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Introduction

Geochemistry is a frequently used term in geological studies that defines a

discipline which has developed in importance over the past 40 years. The meaning

of this term and the substance of the discipline is the relationship between the

chemical properties of elements found in the geological sphere and their expression

as minerals or other phases found in rocks. Essentially the elements that are

the most common and abundant in surface materials are limited in number, such

as Na, K, Mg, Ca, Al, Si, and Fe (called the major elements) with concentrations

of elements such as Mn, P, S, C, Cl present in smaller amounts and considered

as minor elements. The elements of industrial importance, such as the transition

metals Cu, Cd, Co, Ni, Ti, and Au, among others, are of yet lesser abundance

in rocks and most often occur as inclusions in phases dominated by major elements

or as isolated concentrations due to special geological conditions. Other elements

of low overall abundance in rocks such as As, Sb, and Sn are more difficult

to classify in that their occurrence is limited to small and sporadic concentrations

in rocks. In the classical geological chemical framework the elements found as

gases in the atmosphere such as Ar, N, Ne, He, and others are little present. Some

atmospheric elements such as C and O are present in both the realm of geological

occurrence and the sphere of the surface atmosphere. Geochemistry is the study

of the occurrence and reasons for these occurrences of different elements.

A further direction of investigation, used with great success to solve some

specific problems, is the determination of the relative abundance of the isotopes

of the elements present. Isotope geochemistry has proved to be a powerful tool

in the determination of many geological processes of rock formation.

Our proposition in the present study is to use the available published information

concerning elemental abundances at the surface of the earth, in the zone

of atmosphere and rock interaction, to follow the selection and segregation of

elements during the surface chemical processes which are dominated by the

interaction of atmospheric and biologically determined chemical processes with

rocks that have formed and attained chemical equilibrium under other conditions

of temperature and pressure.
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One fundamental point to remember is that rocks are composed roughly of

half oxygen atoms and the atmosphere is still more oxygen rich. Water, the

agent of change, is composed of oxygen and hydrogen atoms. Oxygen is the

major element of the geological realm and especially that of surface geochemistry.

Interactions of cations with oxygen are the dominant modes of chemical inter-

action. The geochemical actions initiated at the surface are essentially those of

hydrogen exchange for cations in rock minerals which creates “hydrated” minerals

such as the silicate clay minerals or hydroxy oxides of Fe or Al. Geochemistry

at the earth’s surface is initiated by phase change through the interaction of

water with rocks which sets the stage for geochemical exchange throughout the

erosion, transportation, and deposition processes. The activity of oxygen and

ensuing oxidation of metal elements are another fundamental constraint on surface

geochemical reactions. Since most multi-oxidation state elements are in a more

or less reduced state in rocks, oxidation disrupts the former chemical interactions

in the minerals and this produces the destabilization of these phases and eventual

formation of new minerals. However, biological activity at the interface of surface

materials and the atmosphere creates variations in oxidation state of materials in

many cases which reorganizes some of the material present and changes the

chemical relations among ions and solids. Thus hydration and oxido-reduction

are the key concepts to keep in mind when considering earth surface geochemistry.

These are the chemical variables or active forces present.

This is the chemical framework. Then the first part of the term “geochemistry”

must be considered. In many texts, treatises, and scientific papers, the concept of

geological forces at play is not taken into account. Chemistry is essentially static,

where the electronic configuration of the elements present is arranged as quickly as

possible to create an assemblage of phases that are in chemical equilibrium.

Geology by contrast is the realm of movement dynamics driven by the forces

of tectonics (mountain building) and the forces of gravity which drive water

movement, the major transport vector. The earth is a restless object, especially at

its surface. Movement of matter in solid or dissolved form is the general rule.

Then the “geo” part of geochemistry is the study of the chemical accommodation

to the dynamic forces of geological energy. However, the inherent instability

generated by the earth processes is such that chemical equilibrium is often not

attained and materials of contrasting chemistry are found together in the same

environment. The work of the geochemist is then that of sorting out the nature of

materials in a given sample and their origins in order to understand where they

came from and what will happen to them as they approach a chemical equilibrium

in a given setting. As a simple example, if one considers the sediments carried

in a river and its load of dissolved elements, one must look at the relief and erosion

rate of the drainage basin, its climatic variation, and geomorphologic characteristics

in order to interpret the chemical variations of materials found in the river load

and river water. These will be reflected in the sediment that is eventually deposited

by the river along an inland lake or ocean shelf. Surface geochemistry is the

interrelationship between chemistry and geology.
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In the text that follows we have purposefully left out any reference to isotopic

variations of the different chemical species in that there is not a great abundance

of such information available and the changes and instability of surface materials

render the interpretation of isotopic variation very difficult in many instances. If

one studies the isotopic variation of an element in a given stable context, things can

often be worked out to a satisfying degree, but such studies are not generally

available and using them to interpret the overall variations of chemical isotopic

abundance throughout a geological sequence is very difficult indeed. Hence we

attempt to find the underlying relations between elements, of major and minor

abundance depending upon the local chemical context and the dynamics of the

geological setting.

It is clear in reading the following studies that there is much to be done yet

in order to understand the many aspects of surface geochemistry; however, we

hope to lay out some general principles and relationships that can be used as a

basis for further work.
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