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PART A 
EARTH       

  



CHAPTER 1 

ORIGIN OF THE SOLAR SYSTEM 

 

1.1 INTRODUCTION 
We characterize the basic architecture of the Universe, introduce the Big Bang theory for the formation of the 

Universe, and discuss scientific ideas concerning the birth of the Earth. Then we outline the basic characteristics of 

our home planet by building an image of its surroundings, surface, and interior. 

 

AN IMAGE OF OUR UNIVERSE 

What Is the Structure of the Universe? 

Over the centuries, two schools of thought developed concerning how to explain the configuration of stars and 

planets, and their relationships to the Earth, Sun, and Moon. The first school advocated a geocentric model in which 

the Earth sat without moving at the center of the Universe, while the Moon and the planets whirled around it within 

a revolving globe of stars. The second school advocated a heliocentric model in which the Sun lay at the center of 

the Universe, with the Earth and other planets orbiting around it. 

 

In 15th-century Europe, bold thinkers spawned a new age of exploration and scientific discovery. Thanks to the 

efforts of Nicolaus Copernicus (1473–1543) and Galileo Galilei (1564–1642), people gradually came to realize that 

the Earth and planets did indeed orbit the Sun and could not be at the center of the Universe. And when Isaac 

Newton (1643–1727) explained gravity, the attractive force that one object exerts on another, it finally became 

possible to understand why these objects follow the orbits that they do. 

  

In the centuries following Newton, scientists gradually adopted modern terminology for discussing the Universe. In 

this language, the Universe contains two related entities: matter and energy. Matter is the substance of the 

Universe—it takes up space and you can feel it. We refer to the amount of matter in an object as its mass, so an 

object with greater mass contains more matter. Density refers to the amount of mass occupying a given volume of 

space. The mass of an object determines its weight, the force that acts on an object due to gravity. 

  

The matter in the Universe does not sit still. Components vibrate and spin, they move  from one place to another, 

they pull on or push against each other, and they break apart or combine. In a general sense, we consider such 

changes to be kinds of ―work.‖ Physicists refer to the ability to do work as energy. One piece of matter can do work 

directly on another by striking it. Heat, light, magnetism, and gravity all provide energy that can cause change at a 

distance. 

 
Figure1.1 

 



As telescopes became refined so that astronomers could see and measure features progressively farther into space, 

the interpretation of stars evolved. Though it looks like a point of light, a star is actually an immense ball of 

incandescent gas that emits intense heat and light. Stars are not randomly scattered through the Universe; gravity 

holds them together in immense groups called galaxies. The Sun and over 300 billion stars together form the Milky 

Way galaxy. More than 100 billion galaxies constitute the visible Universe. 

  

From Earth, the Milky Way looks like a hazy band, but if we could view the Milky Way from a great distance, it 

would look like a flattened spiral with great curving arms slowly swirling around a glowing, disk-like center. 

Presently, our Sun lies near the outer edge of one of these arms and rotates around the center of the galaxy about 

once every 250 million years. So, we hurtle through space, relative to an observer standing outside the galaxy, at 

about 200 km per second. 

  

Clearly, human understanding of Earth’s place in the Universe has evolved radically over the past few centuries. 

Neither the Earth, nor the Sun, nor even the Milky Way occupies the center of the Universe—and everything is in 

motion.  

 

The Nature of Our Solar System 
Eventually, astronomical study demonstrated that our Sun is a rather ordinary, medium-sized star. It looks like a 

sphere, instead of a point of light, because it is much closer to the Earth than are the stars. The Sun is ―only‖ 150 

million km (93 million miles) from the Earth. Stars are so far away that we measure their distance in light years, 

where 1 light year is the distance traveled by light in one year, about 10 trillion km, or 6 trillion miles—the nearest 

star beyond the Sun is over 4 light years away. How can we picture distances? If we imagined that the Sun was the 

size of a golf ball (about 4.3 cm), then the Earth would be a grain of sand about one meter away, and the nearest star 

would be 270 km (168 miles) away. (Note that the distance between stars is tiny by galactic standards— the Milky 

Way galaxy is 120,000 light years across!) 

  

Our Sun is not alone as it journeys through the heavens. Its gravitational pull holds on to many other objects which, 

together with the Sun, comprise the Solar System. The Sun accounts for 99.8% of the mass in the Solar System. 

The remaining 0.2% includes a great variety of objects, the largest of which are planets. Astronomers define a 

planet as an object that orbits a star, is roughly spherical, and has ―cleared its neighborhood of other objects.‖ The 

last phrase in this definition sounds a bit strange at first, but merely implies that a planet’s gravity has pulled in all 

particles of matter in its orbit. 

 

According to this definition, which was formalized in 2005, our Solar System includes eight planets—Mercury, 

Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune. In 1930, astronomers discovered Pluto, a 2,390-km-

diameter sphere of ice, whose orbit generally lies outside that of Neptune’s. Until 2005, astronomers considered 

Pluto to be a planet. But since it does not fit the modern definition, it has been dropped from the roster. Our Solar 

System is not alone in hosting planets; in recent years, astronomers have found planets orbiting stars in many other 

systems. As of 2012, over 760 of these ―exoplanets‖ have been found. 

  

Planets in our Solar System differ radically from one another both in size and composition. The inner planets 

(Mercury, Venus, Earth, and Mars), the ones closer to the Sun, are relatively small. Astronomers commonly refer to 

these as terrestrial planets because, like Earth, they consist of a shell of rock surrounding a ball of metallic iron 

alloy. The outer planets (Jupiter, Saturn, Uranus, and Neptune) are known as the giant planets, or Jovian planets. 

The adjective giant certainly seems appropriate, for these planets are huge—Jupiter, for example, has a mass 318 

times larger than that of Earth and accounts for about 71% of the non-solar mass in the Solar System. The overall 

composition of the giant planets is very different from that of the terrestrial planets. Specifically, most of the mass of 

Neptune and Uranus contain solid forms of water, ammonia, and methane, so these planets are known as the ice 

giants. Most of the mass of Jupiter and Saturn consists of hydrogen and helium gas or liquefied gas, so these planets 

are known as the gas giants. 

  

In addition to the planets, the Solar System contains a great many smaller objects. Of these, the largest are moons. A 

moon is a sizable body locked in orbit around a planet. All but two planets (Mercury and Venus) have moons in 

varying numbers— Earth has one, Mars has two, and Jupiter has at least 63. Some moons, such as Earth’s Moon, are 

large and spherical, but most are small and have irregular shapes. In addition to moons, millions of asteroids (chunks 

of rock and/or metal) comprise a belt between the orbits of Mars and Jupiter. Asteroids range in size from less than a 



centimeter to about 930 km in diameter. And about a trillion bodies of ice lie in belts or clouds beyond the orbit of 

Neptune. Most of these icy objects are tiny, but a few (including Pluto) have diameters of over 2,000 km and may be 

thought of as ―dwarf planets.‖ The gravitational pull of the main planets has sent some of the icy objects on paths 

that take them into the inner part of the Solar System, where they begin to evaporate and form long tails of gas—we 

call such objects comets. 

 

FORMING THE UNIVERSE 

We inhabit a planet, in orbit around a star, speeding through space in Milky Way. Beyond our galaxy lie hundreds of 

billions of other galaxies. Where did all this matter of the Universe—come from, and when did it first form? in the 

1920s, unexpected observations about the nature of light from distant galaxies set astronomers on a path of 

discovery that ultimately led to a model of Universe formation known as the Big Bang theory. 

 

Does the Size of the Universe Change? 

While studying galaxies, researchers began to study the wavelength of light produced by the distant galaxies. The 

astronomers found that the light of distant galaxies display a red shift relative to the light of a nearby star.  

  

Hubble pondered this mystery and, around 1929, attributed the red shift to the Doppler effect, and concluded that the 

distant galaxies must be moving away from Earth at an immense velocity. At the time, astronomers thought the 

Universe had a fixed size, so Hubble initially assumed that if some galaxies were moving away from Earth, others 

must be moving toward Earth. But this was not the case. On further examination, Hubble concluded that the light 

from all distant galaxies, regardless of their direction from Earth, exhibits a red shift. In other words, all distant 

galaxies are moving rapidly away from us. 

  

How can all galaxies be moving away from us, regardless of which direction we look? Hubble puzzled over this 

question and finally recognized the solution: the whole Universe must be expanding! This idea came to be known as 

the expanding Universe theory. 

 

 
Figure 1.2:The concept of the expanding Universe and the Big Bang. 

  



The Big Bang 
Hubble’s ideas marked a revolution in cosmological thinking. Now we picture the Universe as an expanding bubble, 

in which galaxies race away from each other at incredible speeds. This image immediately triggers the key question 

of cosmology: did the expansion begin at some specific time in the past? If it did, then that instant would mark the 

physical beginning of the Universe. 

  

Most astronomers have concluded that expansion did indeed begin at a specific time, with a cataclysmic explosion 

called the Big Bang. According to the Big Bang theory, all matter and energy—everything that now constitutes the  

Universe—was initially packed into an infinitesimally small point. The point ―exploded‖ and the Universe began, 

according to current estimates, 13.7 ( 1%) billion years ago. 

  

By combining clever calculations with careful observations, researchers have developed a consistent model of how 

the Universe evolved, beginning an instant after the explosion. According to this model of the Big Bang, profound 

change happened at a fast and furious rate at the outset. During the first instant of existence, the Universe was so 

small, so dense, and so hot that it consisted entirely of energy—atoms, or even the smallest subatomic particles that 

make up atoms, could not even exist. Within a few seconds, however, hydrogen atoms could begin to form. And by 

the time the Universe reached an age of 3 minutes, when its temperature had fallen below 1 billion degrees, and its 

diameter had grown to about 53 million km (35 million miles), hydrogen atoms could fuse together to form helium 

atoms. Formation of new nuclei in the first few minutes of time is called Big Bang nucleosynthesis because it 

happened before any stars existed. This process could produce only light atoms, meaning ones containing a small 

number of protons (an atomic number less than 5), and it happened very rapidly. In fact, virtually all of the new 

atomic nuclei that would form by Big Bang nucleosynthesis existed by the end of the first 5 minutes. 

Eventually, the Universe became cool enough for chemical bonds to bind atoms of certain elements together in 

molecules. Most notably, two hydrogen atoms could join to form molecules of
2H . As the Universe continued to 

expand and cool further, atoms and molecules slowed down and accumulated into patchy clouds called nebulae. 

The earliest nebulae of the Universe consisted almost entirely of hydrogen (74%, by volume) and helium (24%) gas. 

 

After the ‘Big Bang’, the sequence of events: 

 At 
32~10t  seconds, matter existed as a mixture of quarks (the fundamental building blocks of matter). 

 By 13.8t   seconds, the universe cooled sufficiently for quarks to combine and form neutrons and 

protons and then H, D and the nuclei. The temperature was still too high for electrons to combine with the 

nuclei to form neutral atoms. 

 At 700,000t   years, temperatures cooled sufficiently for electrons to attach to nuclei and form neutral 

atoms. Matter could then aggregate to form stars, galaxies, planets, etc.  

Solar nebular theory: Formation of the sun & planets from a gaseous nebula- C.F. Von Weiszacker & Kuiper 

The inner or terrestrial planets: Mercury, Venus, Earth and Mars are composed of largely silicates and metals while 

the outer or Jovian planets: Jupiter, Saturn, Uranus, Neptune and Pluto are composed chiefly of hydrogen, helium, 

methane, ammonia, and water. The inner four planets and moon have densities between 3.3 and 5.5 gm/cm
3
 while 

the outer planets have densities less than 2.0. 

 Asteroids- small planetary bodies that revolve around the sun between the orbits of Mars and Jupiter. 

These are remnants of planetesimals (small planets) and other debris left over from the formation of the 

solar system and composed chiefly of silicates and iron-nickel. Meteorites are those asteroids which have 

landed on earth. But however some meteorites have come from moon and mars.  

 Meteorites–are classified as stones, stony irons or iron depending on the relative contents of silicates and 

iron. Stony meteorites are most abundant and are further sub- divided into chondrite (silicate spherules, 

about 1mm in size) and achondrites (exhibit a wide variety of textures some which are indicative or 

crystallization from magma). Chondrites represent primitive planetary material from origin of the solar 

system and have not melted since their formation. On the other hand, irons, stony irons and achondrites are 

meteorites that have form by melting and crystallization of primitive planetary materials. Iron meteorites 

fragments of asteroids cores.  

 

  



1.2AGE OF THE EARTH AND SOLAR SYSTEM 

Oldest rocks are 3.8-4.0 Ga in age and they occur as small, isolated terrains in most continents which are known as 

older green stone belts.  

Isotropic dates from the moon 4.6 Ga and age of the lunar crust being about 4.5 Ga.  

Isotropic dates from meteorites tell us the age of magmatic crystallization of the parent bodies from which the 

meteorites come. The oldest meteorites ages are about 4.6 Ga.  

Age of ancient lead ores on earth date from 4.6 to 4.4 Ga and record the time at which lead separated from the other 

elements during formation of the earth’s core.  

Age of the sun based on rate of energy loss of about 4.7 Ga.  

All the above lines of evidence suggested 4.6Ga (i.e. 4.6 billion years) for the earth. Age of the universe equal to 10-

15 Ga (i.e. 10-15 billion years).  

Ga stands for Giga-annum.  

 

1.3PLANETARY INTERIORS 

Four independent study approaches are: 

Study of ultramafic rocks which are composed of mixtures of olivine, pyroxene, and garnets are representative of 

basaltic magma in the upper mantle. These rocks are brought to the earth surface by faulting and volcanic eruption.  

Measurement of seismic-wave velocity in rocks under high P-T conditions help to eliminate rocks and minerals that 

exhibit seismic wave velocities inconsistent with those observed in earth and to focus our attention on rocks that 

exhibit acceptable velocities.  

 

Geochemical studies at high pressure and temperature condition simulated in the lab help to synthesize minerals and 

rocks that may occur in the lower mantle and core.  

 

Studies of meteorites provide out only direct sample of planetary interiors.  

Internal structure of the earth based on seismic wave velocities.  

 Thickness of continental crust = 30-40 km  

 Thickness of oceanic crust = 5km 

 Thickness of lithosphere (crust + upper part of the upper mantle)=100km  

 Thickness of mantle = 2885km 

  Thickness of outer core = 2270 km  

 Thickness of inner core = 1216 km  

 

Mineral assemblages in the Earth’s Mantle  

Depth (km) Mineral Assemblages  

Up to 410 km Olivine, pyroxenes, Garnet  

410 km Olivine- Spinel phase transition (because of high pressure) 

410-660 km  Spinel, Pyroxenes, Garnet  

660 km Spinel transforms into Mg-silicates with perovaskite and periclase structures, 

pyroxenes, and garnet transforms into high – density plates  

660-2900 km Mg-silicates with high – density crystal structures  

>2900 km Metallic Fe- Ni (  sulphur and oxygen) 

 

1.4GENERAL CHARACTERISTICS OF SEISMIC WAVES IN THE EARTH’S INTERIOR  

P-waves (primary waves): characterized by particle motion parallel to direction of propagation.  

S-waves (secondary waves): also known as shear waves, characterized by particle motion normal to direction of 

propagation. Velocity of P-waves always greater than S-waves and S-waves cannot be transmitted through liquids.  

The mantle shows a sharp increase in velocity of seismic waves in comparison with those travelling in the crust and 

these velocities increase steadily with depth. The increase in seismic velocity suggests that the mantle is comprised 

of eclogite (garnet + pyroxene), dunite (olivine) and peridolite (olivine + pyroxene). The meteorites groups known 

as chrondites are similar in composition to the mantle.  

 

Abrupt changes in seismic wave velocities define the discontinuities which are 3 in number.  

Moho separates the crust from the mantle. The moho ranges in thickness from about 5km in oceanic areas to over 40 

km in oceanic areas. The material above the moho is called the crust which comprise of an upper granite layer 



(SIAL) overlying a basaltic layer (SIMA). However the SIAL is absent in the oceanic crust. The crust along with the 

overlying sedimentary cover amounts to less than 0.5% of the radius of the earth. The Moho represents a change 

from gabbroic rocks in the lower crust to ultra-mafic rocks in the upper mantle.  

 

At 410 km and 660 km, secondary discontinuities occur in the mantle because of phase transition as defined above.  

The most striking discontinuity in the interior occurs at 2900km and represents the core-mantle interface 

(Guttenberg Discontinuity).  

 

Another discontinuity at about 5200km divides an outer core which in liquid (doesn’t transmit S-waves) from an 

inner core which is solid, which is probably Fe-Ni, with low rigidity. The core comprises 16% by volume and 32% 

by mass of the total Earth. The density of the inner core is about 12.  

 

The zone lying between the discontinuities at 410km and at 660km is called the zone of transition or transitional 

zone. The transition zone is characterized by low seismic velocity (LVZ). The transition zone reflects partial 

melting. The region above is known as the lithosphere, behaves as brittle solid and includes both the crust n part of 

the upper mantle. The LVZ is a zone of de-coupling that allows the plates to move. The region between the base of 

the lithosphere and the 660km discontinuity is called the asthenosphere and it deforms by plastic deformation or 

creep. The region between the 660km discontinuity and the core- mantle interface is known as the mesosphere, 

which is a part of the mantle i.e. strong yet passive in terms of deformation.  

 

Since most of the interior of Earth and the Moon are not accessible, we must use indirect means to determine their 

composition. Four independent approaches to this problem all give similar results.  

1. The study of ultramafic rocks. Ultramafic rocks which are composed of mixtures of olivine, pyroxenes, and 

in some cases, garnet, are brought to Earth’s surface by geologic processes such as faulting and volcanic 

eruption. Many lines of evidence suggest that they have been derived from the source areas of basaltic 

magmas in the upper mantle. Hence, by analyzing these rocks we can learn about the composition of the 

upper mantle.  

2. Measurement of seismic wave velocities in rocks under high pressures and temperatures. It is possible from 

this approach to eliminate rocks and minerals that exhibit seismic wave velocities inconsistent with those 

observed in Earth and to focus our attention on rocks that exhibit acceptable velocities.  

3. Geochemical studies at high presses and temperatures. It is now possible to reproduce pressure –

temperature conditions in the laboratory equivalent to burial depths in Earth well into the lower mantle. 

From this approach, we can synthesize minerals and rocks that may occur in the lower mantle and core.  

4. The study of meteorites. As mentioned previously, most meteorites represent fragments of asteroids and 

hence provide our only direct sample of planetary interiors.  

 

Because we have planetary samples from only Earth, the Moon, and Mars, our knowledge of planetary interiors 

relies chiefly on data from these bodies. From the transmission of seismic waves through Earth, we can deduce the 

structure of its interiors. Seismic wave that travel through planetary interiors are of two types: P-waves and S-waves. 

P-waves are characterized by particle motion parallel to the direction of propagation, and S-waves by particle 

motion normal to the propagation direction. P-waves always travel faster than S-waves and S-waves cannot be 

transmitted through liquids. Abrupt changes in seismic wave velocities with depth define discontinuities in Earth, 

and three major discontinuities divide Earth into crust, mantle and core (Fig 1.3). The crust is defined by 

Mohorovicic discontinuity or Moho and ranges in thickness from about 5km in oceanic areas to over 40km in 

continental areas. Secondary discontinuities occur in the mantle at depths of 410 and 660km. The most striking 

discontinuity in Earth occurs at 2900 km and represents the core –mantle interface. A discontinuity at about 5200km 

divides an outer molten zone of the core which does not transmit S-waves from an inner solid zone. The core 

comprises 16% by volume and 32% by mass of the total Earth.  



 
Figure 1.3 A modern view of Earth’s interior layers 

 

A striking seismic low-velocity zone, the LVZ occurs in Earth’s upper mantle and probably reflects partial melting. 

The region above this zone, known as the lithosphere, behaves as a brittle solid and includes both the crust and part 

of the upper mantle (Fig. 1.3). The lithosphere is composed of the plates which move about Earth’s surface, and the 

LVS is a zone of de-coupling that allows the plates to move. The region between the base of the lithosphere and the 

660km discontinuity is the asthenosphere, and it deforms by plastic deformation or creep. Slabs of lithosphere 

descend into the asthenosphere at subduction zones beneath island arc systems. The region between the 660km 

discontinuity and the core-mantle interface is known as the mesosphere, a part of the mantle that is strong yet 

passive in terms of deformation. The internal structure and composition of both Earth and Moon are more fully 

described in Box 1.1.  



BOX 1.1 

Internal Structure of Earth and Moon  

Our available information from igneous rocks indicates that Earth’s crust is composed chiefly of feldspars, quartz, 

and pyroxenes, while the upper mantle is composed chiefly of olivine, pyroxenes, and garnet. The mantle below 410 

km depth is composed of high-density silicates and oxides similar in composition to the olivines and pyroxenes in 

the upper mantle, and the core is composed largely of an iron-nickel mixture. Recent estimates of the chemical 

composition of Earth and Moon are given in table 3.2. It is clear that both bodies are made up largely of four 

elements: oxygen, iron, silicon, and magnesium. The Moon differs from Earth in that it contains less metals, less 

volatile elements, and more calcium, titanium, and aluminum. Volatile elements such as sodium, sulfur, and 

potassium are elements that occur in a gaseous phase at high temperatures (>1000
0
C). Most of the potassium, 

uranium and thorium in Earth are concentrated in the crust. These and related elements are selectively enriched in 

magmas produced in the mantle and are transferred from the mantle to the crust as the magmas rise and crystallize. 

Samples brought back from the lunar crust indicate that it is composed largely of calcium-rich plagioclase and 

pyroxene and that it is much lower in volatile elements than the terrestrial crust.  

 

In Earth, the abrupt seismic discontinuity at the Moho represents a change from gabbroic rocks in the lower crust to 

ultramafic rocks. Most of the continental crust is composed of feldspars, pyroxenes, and quartz. Major minerals in 

the upper mantle are olivine, pyroxenes, and garnet in order of decreasing abundance (Table 1.3). The lunar mantle 

appears to be similar, with pyroxenes dominating in the upper part and olivine in the lower part. High-pressure 

laboratory studies suggest that the 410km discontinuity in Earth reflects a phase change in magnesium silicate from 

olivine to spinel, a mineral with a densely packed crystal structure. A phase change among solids involves a change 

from one mineral to one or more different minerals without a change in chemical composition. The magnesium, 

silicon and oxygen atoms are packed closer together in the spinel structure than in the olivine structure and the phase 

change from olivine to spinel occurs in response to increasing pressure in the mantle. High- pressure studies, 

furthermore, suggest that the 660km discontinuity can be accounted for by phase changes leading to even more 

dense mineral structures, such as the perovskite structure (Table 3.3). The perovskite crystal structure is a densely 

packed structure which forms in response to increasing pressure in the planetary interior. It is important to 

reemphasize that the composition of the mantle need not change with depth to explain the seismic discontinuities. 

High-pressure experimental data suggests that a magnesium silicate with a perovskite crystal structure composed of 

iron with a smaller amount of nickel. The outer core, in addition to being molten, must also contain about 10% of 

sulfur or oxygen to explain its seismic wave velocities. By way of summary, a diagrammatic cross section of earth is 

given in figure 1.4.  

 

From the seismometer experiments carried out on the lunar surface, it is also possible to characterize the internal 

structure of the Moon and to compare it to that of Earth (Fig. 1.4). The lunar crust ranges from 65 to 85km thick 

averaging 75km. and the lithosphere extends to about 1100km. Hence, both the crust and lithosphere of the Moon 

are thicker than corresponding units on Earth. A transition from the upper to lower mantle occurs at about 400km 

depth. Most moonquakes occur between 800 and 1000km depth just above the base of the lunar lithosphere. 

Between 1100 and 1250km, both P and S wave velocities decrease a feature consistent with the presence of some 

melt in this region. Results are not yet conclusive regarding the presence or absence of a lunar core. If such a core 

exists, it is solid iron-nickel and of the order of 400 to 600km thick.  

 

 

Table 1.2: Estimates of the Composition of Earth and Moon (in weight present) 

 Earth  Moon  

Oxygen 31 42 

Iron 30 10 

Silicon 15 30 

Magnesium 16 19 

Calcium 1.5 4.0 

Aluminum 1.3 4.2 

Nickel 1.7 0.6 

Sodium 0.9 0.05 

Titanium 0.09 0.183 

Sulfur 2.0 0.3 

Potassium 0.02 0.01 



TABLE 1.3: Probable Mineral Assemblage in Earth’s Mantle  

Depth(kilometers) Mineral Assemblages 

Up to 410 Olivine, pyroxenes, garnet 

410 Olivine   spinel  

410-660 Spinel, pyroxenes, garnet  

660 Spinel   Mg-silicates with perovskite and periclase 

structures, pyroxenes, and garnet  high-density phases 

660-2900 Mg-silicates with high –density crystal structures  

>2900 Metallic iron –nickel ( sulfur or oxygen) 

 

Evidence clearly indicates that both Earth and Moon are layered bodies. The layers reflect chemical or mineralogical 

changes, and both bodies have at least one zone of partial melting today. The fact that potassium and related 

elements are concentrated in the crust of both bodies and metals in the cores strongly suggests that the bodies have 

undergone extensive amounts of melting earlier in their histories, during which time elements became vertically 

separated from each other as the crust, mantle, and core formed.  

 

Chemical data are available from the surfaces of both Mars and Venus. The results from Mars come from analyses 

by the Viking landing module and from Martian meteorites and are consistent with a basaltic surface similar in 

composition to lunar basalts. The Venusian data come from the Russian landings on Venus and suggest that basalts 

are also widespread on Venus.  

 

 
Figure 1.4Inner Structures of the Earth and the Moon 

 

From these results and from geophysical data and the studies of meteorites, it is possible to determine the 

compositions of these planets and the parent bodies of some meteorites. Clearly, Mars and Venus lie somewhere 

between Earth and Moon in their composition. Little information is yet available regarding the internal structure of 

the other planets. Density, moment of inertia, and magnetic field considerations indicate that Mercury possesses a 

solid, metallic core composing about 66% by weight of the planet. Mars probably has a small solid core, and Venus 

may have a core similar in size to Earth’s core. Experimental considerations indicate furthermore that eh internal 

structure of the Venusian mantle should be similar to that of Earth.  

 

An important feature of planetary interiors is the fact that magnetic fields can be generated in molten cores, as 

Earth’s magnetic field is generated today. Magnetic fields of the Moon and other terrestrial planets as measured by 

spacecraft are nonexistent or exceedingly small today. This indicates that, unlike Earth, the metallic cores in these 

bodies must be solid. Remanent magnetization is found in lunar rocks, however, suggesting the existence of a 

magnetic field earlier in the history of the Moon. The most likely origin for this ancient magnetic field is from 



dynamo action of an early liquid iron-nickel core. It is also possible that the other terrestrial planets had significant 

magnetic fields early in their histories and that subsequent cooling and solidifications of their cores is responsible for 

the absence of significant magnetic fields today. Venus is a unique case due to its slow, retrograde rotation (opposite 

to its direction of revolution about the Sun) with a period of 244 days compared to Earth’s 24 hours. Venus may 

have a molten core, but the slow rotation may not be sufficient to drive the dynamo in the core.  

 

Elemental Composition of the Earth (in weight %) 

Oxygen 31 

Iron 30 

Silicon 15 

Magnesium 16 

Calcium 1.5 

Aluminum 1.3 

Nickel 1.7 

Sodium 0.9 

Sulphur 2.0 

Potassium 0.02 

Titanium 0.09 

 

The earth is made up of 4 elements: oxygen, iron, silicon and magnesium  

The moon differs from the earth in composition by comprising lesser metals, lesser volatile elements and more 

calcium, titanium and aluminum. Volatile elements are those that occur in a gaseous phase a temperature above 

1000
o
C: sodium, sulphur and potassium. Most of the uranium, potassium and thorium in the earth are concentrated 

in the crust.  

 

Characteristics of the early crust  

 Oceanic crust Continental crust  

First appearance  4.5Ga 4.5Ga 

Where formed  Oceanic ridges Subduction zones(trenches) 

Composition Komatite-basalt Tonalite-granodiorite 

Lateral extent Widespread  Local  

How generated  Partial melting of ultramafic rocks in 

the upper mantle  

Partial melting of wet mafic rocks in 

the descending lithosphere  

 

Three aggregation – break up super continent cycle  

 At 200 Ma 

 At 600 Ma 

 At 1500 Ma 

 

1.5ANCIENT TECTONIC SETTING – ROCK ASSEMBLAGES 

 Arcs or collisional zones: Ophiolites e.g. Alps Himalaya  

 Subduction zones: (Convergent plate boundaries)  

 Accretionary prism – Melange (Ophiolites, deep sea sediments, are volcanics and sediments) 

 Fore arc and intra arc basin – Greywackes (poor sorted clastic sediments) + volcanic tuffs  

 Volcanic and granitic rocks in arc system – Rhyolite (felsic volcanic rocks. High in potassium, 

feldspar + quartz); Andesite (volcanic rock composition between rhyolite and basalt)  

 Metamorphic mineral assemblage – At shallow depth, blueschist faces (glucophane) 

 Continental rift zone: 

 Sediments- Arkose (feldspar rich), conglomerates, evaporates  

 Volcanic rocks – basalt and rhyolite  

 Deep igneous rock – granite  

 Cratons: 

 Rifted continental margin (passive continental margin bounding opening ocean basin) e.g. Atlantic 

ocean  

 Platform areas  



 Continental margins of back arc basins  

 Marine quartz schist, shales and carbonate  

 Collisional mountain belts: 

 Most distinctive collisional rock assemblage – suture assemblage (highly sheared mélange 

separating foreign continental segments may include ophiolites, arc assemblages) 

 Foreland basin – basin on the descending plate – variety of sand stone and shales. These basins are 

shielded from the arc by a mountain belt.  

 Partial melting – granitic magma and ash flow tuffs (gaseous solid mixture at high temperature)  

 

 



 


