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FOREWJRD 

In June 1982, the Society of Economic Geologists (SEG) Council appointed an Ad Hoc 
Committee on SEG Short Courses to develop a set of recommendations for initiating and 
operating a new short-course series. That committee's report, representing a major and 
sustained effort on the part of a number of individuals, but especially Bill Kelly and Phil 
Bethke, was formally presented in February 1983 in Atlanta. Included in the report was the 
suggestion that a printed set of "short-course notes" be produced as part of each course 
offering. 

In November 1983, the SOciety of Economic Geologists sponsored its first official short 
course -- Fluid-Mineral Equilibria in Hydrothermal Systems -- held prior to the annual meet
ings of the Geological Society of America and Associated SOcieties in Indianapolis, Indiana. 
Primary course organizers and lecturers were R. w. Henley, A. H. Truesdell, P. B. Barton, Jr., 
and J. A. Whitney. These individuals produced a text for the course that has become the first 
volume of Reviews Economic Geology, the newest publishing venture of the SEG. 

Reviews Economic Geology is designed to accompany the Society's short-course series. 
Present plans call for a volume to be p r oduced annually in conjunction with each new short 
course. A volume will first serve as a textbcok for the short course, and subsequently will 
be available to SEG members and others at a modest cost. 

Normally, a volume will appear in its final, published form in time for its related 
course. This first time, however, the Indianapolis short course was supplemented by a ''pre
production" model of Volume 1. What follows here is a substantially revised and, we hope, 
improved version of that bcok; it incorporates course participants' suggestions, and a modicum 
of organizational changes and standardization on the part of the Series Editor. 

In addition to the authors, significant contributors to the production of this volume 
include: Dan Hayba of the u.s. Geological Survey (Reston), wh::J convinced his word processor to 
speak clearly to mine, a feat of no small proportions; Jim Cheek of the University of New 
Mexico Printing Plant, whose artistic sense and layout experience were instrumental in creat
ing the cover design; Lynne McNeil of the New Mexico Bureau of Mines and Mineral Resources, 
wh::Jse professionalism with a word processor, patience with the Series Editor, and continued 
good humor made the final editing and formating much less of a chore than it might have been. 
Lastly, I gratefully acknowledge the support and encouragement of Frank Kottlowski, Director 
of the New Mexico Bureau of Mines and Mineral Resources, whose percept.ion of his staffs' 
professional obligations and personal opportunities gives each of us just enough rope. 

James M. Robertson 
Series Editor 
Socorro, NM 
July, 1984 

This volume was reprinted in the summer of 1985 with many corrections and limited ad?i
tions to the text, tables, and references. RWH and AHT, who continue to demonstrate a strong 
parental interest in the useability, accuracy, and scientific timeliness of the volume, iden
tified a number of minor sins of omission and commission. Special thanks go to Carol 
Hjellming of the New Mexico Bureau of Mines and Mineral Resources editing staff, who read for 
content, balanced equations, and still found time to reconcile numerous references with seem
ingly unrelated (or only distantly related) text and figure citations. 

JMR 
May, 1985 
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PREFACE 

The approach to hydrothermal ore deposits through geothermal chemistry benefits from the 
detailed physical , chemical and isotopic data now available from the exploration and exploita
tion of a large number of active geothermal systems. These provide an understanding of the 
processes common to both geothermal and hydrothermal ore deposits. 

The present text has arisen from a number of seminars on geothermal chemistry presented 
in recent years. These include the Geothermal Insti tute (Un iversi ty of Auckland, New Zea
land ) ,  Geothermal Resources Council (San Francisco, 1982 ) ,  the Society of Economic Geologists 
Short Course (Indianapolis, 1983 ) and shorter courses in Mexico and Switzerland. These cours
es focused on applications in the geothermal industry but encompassed appl ications to epither
mal ore deposits. A chapter contributed by Jim Whitney deals with the chemistry of magmatic 
gases in order to extend the quantitative approach of this text to a wider range of hydrother
mal environments. 

The present text is very much a combined effort, but for the convenience of the reader we 
have indicated by initials, in the table of contents, the principal author of each chapter. 

Objectives 

The text is designed as a practical but informal guide to the more frequently encoun
tered hydrothermal calculations in common use today and not as a thermodynamic text. We hope 
tha t it may help to d i spel some of the mystery surrounding such ca lcula tion procedures and 
make them available to a larger number of practicing geothermal scientists, economic geolo
gists and geochemists. We also hope tha t it may help to bridge a grow ing informa t ion gap 
between applied geothermal science and research into the origin of hydrothermal ore deposits. 

Format 

The text is designed primarily for the practising geothermal scientist or economic geolo
gist as a sel f-help guide but the format i s  such that i t  may in total or in part form the 
basis of university undergraduate or graduate courses. Only an elementary knowledge of ther
modynamics and physical chemistry is assumed with references to the standard literature given 
for background reading. The te xt also provides a l i tera ture resource and compi lation o f  
commonly used data and equa tions. Of necessity much of the descriptive ma t ter i s  highly 
condensed and is not intended as a substitute for reading the available literature on geother
mal systems and hydrothermal ore deposits. 

Since many readers will be unfamiliar with geothermal phenomena, we have included a few 
illustrative plates, in many cases with a historical perspective provided in the caption. 

Each chapter has been designed as a separate entity cross-referenced to others to maintain 
continuity. If used in graduate or undergraduate courses, a basic geochemistry and thermody
namics course will be a prerequisite. Each chapter of this text will require some 3-4 hours 
teaching laboratory time and time for assignments based on the tex� The material in Chapter 2 
is unfamiliar to most earth scientists and may require an introductory lecture; particular 
hurdles are often encountered in the use of Steam Tables and the concept of the steam or water 
fraction . 

The cal cula tions conta ined in th i s  book are not di fficult but can be arduous w i thout 
calculator assistance. In particular i terative calculations are frequently used and many of 
the calculations are required routinely. For these applications a programmable calculator is 
highly desireable and in order to present programs for the more involved calculations we have 
standardized on the Hewlett Packard 41C series. Other programmable calculators and of course 
(at higher cost) computers would serve as well. 

Some illustrative programs for the HP41C are given in Appendix I. Readers will develop 
individual programing styles and applications during the course of study and are encouraged to 
develop the ir own versions of these prog rams. One of the most use ful program s which may be 
appl i ed to se ts of field or e xperi mental da ta is the curve-fitting program provided in the 
HP41C Standard Applications Manual or Applications Modules. It  is reproduced in Appendix I by 
courtesy of Hewlett-Packard. 
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Students should be encouraged to write their own calculator programs but class use of the 
illustrative programs provided in Appendix I allows rapid progression to the essential conclu
sions without diversion by programming problems. These programs may be rapidly provided to a 
class using an HP41C light wand and bar codes. 

Team problem solving is a useful method of rapidly achieving good class results. 

Boxes like this are scattered throughout this book. They are used to set off useful 
digressions and special problems. Other problems are given in continuity in the text. 

Answers to some of the more intricate problems and/or comments on their solution are pro
vided in Appendix II. Such problems are identified in the text by the symbol $ in the adjacent 
left margin. 

Text format has 
valence symbols; e.g., 

ra1s1ng some subscripts, and for clarity, omission of some 
may sometimes be written HC03 or HC03 and H2 as H2. 

Figure and plate credits are given in the back of the beak. 
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