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abstRaCt
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may be used as the basis of a theoretical approach to the structure and chemical composition of miner-
als. This approach combines aspects of graph theory, bond-valence theory, and the moments approach 
to the electronic-energy density-of-states to interpret topological aspects of crystal structures, and 
allows consideration of many issues of crystal structure, mineral composition, and mineral behavior 
that are not addressed by established theoretical methods. The chemical composition of a mineral is 
controlled by the weak interaction between the structural unit and the interstitial complex. The principle 
of correspondence of Lewis acidity-basicity asserts that stable structures will form when the Lewis-
base strength of the structural unit closely matches the Lewis-acid strength of the interstitial complex. 
This principle allows analysis of the factors that control the chemical compositions and aspects of the 
structural arrangements of minerals, and provides a mechanism to understand the relations between 
structure, the speciation of its constituents in aqueous solution, and its mechanism of crystallization. 
(H2O) groups in the structural unit limit the polymerization of the structural unit in one or more direc-
tions, controlling the polymerization of the structural unit. This is a major cause of structural diversity 
in oxygen-based minerals, and accounts for the systematic distribution in mineral species from the 
core to the surface of the Earth. 

The moments approach to the electronic-energy density-of-states provides a bond-topological in-
terpretation of the energetics of a structure. When comparing structures, the most important structural 
GLIIHUHQFHV�LQYROYH�WKH�¿UVW�IHZ�GLVSDUDWH�PRPHQWV�RI�WKH�HOHFWURQLF�HQHUJ\�GHQVLW\�RI�VWDWHV��:H�PD\�
classify chemical reactions according to the lowest-order moment of the electronic-energy density-of-
states that is conserved, which allows us to identify the principal structural changes that drive chemical 
change: (1) coordination number for discontinuous reactions, and (2) short-range order for continuous 
reactions. This relation between the bond topology of a structure and its enthalpy of formation from 
constituent oxides is indicated by a correlation between change in anion-coordination number and 
reduced enthalpy of formation for the reactions [6]Mgm

[4]SinO(m+2n) = mMgO+nSiO2.
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intRoduCtion

Minerals are the stuff of the Earth; without them, there would 
be no Earth or any other rocky planet. As geologists sensu lato 
(i.e., scientists who study the Earth), we are all interested in the 
properties of minerals and how minerals behave in Earth pro-
cesses—how they respond to changing temperature, pressure, 
etc., how they interact with each other, and especially how they 
interact with both natural and anthropogenic fluids. Moreover, 
minerals are our principal source of economic materials and a 
major constituent of soils, and their chemical compositions and 
surface properties are key in this regard. Thus, mineralogy has 
focused on describing minerals and characterizing their chemical 
compositions and physical properties, providing this information 
for use in petrology, geochemistry, geophysics, soil science, etc. 
However, from the perspective of Mineralogy as a science, we also 
wish to understand why minerals have the chemical compositions, 

atomic arrangements, and physical and surface properties that they 
do. Such understanding requires a theoretical framework within 
which we can consider the constitution and behavior of minerals, 
and it is such a framework that I will consider here.

establisHed tHeoRetiCal MetHods

What kind of methods do we have to understand and interpret 
mineralogical information? We use crystal chemistry to system-
atize mineral properties, classical thermodynamics to analyze 
processes involving minerals, and computational mineralogy 
to understand mineral properties and to calculate properties of 
minerals, the stabilities of which are beyond the range of current 
experimental methods. Using thermodynamics, we can make 
calculations for mineral reactions while not knowing much about 
where the atoms are and what the atoms are doing. There is now 
an enormous amount of information on atomic arrangements in 
minerals, and we would prefer to have an atomic-scale under-
standing of the factors controlling atomic arrangements, chemical 
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