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FOREWORD |

The literature on gold deposits has increased exponentially during the past eight years. The
books on gold geology and exploration cover in most cases certain geographical areas (for
example, Gold in Canada, etc.), or they contain papers presented at symposia and congres-
ses.

The approach often missing in other texts is the one which combines geology with mineral-
ogy and the recovery problems and which addresses the earth scientist as well as the ex-
tractive metallurgist. Dr. Claudia Gasparrini has managed to fill this gap very well. She
builds a bridge from the ore geology aspect to the mineralogical parameters and proper-
ties, specifically for the ore dressing engineer and, although to a lesser extent, for the ex-
ploration geologist. With her book, she helps to stop blind, one-sided recovery attempts,
and points aptly to the importance of mineralogical and largely physical properties, such
as the mineral intergrowth and the role of associated minerals. The intergrowth determines
important steps of the metallurgical processes, and some of the associated minerals may
mess-up the recovery procedure.

I am convinced that engineers and scientists will recognize and acknowledge that the ap-
proach presented in the present book needs to be introduced everywhere and not only in
very few places. As a matter of fact, the small company needs it just as badly, if not more
than the large one.

I wholeheartedly support the author’s intention to prove, by use of the appropriate reason-
ing supported by practical examples of actual case studies, that recoveries from most pre-
cious metal deposits can be planned in a way to yield appreciably higher values. if a clear
representation of the distribution of the metal of interest is available. Logic suggesis that.



if blind attempts extract a certain amount of the metal, carefully designed projects based
on the knowledge of the distribution of that same metal within the ore, must extract larger
amounts. And in most situations, such amounts are sufficiently large to extensively jus-
tify the revised approach. (page 2 in this book).

[ am also convinced that her approach will prove that, being the highest valued meials and
therefore the most important source of wealth for the country that produces them, the pre-
cious metals need more attention, at least as much as is presently given to the base metals.
After all, if gold is the most significant means of international payment and if it is often
used as a backing for paper money, more systematic research for a better understanding of
its occurrence and production is a very logical expectation. (page 3 in this book).

Every exploration geologist and manager knows that the success of an exploration and min-
ing venture depends on a number of factors, imponderable and ponderable. In order to
move imponderable factors into the classification of ponderable ones, specialist knowledge
is needed. The knowledge of a specialist has a similar function as additional drill holes,
to move the ore body from the class of possible to the probable, or to the calculated or
proven class of ore.

Dr. Gasparrini is one such rare specialist. She has put an enormous amount of knowledge
and experience into her book and that will be of benefit to the whole spectrum of profes-
sionals active in gold exploration, the prospector, the geologist, the mineralogist and the
metallurgist. Of course, it is also a good compendium for any manager who has to make
decisions on factors involved in gold exploration or the search and recovery of any other
mineral.

Dipl.Ing.Geol.ETH
Dr.Dr.h.c.mult.G.C.Amstutz,
Professor and Director,

Institute of Mineralogy and Petrology
University of Heidelberg

May 10 1990



FOREWORD |i

MINERAL PROCESSING AND MICROANALYSIS. Mineral processing technology exists
to prepare mined ore for subsequent processes which ultimately yield marketable products
as metals or oxides.

In economic terms therefore, the mineral processing steps are required to fulfill two pur-
poses:

m To insure that as high a proportion of the values in the ore as is economically
possible report to the marketable products.

s To limit as far as possible the adverse effects on processing costs of ore com-
ponents which wastefully consume reagents or energy, or contaminate the end
products.

In terms of tonnage of ore processed, the mineral processing steps most widely used are
based on achieving a physical separation of value from non-value minerals as they occur.

Very few mineral deposits (mineral sands are one obvious example of an exception) have
been formed by purely physical processes of agglomeration of distinct mineral grains. In
the majority of deposits, even if they were originally sedimentary, successive phases of al-
teration by chemical, thermal or mechanical (e.g. brecciation) forces have resulted in a tex-
ture in which most of the mineral grains are highly interconnected, chemically and physi-
cally, with their neighbors.

It appears therefore somewhat illogical to try to isolate by purely physical methods, mineral
grains in a texture that has been created by chemical and thermal forces. From a scien-
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tific point of view, it would make more sense to use chemical or thermal methods to un-

ravél what Nature has put together - i.e. to, so to speak, put the processes of ore genesis
in reverse.

Nevertheless, mineral separation is widely used and is successful economically. Its limita-
tions are in the complexity of the texture and in the fine size of some individual grains
that may be generated by comminution. Historically, the number of economic ore deposits
which are amenable to really efficient separation of valuable minerals (say a recovery of
90 per cent or more of the values into a concentrate comprising 90 per cent of that mineral)
has never been great, has declined throughout the past century and is still declining. The
boundary between the field of upgrading by physical methods and of chemical processing
of minerals has of necessity moved nearer to the ore composition. Today smelters have to
treat lower grade concentrates than they would like and concentrators have to sacrifice too
much of their values into tailings in order to meet even the smelter’s minimum specifica-
tions.

One may note a third consequence of the increasing textural complexity of mined ores
which is of considerable economic importance. To find ore deposits amenable to process-
ing by well established methods to mineral concentrates, even to minimum smelter specifica-
tions at recoveries which repay the mine owner, deposits are being exploited in more remote
and undeveloped parts of the world and underground mining has gone to greater and greater
depths. This has markedly put up the cost of ore exploration and exploitation through
transport, infrastructure and site costs.

It is broadly true to say that scientific and engineering developments over the past 100
years in mineral liberation and separation have not kept pace with the world’s need to treat
deposits of increasing textural complexity, although many of the advances are in themsel-
ves impressive.

Because the processes of unravelling a chemical ore texture by physical means are inevitab-
ly imperfect, the application of any higher technology has now to be directed to gaining
the extra percents of recovery or costs that are needed. One may instance as an example
in a recent introduction of Hi-Tech, the application of methods of continuous analysis and

computerized control systems. These have paid for themselves, even if the gains have
measured in a few per cent.

The equipment and methods available for microanalysis of ore have advanced greatly in
the last few years. We are now able to observe and describe with precision the texture and
constitution of an ore. The challenge is both to get mineral engineers to take note of these
descriptions, and to develop a new science of translating those descriptions into process
practices which will eventually be considerably more efficient than they would be without
access to the microanalytical observations.

How does one translate, for example, the visual or x-ray picture of an ore into quantita-
tive data that will enable the engineer to foresee or explain the outcome of the application
of the mechanical forces applied in comminution or the differential forces used in mineral
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separation? It is easy to see in the microcomposition, and that is independently of whether
or not physical separation can be achieved by the commonly used mineral separation tech-
nology. This should save the engineer needless time and money in the test laboratory, and
it may represent the first step towards the adoption of a new technology developed as a
result of the knowledge of the ore microcomposition.

What the mineral engineer most seeks from the analyst of ore microcompositions is guidance
on how the known physical properties of minerals (grain size, density, hardness, magnetic
susceptibility, etc.) will apply in a particular texture. At the end of the day, processing
ores by physical methods is always going to mean an application of mechanical forces for
size reduction followed by exploitation of differential physical properties for separation,
but there is a wide variety of methods and equipment to do this. To be systematic in
selecting equipment in the first instance and optimizing the use of that equipment invol-
ves a great amount of trial and error test work and operation which is both time consum-
ing and costly. The science of interpretation of ore texture to permit this systematic
progression to production to be carried out through more rapidly and with less risk of being
wrong can now be built on a solid basis of measurement of naturally occurring mineral
textures.

If chemical or thermal ore processing is, scientifically and geologically, a more logical
method of unravelling a natural association of minerals, it is also a less developed science
than mineral separation. Perhaps the correct knowledge of the ore microcomposition will
promote and help its use by future generations.

Hydrometallurgy is used only where mineral separation is impracticable. In terms of ore
tonnage, the two biggest uses are for gold (because most gold occurs in grains too fine to

be collected by gravity separation) and aluminum (because the aluminous and waste com-
ponents are chemically bound).

Iron ore provides the only significant example of ore treated by thermal fusion processes,
albeit with some physical separation. Ore processing by fusion, as pointed out in chapter
6 (page 63), makes microcomposition almost irrelevant since the structure is totally destroyed
and the end products are largely predictable from thermodynamic and kinetic data. For
more complex base metal ores it may become more widely employed since there is sig-
nificant development of real promise going on at the present.

A scientific prediction of hydrometallurgical ore processing is more difficult even than it
is for mineral separation for two main reasons:

m If a physical mineral separation process achieves only, say 70 per cent recovery
of a value, it is generally possible to explain with some precision why the 30 per
cent have been lost in tailings. The 30 per cent may be identified in particles
too fine to be collected, or in mineral composites. For leaching processes. it is
seldom possible to find the comparable answer, unless one is prepared to develop
an entirely new approach, based on the knowledge of the ore microcomposition
(see comments on pages 276-278). Theoretically, a chemical reaction between a



liquid and a solid which can attain 70 per cent completion, should continue in
time, to 100 per cent completion. Some mineral may be shrouded from contact
with solution by insufficient liberation or formation of impervious reaction
products, but this physical explanation is usually only partial for the lost recovery.

m Mineral chemistry is a much less well known science than is the measurement of
physical properties of minerals. Even where measurements of reaction chemistry
and kinetics have been made on samples of a pure mineral, their applicability to
a mineral grain in its own ore texture is not always precise.

The data in the book indicate that the studies by Dr. Claudia Gasparrini of the relation-
ship of gold leaching to ore microcompositions, have probably reached further than for
other ores, and they may be taken as a model for the interpretation of hydrometallurgical
processes: Gold however, being nearly always present as the same and chemically unbound
mineral, is a relatively simple metal to follow in leaching. More difficult are the associated
cyanicide minerals. The mineral chemistry of silver, uranium, copper, nickel and other
metals which can be present in a multiplicity of mineral forms and environments are as
yet more difficult to describe in quantitative and scientific terms, but the knowledge of
gold leaching is providing a platform for advances. Perhaps, by showing the importance
of the correct knowledge of ore microcompositions, this book may represent the first step
towards the systematic characterization of any product to be treated for metal extraction,
before and during the metallurgical test work.

The science of hydrometallurgy is different from that of mineral separation, but the chal-
lenge to microanalysis is similar: to assist process testing by providing quantitative data on
the behavior of minerals in their ore texture. Also, as with physical separation, the aim
will be to provide the metallurgist with the means of getting better extraction and saving
in reagent and energy costs.

Philip M.J. Gray F. Eng.

London, December 21 1988



PREFACE

Gold and Other Precious Metals - From Ore to Market has the unique distinction of being
the only scientific book in recent years to be conceived, researched, written, illustrated,
typeset, brought to a complete professional looking form and financed by one person alone.
Although many people provided help and advice during the final stages of the preparation
of the hard bound version, the original paperback version, circulated during 1990, was
produced entirely by myself in my United States office.

Such an effort proved well invested, because the response that I received, after I made
available the paperback version, was so positive and so sincere, that it more than compen-
sated for the limited support during its preparation stages. Orders came from countries
such as Australia, Austria, China, Chile, Denmark, Finland, France, Germany, Great
Britain, Greece, Haiti, India, Ireland, Italy, Namibia, Saudi Arabia, Spain, Sweden, South
Africa, Switzerland and Uganda, in addition of course to the United States and Canada.
The orders were followed by letters and telephone calls expressing approval of what they
considered as a very ambitious enterprise to be initiated by one person alone. The en-
couraging words that they conveyed may very well be responsible for the finished hard
bound copy that has now finally become available: I would have probably given up the
project, had it not been for those letters and telephone calls. The advice and suggestions
that came with them are responsible (at least partly) for the many text changes that can be
recognized in this new edition.

The most provocative and significant quality of the book is probably in its format designed
to include subjects that are usually published separately. There is presently no other book
written by one author only that addresses topics belonging to both the earth and the metal-
lurgical sciences. I do not know how successful my effort to bridge the gap between the
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two fields was, but I am fully aware that, given its pioneering quality, the book is far from
perfect. First attempts often are. For such reason, the book’s main quality should be recog-
nized in the emphasis that it places on-the approach to the study and the actual planning
of the precious metal extractions. Having shown the potential, through the appropriate
reasoning, as well as through practical demonstrations, it is now up to the newer genera-
tions to accept the importance of such an approach, then to develop and perfect it. 1 will
consider my effort successful, if those new generations do recognize this quality and use
the book accordingly, for the understanding of their precious metal occurrences.

Having discussed the manuscript extensively, I am confident that many errors have been
recognized and eliminated. And, being all the people with whom I have spoken eminent
representatives within their fields, I know that the book itself now meets with the general
approval of the mining community. Still, should the readers discover inaccuracies that were
overlooked, I would be more than grateful if they were to point them out to me. All con-
structive criticism will be taken into consideration and acknowledged in future editions.
After all, constructive criticism is what makes progress possible.

Some colleagues raised objections regarding the base metals and their definition. They
suggested that the base metals should be taken out, because they do not belong in a book
on precious metals. They pointed out that I have included within the category elements
that are not always classified as base metals. I did not consent to making any major chan-
ges regarding the inclusion and handling of the base metals and have given reasons why in
several occasions (for example, on pages 3, 7, 46, 227). 1 have discussed their complete
definition on pages 4 and 226 (footnote). The general term of hase merals is is adequate
for the purposes of the book, whenever reference is made to elements other than precious;
and, having the readers been made aware of what and why I refer to under the general
heading of base metals. the scientific accuracy has been maintained.

Among the colleagues who provided the most substantial help and advice, my very special
and sincerest thanks go first of all to Prof. Dr. G.C. Amstutz, Director of the Institute of
Mineralogy and Petrography of the University of Heidelberg, Germany, and one of the
foremost representatives within the field of Applied Mineralogy. Prof. Amstutz technical-
ly reviewed several versions of the manuscript, wrote the flattering foreword and provided
much support in the actual publication by Springer-Verlag.

Other individuals who extensively discussed portions of various drafts or helped in other
ways are, in alphabetical order: Bart Cannon, President of Cannon Microprobe in Seattle,
Washington; Greg Davison, Mineralogist with Lakefield Research of Canada Limited, in
Lakefield, Ontario; Philip M.J. Gray, Consulting Metallurgist in London, England; Arnold
F. Griffin, Director of Micron Research (W.A.) in Osborne Park, Australia; David A.
Lowrie, President of Argyle Ventures Inc., in Toronto, Ontario; David E. Lundy, Execu-
tive Director, and the staff of the International Precious Metals Institute, in Allentown,
Pennsylvania; Maurice Magee, Geology Consultant in Tucson, Arizona; Thomas P. Mohide,
Consultant and Retired Director of Mineral Resources, Ontario Government, in Toronto,
Ontario; Roger Runck, Editor of Precious Metals News and Review in Columbus, Ohio;
John C. Taylor, President of Ian Reimers and Associates in Oakville, Ontario; Edmund von
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Pechmann, Mineralogist with Uranerz in Bonn, Germany. Additional assistance was
provided in a less formal manner by numerous other colleagues who phoned or wrote with
various suggéstions. Although these are too many to mention individually, I do feel deep-
ly grateful to each one of them.

Barbara A. Chappell, Chief Librarian with the US Geological Survey in Reston, Virginia;
Rosemary Swan, Head of Reference and Circulation with the Geological Survey of Canada
Library in Ottawa, Ontario; and the Mintek Library in Johannesburg, South Africa, all
provided literature and other information. Ms. Chappell was patient enough to discuss
some technical topics on the telephone.

The photograph on the front cover, representing magnified crystals of gold, was used with
the kind permission of Frank L. Fisher, Director of External Affairs, BP Minerals America,
formerly Kennecott Minerals Company in Salt Lake City, Utah. The photograph on the
dedication page, representing incrustations of native gold on quartz, was provided by J. A.
Mandarino, Curator of Mineralogy with the Royal Ontario Museum in Toronto.

Permission to publish excerpts of consistent length from various books was requested and
granted by the Society of Mining Engineers of AIME (Marianne Snedeker), the Metallur-
gical Society of AIME (Judy Parker), MET-CHEM Research Inc. (David C. Schneller), the
Colorado School of Mines Press (Marty Jensen), the Ministry of Energy, Mines and Resour-
ces - Canada (R.G. Blackadar), the Encyclopaedia Britannica (Helen L. Carlock). As for
the data taken from scientific reports prepared by myself for the mining industry, much
of such data was obtained over a period of approximately 12 years, starting from 1976.
Permission to publish was not obtained, due to the often lack of availability of the per-
sons and even of the companies that submitted the projects. In view of such difficulty,
only data were used from reports where no written or verbal or in other way understood
agreement as to confidentiality existed, or was stipulated prior to the author’s acceptance
of the project. Use of the data is within the laws of the United States and of Canada.

Finally, last but certainly not least, I would like to thank Dr. Wolfgang Engel and Ms.
Monika Huch, both with the Geoscience Editorial Section of Springer-Verlag in Heidel-
berg, Germany, for their assistance during the preparation of the final hard-bound ver-
sion and for the suggestion and use of color photography. Perhaps the difference between
the original and the present versions of Gold and Other Precious Metals - From Ore to
Market gives a good indication of the importance of an efficient team work. Their kind
hospitality while I visited their offices, and their patience in answering all my questions
during the several telephone calls that preceded the actual submission of the finished
manuscript will also never be forgotten.

Dr. Claudia Gasparrini

September 19 1991
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INTRODUCTION

This is the age of computers and of facsimile machines, the age of super-fast airplanes and
of space exploration. An age when in many fields of technology, nothing seems impos-
sible. An age when progress keeps on happening at a faster pace than it ever has in recorded
history. Against such a background of major scientific advances, it becomes difficult to
explain why recoveries of precious metals are today, for many deposits, not significantly
better than they were 50 years ago. Despite the incredible progress of modern technology
within the theoretical fields of the earth sciences and metallurgy, many properties which
were considered uneconomical before the two major increases in the price of gold (during
the seventies, and then again during the early eighties), still remain just as uneconomical
today. In fact when trying to asses the progress within the field of precious metal mini-

ng\extractive metallurgy against most other scientific fields, one cannot help observing
that:

s Techniques for extraction have remained essentially unchanged for the past 100

.years, at least based on the open admission by many metallurgists, as well as on
much of the available literature.

m As aconsequence, the approach to the base and precious metal extractions, during
the planning stages of recovery, is still very similar, despite the many differen-
ces, most important of which being the market value and the abundance in the
ore.

The low quantities of the precious metals within their ores require different more special-
ized methods for their observation and study, than those used for the base metals. Instru-
ments and techniques for the characterization of fine particles occurring in trace amounts
have been available for at least three decades. It is against all principles of progress and
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economic growth to ignore such techniques, while not exploiting a deposit to its full poten-
tial.

The more conservative among us insist that progress has actually taken place within the
applied fields of the earth and mining/metallurgical sciences. Perhaps it has. And per-
haps, when planning precious metal extractions, well equipped laboratories are used whose
mineralogical/chemical data are produced in a manner which interacts closely with the
metallurgical test work. But as long as recoveries from many properties remain as unsatis-
factory as, or little more satisfactory than they were before the recent technical advances,
there is in fact no evidence proving the existence of such progress. Even if studies are
conducted, it is difficult to come to any conclusion other than that they are either poorly
planned or not interpreted correctly. Despite the many arguments to the contrary, it may
be difficult to deny that presently the common North American approach to recovery still
often involves a few attempts at extraction with little understanding of the actual proces-
ses taking place. If the amount extracted is sufficiently high to justify the investment, the
property is exploited. If not, the property is abandoned, while exploration continues for
more suitable areas of development.

Exploration and, more so, discovery of new deposits, will not go on forever, and the need
for a more efficient exploitation of the deposits that have already been discovered may
soon become apparent.

Reasons for the limited visible progress within the precious metal industry are obviously
complex. One however cannot help pondering that efficiency and quality of recovery
would be considerably higher, if the above mentioned studies, were conducted systemati -
cally by use of the newer techniques for the characterization of ores and in a manner that
gives complete and clear representations of the precious metal distributions; and if such
studies were then interpreted correctly.

The purpose of this book is to prove the full extent to which representations of the pre-
cious metal occurrences in their ores are possible and the manner in which these help im-
prove their recoveries by the already existing extraction methods. It is the author’s inten-
tion to demonstrate, by use of the appropriate reasoning supported by practical examples
of actual case studies, that recoveries from most precious metal deposits can be planned in
a way to yield appreciable higher values, if a clear representation of their distribution is
available. Logic suggests that, if blind attempts extract a certain amount of the metal,
carefully designed projects based on the knowledge of the distribution of that same metal
within the ore, must extract larger amounts. And in most situations such amounts are suf-
ficiently large to extensively justify the revised approach.

The subjects described, such as mineralogy, mineral deposits, mineral chemistry, extrac-
tion processes and techniques, are usually found in books or articles which are either re-
lated to the earth sciences or to the mineral processing/metal extractions, two commonly
separate fields of University training. These subjects were included here together because,



for the purpose of the recovery process, they belong together and should be taught and
studied together. A metallurgist will not be in a position to design the most suited and
most efficient extraction plan for a certain metal from a certain ore, unless he is familiar
with the occurrence of that metal within that ore. An exploration geologist will be unable
to evaluate a newly discovered deposit, unless he understands the processes involved in the
successful extraction of all of its metals. Hopefully the author’s approach will be an in-
centive for future scientists and mining engineers to include both the earth sciences and
the extractive metallurgy in their research projects and study plans.

The other area where the author did not conform to the more traditional formats, is in the
amount of space given to the precious and base metals. Many more pages are dedicated
to gold, silver and platinum group metals, than they are to most of the base metals. Readers
may feel that the treatment of the base metals is superficial and far from complete when
compared to other sources in the available literature. There was a reason why the base
metals were included in a book whose main subject is precious metals, and only treated
superficially. Hopefully those same readers will realize that such is the manner in which
gold and other precious metals are usually treated in many metallurgical texts: in a super -
ficial and incomplete manner. For example, the Encyclopaedia Britannica - Macropaedia
in an article entitled Industries, Extraction and Processing (1988) dedicates approximate -
ly 28 pages to iron, 7 to aluminum, 4 to copper 4 to zinc and 3 to lead, all of which are
treated in separate chapters. The same reference dedicates 2 and 1/2 pages to gold, 1 and
1/2 to silver and 1 and 1/2 to all of the platinum group metals in subsections of a chap-
ter entitled Production of other industrial minerals. The SME Mineral Processing Hand-
book (1985) dedicates approximately 34 pages to iron, 20 to aluminum, 147 to copper, and
53 to lead and zinc together, but only about 35 to all six of the precious metals (29 to gold,
3 to silver and 2 and 1/2 to all of the platinum group metals).

Perhaps the author’s approach will prove that, being the highest valued metals and there-
fore the most important source of wealth for the country which produces them, the pre-
cious metals need more attention, at least as much as is presently given to many of the base
metals. After all, if gold is the most significant means of international payment and if it
is often used as a backing for paper money, more systematic research for a better under-
standing of its occurrence and production, is a very logical expectation.

Precious (or noble) metals are gold and the platinum group elements, namely ruthenium,
rhodium, palladium, osmium, iridium and platinum. They are so called because they do
not frequently combine with other elements, but rather occur in their ores in the metallic
state or in the form of compounds with a limited number of other elements, which seldom
succumb to secondary alteration and weathering. Therefore their occurrence in alluvial or
placer deposits. In general terms, their definition is based on their ability to remain un-
altered under conditions which would affect all other metals. Precious metals trade at the
highest market values. Their abundance in the Earth’s crust and in the economic deposits
is low (in the ppm range, for gold and platinum). Silver, although unstable under certain
conditions (it tarnishes to the sulfide phase in the presence of some of the sulfur com-
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pounds), is usually regarded as a precious metal along with gold and the platinum group
elements, because of its scarcity and high price, when compared to many of the base me-
tals. Silver is considered a precious metal in this book, because the microanalytical studies
and extraction techniques require an approach and an amount of accuracy which are similar
to those used for the precious metals. Although modern metallurgical classifications sub-
divide the non-precious metals/elements/compounds into base metals (high tonnage heavy
metals), light metals (aluminum, beryllium, magnesium and titanium), rare elements (zir-
conium, yttrium, rare earths, gallium, germanium) (P.M.J. Gray, personal communication),
and industrial minerals (barite, boron minerals, clay, feldspar, etc.), in this book the general
term of base metals is used when referring to all the economic elements characterized by
lesser stability and resistance to alteration. The market value is generally lower than that
of the precious metals, often considerably lower. For many of them, the abundance in the
Earth’s crust and in the economic deposits is higher than that of the precious metals by
factors of up to more than 1| mi}llion (representative of 1 per cent and more).

¥ x %k x * %

Before the actual description of the technical topics, a discussion of the incorrect prac-
tices, misconceptions and improper or incomplete teaching and training was considered
necessary. This was by no means intended as a destructive criticism of the mining industry
or of the universities as they operate today. Any criticism, if taken as such, has a con-
structive purpose: no system will improve unless the faults that keep it from running at
its full potential are pointed out and corrected. In this context perhaps it should be made
clear that any reference to misconceptions or incorrect practices refers to situations in which
the author was directly involved in Canada and the United States only. Therefore, al-
though prevalent, such misconceptions and incorrect practices are not representative of the
views, opinions or way of operating of all the earth scientists, metallurgists and mining en-
gineers in the two countries, or in the rest of the world.

Development of the author’s ideas and techniques for the study of precious metals was af-
fected by her two year experience in South Africa where studies of precious metal ores
appear to be extensive and systematic.

The information presented is the result of the author’s experimental studies of ores and
metallurgical samples, of discussions with colleagues and of literature search. Some material
is derived, in an appropriately revised manner, from a number of her earlier articles. In
those instances where her knowledge on the subject was limited, or where she felt that the
information already available needed no interpretation, excerpts were included as published
elsewhere without changes or comments. The purpose of such an approach, that is of
republishing selected data already in print, is to provide the reader with information which
all belongs in one book, thus avoiding tedious referrals to books and other publications
which may not always be readily available. A large amount of this information has been
taken from the SME Mineral Processing Handbook (1985), probably the most comprehen-
sive volume on the subject. Because of the author’s interest in conveying clarity, rather
than information which may be too technical to maintain the interest of several categories
of scientists, some data were taken and used, in a revised format, from the latest edition



of the Encyclopaedia Britannica (1988), one of the most accurate references addressing the
widest variety of readers.

The data, including the case studies, photomicrographs and figures were selected or prepared
in a manner which, if appropriately interpreted, makes them of practical value. They are
representative of situations which are general enough to apply to the individual readers’
extraction problems. The case studies were all taken from actual projects conducted on
samples originated from precious metal and other deposits, although the specific location
of the deposit is not usually mentioned. Such policy was adopted because the book is not
about deposits as much as it is about the techniques used for the study and understanding
of deposits. Names and localities therefore do not generally matter. And perhaps more
important than that, because many of the studies were conducted on limited numbers of
samples, not necessarily representative of the bulk of the ore. Had the name of the locality
been mentioned, conclusions drawn about the deposit itself and its composition could have
been erroneous and/or misleading.

A strong effort was made to present the information in as clear a form as possible for at
least two reasons. One is the obvious one, and that is to maintain the reader’s interest and
attention. The other reason results from the author’s concern to reach a wider audience
than the one usually addressed by this type of scientific treatise and which includes in-
dividuals with a training in both the earth sciences and metallurgy. Because of such an ef-
fort, many concepts were described in a very comprehensible manner and definitions were
included which might have been unnecessary, if writing for a more restricted number of
readers.

The book is divided into three parts which together include twelve chapters and the con-
clusions. Part I addresses theoretical topics which serve as an introduction to the follow-
ing section. Part I describes gold, silver, the platinum group elements and uranium in
detail, and the base metals in very general terms. Part 11l includes a few considerations
on the importance of the knowledge of the microcomposition of the ore in mineral ex-
ploration and the conclusions.

m Chapters 1 and 2. These are the chapters which discuss the limitations in the
present approach to precious metal recovery planning. They provide a general
view of the state of the art of the mineral industry, as interpreted by the author
(perhaps not necessarily shared by all of the readers), and include an attempt at
elucidating the reasons why precious metal recoveries are not always planned in
a manner which would produce optimum recoveries. The chapters elaborate on
the two concepts mentioned above, that is the slow progress of the precious metal
industry during the past 100 years, when compared to other fields of technol-
ogy, and the superficial approach to precious metal ore characterization. A
description follows of the mineralogical studies of the precious metals, as con-
ducted today, with an analysis of the most obvious reasons for their limited con-
tribution to the understanding of the recovery problems. That is the lack of



communication between metallurgists and earth scientists. It is assumed that such
lack of communication is largely due to insufficient or improper university train-
ing. The two chapters are not of direct scientific or technical nature. Their im-
portance is in the emphasis which they place on the flaws of the present ap-
proach to the study and characterization of the precious metal ores, before any
attempt at recovery is made, and on some suitable revisions.

Physical and chemical character of ores lists the different variables which affect
recoveries and which should all be accurately determined or kept in mind when
extractions are planned. Although essential for the treatment of any metal, these
variables are more complex and their accurate determination more critical, if
successful recoveries of the precious metals are expected.

Methods and techniques for the study of ores describes how to obtain or deter-
mine the above variables, and covers the advances within the field of
microanalysis up until about the mid 80’s. Progress has taken place since that
time, but is not discussed because the book was conceived and written in the mid
80’s. And because it is assumed that the average laboratory (in North America
or in other parts of the world) does not have the most recent equipment at its
disposal. The basic design of microanalytical instruments such as the electron
microprobe and the scanning electron microscope (SEM) is outlined. Emphasis is
placed on the importance of the microanalytical techniques for the understanding
of the precious metal occurrences, more so than for the understanding of the
base metal occurrences, prior to any recovery attempts.

General principles of mineral processing describes the basic processes used for
metal extractions. The chapter provides a very limited amount of new informa-
tion, and has been included, as an alternative to a glossary, relegated to the end
of the book, and essential to the earth scientist for the comprehension of the
more technical metallurgical terms and practices. Should any of the readers with
metallurgical training or background find this chapter too concise, or perhaps
even incorrect, they may want to keep in mind the just as concise and often in-
correct short chapter on ores and on minerals that is always included in the
metallurgical texts.

The chapters addressing the gold. silver and platinum group elements include
material previously published by the author (Gasparrini 1983-A, Gasparrini 1984-
A, Gasparrini 1984-B), presented in an extensively revised and updated form.
The reader will find that many more pages are dedicated to gold than to the other
precious metals. That is largely because there was in the 80’s considerably more
interest in gold than there was in any of the other precious metals, therefore
more information has become available.

Differences between gold and silver. The two metals are often treated by using
similar techniques despite their numerous differences. A detailed separate list
of such differences may help explain the differential gold and silver recoveries
sometimes experienced from ores where gold and silver occur together.



a Uranium. Although not classified as a precious metal, uranium is described in a
separate chapter and in more detail than the other base metals, because it is a
complex element the accurate study of which is often necessary for proper ex-
tractions. An extensive description was also given because, due to its radioac-
tive nature, the techniques for the study of the uranium ores are in some ways
different from those used for the ores of other metals. The chapter includes

revised material from a previously published article (Gasparrini and Williamson
1981).

m The chapter on base metals describes the mineralogy and metallurgy of many of
the non precious economic metals/compunds (as defined on page 4), as well as
their more common applications, year of discovery and most important countries
producing them. The chapter provides concise, but adequate information, not
usually available within one book. One of the reasons why the chapter was con-
sidered necessary (to emphasize the importance which should be given to the pre-
cious metals), has already been mentioned (page 3). Descriptions of the base me-
tals and of the techniques used for their study were also included to demonstrate
the differences between the two groups of metals and to point out the necessity
for differential approaches to their study, when planning the recovery process.

m The chapter on mineral exploration gives examples where the knowledge of the
microcomposition of the ore may help in the discovery and evaluation of newly
found deposits.

m Finally, in the conclusions, a short discussion is presented of how and to what
extent the microanalytical techniques can actually assist in the planning and un-
derstanding of the recovery process. Topics of research are suggested, to provide
some much needed data that will contribute to the optimization of the precious
metal extractions.
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The book introduces the word microcomposition, not commonly in use among earth scien-
tists or metallurgists. The word refers to the mineralogical and chemical components of
an ore, their distribution and variation, all on a microscopic level. A complete knowledge
of the composition of ores on a microscopic scale has only recently become possible through
the availability of very advanced microanalytical instruments and techniques. A new ter-
minology, related to these new techniques seems like a logical expectation. Because re-
lated to the field of microanalysis, microcomposition appears to be an appropriate word
within such a context.

Mineralogy, or applied mineralogy, the closest available terms for the representation of the
same concept, were not considered sufficient for a complete description of an ore on a
microscopic scale and down to the limits made possible by the microanalytical techniques.
These terms were in use long before the introduction of the microanalytical instruments,
therefore, they do not describe the ore to the same extent. Mineralogy, traditionally defined
as the science and study of minerals, does not cover all the variables which need to be



determined for the planning of an efficient process of extraction, particularly if dealing
with gold and other precious metals. It is rather intended for minerals of coarser, often
macroscopic sizes or sizes which can be resolved by microscopes with lower power mag-
nifications. The word mineralogy does not extend to the chemistry of the ore or of the
minerals within the ore on a microscopic scale and down to the micron size. Because gold
and other precious metal ores require more detailed examinations involving the extensive
use of the microanalytical techniques, when compared to the base metals, we can probab-
ly say that the knowledge of the microcomposition of the ore is necessary where planning
recoveries of the precious metals, while the determination of the mineralogy is sufficient
where studying most of the base metals. After all, the more common of the base metal
minerals were discovered, observed and defined long before the microanalytical techniques
became available. But many precious metal minerals were only recognized and classified
as such, following the advent of the electron microprobe and SEM. For all of these reasons,
the word microcomposition is used throughout the book when describing the precious me-
tals and uranium, the word mineralogy is used when describing the base metals. And by
the same token, the word microanalyst is used when referring to a scientist who is com-
petent and involved in the study of ore microcompositions, while the word mineralogist is
used to indicate an expert in mineralogy, as intended in its more traditional sense.

Terms such as free gold, locked, encapsulated gold particles, and refractory/refractoriness.
commonly used within the gold mining industry, were not used, other than for their defini-
tion (on pages 66, 104 and 105). These terms are applied without the direct observation
of the actual ore or gold on a microscopic level and therefore are not accurate. Ideally, if
the ore microcomposition is known and the correct extraction technique for that microcom-
position is employed, no ore is refractory.

The more theoretical among the mineralogists may find that some of the mineral names
are not identical to those favored by the International Mineralogical Association, for ex-
ample niccolite instead of nickeline. The names chosen for this book are those most com-
monly used by the mining industry in North America. Given the prevalently practical pur-
poses of the book, the author assumed that actual names make no difference, as long as
the nature of the compound is made clear.

Finally, an overbearing consultant in gold is mentioned in some of the case studies in con-
nection with the improper handling of metallurgical problems. Such is a fictitious charac-
ter and the result of the author’s view of the attitude of a small number of metallurgical
consultants and other scientists whose advice is sought and valued by the average mining
company. The character does not exist, neither is it representative of the way of operat-
ing of all of the metallurgical people. The case studies however are real. The character
is used for an indication of the type of hurried reasoning and approach, sometimes employed
while planning a recovery, and of how misleading such an approach can be in the light of
the findings of accurate microanalytical studies. The character is also used to prove that
incorrect interpretations of the microanalytical data may be just as damaging as their lack
of use. The representation of an attitude and interpretation of data by an actual person,
even if fictitious, can be more convincing and have a stronger impact than just the use of
abstract descriptions of incorrect practices.
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CHAPTER 1
THE MINERAL INDUSTRY - PRESENT STATE OF THE ART

During the past 30 years and largely following the advent and development of computers,
an incredible advance has taken place in many sectors of modern technology, for example
medicine, dentistry, the automobile industry, the TV and stereo, the appliances industries.
This advance has happened so quickly that a wide intellectual gap has developed between
the older and younger generations. Many people over 40 cannot believe that a child under
10 understands and operates computers better than they can, if they can at all.

In the theoretical fields of the earth sciences and metallurgy, the same rapid development
has taken place through the availability of high magnification/high resolution microscopes,
image analyzers, electron microprobes, ion probes and SEM’s, all capable of giving detailed
descriptions of mineral occurrences and particles down to | or 2 microns (1 millionth of a
meter) in size. Computers attached to such instruments provide for the data to be processed
within relatively short times, thus resulting in the production of large quantities of accurate
information which only a few decades ago would have been considered impossible. The
speed at which everything has been changing has been remarkable. For example, the in-
formation on the microanalytical instruments in chapter 4 of this book, up-to-date during
the 1980’s, became partly outdated by the time the manuscript went to the presses.

In the midst of such rapid scientific progress, the mineral industry, particularly in the field
of precious metal extractions, has generally developed while maintaining a slower pace.
Changes in metal recovery techniques during the past 100 years do not appear to be as
dramatic as those registered within other fields of technology. And most important im-
provements, such as those related to the development and use of flotation for mineral
beneficiation, to an increase in size and capacity of the process equipment and to the recog-
nition of several new hydro and pyrometallurgical processes (Anthony 1988), apply large-
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ly to the extraction of some of the base metals. The precious metals seem to have been
neglected. For example, the cyanide process, the most common technique for gold extrac-
tion, has remained basically unchanged for more than 100 years, with the exception of the
introduction of a few variations, such as heap leaching, pressure leaching, etc. (pages 120~
121). Amalgamation is a much older technique, as it is reported to have been practiced as
far back as 1000 BC (Anthony 1988). T.K. Rose’s book The Metallurgy of Gold, whose
first edition was published in 1894 and whose 7th edition was out of print in 1945, was
recently reprinted by Met-Chem Research Inc. (1986) in Boulder, Colorado and is still
regarded as one of the most comprehensive treatises on gold. Less information is avail-
able on the metallurgy of silver and the platinum group elements. Fire assay, used for the
analysis of precious metals world-wide, has been practiced since Roman times (Rose, 1986).
Textbooks on fire assay by Bugbee (1981) and Smith (1987) are recent poorly revised reprints
of books the first editions of which were published in 1922 and 1913. Very little research
has been and is being conducted on the subject, despite the awareness within the mining
industry that there are situations where the technique may be faulty (pages 92-95).

Progress does not appear to have proceeded at a faster pace within the applied field of the
earth sciences, at least not if we judge by the available literature. Boyle’s book GOLD -
History and Genesis of Deposits (1987) includes a collection of the most important papers
on gold deposits, and more than two thirds of them were published before 1975. Many
were published in the 1800’s. Although probably the most recent and comprehensive
reference on gold within its field, the book lacks significant information on deposits such
as Hemlo in Ontario, Mesquite in California, and Pueblo Viejo in the Dominican Republic,
all reported to be some of the potentially largest gold producers in the Americas.

The above observations are confirmed and extensively demonstrated by Anthony (1988)
who expresses concern about the methods used within the mineral industry, hardly dif-
ferent from those current in 1900, while at the same time drawing attention to the astonishing
rates of technical development in most other fields. Anthony’s conclusions are supported
by detailed comparisons of the present state of the mineral industry with that of many
other technical fields. They are illustrated by practical examples of the pace at which
various instruments and equipment belonging to different fields of technology have
developed (information and paper provided by P.M.J. Gray).

Anthony also states that investment in research and development in mining is presently

smaller than in any other sector of technology. It is three times as low as it is in the chemi-
cal industry which is one of the lower spending industries.

When observing such slow progress, one could actually speculate that a more conservative
attitude within the mineral industry could be a consequence of the manner in which na-
ture takes care of our needs on this planet. Unlike products from the animal and vegetable
worlds, the reproduction of which can be controlled, minerals come in limited supply. Were
we to extract our metals too fast and too soon, there would be little left for the future
generations to exploit. Extent of need may also be an explanation: if we only extract the
metals in amounts related to our needs at a particular time and at the proper pace, efficien-
cy and modernization may not always be necessary. Perhaps it is more than a coincidence
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that many of the light metals were discovered and/or isolated shortly before the advent of
the space age and space exploration, where they found extensive applications in the con-
struction of sp’acecrafts, airplanes and missiles. These are however philosophical considera-
tions which should not affect the purpose of our book: that is to point out the errors and
to open the way to the modernization of an industry the present state of which may not
be as advanced as potentially possible.

The other oddity, again possibly the consequence of the precious metal industry not keep-
ing up with the latest developments, relates to the study of the precious and base metals:
very much in the same manner, when characterizing the ore in preparation for the recovery
process. Such an approach could be a consequence of the fact that many of the United
States geologists, metallurgists and mining engineers (or at least those with whom the author
has had significant exchanges), have limited knowledge or understanding of the gold and
other precious metal occurrences in their ores on a microscopic level. Most of them ap-
pear to believe that gold occurring in amounts below 1 oz/ton, or 34.2 parts per million
(ppm), cannot be seen or detected, therefore gold occurrences in economically feasible ores,
cannot be studied in detail, and certainly not in any better detail than the base metals can.
Such belief is not as strong and irritatingly persistent in Canada, yet literature from other
countries, for example Russia (Smirnov 1951), suggests that a similar conviction may not
be limited to some of the mining people in the United States.

Given the differences between precious and base metals (pages 3-4), the conclusion that
a complete knowledge of the microcomposition of the ore is essential for the recovery of
the precious metals, far more so than for the recovery of the base metals, is logical. And
the need for comprehensive studies by techniques different than those used for the base
metals and prior to any recovery attempts, becomes obvious: because the precious metals
are so valuable, we want to be able to extract as much of them as possible; because they
occur in low quantities and in a finely disseminated state, separation, particularly during
the beneficiation and leaching stages, can be complex. Strangely enough however, much
has been and is being published on the study of the applied mineralogy of the base metals
(for example, Amstutz 1961, 1972, 1982, and 1983, Henley 1981, AIME publications of
the Process Mineralogy Committee, including one symposium volume per year since 1981,
Amstutz et al 1987). Yet, when it comes to the precious metals, generally very little em-
phasis is put on the need for differential techniques for the systematic characterization of
the ores, before any recovery attempts are made. When information on precious metal
deposits (gold deposits most commonly) and recovery techniques is published, actual data
on the metal occurrence and distribution is limited and usually represented by a very small
number of identified particles, not sufficient for the description of the entire ore. Many
studies are conducted on the high grade portions or on concentrates derived from high
grade portions, neither of which are representative of the occurrence throughout the
majority of the deposit. Lately (mid 80’s) The Metallurgical Society (TMS) of AIME sug-
gested the formation of a new committee in which the precious metals were being dumped
in the same group as nickel, cobalt and copper, possibly because the precious metals are
sometimes recovered as byproducts of these metals. A TMS committee on copper, nickel,
cobalt and precious metals was actually formed and lasted for at least one year, before a
separate committee on precious metals finally came into existence. This trend is consis-
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tent with the observations made in the introduction, regarding the available literature on
the metallurgy of the base and precious metals (page 3).

There are organizations, such as the European Precious Metals Industry, the European As-
sociation of Metals (Euromeatux) and the International Precious Metals Institute (IPMI)
that encourage the exchange of technology and information on precious metals. For ex-
ample, the IPMI, whose headquarters are in Allentown, Pennsylvania, does so through the
distribution of a newsletter titled Precious Metals News and Review and through the
patronage of one conference and several seminars every year. During such events, miners,
refiners, producers, users, research scientists, mercantilists, government and other repre-
sentatives of the precious metal community have the opportunity to present their new find-
ings by delivering lectures, as well as by participating in informal gatherings and discus-
sions. The Institute has been publishing the proceedings of these conferences and semi-
nars in hardbound volumes since 1979 (details in the references). The contribution to such
volumes on the part of representatives of the mining industry, and of the mineralogical
sciences in particular, is however rather limited.

There is presently no accepted systematic technique for the study of the precious metals
in their ores. The method used is essentially the same as the one applied to the study of
the base metals. In many laboratories it is assumed that the availability and use of a micro-
scope (it does not matter what make and with what magnifications) is sufficient to provide
answers to most metallurgical problems, whether related to the precious or the base me-
tals. In order to collect reliable data on precious metal ores, a microanalyst, alias a person
with a special training in the use of the microanalytical instruments and techniques (page
8), is necessary. And yet many average and even some of the larger North American min-
ing/exploration companies do not employ a microanalyst on a full time basis. In fact they
do not even employ a mineralogist/petrographer. When characterizing an ore containing
either precious or base metals, a selected number of samples are sent to a mineralogist or
petrographer to provide thin section studies of the transparent minerals on a contract basis.
Ore microscopy for the description of the metal occurrence and distribution, and therefore
equally, if not more important than the thin section work, is requested on a smaller num-
ber of samples, if at all. These samples may or may not be the same as those of which
thin section descriptions were obtained. The company expects to pay similar fees and to
have the results within similar amounts of time, whether dealing with a base or a precious
metal bearing ore. Many mining companies believe that accurate microanalytical work is
too expensive and too slow and that they can obtain just as good results from faster more
reasonably priced sources. When viewed against the high costs involved in the develop-
ment of a mining property, such an approach is illogical.

Not all mineralogists today are trained and experienced in the use of the ore microscope
in combination with the electron microprobe and SEM. Fewer are familiar with gold (and
other precious metal) occurrences and distributions within their ores. Consequently, when
contacted by the mining company, they use a very similar approach, whether dealing with
copper, zinc, or lead, occurring in amounts in the range of 1 per cent and up to 20 or 30
per cent, or with gold occurring in amounts more than a million times smaller (below one
ounce per ton or 34.2 ppm). They prepare and look at one polished mount (two at the most)
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per sample. The study does not take longer than half an hour, perhaps one hour, if con-
ducted by conscientious investigators. Sometimes, hoping for positive results by different
techniques, these mineralogists have someone else (often a technician with very little
knowledge of the earth sciences, and none of the gold occurrences in ores) analyze the
same polished mount in the SEM, in the electron microprobe or even in the ion probe.
Naturally not being completely clear with what he needs to find, the technician spends
even less productive time searching for gold and finds just as little as the mineralogists did.
Finally they all conclude and report that the gold is in solid solution in one of the major
minerals in amounts that elude detection. In pyrite, if pyrite is present, or in some other
sulfide. Unfortunately they neglect to report or probably even to consider that perhaps
there was no gold on the surface of that single polished mount examined. The chances of
ppm amounts occurring within a two-dimensional space 1 inch/2.5 cm in diameter are ex-
tremely small. Naturally not every mineralogist functions in such a disorganized superfi-
cial manner, but the author has met a sufficiently large number of them in influential posi-
tions, to want to describe and comment on their way of operating. We will call such "ex-
perts" unaware mineralogists.

In addition to the expertise, an important requirement for a microanalyst (and mineralogist)
is that he communicates effectively with the mine geologist, with the metallurgist and with
the decision making staff of the company that has engaged his services. Such is the only
way in which he can become familiar with the actual nature of the deposit, then convey
the correct information back to all of those individuals. Being the expert, it is logical to
expect that he is the one to decide on the choice of the type and number of samples that
are representative enough for the proper description of the precious metal distributions.
Or at least that he is the one to discuss such choice. He may need to visit the exploration
or mine area, to observe the natural conditions and the location where the sampling took
place. When solving problems of beneficiation in cooperation with the metallurgist, the
microanalyst may need to examine the mine sections from which the unresponsive ores
originate. Insurance of constant communication of the microanalyst with his colleagues in
exploration, mining/beneficiation, and chemical separation, is a must for any mining com-
pany interested in obtaining the best recoveries from a property. But communicative skills
are not very common, neither are they generally sought in a microanalyst (or mineralogist).

The situation is certainly not encouraging, and yet it is not hopeless either. Although very
féw, there are individuals capable of successful interaction. There are occasionally some
very progressive mining companies (large and small alike) that are aware of the important
function of an experienced microanalyst who is both knowledgeable and communicative.
There are universities (within and outside North America) that recognize the importance
of the training of aware microanalysts who are academically competent and at the same
time useful to the mining industry. And papers (for example, Baum and Gilbert 1989)
stressing the importance of systematic studies of gold and silver ores, are in fact published.
All such evidence suggests that, despite the appearances, the need for modernization is
felt within the precious metal industry. Hence, the author is confident that, being the
awareness of the need for a new approach already existent; and being such approach oc-
casionally applied for the teaching and understanding of the precious metal ores, it is only
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a question of time, before the use of systematic studies by the more modern techniques
becomes accepted by the mining community at large.

* * * * * *

A book entitled The Extractive Metallurgy of Gold by J.C. Yannopoulos was published in
1991 by Chapman & Hall in London. According to the review in the August 1991 issue
of Precious Metals News and Review, this book emphasizes the methods employed during
the past 15 years, although some historical methods are also mentioned. The book also in-
cludes a very wide bibliography with 240 references. Another book, entitled Mineria del
Oro by Hagel (1991), is a review in Spanish of the world gold mining, which extends from
the classification and description of the major deposits to the actual extraction techniques.
Unfortunately, because Gold and Other Precious Metals had already been delivered to the
publisher, the author did not have an opportunity to examine such new references in any
detail for inclusion and more extensive discussion at the beginning of the chapter.



CHAPTER 2
REASONS FOR POOR PLANNING OF PRECIOUS
METAL RECOVERIES

Instruments and techniques for the study of gold and other precious metals in their ores
are available. Nobody ever denies the importance of the knowledge of the microcomposi-
tion of the ore for proper recovery planning. Yet it seems as if generally very little is
done towards the use of systematic studies before separation is attempted. Let us discuss
in some more detail how some metallurgists and mineralogists function and try to un-
derstand why their way of operating is largely responsible for such an apparent contradic-
tion.

Presently, a person in charge of the recovery process, who understands the intricacies of
the ore microcompositions, as well as of the metallurgical processes is seldom available.
There are earth scientists and there are mining engineers/metallurgists. And there is a
nearly total lack of communication between the two groups: very few are familiar and com-
fortable with both fields. In other words, very few metallurgists appreciate the complexity
of the earth sciences. Very few earth scientists are prepared to accept and satisfy the needs
of the metallurgists. We have seen that communication is an essential requirement for the
successful study of precious metal ores (page 15).

The average metallurgist/mining engineer is not aware of the chemical and mineralogical
complexity of rock formations. The attitude towards the studies of precious metal ores has
already been mentioned (page 14). Besides wanting answers from relatively quick, super-
ficial examinations, many engineers expect the solution to metallurgical problems from
the composition of a small number of samples only. The samples are sometimes chosen
at random, in which case they are in no way representative even of portions of the ore
studied. Sometimes they are chosen from the high grade sections of the ore, upon the as-
sumption that the gold or other precious metals will be easier to see. These samples again
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are not representative of the ore under study. No matter how accurate t