
   Geochemical Rate Models 

 An Introduction to Geochemical Kinetics 

  Rate models (kinetic models) are used to predict rates of geochemical 
processes in the near-surface environment. Based on the author’s 30 years 
of teaching and research experience, this combination of reference and 
textbook provides a systematic, comprehensive description of rate models, 
developed from fundamental kinetic theory and presented using consistent 
terminology and notation. 

 Major topics include rate equations, reactor theory, transition state 
theory, surface reactivity, advective and diffusive transport, aggregation 
kinetics, nucleation kinetics, and solid–solid transformation rates. The the-
oretical basis and mathematical derivation of each model is presented in 
detail and illustrated with worked examples from real-world applications 
to geochemical problems. The book is also supported by online resources: 
self-study problems put students’ new learning into practice; and spread-
sheets provide the full data used in fi gures and examples, enabling students 
to manipulate the data for themselves. 

 This is an ideal overview for advanced undergraduate and graduate 
 students, providing a solid understanding of geochemical kinetics. It will 
also provide researchers and professional geochemists with a valuable 
 reference for solving technical and scientifi c problems. 

  J. Donald Rimstidt  is a Professor Emeritus of Geochemistry at Virginia 
Polytechnic Institute and State University (Virginia Tech). During his 30-year 
career there he has taught several graduate courses, including Aqueous 
Geochemistry, Environmental Geochemistry, Geochemical Kinetics, and 
Geochemical Thermodynamics. The effective pedagogic methods from those 
courses, for building quantitative skills and instructing modeling tech-
niques, underlie this book. Professor Rimstidt is the author or co-author 
of more than 100 papers, including his seminal article, “The kinetics of 
silica-water reactions” (with Hu Barnes, 1980), which forms the basis of the 
quasi- thermodynamic presentation of transition-state theory presented in 
this book. 

 “Don Rimstidt brings 30 years of teaching experience at a world class 
 geosciences department to the writing of this book. With its beautifully 
clear exposition of the theoretical and practical aspects of geochemical 
kinetics, and use of real-world examples, this book is essential reading for 
students and professionals with interests in geochemical rate models.” 

  David J. Vaughan ,  Research Professor, University of Manchester, and 
President of the Mineralogical Society of America    
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  Preface   

 This book is intended for use as a textbook for an upper-level undergradu-
ate or a fi rst-year graduate course and as a handy reference for profession-
als who need to refresh their memories about a particular rate model. It 
focuses on rate models that are well understood, widely used, and pertinent 
to geochemical processes. Its scope is limited to an amount of material that 
can be covered in a one-semester course and the depth of presentation is 
restricted to the principal aspects of each model. The reference list directs 
the reader to sources that contain the additional details needed to produce 
more sophisticated models. 

 As the scientifi c and technological enterprise grows larger, scientists cope 
with the onslaught of new knowledge by retreating to more narrowly defi ned 
sub-disciplines. Increasing specialization tends to make each sub-discipline 
less relevant to the overall scientifi c and technological enterprise. This tempts 
scientists to pursue questions of trivial importance relative to the larger pic-
ture. Furthermore, the terminology that grows up in these enclaves becomes 
abstruse and incomprehensible. Geochemistry is challenged to avoid this 
trap by aggressively integrating knowledge from cognate disciplines in order 
to remain vibrant and meaningful. This is my justifi cation for choosing 
many of the topics in this book from scientifi c and technological areas that 
might not be considered as traditional geochemistry. Hopefully this intel-
lectual cross-fertilization will improve geochemistry’s vigor. My choice of 
topics was predicated on the question: What should everyone know about 
rates of geochemical processes? I hope that this book answers that ques-
tion. If  I have done my job properly, this book will provide an intellectual 
foundation for anyone, including scientists and technologists from cognate 
disciplines, who deal with geochemical processes. I have tried to meld these 
topics by using a standard notation and terminology that is consistent with 
that already used in geochemistry. 

 I believe that understandable and reliable models are the basis of scien-
tifi c knowledge, so this book emphasizes the development of conceptual 
and quantitative models. In addition, effective models make predictions that 
have practical value so these models are a valuable contribution to society. 
The essence of the scientifi c method is to compare a model’s predictions 
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Prefacex

with actual outcomes to test the validity of the underlying knowledge. Every 
scientist should understand and appreciate the importance of this model-
building and -testing scenario. 

 This book does not delve into computer models of rate processes because 
there are already many good sources of information about this approach. 
Instead it focuses on fundamental and relatively simple models that are the 
foundations of the models incorporated into the various computer codes. 

 I have enjoyed the process of writing this book and learned a great deal 
from teaching this material to students. I hope that the readers will fi nd it 
equally interesting and enlightening.     
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