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First lecture     

Geochemistry: The science concerned with chemistry of the earth as a whole and 

of its component parts. Geochemistry deals with distribution and migration of the 

chemical elements within the earth in space and time. 

Science of geochemistry: The science concerned with the chemistry of the earth as 

a whole and of its component parts. Geochemistry deals with the distribution and 

migration of the chemical elements within the earth in space and in time. 

Cosmochemistry: The science of the occurrence and distribution of the elements in 

the universe as a whole is called cosmochemistry. 

Goldschmidt (1954) definition of geochemistry: The primary purpose of 

geochemistry is on the one hand to determine quantitatively the composition of the 

earth and its parts, and on the other to discover the laws which control the 

distribution of individual element. To solve these problems the geochemist require 

a comprehensive collection of analytical data on terrestrial material, such as rocks, 

water, and the atmosphere. 
 

What are the main tasks of geochemistry? 

1-The determination of the relative and absolute abundance of the elements and of 

the atomic species (isotopes) in the earth. 

2- The study of the distribution and migration of the individual elements in the 

various parts of the earth (the atmosphere, hydrosphere, crust, etc.), and in minerals 

and rocks, with the object of discovering principles governing this distribution and 

migration. 

 

Methods of geochemical analysis: 

1-Colorimetry: 

The formation of colored compounds in solution by reaction of an element with a 

specific chemical reagent is the basis of colorimetry. Quantitative estimation of the 

element is possible if the intensity of the color, as measured by the absorption of 

light over a small range of wave lengths, is proportional to the concentration of the 

colored compound.  

2-Emission Spectrometry and Spectrography: 



Almost all elements, when vaporized and ionized in the intense heat of an electric 

discharge or other source of energy, emit radiation of characteristic wavelengths in 

the visible and ultraviolet range as a result of electrons refilling the outer electron 

orbitals. The elements can identified by the wavelength emitted, and the quantity of 

the element can be determined by the intensity of the light. 

3-Atomic absorption: 

The wavelength absorbed allows specific identification of the element, and the 

proportion of light absorbed is a measure of the concentration of the element in the 

light path. 

4-X-ray Fluorescence Spectrometry: 

The inner electrons may be activated by an X-ray beam in such a way that fluorescent 

X-rays of a wavelength characteristic of the activated element are emitted. 

5-Fluorimetry: 

6-Chromatographic methods. 

7-Mass Spectrometry:  

1-In 1860 Bunsen and Kirchoff demonstrated the utility of the spectroscope in the 

detection and identification of the elements. 

2-The discovery of radioactivity by Becquerel in 1896 resulted in the recognition of 

polonium and radium by the Curies in 1898, and actinium by Debierne in 1899. 

3-The discovery of X-ray diffraction provided a means for the determination of the 

atomic structure of solids. 

4-In 1914 Moseley demonstrated the correlation between X-ray spectra and the 

atomic number of the elements. 

5-In 1912 Laue showed that the regular arrangement of atoms in crystals acts as 

diffraction grating toward X-rays and thus made the discovery that enabled the 

atomic structure of solid substances to be determined. 

 

 

 

 

 

 

 

 

 

 



  Second lecture  

 

Alkaline-earth metals: include Be, Mg, Ca, Sr, Ba, Ra, Harder, heavier metals; strongly 

electropositive, reactive; easily form oxides, hydroxides, carbonates, sulfates, etc. 

 

Nonmetal elements: Occupy the upper right-hand corner of the periodic table. 

These elements have similar chemical properties that differ from the elements 

considered metals. The nonmetal elements group is a subset of these elements. The 

nonmetal element group consists of hydrogen, carbon, nitrogen, oxygen, 

phosphorus, sulfur, and selenium. 

Properties of nonmetals group: 

1-dull, not shiny. 

2-poor conductor of heat.  

3-poor conductor of electricity. 

4-high ionization energies. 

5-high electronegativity. 

6-not malleable or ductile, usually brittle. 

7-lower density (when compared to metals). 

8-lower melting point and boiling points (when compared to metals). 

9-gains electrons in reactions. 

 

 

 

 

This is a list of the nonmetal elements in order of increasing atomic number. 

           Number                      Symbol                            Element 

                1                                  H                                 Hydrogen 

                2                                  He                               Helium 

                6                                  C                                 Carbon 

             7                                  N                                Nitrogen 

             8                                  O                                Oxygen 

             9                                  F                                Fluorine 

            10                                 Ne                              Neon 

            15                                 P                                Phosphorus  

            16                                 S                                Sulfur           

            17                                 Cl                              Chlorine 

            18                                 Ar                             Argon 

            34                                 Se                              selenium 

            35                                 Br                              Bromine 

            36    Kr                              Krypton 



            53                                  I                                 Iodine 

            54                                 Xe                              Xenon 

            85                                 At                              Astatine 

            86                                 Rn                             Radon 

           117                                Ts                              Tennessine 

           118                                Og                             Oganesson                           

 

Metalloids: Elements with intermediate properties between metal and nonmetals are 

include boron, arsenic, silicon, germanium, antimony, and tellurium. 

 

Lithophile elements: literally means rock-loving, characterized by strong affinity 

for oxygen cause Lithophile elements to associate very strongly with silica, 

forming  relatively low-density minerals that thus float to the crust,  Al, Ba, Be, 

Ca, Cl, Cs, Si, Sr, Mg, Na, O, P, Cs, Rb: Highly reactive metals of the S-and f-blocks. 

They also include a small number of reactive nonmetals, and the more reactive metal 

to associates of the d-block such as titanium, zirconium and vanadium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Third lecture 

 

Galaxy: Has lens- like form with a diameter of about 70000 light-years (1 light-year 

= 1013 km). It is comprises probably more than 1011 stars.  

Steady-state theory of universe: Is that the universe has always been much as it is 

now, with new matter being continuously created between the receding galaxies. P 

9 

With certain assumptions as to the rate of universe expansion the astronomical age 

of the universe is computed to be about 11x 109 years. 

 

Zero point of the time scale in solar system: When the material of solar system 

was segregated in small region at some definite time. P 9  

The explicable differences of the elements abundance in the universe? 

1-Meteoric and terrestrial matter differs from stellar material in the relative scarcity 

of the gaseous elements, but these disparities can readily be explained in terms of 

the physical conditions accompanying the evolution of the solar system. 

2-Variations in the abundances of hydrogen, helium, lithium, beryllium, boron, 

carbon, and nitrogen in different parts of the universe are almost certainly due to 

the participation of these elements in thermonuclear transformations responsible 

for energy production in the stars. 

3-In recent years it has been found that the abundance of heavy elements varies from 

star to star and is related to stellar age. This finding strongly suggests that these 

elements are synthesized within the stars and are distributed by stellar explosions.     

 

   

 

 

The nature of solar system. 

1-The sun contains 99.8% of the mass of the system. 

2-The planets all revolve in the same direction around the sun in elliptical orbits, and 

these orbits all lie in practically the same plane.  

3-The planets themselves rotate about their axes in the same direction as their 

direction of revolution around the sun (except Uranus, which has retrograde 

rotation); most of their satellites also revolve in the same direction. 

4-The planets show a rather regular spacing as expressed by Bodeʼs law, and they 

form two contrasted groups: an inner group of small planets (Mercury, Venus, Earth, 



and Mars), which are called the terrestrial planets, and an outer group of large planets 

(Jupiter, Saturn, Uranus, and Neptune), which called the major planets. 

5-The major part of the angular momentum of the solar system is concentrated in 

the planets, not in the sun, in spite of the concentration of mass in the sun. 

Bode’s law: Is an empirical series which closely approximates the relative distances 

of the planets from the sun and can be formulated as follows: 

Mercury Venus   Earth   Mars   Vacant   Jupiter   Saturn   Uranus  Neptune   Pluto 

   4              4          4         4          4          4            4              4                            4  

   0              3          6         12        24        48          96           192                       384 
  __________                                                    ______________                              ____________                              ______________                           _____________                              ______________                                       _____________                          _________________                                                                                                    __________________   

   4              7         10        16        28        52         100          196                       388 

Actual distance of the planets from the sun in terms of the Earth’s distance as 10 

  3.9           7.2       10        15.2                 52           95       192          301       395lues 

of A   

 

The age of solar system 

The age of the elements in solar system is then reckoned from the time when the 

naturally radioactive series consisted entirely of the parent elements (non-radiogenic 

daughter elements may have been present). 

Nuclei of approximately the same complexity were formed in approximately equal 

amount. 

The almost complete absence of Np237 and Pu239, which whose half-lives are 2.25 

x106 and 2.4x104 years. 

 

 

 

 

 

Fourth lecture 

The origin of solar system 

The French philosopher Buffon in 1749, who suggested that the planets were torn 

from the body of the sun by collision with another star. 

Kant in 1755 suggested that within an original solar nebula, regions with slightly 

higher density than the mean would act as sinks for matter and the planets thereby 

grow at the centers of these regions. 

When all the matter in the universe was concentrated into very small region. It is 

customary to regard this as its primitive state and to reckon the astronomical age of 

the universe from this epoch. 



5-With certain assumptions as to the rate of universe expansion the astronomical age 

of the universe is computed to be about 11x 109 years  

 

Laplace theory: 

Laplace in 1796 visualized the original state of the sun as rotating tenuous mass of 

gas occupying the entire volume of the present solar system, from which contraction, 

accompanied by increasing rotational speed, lead to disengaging of a serious of 

gaseous rings by centrifugal force, these rings then condensing to form the planets.  

The version proposed by von Weizsacker pictures the primitive sun as a rapidly 

rotating mass surrounded by an extended lens-shaped envelope consisting of solid 

particles and gas in turbulent motion.   

Von Weizsacker gives reasons for the regular spacing for these vortices, which 

would explain Bodeʼs law.  

Von Weizsacker theory also explains the remarkable difference in size and density 

between the inner and the outer planets. 

The inner planets are small and dense, whereas the outer ones are large and have low 

specific gravity. 

 

Supernova: 

Asteroid explosions. Hoyle suggested that the evolution of a double star into a single 

star with a planetary system may result from the disintegration of one component of 

the double star with an accompanying supernova outburst. Most of the material of 

the supernova would be dispersed in to space, but sufficient matter was left within 

the sun’s sphere of influence to condense into the planets.    

  

 

 

The composition of the sun: 

                1-Some elements either do not give detectable spectra, or their strong lines have 

wavelengths less than 2900 A and are absorbed by the atmosphere of the earth and 

cannot be observed (this limitation is being overcome by spectrographic data 

obtained at high altitude by rockets). 

                2-The spectra are produced in the outer part of the sun and give the composition of 

the solar atmosphere. Whether this composition is really representative for the sun 

as a whole depends on the effectiveness of convection to stir the material into a 

homogeneous mixture. 

3-The presences of some elements being unobservable on account of their small 

abundance or the limitations previously stated. 



 

The composition of planets: 

    The inner planets are small and dense, whereas the outer ones are large and have 

low specific gravity. 

     The planets show a rather regular spacing as expressed by Bodeʼs law, and they 

form two contrasted groups: an inner group of small planets (Mercury, Venus, 

Earth, and Mars), which are called the terrestrial planets, and an outer group of 

large planets (Jupiter, Saturn, Uranus, and Neptune), which called the major 

planets. 

The composition of meteorites: 

Meteorites are parts of the solar system (possible fragments of disrupted asteroids) 

that eventually land on earth. There are presumably millions of meteorites of all sizes 

in the solar system, from the finest dust particles up to those that are miles in 

diameter. Meteoritic matter is continually falling on earth, most in the form of dust 

undetectable except by special means; it is estimated that the rate of meteoritic infall 

is between 1000 and 10000 tons daily. Meteorites consist essentially of a nickel-iron 

alloy, of crystalline silicate. Mainly olivine or pyroxene, or of a mixture of these; 

glassy bodies, called tektites, are also found and may be meteorites. Many systems 

of classification have been devised for meteorites as follow:  

1- Siderites or irons meteorites (average 98 % metal). 

2- Siderolites or stony irons (average 50 % metal, 50 % silicate). 

3- Aerolite or stones meteorites (chondrites, achondrites) 

4- Tektites. 

Finds meteorites: Those meteorites were collected but not seen to fall. 

Falls meteorites: Those meteorites were collected after have been seen to fall. 

Fifth lecture 

Meteorites consist essentially of nickel-iron alloy, of crystalline silicate, and glassy 

bodies, called tektites. 

On the basis of texture the aerolites or stones are divided into two groups, the 

chondrites and achondrites. 

The chondrites are so named because of the presences of chondrules or chondri, 

which are small rounded bodies (averaging 1 mm in diameter) consisting of olivine 

and/ or pyroxene. 

Chondrules seem to be unique to the chondrite meteorites and have never been 

observed in terrestrial rocks.  

The origin of complex organic compounds in carbonaceous chondrites, are either 

remains of extraterrestrial organisms or the products of nonbiological synthesis. 



The chondrites are abundant and show remarkable homogeneity in chemical 

composition.  

The average composition of chondrites is about 40% olivine, 30% pyroxene, 10-

20% nickel-iron, 10% plagioclase, and 6% troilite. 

Tektites have an unusual chemical composition, which consists of the conjunction 

of high silica and comparatively high alumina, potash, and lime with low magnesia 

and soda, this composition resembles a few granites and rhyolites, and some silica-

rich sedimentary rocks. 

The close correspondence between the average composition of iron meteorites with 

the average composition of the metal from chondrites strongly suggests a common 

source. 

The iron meteorites probably represent metal segregated by partial or complete 

melting of materials of chondritic composition. 

Meteorites showing Widmanstatten structure are therefore known as octahedrites. 

The Widmanstatten structure is typical of exsolution in an alloy that has cooled very 

slowly from a high temperature. 

Two distinct groups of siderolites meteorites are pallasites and mesosiderite of 

different chemical and mineralogical composition are recognized. 

The composition and structure of the chondrites favor the hypothesis that they may 

well represent the planetesimals which aggregated to form the planets. 

A truer indication of the relative abundance of different meteorite types is therefore 

given by the relative proportion of those seen to fall. 

 

 

 

 

 

The cosmic abundance 

 

The absolute abundances of the elements depend on nuclear rather than chemical 

properties and are related to the inherent stability of the nuclei.  

The drop in relative abundance with increasing nuclear complexity can readily be 

explained.  

Nuclei of the even N (neutron number) - even Z (proton number) type are both more 

numerous and more abundant than any of other types.       

Nuclei of the even N-odd Z and odd N-even Z are about equally numerous and 

abundance.  

Nuclei of the odd N-odd Z type are few in number. 

Variation in the abundances of hydrogen, helium, lithium, beryllium, boron, carbon, 

and nitrogen in different part of the universe are almost certainly due to the 



participation of these elements in thermonuclear transformations responsible for the 

energy production in the stars.  

In recent years it has been found that the abundance of heavy elements varies from 

star to star and is related to stellar age. This finding strongly suggests that these 

elements are synthesized within the stars and are distributed by stellar explosions. 

 

The main sources of knowledge about the cosmic abundance are: 

1-Earth and moon. 

2-Meteorites. 

3-Sun and stars. 

4-cosmic radiations. 

5-Gaseous nebulae stars (interstellar medium). 

What are the regularities inferred from the carefully analyzed data of the 

cosmic abundance of elements 

1-The abundance shows a rapid exponential decrease for elements of the lower 

atomic number (to about atomic number 30), followed by an almost constant value 

of the heavier elements. 

2-Elements of even atomic number are more abundant than those of odd atomic 

number on either side. This regularity was first recognized independently by Oddo 

in 1914 and Harkins in 1917 and is sometimes referred to as Oddo-Harkins rule. 

3-The relative abundances for elements of higher atomic number than nickel vary 

less than those for elements of lower atomic number. 

4-Only ten elements- H, He, C, N, O, Ne, Mg, Si, S, and Fe- all with atomic number 

less than 27, shows appreciable abundance, of these hydrogen and helium far 

outweigh the other eight. 

  

 Isotones: Different elements with the same neutron N but with different values of A 

(mass number) and Z (proton). Example N= 20,  

Element                          Z              A                

Sulfur                            16             36 

Chlorine                        17             37 

Argon                            18             38 

Potassium                      19            39 

Calcium                         20            40 

Isobars: Differing elements with the same A (mass number), but different values of 

N (neutron number) and Z (atomic number). Example A = 40; Argon: Z= 18, N= 22; 

potassium: Z=19, N= 21. 

The absolute abundances of the elements depend on nuclear rather than chemical 

properties and are related to the inherent stability of the nuclei.  



The drop in relative abundance with increasing nuclear complexity can readily be 

explained.  

-Nuclei of the even N (neutron number) - even Z (proton number) type are both more 

numerous and more abundant than any of other types.       

Nuclei of the even N-odd Z and odd N-even Z are about equally numerous and 

abundance.  

Nuclei of the odd N-odd Z type are few in number. 

Variation in the abundances of hydrogen, helium, lithium, beryllium, boron, carbon, 

and nitrogen in different part of the universe are almost certainly due to the 

participation of these elements in thermonuclear transformations responsible for the 

energy production in the stars.  

In recent years it has been found that the abundance of heavy elements varies from 

star to star and is related to stellar age. This finding strongly suggests that these 

elements are synthesized within the stars and are distributed by stellar explosions. 

 

Sixth lecture 

The structure and composition of the earth  

The principal sources of information about the structure and the composition 

of the earth. 

1-The acceleration of gravity at the earth surface and the gravitational constant, from 

which the mean density of the earth can be determined. 

2-The constant of precession of the equinoxes, from which the earth's moment of 

inertia can be calculated, thereby allowing important inferences to be drawn 

regarding density distribution within the earth. 

3-Seismological data: Which indicate the presence of discontinuities within the earth 

and from which information can be derived on the elastic constant of the materials 

in the interior. 

4-Heat flow data: Which reflect the abundance and distribution of radioactive 

elements in the crust and mantle. These facts, together with laboratory 

determinations of the elastic constant of various rocks, information on the probable 

abundance of the elements. 

Bulk modulus K: The bulk modulus K of substance is a measure of how 

compressible that substance is. It is defined as the ratio of the infinitesimal pressure 

increase to the resulting relative decrease of the volume.  K= -V dp/dv, where p is 

pressure, V is volume, and dp/dv denote the derivative of pressure with respect to 

volume.  

Equivalently K=ρ dp/dρ, where ρ is density and dp/dρ denote the derivative of 

pressure with respect to density (pressure rate of change with volume). The inverse 

of the bulk modulus gives substance's compressibility. 



 

First-order discontinuity: Is one producing an abrupt break in the velocity-depth 

curve. The earth is thus divided into three parts: the crust, from the surface down to 

the first discontinuity (the Mohorovicic discontinuity); the mantle, from the base of 

the crust to the second discontinuity (the Wiechert- Gutenberg discontinuity); and 

the core, from the Wiechert-Gutenberg discontinuity to the center of the earth. 

The high density in the earth interior may be explained by two ways: 

A change in physical state, the increase in density being due to the contraction of 

crustal material in to smaller volume under enormous pressure. 

A change in chemical composition, the increase in density then being due to the 

presence of some intrinsically heavier substance, such as a heavy metal.  

The velocities of P and S waves vary with the density and elastic constants of the 

material through which they pass, and they are subject to reflection and refraction at 

surface of discontinuity. 

-Measured thermal gradients in the crust range from 10 to 50˚/km, and an average 

value of 30˚/km.  

From the thermal gradient and the thermal conductivity of the rocks the flow of the 

heat toward the surface of the earth can be calculated. 

The average value of heat flow to the surface of the earth is 1.4x10-6 cal/cm2/sec. 

This is about 50 cal/cm2 annually. 

Crust is heterogeneous and varies in thickness from place to place. 

The Mohorovicic discontinuity is a datum which is at different depths in different 

geological environments.  

The continental crust is a mosaic of sediments, metamorphosed sediment, igneous 

intrusion of different kinds, and volcanics, faulted and broken into blocks of various 

shapes and sizes. 

It is now realized that the key to many geological and geochemical problems – such 

as the origin of the magmas, the triggering of deep-focus earthquakes, the possibility 

of continental drift- lies in the upper mantle and transition zone. 

Clark and Ringwood (1964), prefer an ultrabasic model for the upper mantle, with 

an overall composition corresponding to a mixture of one part of basalt to three parts 

of dunite, which they call pyrolite. 

The mineralogy of pyrolite varies as a function of temperature and pressure. 

Fractional melting of pyrolite would provide the basaltic magma. 

The mineralogy of pyrolite varies as a function of temperature and pressure.  



Because the geotherms in the upper mantle differ considerably below the contents 

and the oceans, there are regional difference in the mineralogical composition of the 

pyrolite. 

 

Seventh lecture  

Pyrolite: Clarke and Ringwood (1964), who endeavor to correlate the geochemical, 

geophysical, and petrological information. They prefer an ultrabasic model for the 

upper mantle, with an overall composition corresponding to mixture of one part of 

basalt to three parts of dunite, which they call pyrolite (pyroxene-olivine rock). 

Fractional melting of this material would provide the basaltic magma, which has 

copiously injected into and through the crust throughout geological time, and leave 

a residual dunite or peridotite. The mineralogy of pyrolite varies as a function of 

temperature and pressure, and Ringwood has shown that material of this composition 

could crystallize in four distinct assemblages, as follow:  

(a) Olivine and amphibole                                                   Ampholite 

(b) Olivine + Al-poor pyroxene + plagioclase                     Plagioclase  pyrolite 

(c) Olivine + Al- rich pyroxene + spinel                             Pyroxene pyrolite 

(d) Olivine + Al-poor pyroxene + garnet                            Garnet pyrolite 

 

Bernal, who in 1936 suggested that the discontinuity between the upper mantle and 

the transition zone results from the formation of high-pressure polymorph of olivine. 

The polymorphic changes taking place at the transition zone of the mantle. 

  Bernal, 1936 suggested that the discontinuity between the upper mantle and the 

transition zone results from the formation of a high-pressure polymorph of olivine. 

Clark and Ringwood have applied these data to the elucidation of the transition 

zone. As a first approximation they assume it is composed essentially of MgO and 

SiO2, corresponding to a mixture of olivine, Mg2SiO4 and pyroxene, MgSiO3. 

These phases would be stable to a depth of about 400 km, below that depth a series 

of transformations into closer-packed phases would take place. In the light of 

available data, they postulate the following transformations with increasing depth: 

               2MgSiO3 (pyroxene) = Mg2SiO4 (olivine) + SiO2 (stishovite) 

               Mg2SiO4 (olivine) = Mg2SiO4 (spinel) 

               Mg2SiO4 (spinel) + SiO2 (stishovite) = 2MgSiO3 (ilmenite) 

               Mg2SiO4 (spinel) =MgSiO3 (ilmenite) + MgO (periclase) 

  This series of transformations would become complete around a depth of 1000 km. 

They result in a density increase from 3.2 to 3.9 g/cm3 (referred to zero pressure). 

In addition, the mantle contains additional elements, mainly iron, calcium, 

aluminum, and sodium, which are in atomic substitution in the principal phases. 

Their presence influences the preceding reactions to some degree, in effect 



smearing out the transitions and resulting in a continuous rather than a stepwise 

increase in density.  

Thus the bulk composition of the earth is essentially determined by that of the mantle 

and the core.  

To complete the picture of the earth, we must add to the crust, mantle, and core three 

further zones: the atmosphere, the hydrosphere, and the biosphere. 

 

Eighth lecture 

 

The composition of the crust 

The principal objections to the method of arriving the average composition of 

igneous rocks: 

1-The uneven geographical distribution of analysis. 

2-Their non-statistical distribution over the different rock types. 

3-The lack of allowance for the actual amounts of the rocks represented by the 

analysis. 

 

The average composition of the crust is in effect that of igneous rocks, since the total 

amount of sedimentary and metamorphic rocks is insignificant in comparison to the 

bulk of igneous rocks. 

Clarke and Washington (1924) estimate that the upper 10 miles of the crust consist 

of 95% igneous rocks, 4% shale, 0.75 sandstone, and 0.25% limestone. 

The analysis of igneous rocks were grouped geographically, and the average of these 

groups agreed fairly well with one another. In the other words, the composition of 

the earth's crust is approximately the same in different regions.  

The average composition of igneous rocks does not correspond to any common 

igneous rock but is intermediate between that of granite and basalt, which 

incidentally make up the bulk of all igneous rocks. 

Thus the crust of the earth is essentially a packing of oxygen anions, bonded by 

silicon and the ions of common metals. 

Goldschmidt remarked, that the lithosphere may well be called the oxysphere. 

It can fairly be said that the figures in table 3.3 of the average amount of the elements 

in crustal rocks or geochemical standards provide reliable norm for most elements, 

and thus make it possible to recognize abnormal enrichment or depletion of an 

element in any rock.  

Some interesting features of table 3.3 of the average amount of the elements in 

crustal rocks may be noted. Eight elements- O, Si, Al, Fe, Ca, Na, K, Mg make up 

nearly 99% of the total abundance of all elements. 



The longest known and most familiar elements are those forming the major 

constituents of easily recognized minerals, minerals that are readily converted into 

useful industrial materials. 

Dispersed elements: Some elements although present in the crust in considerable 

amounts, are systematically dispersed throughout common minerals and never occur 

in any concentration, examples are rubidium in potassium minerals, and gallium in 

aluminum minerals 

Clarke: The average percentage of an element in the earth's crust. Thus the Clarke 

of oxygen is 46.60, of silicon 27.72. 

Clarke of concentration: The concentration of an element within particular deposit 

or even particular mineral. 

Availability: The availability of an element is depends in a large part on its ability 

to form individual minerals in which it is a major constituent. 

Unavailable elements: Are those which form no minerals of their own but occur in 

amounts generally much less than 1% in minerals of other elements. 

Ore: Is simply a deposits in which the concentration Clarke of the element sought 

reaches a figure sufficient to make extraction profitable.  

A geodetic datum or geodetic system: Is a coordinate system, and a set of reference 

points, used to locate places on the earth. An approximate definition of sea level is 

the datum. Datums are used in geodesy, navigation, and surveying by cartographers 

and satellite navigation system to translate positions indicated on maps to their real 

position on earth. Each starts with an ellipsoid (stretched sphere), and then defines 

latitude, longitude, and altitude coordinates.  

 

Ninth lecture 

The geochemical classification of elements 

The geochemical nature of an element could, of course, be established  by measuring 

its distribution between three liquid phases of metal, sulfide, and silicate. 

The geochemical character of an element is largely governed by the electronic 

configuration of its atoms and hence is closely related to its systematic position in 

the periodic table. 

The elements may be classified according to its geochemical affinity into one of four 

groups: siderophile, chalcophile, lithophile, and atmophile. Some elements show 

affinity for more than one group, because the distribution of any element is 

dependent to some extent on temperature, pressure, and chemical environment. 

 



The pregeological history: 

The pregeological history of the earth: It comprises the sequences of events 

through it the earth was passed before the time when the physical condition of its 

surface become much as it today. The pregeological history began when the earth 

originated as an individual body within the universe.  

The zero datum for geological time: When the physical condition of the earth 

surface become much as it is today, a datum following which the earthˈs surface has 

been subject to the normal processes of weathering and erosion. 

Pyrrole: Is heterocyclic aromatic organic compound, five-membered ring with the 

formula C4H4NH, it is a colorless volatile liquid that darkness readily upon exposure 

to air, substituted derivatives are also called pyrroles, e.g,., N-methylpyrrole, 

C4H4NCH3.  

Porphyrin: Are a group of heterocyclic macrocycle organic compounds, composed 

of four modified pyrrole subunits interconnected at their carbon atoms via methine 

bridges (=CH-). It is colored compounds capable of acting as catalysts in 

photochemical reactions. It is extremely suggestive that porphyrins act as light 

receivers in the chlorophyll of plants. It is Heat sensitive compounds which are 

decomposed at temperature around 200°C. Evidently temp of 200°C are not 

exceeded in petroleum formation, and probably the maximum temp has generally 

been much lower.porphyrin is a large ring molecule consisting of four pyrroles, 

which are smaller rings made from four carbons and one nitrogen. These pyrrole 

molecules are connected together through a series of single and double bonds which 

forms the molecules into a large ring.   

Photosynthesis: It was a revolutionary events in the history of the earth: it enables 

the organisms to collect and use solar radiations directly and thereby utilize carbon 

dioxide to synthesize more complex organic compounds. It was also responsible of 

gradual release of oxygen into the atmosphere. Once photosynthesis was established, 

a vastly greater supply of energy was available for organisms, whether they used 

light themselves or are others that did so. 

The initial state of our planet was an intimate mixture of nickel-iron, troilite, and 

silicate minerals, broadly homogeneous throughout. 

At 5x109 years ago radiogenic heat production in the earth would be approximately 

six times greater than today. 

The process of core formation was strongly exothermic and self-accelerating, and 

Elsasser believes that the time required for such drop to form and fall was of the 

order of 100000 years. 



The original earth surface was probably engulfed and digested. Under these 

circumstances it is not surprising that crustal rocks older than 3.5x109 years have not 

been found.  

The development of thick, stable crustal blocks had to wait the decay of radioactivity 

and the solidification of most of the mantle. 

The evolution of primeval atmosphere into the present one, which consists 

essentially of nitrogen and oxygen, is pictured as beginning with the photochemical 

dissociation of water vapor by solar radiation, thereby producing free oxygen.   

The combined evidence of geochemistry, paleontology, and stratigraphy indicate 

that the photosynthesis by green plants were probably established at least 2.0X109 

years ago, but that atmospheric oxygen was first available in relatively large 

quantities about 1.2X109 years ago. 

 

The greater effect of the shorter-lived radioactive nuclides as we go back in 

time. 

This is graphically illustrated in Figure 3.9, which is based on the known heat 

production by radioactive nuclides and their estimated abundance in the earth. This 

figure shows that at 5x109 years ago radiogenic heat production in the earth would 

be approximately six times greater than today, and most of this heat was contributed 

by K40 and U235, whereas today these nuclides are greatly diminished in amount and 

the principal sources of radiogenic heat are U238 and Th232.   

 

 

 

  

Tenth lecture 

 

Critical point: In thermodynamics, a critical point is the end point of a phase 

equilibrium curve. The commonly known phases solid, liquid and vapor are 

separated by phase boundaries, i.e. pressure temperature combinations where two 

phases can coexist. However, the liquid- vapor boundary terminates in an endpoint 

at some critical temperature Tc and critical pressure Pc. This is the critical point. At 

the critical point, defined by critical temperature point Tc and critical pressure Pc, 

phase boundaries vanish. Beyond the critical point the distinction between liquid and 

gas ceases to have any validity. At temperature and pressure well below the critical 

point, however, liquids resemble solids. In water the critical point occurs at around 

374 ˚C = 647 k. and 218 atm.  

Crystal: 



 A homogeneous solid formed by repeating, three-dimensional pattern of atoms, 

ions, or molecules and having fixed distances between constituent parts. The 

geometrical complex of crystal faces characteristic of homogeneous substance must 

be determined by its internal structure, the molecular or atomic arrangement. The 

more obvious characteristic of crystals that have grown freely is their external form. 

The atomic arrangement largely determines the chemical and physical properties of 

a crystalline compound and is thus a fundamental feature. 

Coordination number: Assuming that ions act as rigid spheres of fixed radii, the 

stable arrangements of cations and anions for particular radius ratios can be 

calculated from purely geometric considerations. In an ionic structure each ion tends 

to surround itself with ions of opposite charge, the number that can be grouped 

around the central ion depends upon the radius ratio between the two ions. 

 

Pauling rules: In stable structure the total strength of the valency bonds which reach 

an anion from all the neighboring cations is equal to the charge on the anion. 

    

   Eleventh lecture 

 
Generally the states of matter are sharply marked off from each other by distinctive 

properties, but under some conditions the boundaries lack definition, and the 

transitions solid → liquid → gas may be continuous rather than discontinuous. 

In term of atomic theory, the state of matter ranges from complete atomic disorder 

in gases to complete order in crystal. 

However, complete order is exists only in perfect crystals at absolute zero. At any 

temperature above absolute zero the kinetic energy of the atoms causes them to 

vibrate about their mean position in the crystal lattice.  

If the kinetic energy of the atoms becomes sufficiently large, the crystal loses its 

rigidity, that is, it melts or decomposes. 

To accomplish an equilibrium of the matter with the environment, the atoms try to 

arrange themselves in such a way that the free energy of the system is a minimum. 

Glasses are metastable phases, and even though they may persist for an almost 

indefinite period they always tend to change into crystalline forms. Thus glasses are 

uncommon in rocks, and their occurrence signifies unusual conditions of 

composition and formation. 

 

The general valid rules related to the ionic radius 

1-For the elements in the same group of the periodic table, the ionic radii increase 

as the atomic number of the elements increased; e.g., Be2+0.35 A˚, Mg2+ 0.66 A˚, 

Ca2+ 0.99 A˚, Sr2+1.12 A˚, Ba2+ 1.34 A˚. 



2-For the positive ions of the same electronic structure the radii decrease with 

increasing charge. For example we take the elements in the second horizontal row 

in the periodic table, all of which have two electrons in the inner orbit and eight in 

the outer orbit: 

                            Na+      Mg2+      Al3+      Si4+       P5+       S6+    

                            0.97     0.66       0.51      0.42       0.35      0.30 A˚  

 3-For an element that can exist in several valence states, i.e., form ions of different 

charge, the higher the positive charge on the ion, the smaller the radius, for example, 

Mn2+ 0.8 A˚, Mn3+ 0.66 A˚, Mn4+ 0.6 A˚. 

Twelfth lecture  

Heterodesmic: More than one type of bond may occur in single compound, such 

substances called heterodesmic. 

Homodesmic: Those compound in which only one bond type is present. 

 

Hauy, at the beginning of the nineteenth century, conceived that the geometrical 

complex of crystal faces characteristic of a homogeneous substance must be 

determined by its internal structure, the molecular or atomic arrangement.  

The atomic arrangement largely determines the chemical and physical properties of 

a crystalline compound and is thus fundamental feature. 

The ionic radius depend upon the nature of the element (its atomic structure) which 

related to its position in periodic table , state of ionization and the manner in which 

it is linked to adjacent atoms.  

The four types of bonds all impart characteristic properties to the substances in 

which they occur and provide a convenient basis for the classification for crystal 

structures. 

More than one type of bonds may occur in a single compound; Evans terms such 

substances heterodesmic, and those in which only one bond type is present 

homodesmic.  

-In heterodesmic structures the physical properties, such as hardness, mechanical 

strength, and melting point, are in general determined by the weakest bond, which 

are the first to suffer disruption under increasing mechanical or thermal strain. 

 

The principles of crystal structure 

 

The silicon oxygen bonds in silica and silicate are neither purely ionic nor purely 

covalent but are intermediate in nature.  



The essential difference between glass and the crystalline form of same substance, 

is that in crystalline form the atoms are arranged in symmetrical periodic network, 

whereas in glasses the degree of orientation and periodicity is much lower. 

All matter strives to reach equilibrium with its environment. To accomplish this the 

atoms try to arrange themselves in such a way that the free energy of the system is a 

minimum. 

The structure assumed by any solid is such that the whole system of atomic nuclei 

and electrons tend to arrange itself in a form with minimum potential energy. 

The more obvious characteristic of crystals that have grown freely is their external 

form. 

The geometrical complex of crystal faces characteristic of homogeneous substances 

must be determined by its internal structure, the molecular and atomic arrangement. 

The early workers in the field of crystal structure principles, naturally used the 

minerals for crystal structure investigations, since minerals provide a ready source 

of well-crystallized substances.   

The atomic arrangement largely determines the chemical and physical properties of 

a crystalline compound and is thus a fundamental character. 

The different kinds of interatomic linkage are classed into four bond types: the 

metallic bond responsible for the coherence of a metal; the ionic or polar bond, 

which is the linkage of salts such as sodium chloride; the homopolar or coordinate 

link present in crystals such as the diamond; and the residual or van der Waalsʼ bond, 

which is responsible for the coherence of the inert gasses when condensed to solids 

at low temperatures. 

The four types of bonds all impart characteristic properties to the substances in 

which they occur and provide a convenient basis for the classification of crystal 

structure. 

The oxygen ion is so large in comparison in most cations that a mineral structure is    

mainly a packing of oxygen ions with the cations in the interstices. 

In an ionic structures each ion tend to surround itself with ions of opposite charge; 

the number that can be grouped around the central ion depends upon the radius ratio 

between the two. 

 

Thirteenth lecture 

 

The essential difference between the glass and crystalline form of the same 

substance? 

1-In crystalline form the atoms are arranged in a symmetrical periodic network. 

2-In glass the degree of orientation and periodicity is much lower. 

  



Some cations for example aluminum, which has radius ratio lying near the 

theoretical boundary between two types of coordination. In such case the 

coordination is to some extent controlled by the temperature and pressure at which 

crystallization took place. 

High temperature and low pressure favor low coordination, and low temperature and 

high pressure favor high coordination. 

The structure of ionic compounds is determined primarily by the demands of 

geometrical and electrical stability.  

The relative size of the ions and the mode of packing must result in the ions being 

more or less rigidly held in structure. That for which the potential energy of the ions 

is lowest. 

The requirement of electrical stability means that the sum of positive and negative 

charges on the ions must balance. 

The tendency of any structure to assume a configuration of minimum potential 

energy, whereby the charges on the ions are as far as possible neutralized by their 

immediate neighbors.  

Only very stable compounds can occur as minerals, less stable compound either do 

not form in nature or soon decompose. 

Metamict minerals: May be considered as noncrystalline pseudomorphs after 

originally crystalline material. Metamict minerals, which originally formed as 

crystalline compounds and in which the crystalline structure has later been 

destroyed. They are optically isotropic and do not diffract x-ray, indicating an 

amorphous condition. They show no cleavage, and are glassy or pitchy in 

appearance, with a conchoidal fractures. On heating they recrystallize, often with the 

evolution of so much heat that they become incandescent and glow brightly; 

recrystallization is accompanied by an increase in density. They are always 

radioactive from the presence of uranium and/ or thorium, although the amount may 

be quite small – 1 percent. The reason for the development of the metamict condition 

in minerals is the breakdown of the crystal structure through bombardment by alpha 

particles ejected from the disintegrating radioactive element. 

The few not crystalline naturally occurring solids.  

Two different types may be distinguished;  

1-Metamict minerals: Which originally formed as crystalline compounds and in 

which the crystalline structure has later been destroyed. and  

2-Amorphous minerals, which originally formed in the noncrystalline state either by 

rapid cooling from the molten state or by slow hardening of gelatinous material.  

The characters of metamict materials. 

1-Metamict minerals may be considered as noncrystalline pseudomorphs after 

originally crystalline material. 



2-They are optically isotropic and do not diffract x-rays, indicating an amorphous 

condition. 

3-They show no cleavage, and are glassy or pitchy in appearance, with conchoidal 

fracture.  

4-On heating they recrystallize, often with the evolution of so much heat that they 

become incandescent and glow brightly; recrystallization is accompanied by an 

increase in density. 

5-They are always radioactive from the presence of uranium and/ or thorium, 

although the amount may be quite small- 1 percent or less.  

 

 

Fourteenth lecture 

 

In silicate structures the bonds between silicon and oxygen are so strong that the four 

oxygens are always found at the corners of the tetrahedron of nearly constant 

dimensions and regular shape.  

In all silicate so far investigated silicon lies between four oxygen atom, and the 

bonds between silicon and oxygen are so strong that the four oxygens are always 

found at the corners of tetrahedron of nearly constant dimensions and regular shape.  

The different silicate types arise from the various ways in which these silicon-

oxygen tetrahedral are related to each other. 

Silicate classification is based on the types of linkages between silicon-oxygen 

tetrahedra.  

The other constituents of a silicate structure, such as additional oxygen, hydroxyl 

groups, water molecules, and cations, are arranged with the silicate groups in such a 

way as to produce a mechanically stable and electrically neutral structure. 

If more than two tetrahedral are so linked, closed units of ring-like structure are 

formed, giving compositions Si3O3n, this division of the silicates is known as the 

cyclosilicates. 

Double chains structure are characterized by: 

1- Tetrahedral joined together to produce chains of indefinite extent, in which 

alternate tetrahedra in two parallel single chains are cross-linked and the Si:O ratio 

is 4:11, characterized by the amphiboles. These chains are indefinite in extent.  

2-These chains are elongated in the c-direction of crystal. 

3- These chains are bonded to each other by the metallic elements. 

 

 

 

 

 



 

 

 

 

Sheet structure are characterized by: 

1-Three oxygen of each tetrahedron are shared with adjacent tetrahedra to form 

extended flat sheets. 

2-This is the double-chain inosilicate structure extended indefinitely in two 

directions instead of just one. This linkage gives rise a ratio Si: O of 2:5 and is the 

fundamental unit in all mica and clay structure.  

3-The sheets form a hexagonal planar network responsible for their pronounced 

pseudohexagonal habit and perfect basal cleavage parallel to the plane of the sheet. 


