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FOREWORD 

A. H. Kazmi and Ghazanfar Abbas need no introduction to geoscientists interested 
in the geology and mineral potential of Pakistan. They have asked me to write a foreward 
to their book on Metallogeny and Mineral Deposits of Pakistan. They are far too well 
known internationally to need a foreward to their book. I feel that this is their way of 
honouring an old colleague for which I am grateful. 

I have read the book in parts and feel that it fills a critical gap in our knowledge 
of the economic geology of Pakistan. This will be an invaluable source of information not 
only for teachers and students of economic geology but also for the local and foreign 
investors in the mineral sector of Pakistan. 

Even though the title of the book is Metallogeny and Mineral Deposits of 
Pakistan, extensive coverage is given to host rocks, ore forming processes, types of 
mineral deposits and metallogeny and plate tectonics. It is thus a book on Economic 
Geology with special reference to minerals and ore deposits of Pakistan. 

Mineral deposits have been described under various heads such as those related 
to plate tectonics (gold, silver, platinum, iron, lead, zinc, manganese, radioactive 
minerals etc.), mineral fuels (coal, petroleum and natural gas). precious and semi-
precious stones, ceramic and industrial minerals with particular reference to their 
usage like fertilizers, ceramics, cement etc. 

Thus a reader can refer to the particular chapter of his interest. The extensive data 
on the mineral deposits has been summarized in tables spread over more than 40 pages 
enabling the reader to get information he requires quickly. These references will also 
enable the reader to consult the original papers on the mineral deposits of his interest. 
Such summarized information is not available at present. It must have been a very 
arduous task for the authors to collect, compile and present so much information from 
widely scattered literature in an easily readable form. 

The book is an invaluable addition to the geological literature on Pakistan and 
I am sure will be welcomed by the geoscience community at large. 

I heartily congratulate the authors on this monumental work and hope that 
they will turn their attention to other so far neglected aspects of geology of Pakistan 
e.g. groundwater resources and environmental geology. I also thank them on behalf 
of the geoscience community of Pakistan. 



xii 	 Foreword 

I am sure that the book will be well received by a wide range of readers and if 
their comments are made available to the authors it can be further improved. 

March 
	

Dr. S. A. Bilgrami 

2001. 



PREFACE 

Over the years, on being introduced to people as geologists, we were frequently asked 
whether Pakistan had gold, silver, uranium, oil and gas and other mineral deposits, why we 
did not find them, what was being done to exploit our mineral wealth. etc. Their lack of 
information was nor surprising because we had done so little to disseminate the available 
information. Persons in key positions also were not adequately informed. Most people 
appeared to be eager to have short, summarised and digested accounts which could provide 
them a bird's eye-view of our mineral resources. 

Accordingly we prepared a very short booklet entitled "A brief review of the mineral 
wealth of Pakistan", which was published by the Geological Survey of Pakistan in 1991. It 
had all the short-comings that a hurriedly prepared, extremely condensed summary on a 
vast subject is likely to have. Yet within a short period it was out of print and unavailable. 
We were greatly astonished when many professional persons, including some in various aid 
giving agencies, appreciated this booklet and confided that they frequently consulted it. 

During the past several years, we had the opportunity to interview hundreds of 
geologists for various jobs and found that their knowledge of our economic minerals was 
most inadequate. Discussions with teachers at various institutions brought home the fact 
that they had no access to uptodate literature on Pakistan's mineral resources and that 
whatever was available was scattered and not easily available to them. There was thus a 
growing demand for an uptodate, condensed volume that would highlight the salient 
features of our mineral deposits, their geological framework, their quality, quantity. 
development potential and the present state of their utilisation. 

Considering these factors we have been motivated to produce this volume. To 
make it more meaningful to the uninitiated and students, we have added introductory 
material to briefly explain the nature of rocks and minerals, and the processes that form 
these deposits. The structure of the earth has been outlined. It has been explained that 
complex physico-chemical changes constantly occur in the interior of the earth and 
provide the energy and the motive force for the movement of the crustal plates and 
they are also responsible for various magmatic and minerallogenic processes. 

Geological mapping has demarcated many highly prospective metallogenic zones 
and reconnaissance surveys have revealed numerous mineral showings. However, only 
a few selectd minerals have yet been proved and vast areas are yet to be evaluated in 
detail. A brief account of all these is included. For those who may seek a wider perspective 
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of our mineral resources, we have tabulated data on more than 200 metallic and 146 
nonmetallic mineral showings and deposits, each with references so that the original source 
of information may be gleaned if so required. 

We are grateful to many persons whose encouragement, help and assistance 
made this work possible. We are particularly indebted to Dr. S.A.Bilgrami for his valuable 
suggestions and a critical review of the manuscript. Mr. S. Hasan Gauhar gave his 
unflinching support to this venture. Messers Anwar Hussain Syed and Nazrul Islam helped 
with the compilation of mineral production data and Saleem Awan with the typing work. 
Our thanks are also due to Messers Abbas Ali Shah, M.Talib Hussain, K.Sabir Ali Khan 
and M Saeeduzzafar Khan for their valuable suggestions, kind assistance and help in the 
preparation of this book. And finally we are most grateful to our sponsors. Orient 
Petroleum Incorporation, for their help and financial assistance, without which this book 
would not have seen the light of the day. 

A. H. Kazmi 
59, Seaview Township, 

DHA, Karachi. 

S. Ghazanfar Abbas 
Geological Survey of Pakistan, 

March 	 Quetta. 

2001 



I 

INTRODUCTION 

In the chequered history of mankind minerals have remained in the forefront in all the human 
endeavours for progress and advancement. Indeed the evolution and progress of mankind is 
intimately linked with his efforts to utilise minerals. Undoubtedly the mineral industry is the 
oldest in the world. Numerous Paleolithic sites in the Potwar Plateau, which are more than 
400,000 years old, highlight this fact. These sites are littered with thousands of fragments of 
chipped quartzite cobbles and are the remnants of the factories where our stone-age 
ancestors fashioned their stone implements. Similar sites are scattered all over India, south 
of the Vindhyans and they exist in several other parts of the world as well. 

According to some authors, the Paleolithic stone-industry not only created the 
earliest and the longest lasting civilisation (duration over 500,000 years) but it also 
contributed to the evolution of the modern man. There is apparently a close inter-
relationship between cultural achievement and biological endowment. Thus adoption of 
an erect posture by our ancestors and freeing of hands from locomotion made their 
hands available for tool-using and tool-making. There is some evidence to suggest that 
these activities facilitated modifications of the architecture of the brain and stimulated 
the development of the brain. Thus the most advanced homonids evolved as an outcome of 
the developments in the stone age cultures (Clark 1965). Field evidence supports this 
theory. One of the earliest Homonids, Australopithecus, lived during Early Pleistocene 
(more than 1.2 to 1.4 million years ago). Their brains had a mere capacity of about 685 
cc (about half of modern man) and some of them were probably tool-makers because 
their skeletal remains have been found with flaked stone-tools in Tanganyika. There is, 
however, no evidence yet that these people had acquired even a rudimentary culture. 

It was a few thousands of years later, during the Middle Pleistocene (800,000 to 
100,000 years 13. P. ?) that the more highly evolved homonids, Pithecanthropus pekinensis, 
appeared with a larger brain and cranial capacity of 1,000 cc. They made chopping 
tools by alternate flaking from chert pebbles, giving a sinuous working-edge. They could 
make fire and possessed a rudimentary culture (Clark 1965). With the passage of time 
we find more advanced forms of homonids and eventually see the appearance of the 
genus Homo in Late Pleistocene, beginning with early species such as H. rhodesiensis, 
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and H. neanderthalensis and culminating in Homo sapiens (cranial capacity 13,500 cc) 
during very Late Pleistocene or Early Holocene. We also notice a similar advancement 
in the shape, style and refinement of the stone implements through the ages. 

About 8,000 to 5,000 years ago people in this country learned to make extensive 
use of another mineral resource - the clay. A new culture was born that made extensive 
use of clay pottery and baked bricks (Wheeler 1960). With this application the great Indus 
Valley Civilization (2,500-1,500 B.C.) came into being which soon learned the use of metals 
(bronze and iron). During this period a variety of minerals were being used. Belonging 
to this age we find steatite vases, statues and seals; jewellery made of steatite, agate, 
chalcedony, and carnelian; antimony powder used by ladies as eye-shadow; copper 
implements such as knives, arrow-heads, utensils, head-pins, gold fillets with perforations 
at both ends, and decoration pieces made of marble (Khan 1964). Heaps of slags in 
Balochistan and northern areas suggest limited and sporadic mining, smelting and use of 
metallic ores since the Chalcolithic period (5,000-3,000 years B. P.) and particularly 
during the Medieval period. 

Regular, large scale mining of minerals in the territory now comprising Pakistan, 
however, began only in the latter half of the nineteenth century when salt mines were 
established at Khewra, Warcha and Sardi in the Salt Range in 1878 and coal mining 
started in the Chittidand, Dandot and Ara areas of the Salt Range around 1880. Mining 
of chromite in the Hindubagh (now renamed Muslimbagh) area began in 1903. 

Practically no information was available about the mineral resources of the Pakistan 
region until the establishment of the Geological Survey of India (GSI) in 1851, about 150 
years ago. The present Geological Survey of Pakistan (GSP) is the post-partition off-shoot 
of that organisation. Several reconnaissance surveys of some of the more accessible areas of 
the region now comprising Pakistan were carried out by GSI during the latter half of the 
nineteenth century and a large number of mineral showings were examined and recorded (La 
Touche 1918). More detailed reports on several mineral occurrences and deposits were also 
published from time to time in the records and memoirs of the GSI (Heron 1950). On the eve 
of the creation of Pakistan, Gee (1949) prepared a paper giving a summary of the known 
mineral resources of Northwestern India (the region that eventually became Pakistan) and 
suggested ways and means for their development and utilisation. This was followed by 
Heron (1950) with a more comprehensive account of the mineral deposits in his Directory 
of Economic Minerals of Pakistan. 

Both these publications are bench-mark papers on mineral resources of Pakistan 
inasmuch as they record the status and thinking concerning Pakistan's mineral deposits 
and their development potential at the time of Independence. These papers mention 
occurrences of a large number of minerals, namely alum, antimony, asbestos, barite, 
bauxite, bentonite, beryl, bismuth, borax, building stones, chromite, cinnabar, clays, 
coal, copper, fluorite, glass sand, gold, gypsum, iron ore, lead, limestone, magnesite, 
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manganese, mica, nitrates, ochres, petroleum, gemstones, salt and sulphur. However, 
they also report that the only minerals that were being mined and utilised in appreciable 
quantities at that time were only building stones (including limestones), bentonite, 
chromite, clays, coal, gypsum, petroleum and salt. Since then there has been an 
appreciable increase in mineral production and utilisation (Tables 1 and 2). 

At the time of Independence, based on their limited experiences in various parts 
of the world, the general consensus amongst the earth scientists was that valuable 
mineral deposits were largely to be found in the Precambrian rocks of the ancient shield 
areas like Africa, South India and Australia and that the relatively younger mountain 
chains of the world such as the Rockies, Alps and Himalayas were not likely to host 
significant mineral deposits. Because Pakistan was largely comprised of such younger 
formations, most geologists were not optimistic about the occurrence of any major 
mineral deposit in this region, except oil and gas. Dr. E R. Gee was one of the more 
optimistic geologists, but he also expressed fairly cautious views about mineral 
development prospects in Pakistan. He wrote (1949):- 

"---the fact that the more easily accessible areas are composed of almost unaltered 
sedimentary rocks free from igneous intrusions, rules out over wide tracts the possibility 
of the occurrence of many of the more valuable metalliferous and other mineral deposits. 
Where igneous and metamorphic rocks do occur in the Himalayan region, in the 
southern Punjab and Balochistan, there appears to be in most cases, an absence of 
pegmatite veins bearing minerals of industrial value. One might expect metalliferous 
and other mineral deposits in the Archaean rocks that form the basement of southern 
Punjab and which continue into Rajputana. Unfortunately, however, from the evidence 
available, the covering of Recent alluvium is in most cases atleast several hundred feet 
thick; therefore, except as a possible source of mineral oil in hidden Tertiary strata 
overlying the Archaeans in the alluvial plains of the southern Punjab and of the lower 
Indus region, these areas must, for the present, be discounted as likely sites of valuable 
mineral deposits. 

"Fortunately, however, the sedimentary suite includes important nonmetal liferous 
minerals, whilst the igneous and metamorphic rocks of certain areas afford a useful, if 
not considerable quota of metalliferous ores, many of which require further 
investigation.---" 

Immediately after Independence despite its extremely limited resources of trained 
manpower, equipment and funds, the GSP mounted a crash programme of mineral 
investigations and within a few years a vast array of new information was gathered and 
published in the revised edition of the Directory of Economic Minerals of Pakistan by 
Heron and Crookshank (1954). This publication was instrumental in the development of 
several small to medium-size mineral deposits. As the GSP's activities gathered further 
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Table 1. 	Reserves and production of minerals being mined in substantial quantities. 

Minerals Reserves 

(million tonnes) 

Production (1997-98) 
(tonnes) 

Abrasives Large 3,045 
Antimony 0.026 3 
Asbestos Large *50.000 ? 
Barite 30 30,239 
Ball clay Small 905 
Bauxite 74 5,015 
Bentonite 2.0+ 15,156 
Brine 	... Large 60,123 
Building stones Very large 17,249 
Celestite 0.33 961 
Chalk Not estimated 6,758 
Chromite Large 37,472 
China clay 6.4 67,910 
Coal 194,028 3,168,434 
Copper ore 500 - 
Dolomite Very large 105,836 
Feldspar Large 26,365 
Fire clay 100 94,395 
Fluorite 	... Not estimated 135 
Fuller's earth... Very large 214,889 
Granite 	... Inexhaustible 6,013 
Gypsum  & Anhydrite Very large 347,000 
Iron ore 897 5,500 
Lake salt Small 15,304 
Laterite Very large 24,995 
Limestone Inexhaustible 10,353,538 
Magnesite 12 3,427 
Manganese Small N. A. 
Marble Very large 	 . 372,000 
Mill-stone 	... Not estimated 1,174 
Nepheline syenite Very large 40 
Ochres 	... 100 9,718 
Phosphate rock 27 55 
Pumice 	... Not estimated 2,011 
Quartz/quartzite Very large 216 
Red oxide (ochre? or laterite) Not estimated 6,830 
Rock salt 	... 100 960,518 
Soapstone 	... Not estimated 51,738 
Shale (clay) 	... Very large 1,090,881 
Silica sand 	... Very large 166,678 
Slate Very large 100,005 
Sulphur 796,000 	 ... 450 

Talc Not estimated 260 

*These figures are from Jehan et al., 1997. Figures from Dept. of Mineral Development are much less. 
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Table 2. Yearwise mineral production 1994-95 to 1998  . Production for 1982-83 is also given for 
comparison (in tonnes) to indicate long-term increase in production.* 

Minerals 	 1982-83 1994-95 1995-96 199-97 1997-98 

Antimony 	 - - 50 2 3 
Asbestos 	 - 130 120 6 60 ** 
Barite 	 20,088 21,374 14,014 30,464 30,239 
Ball clay 	- 940 1,090 1.120 905 
Bauxite 	 2,772 4,456 2,284 4,934 5,015 
Bentonite 	 - 12,152 11,790 15.342 15,156 
Brine 	 - 35,228 46,945 49,232 60,123 
Building stones 	 - 4,913 13,443 18,625 17,249 
Celestite 	 406 1,323 761 812 961 
Chalk 	 - 11,930 7,221 8,140 6,758 
Chromite 	 4,487 15,035 27,806 35,282 37,472 
China clay 	 23,583 36,293 41,821 64,429 67,910 
Coal 	 1,854,514 1,595,861 3,562,941 3,646,604 3,168,434 
Dolomite 	- 215,571 185,792 202,660 105,836 
Feldspar 	 - 20,799 32,552 28,397 26,365 
Fire clay 	 69,443 151,652 11,635 108,803 94,395 
Fluorite 	 2,938 1,359 909 869 135 
Fuller's earth 	 20,781 21,628 21,191 15,941 214,889 
Granite 	 - 7,681 5,287 6,859 6,013 
Gypsum & Anhydrite 	340,747 500,119 419,501 520,563 347,000 
Iron ore 	 - 8,103 6,076 4,575 5,500 
Lake salt 	 - 11,862 17,062 20,777 15,304 
Laterite 	 - 27,900 21,196 35,317 24,995 
Limestone 	 4,231,624 9,685,738 13,355,925 9,533,915 10,353,538 
Magnesite 	 1,687 6,000 7,387 6,679 3,427 
Manganese 	 - 664 1,175 429 N. A. 
Marble 	 120,597 488,322 509,689 462,308 372,000 
Mill-stone 	 - 392 335 1,508 1,174 
Nepheline syenite 	 - 200 - 100 40 
Ochres 	 558 8,208 25,378 8.331 9,718 
Phosphate rock 	 - 12,708 - 55 
Pumice 	 - 720 1,401 1,839 2,011 
Quartz/quartzite 	 - 144 48 232 216 
Red oxide (ochre? or laterite") 	- 15,919 25,593 16,180 6,830 
Rock salt 	 5,47.546 934,778 996,754 1,066,429 960,518 
Soapstone 	 19,081 35,939 45,816 45.425 51,738 
Shale (clay) 711,119 757,605 806,380 1,090,881 
Silica sand 	 140,701 175,320 222,076 106,957 166,678 
Slate 	 - 87,216 134,360 91,214 100,005 
Sulphur 	 - 600 570 640 450 

* Source- GSP publications, Provincial Depts. of Mineral Development, Pakistan Statistical Year Book 
1998-99 (No. 1999)-Federal Bureau of Statistics. 

** Jehan et al. (1997) have reported the asbestos production at 50.000 tonnes. 
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momentum with technical assistance from USAID and the US Geological Survey, 
a greater wealth of data on mineral deposits was collected and made available to the public 
(Ahmad 1969, Gauhar 1969, and Kazmi and Abbas 1991). From time to time several 
papers on various mineral deposits of Pakistan have been published by various geologists 
and organisations like Pakistan Mineral Development Corporation, the Punjab Mineral 
Development Corporation, the Sarhad Development Authority, the Azad Kashmir Mineral 
and Industrial Development Corporation, the universities and various other organisations. 
Most of these papers have been mentioned in the list of references at the end of the book. 
It is unfortunate that since Ahmad (1969) there is a long gap in time before any other 
mineral inventory could be published. A brief account of the mineral deposits of Pakistan, 
however, appeared in Bender and Raza 1995 and in Kazmi and Jan in 1997. 

Since Independence, during the past 50 years, three significant developments have 
taken place in the mineral sector of Pakistan. Firstly a very large number of mineral showings 
and deposits of various sizes have been discovered. Several of these are now being mined 
and utilised (Table 1). However, most of the deposits are being mined through crude and 
unscientific methods. Presently the mining industry is largely sustained by the non-
metallic industrial minerals, which have made a very substantial contribution to the establish-
ment and growth of some of our industries such as cement, paper, ceramics, steel, fertiliser, 
glass wares, paints and pigments, gem and jewellery, pesticides, chemicals, agriculture etc. 
Nevertheless, the contribution of the mineral sector to the GNP is still only about 0.50% and 
it is not surprising considering the pathetic industrial development of this country. 

The second notable event has been the identification of a number of metallogenic 
provinces in the country by the GSP in the late sixties while formulating the national 
fourth five year plan. This included the Chagai District (Chagai-Raskoh magmatic arc), 
the Bela-Khuzdar districts (Bela ophiolitic thrust belt), the Zhob-Waziristan area (Zhob 
ophiolitic thrust belt), the Gilgit-Chitral region (Kohistan magmatic arc) and the Kirana 
Hills and the Thar Parkar and Nagar Parkar region (portions of the Indian peninsular 
shield). GSP made plans for intensive and extensive exploration of these regions and was 
rewarded with excellent results. During this same period as a result of geological, 
geophysical, and oceanographic research, the old concept of a 'rigid' earth was 
discarded, the plate tectonic theory was enunciated (Dewey and Bird 1970) and it found world-
wide acceptance. It proved the voracity of Alfred Wegener's hypothesis of continental drift 
which he propounded in 1912 (Hallam 1976). 

We have discussed plate tectonics in Chapter 3 and need not elaborate it here 
other than the fact that this theory has revolutionised geological thoughts and concepts 
and has provided greater insight and explanation for various geological phenomena such 
as mountain building, volcanicity, earthquakes, magmatism and metamorphism, sedi-
mentation and metallogenesis. The plate tectonic concepts revealed that the mountain ranges 
of Pakistan were the result of the collision of the Eurasian and Indian continental plates, 
that the plate margins were subduction—related in the north, and of the transform 
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type in the west, and that there were two magmatic island arcs wedged in between the 
two continental plates. On a world wide basis this theory also proved that the plate 
margins were the main mineral generating sites and even in the ancient Precambrian 
shield areas most minerals occurred at sites which may have been ancient plate margins 
(Windley 1984). Thus the old notion that the young geological terrain of Pakistan was 
likely to be bereft of significant mineral resources was totally discredited. Owing to its 
unique geodynamic situation, overnight Pakistan became world famous and attracted a 
vast array of earth scientists from all over the world for geoscientific investigation of 
this fascinating region (Farah and Dejong 1979, Kazmi and Jan 1997). 

And lastly the earlier demarcation of metallogenic zones by GSP has proved to be 
valid even in the light of the plate tectonic theory. In the preceding paragraphs, while 
mentioning these zones we have given in parenthesis their present tectonic names. A 
number of authors, mainly Sillitoe 1975, 1979. Gauharet al. 1979, Jankovic 1984c and 
Gauhar 1992, have reviewed the metallogeny of Pakistan in the context of plate 
tectonics. A discussion of this vast topic is beyond the scope of this book, though we 
have briefly dealt with it in Chapters 3 and 4. 

The most significant result of the work in Pakistan and the most notable develop-
ment in the mineral sector during this period is the discovery of large deposits of natural 
gas and proving of large economic reserves of some important metallic and non-metallic 
mineral deposits. These include the copper-gold-molybdenum deposits of Saindak 
(Balochistan), the iron ores of Kalabagh, Dilband and Chagai (Balochistan), the lead-zinc 
and barite deposits of Bela—Khuzdar (Balochistan), the coal deposits of Lakhra, Sonda—
Thatta and Thar (Sindh), the phosphate deposits of Kakul (NWFP), the gold, silver and 
tungsten deposits of Chitral (NWFP), gem peridot deposits of Kohistan-Kaghan (N WFP), 
ruby deposits of Nangimali area (Azad Kashmir), emerald deposits of Swat, and the 
excellent orange-red spessartine garnets in the Neelam Valley (Azad Kashmir). These buried 
resources are, however, of little value and consequence unless they are mined and utilised. 
Unfortunately uptil now we have given the least priority to the development and utilisation 
of our mineral resources, ignoring the fact that no nation can progress or prosper without 
an industrial base which can only be established securely on the utilisation of its 
indigenous mineral resources. 

In this volume we have given a brief account of the occurrences and mineral 
deposits of Pakistan. For the benefit of the non-professionals, in the second chapter we 
have tried to explain what is metallogeny, what are ores, minerals and rocks, how they 
are formed, what are different types of rocks and what kinds of minerals are associated 
with them and what are the geological processes which form different kinds of mineral 
deposits. The third chapter briefly explains the plate tectonic theory, that is, the structure 
of the earth and how it provides a mechanism for plate movement, different kinds of 
plate margins and how and why they form habitats for mineral deposits. It ends with a 
summary of continental drift through the ages. It is hoped that these two chapters would 
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be valuable for the students also and provide them a good base for their studies in 
economic geology. 

The fourth chapter presents an outline of the tectono-metallogenic zones of 
Pakistan and the minerals which characterise them. 

Chapters five to nine contain an account of the metallic minerals, mineral fuels, 
precious stones, ceramic minerals, and fertiliser and industrial minerals. However, in 
the text we have confined ourselves to a brief discussion of only those mineral deposits 
that have some potential for economic development. It is obviously beyond the scope 
of this book to discuss all the mineral showings and occurrences. However, for the 
professionals and those who may want to have an in depth view of the metallogeny (or 
mineralogeny), we have summarised the available data about almost all the known mineral 
occurrences, showings and deposits in Tables 9 and 10. For each mineral occurrence, 
these tables provide information concerning the name and location of the deposit, tectono-
metallogenic setting, minerals present, geological setting and type of deposit, quality, 
grade, size and references. 

The last and final chapter deals with the possibilities and prospects of exploration 
and development or minerals in Pakistan. It is followed by a comprehensive bibliography 
and index. 

We sincerely hope that this book will provide the much needed concise and 
up-to-date information on mineral deposits of Pakistan, to all those who are interested in minerals—
students, researchers, economists, planners, prospectors, entrepreneurs as well as the 
laymen. 



2 

METALLOGENIC PROCESSES: A BRIEF REVIEW 

ORES AND MINERALS 

Metal!oger1y is the subject dealing with the origin of ore deposits. Ores are comprised of 
minerals, which may be used to obtain one or more metals. Most ores consist of metallic 
minerals, for example magnetite comprises iron oxide and galena contains lead sulphide. 
However, some ores are composed of nonmetallic minerals such as malachite (hydrated 
carbonate of copper), bauxite (hydrated aluminium oxide) or cerussite (lead carbonate). 
Some ores occur as native metals, for example gold, silver and platinum. Others are found 
in combination with other substances such as sulphur, arsenic, oxygen, silicon etc. 

Ores commonly occur in a matrix of nonmetallic minerals of little or no commercial 
value. They are known as gangue minerals. Some of the common ores and gangue minerals 
are listed in Tables 3 and 4. The term ore-deposit is commonly used synonymously with the 
term mineral deposit. The latter connotes a rock or mineral that is of economic value and 
repays workiig. It therefore includes the nonmetallic minerals also. Inasmuch as ores are 
comprised of minerals it may be helpful to mention some of the main characteristics of 
minerals. 

Minerals are the basic components of the earth's crust. Almost all minerals are 
crystalline and have definite chemical compositions that vary within specified limits. They 
'mave well defined physical properties and each of them has a unique atomic structure that 
,ives it a characteristic crystal shape (Fig. 2.1). About 2,000 minerals are known and 
between them they contain almost all the chemical elements of which the earth is made. 
Although a wide variety of rocks make up the earth, most of these are composed of not 
more than a few dozen out of these 2,000 minerals that are known. Most of these rock-
forming minerals are made up of complex silicates (Table 5). It may be, therefore, seen 
that in general minerals comprise two broad groups, the rock-forming minerals and the 
economic minerals. The latter include the ore minerals. 

ROCKS THAT HOST THE ORE DEPOSITS 

Rocks are physical mixtures of minerals, usually in the form of interlocking crystals or 
grains bound together by natural cement. A rock may comprise of one mineral only such as 
the limestone or it may be a mixture of various minerals such as the granite or the sandstone. 
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Table 3. List of common ore minerals (from Jensen and Bateman 1981). 

Mir,i. ORE MINERAL COMPOSITION PERCENT PRIMARY SUPERGENE 

METAL 

Gold Native gold Au 100 X X 
Calaverite AuTe2  39 X 
Sylvanite (Au, Ag) Te2 X X 

Silver Native silver Ag 100 X X 
Argentite Ag2S 87 X X 
Cerargyrite AgC1 75 X 

Iron Magnetite FeO.Fe203  72 X 
Hematite Fe203  70 X X 
"Limonite" Fe,03.H20 60 X 
Siderite FeCO3  48 X X 

Copper Native copper Cu 100 X X 
Bornite Cu5FeS4  63 X X 
Brochantite CuSO4.3Cu(OH)2  62 X 
Chalcocite Cu,S 80 X X 
Chalcopyrite CuFeS2  34 X X 
Covellite CuS 66 X X 
Cuprite Cu2O 89 X 
Enargite 3CU2S.AS2S5 48 X 
Malachite CuS03.Cu(OH)2  57 X 
Azurite 2CuCO3.Cu(OH)2  55 X 
Chrysocolla CuSiO3.2H20 36 X 

Lead Galena PbS 86 X 
Cerussite PbCO3  77 X 
Anglesite PbSO4  68 X 

Zinc Sphalerite ZnS 67 X 
Smithsonite ZnCO3  52 X 
Hemimorphite H2ZnSiO3  54 X 
Zincite ZnO 80 X 

Tin Cassiterite SnO, 78 X ? 
Stannite Cu,S.FeS.SnS, 27 X ? 

Nickel Pentlandite (Fe,Ni)S 22 X 
Garnierite H2(Ni.Mg)SiO3.H20 X 

Chromium Chromite FeO.Cr203  68 X 
Manganese Pyrolusite Mn02  63 X 

Psilomelane Mn203.xH20 45 X 
Braunite 3Mn203.MniO3  69 ? X 
Manganite Mn203.H20 62 X 

Aluminum Bauxite A1203.2H20 39 X 
Antimony Stibnite Sb2S3  71 X 
Bismuth Bismuthinite B12S3  81 X X 
Cobalt Smaltite CoAs2  28 X 

Cobaltite CoAsS 35 X 
Mercury Cinnabar HgS 86 X 
Molybdenum Molybdenite M0S2  60 X 

Wulfenite PbMoO4  39 X 
Tungsten Wolframite (Fe,  Mn) W04 76 X 

Huebnerite MnWO4  76 X 

Scheelite CaWO4  80 X 
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Table 4. List of Common Gangue Minerals (from Jensen and Bateman 1981). 

CLASS 
	

NAME 	 COMPOSITION 	 PRIMARY 	 SUPERGENE 

Oxides 	 Quartz 	 SiO., 	 X 	 X 
Other silica 	SiO, 	 X 	 X 
Bauxite, etc. 	A1203.21120 	 X 
Limonite 	 Fe203.H20 	 X 

Carbonates 	Calcite 	 CaCO3 	 X 	 X 
Dolomite 	 (Ca, Mg) CO3 	 X 	 X 
Siderite 	 FcCO 	 X 	 X 
Rhodochrosite 	MnCO1 	 X 

Sulphates 	Barite 	 BaSO4 	 X 
Gypsum 	 CaSO4+2H20 	 X 

Silicates 	Feldspar 	 X 
Garnet 	 ... 	 X 
Rhodonite 	 MnSiO 	 X 
Chlorite 	 X 
Clay minerals 	 X 	 X 

Miscellaneous 
rock matter 	Fluorite 	 CaF2 	 X 

Apatite 	 (CaF)Ca(PO4)3 	 X 
Pyrite 	 FeS2 	 X 	 X 
Marcasite 	 FeS, 	 X 	 X 
Pyrrhotite 	Fe1-xS 	 X 
Arsenopyrite 	FeAsS 	 X 

the granite or the sandstone. Rocks constitute the outer solid shell of the earth known 
as the crust. A relatively small number of elements and minerals constitute the bulk of 
the crust (Table 6) and most of these do not fall within the category of ore minerals. It 
therefore follows that the substances which form the ore deposits are present in the 
crust in extremely small amounts, despite the fact that the deposits comprise a wide 
range of elements and minerals (Table 3). Various geological processes operating in the 
earth concentrate these thinly and widely distributed elements at one place to form 
mineable ore deposits. These deposits are hosted in different types of rocks which are 
usually divided into three main groups (I) igneous, (2) sedimentary and (3) metamorphic. 

Igneous Rocks 

The igneous rocks form by the consolidation of a hot, mobile and molten mass of earth 
material known as magma. The composition of magmas varies widely. They are high 
temperature solutions of silica, silicates, metallic oxides, hot liquids and gases in all possible 
proportions and combinations. Their temperature ranges from about 600°C (rhyolite magma) to 
about 1,250°C (basaltic magma). Magmas form in the earth's crust in pockets or reservoirs and 
are forced upward due to tectonic forces. As they move upward, they cool and solidify to form 
igneous rocks. These rocks are known as plutonic if formed in depth. In case the magma 
comes out on the earth's surface in the form of volcanic eruptions, it forms the volcanic rocks. 
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Mineral 

Composition 
Igneous rocks 

Granite Basalt 

Metamorphic rocks 

Amphibolite Schist 	Shale Sandstone Limestone 

Mineral Sedimentary rocks 

1 	2 3 4 5 6 7 

30 3 

42 

40 

50 

5 

5 

fO 	5 

5 	45 

4 

Quartz 

Alkali 
feldspar 

Plagioclase 

Pyroxene 

Amphibole 

Olivine 

Biotite 

Muscovite 

K-aluminium 
silicate 

Silicon dioxide 

Na-Ca aluminium 
silicate 

Silicate of Ca, Mg, 
Fe or Al 

Complex hydrated 
silicates of Ca, Na, 
Mg, Fe, Al 

Mg, Fe, silicate 

Silicate of Al and K 

Silicate of Mg, Fe, 
Al, K, with hydroxyl 
and fluorine 

32 	17 	97 

18 

7 

38 

Magnetite 

Staurolite 

5 3 3 

Hydrated silicate of 
Fe and Al 

Iron oxide 

Clay minerals 

Calcite 

Hydrous Al silicates 

Calcium carbonate 

80 

94 

100 	100 	100 	100 	100 100 	100 

Table 5. Some common rock-forming minerals as constituents of various rocks (%). 

S
j
d
O
y
 sn
oa
zi
Xj
  



14 
	

Metallogenic Processes 
	

[Ch.  2 

Table 6. Average composition of the crustal rocks. 

IN TERMS OF ELEMENTS IN TERMS OF OXIDES 

Name Percent Name•  Formula Percent 

Oxygen 	- 46.60 Silica 	- SiO2 	- 59.26 
Silicon 	 - 27.72 Alumina 	- A1203 	- 15.35 
Aluminium 	- 8.13 Iron oxides 	- Fe203 	- 3.14 
Iron 	- 5.00 - FeO 	- 3.74 
Calcium 	- 3.63 Lime 	- CaO 	- 5.08 
Sodium 	- 2.83 Soda 	- Na 20 -  3.81 
Potasium 	- 2.59 Potash 	- K2O 	- 3.12 
Magnesium 	- 2.09 Magnesia 	- MgO 	- 3.46 
Titanium 	- 0.44 Titania 	- TiO2 	- 0.73 
Hydrogen 	- 0.14 Water 	- H70 	- 1.26 
Phosphorous 	- 0.12 Phosphorous 

pentoxide  - P2O5 	- 0.28 

99.29 99.23 
(From Holmes 1 966) 

Magmas 

Depending upon the relative abundance of silica (Fig. 2.2), the igneous rocks and 
their parent magmas are classified as acidic or granitic (70-75% silica), intermediate 
or andesitic  (52-64% silica) and basic or basaltic (45-50% silica). The granitic magma 
ranges in temperature from  800-600°C.  It often forms vast, narrow, plutonic masses 
tens to hundreds of kilometre long, known as bat holiths. These are commonly generated 
above subduction zones and are a characteristic feature of orogenic belts. 

Andesitic magma is less viscous than the granitic one, but more viscous than the 
basaltic magma. It is also generated above subduction zones. The andesitic and rhyolitic 
magmas form new continental crust, which grows by progressive accumulation of 
rhyolitic and andesitic volcanism. The only true primary magma, however, is of basaltic 
composition. It is generated by direct partial melting of mantle peridotite, beneath 
active volcanic ridges, which are the sites of formation of lithospheric plates. The 
oceanic crust is basaltic in composition. It has a very uniform character over vast 
areas. It consists of an upper layer of volcanic rocks (pillow lavas), underlain by a zone 
of basaltic sheeted dykes which are in turn underlain by gabbros, with cumulate layers, 
representing the magma chambers in their lower parts. 

• Gradual cooling of the magma leads to a serial crystallisation of various minerals. 
The most insoluble crystals, that is those with the highest melting points crystallise first. 
Amongst the rock-forming minerals the sequence is olivine and orthorhombic pyroxene, 


