
"Hard" or "Type A" Cations
(All electrons removed from outer shell)

(Thus a noble-gas-like configuration 
of the outer shell)
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Sedim
ents rich in 

carbonates, sulfates, 

 silicates, phosphates, &
 

borates

C
ations that enter into 

sedim
entary carbonates, 

sulfates, silicates, 

phosphates, &
 borates (e.g., 

calcite, dolom
ite, gypsum

,  

sm
ectite, illite,

apatite, and borax).

A bit of the Earth Scientist's Periodic Table of the 
Elements and Their Ions as a cross-section of the Earth:

Note the presence of 02- throughout

LBR  EarthCrossSection&ESPTEI06  12/2006

Ions concentrated in deep-sea ferromanganese nodules
       relative to seawater 

Ions commonly concentrated in residual soils and residual 
sediments.  Small symbol (     ) indicates less certainty.

Cations that form simple 
oxide minerals 

8 most abundant solutes dissolved in seawater

9th to 16th most abundant 

2nd to 8th most abundant solutes in average river water 
Most abundant solute in average river water (HCO3

–)
17th to 22nd most abundant 

Ions that enter later phases in igneous rocks because of 
       their large size (mostly "large-ion lithophiles")

Ions that enter early-forming phases in igneous rocks

Ions least depleted from mantle in formation of crust
Ions enriched in CAIs (Ca-Al-rich inclusions in meteorites)   
       relative to the composition of the solar system

Solutes that can be limiting nutrients 
in the oceans
Macronutrient solutes on land

Micronutrient solutes on land
Ions essential to the nutrition of at least 
some vertebrates ("essential minerals") 

Solutes that can be limiting nutrients 
in the growth of bacteria
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Railsback's Some Fundamentals of Mineralogy and Geochemistry

For the entire 
Earth Scientist's Periodic 

Table of the Elements 
and Their Ions, go to 

www.gly.uga.edu/
railsback/PT.html
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Earth:
Conceptual model of the 

behavior of oxides of hard 
(and intermediate) cations

1Å

Li N
Cations
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Weak cation-
oxygen bonds

Strong cation-
oxygen bonds

cation-cation

Strong
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 repulsion
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Intermediate 
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Thus stable 
solids

Thus 
soluble 
solidsThus soluble 
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