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Matter
The properties of matter result from its STRUCTURE. Two levels of structure may be recognized:

1
Structure of the elementary (ultimately fine) particles of matter - structure of atoms (and ions);

it controls the chemical properties of matter (see Basics from Inorganic Chemistry between the heavy lines below, TGp. 1-3);

2
Mutual arrangement of the elementary particles of matter = crystal structure. Most of it is revealed by a crystal shape (habit, 149);

it controls the physical properties of matter, such as: hardness, specific gravity, cleavage, striations (150-5).


Basics from Inorganic Chemistry (5, 141-148; optional for your reference)
ELEMENTS (142) are simple substances that cannot be decomposed or transformed into one another by chemical means; their ultimately finest particles are ATOMS. There are more than 100 various elements. Each element consists of atoms of the same kind. Two or more elements may combine to form a COMPOUND uniting (chemically binding) the elements in a specific ratio (constituents of a mixture are not bond and not in a specific ratio); the ultimately finest compound particles – clusters of chemically bond atoms (by covalent bond, TG2; ionic compounds consist of ions, not molecules) - are MOLECULES (but elemental gases, such as hydrogen, nitrogen, oxygen [except inert gases such as helium, neon & argon] consist of molecules too: H2, N2, O2).
ATOMIC STRUCTURE (144-5). An atom consists of:

a)
a tiny nucleus at its center; it bears the most of the atom’s mass (144), a + charge, and consists of:
1. protons, each provides 1+ charge and 1 atomic mass unit u; the number of protons in the nucleus = atomic number Z - it defines the element chemically (element’s ID). It determines the number of electrons in all shells of an atom (see under b).

2. neutrons are electrically neutral (have no electrical charge), each has about 1 atomic mass unit u.

The atomic MASS NUMBER is the total number of protons + neutrons. ISOTOPES (30) are elements with the same atomic number but a different number of neutrons (different mass number). Therefore, they are chemically identical; due to various ratio of protons to neutrons in their nuclei, some of them are unstable and re-adjust their proton to neutron ratio by a spontaneous decay of nucleus known as radioactivity. The ATOMIC MASS, a fractional number, is approximately the atomic mass number. Natural elements are mixtures of isotopes; their atomic masses are mean values of the mass numbers of each isotope in the given element.

b)
extremely distant shells (an atom is mostly empty space) consisting of electrons (144), each has 1– charge and a negligible mass. The shell’s electrons compensate for the + charge of the nucleus; thus the atoms are electrically neutral from outside, the total number of electrons = the number of protons in the nucleus. The electrons assume orbits (shells) with different radii. Shell 1 can take max. 2 electrons, other shells can take maximum 8 electrons if they are on the atom’s surface (outer shells): these are used for binding of atoms in compounds; they define the element’s chemical properties.
ELEMENTS (145) in order of increasing atomic number are listed in a PERIODIC TABLE (App. A, 597): this arrangement reveals a periodic recurrence of elements with similar chemical & physical properties; these elements appear in vertical columns (groups), which are indicated by the numerals I – VIII.
Column VIII is not printed on the page 146 (on the page 597, it is indicated by the number “VIIIa”); please enter “VIII” by pencil above the last (8th) column, above the element 2 He (helium). “Inert gas” (146; “Inert Elements”, p. 597) should read in both cases “Inert Gases”. The horizontal lines (periods) are indicated by numerals from 1 through 4 on the page 146, and through 7 on the page 597. Elements in the periods are chemically different.

The CHEMICAL ACTIVITY of elements is due to the tendency to close (complete) the outer shell electrons of each atom (146): the outer shell electrons control the main chemical properties of elements. The number of the outer shell electrons is common to the elements in each vertical column (group) and equals the column number (the number you wrote above each column). This is why the outer electron shell can bear 1 - 8 electrons corresponding to the columns I - VIII; an exception is the shell 1 which is so small that it can take 1 or 2 electrons only. The element 2 He, helium, is located in the column VIII (597) for its two electrons behave completed (closed), i.e. in the same way as the other elements of the column (group) VIII, such as 10 Ne, neon, 18 Ar, argon, 36 Kr, krypton, 54 Xe, xenon, and 86 Rn, radon. Because the elements of the column (group) VIII have their outer electron shell completed (closed) they are chemically inactive. Due to the inactivity, these elements are called inert (noble) gases: they do not form chemical compounds. 
Other elements (having the outer electron shell not closed = incomplete) can close it by electron interaction with other atoms = by a chemical bond. These elements are chemically active: they form compounds. In compounds, each atom has its outer shell completed (closed) - each atom attains the outer shell configuration of the nearest inert gas.

The outer shell electrons are kept by various forces in atoms of various elements - the atoms have various AFFINITY to the outer shell electrons (electronegativity, Linus Pauling, 1932). High affinity causes nonmetallic activity, low affinity causes metallic activity. The metallic activity involves an easy release of electrons which are relatively free; this is why metals are good electric conductors. The nonmetallic activity involves a tendency to take electrons which are relatively strongly held; this is why nonmetals are poor electric conductors, they are electric insulators. The electron affinity increases with the number of the outer shell electrons (the more the outer electron shell is closed the stronger is the tendency to complete this closing), and with the proximity to the atomic nucleus. In each period of the chart (514), the affinity increases horizontally from left to right up to the column VIII; vertically, the affinity grows upwards up to the period 2. In the combination of the two perpendicular directions, the electron affinity grows strongest diagonally in the periodic chart: from the minimum affinity at the bottom left (the element 87 Fr, francium [which does not occur in nature; the half live of its most stable isotope, Fr223, is 21 minutes], and the element 55 Cs, cesium) towards the maximum at the top right, column VIII (element 9 F, fluorine). Thus the strongest (most active) nonmetal is fluorine, and the strongest (most active) metals are francium & cesium. There are only about nine nonmetals: F, Cl, Br, I, O, S, Se, N, P (597).

The separation line between metals & nonmetals is perpendicular to the diagonal direction of the strongest affinity increase. The separation line is diffuse since the continuous affinity change; the elements on the “line” display both metallic & nonmetallic properties, and are called metalloids; most of them change the electric conductivity (+other properties) in response to electric (magnetic) field (and/or pressure, temperature, light) and are semiconductors.
TYPES of CHEMICAL BOND (5, Bonding, 147-8).

The types of chemical bond depend on the relative electron affinities of the elements whose atoms are to be bonded.

In compounds of elements with strongly different electron affinities, such as in compounds of a strong metal with a strong nonmetal, the outer electrons are transferred from the metal to the nonmetal atoms. These atoms acquire opposite charges and are called ions (147). The attractive force among the oppositely charged ions is called ionic bond. Ions of metals (known as cations) bear as many positive charges as was the number of the lost outer shell electrons. Ions of nonmetals (anions) bear as many negative charges as many electrons were taken into their outer electron shell.

In compounds of the elements with similar or identical electron affinities the outer shell electrons are used in common, they are shared; the bond is called covalent (Fig. 5.9, 148).

Whereas the ionic compounds consisting of electrically charged ions are good electric conductors in liquid state (this state, a melt or solution, enables free motion of the elementary particles, ions), the covalent substances consisting of electrically neutral molecules are poor electric conductors even in a liquid state. Ionic compounds are called electrolytes, covalent compounds non-electrolytes. Electrolytes dissociate (separate their ions) in liquid state. There is a continuous transition between the two extreme types of bond due to the asymmetry of the shared electrons, which causes polarity of some covalent molecules (water, H2O, 351, Fig. 13.7; methane, CH4, Fig. 5.9, 148).

Metallic bond has to exceed the repulsive forces among positive metallic ions (148).

Symbols of chemical elements are abbreviations of the Latin names of elements (usually similar to the English names). Our alphabet provides the maximum of 26 letters for single-letter symbols; the remaining majority of more than ¾ from 100 elements get 2-letter symbols. The first letter is always in upper case (capital), the second if any is always in lower case. Examples: hydrogen’s Latin name is hydrogenium, the symbol is H; helium (its Latin name equals the English one) was discovered later than hydrogen and got a two-letter symbol He; nitrogen (nitrogenium in Latin) = N, sodium (natrium in Latin) = Na; fluorine (fluorum in Latin) = F, iron (ferrum in Latin) = Fe.

Formulas of chemical compounds consist of symbols of the elements that form the compound. A subscript number behind each symbol indicates the relative amount (ratio) of the element. The sequence of the symbols in formulas though not important has became a tradition in many inorganic compounds (as a rule, metals precede nonmetals). Examples: H2O means that there are 2 hydrogens to one oxygen in water molecule (the number one as subscript is omitted). For binary compounds (consisting of two elements), a cross rule may be applied to derive a formula: write the number of the outer shell electrons as a superscript number behind the metal symbol (metals release their outer shell electrons) and the number of the missing outer shell electrons (the difference between the maximum possible and actual electrons number in the given outer shell [always 8, in hydrogen 2]), and then rewrite these superscripts across as subscripts to the other element symbol; for example: Al3O2 ( Al2O3; Ca2O2 ( CaO (the ratio 2:2 = 1:1).

Chemical equations describe chemical reactions. The equal sign (=) separates the input chemical substances (including energy) on the left-hand side from the output chemical substances (including energy). The sum of the element atoms (including energy) on left must equal to their sum on right. Arrows ((, (, or () are used instead of the equal sign (=) to emphasize a dominant direction of the chemical reaction; the bi-directional arrow (() indicates that the chemical reaction goes in both directions with the same probability.

MAIN TYPES of COMPOUNDS
WATER, H2O, consists of polar covalent molecules (dipoles; 351, Fig. 13.7), which - particularly due to clustering - are responsible for dissolving ionic compounds and ionizing strongly polar compounds such as hydrochloric acid and ammonia. Even pure water dissociates into H+ and (OH)- ions, but only to a very small extent because these ions recombine into water. In neutral water (and water solutions), concentrations of H+ and (OH)- ions are equal.

Acids are compounds of a nonmetal (or a nonmetallic, i.e. electronegative group) with hydrogen ion(s); dissolving in water, they increase the concentration of hydrogen ions, H+ (77; hydration, 316). Examples: hydrochloric acid, HCl; sulfuric acid, H2SO4; carbonic acid, H2CO3; (SO4)2- and (CO3)2- are examples of the nonmetallic (electronegative) groups.
ACIDITY (and its opposite BASICITY) can be expressed by the concentration of the hydrogen ions. Due to the small numeric values of the hydrogen concentration, a negative decadic logarithm (negative exponent of ten) of the hydrogen ions concentration is used instead: pH. Examples of some pH values: acidic solutions - pH is smaller than 7 (weakly acidic: pH=5 to 6; strongly acidic: pH=1 to 2); basic solutions - pH is greater than 7 (weakly basic: pH=8 to 9; strongly basic: pH=13 to 14); neutral solutions (and pure water): pH=7.

BASES are compounds of a metal (or of a metallic, i.e. electropositive group) with hydroxyl, (OH)-; dissolving in water, bases release hydroxyl ions, which recombine with hydrogen ions into water and thus decrease the concentration of hydrogen ions. Examples: sodium hydroxide, NaOH; calcium hydroxide, Ca(OH)2; ammonium hydroxide, NH4OH; (NH4)1+ ion is the example of the metallic (electropositive) group.
SALTS. Acids + bases neutralize each other: their hydrogen and hydroxide ions recombine into water, their nonmetallic + metallic ions form a salt. Examples: sodium chloride, NaCl (halite; may form by neutralization of hydrochloric acid, HCl, + sodium hydroxide, NaOH); calcium carbonate, CaCO3 (calcite, aragonite; 162), calcium sulfate, CaSO4 (anhydrite; gypsum, Fig. 5.11, 150); sulfates, carbonates, sulfides, halides (Tab. 5.3, 156).

Minerals (5, 149-54)
MINERAL is a homogeneous solid (141) defined by a specific chemical composition and a specific crystal structure. These (chemical composition + crystal structure) are the primary properties, for they define a mineral. All other ones (most of them are described as properties of minerals, 149-54) result from the mineral defined already by its primary properties, and are therefore secondary.

For example, diamond defined by its chemical composition carbon, and cubic (isometric) crystal structure, has a lot of secondary properties such as the highest known hardness (152), nonmetallic (adamantine) luster (153), high electrical resistance, high density 3.5 g/cm3 (153-4), color, etc.. Graphite, the common form of carbon, with hexagonal crystal structure, is one of the softest minerals, has metallic appearance, low electrical resistance (a good electrical conductor), and low density (2.23 g/cm3 = 63.53 % of that of diamond).

The secondary properties are often convenient aids in mineral determination but do not always provide definitive results. A definitive identification, particularly in questionable cases, can only be performed by the determination of the primary properties: chemical analysis yields a chemical composition, and X-ray diffraction analysis yields a crystal structure; crystal structure can be approximated from the crystal shape (form, habit, 149) by a symmetry analysis (crystal systems).
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RELATIONSHIP among MINERALS:


POLYMORPHISM – ISOMORPHISM
POLYMORPHISM (161, Aside 5.2) = relationship among minerals having the same chemical composition but different crystal structure.
EXAMPLES of 3 groups of polymorphically related minerals:
	
	POLYMORPHICALLY
	
	CRYSTAL STRUCTURE

	group-#
	(    related MINERALS
	CHEMICAL composition
	(Fig. 5.11, 150: crystal systems)

	1
	Diamond
(141-2, Fig. 5.1, 147-8)
	carbon,C
	cubic (isometric)

	
	Graphite
(Aside 5.2, 161)
	
	hexagonal

	2
	Pyrite
(Tab. 5.3, 156, Fig. 5.16, 156)
	iron disulfide, FeS2
	cubic (isometric)

	
	Marcasite
(Fig. 5.20, 162)
	
	orthorhombic

	3
	Calcite
(Tab. 5.3, 156, Fig. 5.20, 162)
	calcium carbonate, CaCO3
	hexagonal

	
	Aragonite

	
	orthorhombic


ISOMORPHISM (160-2) = relationship among minerals having the same crystal structure + major part of chemical composition, but partially different (variable) chemical composition.

The partially different chemical composition in minerals with the same crystal structure is due to the replaceability of their atoms or ions. Some atoms (ions) can substitute (replace) other ones having similar chemical features (the same sign of its charge) and similar size. The substitution is continuous, without a specific ratio: the elements substitute each other freely, as in a mixture (see compound and mixture on page 1 of this Guide). Ions that are not exactly equivalent can substitute each other if other ions compensate for the unbalanced charge by an accompanying substitution (coupled substitution). In the isomorphism of calcium-sodium feldspars, the Ca2+(Na1+ substitution is accompanied by the Si4+(Al3+ substitution within the silicon-oxygen tetrahedrons; TGp. 4-5, silicates.

In the tables of the polymorphically & isomorphically related minerals (see above & below), the properties common to each mineral group are printed in italics.
EXAMPLES of 3 groups of isomorphically related minerals:
	
	ISOMORPHICALLY
	
	

	group-#
	(   related MINERALS
	CRYSTAL STRUCTURE
	CHEMICAL COMPOSITION

	1
	Iron
olivine
(160)
	orthorhombic
	iron
silicate
Fe2SiO4

	
	Magnesium
olivine

	
	magnesium
silicate
Mg2SiO4

	2
	Sodium
feldspar
(161-2)
	triclinic
	sodium  + silicon
aluminosilicate
NaAlSi3O8

	
	Calcium
feldspar

	
	calcium + aluminum
aluminosilicate
CaAl2Si2O8

	3
	Calcite
(162)
	hexagonal
	calcium
carbonate
CaCO3

	
	Dolomite

	
	calcium + magnesium
carbonate
(Ca,Mg)CO3

	
	Magnesite

	
	magnesium
carbonate
MgCO3

	
	Siderite

	
	iron
carbonate
FeCO3


SOLIDS and FLUIDS (fluids is a general term for both liquids and gases)

By definition, mineral is a solid. Solids are materials with a crystal structure, i.e. with orderly arranged atoms or ions, atoms or ions are fixed in regular positions (the term crystalline should be avoided in this sense for it involves a [fine] crystallinity). All other states of matter, fluids, have their atoms (ions) disordered: with no crystal structure under normal conditions (“liquid crystals”, e. g. in LCDs, align their polar molecules by electric field).

There are, however, materials that superficially seem to be minerals (solids), such as GLASS (170, 199) and OPAL, that in a precise sense do not qualify because they lack the internal geometric regularity required of matter to be classified as solid. In these materials, the absence of crystal structure originated due to an enormously increased friction when they solidified. The friction among particles of fluids is called viscosity (the resistance to flow, 196-7); it increases with cooling. The viscosity of liquid silicates is unusually high. Glass is a supercooled liquid; in opal, the viscosity of an original jelly of hydrated silicon dioxide grew by gradual dehydration and - similarly as with cooling - it blocked the elementary particles on their way to form crystal lattice: it slowed the crystallization (opal: Scientific American, vol. 234/1976, 4/April, p. 84-95; glass in medieval windows becomes milky due to gradual crystallization).
Review for the Quiz 1 (Q1 on Mo, 5 Nov): ch. 1+5 (up to the silicon-oxygen tetrahedron [see below], the structural unit of silicate minerals).
25 multiple choice questions = 50 from the course total of 300 points = 16.7%.

Geologic time concept (general knowledge of absolute & relative time): chapter 1, p. 28-31;
Quiz 1 Topics:
Basics from Inorganic Chemistry, definition of minerals, polymorphism, isomorphism: ch. 5, p. 141-164.
Specifically:
Matter - elements - compounds: States of matter are solids, liquid and gases (liquids and gases are fluids). The only substance to occur naturally on Earth in all three states is water. The smallest unit of an element is atom, that of a compound is molecule. Atoms - basic structure: nucleus, composed of protons & neutrons; shell, a cloud of electrons orbiting around the nucleus. The number of protons (in the nucleus) defines an element, and is called atomic number. The number of neutrons (in the nucleus) may be different. The number of protons and neutrons is the mass number. Identical elements (have the same atomic number) may differ in their number of neutrons (in the nucleus) and therefore also in their mass number, and are called isotopes. The number of electrons (each bearing one unit of negative electrical charge) equals to the number of protons (each bearing one unit of positive electrical charge) in atoms. Therefore atoms (and molecules) are electrically neutral from outside. Atoms (and molecules) may attain an outside electrical charge by the gaining or losing of one or more binding (outermost in the non-transitional elements) electrons. Electrically charged atoms or molecules are called ions (cations are positively charged, formed by losing one or more electrons; anions are negatively charged, formed by gaining one or more electrons).

Elements, according to their chemical reactivity (due to their affinity), are classified into the 3 major categories of metals, non-metals and inert (noble) gases. Metals, having low number of outer shell electrons, are defined by a low electron affinity, nonmetals, having high number of outer shell electrons, are defined by a high electron affinity, inert gases by zero electron affinity; this is why inert gases are chemically inactive (do not form compounds).

Elements having incomplete outer electron shells try to complete the outer electron shell of each atom by forming compounds: they transfer (take & give) electrons, or share electrons, according to their relative electron affinities. Compounds of elements with strongly opposite chemical (re)activities (affinities), such as metals & nonmetals, bind by electron transfer (metals give, nonmetals take electrons), forming an ionic bond. Nonmetals with similar or identical chemical reactivities (affinities) bind by sharing electron(s), forming compounds with a covalent bond.
Minerals are defined by a specific chemical composition and a specific crystal structure. Minerals with the same chemical composition but different crystal structure are polymorphs, related by polymorphism. For example, element carbon (specific chemical composition) occurs with two crystal structures: with cubic one as the mineral diamond, and with hexagonal one as graphite. Minerals with the same major part of the chemical composition and the same crystal structure, but a different minor part of the chemical composition are related by isomorphism. Silicate minerals are composed of variously arranged structural unit, silicon-oxygen tetrahedron.
Avoid confusing expressions when specific terms are required, such as instead of relative time & absolute time, relative & absolute history, not only relative, not only absolute. In minerals, the term chemical structure is non-sense, it must be chemical composition (another incorrect possibility is chemical compound). Inert (noble) gases are not any gases, but only inert (noble) gases, therefore the term “gases” only is wrong for inert gases. Take care for a logical sequence, for example: in electrically neutral atoms, the number of electrons must equal to the number of protons, and not oppositely (not the number of protons must equal to the number of electrons).
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CLASSIFICATION of MINERALS
Minerals are classified on a chemical principle (155-66, Tab. 5.3, 156): native elements, silicates, oxides, sulfides, carbonates, sulfates, halides, etc.. Very abundant minerals (most silicates and some carbonates) constitute rocks, and are called ROCK-FORMING MINERALS. Silicates, particularly their most common type aluminosilicates, form more than 90% of the Earth’s crust.

Minerals from which one or more substances can profitably be extracted are called ORE MINERALS (mineral deposits: 20, 544).

SILICATES (5, 158-60, Fig. 5.19)

Structural unit of silicates is SILICON-OXYGEN TETRAHEDRON, (SiO4)4- (Fig. 5.18, 158); main classes of silicates are distinguished according to the various arrangement (linkages) of the (SiO4)4- tetrahedra (Fig. 5.19, 158-9); each class may be further subdivided according to crystal structure:
From isolated to frameworks, both the number of shared oxygens/tetrahedron (from 0 to all 4), and the number of binding directions (from 0 to 3) increase.

From 4310 minerals approved by IMA, we will learn about 25 most important ones only: rock forming minerals, such as silicates, carbonates, and a few popular minerals, such as diamond & emerald: http://www.miner.ch/liste_mineraux.html. The most complete text on all known minerals is by Jan H. Bernard & J. Hyršl, Minerals & their Localities, Granit, Praha, Czech Republic, 808 pages, ISBN 80-7296-039-3. Totally, of the 4310 IMA minerals, there are:
1221 silicates (& aluminosilicates), from them:

· 23 garnets (much more are synthetic, which are not included),

· 23 pyroxenes,

· 115 amphiboles (a very complex group incl. hornblendes, asbestos etc.),

· 45 micas (complex too);

232 carbonates, 329 sulfates, etc..

	Main silicate classes
	subdivisions
	silicate mineral groups

	isolated (island)
	
	olivine (has no aluminum!), garnet, zircon 286, sphene, topaz 43

	groups
	double groups 
	epidote

	
	6-member ring groups
	beryl 43 [its variety green by chromium traces is emerald]; tourmaline

	chains
	single chains (43, Fig. 2.19): pyroxenes
	augite

	
	double chains (44, Fig. 2.20): amphiboles
	hornblende (asbestos)

	sheets (44-5)
	micas
	black mica, white mica

	
	chlorites (green “micas”)
	

	
	clay minerals
	kaolinite, illite, montmorillonite

	frame-(net-)works
	feldspars
	potassium feldspar, sodium-calcium feldspars (plagioclasses)

	
	
	quartz (has no aluminum!)


Chemical constituents and SiO4-arrangements of some (alumino)silicate minerals (157-160):

	(Alumino)silicate
	Chemical constituents (some are abbreviated):
	Arrangement of

	minerals:
	oxygen
	silicon
	alumin.
	iron
	magnesi
	calcium
	sodium
	potassi
	water
	beryllium
	manganese
	chrom.
	the SiO4-tetrahedra

	Olivine
	X
	X
	
	X
	X
	
	
	
	
	
	
	
	isolated

	Garnets
	X
	X
	X
	X
	X
	X
	
	
	
	
	+
	+
	isolated

	Beryl (+Cr: emerald)
	X
	X
	X
	
	
	
	
	
	
	X
	
	+
	6-member ring groups

	Augite (pyroxene)
	X
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	single chains

	Hornblende (amphibole)
	X
	X
	X
	X
	X
	X
	X
	
	X
	
	
	
	double chains

	Black mica
	X
	X
	X
	X
	X
	
	
	X
	X
	
	
	
	sheets

	White mica
	X
	X
	X
	
	
	
	
	X
	X
	
	
	
	sheets

	Kaolinite
	X
	X
	2
	
	
	
	
	
	2
	
	
	
	sheets

	Calcium feldspar
	X
	X
	2
	
	
	X
	
	
	
	
	
	
	frameworks

	Sodium feldspar
	X
	X
	X
	
	
	
	X
	
	
	
	
	
	frameworks

	Potassium feldsp.
	X
	X
	X
	
	
	
	
	X
	
	
	
	
	frameworks

	Quartz
	X
	X
	
	
	
	
	
	
	
	
	
	
	frameworks


EXPLANATION: the Table above shows the availability (not a ratio or percentage) of the following chemical constituents (11 elements and 1 compound [water as H2O or (OH)1-]). The first 8 elements form about 98.5 weight percent of the Earth’s crust (155); in the Table above, the 8 elements are arranged mostly according to their decreasing percentage, except for magnesium which comes frequently with iron (in igneous rocks) and is therefore arranged just in the column after iron. The major (normal) availability is indicated by “X” enclosed in a medium shaded box, unusually high availability by “2” enclosed in a thick shaded box (“2” does not mean a double content); an accessoric availability (may cause a color even in traces, but does not appear in the formula) is indicated by “+”. NOTES on the chemical constituents. Color is due to transitional elements admixed even in traces, such as green due to chromium traces (in garnet and beryl [emerald, 431]), and violet due to manganese traces (in garnets). In the (alumino)silicates, the green or red & brown color is due to iron (see TGp. 8, Field Trip Description p. 16): olivine, garnets, augites, hornblendes & black micas. In these minerals, iron is always accompanied by magnesium. 

CARBONATES (162, Fig. 5.20a):

Carbonates are salts (see TGp. 3) of the carbonic acid, H2CO3: they contain its group [CO3]2-, which needs two electrons from one or more metal atoms. The majority of carbonates crystallize in the hexagonal system and form a continuous isomorphic series. Few carbonates crystallize also in the orthorhombic system, such as CaCO3, aragonite. The most common rock forming carbonate, calcite, is part of the following hexagonal isomorphic series:
Calcite,      CaCO3           (its orthorhombic polymorph is aragonite).
Dolomite,  (Ca,Mg)CO3   general formula; CaMg(CO3)2 shows dolomite with Ca:Mg = about 1:1.

Magnesite, MgCO3          used chiefly in making refractories and magnesium.

Siderite,     FeCO3            - a very common iron ore included also in taconite (156).

OXIDES and SULFIDES (162, Fig. 5.20b+c); metal oxides and particularly sulfides are valuable ores (156):

Oxides = compounds of oxygen with a metal (as a rule), e.g.  hematite, Fe2O3 (156), magnetite, Fe3O4 (601), corundum, Al2O3 (156, 600),  cassiterite (tinstone), SnO2 ; water (ice), H2O.
Sulfides = compounds of sulfur with a metal, e. g. pyrite, FeS2, galena, PbS (156-600), sphalerite, ZnS (602), chalcocite, Cu2S (468), and chalcopyrite CuFeS2.
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ROCKS
DEFINITION: Rocks are aggregates (aggregate = assemblage, 169) consisting of one or more minerals; these aggregates form great units within (of) the Earth’s crust. They mostly consist of more minerals (polymineral rocks) but may be formed by one mineral as well (monomineral rocks).

EXAMPLES of polymineral rocks (consisting of two or more minerals):

granite - its minerals are potassium and sodium feldspars, quartz and black (+sometimes white) mica;

basalt - its minerals are calcium feldspar, olivine, augite (pyroxene) and hornblende (amphibole).

EXAMPLES of monomineral rocks (consisting of one mineral only):
limestone (7, 114-6, 385-390), coquina (228, Fig. 8.13, 229), dripstone (437), travertine (438), chalk (228), marble (247,, 255) - they all consist of calcite; quartzite (225, 255) consists of quartz.
CLASSIFICATION of Rocks & their equivalents (33-6, Fig. 1.10)

Rocks are classified according to their origin. Rocks were subject to processes that have randomly changed one into each other (“rock cycle”, 36; the term cycle, however, does not mean that all the changes had to go in one direction and a full cycle only: in contrary, the changes proceeded on those source rocks which were randomly available; in the test, the shortest directions of the changes are required). Soils, sediments (both are unconsolidated) and magma (is liquid) are rock equivalents.  From the following 8 processes, crystallization, deposition, erosion, lithification, melting, metamorphism, transportation, weathering, one or several ones may change each rock.
Only the last process that formed a rock defines (classifies) it:

Crystallization  of 
magma  forms 
igneous rocks (33-4, 167-9)
weathering  of
any rock at the surface (except magma)  forms
soils (32, 220-1)
erosion-transportation-deposition  of 
a weathered rock  forms
sediments (34, 219-23)
lithification (diagenesis)  of
 a sediment (9-10) forms
sedimentary rocks (221-2)
metamorphism  of
 any rock except magma  forms
metamorphic rocks (36, 247-50)
melting  of
 any rock  forms
magma (33, 167)
NOTE to Fig. 1.10, page 36: The rock “cycle” does not mean that the changes must always proceed in the shown one direction: the processes act on available rocks (see above). SOILS should be included after “weathering” as a parallel alternative in addition to the main link leading to sedimentary rocks; in fact, the direct product of deposition is a sediment, from which a sedimentary rock may form by the hardening process called lithification.
The following surface processes are recognized:

weathering
loosening of rocks and minerals, it may leave a soil on the weathering site;

erosion

beginning of the transportation (of a weathered material);

transportation
movement + carrying away of particulate and/or dissolved solids;

deposition
termination of the transportation: the laying down of the transported material into layers (sediments & sediment. r.);
Deposition causes stratification (layering; bedding); exception: glacial deposits are unstratified (till, 465). The term deposition is used here as a synonym of sedimentation: it does not include deposition in veins, geodes, etc.. While weathering does not include any transportation (except for the leached out solutions which belong to the processes of chemical erosion since they start a transportation), only erosion-transportation-deposition is considered. Lithification, similarly to weathering, does not include any movement; see sedimentary rocks (34, 221-2).



IGNEOUS ROCKS - formed by crystallization of magma (33, 167, 169)
Magma is a silicate melt with dissolved volatiles (volcanic gases). It is extremely viscous (“thick”).
VISCOSITY (196-7) is the mutual resistance of the flow elements against their moving (flow or deformation). In magma, the viscosity slows the particles also on their way to form crystal lattice - it slows the crystallization.

The magma viscosity is proportional to the following factors:

a) Growing content of silica (197; basalt plateaus demonstrate a low viscosity, 199, steep domes high viscosity, 200)

b) Decreasing temperature (cooling), and

c) Decreasing content of the dissolved volatiles (volcanic gases, largely water [H2O] and carbon dioxide [CO2], 202).

Crystallization of magma is very slow (170). Even within thousands of years of cooling that took place at depth (plutonic igneous rocks form) - crystals of few millimeter size originated (granular texture). Nearby the surface, the cooling is faster - crystals are very fine (invisible by eye = aphanitic texture) or do not originate at all (glassy texture): effusive (volcanic) igneous rocks form.

The crystallization of (alumino)silicates from magma proceeds in a sequence known as Bowen’s reaction series (174-80, Fig. 6.18, 178, 353, Fig. 13.8; see also the scheme below), in which the chemical composition of the remaining (not yet crystallized) melt changes. A selective cumulation of the minerals as they successively crystallize leads to origin of various igneous rocks. The Y-shaped Bowen’s reaction series begins with two parallel crystallization branches that converge to a single (common) terminal branch:









1 The calcium-sodium feldspars change their minor chemical composition continuously keeping the same SiO4-tetrahedra arrangement (frameworks) and crystal structure (triclinic). They start with calcium (alumina rich, silica poor) feldspar, and end with sodium feldspar (has less Al, more Si).

2 The iron-magnesium alumino-silicates change their SiO4-tetrahedra arrangement and structure in a discontinuous series. The arrangement of their SiO4-tetrahedra becomes more complex: first isolated, then chained, further combined into sheets; during the crystallization, the non-silicon elements (mainly iron, magnesium, and calcium) are consumed from the melt (they become part of the crystallized minerals).

3 A common terminal sequence; silicon rich minerals with frameworks SiO4-tetrahedra crystallize: potassium feldspar and quartz. White mica forms (on account of some potassium feldspar) only if the remaining aluminosilicate magma with potassium contains some dissolved water (in effusive igneous rocks the lack of pressure removes the dissolved water).
Review for the Test 1 (Test 1 to be We, 14 Nov 07)

Test 1 TOPICS: 

Minerals, Rock-Definition & Changes (“rock cycle”), Crystallization Sequence of 
Igneous Rock Minerals (“Bowen’s Reaction Series”) and its Application to Weatherability (174-8, 353)

Test 1: 40 multiple choice questions = 80 from the course total of 300 points = 26.7%.

MINERAL definition (Textbook Guide, OCT 07 page 3). Distinguish the primary mineral properties which are sufficient to define & determine a mineral from the secondary ones which may help to estimate a mineral.

Polymorphism-Isomorphism (Textbook Guide, OCT 07 page 3-4). Explain these relationships. Select the minerals listed below which are related by isomorphism/po​lymorphism, and group the minerals into the pertinent scheme according to their relationship; give common properties to each group, and different (specific) properties to each mineral. Be sure that the different properties do not include a portion of the common properties. For your spelling convenience, use the minerals and crystal structures listed:

MINERALS (not all can be used): aragonite, calcite, calcium feldspar, diamond, dolomite, graphite, iron olivine, magnesite, magnesium olivine, marcasite, potassium feldspar, pyrite, quartz, siderite, and sodium feldspar.

CRYSTAL STRUCTURES = use the terms of the crystal system terminology: isometric, hexagonal (trigonal is included), orthorhombic, and triclinic.
Silicate minerals (Textbook Guide, OCT 07, page 4-5). Give the structural unit of silicate minerals. Characterize the silicate minerals by giving the arrangement of their structural units, and their chemical constituents (see Textbook Guide, OCT 07 Table on the top of the page 5).

ROCKS - definition.
Give both the important parts of the definition of rocks as explained in the Textbook Guide. OCT 07, page 5.



Distinguish the rocks and minerals on the following examples:

	MINERALS:
	ROCKS:

	amphibole (hornblende), calcite, chlorite (green mica), clay mineral, kaolinite, opal, quartz
	amphibolite (hornblendite), chalk, clay, claystone, kaolin, limestone, marble, quartzite


ROCKS - origin (“ROCK CYCLE”) (Textbook Guide, OCT 07, page 5: “Classification of rocks”). 8 processes: each forms a rock or its equivalent from another one. These processes also define each rock produced (genetic classification of the 6 rock types & equivalents).

Crystallization Sequence of Igneous Rock Minerals (“Bowen’s Reaction Series”) and its Application to Weatherability (Textbook Guide, OCT 07: the last three paragraphs before this Test 1 Topics Box on the page 6; Textbook: page 87)
Give the silicate minerals as in the question Silicate Minerals into the blank spaces of the Y-shaped empty diagram (similar to that on the page 353).
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Mo, 14 Nov 07:
TEST 1: Minerals, rocks “reshuffling”,


crystallization sequence of igneous rock minerals (see the Test 1 Topics above ↑)

CLASSIFICATION of IGNEOUS ROCKS (171-4). The minimum of six types of igneous rocks may be recognized according to the magma type and the depth of cooling. The depth of cooling controlled the cooling speed and thus the coarseness/fineness of texture (Fig. 6.14, 174).

	Depth of
	
	3    t y p e s    o f    m a g m a :

	cooling -
rock TYPE  (
	RESULTING
( TEXTURE (
	BASIC
(Fe-Mg rich)
	MEDIUM
	ACIDIC
(silicon rich)

	nearby surface (fast cooling): EFFUSIVE
	fine = 
APHANITIC
	BASALT
	ANDESITE
	RHYOLITE

	at depth (slow cooling): PLUTONIC
	coarse = GRANULAR
	GABBRO
	DIORITE
	GRANITE

	(
	iron-magnesium
	olivine
	(no olivine)
	

	MINERALS: (
	(alumino)silicates
	augite
hornblende
	
black mica

	(
	sodium-calcium feldspars
	calcium feldspar
	calcium-sodium feldspar
	(in granite +white mica)
sodium feldspar

	(
	potassium feldspar
	
	
	potassium feldspar

	(
	quartz
	
	
	quartz


EXPLANATIONS:  The six types of igneous rocks are printed in bold italic CAPITALS (basalt, andesite, rhyolite, gabbro, diorite, granite). The labels of the three vertical columns above these six igneous rocks indicate three types of the source magma. The cooling depth controlled the cooling speed: nearby surface the cooling was fast and effusive (volcanic) rock with fine grained (affanitic) texture formed; at depth the slow cooling formed plutonic igneous rocks with coarse grained = granular texture. Below the six igneous rocks, their minerals are shown, distinguished into four groups: iron-magnesium (alumino) silicates (dark minerals), sodium-calcium feldspars, potassium feldspar and quartz; their availability in each mag-

	matic type is specified by the pertinent mineral. The absence of potassium feldspar and quartz is shown by a shadowed box(
	
	 For example: basalt and


gabbro (they both form from a basic magma; Fe =iron, Mg = magnesium) consist of olivine, augite, hornblende and calcium feldspar; andesite & diorite (they both formed from a medium magma) consist of hornblende, augite, and an isomorphic mixture of calcium & sodium feldspars in the ratio of about 1 : 1.

Volcanic gases (volatiles), consisting chiefly of water vapor, do not enter the crystal lattice at a higher temperature even under a high pressure. Thus, they accumulate dissolved in the remaining liquid and, increasingly with their concentration growth, they reduce the viscosity of the liquid remainder. Therefore the residual magma crystallizes sometimes into very coarse minerals (in pegmatites, 42-4), most of them containing the volatiles (water in micas and hornblendes) as well as elements causing easy solubility in water (alkalis such as sodium and potassium).
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WEATHERING (8, 221; 13, 345-67)
Weathering is an external process that acts in surface or subsurface minerals and rocks in response to the atmosphere, water and life. The products of weathering are SOILS (see page 8 of this Guide) - if they are still on the original place of the source material, or SEDIMENTS - if they were simultaneously eroded, transported and then deposited elsewhere (221).

Two types of weathering are recognized:

1
Mechanical weathering (disintegration) destroys the source material into fragments; it is caused by changes in temperature, by frost, organisms, and by impacts of transporting agents such as water, glaciers and wind. Thus it increases the surface area of the given amount of material (specific surface, 347, Fig. 13.2): the finer the fragments the greater the specific surface and the better is the access of environmental agents (responsible for chemical weathering) to the material.

2
Chemical weathering (decomposition) is caused by water, particularly with dissolved acids (carbonic, humic and sometimes sulfuric acids), and oxygen. It destroys the source material in proportion to its chemical weatherability (353, Fig. 13.8), specific surface (fineness of fragments), surplus of acidity and water flush, and temperature. The chemical weatherability is proportional to the magnitude of difference in the conditions of mineral or rock origin with those of the weathering. In igneous rocks, the first crystallized minerals (olivine and calcium feldspar) are weathered first; those, which crystallized last weather last as well (353, Fig. 13.8). The chemical weathering acts in two ways:

1
it partially dissolves the source material (compounds of potassium [most soluble; others are listed in the sequence of decreasing solubility], sodium, magnesium, calcium; in tropical humid zones [= high temperature and acidity] even silica); the solution is transported away;

2
it produces new minerals that are relatively insoluble under the given weathering type, such as clay minerals (see TGp. 8), iron- and aluminum-hydroxides, calcite, gypsum, silica, hematite, etc..

In the both cases, the insoluble residuals on the original place are soils (see TGp. 8).

Clay minerals (351-2. Tab. 13.1) [optional] are hydrated aluminosilicates with the sheet arrangement of the SiO4-tetrahedra. Due to its extra high content, aluminum forms an extra layer of hydrated aluminum-oxygen octahedra [similar to gibbsite, Al(OH)3].

Three main classes of clay minerals, kaolinite, illite and montmorillonite, are recognized:

	KAOLINITE:
	
	ILLITE:
	
	MONTMORILLONITE:

	
	
	
	
	

	SiO4 tetrahedra
	
	SiO4 tetrahedra
	
	SiO4 tetrahedra

	AlOOH octahedra
	
	AlOOH octahedra
	
	AlOOH octahedra

	(
	
	SiO4 tetrahedra
	
	SiO4 tetrahedra

	7Å
	
	(
	
	(

	(
	
	10Å
	
	

	SiO4 tetrahedra
	
	(
	
	>14Å, expandable by water swelling

	AlOOH octahedra
	
	SiO4 tetrahedra
	
	

	
	
	AlOOH octahedra
	
	(

	
	
	SiO4 tetrahedra
	
	SiO4 tetrahedra

	
	
	
	
	AlOOH octahedra

	
	
	
	
	SiO4 tetrahedra






SOILS (13, 356 - 67)
are residuals of weathering which are still on the place of origin. Their chief constituents are clay minerals (80; see above). The fundamental soil properties result from the original material, type of climate, relief of the land surface, passage of time and type of vegetation. Vertically, three soil horizons (357-8, Fig. 13.14) may develop, however, any combination of each is possible due to missing some of them. According to the humidity, two types of soils form under medium temperature: pedalfers in humid area, and pedocals in drier environment. In tropical humid areas laterite originates (consists of iron & aluminum hydroxides [hydrated oxides], 359); aluminum rich laterite, bauxite (360), is the common aluminum ore.
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SEDIMENTS & SEDIMENTARY ROCKS (8, 219-45)
Sediments & sedimentary rocks are eroded, transported and deposited materials of weathering. They represent about 75% of the rocks exposed at the Earth’s surface by area but only about 5% by volume of the outer 10 km of the globe. This is caused by the deposition (sedimentation in this sense): they are stratified (layered).
All our knowledge of stratigraphy, and the bulk of our knowledge of structural geology are based on studies of s. rocks. An overwhelming percentage of the world’s economic mineral deposits, in monetary value, come from sedimentary rocks: oil, natural gas, coal, salt, sulfur, potash, gypsum, limestone, phosphate, uranium, iron, manganese, not to mention such prosaic things as construction sand, building stone, cement rock, or ceramic clays. Studies of the composition and properties of s. rocks are vital in interpreting stratigraphy: it is the job of the sedimentary petrologist to determine location, lithology, relief, climate, and tectonic activity of the fossil source area; to deduce the character of the environment of deposition; to determine the cause for changes in thickness or lithology; and to correlate beds precisely.

CLASSIFICATION of Sediments & Sedimentary Rocks (222, Tab. 8.1)
according to depositional processes and texture (Table 8.2, 223)

1
Mechanical (detrital), revealing clastic (fragmented) texture (223-7)

They consist partly of minerals resistant to chemical weathering, such as quartz, micas, alkali feldspars (Na and K feldspars), heavy minerals and pebbles derived from erosion of older rocks, partly of solid products of weathering, such as clay minerals (rarely aluminum + iron hydroxides); some consist of broken or whole shells, calcareous fecal pellets or fragments of limestone torn up and reworked to form pebbles. Among the particulate matter listed above, a matrix may fill the intergranular space; it may consist of the minerals calcite, opal (in sedimentary quartzite) and clay minerals.

EXAMPLES:

gravel, sand, clay, clastic inorganic and biogenic limestones, chalk & coquina (clastic biogenic limestones), sandstone, shale.

2
Chemical, revealing non-clastic texture (mostly crystalline with interlocked grains; 227-30).

They formed by precipitation of solutions from weathering, underground water resources, or by biogenic processes (reef limestones) and consist of calcite, dolomite, opal, chalcedony, quartz (rarely clay minerals). Evaporites having also a non-clastic texture, formed by evaporation of salt water solutions which is not a truly chemical process; they may consist of halite (rock salt), gypsum, anhydrite and potash salts.

EXAMPLES:

non-clastic (microcrystalline) limestone, massive biogenic (coralline, algal) limestone, dripstone, travertine, tufa,




chert (flint is its popular variety), sedimentary quartzite; examples of evaporites: rock salt, gypsum, anhydrite.

Lithification (hardening) changes mechanical sediments into rocks; it is obviously included in chemical sedimentary rocks & evaporites.

SEDIMENTS (and SEDIMENTARY ROCKS) can also be classified according to depositional environment: marine, fluvial, lacustrine, aeolian (wind-blown), glacial.

FEATURES of sediments (& sedimentary rocks): bedding (stratification) in all cases but variously visible; in some cases: mud cracks, nodules, concretions, geodes, fossils. Color is mostly due to fine admixture of iron oxide (brown - red - black) or iron hydroxide (brown - yellow) minerals, organic substance (gray - black), pyrite (gray-green to black), etc.. 

Important SOILS, SEDIMENTS & SEDIMENTARY ROCKS with their classification features and minerals:
	
	SOILS formed by
	
	MINERAL constituents

	
	intermed.
	strong
	extra strong
	SEDIMENTS & SEDIM. ROCKS
	clay minerals
	
	
	
	
	

	
	weathering
	mechan detritic, clastic
	chemi-cal
	bioge-nic
	evapo-rite
	lithi-fied
	mont-morillonite
	kaoli-nite
	quartz
	calcite
	opal + chalce-dony
	alum.+ iron hydrox.
	sodium chloride, halite

	Montmorillonite clay*
	X
	
	
	X
	
	
	
	
	X
	
	X
	X
	
	
	

	Kaolin/china clay*
	
	X
	
	X
	
	
	
	
	
	X
	X
	
	
	
	

	Bauxite, laterite
	
	
	X
	
	
	
	
	
	
	
	
	
	
	X
	

	Sandstone, shale
	
	
	
	X
	
	
	
	X
	X
	X
	X
	X
	
	
	

	“Sedimentary quartzite”
	
	
	
	X
	X
	
	
	X
	
	
	X
	
	+
	
	

	Chert, flint
	
	
	
	
	X
	X
	
	X
	
	
	+
	
	X
	
	

	Limestone**
	
	
	
	X
	X
	X
	
	X
	+
	
	
	X
	
	
	

	Chalk
	
	
	
	X
	
	X
	
	X
	
	
	
	X
	
	
	

	Rock salt
	
	
	
	
	
	
	X
	X
	
	
	
	
	
	
	X


*The montmorillonite and kaolin (=china) clays may be either a soil or a sediment. If they are soils, any sedimentary feature such as layering (stratification) must be absent. If they are sediments, the sedimentary features (layering and/or fossils which are diagnostic for a sedimentary environment) must be found. In a montmorillonite clay, calcite is more common in the montmorillonite as a sediment than as a soil. In kaolin (china) clay, calcite almost never occurs due to the acidity both of the weathering and depositional environments of the kaolin clay.

** Similarly in limestone: clay minerals, if available, can be illite and/or montmorillonite, almost never kaolinite.





METAMORPHIC ROCKS (9, 246 -69)
formed by metamorphism, which includes changes of rocks under conditions different from those of their origin: by pressure, heat, or chemically active fluids, or by any combination of them.
Heat is essential in combination with the other agents of metamorphism. If it acts alone it is limited to thin zones (contact metamorphism): thus magma (lava) burns clay into porcellanite, creates corundum, garnets, etc., converts carbonaceous material (coal) into graphite.

Chemically active fluids alone cause contact metamorphism (similarly to the action of heat): we distinguish hydrothermal and pneumatolytical metamorphism. Portions of rocks enriched by various oxides (cassiterite) and sulfides (pyrite, chalcopyrite, galena, sphalerite, etc.) may constitute ore deposits of economic importance (249, 256-8).

Heat & pressure act mostly together over extensive areas: regional metamorphism (along with mountain chains, which originated from geosynclines, and on continental shields). Foliation (253) is the typical feature of these metamorphic rocks.

The most common sedimentary rocks, SHALE & SANDSTONE, may progressively be regionally metamorphosed as follows (250, 259 – 62, Fig. 9.15):

	
	rocks
	minerals:

	
0
	shale, sandstone
	(fine) quartz
	calcite
	montmorillonite
(clay mineral)
	illite
(clay mineral)
	kaolinite
(clay mineral)

	1
	slate
	(fine) quartz
	calcite
	green mica
	illite
	kaolinite

	2
	phyllite
	quartz
	garnet
	green mica
	black mica
	white mica
	sodium feldspar

	3
	schist
	(coarse) quartz
	garnet
	green mica
	black mica
	white mica
	sodium feldspar

	4
	gneiss
	(coarse) quartz
	garnet
	green mica
	black mica
	white mica
	potassium feldspar
	sodium feldspar


From other source rocks, the following regional metamorphic rocks may form:

	
	rocks
	minerals:

	0
	quartz sand(stone)
	quartz
	calcite
	montmorillonite
	illite
	kaolinite

	1-4
	metam. quartzite
	quartz
	garnet
	green mica
	black mica
	white mica
	potassium feldspar
	sodium feldspar

	0
	BASALT
	olivine
	augite 
	hornblende
	calcium feldspar
	

	3,4
	AMPHIBOLITE
	garnet
	augite 
	hornblende
	calcium feldspar
	

	0
	LIMESTONE
	calcite
	montmorillonite
	illite
	

	1-3
	MARBLE
	calcite
	garnet
	green mica
	hornblende
	


EXPLANATION:
double-lined frame:
each frame includes a rock group; a source (non-metamorphic, indicated by 0 in the column 1) rock in the row 1, and in the row(s) below (indicated by the numbers 1 through 4, meaning a metamorphism grade) pertinent metamorphic rock(s) formed from the source rock.

column 1:
the numbers mean a metamorphism grade, such as
0

no metamorphism, therefore it is used for a source rock; the row is shaded, & separated from the metamorphic rock(s) below by a


single heavy line;
1, 2, 3, 4
metamorphism of grade 1 through 4 respectively.

REVIEW for the Test 2 (Test 2 to be We, 28 Nov 07)

T2 TOPICS:
Test 2: 20 multiple choice questions = 20 from the course total of 300 points = 6.7%.

MAIN TYPES of the ROCKS: their CLASSIFICATION CHARACTERISTICS and MINERAL CONSTITUENTS

The following ROCK EXAMPLES will be included:

IGNEOUS ROCKS:

Andesite, basalt, granite, rhyolite.

SOILS:



Bauxite (type of laterite), kaolin clay (may be also a sediment), montmorillonite (may be also a sediment).

SEDIMENTS & SEDIMENTARY ROCKS:
Chalk, chert (flint), kaolin clay (may be also a soil), limestone, montmorillonite clay (may be also a soil), 




rock salt, sandstone, sedimentary quartzite, shale.

METAMORPHIC ROCKS:
Amphibolite, gneiss, metamorphic quartzite, marble, phyllite, schist, slate.

The following rock classification characteristics (features) should be used for each rock example:

IGNEOUS ROCKS:

acidic - intermediate - basic
(use one of the three types)




plutonic - effusive
(use one of the two types)

SOILS originated by:

extra strong weathering - strong weathering - intermediate weathering
(use one of the 3 origins)

SEDIMENTS & SEDIMENTARY ROCKS: 
mechanical (detrital, clastic)  - chemical - evaporite - biogenic - lithified
(use 1 or more of the 5 features)

METAMORPHIC ROCKS formed by
1 low grade metamorphism, 2 intermediate metamorphism, 3 high grade metamorphism





4 very high grade metamorphism
(use 1 or more of the 4 metamorphic grades,





but do not combine opposite grades, such as 1 + 4)

The following minerals (alphabetically listed below) may be included:

aluminum (+iron) hydroxides, black mica (biotite), amphibole (hornblende), augite (pyroxene(, calcite, calcium feldspar, garnet, green mica (chlorite), halite (sodium chloride), hornblende (amphibole), kaolinite, montmorillonite + illite, olivine, opal + chalcedony (hydrated silicon dioxide), potassium feldspar, pyroxene (augite), quartz, sodium feldspar, white mica (muscovite).
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Sa, 1 Dec 07:
Field Trip 1: Palatinate Forest (Pfalz), near Pirmasens. map:
http://teaching.grano.de/f_trips.htm
Meeting site:
McDonalds, Am Kohlwäldchen, 66877 Ramstein – Miesenbach, 06371-912 020,
60538@store.de.mcd.com 
from Kaiserslautern:
AB6, direction W, Saarbrücken, Exit 12 “Landstuhl-Ost/(Ramstein-Miesenbach)”
Meeting time:
09:30h;
Approx. Return time:
13:00h Lemberg.
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GEOLOGIC TIME (1, 7 – 9, 10, 271 – 7, 283 – 293)
According to the principle of uniform change, geologic processes in the past were the same as those in the present. An unconformity, which is a buried surface of erosion, indicates that a tectonic uplift, erosion, and sedimentation have occurred in that order.

Radioactive isotopes and their decay products in rocks make it possible to date geologic formations in number of time units such as years. However, the radioactive dating is limited to objects which have preserved their radioisotopes to be determined, and this is rarely the case; moreover, the radioactive dating includes difficult laboratory procedures their accuracy is limited (date is currently determined with a >5% error), and the price is not negligible. This is why the concept of relative time is widely used in geology until now. Fossils, the remains of organisms preserved in rocks, are useful in correlating strata, in tracing the development of living things, and in reconstructing ancient environments. Days were shorter due to slowing down the Earth’s rotation by gravitational influence of the Sun & Moon (tides are flexing the Earth’s interior, generating great part of the geothermal heat); for example, 0.9 bya., 1 day took 18.2 hours (Astronomy Oct. 97, p. 28).

Geologic time is divided into Archean & Precambrian time and the Paleozoic, Mesozoic, and Cenozoic eras; the latter started 590, 250, and 66 million years ago, respectively. Eras are subdivided into periods and the periods into epochs.

Optional:
Major Evolutionary Stages & Events
 bya = billion years ago, mya = million years ago

Reference: Geological Time Table, by B. U. Haq & F. W. B. van Eysinga. Elsevier, 4th (revised & enlarged) edition, 1987; ISBN 0-444-41362-6

	
stage’s name:
	age in mill/bill years ago:
	age of:
	important events:

	1          Archean


	5-4bya
	planets formation
	Solar system evolved from dust+gas cloud: collisions, growth of planetesimals into protoplanets; 4.2 bya. bombardment of Earth-like planets heated them up to molten state which enabled differentiation into crust, mantle & core;

Earth: 1st (oxygen-free) atmosphere + oceans formed;

	2   Precambrian


	4-.59bya
	life beginnings
	3 bya. evolution of organic molecules; 2 bya. one-celled organisms: blue green algae (ex stromatolites) formed 1st oxygen in waters;

	3                Early Paleozoic


	590-360mya
	marine invertebrates
	corals, sponges, bryozoa, mollusks (gastropods, cephalopods, “shells”, oysters, clams), brachiopods, graptolites, echinoderms (sea lilies, sea urchins), arthropods (trilobites, crustaceans);       1sts: 500mya vertebrates (jawless fish), 425mya. jawed fish, 418mya vascular plants;

	4                  Late Paleozoic


	360-250mya
	tropical forests of non-flowering vascular land plants; they formed:
	oxygen in the atmosphere & large deposits of black (high grade) coal; oceans low due to glaciation;            1sts: 384 mya insects, 355 mya amphibians, 330 mya reptiles, 310 mya winged insects;                   strong excinctions 250mya;

	5         Mesozoic


	250-66mya
	reptiles
	tropical climate; 1st: 222 mya mammals, 143 mya birds, 116 mya flowering plants (angiosperms); last (66-67 mya): reptiles (dinosaurs etc.), ammonites, belemnites, inoceramids, rudists, globotruncanids (Astronomy April 97, p. 34-41);

	6        Tertiary=
Early Cenozoic


	66-1.68mya
	mammals
lower temperature, seasons

	slow & slight cooling, Paleogene, 67 - 24 mya; rapid diversification of mammals; 1sts: 57-56 mya primates, grasses; 52.5 mya horses, 45.05 rodents, 40 mya. anthropoids, 35.05 mya. elephants;
Neogene, 24 mya - 1.67 mya; 20 mya. homonoids (Proconsul), 5mya hominids;

	7   Quaternary=
Late Cenozoic, Anthropogene
	1.68mya - now
	man
	several strong to moderate glaciations;   currently: moderate glaciation (polar caps, high mountain glaciers), therefore low oceans; Pleistocene to 10,000 ya,
then Holocene to now; 1.6 mya Homo erectus, 400,000 ya early Homo Sapiens, 80,000 ya Neanderthal, 35,000 ya modern (Cro-Magnon) man;


The immense length of time (millions of years) helps one understand the prodigious effects of the geological processes. Geological dating is difficult, therefore a simple and reliable concept has been developed and used as standard since long ago (28-9, 272-7, 280).
Relative Time

Qualitative time called relative (272-7) is based on sequences. Two common methods (laws) help determine it:

1
Law of superposition (272) states that a sediment (sedimentary rock) which overlays any other rock is younger than that rock beneath; this is valid for the overlaying during the sediment deposition. Later, the layer could be overturned by folding.

Several methods help determine the original position of the overlaying:

a
Geological setting - a folding can be eliminated.

b
Finding some identifiers of the original position, such as foot imprints on beds, little rain drop craters, mud cracks, ripple and sole marks.

c
Finding a zone of weathering on a surface of a contacted igneous rock (this should be confirmed by finding no contact metamorphic changes on the bottom surface of the overlaying sediments (sedimentary rock).

2
Law of crosscutting (intersectioning; 274-5, Fig. 10.2) states that a geological feature (igneous rock or fault) which cross-cuts (intersects) any other feature (rock or another fault) is younger than the cross-cut feature. If the crosscutting feature was an igneous rock, the result can be confirmed by a melting zone in the cross-cut rock.

Absolute Time 

Quantitative time called absolute (283-8; expressed in numbers of time units such as years) could be reasonably used as late as when sufficient progress in technology was reached and radioactive decay could be utilized. Three examples of methods, each with specific applications & limitations:

1
tree rings  - very limited by: age of individual tree or trees in a forest (after correlating several tree generations, maximum 4,000 years), rarity of fossilized trees (trees grow only on dry land therefore in an environment which rarely leaves any rock, and in which most organisms are subject to decomposition by oxidation; therefore preserved only when buried by mud and similar protective materials); tree rings require stopping of the wood growth during winter season in order to form clear winter dark rings.

2
varves (471, Fig. 17.20) very limited by: similarly to the tree rings, formed in response to strongly different seasons. Winter season reduced the varve sedimentation as strongest as possible: this could easiest occur in lakes obtaining water from glacial melt-waters. Winter season reduces sedimentation: the low waters flowing more quietly get much less oxygen dissolved; the low temperature of the winter season almost stops bacterial activity in the fine deposits. This is why the winter varves are thin and dark, whereas the summer varves are thicker and light colored (organic matter is oxidized by aerobic bacteria). Varves are very thin: ten summer & winter cycles may be 1mm thick, therefore 1m thick varve beds may correspond to 10,000 years. Dating by varves is similarly limited as that by tree rings: only the age of individual varves can be determined, not the time after the last varve formed. The thickest varve beds known (several hundreds of meters) record only few millions of years.
3
radioactive decay (144, 283-8) can provide absolute time data of geological objects (rocks, minerals and fossils) covering any age. Nevertheless, even this modern method has serious limitations (see later), which include a high price of measurement. The principle of radioactive dating uses a spontaneous decay of suitable radioactive elements. The major advantage of this method is the radioactive decay independence of any known physical influence, such as pressure, temperature and gravity acceleration. However, the objects to be dated could have experienced a lot of other influences which cause changes similar to aging.

The decay rate can be expressed in terms of a half-life (286) of the given radioactive isotope. Isotope is an element specified by its atomic mass number (number of protons and neutrons in the atomic nucleus). There are about 100 elements (each defined by a definite atomic number = number of protons in the atomic nucleus), and about 1000 isotopes (each defined, in addition to a definite atomic number, also by a definite mass number).

The half-life describes the time during which the amount of the original isotope halves. As a result, the original isotope (called parent or mother isotope) reduces to 50% after passing the period of one half-life, to 25% after the second half life, to 12.5% after the third half life and so on (285). Theoretically, it can never become zero but in practice its amount will be very low after 10 half-lives (2-10 = about 0.1% = 0.09765625%), and negligible after 15 half lives (2-15 = about 0.003% = 0.003051757812%). Each isotope has a unique half-life, ranging from fractions of millisecond (very unstable, i.e. strongly radioactive isotopes: hardly existing isotopes) up to tens of billions years (almost stable, i.e. not radioactive isotopes, for example rubidium 87, half life 47 billion y.). Half-lives for geological dating should cover the range from millions to billions of years.

The amount of mother and daughter isotopes is determined by specially developed chemical and/or physical analytical methods: the age is then calculated from the determined ratio of the daughter to the mother isotope amounts (the half lives of all isotopes are known with a sufficient accuracy).

The decayed nucleus is continuously changing into another one (286-7, Fig. 10.14; usually with a smaller atomic mass and/or atomic number): a new isotope (called daughter isotope) forms. Only little portion of the mass of the decayed nucleus is lost by particle and radiation emission so that the sum of the masses of both the mother and daughter isotopes remains almost constant. This way, after a series of half lives, almost no mother but only daughter isotopes are available in the object: for example, a coal which consists of carbon, and is almost always older than a few millions of years, cannot be dated by the famous C14 isotope method since the C14’s half life is too short (5730 years) to leave any trace of the non-decayed mother C14 isotope necessary for the C14 dating: thus all the carbon available in that coal is only the stable daughter, C12, isotope. Because both mother and daughter isotopes must me available in a measurable amount, objects too young in terms of the given isotope’s half life could not form enough daughter isotope and are similarly not datable. Finally, the object has had to keep its radioactive isotopes “sealed”, that means without any decrease or increase of one of the mother or daughter isotopes from outside. This requirement, called shortly “closed system”, is a very hard one. Its fulfillment can be confirmed only by careful mineralogic, (geo)chemic, and petrographic analyses. 

Limitations/applications of each method of the relative and absolute time concepts

One of the most sensitive methods of radioactive dating utilizes microscopic counting of decay traces of atoms recorded in certain crystals, such as apatite, black mica, zircon, titanite and volcanic glass (fission track or FT dating). Another dating method: thermochronometry (thermoluminiscence). 

Results from both the relative and absolute time dating can efficiently be extended by correlation (137-8); however, correlation itself is not a primary dating method: it only extends the dating of another object on a probability principle (correlation coefficient).
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Review for the QUIZ 2 (Chapter 10, Time in Geology):
Q2 TOPICS:

Quiz 2: 25 multiple-choice questions = 50 pts,  from the course total of 300 points = 26.7%.

Distinguish relative versus absolute time. Law of superposition: a sedimentary rock which overlays any other feature (rock) is younger than the feature (rock) below provided that the rocks have been not overturned (due to folding). Law of cross-cutting (intersectioning): a geological feature (igneous rock or fault) that cuts across or through another is younger than the feature. Sediment & sedimentary rock containing the same assemblage of age-diagnostic fossils are considered to be of the same age (well correlated), with a certain probability.

Absolute time - its most applicable method became available with the discovery of radioactivity. However, only recently, when also high technology is available, the radioactive dating can be used successfully on some selected objects. The half-life is a known constant of each isotope; this constant expresses the rate of radioactive decay. The carbon-14 (radiocarbon) method is useful for dating events that are less than 60,000 years old (approximately 10 half lives of C-14). Neutrons released from the upper atmosphere by cosmic rays bombard there nitrogen, knocking out proton, thereby decreasing nitrogen’s atomic number by 1: C-14 forms; C-14, changes by beta-decay [283-4, 287; half-life 5730 years, 286-7] into N-14, non-radioactive nitrogen. Fission track dating can be used over a very wide range of time. Varves & tree rings are records of seasons during formation of each, therefore they do not give the total (absolute) time but only the time of their formation. While varves are limited to glacial lakes, tree rings are much rarer: they are limited by seldom tree fossilization (trees grow on continents - thus subject to oxidation and erosion), and by their very short age of formation.
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Sa, 8 Dec 07: 
FIELD TRIP 2
Heidelberg Museum
Meeting: 9:30h, McDonalds, Heidelberg. Approximate end 12:00h.

McDonalds,
Hebel Strasse 4, access from the Street “Czerny Ring” (its southern end), in front of the Pizza Hut
69115 Heidelberg
http://teaching.grano.de/f_trips.htm#heidelberg_geological_museum
http://mail.map24.com/field_trip_hd
Location of the Museum (please, do not go there without me because it will be closed on Saturday):
http://www.uni-heidelberg.de/univ/besucher/karten/6234.html 

2nd possibility:
Nördlingen, Ries
FIELD TRIP 2
Meteor crater, 24 km diameter, 14.7 million years old (Miocene); impact of a lithic meteorite, diameter about 1 km, relative velocity of more than 20 km/second, formed explosive energy of about 250,000 Hiroshima bombs.


Meeting: 7:30h McDonalds, Heidelberg. Approximate return 15:00 (latest 16:00h).

Nördlingen: along B29, eastwards from Stuttgart; meeting at the north Nördlingen margin, parking area “Kaiserwiese”, then walking to the Rieskrater Museum (phone 09081-273 8220; director Dr. Michael Schieber), about 10:00 to 12:00h; possible lunch at Café Altreuter (at Daniel; Marktplatz 10; phone 09081-4319). Departure “Kaiserwiese” at about 13:00h. Optional trip to a few outcrops within the crater: real “rock hunting”. We may continue returning home from the last outcrop at the western part of the crater rim.
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B  Processes (2 – 4, 11 – 12, 14 – 19)
 “Nothing about the Earth is fixed, permanent, unchanging. What is today a great mountain that pierces the sky may in the future be nibbled down into a mere hill, while elsewhere an undersea accumulation of sediments may be thrust upward into a lofty plateau.” [   ] “This solid Earth around us is in a state of constant change” [   ]. The highest mountains are built of materials that once lay beneath the oceans.

The Earth’s crust is subject to two types of processes:

internal (endogenic) processes - act from inside of the Earth’s surface,

external (exogenic) processes - act from outside of the Earth’s surface.





internal (Endogenic) Processes Chapters 2 – 4, 11 – 12
Erosion-Transportation-Deposition are leveling processes through which the higher parts of the Earth’s surface are worn down and the lower parts are filled with the resulting debris. If their work could be carried to completion, the continents would disappear and the Earth would become a smooth sphere covered with seawater. The fact that the continents still exist, not to mention the mountain ranges upon them, is in itself evidence that internal processes exist and undo the effects of gradation (see isostasy, 37-8). These processes, often occurring together, are of two kinds:

1
Magmatic processes (volcanism in a broad sense), involving movement of molten rock;

2
Tectonic processes (diastrophism), involving movement of the solid crust.

Magmatic processes occurring near and at the surface are called volcanism (in a narrow sense), those occurring deeper within the Earth’s crust are called plutonic processes. Volcanism can cumulate volcanic rocks and form volcanic mountains this way (see later). Plutonic processes are associated with intrusions of plutonic igneous rocks (6, 166-91).

Tectonic processes result frequently into deformation, which can be of two kinds (Ch. 11, 297-321):

discontinuous deformation such as a fault (309-15) originating by pressure acting on brittle rocks near the Earth’s crust surface (under a low hydrostatic pressure) abruptly, and

continuous deformation such as a fold (298-307) originating by pressure acting on plastic rocks deeply beneath the Earth’s crust surface (under a high hydrostatic pressure) over a long period of time. The above mentioned internal processes can be used for the following classification of mountains:

classification of mountains (structural criterion)
A
Non-deformational mts = volcanic mts 3 types can according to their composition:

1
Shield volcanoes and domes consist of lava flows (203); . Shield volcanoes form from a low viscosity (iron + magnesium rich) magma such as basalt; may reach great size, e. g.: Hawaii Islands - Mauna Loa is 10 km high from the ocean floor and 100 km diameter; Olympus Mons on Mars is 24km high, 500km diameter; andesitic plateaus in south America, basaltic plateaus in India and south Africa.

2
Cinder cones (204)consist of pyroclastic debris (volcanic ash, pumice, volcanic bombs + other ejecta); e. g. Yellowstone Park, in Mojave Desert, CA.

3
Stratovolcanoes (consist of intercalating lava flows and layers of pyroclastic debris, 206) are very common volcano type; e. g., Vesuvius, Etna, Mt. St. Helen.

B
Deformational = tectonic mts; 2 types can be recognized according to the type of dominant deformation:
1
Fault-block (314-5) = Germanotype mts: discontinuous deformation is dominant - formed near surface almost without hydrostatic pressure from overlying rocks therefore in brittle rock, within very short period of time (abruptly); e. g.: Pfalz = Palatinate Forest, Vogezen = Vosgez, Schwarzwald = Black Forest.
2
Folded = Alpinotype mts: continuous deformation is dominant (259-60)- formed in depth under high hydrostatic pressure from overlying rocks therefore in soft (plastic) rocks during long period of time (slowly); e.g. Alps, Rockies, Appalachians, Himalayas. Most folded mts. formed in geosynclines.
Earth’s Interior

Earthquake waves (recorded by seismographs) provide information on the Earth’s interior. Three kinds of earthquake waves are recognized (94-100, 121-132):

1
Primary (or P) waves are longitudinal (push-pull, compressional) waves, with a speed of 5.5 - 14 km/sec;

2
Secondary (or S;) waves are transverse (shear, shake) waves, with a speed of 3 - 7 km/sec;

3
Surface (or L) waves are similar to transverse waves but include orbital motion (like waves on water), and are limited to the Earth’s surface; the speed is about 4 km/sec.

The Earth’s interior is made up of concentric layers (126) identified by earthquake analysis through shadow zones (Fig. 4.7). The main concentric layers in the Earth’s interior:

1
Core 3470 km in radius, probably consists of molten iron and nickel alloy (37-8; such as in metallic meteorites, 125, 580), the inner core is solid (38, Fig. 1.11, 125-6, Fig. 4.7; 129-30, Fig. 4.10), and spins slightly faster than the rest of our planet, making an additional rotation with respect to the Earth’s surface every 400 years (Astronomy Nov. 96, p. 30, “Motor Planet”);

2
Mantle 2900 km thick, a more or less solid ferromagnesian silicate; the almost upper mantle is called asthenosphere (Greek asthenos = weak, soft);

3
Thin crust, average thickness 35 km, maximum 70 km under mountain ranges of the continents (granitic rock), minimum is less than 6 km under the oceans (basaltic rock).

The crust + the outermost mantle together (129, Fig. 4.10) make up a shell of hard rock 50 to 100 km thick called lithosphere (Greek lithos = rock). The lithosphere has no sharp boundary, as the crust does, but gradually turns into the softer asthenosphere.

Earth’s Atmosphere
(optional)
The Earth keeps a gaseous envelope, atmosphere, reaching to about 600km. If it would have a constant density vertically as near the Earth’s surface (0°C, 1000 hectopascal pressure) it would be only 7.98km thick. But the gravity compresses the air into physically different layers, each characteristic by pressure, temperature and vertical temperature gradient. The lower atmosphere up to about 100km elevation has a constant composition in its main constituents (76.6% nitrogen, 23.1% oxygen, 0.035% carbon dioxide) except variable moisture & ozone; above 100km, the gases separate due to gravity and diffusion rate. The following atmosphere layers are distinguished (the minimum altitudes are near poles, the maximum altitudes are near equator due to the centrifugal force from the Earth’s rotation):

Troposphere (6-16km, mean 11km) - 75% of the whole atmosphere’s mass (up to 5km: 50%). Most part of the weather: most clouds; most dust and humidity; temperature decreases with altitude at a gradient of -6.5°C/km up to -55°C.

Stratosphere (16-50km) - temperature increases due to absorption of the UV-radiation by ozone at a gradient of +3.2°C/km from 25km to 45km up to about +10°C. The ozone itself originates by the UV-radiation. The ozone layer probably formed first in Upper Carboniferous (Pennsylvanian; about 300 mya, 499); it enabled the animal land life since that time. The ozone concentration is very low (4(10-6): this ozone would form a 1”-thick layer at sea level.

Mesosphere (50-80km) - an intermediate layer without own heating (no ozone, no carbon dioxide, no moisture): this is why its temperature decreases to -76°C with the same temperature gradient (negative) as in the troposphere.

Thermosphere (80-600km) - the extremely low density gas absorbs the strongest sun radiation: its temperature rises dramatically to more than 2000°C and the gases become ionized (i.e., electrically conducting and reflective for short radio waves.

The atmosphere and hydrosphere (all the water of the Earth’s surface) have originated by a continuous degassing of the Earth (354): release of volatiles such as volcanic gases consisting of water vapor, carbon dioxide, nitrogen, ammonia, hydrogen, sulfur compounds etc.. Oxygen formed (& forms) by photosynthesis of green plants, first in oceans (about 1 billion years ago) and ultimately in atmosphere (about 300 million years ago): The present content of oxygen and carbon dioxide in the atmosphere represents the result of equilibrium of the plant and animal life; this equilibrium is inevitable for the life structure. Carbon dioxide (+methane, nitrous oxide and the chlorofluorocarbons) absorb infrared radiation from Earth’s surface heated by Sun (visible light), thus trapping the heat from escaping out of the Earth, such as a greenhouse (376); methane’s absorption of the IR-radiation is 21-times stronger than that of carbon dioxide (only coal mines release about 70 km3 methane per year).

Plate Tectonics (Chapters 2, Oceanic Crust, and 12, Continental Crust)

The lithosphere consists of 7 huge plates and a number of smaller ones (terranes or microplates,  70-1; Fig. 2.17; 331-40), all of which float on the plastic asthenosphere (69). The plates can move relative to one another in 3 ways (69, 72-82):

1
Ocean floor spreading at mid-ocean ridges (69, 72-5) - by moving apart with molten rock rising to 

form new ocean floor at the gap;

2
Subduction (75-81; one plate can slide under another and melt; if two oceanic plates subduct an 

oceanic trench forms;

3
Strike-slip fault or transform boundary (81-2; such as San Andreas Fault) - adjacent plates slide 

past each other.

Continental drift is due to plate motion. Today’s continents were once part of two supercontinents called Laurasia (North America [according to its Laurentinian shield], Greenland, Europe, and most of Asia) and Gondwanaland (South America, Africa, Antarctica, India, and Australia), which were separated by the Tethys Sea; previously, these super continents were joined into a single one known as Pangaea (39-42). Its break up and reassembling seems to occur in cycles (Scientific American, July ‘88, p. 72-9), each about 440 million years. The break up of Pangaea was followed by a series of orogenic (mountain forming) processes, such as the origin of Himalayan mts. and Tibetan Plateau by collision with Indian subcontinent (334-6).

Geosynclines

A geosyncline (see mountain belts, active margins, etc.; 325-41) is a large elongate sedimentation basin located along a continental margin; it is continuously subsiding as sedimentary (and volcanic) rocks accumulate. During the long-term subsidence, an equilibrium between the sinking rate and the sedimentation rate is roughly maintained so that the deposition takes place under almost constant depth of marine water (200 - 400 meters). Typical dimensions: few thousands km long, few hundreds km wide; typical evolution time: few hundreds of million years. Importance of geosynclines: they form large folded mountains; their deposits frequently contain petroleum and natural gas resources; continents grow by accretion of geosynclines (“onion” structure). Three stages of evolution are typically found (note the symmetry in the opposites such as “sinking - rising” and “deposition - erosion”):

1
Sinking + deposition: a subsidence produces a depression, which is filled by water from the neighbor ocean. As any water basin, deposits fill it more and more: the deposition rate grows with the depth until it equals the sinking rate and an equilibrium between sinking + deposition is achieved (usually with the water depth of 200 to 400 meters). The sinking + deposition continue until deposits about 10km to 20km formed (when the stage 2 begins).

2
Folding + squeezing down: a side pressure (probably from an activated convergent plate boundary) causes folding and squeezing down (down warping) of the accumulated deposits up to a depth of about 50km (Himalayas Mts.: 70km; 334-6, isostasy 38) where they are regionally metamorphosed. The deposition usually continues under a constant depth of marine water (200 - 400 meters) further.

3
Rising + erosion: after the side pressure of the stage 2 was consumed, the geosyncline relaxes and a little rebound stretching takes place. Surrounded by heavier rocks (density about 3.2 g/cm3), the down warped lighter sedimentary rocks (density about 2.7 g/cm3) start slowly rising due to buoyancy along almost vertical faults (buoyancy acting onto mountain roots, 328, Fig. 12.7). The marine water retreats and the uplifted sedimentary rocks (folded, often also metamorphosed) are subject to erosion, which increases with altitude until an equilibrium between the rising + erosion is established. Later, when the rising slows down, the erosion becomes dominant and the mountains become smoothed (such as Appalachians).
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external (Exogenic) Processes, Chapters 12 - 17
External processes are mostly due to action of atmosphere (the air) and hydrosphere (the waters). These form a fluid environment and include also biosphere (living things). Exogenic processes are characteristic by low (barometric) pressure and temperature.

The following external processes are recognized:

	weathering
	loosening of rocks and minerals, it may produce a soil on the weathering site;

	erosion
	beginning of the transportation (of a weathered material);

	transportation
	movement + carrying away of particulate and/or dissolved solids;

	deposition
	termination of the transportation: the laying down of the transported material into 
layers, a sediment. It is stratified, bedded, reveals layered structure.

Exception: glacial deposits are unstratified (till, 465). The term “deposition” is used here as a synonym of sedimentation; it does not include deposition in veins, geodes, etc..


While weathering (described under soils, which form by weathering) does not include any transportation (except the leached out solutions that belong to the processes of chemical erosion since they start transportation), only erosion - transportation - deposition will be examined next. Lithification (similarly to weathering) does not include any movement (except for some enrichment by cementation in some cases); it was described under sedimentary rocks (221).

The energy source of the overwhelming majority of exogenic processes is the heat from Sun radiation. The heating of the Earth’s surface causes movement of the main four fluids: wind, water streams, turbidity currents, and glaciers.

Part of the heat changes into kinetic energy under gravity acceleration. A wind forms from uneven heating of air masses: at warm places they expand and rise, and a cool air flows from a side. The heated water evaporates and, precipitating on higher levels, it changes its potential energy into kinetic energy. Similar energy transformations occur with turbidity currents and glaciers.
Little part of the Sun radiation has been changed into chemical energy by photosynthesis of green plants, which formed glucose and oxygen of the atmosphere. Glucose, after it changed into various polysugars in plants (including starch, cellulose & wood) and similar compounds in animals (fat etc.) has eventually fossilized and stored as a fossil fuel. Two different fossilization processes (TG-p. 16) formed two fundamental fossil fuels: (1) dehydration formed solid fossil fuels (coal etc.), (2) oxygen removal formed fluid fossil fuels (petroleum & natural gas). Thus, this part of the Sun radiation energy has recovered by recombination of the oxygen either with the glucose by animals, or with fossil fuels by their combustion through man.

PHYSICS – work, energy, power. James WATT (1736-1819), Scottish inventor, developer of scientific instruments at Univ. of Glasgow; his finalizing of the steam engine (1765) enabled 200 years of the Industrial Revolution (it started in GB). James Prescott JOULE (24-Dec-1818 – 11-Oct-1889): English physicist; various forms of energy – mechanical, electrical and heat – are basically the same and can be changed, one into another. Thus he formed the basis of the law of energy conservation, the 1st law of thermodynamics.

While the four fluids transport solids by gravity indirectly, gravity transports the solids directly on hill-slopes (mass movement on hill-slopes, mass “wasting”, 32, 369-91, eg. landslides [374-89]: in these cases the fluids, chiefly water & clay, only passively support the movement as lubricants 377).

The transport efficiency of each of the four fluids depends on their relative kinetic energy (characte​rized by the fluid’s density and speed2) and on their capability to transfer the kinetic energy (defined by viscosity which is the fluid’s resistance against flow or deformation; for example, honey is highly viscous; see also magma, TG-p. 6 ) from the fluid to the solids to be transported:

	physical properties(
	density
	speed
	relative KE
	energy transfer viscosity

	fluid (
	gram/cm3
	meter/second
	joule
	gram/second(cm

	wind
	0.001
	5-20
	0.025 - 0.4
	0.00001

	water
	1
	1
	500
	0.01

	turbidity currents
	1.1
	2-10
	50000
	0.1

	glaciers
	0.9
	0.00001
	4.5×10-11
	>100,000


Running water (Ch. 15, 393-421) is responsible for the major smoothing of the Earth (it moves material from the continents to the ocean basins) due to its high relative kinetic energy combined with a medium viscosity, and, usually, long time action. In hilly landscapes (mountains) a river gets high energy and cuts a V-shaped valley (464, Fig. 17.12); if deposition is stronger than erosion (low energy rivers), broad valley forms (403-6: flood plain 405-6, meander 403-4, delta 394, Fig. 15.1, 409-11, terrace 414, alluvial fan).

Beneath a sea, mechanical sediments (gravel, sand and clay) are deposited when rip, long-shore currents etc. (521-4) lose their energy (sand bars, 519-22, Fig. 19.9); chemical sediments precipitate (227, 230, chert 232) due to chemical and physical factors; from organogenic sediments the most important are algae, corals, chalk and diatomite (241). Water in seas & lakes is driven in form of waves & streams by wind, and causes geological effects (it moves solids on shorelines; 521).
Ground (underground) water (Ch. 422-51) exceeds by more than 66times the amount of continental surface fresh water (see water distribution, hydrologic cycle 31-3, Fig. 1.5, 423; basic distribution 424-5, porosity & permeability 425-7, wells, springs; geysers 441-3). Springs (428) consist of ground-water that emerges from beneath the surface. Due to long time action of the ground water, caves (and karst topography, 436-40) form mostly in limestones.

Glaciers (Ch. 17; 452-85) flow as a “soft” mixture of ice with a little water (a thin water film among ice crystals forms by pressure of the overlaying ice deeply beneath the glacier surface: zone of flow; 456-9, Fig. 17.6). Glaciers are the strongest ETD (erosion-transportation-deposition) agents due to their immensely efficient transfer (their viscosity is extremely high: it approaches the value of strength of solid ice) of their low energy onto the transported solids (basal slip, 459). Their action is limited to glaciated areas only (presently 10% of the land area). Erosion (abrasion means erosive action on particles): particles are polished and scratched (grooved) but not rounded as by water and wind. Gravel-sized particles (one or more inches) get plain polished, similar to the wind-cut (sandblasted) ventifacts (501:Fig. 18.15 shows an unusually large wind-blown ventifact; glacial-cut rock fragments show more evenly cut facets), but the glacial “ventifacts” are not pitted but scratched by parallel grooves. Sand-sized particles have often curved scratches from their rotation at contact with other sand particles under the pressure inside the great mass of the flowing glacier. Erosional landforms: cirques, horns, aretes, cols, and U-shaped valley (464, Fig. 17.12). Glacier deposits called till (465) are always unstratified and unsorted; the depositional landforms: moraines (465-6), drumlins (466-7, Fig. 17.15), erratics & boulder trains (466, Fig. 17.14).

Turbidity currents (328, 384) are ones of three density currents due to muddy (turbid) water which has a greater density than the clean water around and therefore sinks beneath it; in great masses, it flows rapidly down-slope (slopes as gentle as 1° are sufficient). Turbidity currents are important on continental slopes and in geosynclines, forming several kilometers thick deposits (233). Turbidity currents are the second strongest E-T-D agents but their action is limited to short periods of time (few hours to days); this is why they can not abrade the transported particles. Erosional landforms: submarine canyons (536); deposits are graded, sorted and stratified, called turbidites (226-7, 232-3). Most common fossil turbidites (many of them are of Paleogene age) are known as flysch.




Wind & Deserts (Ch. 18, 486-513)
Wind is the weakest E-T-D agent for it has the lowest specific kinetic energy (except hurricanes & tornadoes due to their high speed), and the lowest viscosity. Wind acts strongest on unprotected land - in deserts, and on oceans where it drives waves and water currents. The geological effects of wind on water are only those which have changed the solids either by erosion or deposition (shorelines, 515-9). Even its long time results available in deserts are exceeded by the short-time action of water streams. Wind erosion - abrasion: ventifacts are pitted; erosional landforms: deflation, blowouts, pavements (500). Deposits are sorted & stratified (silt & fine sand; loess has lost its original stratification by weathering, 501-4); depositional landforms are dunes (transverse, parabolic, longitudinal, seif) & barchans (501-4); weathering, soils & water in deserts.

Oceans (16; 357-8, 365, 371-7):
Optional (except for turbidity currents, see p. 15 above)
Sea-water; currents, density (turbidity) currents (357-8; TG p. 22), submarine canyons (365), sea-floor topography & sediments. Shorelines origin, erosional & depositional shorelines (371-4), sea-level changes (374-7). 
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Resources 
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Energy Resources (18)
fossil fuels (coal, oil & natural gas; 400-13) are not renewable.

Fossil fuels formed by anaerobic fossilization of carbohydrates, the major constituents of plants and animals; the fluid ones from sea plankton, the solid ones from plants (including trees). The carbohydrates were produced by photosynthesis of green plants. Using Sun radiation as energy source and chlorophyll as catalyst, the photosynthesis synthesized a simple sugar glucose (6((H2O+CO2(, and related carbohydrates) from water and carbon dioxide, (through a series of complex reactions) Next product of the photosynthesis is free oxygen. Plants utilize the glucose mainly as an energy resource (in more complex sugars, such as sucrose and starch) and as a base of constructive material in vascular tissues (cellulose, lignin). Animals depend (more or less directly) on sugars of plants; they combine glucose with oxygen to produce energy, and return water & carbon dioxide into the environment. Animals store glucose as fats (and similar compounds such as lipids) which are water-insoluble derivatives of glucose. This way, the solar energy stored in oxygen + carbohydrates has been essentially retained in fossil fuels which have formed from the carbohydrates: coal (basically carbon) by dehydration, petroleum and natural gas (both saturated hydrocarbons), by reduction (oxygen loss). The chemical energy of fossil fuels represents the stored solar energy releasable by fuel combustion (recombination with oxygen).

	
	FLUID fossil fuels
	SOLID fossil fuels

	main types

features (
(
	petroleum (oil) +
natural gas
	
coal

	present constituents
	saturated hydrocarbons (CnH2n+2)
	carbon

	source constituents
	carbohydrates (C+H20)

	process of origin
	oxygen removal
	dehydration (water removal)

	time to form
	few (typically 20) million years
	100 to 400 million years

	age influence on quality
	worsening by diffusion & migration
	improvement of grade

	environment of formation
	inside geosynclines, off-shore
	swamps around geosynclines, onshore


water (Hydroelectric) power (not covered)
is renewable, clean and cheap but locally available only; dams are aged by siltation (413).

Nuclear power (currently fission, in future fusion ?) (565)
is relatively available, but healthy, environmental & political problems must be solved.

Geothermal energy (562-3)
may locally be effective (Iceland, New Zealand, Yellowstone, The Geysers, Calif., Larderello, Italy, Japan, Mexico, Philippines. 

Sun Energy (not covered)
The Sun is our ultimate source of renewable energy, it may be employed in future.

Other sources (not covered)
Other sources, such as wind, tides, biomass (alcohol & biogas as fuel), are still limited.





Useful materials (20)
Metals & Nonmetals (543 - 553)
Fertilizers & Minerals for the Chemical Industry (not covered);
Building Materials (not covered)




Solar system (21, 567-90)

(optional)
The Sun - our own star (570-2)
The Sun is a star - a hot, self-luminous ball (diameter 1,391,000km) of 94% hydrogen with some helium etc.. Its huge mass (332,000 times that of the Earth) generates such a gravitational pressure in the Sun’s core that the nuclear fusion of hydrogen into helium takes place generating enormous amount of (radiant) energy. The Earth is 150,000,000 km distant from the Sun (= 1 astronomical unit, 1 AU).
The solar system is distributed around the Sun as follows:

a)
Planets (with their satellites) - in a disk 0.4 - 40 AU from the Sun, 574;

Sun - planet distances almost double outwards;
b)
Asteroids - in a broad ring at a medium distance from the Sun of around 2.77 AU;

c)
Meteoroids - orbiting in the whole solar system sphere, probably up to the Van Oort belt;

d)
Kuiper’s belt - a disk 30 - 100 AU from the Sun containing many small icy bodies; source of short-
period comets;

e)
Van Oort’s cloud - hypothetical spherical zone 10,000-100,000 AU from the Sun, birthplace of comets.
The solar system is located in the Milky Way galaxy - the second largest star system in the near universe (100 thousand light years in diameter, contains over 100 billion stars; almost every celestial object visible to our naked eyes is part of it, except Magellanic clouds in the southern sky which appear to be its galactic satellites). The solar system moves about 250km/sec in the direction of Cygnus on a circle with a radius of 27,000 light years with an orbital period of 250 million years, 67 light years north of the galactic plane (Astronomy April 96, p. 24).

The solar system shows the following important properties common to its bodies:

1
Revolution (orbiting) of the planets with their satellites is nearly circular and nearly in the 

same plane (a disk SYMBOL 177 \f "Symbol"3.4° from the ecliptic, the Earth’s orbital plane);

2
Counter-clockwise when seen from the north:
a revolution of all planets with almost all of their satellites, 


b rotation of most of the planets and their satellites;

3
The age of the solar system is about 5 billion years (measured on: Earth, meteorites, Moon).

A few important exceptions (numbered as the paragraph-# above):

1a
Excessive inclination to the ecliptic:
Pluto (17.2o), Mercury (7o);
1b
Excessive eccentricity:

Pluto (0.25), Mercury (0.21), Mars (0.09);
2a
Clockwise (retrograde) revolution:
Triton (satellite of Neptune), Charon (satellite of Pluto)



4 outermost satellites of Jupiter and one outermost satellite of Saturn;
2b
Clockwise (retrograde) rotation:
Venus, Uranus and Pluto.

The Origin of the Solar System - the Solar Nebula Theory
The solar system formed from a solar nebula about 4.6 bya. Originally, about 5 bya, a cloud of gas and dust - a fragment of an interstellar gas cloud with about twice of the present solar system total mass was spread within a spherical space of about 30 million times of its present diameter. The nebula formation was triggered by a huge explosion, supernova, at a distance of 60 light years (18 pc): the shell of gas ejected by supernova compressed the gas & dust cloud; from which the nebula  began developing in 5 main stages:

1
Dust grains grew by condensation (atomic clustering such as in snow flakes) and accretion (such as snow ball rolling: the sticking together of solid particles by tarry carbon compounds and static electricity) and formed small planetesimals (diameter up to about a centimeter). The material is held by a common gravity at the center, in a spherical space of about 30 million times of its present volume.

2
While the smallest dust grains were stirred up by the turbulent motion of gas, the orbits of the planetesimals collapsed into a plane of the solar nebula about 0.01 AU thick.

3
Gravitational instability broke the rotating disk of particles into small clouds, further concentrated trillions of the small into large planetesimals and helped them coalesce into objects up to 100km in diameter (large planetesimals).

4
As the largest began to exceed this size, the bodies continued growing faster as protoplanets. Parallel motion (the mean orbital velocity in the solar sys​tem is about 30km/sec) made head-on collisions (they would have pulverized the material) very improbable: they merely rubbed shoulders at low relative velocities. The gravity of largest bodies may have been able to retain the fragments produced in collisions, forming a layer composed of  crushed rock which may have been effective in trapping smaller bodies. The largest planetesimals grew the fastest (they had the strongest gravity) to protoplanetary dimensions sweeping more and more material. When massive enough, they trapped some of the original nebula gas to form primitive atmospheres.

5
Inner protoplanets changing into true planets were subject to melting due to the terrific amount of energy given up by infalling material. Then differentiation of the material acted according to density (dense metallic cores form, lighter silicates float to the surface); this process included outgassing - release of gases from a planet’s interior which formed the first atmosphere rich in carbon dioxide, nitrogen and water vapor.

As soon as the Sun became a luminous star,  it began to clear the nebula blowing gas away and removing particles that had not become part of planets by radiation pressure and solar wind (flow of ionized hydrogen and other atoms at about 600km/sec); also the planets have been sweeping up the space debris. This nebula clearing had been accomplished during the first billion years: planet building ended about 4 billion years ago.

The heating from the solar system’s center (the Sun) outwards resulted into chemical evolution and differentiation of the solar nebula. The temperature decreasing from the nebula’s center outwards controlled the condensation sequence: the inner planets condensed from high density material with high melting points, such as metal oxides and pure metals; middle distant planets condensed from medium density materials with medium melting and vaporization point, such as iron-magnesium silicates (olivine) & aluminosilicates, sodium + potassium aluminosilicates  (feldspars); in the cool outer region the lightest materials with the lowest melting and vaporization point condensed, such as ices of water, carbon dioxide, nitrogen, ammonia and methane.

inner (Earth-like, TERRESTRIAL, rocky) planets:





Mercury, Venus, Earth and Mars

Common properties: small, high density like the Earth, composed of rocks, rotate slowly; few or no satellites (the Moon is the only satellite of an appreciable size; two satellites of Mars are only a few km across, they are probably captured asteroids)
Mercury (574, 576-7)
Large metallic (iron + nickel) core formed by meteoritic bombardment during the first billion years; this bombardment strongly heated and expanded Mercury by about 10%; then the interior cooled and shrank; lobate scarps up to 3km high and 500km long formed. Weak magnetic field suggests the core is partially liquid (sulfur impurity could lower the melting temperature). The tidal interaction with the Sun has caused 2 orbital periods (each 87.969 days) to equal 3 axial rotations (each 58.646 days): spin-orbit coupling. Similar to the Moon (black: 0.067% albedo, reflectivity). No atmosphere: very hot days (300oC), very cool nights (-180oC); eccentric + inclined orbit; phases. 0 satellites. Astronomy, Nov. 88, p. 22-35..

Venus (574, 576, 585-90)
Diameter (12,104km) and interior (core, mantle & crust) are similar to those of the Earth but other properties are very different. The strongest atmosphere (90bar) compensates temperature variations, 96% is carbon dioxide, causes green house heating to 472oC; far more heavy hydrogen (deuterium), 75-times more argon than on the Earth; variable content of sulfur dioxide; water deficiency (0.01 - 0.1%); layered, white clouds of sulfuric acid (45km to 60km above the surface) completely hide the surface, and cause the highest reflectivity from all planets (albedo 0.76); the yellowish tinge due to sulfur. At surface almost no wind (about 2 meter/second only), however, winds increase with altitude: at 40km - 60km to 70 - 130 meter/sec. Retrograde (clockwise when seen from north) slow rotation (244.3 days) tidally locked to the conjunction with the Earth (orbital period: 0.61515 years = 224.68 days); active volcanism (more than 1,600 volcanoes); phases; 0 satellites.

Spacecraft Magellan launched 4 May 1989 (Astronomy, 4/Apr 1989, p. 26-32; 4/Apr 92, p. 20, 24-26), explored Venus by three 243-day (8 months)-long high resolution radar imaging cycles (each consisted of 1000 polar highly elliptic orbits, Aug 90 - 25 May 93): see pictures in Scientific American, Oct. 90, 11; The Planetary Report, vol. 11/1991, No. 3/May, June, p. 8-13. Since 25 May, the 3 months were used for its aero-breaking to reach a low-altitude (200-600km) orbit which made possible a fifth cycle, of high-resolution gravity mapping (Astron. Sep. 93, p. 20).

In April 97, Venus is a very bright (mag. -4.3) morning star; the planet easily outshines everything else in the night sky, with the exception of the Moon.

Earth (574, 576)
The largest Earth-like planet (12,756km diameter) Partially liquid metallic (iron + nickel) core; medium magnetic field; almost liquid mantle; Moon’s (and Sun’s) tidal effects on water, air and on the main body; the friction along major discontinuities within the main body is probably responsible for heating of the subsurface crust & mantle which causes magmatism and volcanism; active plate tectonics; the only planet with liquid water, one of the most important conditions of life: in oceans, glaciers, lakes, rivers and clouds; the earlier atmosphere had no free oxygen; last 400 million years: nitrogen, oxygen, CO2 & argon atmosphere, now only 0.035% carbon dioxide which enables iced polar caps and high mountain glaciers almost as during last few ice ages; mean temperature 15oC (59°F), 1 bar pressure; seasons due to equator-to-ecliptic tilt (23.5o); strong weathering, erosion, mountain formation have erased the original meteoritic cratering; only the youngest meteor craters, up to about 20 mya have been preserved; plant & animal life; 1 orbital period, 1 year = 365.25636 days. 1 satellite (the Moon).

See the Internet web-site: http://bang.lanl.gov/solarsys/earth.htm
Earth’s Moon (577-83); The Once and Future Moon by Paul D. Spudis; Smithsonian Inst. Press.
Diameter: 3,476km; mean distance from the Earth: 384,402km; rigid interior; its crust is 40-60km thick on the near side, 150km on the far side; most craters are meteoric (impact), few are volcanic. Because of the absence of atmosphere and surface water the oldest surface features have been preserved and subject to extremely slow wearing by micrometeorites + solar wind. Although geologically inactive at present, its surface shows signs of having once melted and of having experienced many volcanic eruptions 3-4.3 billion years ago which overlapped the oldest impact craters. Probably, a tidal heating (and hence volcanism) stopped since the Moon’s rotation was tidally locked to the Earth (it turns one side to the Earth only); phases; lunar & solar eclipses; 0 satellites. Moon’s origin and early evolution: Astronomy Jul 94, 42-5. Lunar eclipse.
Mars (583-5), the most modern data see in: National Geographic Magazine, February 2001, p. 30, + a fascinating map; The Smithsonian Book of Mars by Joseph M. Boyce, Smithsonian Institution Press, Washington & London, 2002, 321 pages.
More data in: Mars, The Story of the Red Planet, by Peter Cattermole, Chapman & Hall, 1993; Astronomy Sep 93, 26-33, Dec. 93, p. 49-53

Lowest density from the inner planets; 6,796km diameter (53% of the Earth’s d.). Thin atmosphere (7.4 mbar) can not compensate temperature variation that is due to eccentric orbit, and, to lesser extend, to the axis’ tilt (24o46’). When Mars is closest to the Sun, surface heating causes strong supersonic winds initiating sand storms which hide the surface during few months: about ¾ of the Sun radiation becomes absorbed be the clouds and the surface cools until the winds calm and the atmosphere cleans. Tempera​ture: mean yearly -43oC, min. winter -123oC (carbon dioxide crystallizes), max. summer -8oC;  reddish due to hematite (highly oxidized iron: Fe2O3) which forms by free oxygen only, but its atmosphere almost lacks oxygen: 96% carbon dioxide, 2.5% nitrogen, 1.5% argon (0.1% oxygen if any at all); similar to Earth in rotation period (24h 37m 23s) and equator-to-orbit tilt; in past: volcanic activity (Olympus Mons, the highest volcano in the solar system); water erosion & deposition; 2 satellites (Phobos & Deimos = captured asteroids?).

Possible past life, Astr. Nov. 96, p. 46-53. NASA Projects: Astr. Jan. 97, p. 48-51. Mars is visible in the whole night as a bright red object; see Internet at
http://mpfwww.jpl.nasa.gov/mpf/marswatch.html).
OUTER (Jupiter-like, Jovian) Planets:





Jupiter, Saturn, Uranus, and Neptune

Common properties: giants, low density (composed of gases, mostly hydrogen & helium, compressed to liquid state), rotate rapidly; have many (124) satellites; all have (various types of) rings

Jupiter
more data in: Voyage to Jupiter by David Morrison & Jane Samz, NASA SP-439, 199 pages, 1980;


web sites:
http://www.jpl.nasa.gov/galileo/Jovian.html



http://seds.lpl.arizona.edu/nineplanets/jupiter.html

Largest planet (11-times diameter, 1300-times volume, more than twice as massive as all of the planets combined; 318-times mass of the Earth) dominates the planetary system; low density (1.33 g/cm3); its average distance from Sun is 5.202561 AU; with Saturn, the fastest rotation on axis (period 9h 50m 30s). Its atmosphere is in constant motion, driven by heat escaping from a glowing interior (probably about 20,000 K from slow gravitational compression; Saturn and Neptune are similar to Jupiter in this respect, but oddly, Uranus is not: http://seds.lpl.arizona.edu/nineplanets/jupiter.html) as well as by sunlight absorbed from above. Energetic atomic particles stream around it, caught in a magnetic field that reaches out nearly 10,000,000km into the surrounding space, embracing the seven inner satellites. From its deep interior through its seething clouds out to its pulsating magnetosphere, J. is a place where forces of incredible energy contend.

Between July 15 and 22, 1994, Jupiter experienced a series of impacts of about 20 fragments of the comet Shoemaker-Levy 9 (Astronomy, Oct 94, 40-45). See the Report from Galileo probe in Astronomy, Oct. 95, p. 34-41, April 96, p. 42-5, and the display “Target Earth!”, Building 6, 1st floor. You are welcome on the workshop “Target Earth!” on We, 23 April, 20:00, Room 305 (309?).

>33 satellites of Jupiter
More data in the book Satellites of Jupiter by David MORRISON (Inst. of Astronomy, Univ. of Hawaii, Honolulu, HI; Editor),
Univ. of Arizona Press, Space Science Series, Tucson, AZ 1982, 974 pages;
recent comprehensive results from the spacecraft Galileo and Hubble’s Space Telescope (HST):
Galileo turns geology upside down on Jupiter’s icy moons; Science (AAAS), vol. 274, 18 Oct. 96, p. 341, also p. 377 - 412;
http://www.jpl.nasa.gov/galileo/       http://www.planetary.org/html/news/articlearchive/headlines/2001/saturnmoons.html
The Jovian system is dominated by the 4 large Galilean satellites, which vary in size from just smaller than Moon (Europa: 3,130km; density 3.04 g/cm3) to nearly as large as Mars (Ganymede: 5,276km; density 1.93 g/cm3); the remaining two ones are Io (3640km; density 3.55 g/cm3) and Callisto (4,840km; density 1.83 g/cm3). They are in nearly circular orbits in the same plane as the Jupiter’s equator, and all lie within the inner magnetosphere of J., where they interact strongly with energetic particles and plasma. Io (385) is the most volcanically active body of the Solar System.
Laplace resonance of the orbital periods of Io, Europa and Ganymede generates orbital alteration and tidal heating (particularly on Io) resulting from non-circular motion in enormous gravitational field of Jupiter. The energy input (Io: 1013 - 1014 W, Europa 1011 - 1012 W) depends on the resonant coupling; as the resonance has evolved, the heating has also changed with time. Tidal distortion into a prolate spheroid caused the Galilean satellites to rotate synchronously with their orbital periods (as on our Moon). If these satellites were in exactly spherical orbits, the tidal bulge would be fixed and there would be no tidal flexing and therefore no heating. Bulge on Io would be 8km high.

Despite the fact that Io (450-1) should undergo more intense meteoritic bombardment than any other satellites, due to the focusing effect of Jupiter’s gravitational field, not one impact crater can be found because the surface is very young and geologically active. The volcanic plumes rise 70 to 280km above the surface, extensive lava flows and volcanic vents were discovered too. The lava consists of molten sulfur, the volcanism is driven by sulfur dioxide. Sulfur is responsible for the striking red and orange color; extensive white areas consist of sulfur dioxide snow. A small body such as Io, which is only slightly larger than the Moon, should have long ago lost the heat generated during its accretion and negligible heat from radioactive decay.

However, the other Galilean satellites cause perturbations in Io’s orbit so that its distance from Jupiter varies slightly (422,000km; orbital period: 1.769days; no orbital eccentricity, negligible orbital inclination). Jupiter’s gravitational field is so strong that even these small changes cause great tidal distortions of Io, and thus produce sufficient heating of the interior for all the volcanic activity. Io appears to consist of a molten silicate interior, just possibly with a solid core, overlain by a layer of liquid sulfur several kilometers deep. Above this is a layer consisting of a mixture of solid sulfur and liquid sulfur dioxide (SO2) covered by a solid crust of sulfur and sulfur dioxide. A number of localized warm regions were found, the most dramatic being just south of the volcano Loki: a strange U-shaped black feature of 17°C (room temperature), in contrast to the surrounding surface at -146°C. Perhaps the dark feature was some sort of lava lake, either of molten rock or molten sulfur. The melting point of sulfur is 112°C. Probably, there was a scum of solidifying sulfur on top of the “lake”. Io’s volcanoes: Astronomy May 93.

Europa is the next satellite out from J.. It is quite similar to Io (and Moon) in size and density, has a weaker tidal heating (1011 - 1012 W) but otherwise it is unique in the Solar System: only a few small im​pact craters have been found; the rest of the surface is incredibly smooth. A network of straight, curved or irregular dark markings covers the whole surface, and these range from less than 10km to about 70km in width. There are also randomly located dark spots, but all these markings appear to have quite negligible vertical height, so that the satellite has been described as ‘a billiard ball covered in scribbles from a felt-tipped pen’. Even stranger is yet another network of markings, this time faint and light-colored, quite independent of the dark ones, and also covering the whole satellite. These are only about 10km wide, and they do show some vertical relief, although this is less than a few hundred meters. But the most surprising thing about these ridges is that they are not straight: they run across the surface in a regular series of curves or scallops, ranging from about 100 to 300-400km across. Parts of the surface are covered with apparently freshwater frost, as well as traces of sulfur (almost certainly derived from Io). However, there is less sulfur than would be expected, which may well indicate that some has been buried beneath fresh frost deposits. These considerations, together with the lack of impact craters, suggest that processes are still acting to smooth out the surface. Europa, like Io, is subject to tidal forces which could well maintain heating in the interior. Probably, a solid rocky core is covered by a thick layer of water and ice (perhaps about 100km deep). Liquid water could escape to the surface through the cracks and give rise to the frost deposits before the cracks themselves freeze over once again, perhaps after a few years. The low rigidity of the icy crust would account for the lack of impact craters. The darker markings could well have been formed when the underlying water layer contained some mixture of other substances at an earlier period in the body’s history. (pressure ridges: Astronomy Apr. 96, p. 22-24). The spacecraft Galileo had close encounters with Europa on 4 Apr and 7 May 97.

Ganymede, the largest satellite in the Solar System (diameter: 5,276km), and Callisto both have lower densities than Io and Europa - about 1.93 g/cm3. This suggests that they are both comprised of roughly half rock and half ice. They are thought to have rocky cores surrounded by water or icy layers with icy crusts. The surface of Ganymede is very varied. The oldest regions consist of dark plains, one of which, Regio Galileo, is as much as 4000km across and preserves signs of a major impact in a series of low ridges (about 100 m high) spaced about 50km apart. All this old terrain appears to have been fractured into separate blocks, some of which have been displaced, and some completely replaced by younger, lighter-colored material consisting of long parallel lines of valleys and ridges about 15km across and 1km high. This grooved terrain is highly complex in appearance, not only cutting into the old plains, but also intersecting older areas of the same type, suggesting many mountain-building episodes. Still other regions show rough mountainous terrain, and Ganymede’s surface seems to be the one place in the Solar System to have undergone geological changes like those of the Earth’s plate tectonics. Some craters appear relatively fresh, with bright haloes, presumably from ice or water ejected by the impact, but most of the surface is actually very old. Crater counts suggest that the dark plains date back to about 4 billion years, and even the most recent grooved terrain seems to be about 3.5 billion years old - roughly the same as the lunar highlands. The low relief probably results from a time when the interior was rather warmer and the crust more plastic. The spacecraft Galileo had close encounters with Ganymede on 20 Feb and 6 Nov 97 (web site:

http://www.jpl.nasa.gov/galileo/status970409.html).

Callisto (density 1.83 g/cm3) seems to posses an even thicker icy crust than Ganymede, and it is very heavily cratered. However, all the craters are shallower than similar-sized ones on any other terrestrial planet. There are remnants of large impacts, but they all have very little vertical relief. One, Valhalla, has a bright central region, about 600km across, probably representing the original impact crater, and is surrounded by an immense set of ‘ripples’ which makes its overall diameter nearly 3000km - far larger than any feature such as Mare Orientale on the Moon or the Caloris Basin on Mercury. It seems certain that flow has occurred in the icy surface to obliterate many of the very impact scars, and to reduce the old height of the remainder. Apart of this, Callisto seems to have had very little true geologic activity.

The next group of Jovian satellites consists of small difficult-to-observe objects (Lysithea, Elara, Himalia, and Leda). They have similar orbits, varying in distance from J. between 11 and 12 million km (about 160 radii of J.). Like the outermost group, they have orbits of high inclination; unlike the outer group, they move in proper, prograde direction around J. The largest, Himalia (170km in diameter) and Elara (80km in diameter) are very dark, rocky objects, and it seems probable that the others are similar.

The four outermost satellites (Sinope, Pasiphae, Carme, and Ananke), circle in retrograde orbits of high inclination, their distances from J. vary between 20 and 24 million km (290 to 333 radii of J.). These small bodies, none more than 50km in diameter, require nearly two years for each orbit. Probably they are captured asteroids but nothing is known about their surface.

Saturn
more data in: Voyages to Saturn, by David Morrison, NASA SP-451, 227 pages, 1982
Second largest planet (9.45-times diameter of the Earth, 95 Earth masses); the lowest density of any planet (0.70 g/cm3) indicating that much of Saturn is in a gaseous state; average distance from Sun is 9.551747 AU; with Jupiter, fast rotation on axis (period: 10h 13m 59s); tens of thousands rings; 17 larger (+44 smaller) satellites from which Titan is truly outstanding: intermediate in size between Mercury and Mars (5150km diameter), Titan is (similar to Triton, the satellite of Neptune) the only satellite with thick atmosphere (1.6x thicker than Earth’s atmosphere) which consists of 85% nitrogen, 12% argon, 3% methane (possibly converted by UV radiation into ethane & tarry organic compounds which could be precursors of life) is opaque, with multiple layers of aerosols; surface is completely hidden by a dense blanket of clouds 200 - 300km above surface; its temperature is (-178oC) is almost certainly raised by some form of greenhouse effect. This temperature is close to that at which methane is either solid or liquid, so that methane clouds in a nitrogen/methane atmosphere may be raining methane down on to the surface. Recent radar echoes suggest that the surface consists both of continents (formed by ices of water and carbon dioxide and rocks) and ocean of methane and ethane up to 1km deep. New interpretation of Saturn’s (& Jupiter’s) gases: The Planetary Report, vol. 10/1990, No. 6/November-December, p. 4-11.

In ‘95, Earth passed through the ring-plane of Saturn, causing the thin rings to disappear (“The vanishing rings of Saturn”, Astronomy June 95, p. 70-3); but now in ‘98, Saturn rings are gradually opening after the last year’s edge-on appearance.

Uranus
More data in: Uranus, The Planet, Rings and Satellites by Ellis D. MINER




(Jet Propulsion Laboratory, California Institute of Technology, Pasadena), Ellis Horwood Ltd, Chichester, England, 1990, 334 pages

Third largest planet (4-times diameter of the Earth, 14.6 Earth masses); the density is similar to that of Jupiter (1.27 g/cm); average distance from Sun: 19.21814 AU; it spins medium rapidly on axis (period of rotation is 16.8h(0.3h; Astronomy, May 1986, 10 [6-22]) which is more than 8° tilted below the plane of its orbit; see National Geographic Magazine, August 1986, pages 178-94; the magnetic field axis is tipped 55° to the rotational axis, the total energy bound up in the Uranian magnetic field is about 1/10 that of the Saturn magnetic field, 1/400 that of Jupiter’s, and 50times that of Earth’s magnetic field (the presence of a strong and unusual magnetic field implies that Uranus contains some sort of circulating conductive material, a “dynamo”); Uranus’ overall density is considerably greater than Saturn’s, for example, suggesting the planet has a molten silicate (“rock”) core about the size of Earth (13,000km in diameter) enveloped in an 8,000km deep “ocean” composed primarily of water, and wrapped in an 11,000km thick hydrogen-helium atmosphere; currents in the water shell, driven by the heat of the mol​ten-rock core, could act as a dynamo for the magnetic field; 64K atmosphere temperature; 10 thin charcoal-black rings and hundreds of narrow, all-but-invisible ringlets; 21 satellites.

Miranda (454, Fig. 20.23) is a geologic enigma. 

Neptune
More data on the NASA web-site:
http://pds.jpl.nasa.gov/planets/welcome/neptune.htm

Fourth largest planet: almost 4-times diameter of the Earth (Neptune’s equatorial diameter is 49,520km, Neptune’s volume could hold 57.7 Earth’s ones), 17 Earth masses; its low density is the highest from the Jovian planets (1.70 g/cm3). At an average distance of 4.5 billion km from the Sun, Neptune circles the Sun once in 165 years; it spins on axis rapidly (slightly more than 16h). Neptune has a highly tilted (50o from the rotational axis: similar to the 59o tilt of Uranus’ dipole) and offset (by 0.4 of Neptune’s radius: similar to the 0.3 Uranian radius offset) magnetic field (the magnetic north is in the southern hemisphere). Its atmosphere is primarily hydrogen, helium, and methane (the methane gives the planet its lovely blue color). Neptune’s cloud-tops show a surprising amount of variability, apparently due to an energy source in its interior. While the large dark oval (its size is almost as the Earth), first seen in the spring 1989, has remained relatively constant in position, it changes strongly recently: a bright cloud to the north and east was seen to separate from the dark spot. The strong winds on Neptune have different velocities at different latitudes, as is the case for Jupiter (also for Saturn and slightly on Uranus). About three interrupted rings assumed earlier (Astronomy, September 1987, pages 6-17) were confirmed together with a discovery of two continuous rings during the Voyager 2 fly-by (the closest approach [4,850km from cloud tops] 25 August 1989); in addition to the currently known 2 larger satellites (Triton and Nereid), the Voyager 2 discovered 6 small moons probably interacting with the rings (as the shepherd moons in Saturn rings); the diameters of these moons are smaller than 600km; their orbits are close to Neptune: 52,000km, 62,000km, 73,000km, and 117,650km from its center. Recently 3 small satellites discover (total: 11 satellites) Triton (Box 20.1, 455; Astronomy, February 1989, 20-26), orbital period 5.8768 days, the only large object in the Solar system with a retrograde (clockwise) orbit; the orbit is circular and inclined 21° to the equator of Neptune, 355,200km distant from Neptune; mass: 9.3 x 10-4 Neptune (9.3 x 1019 metric tons), diameter 3,600km ±800km; surface temperature 52-63 K; Voyager 2 discovered unexpected clouds casting shadows; relative stable position of some of them compared with moving neighbor ones has been preliminarily explained as due to a volcanism. Nereid, orbital period 359.4 days, orbital inclination 27.7°, extreme orbital eccentricity (0.7545), diameter 940km.

Voyagers:

middle 1990:
Voy2’s cameras, infrared detector and photopolarimeter turned off, then only fields & subatomic particles recorded;
Sep. 1993:

Voy1 51AU, Voy2 40AU from the Sun; low frequency radio emissions detected from heliopause [interstellar/solar medium]

2010:
both Voyagers probably cross the heliopause (Astronomy, Sep. 93, p. 20)

2015:
probably silent;

after   42,000 y.:
it will come within 1.7 l.y. of the star Ross 248 (a cool red star, about 0.2 MSYMBOL 82 \f "Wingdings");

after 296,000 y.:
it will pass within 4.3 light years of Sirius (the dog star).

PLUTO - the outermost & smallest planet (recently “demoted” to a Kuiper’s Belt Object)


 does not fit the 2 planetary types.



Astronomy: Jul 86, 7-22; Jan 94, 40-47; web-sites: http://www.jpl.nasa.gov/pluto/
Pluto seems to be only slightly smaller (diameter: 2294km; .002 Earth masses) than the our Moon and to be composed of methane + water ices mixed with rock (density 1.84 g/cm3; temperature 40 to 60 Kelvin = -233 to -213oC). Pluto’s orbit (247.7 years period) is more elliptic and more inclined than that of any planet in our solar system (17o9’3” to the ecliptic, i.e. more than twice of that of the greatest planetary orbital inclination, Mercury: 7o).

Pluto’s orbital period is stabilized by a period resonance with Neptune’s orbital period in the ratio 3:2, i.e. Pluto completes 2 orbits around the Sun in the time it takes Neptune to complete 3 orbits. Objects with the same resonance with Neptune are called the Plutinos (little Plutos) - see the web site:





http://www.ifa.hawaii.edu/faculty/jewitt/plutino.html.

The Plutinos resonance with Neptune (and similar resonances with Neptune found among transneptunian objects, such as 3:4) could form during the accretional stage of the solar system evolution (angular momentum exchange of planetesimals with planets and protoplanets).

Pluto’s orbital eccentricity is 0.2484; its mean distance from the Sun is 39.44 AU; since 21 January 1979 through 14 March 1999, Pluto is closer to the Sun than Neptune: in 1989, it reached perihelion and was only 29.64 AU from the Sun; it ventures as far as 49.24 AU from the Sun at aphelion in the year 2112. It spins slowly on its more than “horizontally” tilted (118o) axis: Pluto’s day is 6 days, 9 hours, and 18 minutes. It has one satellite, Charon: its orbit (similarly as its equator) is perpendicular to that of Pluto, with the same orbital period as the Pluto’s day; therefore, for an observer on the Pluto’s surface, Charon remains locked in the same position above the horizon and looks sixty times larger than Earth’s Moon. Twice during each revolution of Pluto around the Sun, Charon’s orbital plane is edge-on to Earth; it is during these times that we see Pluto and Charon eclipsing each other. Its recent eclipse cycle of six years, 1985-91, enabled to improve data on size & density of the both bodies and unique observations on Pluto’s released gases (no real atmosphere). Relatively to Pluto, its satellite Charon is the largest of all satellites of the Solar system; therefore, Pluto & Charon are almost a double (binary) planet, the common center of revolution is between both the bodies.

Asteroids (572-4)

Total number estimated: several 100,000 stony bodies; maximum 1003km Ceres; 540km Pallas; 538km Vesta; 240km Herculina (has a satellite); 53km Achilles; 23km Eros; 16km Hidalgo; others are smaller than 1km; about 5,500 orbits are known, 1000 others are temporary; 88% are very dark (reflect 5% to 0.02% light) - correspond to carbonaceous chondrite meteorites (see below); the other major group (1%) is reddish and more reflective (albedo: 10-20%) correspond to stony-iron meteorites; most are irregular in shape (such as the satellites of Mars, Phobos & Deimos; on 29 Oct. 91 the Galileo spacecraft captured the asteroid Gaspra in color [Astronomy, March 92, p. 26]). Currently, asteroids crossing the Earth’s orbit are sought because their collision with the Earth could cause severe catastrophe & extinctions of some type of life.

Meteorites (572-4, 580-2)
Meteoroids are small bodies derived from the asteroids or comets, and - similarly to them - they repre​sent samples of the original (i.e. unaltered) solar nebula. They eventually fall into Earth’s atmosphere and burst into incandescent vapor about 80km above the ground (“shooting stars” = meteors) because of friction with the air; their parts, which survived the fiery passage, are known as meteorites. Annual meteor showers occur when debris from dead comets is dispersed throughout a given orbit. The orbit of the remaining particles is tilted so that Earth’s orbit intersects at only one point.

Two broad categories can be distinguished: iron meteoroids (meteorites) - chunks of a coarsely crys​tallized alloy of iron and nickel, and stony meteoroids (meteorites) - silicate aggregates resembling Earth rocks which appear never to have been heated to melting.

The large crystals of the iron meteorites suggest that they cooled no faster than a few degrees per million years: their material could form within cores of large planetesimals (about 100km diameter) due to heating, melting and differentiation - the outer layers of rock would insulate the iron-nickel core.

The stony meteorites can be classified into three types according to the degree to which they have been heated (and altered):

1 Chondrites (574) - containing chondrules (rounded bits of glassy rock not much larger than a pea), probably the first quickly solidified droplets of matter which condensed out of the solar nebula (or drops of molten fragments from planetesimals collisions); they have been slightly heated to drive off volatiles (carbon compounds and water).

2 Carbonaceous chondrites contain both chondrules and volatiles - therefore they represent the least altered remains of the solar nebula. Three types of carbon grains (diamond, graphite and silicon carbide) recently discovered seem to be few million years older than the solar system (Sci. Am. Oct 90, 14/15).

3 Achondrites - containing no chondrules and no volatiles - apparently most heated remains of the solar nebula (they are similar to the Earth’s lavas).

Tektites (Greek word tektos means melted or molten) are glassy objects probably ejected by meteorite impact on the Earth or the Moon. In diameter, they range from few tens of microns (up to about 1 mm are called microtektites) to about 10 cm. Their distribution is limited to a few strewn-fields, such as North American tektites bediasites (Texas) and georgiaites, about 33 my old, moldavites (Czech Republic, along the southern part of the Vltava (Moldau) River, Bohemia, and middle Moravia; about 15 my old), Ivory Coast t. (about 1 my old), Australasian tektites australites, billitonites, indochinites, javanites, philippinites, thailandites (about 750,000 y. old). Moldavites could be explained as formed by the impact of the Ries lithic meteorite at Nördlingen, southern Germany (60km east of Schwäbisch Gmünd).
Comets and Van Oort Belt (572-4)

A comet is a lump of “dirty” fluffy ices of water, carbon dioxide, etc. (the fluffy ices have a very low density, 0.1 to 0.25 g/cm3) only a dozen kilometers in diameter and orbiting on a very eccentric ellipse around the Sun. Whenever it occurs within the inner solar system, the comet’s ices vaporize due to the Sun radiation, dust is released and the molecules of the gas are broken into the atoms and ions we see in the head (coma). The coma’s vast cloud of gas and dust may grow up to 100,000km in diameter - 7-times the diameter of the Earth. The gas in the coma is made up of water, carbon dioxide, carbon monoxide, hydrogen, etc.. The tail springs from the coma and typically extends 10 to 100 mill. km (max. 1 AU = 150 mill. km). More than 1300 orbits of comets are known. The icy nuclei (mostly less than 15km in diameter) and randomly tipped, very long elliptical orbits hint at a theory for their origin. According to the van Oort cloud theory (named after the Dutch astronomer Jan Hendrik van Oort) the icy bodies of comets orbit the Sun in a cloud extending from 10,000 AU to 100,000 AU. At this distance the ices remain frozen, and the comets lack comas or tails; their orbital velocities are here only about 0.13km/sec, and the slight perturbations caused by the relative motions of nearby stars could eject a few of these icebergs into long elliptical orbits that carry them into the inner solar system.

Mysterious Sun grazers: comets plunge into the Sun - more common than once believed (Astronomy, 4/Apr 92, p. 46-49).

Pieces of comet Shoemaker-Levy 9 collided with Jupiter around July 21, 1994. Over the course of several days, the comet fragments (there were at least 20) each came up from below Jupiter and passed behind the planet as seen from Earth. As each piece plunged through its atmosphere, it exploded, and created a long-lived disturbance. About 90 minutes after each collision, the impact site rotated into view from Earth (Jupiter rotates from left to right).

The bright comet 1995 Y1 Hyakutake, could be seen moving rapidly from the Big Dipper toward the North Star (Polaris) of the Little Dipper, and Cassiopeia, between March 24, and April 7, 1996. It will return to the Sun as late as within about 20,000 years. Hale-Bopp, the comet of this century, is visible during the second half of March and April 10, 1997, shortly after the Sun set (19:30 through 21:00h) above the Northwest horizon, and shortly before the Sunrise (5:00 through 6:00h) above the Northeast horizon; in April 97 it will become circumpolar (visible during the whole night). It will return to the Sun as late as within about 4400 years. It displayed a triple tail - the third part consisting of atomic sodium. Internet web-sites:

http://www.halebopp.com

http://newproducts.jpl.nasa.gov/comet/

Review for the Final Exam
FINAL EXAM TOPICS (http://teaching.grano.de/gt3topcs.htm), see below:
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Mo, 17 Dec 07:
FINAL EXAM – Topics:
Geological Processes
Final Test (Test 3): 50 multiple choice questions = 100 from the course total of 300 points = 33.3%.

GEOLOGIC TIME (1.2, 3-4, 136-151; TG 10-11)
	Relative time
	Principle & description; 2 laws of the r. t.: explanation & application/limitation to each; contrast the importance of the r. – a. t. in geology: commonly, rarely, easily? used; reliability, etc.

	Absolute time
	Principle & description; 3 method examples of the a. t.: tree rings, varves, radioactive decay; explanation, application & limitation to each.


MOUNTAIN TYPES (Textbook: Crust deformation, pages 163-170; 115-116, 502-503; TG 13). According to their structure, two main categories of mountain types can be distinguished:
	Nondeformational mts.
	volcanic mts., 3 types according to their composition:
	

	 
	1 Lava flow mts.
- may reach great size.

 
	EX: Hawaii Islands - Mauna Loa (9km high from the ocean floor); Olympus Mons on Mars (24km high, 500km diameter); andesitic plateaus in South America, basaltic plateaus in India and southern Africa;

	 
	2 Pyroclastic debris mts. (p.d.= volcanic ash, pumice, volcanic bombs & other ejecta)
	Ex.: Yellowstone Park, Cinder Cones in Mojave Desert;



	 
	3 Stratovolcano mts. consist of lava flows & pyroclastic debris; very common volcanic type.
	Ex.: Vesuvius, Etna, Mt. Saint Helen’s;

 

	Deformational mts.
	2 types according to the type of dominant deformation:
	
 

	 
	1 Fault-block mts.
 =Germanotype mts.
 discontinuous deformation dominant; formed near the surface almost without (hydrostatic) pressure from overlying rocks – in brittle rocks.
	Ex.: Pfalz = Palatinate Forest, Vogesen=Vosgues, Schwarzwald=Black Forest;





	 
	2 Folded mts. = Alpinotype mts.
continuous deformation dominant; formed in depth under high (hydrostatic) pressure from overlying rocks – in soft (plastic) rocks during long periods of time.
	Ex.: Alps, Rocky Mts., Andes, Himalayan Mts., Alps Mts., Carpathian Mts., Apennines.






GEOSYNCLINES (page 115-6, 502-503; TG 13). G. are large elongated sedimentation basins formed on subsiding continental margins. Typical dimensions: hundreds of kilometers wide, thousands of kilometers long; typical evolution time: few hundreds of million years. Importance of g.: form large folded mts., their deposits often contain petroleum & natural gas, continents grow by accretion of g. (“onion structure”). Three evolution stages are typical (note the symmetry of the scheme in the opposites such as “sinking - rising”, “deposition - erosion”):
	1  Sinking & deposition:



 
	A subsidence produces a depression which is filled by water from the neighbor ocean. As any water basin, it gets filled by deposits more and more: the deposition rate grows with the depth until it equals the sinking rate and an equilibrium between sinking and deposition is achieved (usually with the water depth of 200 to 400 meters). The sinking & deposition continue until a thickness of about 10km to 20km is reached (when the stage 2 begins).

	2  Folding & squeezing down:


 
	The stage 1 terminated by a side pressure probably from a continental drift (such as the northwards drifting India subcontinent compressed Tethys, the g. on the southern margin of Asia) which folded and squeezed the deposits down: the folded sediments (shales) sink more and get stronger regionally metamorphosed (into slates, phyllites, schists & gneisses which may granitize). The deposition still goes on so that nothing can be observed on the surface.

	3 Rising & erosion:







 
	After the side pressure energy was consumed, the g. relaxes and a slight rebound stretching takes place. The folded & squeezed down filling of the g. is no more kept in the depth and starts rising due to buoyancy (the filling rocks, originally deposits, are lighter than the surrounding earth crust rocks such as basalts) along vertical faults: the marine water retreats and the uplifted filling rocks are subject to erosion which grows with the altitude above sea level. After some time, an equilibrium between the rising and erosion will be reached so that no net rising takes place. Folded mts. form: first, erosion cuts valleys and leaves sharp edges (young mts. such as Alps, Himalayan Mts. and Rocky Mts.); later, when the rising slows down the erosion forms smoother surface (old mts. such as Appalachian Mts.), and finally erases the mts. at all (peneplain form).


EROSION-TRANSPORTATION-DEPOSITION PROCESSES (main surface processes): TG 14-17
A direct motion of solid material by gravity takes place on hillslopes = mass movement on hillslopes: solids prevail over fluids; a strong friction resists a gravity motion therefore a considerable slope must be available to allow for efficient gravity action. Slight content of fluids (chiefly water & clay) lubricates and supports the mass movement on hillslopes strongly: landslides etc.
Commonly, however, the solid material moves by gravity indirectly - by a gravity motion of the following fluids: wind, water streams, turbidity currents and glaciers. Their transportation capabilities depend on their specific kinetic energy (characterized by density [mass of a volume unit] and the square of speed) and the efficiency of transfer of this energy from the moving fluids onto the solid material to be withtaken (eroded, transported and deposited); the energy transfer capability of fluids is given by their viscosity. The energy source of the motion is Sun (mostly its radiation); the gravity changes potential energy into the kinetic energy.

Recognize the erosional features (abrasion & landform features) and the depositional features (general characteristics, deposit types & examples, landform depositional types); the physical characteristics of the fluids (density, speed, viscosity) are not required in numeric values but in comparison, such as greater/smaller than (in the table below, numeric values are given for your reference; see also http://teaching.grano.de/4FLUIDS.doc).

4 FLUIDS:
	
	Physical Properties
	EROSIONAL
features
	DEPOSITIONAL
features

	
	Density       g/cm3
	Speed  meter/sec
	Viscosity  g/s*cm
	Abrasion
	Landforms
	Deposit types
	General features
	Landforms

	WATER
	1
	1
	0.01
	Particles >0.2mm:
rounded + polished (no pitting)
	Mts. (high energy streams):
erosion > deposition

V-shaped straight valleys

Open landscape (low energy streams):
deposition > erosion
broad valleys, meanders, oxbow lakes, terraces (400-6, 414)
	Medium sand to gravel
	Stratified (layered) + sorted
	Flood plains (alluvium) 405-6;

	WIND
	0.001
	5 - 20
	.00001
	Particles >0.02mm:
rounded + polished + pitted
large particles (gravel):
cut facets, polished + pitted to ventifacts (501)
	Pavements, blow-outs, deflations (500)
	Silt to fine sand
	Stratified (layered) + sorted
	Dunes (501-4)
(transverse, longitudinal, parabolic, star etc.), barchans (p. 504)

	GLACIERS
	0.9
	.000001
	>100000
	All grades:
cut + polished + scratched;
gravel may be cut to scratched (not pitted!) „ventifacts“
ground: scratched (striated) due to “basal slip”
	Cirques, U-shaped valleys, aretes, horns, cols, etc.
(460 - 4)
	TILL (465): mixture of all grades: clay + sand + gravel + boulders + blocks
	Unstratified (not layered)
+ unsorted
	Moraines
(types: 465-7), drumlins, erratics, boulder trains

	TURBIDITY CURRENTS
	1.05 – 1.1
	2 - 10
	0.1
	No abrasion by turbidity currents because of their very short time action
	Submarine canyons (536-7,
Fig. 19.20)
	TURBIDITES: mixture of all grades: clay + sand + gravel + boulders + blocks
	Stratified (layered) + sorted + graded
(232-3,
Fig. 8.18)
	No depositional landforms by turbidity currents
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