THE GEOSPHERE AND GEOCHEMISTRY





geosphere - solid Earth





atmosphere ---> geosphere





greenhouse effect ---> ??


acid rain ---> ?





Effects of humans on geosphere:





desertification


contamination of surface water & groundwater


mineral & coal excavation








NATURE OF SOLIDS IN THE GEOSPHERE





















































ROCK


a solid, cohesive mass of pure mineral or an aggregate of two or more minerals











MINERAL


a naturally-occurring inorganic solid with a definite internal crystal structure and chemical composition








��STRUCTURE & PROPERTIES OF MINERALS








chemical composition					specific crystal structure











CRYSTAL STRUCTURE:


 the way in which the atoms are arranged relative to each other (requires X-ray analyses)








Physical properties





crystal form


color


luster


�metallic


vitreous


earthy			the appearance of a mineral surface


resinous			in a reflected light


pearly


streak


color of a mineral in its powdered form


hardness


(Mohs scale : 1-10; talk - diamond)


cleavage


the manner in which minerals break along planes & the angles


specific gravity


density relative to that of water








EARTHÕs CRUST = 25 rock-forming minerals








elemental composition:





O, Si			49.5 % ===> silicates: SiO2, orthocclase-KAlSi3O8


aluminum		7.4%


iron			4.7%


calcium		3.6%


sodium		2.8%


potassium		2.6%


magnesium	2.1%


other			1.6%








secondary minerals: 


formed by alteration of parent mineral matter (clays)








mineral group		example				formula





silicalites			quartz				SiO2





oxides			corundum				Al2O3





Carbonates			dolomite				CaCO3.MgCO3





sulfides			pyrite				FeS2





Sulfates			gypsum				CaSO4.2H2O





halides			halite					NaCl





native elements									








EVAPORITES:


soluble salts that precipitate from solution under special arid conditions





halite, Sylvite (KCl), thenardite (Na2SO4), anhydrite (CaSO4)











Factors which influence precipitation:





concentration of ions in water


solubility products


the presence of common ion


presence of electrolytes


T





VOLCANIC SUBLIMATES


mineral substances which were previously in a gaseous form due to high magmatic temperatures of volcano





sulfur, iron & silicon oxides, chlorite & sulfate salts





cations: NH4+, Na+, K+, Mg+2, Ca+2, Al+3, Fe+3








MAGMA: molten substance (rock and minerals)





IGNEOUS ROCK: substance formed after cooling & solidification of magma





�


granite


basalt		SiO2; magnetite (Fe3O4)


quartz











CONDITIONS TO FORM IGNEOUS ROCK:





water deficiency


reducing conditions


high temperature


high pressure

















EXPOSED IGNEOUS ROCK:





wet, oxidizing condition


low T, low p


��


				lack of chemical equilibrium





weathering


�


	lithification	


�sediments or soil----------------------------->  sedimentary rock





porous


soft


chemical reactive


		metamorphic rock











���SEDIMENTARY ROCKS











detrital rocks		chemical sedimentary		organic sedimentary


(consequence of		rocks (produced by 		rocks (containing resi-


weathering)		precipitation or			dues of plants & 


				coagulation			animals








SEDIMENTARY ROCKS:





sandstone


conglomerates


shale


limestone


Ca2+ + CO32- ---> Ca(CO3)(s)





Ca2+ + 2HCO3- + hu ---> {CH2O} + CaCO3 + O2





chert


WEATHERING:





early


intermediate


advanced





FACTORS:





time


chemical conditions (exposure to air, CO2, H2O)


physical conditions (temperature, mixing with water & air)








1. Early weathering (only reactive substances)





dry conditions


low leaching


absence of organic matter


reducing conditions


limited time





3. Advanced weathering





intense leaching by fresh water


low pH


oxidizing conditions


presence of hydroxypolymers of Al


dispersion of silica








SEDIMENTS





sedimentary materials carried by flowing water:


�dissolved load 91/4)


suspended load (2/3)


bed load








Ca2+ + 2HCO3- ---> CaCO3 + CO2 + H2O





actions of streams:


erosion


transport


deposition








ALLUVIUM:


�deposits of stream-born sediments








sorted








CLAYS


microcrystalline secondary minerals consisting of hydrous aluminum silicates that have sheet-like structure





general chemical formula


structure


chemical & physical properties








Montmorillonite, Al2(OH) 2Si4O10





Illite, K0-2Al4(Si8-6Al0-2)O20(OH) 4





Kaolinite, Al2Si2O5(OH) 4








Na+, K+, Mg+2, Ca+2, Fe+2








Parent minerals ----> olivine, augite, hornblende, feldspar








SOIL


variable mixture of minerals, organic matter, and water, capable of supporting plant life on the earthÕs surface.


final product of the weathering action





organic matter: 


plant biomass in various stages of decay, bacteria, fungi, animals (5%)





peat soil : 95% organic matter







































































Soil characteristics:


strength


workability


soil particle size


permeatibility


degree of maturity








PODZOL SOIL:


formed under relatively high rainfall conditions, pH 3.5 - 4.5











Classification of soil particles:


gravels (2-60 mm)


sands (0.06- 2 mm)


silts (0.06- 0.006 mm)


clays ( < 0.002 mm)








WATER & AIR IN SOIL





water


the basic transport medium for carrying essential plant nutrients from soil particles into plant roots





the water phase depends on solid matter


��


capillary action 			gravitational forces








WATER & CLAYS





adsorption on the surface


adsorption between layers





water-logged soil





deficiency in oxygen


reduction of pE





�MnO2 + 4H+ + 2e ---> Mn+2+ 2 H2O





Fe2O3 + 6H+ + 2e ---> 2Fe+2+ 3H2O


�





				toxic to plants





INORGANIC COMPONENTS IN SOIL





colloids:


repositories of water & plant nutrients


adsorbents of toxic substances


ORGANIC MATTER IN SOILS (5%)





determines soil productivity


source of food for microorganisms


undergoes chemical reactions (ion exchange)


influences the physical properties of soils


contribute in weathering








Organic compounds in soils:





humus, fat, resins, waxes, saccharides, N-containing organics, P-containing organics








Content of organic matter depends on:


temperature


availability of oxygen








Soil humus:


humin


fulvic


humic acids





humification:


process in which humus is formed





��				hydrophobic part





�humus								amphiphiles





				hydrophilic part








humification ---> increase in N/C





fresh biomass: N/C ~ 1/100 --------> N/C ~ 1/10








Features of humic substances:





bind metals strongly


hold micronutrients in soil


buffers in soil (acid/base character)


hold water


stabilize aggregates of soil particles


purify water from pollutants: heavy metals polyvalent cations, herbicides


create complexes with clays








GEOCHEMISTRY


chemical species, reactions and processes in the lithosphere & their interactions with the atmosphere and hydrosphere








weathering:


physical


chemical





dissolution/precipitation; acid/base reactions; complexation; hydrolysis; oxidation-reduction





Weathering agents:


 H2O, CO2, O2, organic acids, sulfur acids, nitrogen acids





REACTIONS:





1. hydration/dehydration





CaSO4(s) + 2 H2O ---> CaSO4. 2H2O





2. dissolution





CaSO4. 2H2O(s) (water) ---> Ca2+ (aq) + SO42- (aq) + 2 H2O





3. oxidation





4FeS2 (s) + 15O2 (g) + (8+2x)H2O---> 2Fe2O3. xH2O + 8SO42- (aq) + 16H+


4. dissolution with hydrolysis





CaCO3 + H2O ---> Ca2+ + HCO3- + OH-





5. acid hydrolysis





CaCO3 + H2O + CO2 ---> Ca2+ + 2 HCO3-











GROUNDWATER IN THE GEOSPHERE





Features of rocks determining the nature, quality & mobility of groundwater





porosity


permeability





�meteoric water





belt of soil moisture	===> vadose water


(zone of aeration)


�





zone of saturation	===> groundwater


water table












































aquifer


porous or extensively fractured rock





aquiclude


rock formation too impermeable or unfractured to yield groundwater





water wells








effect on environment


drawdown ===> zone of depression


subside of land levels


infiltration of pollutants














CCNY:CHEM 1611





CCNY:CHEM 1611





�PAGE  �4�








�PAGE  �1�














