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Major metals and their companion metals
metallogeny. The so-called ‘by-products’

Mineral deposits frequently consist of a complex assemblage of major metals. Mining co-products
and by-products are materials extracted in addition to the primary commodity. These may have
some inherent economic value themselves.

INTRODUCTION

With rare exceptions, a mineral deposit is a complex assemblage of valuable products (present as
sulfides, native elements, oxides) and waste material (silicates, carbonates, sulfates, ...). The principal
metal is commonly associated with a complex blend of co-elements. These can be other major
metals that can be separated into individual processing streams or minor metals. These minor metals
are typically found in such relatively low concentrations that they rarely form viable deposits on their
own. They are recovered only as by-products during the processing of major metals. For example
gallium is produced exclusively as a by-product.

Up to recent time, these co-elements were generally uneconomic to recover and were simply
disposed of as wastes from mineralurgical and metallurgical processing. With the recent explosion of
high tech products in which these elements are involved - as main component, alloys or traces — they
can now have significant economic value.



The classification of a metal as a main product, co-product or by-product is normally based on the
metal’s relative value either in the mill feed or in the concentrate. The principal product is the metal
with the highest value in mill feed, the co-product is the metal whose value is higher than 50 % of the
main product, and a by-product is a metal whose value is lower than 50% of the main product (World
Mineral Exploration: Trends and Economic Issues published by John E. Tilton, Roderick G. Eggert,Hans
H. Landsberg, 1988, RFF Press).

COMMON BY-PRODUCTS

These co-elements may be present as mineral inclusions of mineral B in a host mineral A but more
frequently as substitution in the structure of host mineral A. Substitiution can occur when elements
have similar physical and chemical properties. For example, gallium can easily substitute for
aluminium due to similar ionic radius. In cases of substitution, the distribution of the co-element
within mineral A is generally complex and restricted to certain growth bands involving complex
substitution rules. In sphalerite from ElImwood mine (Tennessee), Fe-Cd rich growth bands are
alternating with Ge-, Ga-, Cu-rich bands (e.g., Bonnet et al., 2014).

The metal wheel (Verhoef et al., 2004; Reuter et al., 2005) offers a view of the link between main
products and by-products (Fig. 1). Each carrier commodity metal is associated geologically with a
unique and complex blend of valuable minor elements.
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Figure 1: The “Metal Wheel” showing the relation between carrier metals (dark blue), co-elements that have
their own production infrastructure (light blue), co-elements that have no, or limited own production



infrastructure (mostly highly valuable, high-tech metals) (white), and co-elements that end-up in residues, or as
emission (green) (from Verhoef et al., 2004).

Among the large number of minor metal by-products associated with main commodities (Fig. 1), the
most commonly recovered by-products are listed in Table 1. A more complete list has been recently
produced by Nassar et al. (2015).

Main commodity Deposit type Possible by-product

Zn Volcanogenic massive sulfide deposits, Ge, In, Cd, (Ga)
Mississippi-valley type deposits,
Sedimentary exhalative deposits

Al Bauxite Ga, (Sc)
Cu, Mo Porphyry copper Re

Cu Porphyry copper Te, Se

Cr Chromium Podiform deposits Os, Ir, Ru
Cr, Ni (sulphide) Chromium Stratiform deposits Pt, Pd

Table 1: Example of the currently recovered by-products and deposits in which they are found.

Other examples include Sc which is present at a grade of less than 200 ppm in some Australian nickel
laterite deposits. Co is also a common co-, or by-product of Ni from laterite deposits in New
Caledonia. Poland-based KGHM Polska Miedsz is consistently one of the world’s top silver-
producing companies, by recovering Ag (30 to 80 ppm) as a by-product of Cu from the
Kupferschiefer deposit.

China is by far the leading producer of several by-product metals (In, Ge, Ga...) mainly from ore
coming from different parts of the world. Contrary to main products that are generally reported
according to international standards, reporting of resources, reserves, and world production of by-
product metals by each mining operation is quite uncommon and generally not made public (e.g.,
Nassar et al., 2015; Broadbent et al., 2015).
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