Introduction 


What is Geochemistry?


Why bother? ( Applications:

· Origin of Earth & Solar system

· Mineral structure, stability and composition

· Origin of rocks

· Ages

· Economic Resources (ore bodies)

· Oil & Gas

· Water

· Atmosphere

· Other environmental issues/ concerns


Different fields of geochemistry

· Cosmochemistry

· Crystal chemistry

· Thermodynamics

· Experimental Petrology

· Geochemical exploration

· Instrumental analysis

· Stable isotope geochemistry

· Geochronology

· Low temperature aqueous geochemistry

· Chemical oceanography

· Organic geochemistry

· Biogeochemistry

Basic Chemical Principles


Atomic mass unit = 1/12 of the mass of 12C


Atomic weight is the sum of the amu's in an atom and is therefore a dimensionless #


Gram atomic weight: atomic weight in g.


Gram molecular weight of a compound is the weight of one mole of this compound in grams.


Gram equivalent weight: molecular weight of compound in g / valency of its radicals

· STP: Standard T and P; 0°C, 1 atm.

· SATP: Standard ambient T and P; 25°C, 1 atm.


One mole of any gas occupies 24.47 litres at SATP (25°C, 1 atmosphere), and 22.4 litres at STP. 


Avogardro's law: One mole of an element or compound always contains a fixed number of atoms (Avogadro's # = 6.022 * 1023) 


Mole fraction of a component "Xi": # of moles of component i/ total # of moles existing in solution or mixture. Therefore, the sum of all mole fractions in a mixture is equal to 1.


The equivalent of an acid or base: gram molecular wt of acid or base/ # of H+ or OH- in its formula


Molality: # of moles of solute/ kg of H2O


Molarity: # of moles of solute / litre of solution


Formality: # of moles of solute per kg of solution


Normality: gram equivalent of acid or base/ litre of solution

Molarity and normality vary with T, whereas molality and formality are independent of T


The “effective” concentration of any pure solid or pure liquid taking part in an equilibrium is assumed equal to 1. 


The concentrations of gases are expressed as partial pressures in atmospheres


Strength of an acid is a measure of the ease with which it dissociates. It has nothing to do with concentartion!!

Natural Waters
The Hydrologic Cycle 

· Precipitation

· Infiltration

· Runoff

· Base flow

· Recharge

Residence Time

tR = amount of substance in reservoir/flux into and out of this reservoir

The flux is the rate of change of that substance

Residence times are very important for remediation efforts in case of a spill of some chemical contaminant; the time it takes for nature to clean up such a contaminant will be directly proportional to its residence time.

Types (nomenclature) of water

· Ocean

· Rain

· Groundwater

· Phreatic zone

· Vadose zone

· Water Table

· Aquifer, aquiclude, and aquitard.

· Confined aquifer

· Unconfined aquifer

· Perched aquifer

· Depression storage (ponds)

· Juvenile water

· Connate water

· Metamorphic water

· Formation water

Groundwater movement:

· Discharge, Hydraulic head, hydraulic gradient, and hydraulic conductivity

· Darcy’s law

v = K (dh/dl)

K is the hydraulic conductivity, which is directly proportional to the permeability of the aquifer. 

Controls on the Composition of Subsurface Water
1- Composition of groundwater recharge
2- Mineralogic composition of subsurface rocks

3- Solubility of the different minerals in the reservoir

4- Hydrogeologic properties of rocks, especially hydraulic conductivity.

5- Residence times

6- Water-rock ratios.

Compositions of Surface and Subsurface Waters

· Composition of Seawater, rain, and snow waters (Tables 1, 2 & 4).

· Compositions of surface and groundwaters (Table 3)

· Total Dissolved Solids (Fig. 1).

· Common Contaminants & drinking water standards (Table 5)
· MCL and SMCL

· Processes leading to change in surface water composition/ contamination

· Weathering

· Acid mine drainage

· Runoff from agricultural fields

· Human interference

· Evaporation

· Change in redox conditions
· Background concentrations

Three methods:

· Analysis of uncontaminated streams/ groundwaters

· Assume common backgrounds for waters through similar rocks (Table 6).
· Threshold: mean + 2( (Fig. 2)
Water-rock ratio

