appropriate in this study. 5 The theory ... vague. 6 This hypothesis ... difficult to prove.  7 The applied sciences ... more and more popular among young researchers. 8 The Government ... of the opinion that money in the accounts ... siphoned out of the country. 9 Measuring instruments... being used by the scientist. 10 The reliable data ... obtained by the researcher. 11 Statistical processing of data ... required. 12 A set of auxiliary equipment ... needed for this experiment.     13 The teamwork they did ... great. 14 ... the scales over there electronic? 15 These devices ... used for different purposes. 16 Yesterday's homework ... rather difficult. 17 The findings of current research ... announced. 18 Your advice ... very timely. Thank you. 19 The news ... too good to be true. 20 The team ... no more than seven young men. 21 The chair staff ... all very young. 22 The knowledge he had … due to his effort and hard work. 

Unit 2 Rocks
Ex. 1 Translate the following words and word combinations:
the most hospitable landscapes; the most profitable farmland; vital resources; clastic sedimentary rocks; to form sand into large dunes; to depend on the conditions under which they form; to be associated with; to provide very important clues; subaqueous; the continental shelf; to generate suspension of sediment; to change in both strength and direction; to be transported by moving ice; to occur when the flow stops moving; the flood plain; to be built by successive layers; clay particles; to be densely colonized by vegetation; arid regions; evaporation of seawater; to become covered with crystals; calcium carbonate; the main rock-forming mineral; chalk; to turn a deposit of sediment into a rock; to turn a soft sediment into a hard sedimentary rock; to take place; mineralogical changes; cement; to be metamorphosed.
Ex. 2 Read and translate the text:
Deposition of sedimentary rocks
The most hospitable landscapes, including the most profitable farmland in most countries, are usually in regions where rock is being deposited in the form of sediments. Naturally, these tend to be low-lying areas of land. A lot more sediment is deposited, unseen, below the sea.

Sediments tend to be deposited in layers, known as beds, so, after they have hardened, they form the most easily worked building stones. They are sources of certain vital resources, such as coal and oil, and may act as reservoirs for underground water supplies.

Many of the most  familiar sedimentary rocks  are  formed from accumulations of detrital material. These are known as clastic rocks, “clast” being a term used to describe a fragment or grain. Clastic sedimentary rocks are classified by the diameter of their most abundant clasts. 
Ripples and Dunes

Most clastic sediments are formed by deposition from the bed-load. Everyone is aware that wind tends to form sand into large dunes. Water flow produces similar but usually much smaller sedimentary structures, of which ripples are the best known. Ripples, dunes and the like are referred to collectively as bedforms.

The shapes of bedforms depend on the conditions under which they form. A relatively slow flow in a constant direction produces transverse ripples or transverse dunes, with their crests aligned at 90o to the current. As the flow gets stronger, crests become wavier, eventually breaking into crescent shapes. These two contrasting bedforms are associated with different patterns of cross-bedding that allow them to be distinguished. Observation of the nature and orientation of cross-bedding can therefore provide very important clues as to the environment in which an ancient sediment was deposited.

Ripple-like bedforms often develop within pyroclastic flows. Here, despite the high speed of the flow, the high ratio of the pyroclastic fragments to the volume of air entrained within the flow is so great that clasts get plastered onto the ground even when the speed of the flow would otherwise be great enough to keep them moving in the bed-load. 
Turbidity Currents

There are subaqueous analogues to dense pyroclastic flows, known as turbidity currents. These are particularly important for transporting sediments off the edge of the continental shelf and onto the ocean floor, notably into trenches. What happens is that a submarine landslide generates suspension of sediment. This is considerably denser than the surrounding seawater, and flows downslope as a turbulent mixture of sediment and entrained water.

Turbidity currents can be very powerful, and have been known to snap submarine telephone cables. After a turbidity current has passed by, the fine​grained material that had been stirred up into suspension settles out, so the sandy rippled part of the deposit is overlain by finely laminated silts and muds. A deposit laid down by a turbidity current is called a turbidite. 
Current Directions

In rivers, the direction of the current is essentially in a uniform direction. Even though the strength of the current may vary seasonally, this uniformity in current direction controls the orientation of the cross-bedding so that unidirectional current flow can be recongnized in ancient river deposits.

In the sea, tidal currents change in both strength and direction. In sediments deposited in shallow marine conditions, where tidal currents are most obvious, this is usually reflected in alternating directions of cross-bedding, and sometimes by thin layers or lenses of fine-grained suspended load that was able to settle during the period of slack water while the tide was turning. 
Waves

At sea or in lakes wave motion can disturb the sediment. Bedforms may grow in the shape of symmetric ripples whose opposite faces have equal steepness, quite unlike the asymmetric ripples produced by current flow. If a current is flowing in a totally different direction to wind-generated waves, current ripples and wave ripples may interfere to produce a criss-cross pattern of interference ripples. These can often be seen exposed on modern beaches at low tide.

Finer and Coarser Sediments

Ripples and dunes are usually found only in sand or the coarser silty sediments. Fine silt or mud will not settle out from water unless it is flowing at less than a few centimetres per second, which is too slow to sculpt sediment, however fine the grains, into bedforms. Silt and mud thus tend to accumulate in fine horizontal layers, referred to as laminations.

Conversely, when gravel and pebbles get deposited by flowing water, it is usually because the current has dropped suddenly, and there is no time for bedforms to develop. However, pebbles do tend to be oriented by the current and come to rest with their tips pointing downward into the direction the current is coming from.

Other Means of Transport

We have seen previously that material may also be transported by mudflows (lahars), landslides and by moving ice. When this material gets deposited it is generally distinguishable from a water-lain deposit by the wider range of clast sizes, the angular, poorly-rounded, shapes of the clasts, and the lack of bedforms. Another distinguishing feature is that pebble-seized clasts may be supported by a matrix of mud or sand, whereas in a water-lain deposit pebbles almost always touch.

Deposition from mudflows and landslides occurs simply when the flow stops moving. Deposition from a glacier happens as the ice melts, usually at its downhill end, or 'snout'. Often, glacial detritus is re-worked by streams of meltwater, in which case it loses all or most of the characteristics listed above.

Using Sediments to Interpret Ancient Environments

Most sedimentary rock is deposited under water. We have already examined the separate processes that are involved, and the bedforms that can be created. However, to interpret the environment in which an ancient deposit was laid down it is necessary to weigh up many attributes of the deposit, and to build up a picture using several lines of evidence.

To see how past environments can be pieced together from the evidence preserved in the sedimentary record, we will look at a few key modern depositional environments.

Depositional Environments Associated with Rivers

We will look first at rivers, in their sluggish downstream reaches where they are depositing rather than eroding material. The flood plain consists mostly of muds and silts deposited as a result of floods. The flood plain is built of successive layers of fine- or very fine-grained flood deposits, which provide some of the globe's richest agricultural land.

The river itself usually flows too fast for the suspended-load to be deposited, and is likely to be transporting sand in the bed-load. We therefore find ripples when we look on the bed of a river; however this can only be preserved in the geological record if they are buried by later deposits. Burial of ripples can happen without clogging up the river, because a winding lowland river does not maintain its course. The current has to flow faster round the outside of a bend than on the inside. The river bank on the outside of a bend is therefore subject to undercutting and erosion. In contrast, bed-load tends to be deposited against the bank on the inside of a bend, where the current is slowest, producing a sand and gravel deposit known as a point-bar.

Deltas and Estuaries

Turning our attention now to where rivers reach the sea, we often find a delta built up of sediment deposited by the river. There are two factors contributing to this. The first is that, just as in an alluvial fan, where the flow spreads out its speed drops, so any bed-load that the river has managed to bring all the way to the sea will now be deposited. The second is a result of something that happens to clay particles as soon as the water becomes salty. Clay particles are tiny, and remain in suspension provided they stay is individual particles. However, once they get into even slightly salty water they start to stick together, or flocculate. The clusters of clay particles created in this way are big enough to sink, and so the suspended load of the river gets dumped as soon as the river water mixes with the sea water.

The world's two most famous deltas show some important differences in morphology, resulting from differing local conditions. The archetypal delta is that of the Nile. The resemblance of this on a map to the shape of the Greek capital letter delta led the geographer Herodotus to coin the term “delta” to describe it, in 490 BC. In contrast, the Mississippi delta has been likened to a bird's foot in appearance, because the levee- confined channel that feeds it has built out beyond the main shoreline and it and the few main distibutory channels coming from it stick out into the sea like the toes on a foot.

The main reason for the different shapes of these two deltas is that the Mississippi discharges much more sediment than the Nile. It is also less exposed to strong waves, which tend to mould a delta front into a Nile-style arc.

In many ways the tops of deltas resemble flood plains of meandering rivers. The deposits found there consist of ripple cross-bedded sand that accumulated on point-bars, silts and muds laid down in abandoned channels, and mud deposited over the delta plain during floods. Delta plains are often densely colonized by vegetation, and roots, fallen leaves and branches can often be found as fossils.

Evaporite Deposits

In arid regions, there is insufficient rainfall to support salt marsh or mangrove swamp vegetation. Instead, above the normal high tide mark mud is matted down by layers of salt-tolerant fibrous algae. Such a salt flat is known by its Arabic name of “sabkha”. The mud here is not dominated by clay minerals, but by mud-sized grains of carbonates, chiefly calcite, and dolomite.

There are organic ways of growing these carbonates. However, on a sabkha they form because of an inorganic process. The sun causes evaporation, and seawater is continually drawn in through the mud to replace what is lost. As the water evaporates, its dissolved constituents come out of solution, often beginning with carbonate minerals. Minerals formed in this way are described as evaporites.

Evaporite minerals do not only form in sabkhas. They can also form in the sea. where evaporation of seawater is proceeding faster than the rate of replenishment by fresh water. Such conditions are met in enclosed marine basins in sub-tropical latitudes where there is little rainfall. Here, the sea bed becomes covered by crystals of evaporite minerals that have grown near the surface, where the effects of evaporation are most extreme, and sunk to the bottom. 
Limestone

Evaporites form only under special circumstances. However, calcium carbonate is the main rock-forming mineral in many sedimentary environments. A rock made mostly of calcium carbonate is called limestone, which is by far the most abundant non-silicate rock type. Calcium carbonate is most commonly found as the mineral calcite.

Sea shell found on the beach are made of calcium carbonate, and some limestones are made of deposits of such shells, or of fragments of such shells. Most important globally are microscopic, generally single-celled, plants and animals that live in the sea. Less abundant forms live on the sea floor.

When such organisms die, their shelly remains sink towards the sea floor. Provided conditions are gentle enough, they can settle to form extensive deposits. A rather special kind of limestone is called chalk.

In some environments, limestone can form as a ready-made hard rock rather than an unconsolidated deposit. This occurs where the sea floor is encrusted by sedentary organisms that secrete calcium carbonate. Today, the most important such encrusting organisms are corals. These are animals but have photosynthetic algae living symbiotically within them, so they require clear shallow water with sufficient sunlight.

Turning Sediment into Rock

It has been possible to give only a general account of the more distinctive sedimentary environments. We must finish by considering what it takes to turn a deposit of sediment into a rock.

The main requirement is that it must remain buried, and not be eroded away. Once buried, processes begin that turn a soft sediment into a hard sedimentary rock. Only reef limestones and some evaporites are formed in an initially consolidated fashion, other sediments begin as loose, uncosolidated deposits. However, with burial, and over time, various chemical and physical changes take place, collectively described as diagenesis.

The dominant physical process is compaction, caused by the weight of later sediment deposited on top. By the time a deposit is buried by a kilometre or so of sediment, most of its pore water has been squeezed out, and the porosity is reduced.

Most of the chemical changes during diagenesis are controlled by the nature of the pore waters. Silica that has been dissolved by pressure solution may come out of solution to fill the remaining pore spaces with silica cement. This can turn a loose sandy deposit into a hard rock (sandstone) in which the grains are as thoroughly stuck together as crystals in an igneous rock. There are some mineralogical changes that may take place too. Other diagenetic changes include the driving off, as a result of pressure and mild heat, of water that was originally bound up in clay minerals. New clay minerals, with less water in their formulae, take their place.

We have now seen how sedimentary rocks are created from components derived by weathering and erosion. Sedimentary rocks are not a dead-end in the rock cycle. Most ocean floor sediments eventually get dragged into trenches at destructive plate margins, where they are metamorphosed or even melted. Sediments in shallow seas or deposited on land may be regionally metamorphosed if they are buried to sufficient depth, or if they get caught up in a continent-continent collision. Alternatively they may be raised up to be exposed to the forces of weathering and erosion.
Ex. 3 Answer the following questions:
1
What is known as clastic rocks?

2
What is referred to as bedforms?

3
Where do ripple-like bedforms often develop?

4
Are ripples and dunes usually found only in sand or the coarser silty sediments?

5
When do individual clay particles start to stick together?

6
What is the main reason for the different shapes of the world's two most famous deltas?

7
What minerals are described as evaporites?

8
Where can evaporite minerals form?

9
Is limestone the most abundant silicate rock type?

10
What changes are called diagenetic?
Ex. 4 Word-building:
a)
give the verbs corresponding to the following nouns and translate them into Russian:

division; erosion; abrasion; conclusion; production; lithification; precipitation; rotation; accumulation; circulation; compaction; evaporation;
b)
state to what part of speech the following words belong and translate them into Russian:

flat – flatten – flattened; rotate – rotation – rotational; constitute – constituent – constitution; transport – transportation – transporting – transported; deposit – deposition – depositional; depend – dependent – dependence – depending – independent – independently; vapour – evaporate – evaporation – evaporating; vary – various – variation.
Ex. 5 Match the equivalents:
a) - земная кора;


- растворяться в воде;


- песчаник;


- уплотненные осадки;


- изверженные породы;


- мелкозернистый песок;
- затвердевать;


- подобно гипсу;


- обнаженные породы;
b) - sandstone;
- fine-grained sand;
- the Earth's crust;
- exposed rocks;
- to dissolve in water;
- like gypsum;
- consolidated sediments;
- igneous rocks;
- to solidify, to consolidate.
Ex. 6 Match the equivalents:
a) - coarse-grained sand;


- siltstone and shale;
- the destructive action of water;
- existing rocks;
- chemical decay sedimentary rocks stratified deposits pre-glacial period;
- particles of a substance;
b) - алеврит и сланец;
- существующие породы;
- частицы вещества;
- пластовые месторождения;
- доледниковый период крупнозернистый (грубо-зернистый) песок;
- разрушительная сила воды;
- осадочные породы;
- химический распад.
Ex. 7 Are these statements true or false?

1
The shapes of bedforms depend on the conditions under which they form.

2
In rivers, the direction of the current is not essentially in a uniform direction.

3
At sea or in lakes wave motion never disturbs the sediment.

4
Deposition from mudflows and landslides occur simply when the flow stops moving.

5
Sedimentary rocks are a dead-end in the rock cycle.

6
A rock made mostly of calcium carbonate is called limestone, which is by far the least abundant non-silicate rock type.
Ex. 8 Fill in the gaps with the appropriate preposition:
1
The most hospitable landscapes are usually in regions where rock is being deposited in the form … sediments.

2
Many of the most familiar sedimentary rocks are formed … accumulations of detrital material.

3
Everyone is aware that wind tends to form sand … large dunes.

4
The shapes of bedforms depend … the conditions … which they form.

5
The flood plain consists mostly … muds and silts deposited as a result of floods.

6
The main reason … the different shapes of these two deltas is that the Mississippi discharges much more sediments than the Nile.

7
The sun causes evaporation, and seawater is continually drawn in … the mud to replace what is lost.

8
We have now seen how sedimentary rocks are created … components derived … weathering and erosion.
Ex. 9 Give the three forms of the irregular verbs:
know, speak, lead, spend, make, keep, put, think, teach, catch, become, send, see, fall.
Ex. 10 Put questions to the italicized words:
1 A lot more sediment is deposited below the sea.
2 Silt and mud tend to accumulate in fine horizontal layers, referred to as laminations.
3 Material may also be transported by mudflows, landslides and by moving ice.
4 Deposition from a glacier happens as the ice melts.
5 The dominant physical process is compaction.
Ex. 11 Complete the sentences using the words in brackets:
(clastic rocks; streams of meltwater; cement; chalk; diagenesis; bedforms; evaporites; turbidity currents)

1
Silica that has been dissolved by pressure solution may come out of solution to fill the remaining pore spaces with silica … . 


2
However, with burial, and over time, various chemical and physical changes take place, collectively described as … . 


3
Many of the most familiar sedimentary rocks are formed from accumulations of detrital material. These are known as … .


4
Ripples, dunes and the like are referred to collectively as … .


5
There are subaqueous analogues to dense pyroclastic flows, known as … .
6
Often, glacial detritus is re-worked by …, in which case it loses all or most of the characteristics listed above.

7
As the water evaporates, its dissolved constituents come out of solution, often beginning with carbonate minerals. Minerals formed in this way are described as … . 

8 A rather special kind of limestone is called … .

Ex. 12 Find English equivalents:
накапливаться в форме осадков; уголь и нефть; диаметр; намного меньшие осадочные структуры; постоянное направление; течение; несмотря на высокую скорость потока; быть значительно плотнее окружающей морской воды; мелкозернистый материал; другая отличительная черта; характеристики, перечисленные выше; создавать термин "дельта"; неорганический процесс; известняк; одноклеточные растения и животные; основное требование; различные химические и физические изменения; выветривание и эрозия.

Ex. 13 Give a summary of the text using the following phrases: 

the subject of the text is …, the text deals with …, it is pointed out that …, it is obvious that …, to sum it up … .
Grammar 
Ex. 14 Revise «Tenses: the Active and Passive Voice» and translate the following sentences:

a) Open the brackets and put the verb into the correct tense:
The Massachusetts institute of technology
The Massachusetts Institute of Technology (be) an educational pioneer since its founding. It virtually (create) the modern profession of chemical engineering and (be) the first technological institution to recognize and provide for economics as an important element in the education of the engineer. The Institute (be) the first to establish courses in aeronautical engineering, architectural engineering, chemical engineering, food technology, industrial biology, marine engineering, and naval architecture.

The Institute (take) at present the leadership in upgrading and modernizing the education of engineers. Its Electrical Engineering Department (lead) the way by a drastic overhaul of its curriculum which (embody) a more fundamental approach to electrical engineering. This spirit (find) now rapid acceptance through the School of Engineering.

At present the Massachusetts Institute of Technology (have) the most comprehensive and varied research programme in the physical sciences and technology to be found in any one place in the world. It (have) at present under way 900 separate research projects. There (be) scarcely any aspect of American science and technology that (not, touch) – and advanced – by its creative activity.

b) Open the brackets and put the verb into the correct tense:
Tropical ecology in India
A symposium on “Ecological Problems in the Tropics” (hold) in Allahabad during February 3–5, 1961. The meetings (attend) by more than one hundred scientists from all parts of the country. Dr. Randhawa, vice-president of the Indian Council of Agricultural Research in his opening address specifically (stress) the importance of ecological research in various development projects that the Governement of India (take) now in hand. Dr. G. S. Puri, director of the Central Botanical Laboratory, Allahabad, who (organize) the symposium, (point) out the progress so far made in Indian ecology, and the need for a coordinated research programme in ecological studies in the tropics. He (emphasize) that the vegetation and animal life in the tropics (raise) problems peculiar to these climatic conditions.

Forty-five papers (contribute) to the symposium. A committee to implement and expand the results of the symposium and to raise the necessary funds needed for supporting the project in co-operation with the International Society for Tropical Ecology (form).
c) Translate into English:
1 Они будут составлять план, как только дети лягут спать. 2 Как только он придет, я ему все расскажу. 3 Я поговорю с профессором до твоего приезда, но я не уверен, согласится ли он встретиться с тобой. 4 Я буду вам очень благодарен (grateful), если вы продиктуете (dictate) мне эту статью. 5 С вашей стороны будет очень глупо, если вы не воспользуетесь данной информацией.
d) Open the brackets and put the verb into the correct tense. Mind the voice:
The Indian institute of science
The Indian Institute of Science (start) with the Departments of Electrical Technology and Pure and Applied Chemistry. The Department of Biochemistry (form) in 1921. In 1935 when Sir C. V. Raman (become) the Director of the Institute, the Department of Physics (start). During the Second World War, the Department of Aeronautical Engineering (establish). After the War, a scheme of expansion (plan). This (include) improvement in and expansion of the existing departments.

The Institute (be) a pioneer in advanced instruction and research in science and engineering in India, and (contribute) substantially to the scientific and industrial development of the country. A number of industries (establish) as a result of the research carried out in the laboratories of the Institute. The facilities available in these laboratories (make) use of both by private and Government-owned industries.
e) Translate into English using the Passive Voice:
1 К сожалению, на конференции такие вопросы не затрагивались (touch upon). 2 Кто вам сказал, что соглашение (agreement) подписано? 3 Здесь говорят только на английском. 4 Ей разрешили заниматься психологией. 5 Кандидатские экзамены сдается осенью и весной. 6 Нам не разрешили войти в лабораторию. 7 В институте его многому научили. 8 За руководителем уже послано? – Да, ему позвонили и велели придти в восемь. 

Unit 3 Changes in Minerals
Ex. 1 Translate the following words and word combinations:

a sedimentary rock; to be stable over a particular range of temperature and pressure; to be unstable at the low temperature; constituent minerals; to change dramatically; metamorphism; to alter the character of the rock completely; thermal metamorphism; contact metamorphism; to intrude into impure limestone; to lie within sillimanite's stability field; to retain the minerals; the main driving force behind metamorphism; to be caused by the pressures and temperatures prevailing regionally; collision zones; a paired metamorphic belt; to depend on the original composition of the rock; the texture of the rock; foliation; to be brought about by rotation of existing crystals; a non-silicate rock consisting of calcium carbonate.
Ex. 2 Read and translate the text:
    Metamorphism 
All rocks are composed of minerals. These may be crystals that grew when a magma cooled, as in the igneous rocks, or grains laid down to form a sedimentary rock. Each mineral is stable only over a particular range of temperature and pressure. Beyond that range it will tend to break down or combine with neghbouring minerals to form new minerals.

Most igneous minerals are unstable at the low temperature prevailing at the surface, and they tend to rot. This weathering process is slow, because, like most chemical changes, the speed of the reaction depends on temperature. However, when a rock is held at a high temperature or pressure over a long period, its constituent minerals can change dramatically to alter the character of the rock completely. Recrystallization of this sort under the influence of temperature and/or pressure, but without melting, is known as metamorphism. 
Thermal Metamorphism

We closed the previous chapter with the example of a large igneous body intruding into colder rocks. When the rocks surrounding such an intrusion are examined in the field, they usually show the effects of heating by the intrusion across a zone extending a few hundred metres from the contact. This is described as contact metamorphism or thermal metamorphism.

Let's take the example of where a granite has intruded a fine-grained muddy sedimentary rock. Right against the contact with the granite we are likely to find that this mudrock has become very hard and splintery, and it will have clots of new minerals that have grown within it as a result of contact metamorphism. Any splintery, spotty rock such as this is described as a hornfels. Prominent among the metamorphic minerals is likely to be sillimatine. It grows only by metamorphism in rocks that contain aluminium and silica (a condition that is met in rocks formed from mud). As we walk away from the edge of the granite, we will eventually notice that the mudrockc becomes less splintery, and the spotty pattern is lost. Soon the sillimanite disappears, and instead there is a different metamorphic mineral occurring as isolated stubby crystals up to a centimetre long. These crystals are of the mineral andalusite, but which grows at lower temperatures than sillimanite. As we continue away from the intrusion, the andalusitic crystals get fewer and smaller, until we find ourselves in unmetamorphosed mudrock. We have now walked right through the ' metamorphic aureole' of the granite.

Note, however, that sillimanite and andalusite form only in rocks of the right chemical make up. In rocks of other compositions, the metamorphic minerals will be different. For example, when a granite intrudes an impure limestone, the most prominent metamorphic mineral close to the contact is likely to be the iron-rich variety of olivine, which is unknown in igneous rocks.

Going back to metamorphism of rocks that were originally muddy, there is a third aluminium silicate mineral that can form if the pressure gets high enough. This is the mineral kyanite. The minerals sillimanite, andalusite and kyanite are described as polymorphs of the compound Al2SiO5. The absence of kyanite from the metamorphic aureole of the granite means that the pressure at the time of metamorphism must have been less than about 3 kilobars, equivalent to a depth of 10 km or less. Conversely, a granite that was intruded deeper than about 15 km would have kyanite but no andalusite zone is its aureole. In addition there might be high pressure mineral of other compositions such as garnet, which is sometimes of sufficient size and quality to be regarded as a semi-precious gemstone.

You may wonder how it is that we can still find sillimanite surviving in the aureole of a granite exposed at the surface today, where clearly neither the pressure nor temperature is high enough for conditions to lie within sillimanite's stability field. The answer is that rocks tend to retain the minerals that grew within them at or near the conditions of highest temperature and pressure experienced during metamorphism. While a metamorphosed rock is cooling down there is usually insufficient impetus to drive the retrograde reaction from a high temperature (or high pressure) mineral to its low temperature (or low pressure) equivalent. This is fortunate, otherwise the only minerals we would ever see at the surface would be those stable at pressure of 1 atmosphere and about 0–20 0C! 
Regional Metamorphism

Very often pressure, rather than temperature, is the main driving force behind metamorphism. Usually the two go together, because as depth (and hence pressure) increases, so does temperature. However, it is useful to distinguish thermal metamorphism, which is caused by proximity to a hot intrusion, from regional metamorphism, which is caused by the pressures and temperatures prevailing regionally. Any rock that is formed near the surface, whether volcanically or by deposition as a sediment, is liable to be buried by subsequent deposits. Eventually it may find itself at a depth where pressure and temperature are sufficient for metamorphism to begin. The whole of the lower crust consists of metamorphic rocks, except where it is made of fresh igneous intrusions.

Important departures from average conditions occur in collision zones. Where sediments have been dragged down into a subduction zone they will experience particularly high pressures, but having been recently at surface they will not be so hot as most rocks at the same depth. They will therefore experience high pressure, low temperature metamorphism, and will be characterized by appropriate assemblages of minerals. On the other hand, where the crust is heated on a regional scale by large numbers of igneous intrusions, such as below the volcanic region near a subduction zone, crustal temperatures will be higher than normal at shallow depths. The rocks here experience low pressure, high temperature metamorphism. When a paired metamorphic belt such as this is found in ancient rocks, it is a good sign that there was once a destructive plate boundary there.

Metamorphic Facies

Just as in thermal metamorphism, the metamorphic minerals that grow during regional metamorphism depend on the original composition of the rock.

For example, a metamorphic mineral that requires magnesium cannot develop in a rock that is deficient in this element. Because of this, rocks that have been metamorphosed under identical conditions may contain entirely different minerals. Geologists therefore classify metamorphic rocks by grouping called facies. Each facies reflects a different range of temperatures and pressures, and the minerals that develop in each facies differ according to the original rock type.

Textures of Metamorphic Rocks

There is an alternative way to describe metamorphic rocks, which is simpler and more useful than facies for the geologist in the field. This is based simply on the texture of the rock, texture being a term that encompasses the size of the crystals, their shapes, and their relative orientations. We have already met hornfels, which is a textural description for a fine-grained metamorphic rock resulting from contact metamorphism, in which spotty agglomerations of metamorphic minerals have grown.

In regional metamorphism, the rocks are affected by pressure as well as temperature. When this happens, crystals tend to line up so they lie at right angles to the direction of maximum compression. This is brought about by rotation of existing crystals, and growth of new crystals in this pressure-controlled orientation. This is most noticeable for those minerals that tend to grow as flat or elongated crystals, and less apparent in minerals whose crystals tend to be more equidimensional. Alignments of minerals into planes is described as foliation, and such rocks are said to be foliated.

The lowest grade of regionally-metamorphosed rock is slate, which is formed by zeolite facies metamorphism of mudrock or fine silts. Slate is well known for its ability to be split thinly along flat foliation surfaces, hence its traditional use as a roofing material. These planes of weakness, or cleavages, running through slate are parallel to the metamorphic foliation. As such, they have to relationship with any sedimentary layering that may have been present in the rock before it was metamorphosed. Slate is produced only from rocks that were originally fine-grained and sedimentary in nature; if a basalt or a sandstone were to be metamorphosed in the same facies as a slate it would show few obvious signs of metamorphism, except maybe under microscope examination. In particular, a coarse-grained rock cannot develop a closely-spaced slatey cleavage.

If a slate is subjected to slightly higher grades of metamorphism, still mostly in the zeolite facies, but at higher temperature or pressure, fine flakes of metamorphic mica and chlorite minerals grow on the cleavage planes. These give the rock a greenish sheen. Typically the cleavages become wrinkled, and the rock would now be described as a phyllite.

At still higher grades of metamorphism, the metamorphic minerals grow bigger, and can be identified with the naked eye. Note the different significance of crystal size in igneous and metamorphic rocks. In igneous rocks larger crystals usually reflect slower cooling, whereas in metamorphic rocks larger crystals are a result of higher temperatures and/or pressures of metamorphism.

The next grade of foliated metamorphic rock after phyllite is called schist. A schist has metamorphic minerals readily visible to the naked eye. The foliation, which is wavy rather than flat, is often made conspicuous by concentrations of mica, which grows as shine platy crystals. Schists produced by metamorphism under normal continental conditions, where temperatures tend to rise at about 30 0C for each kilometre increase in depth, are formed under conditions of greenschist facies metamorphism, so named because the metamorphis minerals chlorite and (for rocks of basaltic origin) epidote may impart a green colour. However, under high-pressure, low-temperature conditions that define the blueschist facies, a blue amphibole mineral (glaucophane) may develop. A schist texture can develop irrespective of whether the rock was originally fine-grained or coarse-grained.

Rocks metamorphosed under eclogite, amphibolite or granulite facies conditions are too far gone to contain abundant mica, and they rarely contain any other strongly planar minerals. In these the foliation is picked out by dark and pale minerals segregating into layers, a few millimetres thick. This type of metamorphic rock is described by the German term ‘gneiss’.

The most extreme metamorphic rocks are gneisses that reached the verge of melting. In these, veins and blobs of material crystallized from a melt are interspersed through the rock, usually strongly deformed and flattened into the plane of foliation. Such a rock is referred to as a migmatite.

The metamorphic textures described above can develop only in rocks that originally consisted of appropriate mixtures of minerals. There are two common rock types that are each made of essentially a single mineral, and so do not show these textures, under whatever facies conditions they are metamorphosed. One of these is sandstone, consisting of quarts grains. When sandstone is metamorphosed the grains tend to fuse together producing a harder rock known as quartzite, but no new minerals are formed. The other is limestone, which is a non-silicate rock consisting of calcium carbonate. When metamorphosed, limestone turns into marble, which can be a beautiful decorative stone. Recrystallized calcium carbonate usually gives it a bright white colour, and any impurities tend to concentrate into fine coloured veins.

Metamorphic rocks and most igneous rocks are products of processes within the crust. These are the hard rocks that often form the most prominent landscape features.
Ex. 3 Answer the following questions:
1
Is each mineral stable only over a particular range of temperature and pressure?

2
When can constituent minerals of a rock change dramatically?

3
What process is known as metamorphism?

4
What is described as contact or thermal metamorphism?

5
What is very often the main driving force behind metamorphism?

6
Where do important departures from average conditions occur?

7
What do the metamorphic minerals that grow during regional metamorphism depend on?

8
How do geologists classify metamorphic rocks?

9
What is an alternative way to describe metamorphic rocks based on?

10
Are gneisses most extreme metamorphic rocks?

11
Are sandstone and limestone two common rock types that are each made of essentially a single mineral?
Ex. 4 Word-building:
a)
state to what part of speech the words belong and from what words they are formed; translate them into Russian:

deformation; recombine; indirectly; difference; effectiveness; redeposition; invariably; uselessness; width; countless; replace; decompose; resolidified; harden; disappearance; instability; irregularity;
b)
fill in the gaps with the adjectives formed from underlined verbs or nouns:

1
Under the action of pressure and high temperature rocks change their composition and structure. One may say that the structure and composition of rocks are ….
2
Everybody understands that metamorphic rocks have been developed from earlier igneous and sedimentary rocks. It is quite … that these changes take place in texture, in mineral composition and in structural features of rocks.

3
Soft rocks can break into pieces. They are ….


4
Rare metals are of great value. They are very
 ….
5
Rock pressure and temperature vary. The role of water in metamorphism is determined by four … parameters.
Ex. 5 Match the equivalents:
a) - as a result of the chemical and physical changes;


- coal band;
- constituents of rocks
;
- to cleave into separate layers;
- to be subjected to constant
development;
- generally speaking;
- mentioned above;
- to undergo changes;
- excess of water;

b) - в результате химических и физических изменений;
- полоса (или прослоек) угля; 

- составляющие породы;
- расщепляться на отдельные слои;
- находиться в постоянном развитии;
- вообще говоря;
- упомянутые выше;
- изменяться;
- избыток воды.
Ex. 6 Match the equivalents: 
a) - низкосортные руды;
- следы первоначальной структуры;
- иметь значение; 

- сланцеватая структура;
- в отличие от гранита; 

- недостаток воды;
- существовавшие ранее породы;
- слоистые породы;
- мрамор и сланец;


- гнейс;
- давать возможность; 

- определять структуру;
b) - low-grade ores;
- gneiss;
- traces of original structure;
- to give an opportunity;
- to be of importance;
- schistose structure;
- to define (determine) rock texture;
- unlike granite;
- deficiency of water;
- pre-existing rocks;
- marble and slate;
- flaky rocks.
Ex. 7 Are these statements true or false?

1
Most igneous minerals are stable of the low temperature prevailing at the surface.

2
Recrystallization of this sort under the influence of temperature and/or pressure, but without melting is known as metamorphism.

3
Very often temperature, rather than pressure, is the main driving force behind metamorphism.

4
Slate is produced only from rocks that were originally coarse-grained and metamorphic in nature.

5
The next grade of foliated metamorphic rock after phyllite is called schist.

6
When metamorphosed, limestone turns into sandstone which can be a beautiful decorative stone.
Ex. 8 Fill in the gaps with the appropriate propositions:
1
All rocks are composed … minerals.

2
We closed the previous chapter with the example of a large igneous body intruding … colder rocks.

3
It grows only … metamorphism in rocks that contain aluminium and silica.

4
… addition there might be high pressure mineral of other composition such as garnet.

5
This is fortunate, otherwise the only minerals we would ever see … the surface would be those stable at pressure of atmosphere.

6
Rocks that have been metamorphosed … identical conditions may contain entirely different minerals.

7
This is based … the texture of the rock.

8
These planes of weakness, or cleavages, running … slate are parallel … to the metamorphic foliation.
Ex. 9 Give the three forms of the irregular verbs:
freeze, strike, run, draw, hang, lay, leave, light, set, wear, tell, mean, be, drink.
Ex. 10 Put questions to the italicized words:
     1 All rocks are composed of minerals.
     2 They will experience high pressure, low temperature metamorphism.
     3 Sillimanite and andalusite form only in rocks of the right chemical make up.
     4 Each facies reflects a different range of temperatures and pressures.
     5 There are two common rock types that are each made of essentially a single mineral.

Ex. 11 Complete the sentences using the words in brackets:
(contact metamorphism, hornfels, facies, a subduction zone, thermal metamorphism, fine-grained, the crust, sedimentary metamorphism)

1
Recrystallization of this sort under the influence of temperature and/or pressure, but without melting is known as …. 


2
Any splintery, spotty rock such as this is described as ….


3
When the rocks surrounding such an intrusion are examined in the field, they usually show the effects of heating by the intrusion across a zone extending a few metres from the contact. This is described as … or 
….
4
Geologists classify metamorphic rocks by grouping called ….


5
Metamorphic rocks and most igneous rocks are products of processes within ….
6
On the other hand, where the crust is heated on a regional scale by large numbers of igneous intrusions, such as below the volcanic region near …, crustal temperature will be higher than normal at shallow depths.

7
Slate is produced only from rocks that were originally … and … in nature.
Ex. 12 Find English equivalents:
состоять из минералов; формировать осадочную породу; контактный или термальный метаморфизм; богатая железом разновидность оливина; если давление становится достаточно высоким; в процессе метаморфизма; основная движущая сила, лежащая в основе метаморфизма; любая порода, которая формируется рядом с поверхностью; важные отклонение от обычных (средних) условий; на такой же глубине; температуры коры; более полезный, чем; текстура породы; региональный метаморфизм; плоские или удлиненные кристаллы; исследование под микроскопом; описывать как; независимо от; описанный выше; состоять из одного минерала.
Ex. 13 Give a summary of the text.

Grammar 

Exercise 14 Revise «The Article» and do the following tasks:

a) Fill in the blanks with the appropriate article where necessary:
1 Milton was . . . famous English poet. He was . . . author of “Paradise Lost”.        2 My scientific adviser is . . . distinguished scientist. He is . . . author of a great number of papers and monographs. 3 Marie Curie was . . . world-famous physicist.    4 Do you happen to know who was . . . author of modern quantum mechanics?          5 Newton is known as . . . discoverer of the Laws of Motion. 6 Thomas Hunt Morgan is . . . author of many books. 7 Columbus was . . . great explorer. He is . . . discoverer of America. 8 Popov is . . . inventor of radio. 9. Edison is well-known as . . . inventor.

10 Lomonosov managed to secure admission to . . . school by pretending to be . . . son of . . . nobleman. 11 In 1745 he returned to St. Petersburg and was appointed professor of . . . chemistry at . . . University. 12 Are you going to take post-graduate courses at . . . research institute? 13 Next month my friend is going to give . . . lecture at . . . Department of Plant Anatomy of . . . Institute of . . . Botany. 14 My younger brother goes to . . . school. He hopes to enter . . . University and study . . . physics.  15 Does your sister work as . . . secretary at . . . office or at . . . plant? 16 Dr. Ivanov is . . . secretary of . . . scientific council of . . . Department of . . . theoretical physics. 17 Hopkins was educated in … private schools. 18  . . . results of his research were generally recognized. 19 In 1899 he joined . . . illustrious school of … physiology.      20 … B/biochemistry was then entering its modern phase. 21 Hopkins became world-known among … important research and discoveries in … field of … biochemistry.   22 He based his experiments on … sound theoretical considerations. 23 He succeeded in isolating … new substance. 8. He was … reader on … chemical physiology. 24 He was … joint winner of … Nobel prize. 25 Dr. N. combines … deep theoretical knowledge with … great experimental skill. 26 My wife joined … laboratory two years ago. 27 While … student I joined … learned society. 28 My scientific adviser became known for his paper issued in … 1960s. 29 In what field do you do … research? 30 Do you base your work on … evidence provided by … experiment? 31 … L/last year I succeeded in passing my entrance examination and was admitted to … Institute. 1. This Institute was established . . . little over sixty years ago. 32 It is one of . . . first institutions of . . . new kind. It was devoted wholly to . . . fundamental research. 33 . . . researchers of . . . Institution have made . . . tremendous progress in. . . . twenty years. 34 This laboratory carries on . . . broad studies on . . . structure of. . . . universe. 35 At   . . . present everybody must learn more about. . . . physical history of our planet. 36 . . . research of this laboratory covers . . . wide range of subjects. 37 One of . . . teams works in . . . field of . . . nuclear physics. 38 Another laboratory investigates.. . process of . . . manufacturing . . . organic matter. 39 Our Institute was established . . . little over twenty years ago. 40 It was devoted to . . . theoretical research. 41 Our laboratory conducts . . . broad studies in . . . various aspects of . . . inorganic chemistry. 42 What subjects does . . . research carried on at your laboratory cover? 43 Are you familiar with . . . structure of . . . chemical compounds? 44 Have you ever read any books on     . . . genetics? 45 . . . three-story building is next to . . . Yale University Medical School. 46 . . . statue of John Pierce is standing to . . . right of . . . building. 47 John B. Pierce started . . . foundation of . . . Institution. 48 . . . G/grant from . . . National Institution of Health made possible . . . expansion of . . . original two-story building. 49 . . . P/present facilities contain many different laboratories. 50 These facilities still exist with . . . considerable modernization. 51 Our Institute occupies . . . five-story building. 52 On    . . . left of . . . building of . . . Admiralty there is . . . bronze statue of Peter I. 53 What can you say about . . . activities of your laboratory? 54 . . . E/expansion of this Institute is . . . problem of . . . nearest future. 55 Who is . . . head of your Institute? 56 Dr. N. works on . . . effects of X-rays on . . . human beings.
b) Fill in the blanks with the appropriate article where necessary:
National research council 
… L/largest and most diversified program of … civil research in Canada is carried out by … National Research Council (NRC). Its laboratories are engaged in … many investigations of … interest to … Canadian industry. Some are undertaken on … initiative of … council itself in … order to develop … promising ideas of its own scientists; some are taken up on … recommendations of … Council's associate committees, which include … representatives from industry who are interested in … particular problems; and … others are undertaken in … co-operation with … individual companies. … Routine test work is avoided except when … Council is asked to certify …. performance of … equipment as … independent body.

Each problem presented to … Council is considered on its merits and dealt with in what seems … most practical way: those of … national interest may be undertaken at … expense of … Council; … expense of … company problems of less than national scope may be shared by … company and NRC; when … facilities are not available elsewhere, … specific industrial research may be undertaken by NRC, … results of which become … property of … company,

Unit 4 Plates 

Ex. 1 Translate the following words and word combinations:

earthquakes; the coincidence of earthquakes and volcanic zones; plate tectonics; the Earth's lithosphere; to carry areas of both continental and oceanic crust; at the margins of plates; to be compressed; to give rise to earthquakes; a trench on the sea floor; a destructive plate boundary; a continent-continent collision; constructive plate boundaries; the underlying asthenosphere; further from the boundary; the molten rock; the chemical change in the mantle is slight; partial melting; to inherit magnetization from the Earth's magnetic field; to provide another argument for; in the reverse direction; to be responsible for the origin; continental drift; a transform fault; the creation of new, hot oceanic lithosphere at constructive plate boundaries; a cause of plate divergence; the most likely driving mechanism; the direct surface expressions of mantle convection.
Ex. 2 Read and translate the text:
Plate tectonics
We have so far discussed earthquakes without paying much attention to where in the world they tend to occur. Certain parts of the globe suffer more earthquakes than others, and you will have experienced at least a few minor tremors if you live in a high-risk area. A glance at a map of earthquake distribution shows that they tend to occur in belts. The most famous of these stretches all the way up the west coast of the Americas, though the Aleutian and Kurile islands and southwards round the western side of the Pacific into New Zealand, so that the belt almost encircles the Pacific basin. This belt is also where many of the most active on-land volcanoes occur, and has been called the Pacific Ring of Fire.

The coincidence of earthquakes and volcanic zones is no accident, and the relationship between these two quite different phenomena will become clear in this chapter and the next. 
Moving Plates

Earthquake zones are a manifestation of a phenomenon known as plate tectonics, though each of the three zones mentioned above fits into the picture in a different way. Plate tectonics is the term used to describe the manner in which the Earth's lithosphere moves around. The relative weakness of part of the upper mantle allows the lithosphere to slide around. However, the lithosphere is not a single unit. It is broken into a series of rigid plates, usually described as seven major ones and half a dozen minor ones. Most plates carry areas of both continental and oceanic crust. The Pacific plate is a notable exception in having no large areas of continent.

Each plate is in contact with its neighbours on all sides, but the plates are moving relative to one another. It is important to realize that there are no gaps between these plate, so there are no chasms open clear down to the asthenosphere. To see how plates are able to move around without any gaps appearing, we will look at processes at the margins of plates. 
Plates Colliding

First, what happens when plates are moving towards each other? This situation is typified by Japan. Japan is a piece of continental crust on the eastern edge of a major plate. The floor of the Pacific ocean belongs to a different plate, which is moving towards Japan at a rate of about 10 cm per year. Where the two plates meet, one is being thrust down below the other, a process is described as subduction. Because oceanic crust is denser than continental crust, when two plates meet it is almost invariably the oceanic plate that goes under, as in this example. Under Japan, the Pacific Plate forms a slab descending at an angle of about 45, but examples of much steeper and much shallower subdution are found in comparable situations elsewhere.

As one plate slides over another, the front of the over-riding plate is compressed, and the rocks there may become buckled. At the plane of movement between the two plates motion is far from uniform, progressing in the stick-slip fashion. This gives rise to earthquakes, and it was by plotting the depths of earthquake foci that subduction zones were first recognized for what they are. Earthquakes become deeper from east to west under Japan.

Inclined zones of earthquakes can be traced to about 700 km, but no deeper. This because, as a plate descends, heat from the surrounding asthenosphere warms it, so it eventually ceases to be recognizable. The first part of the subducting slab to lose its identity is its crust, because crustal rocks melt at a lower temperature than the temperature of the sub-lithospheric mantle that they encounter. The melted material rises upwards to feed volcanoes, which tend to occur in a belt about 70 km above the subduction zone.

The top end of a subduction zone is marked by a trench on the sea floor. Off northern Japan the trench is a fairly typical 8 km deep, but further south the trench reaches over 11 km, which is the greatest known depth in the world's oceans.

When two plates meet at a subduction zone one of them is destroyed, so this setting is described as a destructive plate boundary. However, it is only the oceanic part of a plate that can be destroyed in this way. Let's consider what happens when both plates contain continents. At first, subduction proceeds as normal, while the oceanic part of one plate descends below the other. However, eventually the continental part of the subducting plate reaches the subduction zone. Continental crust is thicker and more buoyant than oceanic crust, and this prevents the plate from continuing to subduct. The edges of both continents are buckled, but one will eventually get thrust over the other. Soon afterwards, the subduction zone jams. The oceanic part of the descending slab breaks free, leaving the two plates joined together above. Near the suture the crust may be double its normal thickness, and this is where the highest mountains are to be found.

A recent example of such a continent-continent collision began about 30 million years ago when India collided with Asia. We see the aftermath of this event in the high elevation of the Tibetan plateau, fringed to the south by the Himalayas. Another consequence of this collision, and others that accompanied it, is the diffuse belt of earthquakes running eastwards from the Mediterranean through central Asia. As for the vanished ocean, the only remains are a few slivers of oceanic crust and upper mantle caught up in the suture zone, know as ophiolites.

Plates Moving Apart

So much for what happens where two plates are moving towards each other. This cannot be the only sort of interaction between plates, because if it were the Earth' s surface would have to be shrinking all the time. In fact, we now know that new ocean floor is being created at a rate sufficient to compensate for the loss of oceanic parts of plates at destructive plate boundaries. Unsurprisingly, these sites are known as constructive plate boundaries.

What goes on here is the following. As two oceanic plates are drawn apart, in a process referred to as sea-floor spreading, the underlying asthenosphere wells upwards to avoid and gaps appearing. As the upwelling asthenospheric mantle approaches the surface it cools, and becomes part of the lithosphere belonging to the plates on either side of the boundary. This new lithosphere is still relatively warm, which makes it slightly less dense than the older, colder lithosphere further from the boundary, so these boundaries are marked by ridges. Typically, the crust of such a ridge lies at a depth of 2–3 km below sea level, whereas the expanse of ocean floor to either side is at an average depth of 4–5 km. There are earthquakes associated with the rifting and subsidence of oceanic lithosphere near constructive plate boundaries, but these are all at shallow depths, giving a seismic belt entirely different in character to a subduction zone.

In addition, a small percentage of the upwelling mantle melts. This is not because there is a heat-source here, it is a consequence of the drop in pressure, and is known as decompression melting. When mantle of peridotite composition (about 45% silica) begins to melt, the molten rock (or magma) produced has a slightly higher silica content. This is what gives rise to oceanic crust where the composition is, on average, about 49% silica. This composition is described as 'basic' or 'basaltic', because it matches the composition of the rock-type known as basalt. The residual mantle left behind has a reduced silica content to compensate for the enrichment of silica in the crust, but because the volume of melt produced is very mush smaller than the volume of mantle contributing to the melt, the chemical change in the mantle is slight.

The ability of rock to melt in this way, so that a small volume of melt enriched in silica (and other components) is produced, is a very important process in geology, and is known as partial melting. The whole of the oceanic crust has been produced by partial melting of the mantle.

Magnetic Stripes on the Ocean Floor

One of the most compelling lines of evidence in favour of sea-floor spreading is provided by magnetism. Rocks that have cooled down from a melt inherit their magnetization from the Earth's magnetic field at the time they cool. Such rock forming today have their magnetization aligned with the present day field. However, the direction of this field has flipped many times in the past, and rocks that formed when the field was reversed are reversely magnetized. It is not known why the field reverses, but it provides another argument, if one were needed, for discounting the idea of a giant bar magnet within the Earth.

Studies of the magnetization of the sea-floor carried on during the 1950s by towing sensitive instruments behind research vessels began to reveal a curious stripey pattern of magnetization on the sea-floor. Half the stripes are magnetized in the direction of the present field, but half are magnetized in the reverse direction.
The dates of reversals in the Earth's magnetic field extending back for a couple of hundred million years have been determined by studying the magnetization of volcanic rocks on land, whose age has been established radiometrically. As a result, the age of the ocean floor at any point can be told just by counting back the number of magnetic stripes from the constructive plate boundary, or by recognizing a distinctive pattern of reversals of different lengths, without the need to collect a sample. 
The Break-up of a Continent

If a linear belt of asthenospheric upwelling is initiated below a continent instead of an ocean, the continental crust at first becomes stretched thin, then it ruptures, a constructive plate margin develops in between, and new oceanic crust is formed. Something of the sort seems to have been responsible for the origin of the Atlantic Ocean. The apparent fit of South America and Africa together if you imagine the Atlantic closed (and not just the fit of their coastlines, but of more fundamental geological structures too) has long been recognized and given rise to theories of moving continents, described as continental drift before the discovery of plate tectonics in the 1960s provided the explanation.

The Life-cycle of an Ocean

The rates of ocean floor creation, though varying from place to place, are always approximately equal on either side of a constructive plate boundary. In consequence, the ridge marking this site in the Atlantic Ocean is mid-way between the two shores. Constructive plate boundaries in general are therefore often called 'mid-ocean ridges' . This is a misnomer, because eventually the oceanic part of one or other of the plates becomes detached from the continental part and begins to subduct beneath it, as has happened in the Pacific and Indian Oceans. Whether or not the ocean continues to get wider depends on the relative speeds of subduction and sea-floor spreading, but whatever happens the constructive plate boundary cannot stay in the middle.

It is thought that the cycle of continental splitting, ocean opening, ocean closing, and continental collision takes on average 400–500 million years. Continental crust is split and re-assembled in ever-changing configurations by the action of plate tectonics, but it is never destroyed, and nor does it grow except by the addition of small volumes resulting from volcanic activity above subduction zones. Most of the continental crust is thought to go back over at least 2000 million years, although much of it has been deformed many times since then, and some traces date back nearly 4000 million years. In contrast, because it is recycled, the oldest known oceanic crust is a mere 190 million years old.

Plates Sliding past Each Other

Not all boundaries between plates are sites of either convergence or separation. Some mark places where plates are sliding past each other. These are known as conservative plate margins. A typical example within an ocean is, where a constructive plate boundary is offset by a fault, known as a 'transform fault' . A transform fault may offset the ridge by anything from ten to a couple of hundred kilometres. It is marked by a narrow zone of shallow earthquakes. The transform fault is the bit between the two offset ridge segments; its apparent continuation beyond this lies within a single plate, and is not a plate boundary. This is known as a 'fracture zone' and is often manifested as a sharp change in depth because of the different ages of ocean floor on either side of it, but it has far fewer earthquakes because there is no sideways slip between the rock on either side.

Conservative plate boundaries can run through continents too. The most celebrated of these, of which the San Andreas fault is a part, runs through California. Here, the part of California on the south west of the fault is attached to the Pacific plate, and is moving north-westwards at an average rate of 1 cm per year relative to the rest of north America. It is stick-slip motion along this fault system that causes most of the earthquakes in the San Francisco – Los Angeles region. 
What Makes It Happen?

In all this discussion of plate tectonics, we have not considered what makes it happen. This is still controversial, but most geologists would agree on two things, at least. The first is that plate motions are no the direct surface expressions of mantle convection. The plates seem to be moving around more or less independently of this deeper process. The other matter of widespread acceptance is that, whatever the immediate driving mechanism, the creation of new, hot oceanic lithosphere at constructive plate boundaries and the subduction and recycling of old, cold oceanic lithosphere at destructive plate boundaries is the principal means by which the heat generated by radioactive decay in the mantle escapes to the surface. There are many forces that could be causing plates to move. As already noted, simple conveyor-belt-type drag by flow in the underlying asthenosphere is not considered likely. Nor does it seem that plates are pushed apart by forcible injection of new material along constructive plate boundaries. It is probably closer to the truth to regard the upwelling here as a consequence rather than a cause of plate divergence. Perhaps the most likely driving mechanism is that the old, cold edge of a subducting slab, sinking because it is negatively buoyant, drags the rest of the plate with it.
Ex. 3 Answer the following questions:
1
What is a manifestation of a phenomenon known as plate tectonics?

2
What allows the lithosphere to slide around?

3
Do most plates carry areas of both continental and oceanic crust?

4
What is the top end of a subduction zone marked by?

5
Where may the crust be double its normal thickness?

6
What composition is described as "basic" or "basaltic"?

7
What important process in geology is known as partial melting?

8
How many years does the cycle of continental splitting, ocean opening, ocean closing and continental collision take on average?

9
Can constructive boundaries run through continents?

10
What causes most of the earthquakes in San Francisco?
Ex. 4 Word-building:
a) state from what words the following derivatives are formed and translate them:
interact; interchangeable; outermost; uppermost; overview; counteraction; unchanging; irregularly; uncommon; subsurface; unusually; inconsiderably;

b) state to what parts of speech the following words belong. Analyze the structure of the words:
irregularly; tightly; horizontally; activity; construction; composition; difference; spreading; hardness; downward; consequently; thickness; migration; separation; rifting; unclear; floating; newly; tectonically; outward; convergence.
Ex. 5 Match the equivalents:

a) - country rock;

- panning;
- the search for commercially useful deposits;
- the data obtained;
- galena, sandstones and shales;
- to crop out;
- certain ore deposits;
- to make a preliminary estimation (of a deposit);
- visual aerial observations;
- to find the signs of a deposit;
- general indications;
- the cost of geological investigation;
b) - залегание рудных месторождений;
- блестящий металл;
- коренная (основная порода);
- дополнительные запасы минералов;
- промывка (золотоносного песка в лотке);
- геологическая разведка (с попутной добычей);
- искать доказательства наличия месторождения;
- отличительные свойства;
- поиски экономически полезных месторождений;
- способный притягивать кусок металла;
- стоимость геологических
исследований;


- выходить на поверхность (обнажаться);


- произвести предварительную оценку (месторождения);
- визуальные наблюдения с воздуха;
- полученные данные;
- галенит, песчаники и сланцы;
- общие показания;
- находить признаки месторождения;
- определенные рудные месторождения.
Ex. 6 Are these statements true or false?

1
Oceanic crust is thicker and more buoyant than continental crust.

2
As the two oceanic plates are drawn apart, in a process referred to as sea-floor spreading, the underlying asthenosphere wells upwards to avoid and gaps appearing.

3
The ability of rock to melt, so that a small volume of melt enriched in silica (and other components) is produced, is a very important process in geology, and is known as partial melting.

4
Most of the continental crust is thought to go back over at least 1 million years.

5
When mantle of peridotite composition begins to melt, the molten rock (or basalt) produced has a slightly higher silica content.
Ex. 7 Fill in the gaps with the appropriate prepositions:
1
If a linear belt of asthenosphere upwelling is initiated … a continent instead of an ocean, the continental crust at first becomes stretched thin.

2
In fact, we now know that new ocean floor is being created … a rate sufficient to compensate … the loss of oceanic parts of plates … destructive plate boundaries.

3
Continental crust is thicker and more buoyant than oceanic crust, and this prevents the plate … continuing to subduct.

4
We have so far discussed earthquakes without paying much attention … where in the world they tend to occur.

5
The floor of the Pacific Ocean belongs … a different plate.

6
One of the most compelling lines of evidence … favour … sea-floor spreading is provided by magnetism.

7
The rates of ocean floor creation, though varying … place … place, are always approximately equal on either side of a constructive plate boundary.

8
You will have experienced at least a few minor tremors if you live … a high-risk area.

9
Something of the sort seems to have been responsible … the origin of the Atlantic ocean.
Ex. 8 Give the three forms of the irregular verbs:
eat, put, shake, shrink, spring, swing, tear, wake, wear, have, let, seek, feed, choose.
Ex. 9 Put questions to the italicized words:
1 The relationship between these two quite different phenomena will become 

clear in this chapter.
     2 A recent example of such a continent-continent collision began about 30 million years ago.
3 A glance at a map of earthquake distribution shows that they tend to occur in
belts.

4 Earthquakes become deeper from east to west under Japan.
5 The whole of the oceanic crust has been produced by partial melting of the mantle.
6 A transform fault may offset the ridge.
Ex. 10 Complete the sentences using the words in brackets:
(subduction, basalt, a destructive plate boundary, a transform fault, plate tectonics, magma)

1
A typical example within an ocean is, where a constructive plate boundary is offset by a fault, known as ….


2
Where the two plates meet, one is being thrust down below the other, a process is described as ….


3
When two plates meet at a subduction zone one of them is destroyed, so this setting is described as ….


4
When mantle of peridotite composition begins to melt, the molten rock (or …) produced has a slightly higher silica content.

5
Earthquake zones are a manifestation of a phenomenon known as ….


6
This composition is described as "basic" or "basaltic" because it matches the composition of the rock-type known as ….


7
The ability of rock to melt in this way is a very important process in geology, and is known as ….

Ex. 11 Find English equivalents:

обращать внимание на; по крайней мере; бассейн Тихого океана; феномен (явление);   тектоника   плит; относительная   слабость;   двигаться относительно друг друга; субдукция; окружающая астеносфера; быть более плавучим; последствие столкновения; взаимодействие между плитами; мантия астеносферы; базальт; магнетизм; в направлении существующего поля; быть примерно одинаковым; резкие изменения глубины; радиоактивное разложение (распад); заставлять плиты двигаться.
Ex. 12 Give a summary of the text:
Grammar 

Ex. 13 Revise «The Adjective and the Adverb» and do the following tasks:

a) Use the required form of the adjectives in the following sentences. Put the if necessary:

1 Pollution and overpollution are two of (serious) problems in the world today.

2 The working conditions in the laboratory were bad, but the equipment was even (bad).

3 Mercury is (close) planet to the sun and Pluto is (far) planet from the sun.

4 He is (knowledgeable) about the situation than his colleague. I think he will succeed in his research.

5 At first I thought you were busy but really you are as (busy) as everybody else.

6 You looked depressed this morning but you look a bit (happy) now.

7 Everybody thinks that Jack is the (clever) of the three brothers.

8 I don’t think it matters in the (little) which method I choose.

9 “Today I am no (wise) than yesterday,” said Mr. George smiling.

10 The (near) library is three miles away.

11 The (near) item on the program is a report by Mr. Smith.

12 “Of the two evils let us choose the (little),” joked my supervisor.

13 He is a far (intelligent) person than his brother.

14 The Browns and Co have got three directors. The (old) is only 35 years old.

15 She had to wait a very long time. The longer she waited (much) impatient she became.

16 I am afraid the problem is much (complicated) than it seems.

17 It is a lot (easy) to learn a foreign language in the country where it is spoken.

c) Translate into English:
1 Чем больше он говорит, тем меньше его слушают. 2 Чем длиннее его доклад, тем меньше его слушают. 3 Чем скорее вы придитесь за работу, тем быстрее вы ее закончите. 4 Чем больше вы будете находиться библиотеке, тем лучше будут результаты вашей работы. 5 Чем меньше мы используем оборудования, тем больше вероятность провала нашего эксперимента.

e) Translate into English paying attention to the adjeetrves end adverbs in bold type:
1 У него сильно болит голова. Он едва может говорить. 2 Почему ты каждый день опаздываешь на занятия? Ты, наверное, встаешь слишком поздно. 3 Как ты себя чувствуешь сегодня? – Спасибо, хорошо. 4 Ты говоришь слишком быстро. Они тебя не понимают. 5 Я люблю присутствовать на конференциях.   6 Он не очень хорошо себя чувствует сейчас. 7 Он упорно готовится к экзаменам. 8 Я очень устал. Я плохо спал вчера ночью. 9 Он бегает очень быстро. 10 Я не видел его последнее время. 11 Ну же, Ник! Почему ты всегда работаешь так медленно? 12 Как приятно услышать хороший отзыв о работе! 13 Ее работа очень трудная. Ей приходится упорно работать. Она едва успевает поесть. 14 У нее беглый английский. Она говорит по-английски очень хорошо, но она не прекращает работу по его совершенствованию.

Unit 5 Text for Supplementary Reading (1)
Ex. 1 Read the text:

On the move
As winter approaches, billions of birds worldwide are flying mostly south from their northern homes for where food is plentiful and living conditions are hospitable. Like clockwork, these birds depart for their winter homes as a means of survival, despite the fact that their journeys can be quite formidable.

Migrating birds depend on the seasonal availability of resources in order to survive and maintain their health. In Russia, for example, the Russian Arctic offers swans an abundance of food in the summer, which can be gathered with less competition from other species, and safe nesting places where there is relative freedom from human disturbance.

After summer, as the food supply disappears and the ice begins to permeate the region, the birds migrate to milder climates such as Great Britain where they can find ample resources and shelter to sustain them.

Migration is one of the most widely studied areas of bird biology, and yet it is very poorly understood. Even though people have observed and noted migrations for centuries, there is sparse information and few theories about how birds accomplish such impressive flights each year. However, what is becoming clearer is that these migratory birds are harbingers of the health of our planet, providing clues to changes in the Earth’s systems that affect the human condition and overall public health.

Many animals migrate, including whales, fish, butterflies, turtles and numerous species of antelope (i.e. wildebeest, caribou). Moreover, while many of these animals travel incredible distances, like the gray whale, which travels 10–14,000 miles round trip, no animal travels as far and through as much adversity as many bird species.

In fact, the Arctic Tern accomplishes the extraordinary task of flying from the North Pole to the South Pole – and back again – each year in a route covering about 22,000 miles! And while migration patterns in North America are generally north and south, in Europe, a number of migrations occur more east west.

So why do these species go through so much effort and peril. For these birds, it is all about survival, and their survival depends on the state and conditions of the natural world. Just as they have habitats on which they depend in one region, they equally depend on habitat in another place that range anywhere from 300 miles to 10,000 miles apart. They begin to migrate when their "biological clock", which is determined by the length of the day, tells them it is time to go. But other environmental factors such as the weather, their state of nutritional health and their interaction with other birds enable them to pinpoint exactly when their migration should begin.

Although birds can ride out extreme weather conditions and threats from natural predators, their greatest threat comes from loss of habitat, mainly due to human development and related activities. Forests and wetlands are vital to birds’ survival because they provide food and water, shelter, protection from predators and places for rest and food during their migrations. Over the past 100 years, as human populations surged and industrial and technological progress was made, much of the forests and wetlands have been depleted and thus seriously changed the landscape and resources for these migrating birds. As a result, bird numbers have been seriously affected in many parts of the world.

Of the 9,600 known bird species, nearly 1,200 are threatened with extinction. About 99 % of the globally threatened birds are at risk from human activities such as agriculture, logging, and other major changes in the world’s ecosystems. Hunting and trapping are also contributors, but pale in comparison to changes brought upon the ecosystems. These ecosystems provide vital services (such as maintaining global climate patterns, mediating the carbon cycle, safeguarding watersheds and stabilizing soils), valued at $33 trillion per year. The potential loss of large numbers of species facing extinction is a powerful indication that the quality of these ecosystem services is deteriorating.

In North America, for example, bird observers have seen a steady decline in the numbers of many of the birds, which migrate to Central and South America. And though deforestation or problems with their summer breeding habitats were suspected to be the problems, they also realized that forests were not being lost as fast as the rate of the disappearance of the birds.

A recent study on regional forest fragmentation pinned much of the blame on urban sprawl and development, which are significantly altering and removing valuable ecosystems on which birds depend. This is not only happening in the United States, but it is happening worldwide. In the US alone, this affects 80 percent of the total bird population since about 520 of the US’ 650 bird species migrate.

Wetlands are areas that link water and land. They include a wide range of areas from marshes and swamps to areas between dry land and rivers, streams, lakes and coastlines. Though they are not necessarily wet year round, they harbor very rich nutrients for plants and animals, including insects, which are a primary food for birds. Thus, wetlands provide vital habitat for many species of plants and animals, including about half of all known bird species.

But wetlands also provide needed protection of property and water quality vital for humans. They act as a sponge to absorb floodwaters from nearby streams and rivers or ocean tides, for example, and they filter out impurities and pollutants that could flow into main water sources. Wetlands also serve to clean the air of carbon dioxide, which is absorbed by plants. Carbon dioxide is the substance, which enables photosynthesis in plants, the process by which solar energy is converted into food and fiber necessary for plant growth and health. As wetlands become fragmented and disappear, the domino effect extends directly to both humans and wildlife and their respective qualities of life.

Birds live on more than 20 percent of the Earth’s surface, but about three-fourths of the threatened or endangered birds inhabit less than five percent of the land. This enables most bird species to be easily tracked, particularly threatened species, and also allows scientists, conservationists and property owners to focus their attention where extinction risks are the highest. Generally, these tracking and planning activities can simultaneously focus on threats to the environment since they are usually at the heart of risks to bird populations.

Bird watching is one of the world’s most treasured pastimes. According to the US Fish & Wildlife Service, 76 million Americans are actively engaged in the sport of bird watching – or birding, making it the second largest leisure time activity just behind gardening. It is estimated that Americans spend over $12 billion each year on birdseed and related equipment, making birding not only a major hobby but also big business.

Yet, birding is very important for studying birds and migrations, particularly small migratory birds. There are literally tens of thousands of reporting groups, Internet sites and other forums used by birders to report their findings. Other methods of reporting bird statistics, particularly those of threatened or endangered species, include radar and bird banding (ringing). While radar may be useful in determining mass movements of birds, it is limited in its range and value of information detail collected.

Traditionally popular among scientists and conservationists, bird banding involves the attachment of a band, or ring, on a bird – usually placed harmlessly and painlessly around the bird’s leg – which carries special identification (serial number) and tracking information unique to the bird. When they are located, the serial number assigned to the bird is sent to the US Fish & Wildlife Service Bird Branding Laboratory where the information is recorded.

Each year, over a half-million birds are banded by scientists in North America. This is significant because bird banding provides ornithologists with valuable information about the birds, their migration patterns health and other information, which help, determine what they need in order to survive. With this information, ornithologists can best work with conservationists and other scientists and policy makers in creating sound conservation policy.

But a new form of tracking birds began to emerge in the 1980s involving satellites and tiny transmitters attached to the birds themselves. Information about each bird’s location and activity is beamed to a satellite, which is then stored by the spacecraft’s data collection system. This information is then sent to ground stations on Earth and ultimately is sent to NASA’s Goddard Space Flight Center in Maryland for analysis. The information collected includes such vital information as the location of the bird, body and ambient temperature, flight speed, etc.

Armed with the comprehensive information now being collected about the world’s migratory birds, scientists hope to discover clues and develop solutions relating to Earth’s environmental health. Yet, this information will be effective in helping individuals understand the true inter-connectivity of all life, which will lead to sound policy for sustainable development.
Words and Expressions:

- formidable – грозный; жуткий, пугающий, чудовищный

- to migrate – мигрировать (о животных), совершать перелет (о птицах)

- species – род, порода, вид, разновидность

- to permeate – распространяться

- ample – богатый, изобильный, обильный

- sparse – разбросанный, редкий

- to accomplish – совершать, достигать, доводить до конца, завершать

- harbinger – вестник, предвестник, предшественник

- adversity – бедствия, неприятности, несчастья

- peril – опасность, риск, угроза

- habitat – родина, место распространения, ареал, естественная среда

- to pinpoint – указать точно, заострить внимание (на чем-либо), акцентировать

- predator – хищник

- wetland – заболоченная территория

- to surge – подниматься, вздыматься

- to deplete – уменьшать, истощать, исчерпывать

- extinction – вымирание, исчезновение, отмирание

- logging – заготовка и транспортировка леса

- trapping – ловля с помощью капкана, силка, ловушки

- to mediate – служить связующим звеном, занимать промежуточное положение

- watershed – бассейн реки, водораздел

- to deteriorate – ухудшать, портить, повреждать

- deforestation – вырубка леса

- to pin – прикалывать, прикреплять, скреплять, скалывать

- sprawl – разрастание города

- swamp – болото, топь

- fiber – волокно, волосок, фибра, нить, древесное волокно

- pastime – приятное времяпрепровождение, развлечение, забава, увеселение

- ambient – внешняя среда, окружающее пространство
Ex. 2 Answer the following questions:
1 Why are birds flying south from their northern homes as winter approaches?

2 What do migrating birds depend on?

3 Can you name any migrating animals?

4 How do you understand the term "the biological clock"?

5 Why are forests and wetlands vital to birds` survival?
Ex. 3 Translate the following sentences from Russian into English:
1 Перелетные птицы зависят от сезонной доступности ресурсов для выживания и поддержки своего здоровья.

2 По окончании лета, когда исчезают запасы еды и земля начинает покрываться льдом, птицы мигрируют в более мягкие климатические условия.

3 Миграция – это одна из наиболее изучаемых областей в биологии птиц, но, несмотря на это, многое остается невыясненным.

4 Животные также мигрируют на огромные расстояния, например, серый кит проплывает 10–14 тысяч миль, но ни одно животное не мигрирует так далеко, как птицы.

5 Птицы начинают миграцию, ориентируясь на свои "биологические часы", работа которых зависит от длины светового дня.

6 Обладая информацией о перелетных птицах всего мира, ученые надеются улучшить экологическую обстановку на нашей планете.

7 Птицы живут более чем на 20 % поверхности планеты, но около трех четвертей вымирающих видов птиц населяют менее 5 % территории.

8 Кольцевание птиц предоставляет орнитологам важную информацию о самих птицах, пути миграции и состоянии здоровья, помогающую решить, что нужно птицам для выживания.

9 Заболоченная местность работает, как губка, очищая основные источники воды от различных загрязнений.

10 За прошедшие 100 лет в связи с ростом населения и промышленным прогрессом резко сократилась общая площадь лесов, что повлияло на процесс миграции птиц.
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Ex. 4 Revise «Prepositions. Numerals» and do the following tasks:

a) Insert prepositions: 

1 Imperial College is fostering research … science and technology. 
2 It was founded as the Royal College … the middle … the nineteenth century. 
3 The aim … its foundation was to keep Britain … forepost … technological advance. 
4 Many famous scientists were associated … the College. 
5 There are large engineering facilities … addition … those … pure scientific research. 
6 One … the departments is headed … Professor Chain. 
7 The College is fortunate … having several new buildings … many laboratories. 
8 The College has facilities … London … a biological field station. 
9 … the present time many research students are working … higher degree … Imperial College. 
10 Much research work is undertaken … Imperial College … a wide range … subjects. 
11 The College is growing … size and numbers. 

12 Very soon it will develop … a separate University. 
b) Insert prepositions where necessary:
1 The number . . . those attending . . . the Fifth Biochemical Congress was about 5500. 2 The opening ceremony closed . . . a lecture followed . . . a concert given . . . the Moscow Symphony Orchestra. 3 The lecture . . . the structure . . . subcellular particles was given . . . Professor Green. It attracted . . . the attention . . . all those interested . . . different aspects . . . biochemistry. 4 . . . the end . . . each session an hour was set aside . . . discussion. 5 Language difficulties were reduced . . . a minimum as the arrangements . . . simultaneous translations were excellent. The majority . . . foreign participants could hear speeches and lectures . . . their native languages or . . . the language they knew better. 6 A number . . . interesting tours was organized . . . Intourist. 7 There was arranged an exhibition . . . books dealing . . . different aspects . . . biochemistry. 8 The congress closed . . . a series . . receptions given . . . the participants . . . Academician A. I. Oparin. 9 I attended . . . a very interesting conference held . . . the presidency . . . an outstanding scientist. 
Unit 6 Text for Supplementary Reading (2)
Ex. 1 Read the text:

Human Population: challenging the balance
Jacques Cousteau, the famous explorer who opened the world’s eyes to the wonder and splendor of our undersea world said it best: "Population growth is the primary source of environmental damage". Of course, this is not a comparison to natural catastrophes that eventually result in a natural change of life and ecosystems, but rather it is a statement about the challenges human population poses for nature.

Yet, the human population challenge has really occurred only recently. Let us look at why. More people have been added to the Earth’s population in the 20th century than at any other time in human history. In 1900, just 100 years ago, the world’s human population numbered two billion people. Today, the total human population has grown three times as large and is now over six billion people.

The rate of population growth has gone up rapidly in the past two centuries, from 0,0015 % before 1800 to 1,2 % today. At this rate, the Earth adds one billion more people every 14 years. If this continues, the world’s population will double in the next century, nearing 12 billion in the year 2100. Our planet truly is becoming a more crowded place to live.

What happened over the past 200 years to create such a rapid surge in the number of people living in the world? There are a few simple ideas that lie behind these trends. Before 1900, many children who were born did not reach adulthood so they never had their own children. In America and Europe, young children died of many diseases that we now immunize against such as diphtheria, tetanus, measles, pneumonia and whooping cough. In the 20th century, as these diseases became less common, more children lived to adulthood. The result was that more children than ever before were born and lived and had their own children, all of which increased the size of the world’s population. And thus, one predator of humans began to recede.

At the same time, people are also living longer. For example, in the U.S. the average life expectancy in 1950 was 57 years. Now people, on average, can expect to live 77 years. People living longer increase the population size, and this means that more people are living together on Earth at the same time.

In the latter part of the 20th century, people in other parts of the world – Africa, Asia, South America and the Middle East – who had traditionally lost many children to disease, began to catch up with the developed world.

People in these parts of the world began to adopt health practices such as immunizing children that also allowed more children to live. As these children grew to adulthood they too started their own families and this also has contributed to the world’s current population growth.

But here is the critical question: "Will Earth’s population continue to grow as fast as the last 100 years?" There are signs that population growth rates in some parts of the world have started to slow down. In Europe, America, and in parts of Asia and Australia, most families are having less than two children. Some of these countries are actually experiencing negative population growth meaning that their populations are growing smaller. In Russia, Eastern Europe, Germany and Northern Europe populations may actually shrink in size because people are having fewer and fewer children.

The United States will continue to grow. While birth rates in America have gone down – primarily because of the migration of persons from other countries – we will continue to have steady population growth. Today, the US has over 287 million people and is expected to grow to 400 million people by 2050.

However, there are many parts of the world where population growth is still very high and populations are expanding rapidly. Six countries account for one-half of the population added every year: these are China, India, Pakistan, Bangladesh, Indonesia, and Nigeria. China alone has 1.3 billion people, and India has slightly over 1 billion people, or about one third of the total world population. In countries where the rate of natural increase is approximately 2 %, their population will double ever 34 years. If population growth continues to be high in these and other countries, attempts to slow down the growth of the world human population in the twenty first century may well be futile.

The other issue is, even if people worldwide choose to have fewer children tomorrow, it will still take 50–60 years for the world’s population to stabilize, as there are so many people currently in their childbearing years. Slowing the growth of the world’s population, even though this is happening in many parts of the world, may not be happening quickly enough: the world’s populations may still double again by the end of this century to 12 billion persons.

Are these too many people for the size and resources of the planet?
Words and Expressions:

- explorer – исследователь

- splendor – величие, слава, благородство

- to pose – ставить, предлагать

- trend – общее направление, тенденция

- adulthood – зрелость, взрослость, состояние зрелости организма

- disease – болезнь

- to immunize – иммунизировать

- tetanus – столбняк

- measles – корь

- whooping cough – коклюш

- to recede – убывать, спадать, идти на убыль

- to catch up with – нагнать, наверстать

- to shrink – уменьшаться, сокращаться

- to account for – отвечать, нести ответственность

- increase – возрастание, рост; прибавление, прирост

- futile – бесполезный, напрасный, тщетный

- childbearing – детородный

- to double – удваивать

- resource – запасы, ресурсы, средства, природные богатства

− primarily – в основном, главным образом
Ex. 2 Answer the following questions:
1 What is the primary source of environmental damage?

2 What is the number of total human population today?

3 What is the average life expectancy now?

4 How do you understand the term “negative population growth”?

5 Why does human population shrink in size?
Ex. 3 Translate the following sentences from Russian into English:
1 Рост численности населения – основная причина загрязнения окружающей среды.

2 В 20 веке численность населения планеты возросла больше, чем когда-либо за всю историю существования человека.

3 Если эта тенденция сохранится, в следующем веке численность мирового населения удвоится.

4 До 1900 года многие родившиеся дети не доживали до половозрелого возраста и, таким образом, не могли иметь собственных детей.

5 В 1950 году средняя продолжительность жизни в США составляла 57 лет.

6 Люди в этих частях света начали иммунизировать детей, что привело к уменьшению уровня детской смертности.

7 Уже появляются признаки того, что в некоторых частях света рост населения начинает снижаться.

8 В странах, где численность населения увеличивается на 2 % в год, число жителей будет удваиваться каждые 34 года.

9 Если рост численности населения будет высоким в этих и ряде других стран, попытки снизить темп прироста окажутся тщетными.

10 В России численность населения резко сокращается, так как рождается все меньше и меньше детей.
Unit 7 Text for Supplementary Reading (3)

Ex. 1 Read the text:

Food’s frontier: the next green revolution
Over the past half century, the United States has sent billions of tons of food to famine-stricken countries and that is one reason many remain in a dire struggle to feed themselves.

Dumping our surplus grain depressed the prices of locally grown grain, pushing farmers in those countries out of business explains environmental writer Richard Manning, author of “Food’s Frontier: the Next Green Revolution”, a new book on efforts to establish sustainable agriculture in developing countries around the globe.

The situation is critical. Industrial agriculture, mostly developed in the 1960s “Green Revolution”, has reached its production limit. In some areas, the combination of monocropping and heavy fertilizer and pesticide use has actually reduced the land’s capacity to produce. Meanwhile, the population of developing countries is expected to double by 2020.

The second green revolution is a revolution not only in biological science, but also in information distribution among scientists, farmers, and consumers. “Food’s Frontier” documents the Minneapolis-based McKnight Foundation’s Collaborative Crop Research Program, which has funded research and training in agricultural science in nine developing countries in Africa, Latin America and Asia. Each project is headed by scientists from the developing country, who identify the agricultural problem they want to tackle and put together interdisciplinary teams of scientists such as biologists, economists, and anthropologists. Each team collaborates with counterparts in U.S. universities.

“We’re realizing that economic and cultural factors are as important as biology, soil and climate in developing a secure global food supply”, – Manning said. – “Certainly, you have to understand the biology behind the interaction of, say, a chickpea and a pod borer if you want to reduce the damage the pest does to the plant.

But you also need to figure out how to help Ugandan farmers learn about a method of planting that protects sweet potato from weevils, or how to convince Mexican wholesalers that there’s a potentially strong market in the United States for blue corn”.

McKnight-funded research in areas like polyculture – the planting of several crops amongst each other – and the discovery of natural protections against pests in disease in wild relatives of common crops, also stand to benefit U.S. farmers.

“The Midwest is strewn with rural ghost towns whose small farmers were driven away by huge agricultural firms farming thousands of acres of a single crop. And the oversupply of grain has promoted widespread usage of high-fructose corn syrup in processed foods, contributing to the epidemic of obesity”, – Manning said. The McKnight project researching an ancient Aztec polycropping system, still used by Mexican peasants, called “milpa”, could provide a solution for reversing monoculture in the U.S. Experiments underway in New York, Chile and Brazil crossing domestic potatoes, plagued by a range of insect pests, with wild relatives of potatoes, whose sticky leaves trap insects, are revolutionizing the economics of potato farming both in the U.S. and worldwide.

“The intensive use of pesticides and herbicides has contaminated our water and depleted our soils. It costs between $60 and $200 per acre per year to spray potatoes with insecticide. A grower in upstate New York typically gets about $6 for a hundred pounds of these potatoes, while organic market pays $30 a hundredweight for pesticide-free potatoes”, – Manning said.

Three projects described in “Food’s Frontier” involve genetic engineering: in Nanjing, China, creating scab-resistant wheat; in India, increasing the efficiency of production and nutritional value of chickpea; and in Shanghai, China, eradicating viral rice disease by eliminating the ability of a plant hopper insect to transmit the virus.

Recognizing that modern biotechnology has the potential to contribute much to the solutions of agricultural problems in the developing world, Manning dismisses the argument that genetic engineering is unnatural.

“From lop-eared rabbits to wine grapes, artificial form of life as a result of human-engineered selection surround us. Every form of life we call domestic has a genetic makeup that is artificial as a result of human activity”, – he said.

The biggest danger to the public regarding genetic engineering, Manning feels, is when profit-motivated companies rush to patent and market an untested technique. In contrast, McKnight-funded research remains in the public domain, available to all who need it, and is carefully tested by scientists who live among the farmers where the techniques will be used.

Manning found that Robert Goodman, a University of Wisconsin plant pathologist who oversees the Collaborative Crop Research Program, has his own doubts about the value of genetic engineering.

“We’ll eventually have the same problem with genetically engineered plants as we do with more traditional approaches – the pests and diseases we are trying to repel are going to develop their own defenses”, – Goodman said.

The alternative is not to look only at a single gene, but at the entire sequence of genes in a particular plant, as well as the sequence of genes in the organisms living in the surrounding soil and air. With this information, scientists, rather than transferring single genes from one plant species to another, can manipulate a plant’s own genes to stimulate certain interactions with the other organisms in its environment. Goodman predicts this practice, called “genomics”, will render genetic engineering obsolete within a matter of years.

“By the end of the decade we’re going to look back at current genetic engineering technology, with its parlor tricks like sweeter tomatoes, as being primitive and almost arcane,” – Goodman said. – “We are finally recognizing that nature is unimaginably complex. To survive, we need to learn to respect and harness that complexity, because at a fundamental level, genetic improvement is integral to human society”.

“No one ever said feeding a planet of six billion people would be without consequences,” – Manning said. – “But helping third world scientists feed their own people ensures sensitivity to culture and environment that we missed in the first green revolution”.

The McKnight Foundation Collaborative Crop Research Program, begun in 1993, seeks to increase food security in developing countries. The total financial commitment is $53,5 million over 15 years.
Words and Expressions:

- famine-stricken – голодающий

- dire – страшный, ужасный, жуткий, внушающий ужас

- surplus – излишний, избыточный; добавочный

- monocropping – выращивание одной u1082 культуры

- to collaborate with – работать совместно, сотрудничать

- chickpea – нут, турецкий горох

- pod borer – стручковый сверлильщик (червь)

- weevils – долгоносик

- to strew – разбрасывать, разбрызгивать

- obesity – тучность, ожирение

- sticky – клейкий, липкий, вязкий, тягучий

- to contaminate – пачкать, загрязнять, марать, портить, отравлять

- scab-resistant – устойчивый к парше

- to eradicate – искоренять, вырывать с корнем, истреблять

- viral – вирусный

- to repel – подавлять, сдерживать

- gene – ген

- obsolete – устарелый, старый, немодный

- arcane – тайный, скрытый, тёмный, загадочный, потайной, секретный

- harness – использовать
Ex. 2 Answer the following questions:

1 How will you explain the term "monocropping"?

2 Have you ever heard about the second green revolution?

3 What developing countries can you name?

4 What kind of damage can pests do to plants?

5 Do you know any factors of water and soil contamination?
Ex. 3 Translate the following sentences from Russian into English:
1 Сельское хозяйство, которое развивалось быстрыми темпами во время "Зеленой революции" 60-х годов, достигло своего производственного предела.

2 Вторая зеленая революция – это революция не только в самой биологической науке, но и в распределении информации между учеными, фермерами и потребителями.

3 Каждый проект возглавляется учеными из развивающихся стран, которые решают, какую проблему принять к рассмотрению, и координируют работу биологов, экономистов и антропологов.

4 Мы осознаем, что экономические и культурные факторы так же важны, как биология, почва и климат в обеспечении мирового запаса пищи.

5 Переизбыток зерна привел к широкому использованию фруктозо-содержащего сиропа в пищевом производстве.

6. Интенсивное использование пестицидов и гербицидов приводит к заражению воды и истощению почвы.

7 Современная биотехнология имеет большое значение для решения сельскохозяйственных проблем в развивающемся мире.

8 Начиная от вислоухих кроликов и заканчивая темно-красным виноградом, нас повсюду окружают искусственные формы жизни, полученные в результате использования генной инженерии.

9 Наибольшая опасность для общества при использовании генной инженерии возникает тогда, когда жаждущие прибыли компании представляют на рынок непроверенные технологии.

10 Имея такую информацию, ученые предпочтут не u1087 переносить отдельные гены из одного вида в другой, а станут манипулировать имеющимися генами для стимулирования определенного взаимодействия с другими организмами окружающей среды.
Unit 8 Text for Supplementary Reading (4)

Exercise 1 Read the text:

Fossils vs. renewables: energy’s future today
There is a great deal of information and enthusiasm today about the development and increased production of our global energy needs from alternative energy sources. Solar energy, wind power and moving water are all traditional sources of alternative energy that are making progress. The enthusiasm everyone shares for these developments has in many ways created a sense of complacency that our future energy demands will easily be met.

Alternative energy is an interesting concept when you think about it. In our global society, it simply means energy that is produced from sources other than our primary energy supply: fossil fuels. Coal, oil and natural gas are the three kinds of fossil fuels that we have mostly depended on for our energy needs, from home heating and electricity to fuel for our automobiles and mass transportation.

The problem is fossil fuels are non-renewable. They are limited in supply and will one day be depleted. There is no escaping this conclusion. Fossil fuels formed from plants and animals that lived hundreds of millions of years ago and became buried way underneath the Earth’s surface where their remains collectively transformed into the combustible materials we use for fuel.

In fact, the earliest known fossil fuel deposits are from the Cambrian Period about 500 million years ago, way before the dinosaurs emerged onto the scene. This is when most of the major groups of animals first appeared on Earth. The later fossil fuels – which provide more substandard fuels like peat or lignite coal (soft coal) – began forming as late as five million years ago in the Pliocene Period. At our rate of consumption, these fuels cannot occur fast enough to meet our current or future energy demands.

Despite the promise of alternative energy sources – more appropriately called Renewable energy, collectively they provide only about seven percent (7 %) of the world’s energy needs. This means that fossil fuels, along with nuclear energy – a controversial, non-renewable energy source – are supplying 93 % of the world’s energy resources.

Nuclear energy, which is primarily generated by splitting atoms, only provides six percent (6 %) of the world’s energy supplies. And it is not likely to be a major source of world energy consumption because of public pressure and the relative dangers associated with unleashing the power of the atom. Yet, governments such as the United States see its vast potential and are placing pressure on the further exploitation of nuclear energy.

The total world energy demand is for about 400 quadrillion British Thermal Units – or BTUs – each year. That is 400,000,000,000,000,000 BTUs! A BTU is roughly equal to the energy and heat generated by a match. Oil, coal and natural gas supply nearly 88 % of the world’s energy needs, or about 350 quadrillion BTUs. Of this amount, oil is king, providing about 41 percent of the world’s total energy supplies, or about 164 quadrillion BTUs. Coal provides 24 % of the world’s energy, or 96 quadrillion BTUs, and natural gas provides the remaining 22 %, or 88 quadrillion BTUs.

It is not so much that we mine fossil fuels for our consumption any more than it is to mine salt or tap water supplies way underground. The problems occur when we destroy ecosystems while mining it and while using it.

Certainly, if there were a way that fossil fuels can be mined and used in ways that do not harm our ecology, then everything will be okay... in a perfect world. What makes our world perfect is that, it really is not perfect according to definition. It is natural, with all things interdependent on each other to live, grow and produce.

Fossil fuel mining and oil production can and has caused irreparable damage to our environment. Fossil fuels exist, and they provide a valuable service. It is not so much that we use fossil fuels for energy that is problematic, but it is the side effects of using them that causes all of the problems. Burning fossil fuels creates carbon dioxide, the number one greenhouse gas contributing to global warming. Combustion of these fossil fuels is considered to be the largest contributing factor to the release of greenhouse gases into the atmosphere.

In the 20th century, the average temperature of Earth rose one degree Fahrenheit (1°F). This was a period that saw the most prolific population growth and industrial development (read use of energy) in Earth’s history.

The impact of global warming on the environment is extensive and affects many areas. In the Arctic and Antarctica, warmer temperatures are causing the ice to melt, which will increase sea level and change the composition of the surrounding seawater. Rising sea levels alone can impede processes ranging from settlement, agriculture and fishing both commercially and recreationally. Air pollution is also a direct result of the use of fossil fuels, resulting in smog and the degradation of human health and plant growth.

But there’s also the great dangers posed to natural ecosystems that result from collecting fossil fuels, particularly coal and oil. Oil spills have devastated ecosystems and coal mining has stripped lands of their vitality.

This is the primary reason there is enormous pressure on the current Bush Administration to discontinue its pursuit to tap the vast oil reserves in the Arctic National Wildlife Refuge.

The oil, coal and natural gas companies know these are serious problems. But until our renewable energy sources become more viable as major energy providers, the only alternative for our global population is for these companies to continue tapping into the fossil fuel reserves to meet our energy needs. And, you can pretty much count on these companies being there providing energy from renewable sources when the fossil fuels are depleted. Many oil companies, for example, are involved in the development of more reliable renewable energy technologies. For example, British Petroleum Company, today known as BP, has become one of the world’s leading providers of solar energy through its BP Solar division, a business that they are planning on eclipsing their oil production business in the near future.

Just how limited are our fossil fuel reserves? Some estimates say our fossil fuel reserves will be depleted within 50 years, while others say it will be 100 – 120 years. The fact is that neither one of these projections is very appealing for a global community that is so heavily dependent on fossil fuels to meet basic human needs.

Nobody really knows when the last drop of oil, lump of coal or cubic foot of natural gas will be collected from the Earth. All of it will depend on how well we mange our energy demands along with how well we can develop and use renewable energy sources.

And here is one very important factor: population growth. As the population grows upwards towards nine billion people over the next 50 years, the world’s energy demands will increase proportionately. Not only will it be important for renewable energy to keep up with the increasing population growth, but it must outpace not only these demands but begin replacing fossil fuel energy production if we are to meet future energy needs.

By the year 2020, world energy consumption is projected to increase by 50 %, or an additional 207 quadrillion BTUs. If the global consumption of renewable energy sources remains constant, the world’s available fossil fuel reserves will be consumed in 104 years or early in the 22nd century. Clearly, renewable energy resources will play an increasingly vital role in the power generation mix over the next century.

Sun, wind and water are perfect energy sources...depending on where you are. They are non-polluting, renewable and efficient. They are simple: all you need is sunlight, running water and/or wind. Not only do the uses of renewable energy sources help reduce global carbon dioxide emissions, but they also add some much needed flexibility to the energy resource mix by decreasing our dependence on limited reserves of fossil fuels.

Essentially, these renewable energy sources create their own energy. The object is to capture and harness their mechanical power and convert it to electricity in the most effective and productive manner possible. There is more than enough renewable energy sources to supply all of the world’s energy needs forever; however, the challenge is to develop the capability to effectively and economically capture, store and use the energy when needed.

Take solar energy for example. The ultimate source of energy is the sun. Its energy is found in all things, including fossil fuels. Plants depend on the sun to make food, animals eat the plants, and both ended up becoming the key ingredients for fossil fuels. Without the sun, nothing on this planet would exist.

The sun also provides enough energy that can be stored for use long after the sunsets and even during extended cloudy periods. But making it available is much easier said than done. It would be cost prohibitive to make solar energy mainstream for major world consumption in the near future. The technology is pretty much ready for many business and consumer applications, but it would be way too expensive to replace the current energy infrastructure used for fossil fuel energy. Still, according to the European Photovoltaic Industry Association, solar power could provide energy for more than one billion people by 2020 and 26 % percent of global energy needs by 2040.

Wind and hydroelectric power, which have been used effectively for generations, are also rapidly growing energy markets. The principle behind both is that the force of the wind and water currents is passed through turbines, which convert their energy into electricity. Commercial wind energy is usually collected by wind "farms" essentially consisting of hundreds of wind turbines (windmills) spread over large plots of land.

But hydroelectric power is harnessed in several different methods. The most popular is through dams, such as the Hoover Dam on the Colorado River. Another form of hydroelectric energy is tidal power. In use since the early 1900s, tidal power stations collect the energy created by the rise and fall of the tides to convert to electricity.

Biomass energy, or energy from burning plants and other organic matter, is one of man’s earliest sources of energy. Wood was once the main source of power for heat, and it still is in many developing countries. Most people in developed countries use wood only for aesthetic purposes or secondary heating, limited mainly to fireplaces and decorative woodstoves. Roughly, one to two billion people in the developing nations still use wood as their primary source of heat. It is this group that is seen being among the first to convert to solar heating and energy because there is no other existing infrastructure to hinder its development.
Words and Expressions:

- solar – солнечный
- complacency – удовлетворенность, самоуспокоенность
- fossil – ископаемое, окаменелость
- non-renewable – невосстановимый, невозобновляемый
- combustible – воспламеняемый, горючий
- dinosaur – динозавр
- peat – торф, брикет торфа, цвет торфа
- lignite – лигнит, бурый уголь

- to split – раскалывать, расщеплять, трескаться, разбивать на части

- to unleash – развязать, высвобождать, дать волю

- irreparable – неисправимый, непоправимый, безвозвратный

- combustion – горение, возгорание, сжигание

- prolific – изобилующий, богатый

- to impede – мешать, препятствовать, быть помехой чему-либо

- spill – проливание, разливание

- to devastate – истощать, опустошать, разорять

- to pursuit – преследование, гонение, погоня

- viable – жизнеспособный

- to eclipse – затмевать, превосходить, заслонять

- emission – выделение, распространение

- prohibitive – запрещающий, препятствующий

- turbine – турбина

- dam – дамба, плотина, насыпь, запруда

- aesthetic – эстетический

- to hinder – задерживать, затруднять, мешать, препятствовать
Ex. 2 Answer the following questions:
1 What traditional sources of energy can you name?

2 How will you explain the term "alternative energy"?

3 What kind of fossil fuels do we mostly depend on for our energy needs?

4 During which period did the major groups of animals first appear on Earth?

5 How is nuclear energy generated?
Ex. 3 Translate the following sentences from Russian into English:
1 Энергия солнца, сила ветра и движение воды – это традиционные источники альтернативной энергии, прогрессирующие в настоящее время.

2 Уголь, нефть и природный газ – это три базовых источника энергии.

3 Именно в этот период на Земле появились основные группы животных.

4 Несмотря на многообещающие источники альтернативной энергии, в общем они составляют около семи процентов мировых запасов энергии.

5 Ядерная энергия, получаемая путем распада атомов, составляет только шесть процентов мировых запасов энергии.

6 Проблемы возникают, когда мы разрушаем экосистемы, прорабатывая и используя их.

7 Это был период, когда мы видели наибольший прирост населения и развитие промышленности (читай использование энергии) в истории Земли.

8 Влияние глобального потепления на окружающую среду очень заметно: оно воздействует на многие области.

9 В Арктике и Антарктике потепление приводит к таянию льда, что повышает уровень морей и изменяет состав морской воды.

10 На самом деле никто не знает, когда будет использована последняя капля нефти, кусочек угля или кубический метр природного газа.

Unit 9 Text for Supplementary Reading (5)
Ex. 1 Read the text:

The nuclear energy challenge 
The atom, the smallest component of any element, contains enormous energy. When it is split – a process called fission, this energy is released in the forms of tremendous heat and light. This energy was released on Hiroshima and Nagasaki, Japan, by two separate atom bombs in 1945 that led to the conclusion of World War II. The horrors created by those two bombs led the international community to condemn further use of atomic weapons.

Still, engineers, governments and scientists realized that if the atom’s energy could be controlled and harnessed, it would revolutionize the world’s energy markets and provide significant electricity reserves to help meet the world’s energy demands. It was even envisioned that it could one day replace the need for fossil fuels.

As a result, the first usable electricity from nuclear fission was produced at the Idaho National Engineering Laboratory in 1951.

In 1954, The Atomic Energy Act was passed to promote the peaceful use of nuclear energy. Subsequently, in 1957, the International Atomic Energy Agency (IAEA) was formed to promote peaceful use of nuclear energy and to provide international safeguards and an inspection system to ensure nuclear materials are not diverted from peaceful to military uses. It was later replaced by the Nuclear Regulatory Commission and the Energy Research and Development Administration, the latter of which became the US Department of Energy in 1977.

Commercial nuclear power plants became a commercial reality in the late 1960s when large numbers of orders were placed for nuclear power reactors in the United States. Yet, in 1979, America’s fears about nuclear power were realized when a partial meltdown occurred in a reactor at the Three Mile Island facility in Harrisburg, Pennsylvania. Though minimal radioactive material – which can cause serious damage to or kill living tissue – was released, the potential for greater disaster lurked.

This greater potential was realized in April 1986 when a full reactor meltdown and fire occurred at the Chernobyl Nuclear Power Plant in the former Soviet Union. This resulted in the massive release of radioactive materials, resulting in major environmental catastrophe. As a result of these disasters, global support for nuclear energy – which already had significant negative public support – plummeted to lower levels.

Over the last 15 years, vast improvements to nuclear reactors have been made to make them safer and last longer. There is still strong support for nuclear energy from many sectors that are convinced it is the future of the world’s energy sources. While nuclear energy has several advantages over fossil fuels, particularly considering that it does not release the harmful greenhouse gas carbon dioxide into the atmosphere, public resistance remains high.

Nuclear energy requires sources of radioactive elements found naturally in our environment and manmade with which to create the nuclear fission process that splits the atoms. The most common and most used of these elements is Uranium, which is found in two different types or species (called isotopes): U-238 and U-235. U-235 is the type used for nuclear fission because it can be readily split, releasing massive energy. The other type of Uranium is called U-238, which is barely radioactive. Of all the known Uranium reserves in the world, almost all of it is U-238, with just over a half a percent of those reserves being U-235.

Plutonium and Thorium are the only other available sources that are used for nuclear energy. Plutonium is not naturally occurring. Thus, the Plutonium used in nuclear reactors is man-made, coming from a nuclear reactor.

It is not as stable as U-235 and is harder to use. Thorium, though not yet a mainstream nuclear energy supply source, is being heavily studied and applied as a safer, cleaner alternative to Uranium. Still, Uranium is king as the premiere provider of nuclear energy.

Perhaps the greatest challenge facing nuclear energy production – after any potential for nuclear disasters similar to the 1986 Chernobyl event – is disposal of the highly radioactive wastes. It could take at least 10,000 years for these materials to fully break down into harmless elements so the challenge is to store them safely for at least that length of time. It is possible, but where and how are still troubling issues.

Exploitable Uranium supplies also pose some more short-term challenges. According to the Organization for Economic Cooperation and Development, the world’s economically exploitable Uranium reserves are likely to last between 35 and 63 years, depending on whether demand is such as to justify the higher cost of mining less easily exploitable reserves.

Still, in consideration of the power that can be generated by Uranium and the burgeoning global energy demands, many governments are placing more emphasis on nuclear energy. The largest user of nuclear energy is the United States, followed by France, Japan, Germany and the Russian Federation. In the US alone, the nation’s 103 nuclear power plants each generate an average of around 20 tons of radioactive spent fuel a year.

Spent fuel now sits in cooling pools and temporary storage areas waiting for somebody to figure out what to do with it.

A second form of nuclear energy comes from the same process that gives life to our sun and other stars in the universe: nuclear fusion. Fusion occurs when two lighter elements, like hydrogen, are forced together – or fused – to create a heavier element, Helium. This occurs only under extraordinary heat and pressure, but it releases enormous energy in the form of heat, light and other radiation.

Deep inside the sun’s core, hydrogen is converted to helium at temperatures of 10 – 15 million degrees Celsius. Fusion provides the energy necessary to sustain life on Earth. Sunlight is energy released from fusion reactions inside the sun. This process also produces all of the chemical elements found on Earth.

In 1952, seven years after the atomic bombs were dropped on Japan, the United States developed and successfully tested the hydrogen bomb. Using the same fusion process and hydrogen elements used in the sun and stars, the hydrogen bomb yields thousands of times more energy than that provided by nuclear fission. One hydrogen bomb would release five times more energy than all of the bombs dropped in World War II! Fortunately, there have been no hydrogen bombs used in warfare.

Duplicating the fusion process that is constantly occurring inside the Sun is not that easy. While fusion does not have the harmful radiation side effects that fission creates, the problem with nuclear fusion is to start the fusion reaction in an area small enough at sufficiently high temperatures – about 180,000,000 degrees Fahrenheit!

There is currently no known substance that would not melt or vaporize at just a few thousand degrees.
Words and Expressions:

- fission – расщепление, деление атомного ядра при цепной реакции

- to condemn – браковать, признавать негодным для использования

- to envision – воображать что-либо, представлять себе, предвидеть

- to divert – отвлекать, переключать, переводить

- meltdown – расплавка, растворение

- facility – оборудование, приспособления, аппаратура

- tissue – ткань, материя

- to lurk – скрываться в засаде, прятаться

- to plummet – кидать, бросать, швырять вниз, сбивать

- isotope – изотоп

- mainstream – основное направление, главная тенденция

- premiere – премьера

- exploitable – использующийся

- to burgeon – распускаться, расцветать

- fusion – синтез, слияние

- to yield – давать такой-то результат, приводить к чему-либо

- warfare – война, приемы ведения войны

- to duplicate – повторять, копировать

- to vaporize – испаряться, распылять
Ex. 2 Answer the following questions:

1 What is the smallest component of any element?

2 What does the process of fission look like?

3 In what form is nuclear energy always released?

4 Which episode of the Second World War led the international community to condemn further use of atomic weapons?

5 When did commercial nuclear power become a commercial reality?
Ex. 3 Translate the following sentences from Russian into English:
1 Атом, мельчайший компонент любого элемента, заключает в себе огромную энергию.

2 Две ядерные бомбы были сброшены на Хиросиму и Нагасаки в Японии, что привело к завершению Второй мировой войны.

3 С тех пор, как инженеры, члены правительств и ученые осознали, что энергией атома можно управлять, они поняли, что это произведет революцию на энергетических рынках.

4 В 1979 г. опасения Америки относительно ядерной энергии оправдались: случилась незначительная утечка реактора в Пенсильвании.

5 В течение последних пятнадцати лет ядерные реакторы были значительно улучшены в плане безопасности и продолжительности срока эксплуатации.

6 Ядерная энергия нуждается в источниках радиоактивных элементов, содержащихся в естественном виде в окружающей среде.

7 Самый распространенный из этих элементов – уран, который существует в двух формах, называемых изотопами.

8 Плутоний и торий – единственные источники ядерной энергии, помимо урана.

9 Торий в настоящий момент тщательно изучается и планируется его применение в качестве u1073 более безопасного заменителя урана.

10 Крупнейший потребитель ядерной энергии – США, затем идет Франция, Япония, Германия и Российская Федерация.

Unit 10 Text for Supplementary Reading (6)
Ex. 1 Read the text:

The coast redwoods of California 
They are the oldest living things on the face of the earth and the tallest. Some have looked down on the world around them for two thousand years. Earlier cultures had the good sense to revere them; but ours, since the mid-nineteenth century, has systematically destroyed them. The greatest remaining concentration of these great trees – and historically the scene of the greatest devastation by loggers – is along California’s north coast.

As a species, the coast redwoods are not endangered. New growth takes root easily. What is in danger is the old growth, described as trees that are more than 250 years old, with a trunk diameter of more than four feet at breast height. At one time, the majestic old growth forests covered millions of acres along a 50-mile wide coastal band stretching from San Francisco to southern Oregon.

Today, less than 90,000 acres of old-growth forests remain. Through the concerted and often courageous action of conservationists, starting in the early twentieth century, about 80,000 acres are now incorporated into state or national parks. Some of the most notable are:

1) Armstrong Redwoods State Reserve, located north of San Francisco on the Russian River, where two of the largest and most famous trees, named Parson Jones and Colonel Armstrong, stand under the watchful eye of a legendary park ranger;

2) Humboldt Redwoods State Park, located in the Eel River Basin of northern California, containing what is claimed to be the largest remaining contiguous old-growth redwood forest in the world. The oldest trees are, of course, irreplaceable, and most of them are gone. The remainder is now, for the most part, under federal or state protection. Only a few thousand acres of old growth – perhaps as few as 6,000 – are under the control of the big forest products companies. Is this really enough to cause the intense conflict that still rages between two or three corporations on one side and local conservationists on the other? In our opinion, the answer is yes, and for more than one reason.

The statistics are complicated and are therefore capable of being used in different ways by the differing parties. Published information suggests the following:

1) the total distribution of coast redwoods, including old and new growth, currently occupies about 1,740,000 acres;

2) of these, only about 350,000 are in the public domain, of which about 80,000 acres are old growth;

3) most of the coast redwood forests, amounting to well over a million acres, are owned by no more that seven industrial forest products companies, only a few of which are considered by the conservation community to be engaged in sustainable practices.

Some corporate executives argue that most of the old growth is already protected and that the destructive harvesting of the past was, in any event, not their responsibility. Conservationists argue, we believe correctly, that any remaining old growth forests – even as little as 6,000 acres – represent a national treasure, which should be placed under a public trust. But the argument, and its intensity, runs much deeper. A generally accepted paradigm is that the family-owned timber companies, many of which harvested sustainably, protecting the long-term health and productivity of their forests, have been taken over by a fewer number of corporate giants which were driven to dispose of the assets as quickly and efficiently as possible.

Pacific Lumber Company, owned by Maxxam, a Texas holding company, is regarded by its California neighbors as the worst offender in this regard. Another large operator, Louisiana Pacific, was similarly distrusted by its neighbors. When it was sold to new owners, a respected family firm, which also owns The Gap, Inc. retail chain, expectations were raised very high. But the new company, Mendocino Redwood Co., has quickly inherited much of the distrust, which was lavished on its predecessor.

These problems run much deeper than preservation of the old growth. When short-term profits rather than long-term, sustained prosperity govern harvesting policy, the effect on the surrounding habitat is often devastating.

Without natural protection, hillsides wash out into rivers, poorly constructed roads pour dirt and gravel into streams, and mudslides pour down on private homes. One of the world’s richest and most beautiful natural habitats has suffered enormously. The coho salmon and steelhead trout are disappearing, many forms of wildlife are threatened, water is badly polluted by herbicides, and the quality of life for the human population is declining.

The State of California has offered astonishingly little protection to neighboring communities. And this has led to local activism, which has been characterized, sometimes fairly but more often falsely, as dangerous, irresponsible, and immature.

Unavoidably, the media cover the more flamboyant protesters. But closer examination always reveals a much more serious, thoughtful, and highly localized line of resistance, depending more on moral authority than finances to achieve results. There are many examples along the northern coast of California, such as respectable, grey-haired Mary Pjerrou, a long-time resident of the village of Elk, who leads the Redwood Coast Watersheds Alliance, to fight, in and out of court, to protect her community from destructive harvesting practices.

These local resisters have used every tool at their disposal, including the Endangered Species Act. The case of the Northern Spotted Owl received national attention and occasional ridicule. It is helpful to keep in mind that, to a local activist, the federal laws protecting the habitat of an endangered species have also become a useful means of protecting the human habitat.

When the public at large finally reaches a consensus on an issue of this kind, solutions can emerge very quickly. A decade or so ago, the public became aware that tuna fishermen were setting their purse nets on the dolphins which swim just above the tuna schools, killing thousands of these appealing creatures every year. The most effective public response came in the form of consumerism, stirring a response from the major food companies to bring dolphin-free tuna to the supermarkets. Similarly, the coast redwood may now become a consumer protectorate. Home Depot, the largest retailer of wood products in the world, recently announced that, by the year 2003, it would carry only "certified" wood products. What this means, in practice, is that an independent organization has certified that the product being sold meets a standard of sustainability, according to the following criteria:

1) timber sustainability – whether the company’s methods will provide for growth rather than depletion of timber stocks over time;

2) ecosystem maintenance – how well the company’s operation protects endangered species, stream health and unique ecosystems such as old growth forests;

3) financial viability strong enough to support good citizenship in the local community.

As one timber harvester said to a local newspaper: "The government hasn’t been able to change forest practices.

The environmental movement has not been able to change forest practices. But the consumer, through the purchase of sustainably grown and certified materials, will be able to finally change forest practices."

The many grass-roots organizations throughout California, which have been out on the front lines for years – such as the Save the Redwoods League – deserve our respect and the time needed for us to understand the issues. And, as consumers, we have the ability right now to start looking for the "certified" label when we visit Home Depot or the local lumberyard.
Words and Expressions:

- to revere – уважать; чтить, почитать; благоговеть, боготворить, преклоняться

- devastation – опустошение; разорение

- logger – лесоруб, дровосек

- redwood – красное дерево или древесина

- trunk – ствол (дерева)

- concerted – согласованный

- courageous – бесстрашный, мужественный, отважный, смелый, храбрый

- contiguous – соприкасающийся; смежный; граничащий, прилегающий

- trust – опека

- paradigm – парадигма, принцип, система взглядов и понятий

- timber – лесоматериалы; строевой лес; древесина

- retail – розничная продажа

- to inherit – наследовать; унаследовать

- to lavish – дарить, раздавать, расточать

- predecessor – предшественник

- gravel – гравий; галька, галечник

- salmon – лосось; семга, лососина

- trout – форель

- ridicule – осмеяние; насмешка; предмет насмешек

- tuna – тунец (рыба)

- purse – деньги, богатство

- consumerism – стимулирование потребительского интереса, защита интересов потребителя

- protectorate – протекторат

- viability – жизнеспособность; жизненность, жизнестойкость

- lumberyard – лесной склад
Ex. 2 Answer the following questions:
1 What are the tallest and the oldest living things of the earth?

2 Where are redwoods located?

3 Why redwoods are considered a national treasure?

4 What does the term "local resistor" mean?

5 How can consumers change current forest practices?
Ex. 3 Translate the following sentences from Russian into English:
1 Они – одни из самых старых жителей нашей планеты.

2 Некоторые из них прожили уже более двух тысячелетий.

3 Жители древних цивилизаций относились к ним с большим почтением, в то время как наши современники, начиная с середины девятнадцатого столетия, занимались их систематическим уничтожением.

4 Как вид красное дерево не относится к числу растений, подвергающихся исчезновению.

5 Молодые насаждения легко приживаются на любой почве.
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