
fundamental particles may bear upon a 
variety of geological problems. For ex­
ample. the diagenetic conversion of 
smectite to illite is an important geo­
chemical reaction commonly observed in 
sediments with increasing depth, or in­
ferred depth. of buria1 (/8-2l). In the 
currently accepted transformation mech­
anism. smectite layers are converted to 
illite layers by substituting aluminum for 
silicon and sorbing potassium ions within 
fixed layer sequences to produce an I-S 
series of increasing illite content (22). 
The sequence is randomly interstratified 
until there is more than 50 percent illite 
layers, at which point, for some unex­
plained reason, the interstratification se­
quence becomes regularly arranged. 

Using our concept of interstratilied 
clays. randomly interstratified I-S would 
be composed primarily of populations of 
elementary illite and smectite particles. 
During diagenesis. smectite particles be­
come unstable and dissolve. while illite 
particles are formed. When smectite par­
ticles are no longer present the pOpUla­
tion becomes one of elementary illite 
particles and, possibly, other thicker il­
lite particles which, when examined by 
XRD, appear to be regularly intcrstrati­
lied I-S with 50 percent or more illite 
layers. 

As diagenesis continues, tbe thickness 
of the fundamenta1 illite particles in­
creases within the population. When the 
particles become sufficiently thick to 
produce dilfraction maxima with a IO-A. 
series the clay materia1 is identified by 
XRD as conventiona1 illite. 

We have shown that diagenetic illite 
with no detectable expanding component 
is made up of particles 20 to 160 A. thick, 
with the average being 70 A. (is). Thus, 
the diagenetic conversion of smectite to 
illite may actually be a recrystaJlization 
phenomenon wbere smectite dissolution 
and illite precipitation occurs within a 
population of extremely small phyllosili­
cate crystals. 

Our interpretationa1so suggests a so­
lution to the currently enigmatic thermo­
dynamic status of interstratified clays 
(23. 24). Although randomly interstrati­
tied, I-S would be regarded as two 
phases, smectite and illite, regularly in­
terstratifted I-S could be regarded as a 
single phase, that is illite 20 to 50 A. 
thick. 
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Ground Water Redox Reactions: An Analysis of Equilibrium 
State Applied to Eb Measurements and Geocbemical Modeling 

Abstract. Computer modeling of 611 hfgh-qua/ity analyses of normal ground 
waters from diverse geographic areas reveals that aqueous oxidation-reduction 
reactions are generally not at equilibrium. Multiple redox couples present in 
individual samples yield computed Nernstian Eh (redox potential) values spanning 
as much as 1000 millivolts. The computed Eh values do not agree with each other, 
nor do they agree with the single "master" value measured in the field, with a 
platinum electrode. Because of internal disequiJibr:;um, the use oflJny measured Eh 
value as input to equilibrium hydrogeochemical computer models, will gelJera(ly yield 
misleading results for normal ground waters.... 

The concept of oxidation-reduction usually mixed potentia1s"which are .im· 
potentia1 (Eh) is used extensively in possible to relate to a Single dominant 
many scientific fields. However, some redox couple in solution. 
investigators have recognized problems One can test the redox equilibrium in a 
associated with the measurement and single sample of water by analyzing for 
interpretation of Eh (1-4). the dissolved species of multivalent ele­

Of the thousands of Eh measurements ments, correcting the concentrations to 
reported for natura1 waters, only a few activities, and ca1culating a theoretica1 
have been successfully interpreted on a Nernstian Eh for each analyzed couple. 
quantitative, Nernstian basis. Some Eh If all the computed Eh va1ues agree, 
measurements have been related to the redox equilibrium probably obtains in 
reversible Fe2+lFeH couple in acid mine the sample. Disagreement among the 
drainage waters (oS) and to various dis­ computed Eb values suggests that the 
solved sulfur couples (6). In laboratory system is at disequilibrium and that there 
studies, relatively concentrated so]u­ is no single master Eh value. 
tions of manganous ion saturated with Few investigators have examined nat­
respect to Mn(IV) precipitates yield Eh ura1 water chemistry to determine the 
va1ues in agreement with the Nernst extent of redox equilibrium (5, 8-10). 
equation (n. However, most natural wa­ Papers by Stumm (1) and Morris and 
ters have low concentrations of redox Stumm (2) are noteworthy for presenting 
elements and are poorly poised, with arguments for the lack of redox equilibri­
exchange currents too low to establish a um in natura1 waters. However, our re­
Nernstian Eh during potentiometric sults apparently represent the first com· 
measurements. prehensive investigation of the degree of 

Most investigators of Eh have empha­ reversibility of oxidation-reduction reac" 
sized techniques of measurement of Eh, lions in a large number ofground waters. 
but tbe most serious problem in applying A request was made to the National 
the concept of Eh to natura1 low·tem­ Water Data Exchange (NA WDEX) (I/) 
perature aqueous systems is the lack of for a search of the entire W A TSTORE 
interna1 equilibrium (1-4). The redox po­ data base, whicb contains water data 
tentia1s observed in natura1 waters are 'collected by the U.S. Geological Survey. 
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