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Unit 1 Basic Geology

Earth science (also known as geoscience, the geosciences or the Earth sciences) , is an all-
embracing term for the sciences related to the planet Earth. It is arguably a special case in planetary
science, the Earth being the only known life-bearing planet. There are both reductionist and
holistic approaches to Earth sciences. The formal discipline of Earth sciences may include the study
of the atmosphere, oceans and biosphere, as well as the solid earth. Geology is generally
categorized within the geosciences.

Geology (from the Greek, geo, "earth" and logos, "speech" ) is a natural science, which
studies the geology science of the Earth's history, composition, and structure, and the associated
processes. It draws upon chemistry, biology, physics, astronomy, and mathematics ( notably
statistics) for support of its formulations.

Geology is a very complex science. There are many branches of geology, which can be
grouped under the major headings of physical and historical geology.

Physical Geology

Physical geology includes mineralogy, the study of the chemical composition and structure of
minerals; petrology, the study of the composition and origin of rock; geomorphology, the study
of the origin of landforms and their modification by dynamic processes; geochemistry, the study
of the chemical composition of the Earth materials and the chemical changes that occur within the
Earth and on its surface; geophysics, the study of the behavior of rock materials and in response
to stresses and according to the principles of physics; sedimentology, the science of the erosion
and deposition of rock particles by wind, water, or ice; structural geology, the study of the
forces that deform the Earth's rocks and the description and mapping of deformed rock bodies;
economic geology, the study of the exploration and recovery of natural resources, such as ores
and petroleum; and engineering geology, the study of the interaction of the Earth's crust with
human-made structures such as tunnels, mines, dams, bridges, and building foundations.

Historical Geology

Historical geology deals with the historical development of the Earth from the study of its
rocks. They are analyzed to determine their structure, composition, and interrelationships and are

examined for remains of past life. Historical geology includes paleontology, the systematic study
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of past life forms; stratigraphy, of layered rocks and their interrelationships; paleogeography,
of the locations of ancient land masses and their boundaries; and geologic mapping, the
superimposing of geologic information upon existing topographic maps.

Historical geologists divide all time since the information of the earliest known rocks ( about
4 billion years ago) into four major divisions: the Precambrian, Paleozoic, Mesozoic, and
Cenozoic eras. Each, except the Cenozoic, ended with profound changes in the disposition of the
Earth's continents and mountains and was characterized by the emergence of new forms of
life. Broad cyclical patterns, which run through all historical geology, include a period of
mountain and continent building followed one of erosion and, in turn, by a new period of
elevation.

Early Geologic Studies

Observations on Earth structure and processes were made by a number of the ancients,
including Herodotus, Aristotle, Lucretius, Strabo, and Seneca. Their individual efforts in the
natural history of the Earth, however, provided no sustained progress. Their major contribution is
that they attributed the phenomena they observed to natural and not supernatural causes. Many of
the ideas expressed by these men were not to resurface until the Renaissance. Later, Leonardo da
Vinci correctly speculated on the nature of fossils as remain of ancient organisms and on the role
that rivers play in the erosion of land. Agricola made a systematic study of ore deposits in the early
16th century. Robert Hooke and Nicolaus Steno both made penetrating observations on the nature
of fossils and sediments.

Evolution of Modern Geology

Modern geology began in the 18th century, when field studies by the French mineralogist
J. E. Guttard and others proved more fruitful than speculation. The German geologist Abraham
Gottlob Werner, in spite of the many errors of his specific doctrines and the diversion of much of
his energy into a fruitless controversy (in which he maintained that origin of all rocks was
aqueous ) , performed a great service for the science by demonstrating the chronological succession
of rocks.

In 1795, the Scottish geologist James Hutton laid the theoretical foundation for much of the
modern science with his doctrine of uniformitarianism, first popularized by the British John
Playfair. Largely through the work of Sir Charles Lyell, this doctrine replaced the opposing one of
catastrophism. Geology in the 19th century was influenced also by the work of Charles Darwin
and enriched by the researches of the Swiss-American Louis Agassiz.

In the 20th century, geology has advanced at an ever-increasing pace. The unraveling of the
mystery of atomic structure and the discovery of radioactivity allowed profound advances in many
phases of geologic research. Important discoveries were made during the International Geological
Year (1957 —1958), when scientists from 67 nations joined force in investigating problems in all
branches of geology. The systematic survey of the Earth's oceans brought radical changes in
concepts of crustal evolution.
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As a result of numerous flyby spacecrafts, geological studies have been extended to include
remote sensing of other planets and satellites in the solar system and the Moon. Laboratory
analyses of rocks samples brought back from the Moon have provided insight into the early history
of near-Earth space. On-site analyses of Martian soil samples and photographic mapping of its
surface have given clues about its composition and geologic history, including the possibility that
Mars once had enough water to form oceans. Photographs of the many active volcanoes on Jupiter's
Moon have provided clues about Earth's early volcanic activity. Geological studies also have been
furthered by orbiting laboratories, such as the six launched between 1964 in the Orbiting
Geophysical Observatory (OGO ) series and the Polar Orbiting Geomagnetic Survey ( POGS )
satellite launched in 1990; remote-imaging spacecraft, such as the U. S. Landsat program
(Landsat 7, launched in 1999, was the most recent) and French SPOT series ( SPOT 4,
launched in 1988, was the most recent in the program) ; and geological studies on space shuttle

missions.

<~ New Words and Phrases <=

. mineralogy [ mina'relodzi] n. B Y)¥

. petrology [pi'trolodzi] n. FHA¥

. geomorphology [ dziroumo:'folodzi] n. HufE%¥

. geochemistry [ dzirou'kemistri] n. HuER{L¥

. geophysics [ dziiou'fiziks] n. HiIBRY)HHE

. sedimentology [ sedimon'tolodzi] n. PLFHZE

. structural geology #43& Hh i %

. economic geology ZFFHLFF (W KRY¥)

. paleontology [ palion'toladzi] n. A%

. stratigraphy [ stra'tigrafi] n. HiZ%

. paleogeography [ pzlioudzi'ografi] n. i

. Precambrian [ prii'’k@mbrion] 7. &adj. RiZERL (#)

. Paleozoic [ pzlia'zouk] n &adj. HHEMR () (1)

. Mesozoic [ mesou'zouik] n. &adj. HFHEML (F) ()

. Cenozoic [ sitna'zouik] n. &adj. FHENA (F) (8)

. Herodotus [hi'rodates] %% L1 (L1ATTA] 485—A/ATTHT 425) , AW E¥K

. Aristotle [ 'eristotl] WLH L8 (AJTHT 384—ATJTH] 322), HAEE ¥R, B
¥R

18. Renaissance [ro'neisons] n. CEE N (BHH)

19. Abraham Gottlob Werner LIS} - BKAFIFIH - 4E/R9N (1749—1817), fEEH#bR

2R, TYER, KBietl &

20. aqueous [ 'eikwias] adj. &K, BIKE

21. uniformitarianism [ juiformo'tesrionizom] n. ¥JAFiS

22. catastrophism [ ko'testrofizom] n. KHES

23. Charles Darwin  #r/RH - iK/R3C (1809—1882) , HEEY#5K, #HiigBlr &
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24. remote sensing /&K
25. Landsat ['lendszt] n (EE) HBEREE () TE
26. space shuttle i K &AL,

< Translations of Difficult Sentences <=

(1) Broad cyclical patterns, which run through all historical geology, include a period of
mountain and continent building followed one of erosion and, in turn, by a new period of

elevation.
HEBMMER SR EENEAERE, — PR E LSRR, FERE— T EBNE
M, #EE—HENES.

(2) Their individual efforts in the natural history of the Earth, however, provided no
sustained progress.

SR, AATH N A B (BRI B R SR TR ARG 2P

(3) Later, Leonardo da Vinci correctly speculated on the nature of fossils as remain of
ancient organisms and on the role that rivers play in the erosion of land.
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In geology and astronomy, the Earth is the fifth largest planet of the solar system and the
only planet definitely known to support life. Gravitation forces have molded the Earth, like all
celestial bodies, into a spherical shape. However, the Earth is not an exact sphere, being slightly
flattened at the poles and bulging at the equator, which means that the equatorial diameter of
12,756km is larger than the polar diameter of 12,714km. The mass of the Earth is 6 x 10*kg. The
altitude of the surface features range from 11km below to 9km above sea level, and 70% of the
surface is covered with liquid water, which makes it unique in the solar system. Additional, Earth
has an atmosphere reaching several hundred km into space, consisting of 78% nitrogen, 21%
oxygen, 1% other gases including carbon dioxide and water vapour. Earth is the only planet in our
solar system to have large quantities of free oxygen in its atmosphere.

Knowledge of the Earth's interior has been gathered by three methods: by the analysis of
earthquake waves passing through the Earth; by analogy with the composition of meteorites; and
by consideration of the Earth's size, shape, and density. Research by these methods indicates that
the Earth has a zoned interior, consisting of concentric shells differing from one another by size,
chemical makeup, and density. The planet Earth is made up of three main shells; the very thin,
brittle crust, the mantle, and the core; the mantle and core are each divided into two
parts. Although the core and mantle are about equal in thickness, the core actually forms only 15
percent of the Earth's volume, whereas the mantle occupies 84 percent. The crust makes up the
remaining 1 percent.

Crust 0-100 km, s, : (
thick / . : most solid mantle)

Outer core Core
S)\100km
Not to scale

Figure of The Earth's Layers

To scale

The Earth's Crust and the Moho

Because the crust is accessible to us, its geology has been extensively studied, and therefore
much more information is known about its structure and composition than about the structure and
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composition of the mantle and core. Within the crust, intricate patterns are created when rocks are
redistributed and deposited in layers through the geologic processes of eruption and intrusion of
lava, erosion, and consolidation of rock particles, and solidification and recrystallization of porous
rock. By the large-scale process of plate tectonics, about twelve plates, which contain
combinations of continents and ocean basins, have moved around on the Earth s surface through
much of geologic time. The edges of the plates are marked by concentrations of earthquakes and
volcanoes. Collisions of plates can produce mountains like the Himalayas, the tallest range in the
world. The plates include the crust and part of the upper mantle, and they move over a hot,
yielding upper mantle zone at very slow rates of a few centimeters per year, slower than the rate at
which fingernails grow. The crust is much thinner under the oceans than under continents.

The boundary between the crust and mantle is called the Mohorovicic discontinuity ( or
Moho) ; it is named in honor of the man who discovered it, the Croatian scientist Andrija
Mohorovicic. No one has ever seen this boundary, but it can be detected by a sharp increase
downward in the speed of earthquake waves there. The explanation for the increase at the Moho is
presumed to be a change in rock types. Drill holes to penetrate the Moho have been proposed, and
a Soviet hole on the Kola Peninsula has been drilled to a depth of 12km, but drilling expense
increases enormously with depth, and Moho penetration is not likely very soon.

The Earth's Mantle

Extending to a depth of about 2,900km, the mantle probably consists of very dense ( average
about 3.9g/cm’) rock rich in iron and magnesium minerals. Although temperatures increase with
depth, the melting point of the rock is not reached because the melting temperature is raised by the
great confining pressure. At depths between about 100km and about 200km in the mantle, a plastic
zone, called the asthenosphere, is found to occur. Presumably the rocks in this region are very
close to melting, and the zone represents a fundamental boundary between the moving crustal
plates of the Earth's surface and the interior regions. The molten magma that intrudes upward into
crustal rocks or issues from a volcano in the from of lava may owe its origin to radioactive
heating or to the relief of pressure in the lower crust and upper mantle. Similarly, it is thought that
the heat energy released in the upper part of mantle has broken the Earth's crust into vast plates
that slide around on the plastic zone, setting up stresses along the plate margins that result in the
formation of folds and faults.

The Earth's Core

Though to be composed of iron and nickel, the dense (about 11.0g/cm’) core of the Earth
lies below mantle. The abrupt disappearance of direct compressional earthquake waves, which
cannot travel though liquids, at depths below about 2,900km indicates that the outer 2 ,200km of
the core are molten. It is thought, however, that the inner 1,260km of the core are solid. The
outer core is thought to be the source of the Earth's magnetic field; In the " dynamo theory"
advanced by W. M. Elasser and E. Bullard, tidal energy or heat is converted to mechanical
energy in the form of currents in the liquid core; this mechanical energy is then converted to
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electromagnetic energy, which we see as the magnetic field.

The Earth's Age

The Earth is estimated to be 4.5 billion to 5 billion years old, based on radioactive dating of
lunar rocks and meteorites, which are thought to have formed at the same time. The origin of the
Earth continues to be controversial. Among the theories as to its origin, the most prominent are
gravitational condensation hypotheses, which suggest that the entire solar system was formed at
one time in a single series of processes resulting in the accumulation of diffuse interstellar gases
and dust into a solar system of discrete bodies. Old and now generally discredited theories invoked
extraordinary events, such as gravitational disruption of a star passing close to the sun or the
explosion of a companion star to the sun.

<> New Words and Phrases <=

1. astronomy [ o'stronomi] n. KL

2. solar system n. KFHZE

3. gravitation [ gravi'teifon] n. HL.OIRS

4. celestial body KA&k

5. equator [i'kweita] n. FRiE

6. alitude ['zltiiu:d] n (¥R) &

7. meteorite [ 'mirtjotait] n. FRAG

8. concentric [ kon'sentrik] adj. [0

9. brittle [ 'britl] adj. FWEH

10. intricate [ 'intrikit] adj. B Z:H

11. collision [ko'lizon] n. R

12. Himalayas [ hima'leioz] n. = DHiHEILRK

13. Moho ['mouhou] n. ZZEME  (Mohorovii discontinuity FEEERELEMH)
14. asthenosphere [ @s'@inosfia] n. K

15. crustal plate H#iFoHRiR

16. magma [ 'megma] n HIHK

17.lava [laiva] n. &&

18. radioactive [ reidiou'®ktiv] adj. R

19. compressional [ kom'prefonal] adj. JE4EMH, N (¥) B
20. dynamo theory ~ (MuBEFHMHK)) K HVHEL

21. lunar ['jumna] adj. AR, AW

22. gravitational condensation hypotheses  ( KATE B ) B /7 EER B (BB ERVER)
23. interstellar [ 'inta'stelo] adj. EPBRE

<> Translations of Difficult Sentences <=

(1) Research by these methods indicates that the Earth has a zoned interior, consisting of
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concentric shells differing from one another by size, chemical makeup, and density.

X ERE, HEROATESEN, CRHFOCBARN, XEERERRAN, HFE
LN & AR

(2) Although the core and mantle are about equal in thickness, the core actually forms only
15 percent of the Earth's volume, whereas the mantle occupies 84 percent.

BRMAZ S EE FRIEMBER, Hibx B G HRERK 15%, gL
T 84% ,

(3) Within the crust, intricate patterns are created when rocks are redistributed and deposited
in layers through the geologic processes of eruption and intrusion of lava, erosion, and
consolidation of rock particles, and solidification and recrystallization of porous rock.

WA RKERFEA L R A B E 45 LA K 2 7L 5a A i 5E 5 F 2 45 & 55 b i 1
B, aAREBSEHTIRBZ, ER T HeAmMRERER,

(4) Although temperatures increase with depth, the melting point of the rock is not reached
because the melting temperature is raised by the great confining pressure.

BRBEREERERE TR, ERVEQEEERMBEENA R, &0 HREEE
RIBE

(5) The molten magma that intrudes upward into crustal rocks or issues form a volcano in
the form of lava may owe its origin to radioactive heating or to the relief pressure in the lower
crust and upper mantle.

BRAMFEE B SR LMEETE B KL B IR AR, TRER T HFe Al b g i s
S E BB EEFH,

(6) The outer core is thought to be the source of the Earth's magnetic field; In the 'dynamo
theory' advanced by W. M. Elasser and E. Bullard, tidal energy or heat is converted to
mechanical energy in the form of currents in the liquid core; this mechanical energy is then
converted to electromagnetic energy, which we see as the magnetic field.

S BIN R R M ERBE A IR YR, MRYE W. M. Elasser fl E. Bullard i) “ R EHLIEIR",
W BB S E BB TT AL MBS B XvUReE, DUMAEFF R IL e miRE, el
TR RIE R RES o
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Earthquakes

Earthquake is trembling or shaking movement of the Earth's surface. Most earthquakes are
minor tremors. Larger earthquakes usually begin with slight tremors but rapidly take the form of
one or more violent shocks, and end in vibrations of gradually diminishing force called
aftershocks. The subterranean point of origin of an earthquake is called its focus; the point on
the surface directly above the focus is the epicenter. The magnitude and intensity of an earthquake
is determined by the use of scales, e. g. , the Richter scale and Mercalli scale.

Most earthquakes are causally related to compressional stress or tensional stress built up at
the margins of the huge moving lithospheric plates that make up the Earth's surface. The immediate
cause of most shallow earthquakes is the sudden release of stress along a fault, or fracture in the
Earth's crust resulting in movement of the opposing blocks of rock past one another. These
movements cause vibrations to pass through and around the Earth in wave form, just as ripples are
generated when a pebble is dropped into water. Volcanic eruption, rockfalls, landslides, and
explosions can also cause a quake, but most of these are of only local extent.

There are several types of earthquake waves including P, or primary waves, which are
compressional and travel fastest; and S, or secondary waves, which are transverse, i.e., they
cause the Earth to vibrate perpendicularly to the direction of their motion. Surface waves consist of
several major types and are called L, or long waves. Since the velocities of the P and S waves are
affected by the changes in the density and rigidity of the material through which they pass, the
boundaries between the regions of the Earth known as the crust, mantle, and core have been
discerned by seismologists, scientists who deal with the analysis and interpretation of earthquake
waves. Seismographs are used to record P, S and L waves. The disappearance of S waves below
depths of 2,900km indicates that at least the outer part of the Earth's core is liquid.

The effects of an earthquake are strongest in a broad zone surrounding the epicenter. The
extent of earthquake vibration and subsequent damage to a region is partly dependent on
characteristics of the ground. For example, earthquake vibrations last longer and are of greater
wave amplitudes in unconsolidated surface material, such as poorly compacted fill or river
deposits; bedrock areas receive fewer effects. The worst damage occurs in densely populated
urban areas where structures are not built to withstand intense shaking. There, L waves can
produce destructive vibrations in buildings and break water and gas lines, starting uncontrollable
fires.

Damage and loss of life sustained during an earthquake result from falling structures and
flying glass and objects. Flexible structures built on bedrock are generally more resistant to
earthquake damage than rigid structures built on loose soil. In certain areas, an earthquake can
trigger mudslides, which slip down mountain slopes and can bury habitations below. A submarine
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earthquake can cause tsunamis, damaging waves that ripple outward from the earthquake epicenter
and inundate coastal cities.

On average about 1,000 earthquakes with intensities of 5.0 or greater are recorded each
year. Great earthquakes (intensity 8.0 or higher) occur once a year, major earthquakes ( intensity
7.0 —=7.9) occur 18 times a year, strong earthquakes (intensity 6. 0 —6.9) 10 times a month, and
moderate earthquakes (intensity 5.0 —5.9) more than twice a day. Because most of these occur
under the ocean or in underpopulated areas, they pass unnoticed by all but seismologists.

Volcanoes

Volcanoes are vents or fissures in the Earth's crust though which gases, molten rock, or
lava, and solid fragments are discharged. The term volcano is commonly applied both to the vent
and to the conical mountain built up around the vent by the erupted rock materials. Volcanoes are
described as active, dormant, or extinct. The soil resulting from decomposition of volcanic
materials is extremely fertile, and the ash itself is a good polishing and cleansing agent.

Volcanoes are found in association with mid-oceanic ridge systems and along convergent
plate boundaries, such as around the Pacific Ocean's " Ring of Fire" , the ring of plate boundaries
associated with volcanic island arcs and ocean tremnches surrounding the Pacific Ocean. Isolated
volcanoes also form in the mid-oceanic area of the Pacific apparently unrelated to crustal plate
boundaries. These sea mounts and volcanic island chains, such as the Hawaiian chain, may form
from rising magma regions called hot spots.

More than 500 volcanoes known to have erupted on the Earth's surface since historic times,
and many more have erupted on the ocean floor unobserved by humans. Fifty volcanoes have
erupted in the United States, which ranks third, behind Indonesia and Japan, in the number of
historically active volcanoes. Of the world's active volcanoes, more than half are found around the
perimeter of the Pacific, about a third on mid-oceanic islands and in an arc along the south of the
Indonesian island, and about a tenth in the Mediterranean area, Africa, and Asia Minor.

Evidence of extraterrestrial volcanic activity also has been found. Space probes have
detected the remnants of ancient eruptions on Moon, Mars, and Mercury; these probably
originated billions of years ago, since these bodies are no longer capable of volcanic
activity. Triton (a satellite of Neptune ), lo ( a satellite of Jupiter), and Venus are the only
bodies in the solar system besides Earth that are known to be volcanically active. The volcanic
processes that occur in the outer portion of the solar system are very different from those in the
inner part. Eruptions on Earth, Venus, Mercury, and Mars are of rocky material and are driven by
internal heat. Io's eruptions are probably sulfur compounds driven by tidal interactions with
Jupiter. Triton's eruptions are of very volatile compounds, such as methane or nitrogen, driven by
seasonal heating from the sun.

Terrestrial volcanic eruptions may take one or more of four chief forms, or phases, known as
Hawaiian, Strombolian, Vulcanian, and Pelean. In the Hawaiian phase there is a relatively quiet
effusion of basaltic lava unaccompanied by explosions or the ejection of fragments; the eruptions
of Mauna Loa on the island of Hawaii are typical. The Strombolian phase derives its name from the



