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CHAPTER 1—INDUSTRY OVERVIEW

M I N I N G  L I F E  S E Q U E N C E

M I N E R A L  E X P LO R AT I O N  A N D  M I N I N G

CO M M O D I T I E S

PA R T I C I PA N T S  I N  E X P LO R AT I O N  A N D  M I N I N G

F U N D I N G  M I N E R A L  E X P LO R AT I O N

The mining industry is vital to our everyday life. The cars we drive, the houses 
we live in, the appliances and entertainment equipment we use and the health 
care and medical devices that provide us with a high quality of life rely on the 
products of the mining industry.

Mining and exploration are a business. As such, they rely on the capital 
markets to operate. Without the stock market there would be no exploration 
industry and without the larger financial institutions that support mine de-
velopment there would be no mining industry. 

Mining is a wealth-creation industry. From a seemingly dull and un-
important rock, great wealth and economic activity can be generated. To gen-
erate this wealth, a partnership is needed between the financial and business 
community and the technologists, geologists and engineers that can find and 
build a mine. Both groups need an understanding of the other for this part-
nership to work effectively.

This book provides an overview of the technical aspects of the exploration 
and mining industry for those in the financial and business communities and 
for anyone interested in learning more about the technical aspects of the in-
dustry. It will provide an overview of geology, mineral deposits, exploration 
techniques, resources and reserves, feasibility studies, mining and processing 
methods and environmental considerations. 
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This book will help investment advisors, analysts, investor relations per-
sonnel, regulators, government employees, investors, accountants, lawyers, 
students, the service sector, community members and others understand the 
exploration and mining industry. In particular, the book will help with the de-
velopment of professional careers, business growth, investment decisions and 
the informed assessment of exploration and mining projects by communities, 
governments and the financial sector.

T H E  M I N I N G  L I F E  S E Q U E N C E

Mineral exploration and mining are part of a dynamic industry sector that in-
cludes several key components (Figure 1.1). The mining life sequence starts 
with exploration, moves through mining and ends with the closure and rec-
lamation of a mine site. Each step in the sequence is unique and most mining 
projects proceed progressively from one step to the next. There is overlap be-
tween some of the steps in the sequence. For example, community consulta-
tions will normally commence during exploration, and reclamation is typical-
ly on going during mining. The mining life sequence includes seven stages.

Exploration:  The search for and evaluation of deposits of minerals and rocks 
that may be valuable. A deposit must first be found and defined before it can 
be mined.

Consultations, permitting and financial analysis:  The consultation with com-
munities, governments, Indigenous groups and stakeholders about the social, 
economic and environmental aspects of a proposed mine, as well as environ-
mental assessment and permitting and detailed engineering and financial 
analysis.

Construction:  The development of the mine once permits are secured.

Mining:  The extraction of ore from the ground.

Mineral processing:  The crushing, grinding and processing of ore in order to 
recover the valuable minerals or materials from the rock. 

Smelting and refining:  The treatment of minerals recovered by processing in 
order to produce the final product such as pure copper (only some ore types 
require further treatment by smelting).
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Closure and reclamation:  The closure of the mine and reclamation of the land 
to return it, as much as possible, to its pre-mining state.

The time spent and expenditures incurred in each stage of the mining se-
quence vary considerably (Table 1.1). For example, small, relatively sim-
ple projects may move from exploration to mine operation within a few years, 
followed by closure of the mine a decade or so after the start of operation. 
Whereas, large, complex projects may take upwards of 20 years for explora-
tion, permitting and construction, followed by operation for many decades. 
Likewise, expenditures for exploration, permitting and construction range 

Figure 1.1  The mining life 
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from approximately us$100 million for small projects to more than us$3 bil-
lion for large projects.

Table 1.1  Mining Life Sequence - Time Line and Cost Summary

Activity Time Lines Cost/Return (us$)

Exploration 3–12 years in total to a development de-
cision (exploration often occurs in starts 
and stops over one or more decades)

$50,000–$20,000,000/year
$20–$150+ million to the start 
of mine construction

Permitting and  
financial analysis

2–7 years (includes feasibility studies and 
environmental assessment)

$2–$20 million

Construction 1–4 years $100 million–$3+ billion

Mine operation 5–100 years Total mine revenue in the  
hundreds of millions to billions

Closure and 
reclamation

2–5 years after mining ends (ongoing 
monitoring may go on much longer; rec-
lamation usually starts during mining 
and continues afterward)

$2–$50 million (usually consid-
ered part of the mining costs)

M I N E R A L  E X P LO R AT I O N  A N D  M I N I N G

Although the mining life sequence includes several key components, it is gen-
erally divided into two parts: mineral exploration, which is the search for and 
definition of a mineral deposit; and mining, which includes all other parts of 
the sequence.

Mineral Exploration   This is the process of discovery, definition 
and economic evaluation of mineral deposits. In other words, mineral explor-
ation is about finding a mineral deposit, defining it and determining if it may 
be economic to mine.

Mineral exploration includes:
•	 Prospecting (searching for a mineral deposit)
•	 Geological, geochemical and geophysical surveys (searching and evalu-

ating a deposit on the surface)
•	 Drilling (evaluating a deposit below the surface)
•	 Resource estimates (calculating a grade and tonnage)
•	 Pre-feasibility studies (preliminary mine planning and economic 

analysis)

Mining   The process of extracting metallic or non-metallic mineral de-
posits from the Earth and processing the ore to recover the valuable material.
Mining includes:
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•	 Feasibility studies (detailed design, planning and costing)
•	 Environmental assessment (consultations and permitting)
•	 Mine development (construction and commissioning)
•	 Ore extraction (blasting, loading, hauling and dumping)
•	 Mineral processing (concentrating ore and removing waste material)
•	 Smelting and refining (recovering final products)
•	 Closure and reclamation (returning the land to a pre-mining state)

Mineral exploration is the front end of the mining industry. New deposits 
must be explored for and discovered before new mines can be developed. In 
the context of other industry sectors, exploration is the “research” part of re-
search and development and mining is the “development” part. This “re-
search” must be ongoing so there is a continual supply of new mines to re-
place those that close as reserves are depleted.

Odds of Exploration Success   Exploration is the search for min-
eral deposits. Mineral deposits, however, are rare and buried beneath the sur-
face of the Earth. Economic mineral deposits are even rarer. Since mineral de-
posits are rare, finding one is challenging and the odds of success of any ex-
ploration program are relatively low.

It has been estimated that the odds of a small mineral showing discov-
ered by a prospector becoming a mine are on the order of 1:1,000,000 or more 
(recognizing that a prospector may discover many small showings in the 
course of a field season). Even when a mineral deposit has been defined, the 
odds of it becoming an operating mine are, at best, 1 in a 1000! 

However, when an economic mineral deposit is discovered, the financial 
and professional rewards for the companies and people involved are signifi-
cant. To maximize the chances of success, exploration companies and geol-
ogists use a wide range of skills and tools in the search for and evaluation of 
mineral deposits. Nevertheless, there is always an element of luck, and more 
than one deposit has been found by pure chance. 

Importance of Potential   Mineral exploration is all about poten-
tial. A newly discovered small mineral showing may have low odds of ever be-
coming a mine. However, even the smallest showing has potential! Years of 
work and millions of dollars of expenditures may be required to evaluate the 
potential of a new mineral showing. And, although the odds of a new mineral 
showing becoming a mine are low, the odds of this showing being marketable 
and generating industry and stock market interest are much higher. The po-
tential that a new discovery may become the next big mine can generate an 
incredible amount of stock market activity.
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Evaluating or judging potential is difficult, particularly in the early stages 
of evaluating a mineral showing. Geologists will use science, experience and 
intuition, but a mineral showing with high potential to one geologist may 
have low potential to another. Similarly, one investor may see high potential 
in an exploration company and its properties while another investor will not.

Mineral Exploration—Global Perspective
Exploration is carried out by a wide range of companies and individuals and 
is global in nature. Between 1996 and 2018 annual global exploration expendi-
tures were in the range of us$2–22 billion with a low in 2002 and an all time 
high in 2012 (Figure 1.2). Of these expenditures, approximately 20–30% oc-
curred in North America, 20–30% in Latin America, 10–15% in Australia, 15-
18% in Africa, and about 15–20% in other parts of the world (Figure 1.3). As 
single countries, Canada and Australia received the highest exploration ex-
penditures followed by the United States, Chile, Peru and Mexico.

The overall increase in exploration expenditures from 2002 to 2012 (Figure 
1.2) was driven in large part by a substantial increase in metal prices. The 
drop in expenditures in 2009 was a result of the global economic crisis and 
recession that began in 2008. However the drop was short lived with expendi-
tures increasing rapidly through 2012. By 2013 a cyclical slow down in the ex-
ploration and mining industry had taken hold with the resultant drop in ex-
penditures as junior companies found it very difficult to raise exploration 
funds and majors reduced their exploration budgets. A slight increase in ex-
ploration budgets began in 2017 and continued in 2018.

Figure 1.2  Global exploration 

expenditures from 1996–2018 in 

US$ billion (chart courtesy S&P 

Global Market Intelligence, 2019).
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CO M M O D I T I E S

The commodities that are sought after and produced in exploration and min-
ing are diverse and vary with time depending on the prices that commodities 
command and the demand for these commodities for industrial purposes. 

The main groups of commodities are: 
•	 Precious metals (gold, silver and platinum group elements or pge’s 

which include platinum, palladium, osmium, iridium, ruthenium and 
rhenium)

•	 Base metals or non-ferrous metals (copper, zinc, lead, nickel, tin and 
aluminium. Copper, zinc and lead are the most common base metals.)

•	 Ferrous metals (iron, molybdenum, chromium, cobalt, manganese and 
tungsten. Traditionally used to denote those metals that are mined for 
their alloying properties with iron in the manufacture of steel)

•	 Fusionable metals and fuels (uranium, coal and oil sands)
•	 Gems and gemstones (diamonds, emeralds, rubies, sapphires, etc.)
•	 Battery metals (lithium, cobalt, nickel, copper, vanadium, manganese, 

aluminum and others. A wide range of metals used in batteries that 
will support a low-carbon future. Development of new battery technol-
ogies will likely change this list of metals in the coming decades). 

•	 Industrial minerals and rocks (a wide assortment of minerals and rocks 
with industrial uses. An industrial mineral is defined as any rock, min-
eral, or other naturally occurring substance of economic value, exclu-
sive of metallic ore, mineral fuels and gemstones.)

Figure 1.3  Distribution of 

global exploration expenditures 

by budget in 2018. This 

breakdown of expenditures 

by region is representative of 

the decade preceding 2018, 

although Canada has ranged as 

high as 19% of global expendi-

tures (chart courtesy S&P Global 

Market Intelligence, 2019).
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Despite the wide range of mineral commodities, the exploration industry fo-
cuses most of its resources on a relatively small number of commodities, spe-
cifically gold, copper, zinc, lead, silver, nickel and platinum (Figure 1.4). 
The reasons for focusing on these commodities include the demand for these 
commodities, the difficulty/cost of making new discoveries of these commod-
ities, and, importantly, the ability to raise financing. Investors are generally 
willing to finance gold exploration projects but may be less enthusiastic to fi-
nance a specialty metal or building stone project.

Metal prices can be found at the following sites:
•	 Gold, silver, platinum and palladium:  http://www.kitco.com/market/
•	 Base metals, nickel, tin and aluminium:  http://www.kitcometals.com/ 
•	 Uranium:  http://www.uxc.com/
•	 Molybdenum and other metals:  http://www.infomine.com/

commodities/

How are Metal and Mineral Commodit y Prices Set?  
The prices for metals and other mineral commodities are usually set on the 
open market or by contract. Metal exchanges in London, such as the Lon-
don Metal Exchange (lme), and London Bullion Market or in New York (New 
York Mercantile Exchange) provide a market for the free trade of common 
metals including gold, silver, platinum, copper, lead, zinc, nickel and alum-

Figure 1.4  Global drilling 

activity by commodity from 

2012–2018. Gold has the highest 

number of drilled projects fol-

lowed by copper, lead-zinc and 

silver (chart courtesy S&P Global 

Market Intelligence, 2019).
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inum. The prices for these commodities are established on a supply/demand 
basis on an open market, similar to how stock prices are set on exchanges. 
The prices for most other metals are usually set by contract between produ-
cers, suppliers and end users. This includes metals such as titanium, tungsten 
and uranium. Although the prices are set by contract, a number of organiz-
ations track offers, bids and contract prices and publish these regularly. This 
provides a level of transparency to these metal prices even though they are 
not traded on an open market. The UX Consulting Company (www.uxc.com), 
is a good example. UX Consulting independently tracks uranium offers, bids 
and contracts and uses this to publish a uranium price. Molybdenum and co-
balt have traditionally been traded by contract but in early 2010 they were in-
cluded in the metals traded on the lme and thus prices are now set on an 
open market. 

Coal and potash are examples of non-metal commodities in which the 
price is established by contract. In addition, since they are bulk commod-
ities, transportation and shipping become an important aspect of the contract 
price. For example, potash contracts with producers in Saskatchewan, Can-
ada, are usually based on the producer delivering the product to the port of 
Vancouver (referred to as free on board (fob) Vancouver). Coal prices must 
also take into account the quality and characteristics of the coal. Every coal 
deposit differs in aspects such as heat value and degree of impurities. Cleaner 
coal will command a higher price than coal with a high level of impurities. 

The valuing and pricing of diamonds is unique to each diamond or to a 
small packet of similar sized and quality diamonds from a given mine. In gen-
eral, the value of a diamond is based on its size, shape, colour and clarity. 
However, the country of origin of the diamond also influences the price. Dia-
monds are valued by a number of different groups including the mining com-
pany, government agencies (for royalty purposes) and international traders.

PA R T I C I PA N T S  I N  E X P LO R AT I O N  A N D  M I N I N G

A variety of players are involved in exploration and mining from the individ-
ual prospector to large multinational companies. Each has an important role 
along the road to discovery and mining.

Prospectors   “An individual engaged in prospecting for valuable min-
eral deposits, generally working alone or in a small group, and on foot with 
simple tools or portable detectors.” (Bates and Jackson, 1984).

Prospectors often have little or no formal training. What they do have is 
years of hands-on experience looking at rocks and minerals. Good prospect-
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ors know where to look and how to look, and they are tenacious. A prospect-
or’s tools are generally limited to those that he/she can carry (hammers and 
pick axes, hand lens, etc). 

Most prospectors operate as individuals using their own financial resour-
ces. They will stake ground when they find a showing of interest, and they will 
try to entice larger companies to option their ground. However, junior explor-
ation companies and mining companies often hire prospectors to work on 
their exploration projects. Yearly expenditures by an individual prospector are 
typically in the $1000–$10,000 range.

Junior Exploration Companies (the “Juniors”)  
A junior exploration company is defined here as a company that focuses sole-
ly on the exploration and discovery of mineral deposits and does not operate 
a mine. Junior exploration companies play an essential role in the mineral ex-
ploration business. Most of the major new discoveries in the past several dec-
ades have been made by these companies. Junior exploration companies are 
also speculative stock investments. As such they also play an important role in 
the equity markets of places like Canada and Australia.

Some of the characteristics of a junior exploration company are:
•	 They are publicly listed on a stock exchange (there are a few private ex-

ploration companies but most private exploration companies are set up 
with the intent of listing on a stock exchange). 

•	 They have no operating mines and no revenue. 
•	 They are small, with only a few employees (5–30) and annual expendi-

tures of $250,000 to $5,000,000+. During periods of active explora-
tion there maybe 100 or more employees and expenditures could reach 
more than $10 million. In many cases, much of the field exploration 
work is contracted out as required. 

The management and operation of a junior is typically a mix of business pro-
fessionals with financing, accounting and legal backgrounds, and technic-
al professionals with geological or mining backgrounds. Commonly, the most 
successful junior exploration companies are those that are managed by a mix 
of business and technical professionals who have the ability to identify op-
portunities, fund those opportunities and carry out effective exploration 
programs. 

Juniors work on a wide range of exploration properties, but often focus on 
early stage “grass-roots” properties with good potential to make a discovery.
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Intermediate & Senior Mining Companies (the “Majors”)  
The majors are those that operate one or more mines. They range from com-
panies with one small mine to large multinationals with many mines. These 
companies have the largest exploration budgets of any players in the business 
with annual expenditures ranging from $2–$10 million for small mining com-
panies to $50 million or more for large companies (e.g. Barrick Gold had a 
2007 exploration budget of $170 million and an exploration staff of over 500). 
Annual expenditures will, of course, vary depending on market conditions. In 
the late 1990’s and early 2000’s exploration budgets of many large gold mining 
companies were reduced to a few million dollars due to depressed gold prices. 
In this type of market gold mining companies grow through acquisition, rath-
er than exploration.

Although intermediate and majors are grouped together here, the Met-
als Economics Group (now S&P Global Market Intelligence) defines the ma-
jors as those companies with annual revenue over $500 million and the finan-
cial strength to develop a new mine on their own. Intermediate companies are 
those with revenue between $50 and $500 million.

The majors are often more selective in their choice of exploration proper-
ties. Where a junior company may be happy to discover a relatively small de-
posit, majors are interested in the “world class” deposits that could be de-
veloped into a large mining operation. 

Although majors have the largest exploration budgets, they tend to be less 
successful than juniors at discovering new deposits. Some of the reasons for 
this include:

•	 Majors spend a lot of their exploration budgets drilling around de-
posits that have already been discovered, with the aim of expanding 
the known deposit.

•	 Majors become too focused on the search for large deposits and thus 
miss opportunities.

•	 Juniors are better risk takers and entrepreneurs. This characteristic 
often leads to discovery.

•	 Juniors are lean with little bureaucracy and decisions can be made 
swiftly.

•	 Majors buy into deposits or junior companies after the discovery has 
been made (they leave the high-risk discovery stage to the juniors).

Exploration expenditures by juniors and majors vary over time. From 2010 to 
2011 juniors accounted for over 40% of total expenditures, whereas from 2012 
onward, majors outpaced juniors reaching over 50% of the total from 2016-
2018 (Figure 1.5).
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F U N D I N G  M I N E R A L  E X P LO R AT I O N

Exploration funding comes from two main sources: (1) equity financing on 
stock markets (primarily from markets located in Canada, the US, Australia, 
London and South Africa), and (2) revenue from mining operations.

Sto ck Markets   Equity financing on stock markets is one of the most 
important sources of funding for exploration. Almost all of the money raised 
by junior exploration companies is on the stock market, and a portion of the 
exploration dollars spent by major companies also comes from the stock mar-
ket. In Canada, exploration companies raise money through the Toronto 
Stock Exchange (tsx) and tsx-Venture exchange. In 2010 and 2011, junior ex-
ploration companies were able to raise approximately us$6 billion in equity fi-
nancing each year (Figure 1.6). At that time, metal prices were strong and 
the equity markets for speculative junior exploration companies were vibrant. 
The opposite occurred in 2014 and 2015 when some metal prices were de-
pressed (in particular gold and silver) and stock market interest in junior ex-
ploration companies was limited. 

Figure 1.5  Global exploration 

expenditures by company type 

from 2009-2018. Expenditures by 

juniors generally surpass those 

of majors when equity markets 

are strong for the mining sector, 

such as in 2010 and 2011, and are 

less than majors during weaker 

markets such as from 2013-2018 

(chart courtesy S&P Global 

Market Intelligence, 2019).
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Mine Revenue   Mine revenue is a dominant source of exploration 
funds and is the primary way in which major mining companies fund their 
exploration. Mine revenue is generally directed in one of three ways: 

(1) Exploration within and around the mine sites of the company. 
These dollars are aimed at finding new mineralization to replace the 
mineralization that has been mined out. Success rates are relatively 
high in this type of exploration. 
(2) Global exploration in areas outside of the company’s mine sites. 
A portion of a company’s total revenue or profit for the year from all 
operations will be directed towards exploration elsewhere in the world. 
(3) Funding the exploration work of other companies. Major min-
ing companies are increasingly stretching their exploration dollars by 
funding the work of other companies, particularly juniors. This usual-
ly involves taking an equity stake in the junior company with a right of 
first refusal on any deposits discovered or by funding exploration work 
in return for partial ownership of properties developed by the funding.

R E F E R E N C E S
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Figure 1.6  Global explora-

tion financing by junior and 

intermediate companies, 2008-

2018. When the stock market 

and metal prices are strong such 

as in 2010 and 2011, juniors are 

able to raise significant funds for 

exploration. However when the 

markets and/or metal prices are 

depressed, such as in 2014 and 

2015, it can be difficult for juniors 

to finance exploration (chart 

courtesy S&P Global Market 

Intelligence, 2019).
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