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Introduction & Basic Principles

Resources 

The term “resource” refers to the total amounts of a commodity of particular economic use that is present in an area. These estimates include both extractable and non-extractable amounts of this commodity. Earth resources covered in this class include: 

(i) Ore Deposits: which can be further subdivided into (a) precious metals, (b) non-ferrous metals (as the base metals Pb, Zn, Cu, Sn, and elements like Al), (c) iron and ferroalloy metals (as Mn, Ni, Cr, Mo, W, V, and Co), (d) minor metals and related non-metals: Sb, As, Be, Bi, Cd, REE, Ta, Te, Ti, and Zr, (e) fissionable elements: U and Th.

(ii) Industrial Rocks and Minerals: which include graphite, asbestos, limestone, sand, basalt, …… etc.

(iii) Gemstones: e.g. Diamonds, Rubies, Sapphires, Zircons, garnets, .. etc.

(iv) Energy resources such as coal, oil, gas, geothermal energy, solar energy, and nuclear energy.

It should be pointed out that most if not all of the above mentioned resources are fairly common, and indeed do occur in many crustal rock types. However, their concentrations (or average crustal abundances) are so low that they are not easily extracted from these rocks (Table 1). For an economic deposit to form, these “commodities” have to be concentrated by some natural method, which is why tend to treat them separately from our regular “petrology” classes. Concentration factors for some metals are also given in Table 1.

Definitions

Reserves: Total amount of a commodity that is extractable feasibly with the present day technology. The relationship between a reserve and a resource is illustrated in Fig. 1. Reserves are of 3 types: proven, probable, and possible.

Economic mineral deposit: Any commodity that can be extracted at a profit.

Ore: a metalliferous mineral or aggregate of minerals that can be extracted for a profit. The extracted material often has to be treated to separate this metal.

Protore: Mineral material in which an initial but uneconomic concentration of metals occurs, but which needs to be further concentrated to qualify for the definition of “ore”.

Gangue: Unwanted minerals that coexist with the ore minerals in an ore body.

Industrial rocks and minerals: Rocks and minerals that are naturally occurring and have some economic value, exclusive of metallic ores, mineral fuels, and gemstones.

Grade: Is the concentration of the metal in an ore body expressed in %, ppm, or ppb.

Cutoff grade: Is the minimum grade necessary for an ore body to be mined for a profit. 

Head grade: The grade of the ore as delivered to the mill or processing plant.

Assaying: Chemical analysis of a rock to determine its grade.

Recovery: Is the % of total metal that can be recovered by processing (dressing) from the ore body.

Economic Considerations:

Steps of developing a mining/ extraction/ drilling operation:

(i) Exploration

(ii) Feasibility study

(iii) Infrastructure development (mine/ borehole/ … etc.)

(iv) Extraction

(v) Processing: In case of ores this includes: mineral dressing, smelting, and refining.

(vi) Marketing

Factors entering into evaluating an economic mineral deposit for mining (feasibility study/ mineral recovery): 

(i) Ore grade and continuity of ore body (Fig. 2).

(ii) Nature of the Ore body (Size, and shape)

(iii) By-products

(iv) Commodity prices

(v) Type of ore mineral and ease of processing (dressing)

(vi) Recovery

(vii) Undesirable substances

(viii) Ore character (loose, fractured, … etc.)

(ix) Location and transport costs

(x) Environmental considerations and cost of cleanup

(xi) Taxation

(xii) Political factors

Factors affecting the price of a commodity:

(i) Supply & Demand

(ii) Government action/ political factors

(iii) Cartels: artificial and natural

(iv) Recycling

Recent trends and the relative importance of ore and industrial minerals:

· Relative importance of ore and industrial minerals (Figs. 3 & 4; Tables 2, - 5).

· Industrial maturity of a country (Fig. 4)

· World production: recent trends (Figs. 5 - 7; Table 5).

· Prices (Figs. 8 – 11; Table 4).

· Influence of plastic production: increased 1529% between 1960 and 1985.

· Influence of ceramics. 

· Future remains bright for some minor, low tonnage metals as Co, PGE, REE, Ta & Ti.

Mechanisms of formation of an Ore or Oil/ Gas deposit:

1- Source

2- Concentration

3- Migration or transport

4- Ground preparation

5- Deposition or trapping

