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FOREWORD

This "dossier” on lead and zinc is part of a series of tech-
nico-economic studies that have been prepared under the sponsorship of
the "Commission of the European Communities” (Directorate-General for
Research, Science and Education) on some of the most critical mineral

commodities.

The decision to carry out those studies, as well as other
work to be published under the general heading "Raw Materials
Research and Development”, results from current concern about prospects
of supplying the European Community with raw materials in sufficient
quantities and at acceptable costs in the mid- to long-term.
An essential part in defining the purpose and scope of the dossiers was
played by a Sub-Committee of CREST(1) established to investigate on-
going activities in the member states, both in the areas of primary
and sscondary raw materials, in order to determine what R & D actions,
if any, should be undertaken by the Community to alleviate its supply

problems.

The dossier was prepared under contracts signed between the
European Economic Community and the following organizations from the
"pilot country” of the study - Belgium - and the "co-pilots” - France,
Ireland, Italy, United Kingdom :

1) Service géologique de Belgique, Brussels. Contract n°® 262-76-ECI-B.

2) Bureau de Recherches géologiques et miniéres {(B.R.G.M.), Paris.
Contract n® 265-76-ECI-F.

3) Institute for Industrial Research and Standards (I.I.R.S.), Dublin.
Contract n® 263-76-ECI-EIR.

(1)
Set up by the Resolution of the Council of Ministers of the European

Communities of 14 January 1974, the Scientific and Technical Research
Committee (CREST) is responsible for assisting the Community
Institutions in the field of scientific research and technological

development.



4) ITALMINIERE S.p.A. (now A,M.M.I. S.p.A.), Rome.
Contract n°® 266-76-ECI-I.

5) Natural Environment Research Council (Institute of Geological
Sciences), London. Contract n® 264-76-ECI-UK.

The dossier was first submitted in December 1977, and slightly
revised in 1978.
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PART ONE : STRUCTURE OF SUPPLY

1.1 GEOLOGY AND PROSPECTING

The introductory chapter (11.1) provides & detailed review of lead-zinc ores, including data on associated

minsrals and by-products {fluorite, barite,...) and a 1ist of currenfly mined grades in EC countries.

Chapter 11.2 by far the largest in the whole dossier, describes the deposits of the EC. Along with the des-
criptions, date are provided whenever available on past and present output of individual mines, composition

of concentrates, grades, reserves ...

1) Denmark {Greenland)

Two lead-zinc districts should be mentioned. One is the Marmorilik district, about half-way up the west
coast, with several high-grade ore bodies. Of these, two (Black Angel and Cover Zone) are known to contain
considerable tonnages. They appear to be essentially stratabound in "metamorphosed” sediments (predominantly
limestones). At the end of 1976, reserves of the Black Angel mine were estimated at 3 S00 000 tons of ore

(5 % Pb, 14 % In).

Several orebodies and prospscts have been discovered in Central East Greenland, North of Scoresby Sund.
Most of them are stratiform in Permian limestones and Triassic sandstones ("red beds”). Furthermore, veins
exist in the pre-permian basement {Mesters Vig areal). It seems safe to assume that some of these orebodies
will be minable in the future.

2) Ireland

Important discoveries have bean made in Ireland during the past 20 years : among them, Tynagh, first major
deposit to be found (1961}, and Navan, largest future producer of zinc in Europe and one of the largest in
the world, for many years to come.

Most deposits cccur in the Central Plain. Some emphasis is given'in the report to gsologicel controls of ore

deposition and to guides for mineral prospecting. The major deposits are located in the vicinity of steep
faults, some of which have been traced for more than 50 km and thus represent major structural features.
They are bound to sedimentary strata of Lower Carboniferous age; other controls, much more speculative, have
also been suggested.

The Navan deposit totals about 7 Mt Zn and 1.4 Mt Pb of proved ¢+ probable + possible reserves at one mine
and 1.5 Mt combined metal at another. Production has started in June 1977 on the largest site.

"The other two main deposits of the Central Plain are Silvermines (5.3 Mt of reserves, grading about 9 %
matal) and Tynagh.

Entirely different types of depositsoccur in the Lower Paleozoic of South-Eastern Ireland. Avoca is a volca-

nogenic deposit of copper-lead-zinc (meainly copper), with considerable reserves. Veins are hardly worth
mentioning, owing to lack of esconomic importance under prasent conditions.

3) United Kingdom

Lead and zinc deposits are known in rocks of highly varied age and nature, and over a large part of the
country. However, most of the production comes from districts such as the Northern Pennines, North Wales or
Derbyshire, which are underlain 5y the Carboniferous Limestone. Although none of these known deposits
happens to be very large, taken together they have supplied about 5 Mt of metal and significant amounts of
associated minerals (fluorsepar, barite ...). Oregbodies consist in fractures-filling veins and in replacement

“flats” adjoining feeding fissures. Large scala controls are partly hypothstical; local controls (faults,
strata, wall-rock alteration) appear to be well understood.

within the Lower Paleozoic of England and Wales, several districts were formerly producing lead and zinc,

and occasionnally copper. Most ore bodies were veins, but the Parys Mountain deposit on the island of Anglesey
belengs to the volcanogenic type and resembles Avoca in S.E. Ireland.
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Finally, lead and zinc occur in the external parts of tin-tungsten veins connscted with the Upper Paleozoic
granites of Devon and Cornwall.

4) France

0f the four currently operated mines, two (St Salvy and Les Farges) were opened on new findings. This does

suggest considerable potential in the country, still untapped.

The deposits are noteworthy for their diversity of types and for their wide range of geological settings.
A selected list would include :

a) stratabound deposits in the Paleozoic of Brittany (Bodennec, La Porte aux Moines ...), of the Pyrenses

and of the Montagne Noire area.

b) deposits in Mesozoic carbonates, in particular those of the Cevennes (800 000 t metal of past production
+ reservas,at Les Malines).

c) veins in areas of pre-Mesozoic terrane (St Salvy, about 500 000 t Zn; Les Farges, about 100 000 t Pb).

d) deposits in Permian and Triassic sandstones.

5) Benslux countries

All the important. deposits of Belgium and most of the small ones are located in the Carboniferous limestone.
Their geologicel controls resemble those of the English deposits in the Northern Pennine district. Moresnet,
largest among those deposits, provides the unique instance of an entirely oxidized ore-body.

A recent discovery of stratiform barite in the Devonian of the Ardennes Massif suggests that metalliferous
deposits may have remained undetected even in such an actively prospected district.

Small quantities of Zn and Pb minerals have been dstected in the Dutch coal mines East of Maastricht and
also at saveral localities in northern Luxemburg.

6) German Federal Republic

a) Stratabound deposits in the Palaozoic. Two of them are currently mined:at Meggen (Sauerland), reserves
amount to several Mt of ors grading 12 % combined metal; at Rammelsberg (Harz), corresponding figures are
S Mt and 20 %.

b) Mineralized vsina in the Paleozoic. Two districts are specially worth mentioning :
= N.W. Harz. Mining still goes on actively at Grund (8 Mt reserves of ore at about 10 % combined metal);
- The Bensberg district, East of K8ln, with the Lfiderich mine (closed in 1878).

Other vein-type deposits and districts in the Paleozoic should be cited, despite recent closure of mines :
Ramsbeck, in the Sauerland; the Ruhr area, where veins were discovered as a consequence of development
work undertaken in the coal mines.

c) Miscellaneous : The Mechernich deposit in the Northern Eifel, with still considerable (100 Mt) reserves
of low grade ore contained in Triassic sandstones; the Aachsn-Stolberg district, notable for being the
only one in the country where lead-zinc deposits are related to carbonates.

7) Itely

Nowadays, lead and zinc are mined in two major districts : the Southern Calcarsous Alps with 3 active mines,
and Serdinia with 15 active mines. In addition, some ore comes from Montsneve in the Axial metamorphic zons
of the Alps and from Fenice Capanne in Tuscany.

a) Mineralisation of the Southern Alps is found in the Triassic limestons and dolomites, as partly stratiform,

partly columnar/or vein-type ore-bodies. Largest deposite are Raibl (reserves = 4,75 Mt proven ors), and
Salafossa (10 Mt of reserves).

b) Sardinia, & lead-zinc province of considerable past and present importance, contains saveral types of
deposits :
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Area of greatest output and potential is the Iglesiente in the South-west of the island. Many aeposits
are associated with the Cambrian "Calcare Metallifero”; although essentially stratabound, they appear
in detail as lenses, columns or shapeless masses, often controlled by folding and faulting. Oxidized

ore prevails near the surface.

In the deposits of the Montsponi group (Monteponi, Campo Pisanc ...]'totel reserves, proven and probable,
approximate 10 Mt ore.

Another group, headed by the modern Masua mine, totals about 10 Mt proven ore. The San Giovani mine is

also worth mentioning.
Montevecchio is a large vein-type deposit with reserves approximating S Mt proven + probable ore.

Finally, the Iglesiente contains a number of “"complex deposits”, termed as such because of mixed, inter-

mediate typology : Buggerru, Arenas ...

Sardinian deposits other than those of the Iglesiente include veins (Sarabbus Silius in S.E. Sardinia :
reserves = 10 Mt proven and probable ore) and, above all, the so-called skarn mineralization of Funtana
Raminosa in Central Sardinia (reserves of Cu-Pb-Zn ore, grading a little more than 5 % combined metal :
243 000 t proven, 924 000 t probable).

—

c) The Alps and Tuscany are less important producers but appesr to deserve further study. Both areas have
vein-type deposits. Present reserves st Fenice Capanne are 800 000 t of mixed sulfides, predominantly
Pb-Zn, above the water table, and significantly more below. At Campiano in Tuscany, deep drilling has

recently found promising mineralization.

In conclusion to the description of depcsits in the EC countries, it appears that two types of geological envi-

ronments deserve special study :

- extensive sedimentary successions where limestones and dolomites prevail (carbonate sequences).

- thick and extensive marine detrital successions with locally large volcanic contributions (volcano-detrital

sequences).

Each of these major geological settings is widely distributed. The former includes the Carboniferous Limestone
of North-Western Europe, the Triaessic and Jurassic carbonate succession of France and Italy, the Marmorilik
succession in Greenland, the Cambrian carbonate succession of Sardinia ... Economic potential of this environ-
ment is illustrated by the fact that almost 20 Mt of metel have bssn mined or identified in the Carboniferous

Limestone alone.

As regards volcano-dstrital seguences, they may contain a considerable potential, largely undiscovered as yet.

Particularly promising are areas in South Eastern Ireland, Brittany, Belgium, Central Germany end the Pyranees

mountains.

Chapter 11.3 deals with the use of geophysics and geochemistry in prospecting for lead and zinc. The introductior
to geophysical methods provides an enlarged background to the study by listing date on worldwide sxpenditures

according to survey type (airborne, land ...), objective (pstroleum, minerals ...}, arsa and method.

As regards lead and zinc deposits, the direct use of geophysics is seriously restricted by unfavorable properties
of sphalerite, the major Zn-bearing minsral. Moreover, specific difficulties arise in carbonate environments.
Rather than actually detecting ore, geophysics can help to outline promising geoclogical structures; such an

indirect approach is, however, expensive and time-consuming.

The case with geophysical methods is summarized in the report as follows : "With regard to EEC couniries ...
improvements of surface methods in view of detecting orebodies at greater depths ... will bring only temporary

help. Improvements of surface methods in view of detecting favorable structures and environments are more pro-

mising avenues of research ... It is also recommended that a major research effort be undertaken in the fisld

of borehols techniques”.

'

Highlight of the report on geochemical methods is an account of exploration practice in Ireland. The statement
that geochemistry is considered "mainly responsible” for the discovery of ten Irish deposits, including Navan,
is worth remembering. It is suggested that, of all geochemical methods, rock geochemistry will contribute most

to deep discoveries.
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Future prospecting will be looking for deeper and deeper orebodiss. Bearing ‘this in mind, the authors of the
report have found it useful to present two case histories dealing with the discovery of very large North-
American deposits. It appsars that the role of repeated and extensive drilling has bsen sssential. However,
the report also insists on two preliminary conditions for discovery at depth :

1) Availability of reliable models of orebodiss;

2) Three-dimensional knowledge of lithology and structure of potentially promising areas.

A detailed presentation of discovery costs illustrates the need for improved and cheaper drilling methods.
Finally, it is pointed out that the best use must be made of every drilled hole by borshole geophysical and
geochemical technigues.

Chapter 11.4 1lists reserves and resources, both in the world and in the EC, Identified Zn and Pb resources
(excluding low grade resources) in the Community are summarized as follows :

million tons of metal

n Pb Zn + Pb
Denmark 0.5 0.175
Ireland 7.6 1.8
France 1.0
Germany {excluding data on Meggen) 1.2 1.0
Italy 3.0 1.1
TOTAL 12.3 4.1 1.0

«2 TECHNOLOGY OF CONCENTRATES PRODUCTION

The first peges of the chapter provide an introduction to the three basic steps of concentrates production :
comminution, gravimetric concentration and above all flotation. An average flowsheet is outlined, despite the
fact that variations in ore characteristics make it impossible to describe a standard procedure.

Processes and plants are then reviewed in detail. Data is thus available for each operating mins in the Community.

The conclusions for mineral processing are repeated hereafter, somewhat abridged :

a) Common Sulfide ores

"Common lead-zinc ores are floated by the direct method of successive differential flotation ... It seems that
French mills favor flotation in rather long circuits with a great number of cells; it may be interesting to
check how this system compares with the new circuits at Salafossa or Bad Grund which use a few very largs
cells. Moreover, some innovations at Greenex (Black Angel mine) and St Salvy should be examined in detail.

when the minerals are not too finely disseminated in the gangue or in another sulfide such as pyrite, well-
crystallized clean galena and sphalerite ores can generally be trsated in a preconcentrating stage in order
to eliminate part of the calcareous or siliceous gangue. It appears that heavy-media separation is only used

for that stage and there is no example in the EEC countries of gravimetric concentration by another process.

The so-called "static sink-float separation® operates only on particle sizes not under about 5 mm, and ores
sufficiently liberated at coarser sizes are not common.

It is possible to go finer with a dynamic system; it may be worthwhile to intensify the studies on such pro-

cesses in order to determine conditions for working at ever decreasing sizes.

b) Pyritic Sulfide Ores

Some large orsbodies in Europe contain pyritic ores with finely disseminated sulfides (Meggen, Rammslsberg);
the selective flotation of galena and sphalerite offers a challengs to the metallurgical enginser : beneficia-
tion requires & very fine grind to particle sizes for which flotation is difficult. A balance has to be found
between selectivity and recovery of the minerals.



There now seem to be various fields of research needing exploration in order to make the best use of this
type of ore, which could represent a significant part of the lead and zinc reserves in Europs.

c) Oxidized Ores

Uxidized ores are mainly treated in Tynegh (Ireland) and Sardinia (Italy). Although cerusite, and in one
plant pyromorphite, are floated without much problem, this is not true for the zinc oxidized minsrals.
Generally called "calamines”, these ores have a variabls composition. It is not fully known yet why some
calamines can float with a relatively good recovery and why others cennot ...

«»s It can be said that the present method of treating these ores is still questionable and that many more

improvements are needed before balanced use can be made of the oxidized zinc ores.”

1.3 METALLURGY
This chapter comprises thrse main headings :

- a review of metallurgical processes (lead pyrometallurgy, zinc pyrometallurgy, zinc hydrometallurgy and

treatment of mixed lead-zinc concentrates);
- a detsiled account of practice and plants in EC countries;

- a review of by-products recovery and uses (sulfur, cadmium, copper, tin, arsenic, antimony, bismuth, precious

metals, rare metals).

Extracts from the conclusion on practice in the EC are given hereafter :

a) Lead production

"In the EEC countries, primary lead capacity (about 700 000 t/y) is divided into two types of plants : the
blast furnace, where lead bullion is the principal product (50 % of capacity), and the Imperial Smelting
furnace (I.S.P.), where lead bullion is co-produced with zinc (20 % of capacity].

Four I.S.P. furnaces exist in these countries : Avonmouth in the U.K. {Commonwealth Smelting Ltd), Berzelius
Metallhltten in Duisburg-Wanheim, Germany (Metallgesellschaft), Noyelles-Godsult in France (Penarroya), and
Porto Vesme in Sardinia, Italy (AMMI Sarda).

Most of the lead production comes from the blast furnace, a very versatile tool that can accept varying charges
with good metallurgical results.

Many plants are fed with combined charges, sulfide and oxide ores being mixed before or after roasting; they
are sometimes combined with a significant proportion of scraps and/or wastes (such as used batteries).

In any case, lead bullion is always very impure and must undergo thorough refining, in which many by-products
of high value are recovered ...".

b) Zinc Production

In the EEC countries, primary zinc production is mainly obtained in electrolytic plants, with an installed
capacity of 1 070 000 t/y.

1,S.P. capacity in comparison is 380 000 t/y; other processes represent a total capacity of 120 000 t/y.

The large capacity of zinc and lead production in the I.S.P. is supported by a number of advanteges claimed
for this process :

a. treatment of mixed or separate lead and zinc concentrates (either sulfides or oxides), and secondary

materials (other than metal scraps);
b. recycling of materials produced by smelting;

c. potential for energy conservation : energy use is slightly less than in electrolytic plants, with lead

production as a bonus;

d. adaptation to environmental and emission standards.”
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c) By-products recovery. On this topic, the report concludes as follows :

"ess the highly technicized lead-zinc plants of the European Community are able to recover with a high
efficiency the by-products that have a high commercial value, either by the amount (like S or Cu), either

by the intrinsic value (like cadmium or the precious metals).

However, some by-products which are present in low amounts in lead and zinc concentrates, liks mercury,

selenium, nickel or cobalt, are still left in the residues or badly recovered.

In order to attain a better economical recovery of these by-products, it is felt that some kind of colla-

boration should be set up among lead and zinc producers."”

1.4 TECHNICAL ASPECTS OF SUPPLY BY WASTE

This chapter comprises 1) a presentation of secondary sources and secondary production processes of lead and

zinc; 2) details pertaining to each EC country.

It is claimed that about 50 % of the lead and 20 % of the zinc consumed are produced from secondary sources.
Thus, the recovery of scrapped batteries accounts at present for 44 % of the sscondary production of laead.

Most of the metallic zinc is used for galvanizing steel, and the problem of recovery in the dusts and fumes

of steel mills is still more or less open.

The next important use of zinc is die-casting, the major part of which is employed in automobile production;
these die-castings already represent a major source of secondary zinc, as more and more cars are dismantled
for metal recovery. Expansion of zinc die-casting recovery seems to depend partly on advance in collecting

and sorting of municipal waste.

In a few countries (Ireland, the U.K.), there are dumps containing beneficiation tailings or mstallurgical
slags; the recovery of lsad and zinc from these dumps cannot be neglected.

France and Italy have provided for the report abundant details on available residues from metallurgy, on the
availability of scrap and on prasent and potential uses of the various types of scrap. The chapter on France

also includes a paragraph on lead-zinc recovery from urban refuse.

The chapter on Italy describes a typical company, and provides comparative data with other parts of the world.
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PART TWO : STATISTICS OF PRODUCTION, CONSUMPTION AND TRADE

STRUCTURE OF PRODUCTION

Producaers of ore, concentrates and metal. Production statistics and costs

World-wide data are tabulated for mine production of lead and of zinc in metal contents {per annum 1967 to
1976), and for growth in mine production of both metals (percentage per annum over two periods : 1972/1963
and 1876/1972). As regards the EC, a decline over recent years is clearly apparent.

Similarly, tables are provided for world data on refined lead and slab zinc preduction, on plant capacities,
and on growth in production of refined lead and slab zinc (percentages per annum over the periods 1872/1963
and 1976/1972). A table lists the capacities of zinc smelters in the EC. Detailed data on production costs
in the USA are also provided.

Scrap availability

Scrap trading appesars to be a complex and highly fragmented affair, because traders operate on a great
variety of levels, from base collection upwards. One notes a strong tendency to carry out the whole chain
of operations (collection, separation, upgrading, packaging and shipping) within integrated companiss; the
report gives examples ("classes”) of such companies which perform more than one operation of the chain.

Detailed tables also provide analyses of the successive scrap processing operations, of smelters overations

(sizing, refining, melting, alloying), and of scrap processing equipments.

2) The_importance_of_lead and_zinc_scrap_in_industry, worldwide _and_in_the EC

In order to assess this importance, tables have been compiled on production and on consumption of both
metals, as well as on scrap arising from domestic sources, for each member state and for the EC as a whole
during the period 1967 to 1976. Other tables present secondary production, and secondary production as a

percentage of total production.

Some statements are extracted hersafter from the bulk of data and comments provided by the dossier.
Lead

Secondary lead production in EC countries accounts for 47 to 49 % of total lead consumption.

"Recycling of scrap lead materials accounts for 30 to 48 % of total lead demand in ths main industrialized
arsas ... The largest contribution to the recycling lead industry comes from the lead-acid battery sector,
which accounts for 40 to 50 % in the EC of total recycled material. The amount of battery scraps, and its
percentage on total recycled scrap, 1s expected to grow; as a conseguence of this, an increasing proportion
of total lead consumption will be met by the recycling industry. The need for primarv lead from mines could

level out and in the long run even decline.”
Zing

Recycling of scrap zinc materials accounts for 23 % of the totel zinc demand in the main industrialized

areas... In the four main countries, secondary zinc production makes up 28 % of total consumption.

The proportion of recycled zinc in total consumption is lower than that of othsr mein non-ferrous metals -

aluminium, copper, lead - for two basic rsasons :
i} the large extent to which zinc is employed in dissipative usas;

ii) the wide dispersion of old scrap and the conssguent problem of sconomic retriaval.
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Depending on its composition, scrap can be treated by smelting, refining, or remelting ... The report
summarizes the situation as follows : "The utilisation of lead scrap tends to follow a fairly well dsfined
pattern. Soft lead scrap arisings including ashes and residues, are recycled as secondary refined lead or
remelted low purity lead. Whensver possible alloy scrap is recycled as an alloy, making full use of the
contained alloying elements. Antimonial battery lead scrap, cable alloy and printing metals scrap are
frequently recycled for use in the same industry while excess printing metal, whitemetal bearings are
recycled as Pb-Sn-Sb alloys in solder production.”

Zinc

*Secondary zinc flow in industry mey be summarized as follows : The major user of zinc scrap is the chemi-
cal industry which produces four main products : zinc dust, zinc oxide, sulphate and chloride. Galvanizing

scrap and waste represent the basic raw material for the chemical industry.

Non-metallic residues are utilized for chemical products. Metallic residues constitute the basic feed for
zinc dust production. Dross is also utilized for zinc oxide production.

The amount of scrap residues is insufficient to cope with the demand of converters.

Brass scrap, whether new or old scrap, is used to make new articles, closely allied to the original compo-
sition, with virgin zinc only added to make up final tonnages in conjunction with additions of secondary

refined copper. 0ld brass scrap constitutes the major part of zinc old scrap.
01d rolled zinc scrap is remelted and used as metallic residues, mainly for zinc dust production.”
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Detailed data are provided for scrap availability (on the average 550 000 tons/year of lead and 450 000
tons/year of zinc in the EC) and for the recycling rate by sector of use (the rate for lead is generally
high). Forecasts are given for 1985 and 1990.

5) Conclusions

The recycling rate is considerably lower than the rate deemed theoretically achievable, A number of recom-
mendations, apart from those listed after this summary, are put forward in the dossier to improve the
situation. Some deal with general policy (improving the image of the recycling industry, introducing

incentives ...). Others are specific to the technology of lead or zinc scrap recycling.

2,2 STRUCTURE OF CONSUMPTION

Lead

Present and past trends of refined lead consumption are examined in the report for the main economic areas

of the world. There are clear indications of differential evolution within the EC.

For total consumption of lead, data exist only concerning the EC, the USA and Japan.

A review is made of total metal consumption,by uses (batteries; semi-finished products; sheets, strips and

pipes; cable sheathing; alloys; antiknock ...}.

In many of these uses, trends of consumption vary somewhat from EC country to country. The dossier presents
detailed figures from 1967 to 1976, for the EC countries, Japan and the USA.

The possibilities of substitution are deseribed and briefly discussed in the cases of batteries and of alkyl-
lead compounds (antiknock}. For other uses, a list is given, from which it appears thst the most serious
competition derives from plastics, aluminium, titanium end from technology innovations in the printing

industry.
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Zinc

The report discusses present and past trends of slab zinc consumption for the main economic arsas of the

world. As with lead, evolution of demand varied somewhat within the EC.

For total consumption of zinc, as in the case of lead, data are only available for the EC, Japan and the
USA.

A raview is made of total metal consumption by uses (galvanizing, brass, zinc die-casting, zinc semis,

zinc oxide ...).

The dossier presents tonnages corresponding to these various applications, from 1967 to 1976 and for the
EC countries, Japan and the USA.

In galvanizing, potential substitutes are the corrosion - resistant steels and other coating materials such
as paints and aluminium. In zinc die-casting, aluminium and plastics ars the competitors to zinc. These
possible substitutions are briefly discussed.

There are also various substitutes to brass applications.

2.3 INTERNATIONAL TRADE

Based on detalled figures, this part of the dossier describes international trade of concentrates, refined
metals and scraps, and cutlinss the structure of world market. The initial statement, out of which the whole
presentation grows, is that with the exception of the USA, major users of lead and of zinc are not major pro-
ducers and most trade takes place among the industrially developed countries of the western world.

The USSR, China and the Eastern Europsan countries are important producers and consumers of lead, but they
are not major importers or exporters of the metal as a group. Tables show that the USA, Western Europe and
Japan ars net importers of lead and of zinc, while Canada, Australia and some others are net exporters. In

particular, the EC is a net importer of both metals in their various forms,.

FORECAST OF CONSUMPTION

Forecasts on consumption, both worldwide and concerning the Community, wers formulated on a long term basis,
thus covering a period sufficient to consclidate some existing trends in some specific sectors (batteries,

cables, alkyl lead, galvanized sheets, zinc oxydss) as well as to care for intensified scrap recycling.

On the whole, demand in the Western world should increase at average annual rates lower than those registered
in the past, and reserves in the Western world are such as not to create problems for the satisfaction of

future concentrate demand.

Mine production in the EC is expected to climb from 135 000 tons of lead {metal) in 1976 to 230 000 tons in
1985; the corresponding figures for zinc are 332 000 tons and 700 000 tons. Figures are also provided for
metal production in 1985,

This part of the dossier mainly consists in a review of available forecasts :

1) U.S. Bureau of Mines; Mineral Facts and Problems, 1975 edition.

2) Stanford Research Institute : World minerals availability, 1975-2000, April 1978.
3) Conference "Lead and zinc in the 80's", June 1977.

4} U.S, Dept. of Commerce : U.S. Industrial outlook 1977.
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These forecasts are based on somewhat different growth rates (from 2 to almost 4 % per annum for the
whole world). It is therefore not surprising that projected consumption figures should vary.

The future of present uses and new uses 1s discussed. “New uses”, i.e. these that ars alrsady known but
not yet developed, include in particular lsad composites for electric vehicles. This has led the authors
of the dossier to give an account of the potentialities of electric car development in the USA.
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Available forecasts come from the same sources as for lsad. Again, they differ to some extent in being
based on various growth rates (between 1.4 and 3.1 % for the whole world). The dossier supplements these
data with a brief review of "new uses”, summarized from the "Research Programmes of the International

Lead and Zinc Research Organization Inc.”.

For lead and for zinc, the dossier gives and comments forecasts of total metal consumption in the EC (inclu-
ding metal from scrap), by uses, for the years 1985 and 1980, and outlines the degree of foreign dspendence

of EEC countries.
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INTRODUCTION

Zinc and lead balances for the Community, borrowed from part 2.4
of this report, are presented in the following tables. They show that
in 1976 mine production accounted for about 20 % of the total zinc

consumption and 10 % of the total lead consumption.

Proposals presented in this chapter aim at increasing the
degree of self sufficiency of the Community. They belong to four fields :
geological exploration, mining technology, mineral processing and
metallurgy. The last three fields have already reached a high degree
of scientific development. In comparison the first one is in its
infancy : although some very elaborate techniques are used, there is no
well established scientific method allowing a systematic ssarch for
orsbodies concealed at depths of more than 50 or 100 m.
As a result, proposals concerning geological exploration aim at deve-
loping new strategies. Proposals concerning the other fields are more

technical.



ZINC BALANCE IN THE COMMUNITY

(unit : a thousand metric tonnes of contained'metal)

1972 1976
Mine production 363,7 332,3
Net Import of ore 764,5 918,7
Total slab production | 153,4 i 130,4
Net import of slab 133,5 8,6
Slab consumption | 352,6 | 207,4
Direct use of scrap 285,7 379,2
Total consumption | 661,2 +-611,1

LEAD BALANCE IN THE COMMUNITY

(unlt : a thousand metric tonnes of contained metal)

1972 1976
Mine production 169,2 135,3
Net Import of ore 254,2 195,5
Net Import of lead bulllon 201,9 234,9
Production of primary refined {ead610,3 600, 4
Net Import of refined lead 145,4 113,9
Secondary production 607,3 623,6

Total consumption i 301,1 | 308,3




R1 EXPLORATION

R1.1. OLD MINES. PRODUCTION AND RESERVES

Many thousands of zinc and lead deposits have besn discovered
and mined within the territory of the EEC countries over several
centuries. Together they yielded enormous amounts of metal : about
6.5 Mt (million metric tonnes) in the United Kingdom, 3.3 Mt in
France, 2 Mt in Belgium, perhaps 10 Mt in Italy and more in the
Federal Republic of Germany.

All but a few of these old deposits were abandoned at the end
of the 19th or during the first half of the 20th century. Most were
of very small size and many are now depleted. Some wers, however,
abandoned with substantial quantities of unmined ore, sithser because
mining was not economic at depth, or because the remaining ore was not
amenable to treatment, with the technology available at the time.

In order to exploit such resources again, however, one needs to
re-open a mine, which requires proving a minimum reserve at a minimum
grade; this may be very difficult, especially whers the underground

workings are no longer accessible.

Of the few deposits that are still mined at the present time,
some have reserves sufficient to keep them in production for a number
of years. For exampie Rammelsberg in F.D.R. has been operating for
more than 1000 years; according to Friedensburg (1971), this deposit
produced 3 Mt of metal during the period before 1865 and at that
time contained enough ore to yield another 1.12 Mt of metal; Rammelsberg
is now said to have about 10 years of reserves at the current produc-
tion rate.

Presumably further investigation will prove additional reserves
in some of these o0ld mining areas.

R1.2. NEW MINES. THE RATE OF DISCOVERY

Substantial unexploited zinc and lead (Zn and Pb) reserves are
known to exist at the present time in Greenland, Ireland, France,
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Germany and Italy. They amount to a total of at least 17.5 Mt of con-
tained metal. It is remarkable that a large part of these reserves ars
found in orebodies that have been discovered in the last 20 years.

These orebodies are :

- Black Angel in Greenland
- Tynagh, Silvermines and Navan in Ireland
- Les Farges and Saint-Salvy in France

- Salafossa and Masua in Italy.

Similarly a sizeable part of the current production comes from

newly discovered orebodies. This part will increase dramatically
with the opening of Tara mine at Navan, Ireland, which

will contribute more than 200 000 t -Zn and 40 000 t Pb per year.

Although there has besen a high rate of discovery of new reserves
in several EEC countries, the highest rate is observed in the Republic
of Ireland. This is due in part to a favorable geological environment
but undoubtedly also to an intense exploration programme, maintained
over a long period of tims. During the last few years, 75 to 150 km of

(1)

exploration holes have been drilled per year for Zn and Pb in the

Republic of Ireland, which is much more than in all other EEC countries.

If exploration was more intense in all EEC countries, a more

acceptable degree of self sufficiency would be reached.

R1.3. THE NEED FOR CONTINUED EXPLORATION

At the planned mining rate of 2.5 Mt of ore per year, the very
large reserves known in thse neswly discovered deposits at Navan will
be depleted in less than 30 years. Most probably additional reserves

will have besn found in the meantime in these deposits.

1)
These figures do not include development drilling taking place

around operating mines nor auger drilling used for deep geoche-

mical sampling.



The figures show, however, that bacause of the high outputs that must
be obtained nowadays to ensui'e economical operation by amortizing the
original capital investment as quickly as possible, few Zn and Pb mines
can live for more than a few decades. On a world as well as on an EEC
scale the supply of metal cannot possibly be maintained unless new

orebodies are discovered at an adequate rate.

It must also be emphasized that considerable lead times are in-
volved in each phase of development of the mining industry. It takes
years to design, test and apply a strategy of exploration; several more
years to delineate an orebody and prove reserves; several years of
development work are again needed before production starts. It is there-

fore essential that exploration projects are undertaken in due time.

An additional complication is that some of the deposits that are
or will be discovered are likely to remain unexploited because of
environmental regulations or non-amenability of the ore to trsatment
or for some other technical, financial, or political reason. This makes

it desirable to maintain a high rate of discovery.

R1.4. THE CHANCES OF EXPLORATION SUCCESS IN EEC COUNTRIES

New orebodies have recently been discovered by surface mapping

in East Central Greenland. If further investigation shows that they are

minable economically, this area would become a new mining district for

non ferrous metals.

New orebodies have alsc been discovered in the Central Plain of

Ireland and in old mining districts such as the Armorican Massif and

the Pyrenees in France. It remains to be seen whether they are large
enough to make them minable assuming economic and other conditions are
suitable in the next few decades. A few other deposits are known in
Ireland, France, Germany and Italy where drilling has failed, until now,
to prove reserves or a grade that 1s quite high enough to warrant
mining. Further study, i.e. in most cases further drilling, may reveal
that some of these deposits are minable, and could support new mines

within a few years.



-6 -

Furthermore, most experts agree that in a number of areas in
Greenland, Ireland, the United Kingdom, France, the Benelux countries,
Germany and Italy, minable deposits of Zn and Pb are concealed at
shallow of moderate depth, awaiting discovery. The search made in the
previous centuries and up to 1950 was thorough, but for the most part
limited to deposits with surface outcrops and tending in each area to
be directed to a particular type of orebody, the geological features

of which were locally well known.

Comparative studies of orebodies in different areas are begin-
ning to suggest the value of renewed exploration even in old mining
areas or areas otherwise dismissed as unpromising. From that point of
view an exchange of information and experience between experts belonging

to different countries is essential.

Questions arise therefore, not about the existence of undisco-
vered deposits, but about the techniques to be used to discover them
and about the cost of their discovery. With regard to the latter, the
common belief that ore deposits are easier to find in Canada or in
Australia is no longer well-founded. According to Derry (1975, in
Downes and Burton, 1977) : "In Ireland to 1973, 14.8 million pounds
spent resulted in 4 previously unknown orebodies, whereas in Canada,
the cost of discovering an orebody averages 6.12 million pounds and in
Australia the cost is still higher”.

In fact exploration in Canada in recent decades has been so
intensive that L.S. Collett, a well-known expert, has recently written :
"It is doubtful that any major new deposit within 30-60 m of the sur-
face will be found, at least in Canada, by the present exploration
methods since most favourable areas have besen covered at least once by
geophysical methods”. (In Govett and Govett, 1976).

R1.5. AREAS IN THE COMMUNITY TO BE PROSPECTED IN THE FUTURE

As shown in chapter 11.2, there are many districts in Greenland,
Ireland, the United Kingdom, France, Belgium and Luxemburg, Germany and

Italy where Zn and Pb are or were mined.
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Most of these districts have bsen explored for centuries. None of them
however has been explored so thoroughly and so deeply that new discove-

ries are ruled out.

On the other hand there are areas which for geological reasons
are considered favorable to the occurrence of Zn and Pb deposits and

which have not yet produced ore.

From a geological point of view, "favorable” districts include
all the Variscan massifs and the lower part of the post-Variscan
sedimentary succession. In the following, an effort has been made to
select areas which, on the basis of currently available information,
appear especially promising. In these "highly favorable" areas, disco-
veries can be expected at a lower cost and within a shorter time than
in the others. The selection is not intended to mean that other "favo-

rable” districts have no potential at all.

On the other hand, "unfavorable” districts are those underlain
by a few hundred meters of strata younger than the Triassic in most of
the Community, younger than the Jurassic in the areas surrounding the
French Massif Central. Yet these are considered "unfavorable” on the
basis of purely smpirical observation. There is no scientific law
which prohibits the presence of Zn and Pb deposits in these younger

strata.

Within the territory of EEC countries, several districts are
considered "highly favorable” from the point of view of Zn and Pb
exploration. All of them should be explored actively. They belong
mostly to two broad geological enviromnments : the carbonate sequences

and the volcano-detrital sequences.

1. The Marmorilik District, Greenland, Denmark

It is reasonably likely that additional reserves can be found
in the Marmorilik district (section 11.22.C) where a mine is already

active.
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2. The Central East Greenland District

It is also reasonably likely that reserves can be proven in the
Central East Greenland District where orebodies and mineralized outcrops
have been found by surface mapping. This district is the only one in
the Community which is practically virgin while displaying so many

favorable features.

3. The Central Plain of Ireland

According to Derry (1975, in Downes and Burton 1977), an average
of 84 t of Pb and 235 t of Zn has been identified per square kilometer
of land surface in the Lower Carboniferous strata of Ireland. Compara-
tive figures for North American Palaeozoic carbonate strata are 38 t
of Pb and 43 t of Zn.

In spite of the several major discoveries made in the last
twenty years, the Central Plain of Ireland is still considered an area
with much potential, where deeper exploration will result in new disco-

veries.

4. The volcano-detrital belts of the Southern Caledonides in Ireland

The volcano-detrital succession of the Caledonides of Ireland
(section 11.23.1I), which has not been prospsected as intensely as the

Lower Palaeozoic strata, is also conslidered attractive.

5. The eastern continuation of the Northern and Southern Pennines, in
Great Britain

Particularly interesting areas for future exploration are the
eastward continuations of two districts which were very productive :
the Northern Pennines and the Southern Pennines (sections 11.24.C and
E).

The following is borrowed from a report prepared by I.G.S.

{(1977) for the present dossier :



"Northern Pennines -

Targets might include the continuation of the Carboniferous
Limestone eastwards below younger strata. The greatest concentration
of mines occur in the Alston Block whose structural characteristics
appear to extend at least 12 miles offshore. Mineralized Carboniferous
Limestone may therefore extend eastwards below the Durham coalfield
along the Stockdale monocline, or along the continuation of the Craven
faults. The eastern edge of the Askrigg Block is probably near
Darlington with the Cleveland Basin beyond. Mineral values associated
with the Craven reef limestones on the Yorkshire/Lancashire border

have been encouraging.

"Southern Pennines -

One of the most interesting target areas for lead-zinc minera-
lization in the U.K. is probably the continuation of the Carboniferous
Limestone sastwards below the Permo-Triassic in the Eakring-Newark area.
Lower Carboniferous rocks of block facies with fluorite and barytes
mineralization have been proved during oilfield exploration drilling
in this area. The limestone is overlain by shales and contains volcanic
horizons, making it worthy of further study. The southeastern end of
the Eakring-Foston High is the most promising part of the anticlinal
structure. Another favorable structure, the Kiveton-Egmanton Anticline
may represent Lower Palaeozoic sediments and granite host rocks for
channelways feeding solutions to the Lower Carboniferous - Millstone

Grit boundary”.

6. The Armorican Massif, France, (section 11.25.C), where several

interesting discoveries have been made recently and where more can
reasonably be expected as a result of increasing experience. No mining

takes place at the present time in this area.

7. The Axial zone of the Pyrénées, France, (section 11.25.D), where

geological models are being developed which will make exploration

more efficient.



8. The Bordure Sous-Cevenole, France, (section 11.25.G), where two

mines are presently active. This area has been much explored but
remains attractive. Deeper exploration might reveal favorable structures

which have not been observed at the surface.

9. The belt betwsen Namur, Belgium. and Aachen, Germany, extending
northward to Maastricht in the Netherlands.

The Northern District of Belgium, which has already yielded
much metal, remains the most favorable one, in particular because of
the new vistas opened by the recent discovery of Chaudfontaine. This
district extends north of Liége towards Maastricht in the Netherlands
under a cover of flat lying sediments. The Carboniferous Limestone

pressent below this cover is an attractive target.

10. Large districts underlain by Middle and Upper Devonian strata in

Germany

Much of the Variscides in Germany remains favorable land.
Because the large deposits of Meggen and Rammelsberg are located near
the boundary between Middle and Upper Devonian strata, it is rather
natural that exploration is focused on that particular stratigraphic

interval.

The three-year programme of exploration which was recently
completed must have delineated particularly favorable districts
within the rather large area where Middle and Upper Devonian strata

are observed in Germany.

11. South and Central Sardinia, the Southern Calcareous Alps, and

Tuscany, Italy

The large producing districts of Sardinia and the Southern
Calcareous Alps (sections 11.28.E and H) remain especially favorable
land where new discoveries can reasonably be expected as a result of

renswed exploration.

Tuscany (11.28.G) is another highly favorable area where the
orebearing Triassic strata should be explored in depth more systemati-

cally.
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R1.6. NEW MINING DISTRICTS

Except for Central East Greenland, all the "highly favorable” arsas
Just mentioned are old mining districts. They will be described in chapter
11.2 of this report, with the types of orsbodies and their geological controls.

The possibility of entirely new mining districts in the British
Isles or in continental Europe should also be entertained. As mentioned
above, there are areas which for gasological reasons are considered favo-
rable although they have not yet produced ore. In these areas, little or no
information is available about the type of orebodies which can be expected,

so that only reconnaissance work can be rescommended at this stage.
Among these new possibilities, the following are noteworthy :

1) Margins of the Southern Caledonides in Ireland, Wales and Scotland.
Zn and Pb deposits are known in quartzites of Lower Cambrian age along
the south-eastern margin of the Caledonides in Scandinavia. Among'them.
Laisvall with 40 Mt of ore at 4.5 % Pb and 0.5 % Zn. Similar deposits
are found in somewhat younger strata along the western margin of the
Caledonides in Newfoundland. The basal formations of the Lower Palaeo-
zoic succession in the British Isles should therefore be sexplored
(Scott, 1976).

2) Northern France and western Belgium.
The Carboniferous Limestone is known to occur from the English Channel
to beyond the Belgian border under a rather thin cover of horizontal
strata of Mesozoic and Cainozoic age. Since the same Carboniferous
Limestone has proven so fertile both to the sast and to the north-

west, this arsa is worth a preliminary study.

3) Calabria.
Geochemical anomalies have bsen found in an 10 000 km2 area underlain
by Triassic dolomites in Calabria. A stream sediment survey has already
been carried out. Further work will show which of the anomalies deserve

more study.

R1.7. DIFFICULTIES OF EXPLORATION

Against this background of undoubted potential it must be recognized
that exploring for concealed deposits even at shallow depths is difficult,
costly and slow. No geological, geophysical or geochemical method can be
expacted to detect all concealed deposits with certainty. All methods may

give rise to spurious results.
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The information obtained must therefore be carefully analyzed and the

conclusions constantly reviewed as each new pisce of evidence is added.

The difficulty of exploration and the need for persistence is
illustrated by the deposits at Navan, which the first surveys failed to
detect and which were eventually discovered in 1870, many years after

the beginning of the post-war period of intense exploration in Ireland..

Since in the future,deposits will have to be found at increasing
depths or under more opaque overburdens, exploration will become corres-
pondingly more difficult, costly and slow unless new strategies and new
technologies are developed. The appropriate research into these new

methods needs to be commissioned now.

R1.8. SELECTING TARGET AREAS

In much of Western Europe, there are indications of Zn and Pb mine-
ralization, so that some kind of reconnaissance work can be recommended
(see chapter 11.5). The surface to be explored is very large and methods
are needed to select arseas where the probability of a discovery is high,

or to discard areas which are considered less favorable.

One method of selecting target areas is to use broad geophysical
and geochemical reconnaissance surveys. These surveys use a variety of
geochemical and geophysical techniques which share the common objective of
locating some kind of anomaly relative to the general background charac-
teristics of the region. In order to ensure a statistically objective
survey, measurements are made along traverse lines or on a pre-determined
grid pattern which bear no relationship to the geological nature of the
ground in the region under examination. Since the measurements must be
made in great numbers, they must be quick and inexpensive, which generally

rules out those made in boreholes.

Geological methods are also used : they consist in identifying
large~scale geological features, such a large faults or high-rank strati-
graphic units, which are thought to control the emplacement of orebodies

and with which the orebodies are spatially associated.

In practice several methods are often used simultaneously to select
target areas. But with regard to exploration for Zn and Pb deposits in
Western Europe, it seems that research is most needed, and can be under-
taken at a reasonable cost, into the geological environment in which such

deposits occur. With this in mind, the following suggestions are made :

a) A major drawback of geological methods has often been that geological

features fortuitously associated with an orebody were erroneously



b)
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thought to have controlled its emplacement. To avoid repetition of
such mistakes, often related to ill-considered or premature accep-
tance of one particular scientific theory, a comprehensive study of
deposits considered representative of each important type should be
undertaken (or completed if it is already in progress).

Detailed proposals are presented in section 11.29 of this report.
They aim primarily at unravelling the processes of ore deposition.
If these processes were better known, more models of orsbodies
could be designed which would be more reliable and would fit better
the geological features of each particular area. It would also
become possible to inventorize the traps where, in sach area, ore

might have deposited. The ssarch would become more systematic.

Laboratories belonging to different schools should contribute
to these studies in order to avoid bias in favor of the locally
accepted theories and to allow a systematic search for characters
fitting the various theories. All the laboratory and field methods
available at present should be used to determine which geologicsal
features are causally associated with the deposits. Only deposits
which have been extensively drilled should be considered for such

studies.

Geological methods can be used only if the regional geology is well
known. This condition is fulfilled for most areas within the EEC
countries. However much of the information useful to the exploration
geologist is not readily available to him because it is scattered
through a multitude of papers and reports written by specialists for
specialists of some other geological discipline. An effort should

be made to collect and screen all the useful information relative

to each favorable area and to publish it undser a suitable form.

No doubt progress is also possible and desirable in reconnais-

sance geophysics and geochemistry, if only because for some types of

deposits (vein-type for example) geological controls are 1likely to

remain rather indefinite. It is particularly desirable that techniques

should be designed that are capable of revealing anomalies originating

at greater depths or which can discard spurious anomalies more efficiently;
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the development of such techniques would in any case benefit greatly from
an improved knowledge of geological controls of orebodies. This is one
more reason to emphasize the need for progress in geological methods as

a first priority.

R1.9. FOCUSING ON THE OREBODY

Once an area has been selected for detailed exploration, more
refined geophysical, geochsmical and geclogical methods are nesded to
select drilling sites and focus progressively on the orsbody. At that
stage as the arsa to be covered is smaller, samples can be collected
and measurements can be made at narrow intervals, not only at the sur-

face but also at depth.

With regard to this stage of exploration also, some progress can
be expected from the improvement of surface geophysical and geophysical

techniques which should become capable of deeper penetration.

However most importantly, methods have to be developed which make
better use of the many holes drilled during exploration campaigns and
of the samples obtained from them. It is quite remarkable that these
holes and drill core samples are often so little used. All geophysical,
geochemical, psetrological and geological techniques should be marshalled
in order that ons may determine whether a drill-hole has passed closes
to an orebody and at what approximate distance. This will require the
development of down-the-hole measursment methods on one hand and on the
other identification of haloes of all types, shapes and dimensions
which may exist around each types or orebody. Research concerning down-
the-hole measurement methods should aim at decreasing cost as well as

at increasing performances.

R1.10. DRILLING

At all phases of exploration and development of an orsbody,
drilling is necessary and comprises much of the cost. There is no doubt
that in the future more and mors ©f it will be needed.
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Any improvement in drilling techniques which can make it cheaper

will therefore help greatly in discovering new orebodies.

However the cost of drilling depends on many factors in addition
to technology. From a preliminary survey which has recently been made,
it appears that a four-fold variation is observed between different
EEC countries although the same technologies are available in all of
them. It is suggested that a special study group examines how drilling
could be made cheaper in all EEC countries.

R1.11. SUMMARY OF MAIN CONCLUSIONS AND RECOMMENDATIONS

The main conclusion of this report is that it is possible to main-
tain a high rate of discovery of Zn and Pb reserves in EEC countries
during the next decades and hence increasa the supply of locally-pro-
duced metals in those countries.

The main recommendation is that new R and D projects should be
commissioned without delay along the following lines :

a) a comprehensive study of deposits representative of each important
type should be undertaken so as to identify their geological controls
and genetic processes with all possible certainty.

b) a comprehensive study should be undertaken of each favorable area
with the purpose of collecting all information concerning geological
features of interest.

c) down-the-hole geophysical methods capable of determining whether a
drill-hole has passed close to an orebody should be developed and
tested.

d) a major effort should be undertaken to identify rock-geochemical and
other primary haloes around each type of orebody.

It is recommended that under the auspices of the commission a
permanent working group supervise the work suggested above.
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Other recommendations are the following :

a) all "highly favorable districts” mentioned in section R1.5 should be

actively explored;

b) reconnaissance work should be carried out in many other districts

(see chapter 11.5 of this report);

c) the collection, critical examination and publication of significant
information about zinc and lead deposits in the Community should be

improved and accelerated.

R1.12. ADDITIONAL RECOMMENDATION

Underground mines afford good opportunities from the point of
view considered in this report : by drilling from deep workings, it may
be possible to explore volumes of rock which could not be reached from
the surface except at much greater expense. Before a mine closes down,
the possibility should therefore be examined to use it as a base for

deep exploration.

This is not only true of Zn and Pb mines. Many coal mines have
been closed in North-Western Europe during the last twenty five years.
Some of them could have been used advantageously to explore the
Carboniferous limestone which underlies the coal-bearing formations and
is known as a favorable host rock for Zn and Pb, or to explore faults
suspected to be guides to ores. Many such opportunities have however

been lost.

R1.13. MINERAL RIGHTS

Even if powerful techniquss are available and if prospects are
good from the geological and economic points of view, exploration may

be hindered by legal restrictions.

In several European countries it may be difficult or impossible
to obtain mineral rights over an area which is large enough for modern
methods to be used. Sometimes it is even difficult to know who owns the

mineral rights over a particular area. The mining law may be such that
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owners of mineral rights are allowed to keep them indefinitely sven if

they do not proceed to any sxploration work.

Such inhibiting factors must be removed and a system of incenti-

ves has to be designed instead, if exploration is to become more active.

R1.14. ENVIRONMENTAL CONSIDERATIONS

In many parts of Europe, public opinion has been so much impressed
by the environmental damage caused by the old quarries and mines that it
has become very suspicious towards all forms of mining. However with
the advent of modern techniques, environmental damege can be controlled

to a very largs extent in favorable cases.

The threat that local authorities or public opinion would oppose
mining projects even if all safeguards are obtained, may also greatly
inhibit exploration. It seems essential that guarantees are given con-
cerning the permission to mine a prospective deposit before the very
largs expenses required for proving reserves and delineating the orebo-

dies are made.
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R2. MINING TECHNOLOGY

R2.1. Few problems of mining technology are specific to Zn and Pb.
However with regard to the supply of these metals from mines within EEC
countries, it would obviously be advantageous to encourage the use of
methods by which orebodies are completely removed, without pillars being
left behind. Research on such methods would be worth the expenss in the

case of large orsbodies.

It would also be advantageous to lower the cut-off grades as much
as it is economically feasible. In fact the degree of recovery is de-
termined in each mine according to various geological, technological

and economical criteria which may not guarantee a maximum recovery.

R2.2. Untapped Zn and Pb resources (Chapter 11.4) consist of :

- Low grade deposits. These resources include :

a) A large deposit at Mechernich, Germany, estimated at 2 or 3 Mt of
metal;

b) Other deposits in Sardinia, Italy, in the southern part of the
French Massif Central, and in the northern part of the Vosges
Mountains in France. These low grade resources are recoverable
only in part. If however they could be mined economically, they
would contribute significantly to the supply of Zn and Pb within
the Community.

- High grade- low tonnage deposits. These resources include several iden-
tified orebodies in Ireland and Germany, amounting together to 1 Mt

of metal. In addition they include the downward continuation of many
vein type deposits, the shallower parts of which have been mined out.
The amount of metal contained in the latter group could be significant.

- Concealed and deep seated deposits. The Llargest untapped resources are

thought to lie in undiscovered orebodies of adequate tonnage and grads.
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As shown earlier in this report, it has now become possible to
locate orebodies at depths of several hundred meters, at least
under favorable circumstances. The technology required for mining
at such depths is already available.

R2.3. An effort should be made to refine and systematize the gathering
of resources and reserves data so that a running inventory of the metal
available in the Community can be kept. Simultaneously, future produc-
tion rates should be calculated according to the various scenarios which
appear likely.

R2.4. Often in the past it proved advantagesous to re-open Zn and Pb
underground mines which had been abandoned several decades earlier
during a period of low metal prices.

Because metal prices keep fluctuating widely, it may be again ne-
cessary in the future to abandon a deposit which is not depleted but
has become uneconomical and appsars likely to remain so in the fore-
sesable future. In such a case, it would be worth studying the most
sconomical way to keep the workings accessible or at least to presvent
them from being damaged excessively by underground waters and other
destructive agents.

Among other measures of conservation, it should also be recommen-
ded that tailings are kept in places where they can be retriemd if for
some rsason they contain an unusually high amount of some useful mine-
ral or metal.
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R3. RESEARCH AND DEVELOPMENT RECOMMENDATIONS FOR MINERAL PROCESSING

R3.1. EXCHANGE OF INFORMATION

We first recommend frequent meetings of scientists and technicians
in the field, in order to :

- get acquainted with the other's practice;

- compare various solutions to the same problem;

- compare various innovations and check their possibilities of applica-
tions in one's own field;

- share with others the practical experience in the control and automa-
tization of beneficiation systems, in order to collect snough data

for modelling and integrated command by computer.

It may be worthwhile to survey scientific socleties, academic
departments, and public organizations that could help in the initiation

of such meetings, under the sponsorship of the EEC Commission.

R3.2. OPTIMIZATION OF PRESENT MILLS AND APPLICATION OF ADVANCED
TECHNOLOGY TO SMALL PLANTS

Much remains to be done before a beneficiation plant can be com-
pletely controlled for constant optimization of metallurgical perfor-
mance. If it is true that scaling-up of milling operations has often
been the result of the drive towards improved efficisency, it is also
true that the large producers have had the greatest incentive and means

for developing and introducing new methods and equipment.

There is probably now room for a systematic effort to make more
of such progress applicable to smaller unexpandable operations, whose
exploitation is one of the possible ways of expanding mineral reserves.
For example, automation, which has greatly contributed to the exploita-
tion of large deposits, cannot yet be applied to those plants that need

the greatest help from technology (on account of their size or ore grade].

A technical and economical inquiry could be made into the possi-

bility of evaluating presently existing models, and extensively automating
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small grinding-classification circuits or flotation processes. This
could be done with a minimum number of extremely reliable sensing els-
ments and measuring devices; a small computer would control the
operation on the basis of simple mathematical models. For flotation
processes, flotation kinetics is still in question, and a deeper look
into the theories and applications in the field would be most valuables.

In this respect, it must be strongly emphasized that a rigorous
scientific treatment can take ysars before being translated in practice.
A more experimental approach might be very useful if results, even

though not perfectly reliable, can be applied immediately.

The research program should thus aim not so much for perfection
as for simplicity and low investment and operating costs. It could be

carried out as follows :

- investigation on already-adopted or proposed mathematical models, and
research on new ones for general or specific mineral processing appli-

cations;

- inquiry into existing equipment, and involvement of manufacturers in
the development of simpler, more reliable, and more easily repairable

devices;

-~ study of better psychological approaches to the training of operators,
in order to obtain their willing and intelligent integration into the

system;

- research on the rather high zinc content of many sulfide tailings,
either old ponds or newly produced ones, and on remedies which can be

applied : stronger collectors, regrinding, longer flotation time, etc...

R3.3. FINELY DISSEMINATED SULFIDE DRES

The treatment of the finely disseminated ores, generally with a
pyritic matrix, has been only partially solved. It is unlikely that
flotation alone can provide high selectivity and recovery, in comparison
with common Pb-Zn ore (coarsely-grained and particularly clean). However,
several approaches can be taken to improve on the present results, not-
withstanding the fact that a complex sequence of metallurgical and mi-
neral beneficiation processes might turn out to be the most economical

from all points of view.
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Mineral processing research could be aimed at :

- the production of a bulk sulfide concentrate at a not-too-fine particle
size, the very fine regrinding of this concentrate, and the selective

flotation of galena and sphalerite;

~ the production of a mixed lead-zinc concentrate at very high recovery

to feed metallurgical processes such as the I.S.P. furnace;

- the development of very selective reagents, working specifically on
fine sizes, either in selective flocculation of one of the sulfide

minerals, or in selective flotation.

R3.4. PRE-CONCENTRATION STEPS

As already pointed out, only the sink-float process is used in
the EEC countries for the pre-concentration of sulfide ores and for the
beneficiation of bulk oxidized ores.

After a detailed survey of present applications and the results
obtained, it should be interesting to promote research to improve the
operation of dynamic cyclone-type machines, checking the results by a

systematic use of the Tromp curve.

Gravimetric concentration in hydrocyclones should be thoroughly
investigated in many different systems, to ascertain its limits and to
obtain the greatest efficiency in present applications.

Since several ores contain various amounts of iron oxides, it
could be interesting to check the possibility of preconcentration in high-
intensity wet magnetic separators which could remove some of the slimy

materials that can impede the correct flotation of oxidized zinc minerals.

R3.5. FLOTATION OF FINE OXIDIZED ZINC ORES

In the treatment of finely ground ores, flotation still retains
the most important role. Its replacement by other processes is not fore-
seen for the near future. The use of flotation for the beneficiation of
oxidized zinc ores (and therefore the possibility of exploiting them

with good recoveries and low costs) has so far been hindered by two facts :



- 23 -

- the unselective and weak collecting effect of ordinary amine promoters

on the extremely fine smithsonite and hemimorphite;

- the detrimental influsnce of the slimes on selectivity and recovery of

the coarser sizes, when the above-mentioned promoters are used.

A complete solution of the problem would require the discovery or
development of reagents that retain their selectivity in the presence of
slimes, and have a strong collecting action on the extremely fine oxidi-
zed zinc minerals. These effects can be sought either directly by
straight flotation or indirectly through selective flocculation.

The development of a reverse flotation process to float the gangue

instead of the metallic minerals may also be proposed.

A partial solution, which would accept the loss of finest fractions,
may be found among existing methods of obtaining low-cost separation and
elimination of the finest fractions. Energy consumption, wsar, cost of
equipment and difficulties of operation oppose this solution for the
moment. It is possible, however, that research will improve the desliming
step by cutting at finer sizes and obtaining a sharper classification.

The possibility of improvements, especially as far as energy is concer-
ned, may be found in the combined effects of centrifugal force and

physical chemistry.

The reserves of ores whose recoveries and treatment results could

be improved are :

- in Sardinia, about 15 million tons assaying 1.5 % lead and 7 % zinc;
- in France, upper zones of sulfide deposits, such as Saint-Salvy;
- in Ireland, 1-2 million tons assaying 1.5 % lead and 7-20 % zinc.

R3.6. BULK FLOTATION OF SULFIDE AND OXIDE LEAD AND ZINC MINERALS

At present, a complex, partially-oxidized lead-zinc ore must often
be subjected to 4 or S flotation steps, and requires considerably high

grades in order to be economical.
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The availability of an Imperial Smelting furnace does not change
the situation substantially, because the mineral dressing process can-
not take full advantage of the possibilities offered by metallurgy,
such as the treatment of mixed lead-zinc charges with separate produc-

tion of lead bullion and zinc vapor.

In fact, mineral processing can make neither a bulk of the

oxidized lead and zinc minerals nor a bulk of these with sulfides.

This problem is not completely unrelated to that of R3.5 and pro-

perly aimed research may even find a solution for both.

In Sardinia, which has an I.S.P. furnace, the amount of presently
recognized reserves that would benefit from new possibilities for bulk
flotation is no less than 10 million tons, and some possibilities may

exist in Southern France.

R3.7. SELECTIVE FLOTATION OF VERY POOR MIDDLINGS (WITH RESPECT TO PURE
GANGUE)

So far, preconcentration by gravity has been considered the most
important means of lowering treatment costs by discarding part of the

material at an early treatment stage.

Increased labor costs, the introduction of larger grinding and
flotation equipment, and concern for the need of increasingly high reco-

veries have considerably reduced the interest in this type of treatment.

Furthermore, lower-grade ores, for which preconcentration is more
desirable, seldom display satisfactory liberation at sizes for which
the cheapest and more precise gravity preconcentration methods are

effective.

The existence of collectors (or combina.ions thereof) more power-
ful and selective than the present anionic types would enable the elimi-
nation (by flotation) of some free gangue after a comparatively coarse
grind; this would limit the amount of fine grinding often necessary to

liberate valuable minerals.
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Such a procedure is gensrally not possible with present reagents,
because a substantial amount of mineral-gangue middlings cannot be
floated, and would thus be discarded with the gangue.

With normal ores (particularly if low-grade) and with the help of
cells for coarse feed, the introduction of a flotation step between rod
and ball milling could be considered. The new reagents would enable the
reduction of grinding in favor of cheaper regrinding. The treatment of

ores heretofore considered too low-grade may thus become possible.
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R4. RESEARCH AND DEVELOPMENT RECOMMENDATIONS FOR METALLURGY

R4.1  PRIMARY PRODUCTION

R4.11. LEAD SMELTING

Lead smelting in blast furnaces still has a long way to go before
being entirely satisfactory. Despite the progress already made after
years of research, it seems that several investigation fields can still

be proposed.

First of all, it is clear that the blast furnace should be consi-
dered as obsolete. It requires a perfectly dead-roasted charge (of uni-
form composition and particle size), the use of coke as reducing agent
and furnace fuel, a limited amount of low-melting materials in the charge,
the collection of many impurities in the bullion (resulting in s long
refining procedure), and so on. But this unit offers a very high versa-
tility, accepts mixed charges with recycled materials, scraps or residues,
and provides an economic means of recovering small quantities of valuabls
metals (precious metals, for instance)] from various sources. Bulk lead
recovery is about 96-98 %. Significant improvement has been shown in
sintering practice when an updraft is applied to roast high-lead charges;
it may be worthwhile to transform most of the lead directly into metallic
form during sintering, thus increasing the next furnace's capacity. It
may also be useful to look further into the behavior of the minor elements,
into their volatilization possibilities, and into the production of a

gas richer in 802 for H 804 production.

2
Research may also carried out on the sintering of pelletized char-

ges, leading to increased production rates on the same machine.

Blast furnace smelting should be investigated thoroughly, in
order to build a sufficiently elaborated model which could predict, con-
trol, and design the furnace'’s operation. This research appears to be
urgently needed, as we still don't really know what happens when the
blast is oxigen-enriched, when fuel or gas are injected through the
tuyeres, and so on. There is a need for a mathematical model of the fur-

nace as such, and another one for the metallurgy of the smelting operation.
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Coupled with direct and automatic chemical analysis, this model
could lead to the immediate control of the furnace, resulting in a steady-
state operation under the best sconomical operating conditions at all

times.

One of the disadvantages of the blast furnace lies in the treat-
ment of fine flotation concentrates rich in lead. For this type of
metallurgical feed, a number of new processes have been proposed in the
past 20 years, and some of them are now in operation; examples are the
Boliden electric furnace and the Lurgi short rotary furnace used in
Yugoslavia. There are other proposals, such as the KIVCET cyclone furnace
(designed in the USSR} and the direct.smelting of sulfide charges in
some type of converter or flash furnace. It is suggested that all these
processes be thoroughly and critically evaluated, and that the most

promising systems be piloted through a common study group.

However, the evaluation of hydrometallurgical processes cannot be
neglected; lead is soluble in aqusous solutions only in nitrate or hot
chloride systems, and these solvents are expensive. Nevertheless, it
would certainly be worthwhile to look at some proposals already made

and concerned by the use of organic reagents for selective extraction.

These hydromstallurgical processes could be the answer for the
treatment of difficult ores in small orebodies, or of lean ores (not

amenable to mechanical concentration) in big orebodies.

R4.12. LEAD REFINING

It does not seem advisable to suggest a research program aimed
primarily towards the adaptation of a continuous refining process to the

conditions of the European lead smelters and refineries.

i.ack of clean ores from European orebodies results in the smelting
of foreign concentrates containing a number of by-products. Since lead
is a powerful solvent for many metallic and semi-metallic elements,
flexibility is neseded in the flowsheet and in the lead refining capacity.

Through recycling, the commonly used Harris process gives a

high lead recovery and produces a very pure metal.
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Its operations are complex, and a lot of by-products must be treated to

recover the valuable metallics or to eliminate the noxious ones.

A number of excellent papers, describing theoretical as well as
practical research, have thrown somes light on the different steps of
pyro-metallurgical refining; this work must be pursued in order to get
a better understanding of the mechanisms leading to improved industrial
methods. It would also be useful to obtain a better selectivity, leading
to higher by-product concentrations in the phases where they are reco-
vered. Research might first be directed towards the improvement of the

decopperizing step and of precious metal and bismuth rsmoval.

There seems to be no expansion of the electrolytic refining pro-
cess, which is based on a lead fluosilicate-fluosilicic acid electrolyte.
A sulfamate-based refining process was introduced, but it was soon
dropped in favor of the classical one. The problem here is the discovery
of a better slectrolyte, enabling a decrease of energy, reagent, and

labor costs.

R4.13. ZINC PYROMETALLURGICAL SMELTING

In the E.E.C. countries, zinc pyrometallurgy is restricted almost
entirely to the Imperial Smelting furnace, the remaining horizontal
retort furnaces, if any, being converted to zinc powder production.
Vertical retort and electrothermic furnaces are exceptions which might

not to be repeated.

Imperial Smelting furnaces still suffer from a number of disad-
vantages : consumption of expensive coke as a reducing agent, high
content of zinc in the slag (but slag quantity is moderate), dross,
dust and fumes in the condenser, high rotor wear, low quality of zinc

produced, etc ...

However, taking into account its advantages, it is certainly
worthwhile to increase our knowledge of the intrinsic processes and thus
better control the operations. Research could therefore be developed in
the following fields :
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- elaboration of a mathematical model of the furnace, first considered
as a chemical reactor (vertical tubular reactor with moving porous bed,
comprising heat and mass transfers), then considered as a metallurgical
tool treating complex charges with numerous components distributed in
many products (gases, fumes, slag, lsad bullion, matte and/or.speiss).
It could perhaps be linked with the elaboration of similar models for
the lead blast furnace; a single working group could work on both

subjects, with possibly two sub-groups;

- research on the decrease of coke consumption, either by the use of an
oxygen-enriched blast, or by fuel-oil or natural-gas injection through

the tuyeres;

- research on the behavior of the slagging components, for better control

of the slag and a decrease in its zinc content;

- improvement of the condenser operation, in order to reduce the amount

of dusts and drosses produced during zinc cooling.

Zinc refining is best operated by selective distillation in
columns. The original New Jersey design has been perfected by Overpelt,

and most units sold in Europe are produced by Mechim.

A recent improvement has been made on the three-column refining
unit by eliminating the intermediate condensation step and carrying out

the operation in one column.

R4.14 ZINC HYDROMETALLURGY

R4.14.A. CURRENT ELECTROLYTIC PROCESSES

I. INTRODUCTION

The most important breakthrough in zinc production technology
in the past 25 years is, undoubtedly, the development of new processes
in most sections of thes zinc electrolysis flowsheet. Sixty-five per cent
of the present capacity of zinc production is due to the hydrometallur-
gical process. This is not surprising when one knows of the important
progress made successively or simultaneously in fluidized-bed roasting
(vieille Montagne- LURGI reactor), hot leaching of residues, iron preci-
pitation by the jarosite process (Electrolytic Zinc of Australia -
Asturiana de Zinc - Norske Zink) or by the goethite process (V.M.],
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continuous reverse purification (V.M.), and automatic stripping of the
cathodes (MITSUI - PORTO MARGHERA - V.M.).

It is clear that many points remain to be explained and many
new techniques to be discovered and applied, but it is these improvements

that permit the electrolytic process to be so successful (figure),

2. ROASTING

Overpelt and Prayon (partly) excepted, all the zinc hydrometal-
lurgical plants in the E.E.C. use the V.M.-LURGI fluidized-bed reactor.
This unit has achieved a high degrse of safety; it still must achisve
better control of the sulfate sulfur amount, although iron precipitation

processes can help to discard the excess of SO, ions. It would also be

interesting to better correlate the leaching r:sults with the roasting
conditions, and to investigate calcine with modern characterization
techniques so as to discriminate its different components (ferrites, for
instance) and to observe their behavior. Comparison should be made with
Dverpelt fluidized-bed reactor, fed with a prepared charge, which gives

very good metallurgical results.

3. LEACHING

All the newest plants recently built in Europe include the hot
leaching of residues in strongly acidified spent slectrolyte. While zinc
is practically entirely dissolved in this way, iron is simultansously

brought into solution and must be subsequently removed.

The new leaching process, with its ability to dissolve the zinc
ferrites, has permitted the increase of zinc dissolution from 88-90 %
to 96-98 %. Only a very small proportion of soluble zinc is drawn along
with precipitated iron.

It seems that not much can be done to further improve the
leaching step, and that progress will be limited to minor developments.
However, it could be rewarding to collect information on the different
leaching procedures, still of variable complexity, and to evaluate the
different flowsheets for zinc recovery, ease of iron precipitation,

maintenance, corrosion, etc ...
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4, LEACHING RESIDUES

Improvements in the leaching process have resulted in the
appearance of new problems related to the disposal of residues or to the

recovery of contained values.

Hot leach residue contains the gangue, with lead and silver as
the principal valuable metals; iron precipitate (either jarosite or

gosthite) is very bulky, wet, and not chemically stabilized.

It appears, therefore, that ressearch must be conducted as

follows :

-~ to find a process to transform the jarosite or goethite, either in solid
product that can be disposed of without any environmental risk (or, at
best, used in some way), or in a series of valuable metallic compounds

(mainly iron-based), leaving a harmless fipal residue;

- to find a separation method able to concentrate silver and lead in a
product which can be profitably sold to a lsad smelter, or to find a
metallurgical process giving the metals directly.

5. SOLUTION PURIFICATION

Significant progress has resulted from the application of the
new V.M. continuous reverse purification. Further improvements can be
expected in that field, but it may be wise to look at processes other

than the older chemical treatment.

Investigations on zinc electrolyte purification may thus be
carried out by techniques like ion-exchange, solvent extraction, or com-

bined physico-chemical methods.

6. ELECTROLYSIS

As zinc electrolysis is highly sensitive to the presence of
many impurities in the electrolyte, it should be worthwhile to continue

the research on the influence of foreign ions on zinc deposition.

Research could also be done to further investigate the role

of the lead anode which is responsible for a 0.6-0.8 V overpotential,
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and which also, at high current densities, introduces lead into the

cathode.

It would also be fruitful to share practical experience in the
design and control of automatic stripping machines, which represent a

major economical breakthrough but can still be perfected.

R4.14.B. OTHER PROPOSED PROCESSES

A number of metallurgical processes have been proposed for the

extraction of zinc.

There seems to be two areas of useful research :

- treatment of silicate ores in a circuit parallel to the present zinc
leach-electrolysis cycle. Problems arise since the silica is partly
dissolved by the spent electrolyte. It must therefore be precipitated
in some way without carrying too much zinc. Processes now operated in

several countries may be usefully compared.

- direct treatment of the sphalerite (by leaching at high temperatures
and pressures) to get rid of the sulfur as the element and not as 802.

In many places production of H280 is a heavy burden on zinc metallurgy;

4
it is suggested that a complete survey be made of all the processes
proposed for the treatment of sphalerite concentrates without evolu-
tion of 802. either by hydrometallurgical or pyrometallurgical

processes (fused-salt electrolysis, for instance).

R4.15. TREATMENT OF ZINCIFEROUS SLAGS

Most of the zinc contained in lead concentrates smelted in a

blast furnace passes to the slag.

For years, these slags have been treated in some plants by a

fuming process in the so-called "slag-fuming furnace”.

Even though it is not yet clear whether this fuming process is
of a thermodynamic or kinetic nature, hundreds of thousand tons of slag
are fumed every year to produce a zinc-rich oxide most suitable for

hydromstallurgical extraction.
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It appears that this process is not used in E.E.C. countries (Crotone,
in Italy, is fuming the leach residues in a "cubilot” blast furnace);
slags, containing a significant amount of metal, are disposed of mainly
as building materials. When zinc prices are as low as at present,
recovery from the slags 1s economically questionnable, but anticipation

of the future needs can induce a modification of the present opsrations.

Current practice is to fume the slag with the addition of fine
coal to the blast. The use of fuel oil for coal has been successfully
developed by Bulgarians. This has no bearing, however, on either the
principles of process, or the use of costly reducers in an energy-consu-
ming operation. It has been suggested to make use of new fuming designs
to save fuel; one of the proposals is the cyclons furnace, as pioneered
in Australia. However, it must be concluded that without specific incen-
tive, such as Governmental legislation, there is at present little

prospect for better metallurgical use of zinciferous slag.

R4.16. LEAD AND ZINC RECOVERY FROM MINING AND METALLURGICAL RESIDUES

Residues generated in the lead and zinc primary metallurgy,
during ore beneficiation and concentrate transformation into metal, are
generally stored at zero value. Technological improvements result in the
successive recycling of these residuss with the double view of recovsring
the metal contained and increasing the smelter productivity. The energy
crisis, together with a changing world structure in relation with raw
material supply, accentuated the need for their optimum use so as to
preserve unrenewable resources and, as far as European countries ars
concerned, to minimize their dependance from abroad as well as to improve
their commercial balance. Moreover, processes which, although widely
used, are characterized by a high energy consumption are affected by the

price increase of fusls.
Residues previously neglected may be profitably treated in the
future if improved technology can be found which saves fuel through

new reagents or procedures.

Available residues consist of

- fractions of lead-zinc oxidized ores which, due to their chemical and

4
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physical characteristics, are not susceptible of being immediately be-

neficiated through conventional gravimetric and flotation processes;

- slags from primary metallurgy of lead and zinc concentrates.

Recycling of part of these residues is carried out on an industrial
scale by rotary furnace volatilization of lead and zinc and production
of a mixed metallurgical concentrate. This process is becoming increa-

singly too expensive as far as fuel and reducer prices are also increasing.

Several countries of the E.E.C. are faced with the problem of
recovery of lead and zinc from such residues, which in Sardinia only
contain about 350 000 t zinc and 65 000 t lead. Taking into account the
fact that some residues ars still continuously produced, economic inte-

rest cannot be disputed.

It is recommended to carry out a research following three phases :

- residue characterization through sampling of stocks, general chemical
analysis (by-products included); morphological and structural analysis

to develop research methodologies and to facilitate the choice of :

a) physical separation techniques;
b) alternative metallurgical techniques (chlorine or sulfur metallurgy);

c) alternative slag formation techniques.
- laboratory testing of the techniques developed above.

- pilot-plant scaling-up to desvelop the industrial processes.

R4.17. TREATMENT OF LEAN ORES AND MATERIALS

There are several ores and/or materials with a low lead and/or
zinc content, that could prove a valuable source ef these metals

(*valuable” here is used metallurgically, not economically]).

1. Sulfide ores will not be discussed; fine grinding methods and flotation
schemes capable of good beneficiation results will hopefully be found.

2. There are several European orebodies with some lsad and zinc present
mainly in oxidized minerals, very often finely disseminated in an
oxide gangue (limestone, dolomite, iron oxides). Unfortunately an

acid leaching process is, at present, out of the question.
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Research could therefore be proposed on the possibility of applying

an alkaline leach or, more generally, a hydrometallurgical process
that would not attack the calcium and magnesium carbonates. Such a
process could, in many cases, bescome a complete or partial alternative
to flotation of oxidized ores. The possibility of applying fluid-bed
leaching could be considered as a possible low-cost alternative to
other more common methods. Since it seems possible to electrolyze

zinc in caustic soda solution, a complete flowsheet of the process

should be evaluated.

3. In situ leaching has been suggested for the treatmsnt of lean subsur-
face ores; this proposal cannot be rejected, but it appears that
several conditions must be fulfilled before such a system could be
viable. The main problem 1s the development of a rather cheap solvent,

and the recovery of the metal from very dilute streams.

4. Lead and zinc are present in minute quantities in iron ores and con-
centrates, and in galvanized recycled materials. Thus, thsy appear in
blast furnace dusts in recoverable amounts. Iron metallurgists are
presently sponsoring, through CECAS's specialized committees, several
studies on the beneficiation of these dusts by various procedures
(some not yet disclosed or published). It may be useful for iron and
non-ferrous metallurgists to work together in order to attain their

goals more rapidly and/or more safely.

R4.18. PARTICULAR RESIDUES

It is worthwhile to mention that cadmium is only found in zinc
ores, and is produced by the metallurgical treatment of several products

arising during the production of metallic zinc.

All the proposals cited above cannot be tested without taking

into account the recovery of cadmium.

Moreover, all the effluents from the metallurgical plants of
either type will probably contain heavy metals such as lead, zinc, cadmium,

etc ..., which must be recovered.
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Here again, all the proposals for new or improved metallurgical
processes cannot neglect environmental aspects as far as gases, fumes,

and liquid effluents are concerned.

R4.19. CONCLUSION

Despite years of research on improving the extractive metallurgy

of lead and zinc, it remains a field open to much investigation.

It does not appear that a single academic laboratory or company
can have such a broad spectrum of skill and facilities to successfully

tackle the various problems cited above.

If the European countries want to get a much better position in
the resource pattern for lead and zinc, there is a need for serious
collective work, based on a systematic survey of the interssted bodies

in either universities, research laboratories, or industrial companies.
May it be suggested that such a common enterprise be undertaken

without delay, even on a minor or marginal subject, in order to test

the running of this type of project.

R4.2  SECONDARY PRODUCTION

R4.21. SECONDARY LEAD

Recovery of lead from scrap, wastes and residues seems to be
rather complete at present. A stricter control could be applied to the
collection of lead sheathed power and communication cables, for which

present recycling rate is low.

Since lead in tetraethyl-compounds is not recoverable as long as
automobiles are not constructed with "in place” recovery systems, most
lead used in other applications will be recovered after more or less

time.
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A study can, however, be recommended to survey the relative
merits of the different processes used now for scrapped batteries.

Ideal capacity and safe control of pollution may thus be determined.

A general survey of the used batteries business should be ini-
tiated to determine the best collection methods, advantagss of treating
wet or dry batteries, right way to separate the different parts (made

of various materials]), etc ...
It may also be worthwhile to look into the behavior of lead in
several hydrometallurgical processes which are proposed to recover com-

pletely the metals contained in a variety of scrap, wastes and residues.

No Research and Development actions are to be considered for

lead recovery from obsolete products.

R4.22. SECONDARY ZINC

Zinc scrap, wastes, and residues are much more diversified than
the corresponding lead materials. Most scrap and wastes collected and
sold by dealers must be carefully sorted before retreatment. This ope-
ration can be tedious and expensive, especially when other materials

such as plastics, rubber, grease, contaminate the metallic parts.

Wastes and residues in which zinc metal is mixed with other
components are often treated by a preliminary mechanical separation. A
new milling process using an Aerofall grinding unit has recently been

proposed.

Zinc recyclable from flue dust in iron and steel mills in the
E.E.C. countries is estimated of the order of 80 000-90 000 tpy. Faci-

lities must be provided to recover zinc (and lead) from these dusts.

Fabrication of galvanized sheet and strip gives trimmings that
are scrapped. Since it is recycled with zinc still on it, the metal is
lost out the stack of the steel furnace or is collected by air pollu-
tion control equipment and dumped. None of the clippings are recycled

for their zinc content, although they contain 4 - 5 % zinc.
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An economic method for separating the zinc from the steel would increase
their value and would reduce corrosion of steel furnace refractories

and make air pollution control easier. Sixty to sixty-five thousand

tons of zinc may be recyclable in clippings in 1885-1990. Research and
development action should be undertaken to develop an economical

process for the direct recovery of zinc from galvanized clippings.

Nearly all zinc-base alloy scrap is in the form of die-castings,
which vary in size from grams to a few pounds. They often contain inserts
of steel, brass, or other materials; 30-35 % of the die-castings are in
autos and the remainder are attached to large amounts of other materials
in home appliances, machinery, or farm equipment. Inserts of other
metals can be easily removed; larger easily-accessible die-castings can
be removed by hand; smaller non-accessible die-castings can be removed
by disintegration and separation equipment such as auto hulk shredders;
separation from ferrous metals is easily made magnetically. Fragmented
scrap, non-magnetic auto-shredder reject, in its worst form (a mixed
package with rubber, plastics, fabric, glass) does not make suitable
feed. The product must be cleansed of non-metallics. Integrated pro-
cesses are proposed for the tresatment and separation of the non-ferrous
metals contained in shredders concentrates. Research may be undertaken
to look in the low recycling rate of die-castings scrap, and to develob
better equipment for selective and mechanized separation of zinc,

aluminium, and copper.

Brass mill and all brass foundry products are generally consi-

dered as copper scrap and treated in copper recovery plants.

Close to half of zinc oxides are scrapped as constituents of
rubber products. Economical recovery of zinc oxides from scrap rubber
products might be possible if economical recycle of rubber is carried
out, or zinc can be recovered as flue dust if scrapped rubber can be
burned as fuel. Research may be proposed to develop processes for the

recovery of materials from tires and other rubber products.
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PART 1.1.

GEOLOGY AND PROSPECTING



UNITS :

The only units of mass used in this report are
the gramme (g), the kilogramme (kg), the metric tonne
(t) and the megatonne or million of metric tonnes (Mt).
In quotations, however, other units appear (short or

long tons, ounces ete...).

The only units of concentration are the percent
(%) and the ppm (part per million or gramme per tonne).

When quantities were originally expressed in other
units, conversion factors were applied. In some cases we
found that in the original source the units used were
not specified with precision ; errors may have resulted,
which are, however, thought to be few and minor.

QUOTATIONS :

Text between brackets are our own translation if

the original source was in French, German or Italian.



CHAPTER 11.1 - ORES

11.11 - MAIN FEATURES OF LEAD-ZINC ORES

11.11.A - GRADE

Many common rocks contain a few ppm or a few tens of ppm of zinc
and lead (1 ppm = 1 gram per ton). The winning of the metals from such raw
materials would be so expensive that it is never undertaken or even contem-

plated. Only rocks of gquite abnormal composition can be used as ore.

In the past, ores have been mined, which contained more than 50 %
combined metal (Zn + Pb). Very limited amounts of them could however be
found so that, progressively, ores of. lesser and lesser grades came to be
used. This evolution required new technologies in the fields of mining,
beneficiation and metallurgy. But it happened that roughly speaking, on a
global scale, the improvement of technologies kept pace with the depletion

of the richest ores.

Nowadays, with a 33 % average grade, the Kabwe mine in Zambia stands
as an exception. A 10 % average grade is considered quite attractive. And
mines are opened to produce ores containing 4 % combined meta1&1Elthough

occasionnally rich orebodies are still found.

Data concerning grade in European Pb-Zn deposits mined at the pre-

sent time are summarized in table 11.11.1.

(1
) For example the Elmwood Mine in Central Tennessee with 4.5 to % % 7Zn and

no Pb; or the Viburnum n® 27 Mine with 0.23 % Zn, 2.9 % Pb and 0.17 % Cu
{Kyle, Econ. Geol., 1976, p. 892 and Grundmann, kcon. Geol., 1977,

p. 348). Both are underground mines.
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TABLE 11.11.1. - Grade of some Zn and Pb deposits currently mined
in the E.E.C.

Zn (%) Pb (%) Ag (ppm) Cu (%)

Black Angel, 14.7 5.2 28 800 ppm Cd

Greenland
Tara, 11,43 2,35
Silvermines

upper G 9,2 2.4 22

lower G 3.4 4.5 34

B 6.07 3.5 ?

Tynagh,

zone II 3.23 4.06 46 0.28

zone III 4.45 2.44 14 0.05
Les Farges, - 5.7 105 barite
Noilhac -

Saint-Salvy, 6 to 15 50 to 120 germanium
Rammelsberg 12 to 13 6 to 7 100 0.5
Grund 4 to 5 3 to 4 100 0.1
Meggen 11 1.2
Liiderich 7 1.5
Monteponi 2.95 2.20
Campo Pisano-

Funtanaperda 7.11 0.20
Seddas Moddizzis 5.92 0.85
Acquaresi, Montecani

Masua and Nebida 4,85 1.64 4
San Benedetto 3.70 1.80 5
Rosas 2.01 0.10 3 0.28
San Giovanni 6.85 1.5 7
Montevecchio 3.5 1.7 13 0.04
Funtana Raminosa 3.0 1.4 1.0
Buggeru -

Su Zurfuru 8.0 1.1 5
Fenice Capanne 5.2 1.1 0.3
Raibl

(sulfide ore) 4.4 0.5

(oxyde ore) 7.8 1.1
Gorno 4.4 0.85
Salafossa 4.0 0.7



11.11.8 - MIXED ORES

It is well known (and clearly displayed in table 1) that lead and
zinc are often associated in ores. One can hardly overemphasize the tech-
nical and economical importance of this fact, which has recently been un-
derlined by Mr. Tom Borresen at the recent meeting in London (Mining
Journal, June 24, 1977) :

"OJut of a total mined lead output of around 2.6 million tons some 1.6
million was recovered from mixed ore which as defined by the Lead-Zinc
Study Group are those in which the proportion of lead to zinc is in the
range of 1 to 4 and 4 to 1. Considering zinc, mined output from mixed ore
accounted for nearly 2.6 million tons of the world total of 4.3 million

tons of primary zinc output”.

11.11.C - MINERALOGY OF ZN AND PB

Zn-Pb ores are heterogeneous mixtures of minerals. Some of these
are Zn and Pb compounds, which can be conveniently classified as sulfides
and as oxidized ores, the latter group including carbonates, silicates,
‘sulfates, stc ...

Most Zn and Pb ores currently mined are sulfide ores. Oxide ores
occur mostly at the surface or at shallow depths so that many of their
deposits are mined out. Ores where sulfides and oxides occur together are

also found.

A few interesting propertiss of major Zn and Pb minerals are sum-
marized below (see Palache et al., 1944, and Wedepohl, 1968, for more
detailed information).

Galena, which is the most widespread Pb mineral and the only common
sulfide of Pb, corresponds rather closely to the formula PbS (86 % Pb).
As impurities, it contains small amounts (less than 50 ppm) of Mn, Ni, T1,
Sn and Cd, and larger ones (up to a few thousands ppm) of Ag, Sb, Bi and As.
Of these impurities, Ag is the most important economically. Ag-bearing
sulfides such as acanthite-argentite (Agzsl or mathildite (AgBiSZJ form
limited solid solution with PbS,
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In addition Ag-bearing minerals such as native silver, acanthite and tetra-

hedrite are often found as minute inclusions in galena.

Other Pb-bsaring sulfides, much less common than galena, are :

Name Formula Pb content Impurities
Jjamesonite quFeSbss14 40 % up to 3 % Cu, 6 % ZIn
boulangerite Pb55b4s11 55 % traces of Zn, Ag, As
bournonite PbCquS3 42 % much As, some Ag and

Zn

Cerusite (PbCDa) contains about 77 % Pb with small amounts of Zn,
Ca and Mg as impurities. Anglesite [PDSO4] contains about 68 % Pb.

Sphalerite, which is the most widespread Zn mineral and the only
common sulfide of Zn, corresponds approximately to the formula ZnS. Usually
the Zn content is however significantly below the 67 % suggested by the for-
mula, because sphalerite contains many impurities, some of which are quite
abundant :

Fe up to 25 %

Cd, Mn 5 000 ppm
Ga, Gs, In 100 ppm
Sb, As, Se, Hg 30 ppm
Au, Ag traces

The main oxide minerals of Zn are :

smithsonite (ZnC03) with about 52 % Zn and various impurities {up to 10 % Fe,
1 % Mn, Ca and Cu)

hemimorphite : Zn4 (OH)2 51207 H,0

hydrozincite H Zn5 (co (OH)2

3)2
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11.11.0 - OTHER MINERALS PRESENT IN ZN AND PB ORES

Many minerals occur in Zn and Pb ores. Those mentioned in this
report are listed in table 11.11.2. Among them, a few may be recovered for
the production of some other metal (Cu, Ag, Bi for example): others can be
used as minerals (barite and fluorite for example). Most are waste material.
Common gangue minerals found in Zn and Pb ores are calcite (CaCUB). dolomite

(CaMgCZUSJ, quartz (SiUzJ, and various silicates.

Among the useful minerals occurring in Zn and Pb ores, the following
are noteworthy :

Native silver
Argentite-Acanthite
Pyrargyrite
Proustite
Chalcopyrite
Tetrahedrite

Tennantite
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TABLE 11.11.2

Minerals mentioned in this report

(the figures between brackets are the Zn and Pb contents)

SULFIDES

Arsenopyrite
Bismuthinite
Boulangerite
Bournonite
Chalcopyrite
Covellits
Galena
Greenockite
Jamesonite
Marcasite
Mispickel
Polybasite
Pyrite
Pyrrhotite
Sphalerite
Stannite
Stibnite
Tennantite
Tstrahedrite

CARBONATES

Ankerite
Azurits
Calcite
Cerusite
Chalybite
ODolomite
Leadhillite
Malachite
Otavite
Siderits
Smithsonite
Witherite

FeAsS (mon., -, -)
51253 (orth., -, -)
PbSSb4S11 (-, 55)
PbCquS3 (-, 42)
CuF382 (tetr., -, -)
CuS (hex., -, -]

PbS (cub., -, 87)
€ds (-, -)
P‘b4FeSbBS14
FeS2 (-, -)
arsenopyrite
(Ag, Cul, Sb, S,,
FeS2 (cub., -, -)
Fe, S (- )

ZnS (cub., 67, -)
Cu,Fesns, (tetr., -, -)
Sb253
(Cu, Fe)12

[’n 40)

[-o =)

As4 343

(Cu, Fe)12 Sb4 313

Ca (Fe, Mg, Mn) (003)2 (trig.,
Cu3 [C03]2 (OH)2 (mon., -, -J
CaCD3 (trig., -, -)
PbCO3 (orth., -, 77,5)
Siderite
CaMg (003)2 (trig., -, -)
(see sulfates)
Cu2003 (DH]2 (mon.,
CdCD3
F8C03 (trig-. “» -]
ZnCOs (trig.. 52.10 -]
BaCUa (orth.)

-)



3. SULFATES

Anglesite

Barite (Baryte)

Gypsum
Lanarkite
Leadhillite

4, PHOSPHATES

Pyromorphite

5.

Cryolithe

Fluorite
(fluorspar)

6. SILICATES

Calamine

Chalcedony
Hemimorphite
Kyanite
Pyrophyllite
Quartz
Sericite
Staurolite

Tremolite

7. OXIDES
Hematite

Psilomelane

Rutile

8. HYDROUS OXIDES

Goethite
Limonite

PbSO4 lorth.. “» 5803)
BaSO4 (orth., -, -)
CaSD4.2H20 (mon., -, =)
Pb20 (504] (mon., -, 78,7)

qu (Sq4] (C03)2 (OH)2 (mon., -, 76,8)

Pb5 (C1) (P04)3 (hex., -, 76,2)

N53A1F6 (monc; “ -]

Can (cube, -, =)

hemimorphite

sometimes hemimorph. + smithsonite
fine-grainaed variety of quartz
Zn481207 (OH)Z-HZU (Orthon 54.3) -)
A125105 (tricl.. “» -]

A12814010 (OH)2 (mon.,

3102 (trig-. “» -)

a fine grained member of the Mica group
(Fe, Mg, Zn) Al9 Si4 023 (0H) (orth., -, =)

Ca Mg S1,0,, (OH), (amphibole)

-, -)

alpha-F9203 (trig., -, =)

a general term for massive, not specifically identified,
hard manganese oxides

TiD2 (tet.)

alpha-FeO (OH) (orth.)

a general term for hydrous iron oxides, mostly goethite
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Native silver does not as a rule consist of pure silver. This element is

alloyed with variable (often small) quantities of mercury and gold. It is

often found associated with galena or oxyde minerals of Pb.

Argentite-Acanthite (AgZS). Pyrargyrite [Ag33b83) and Proustite (AgBAsSB)
are rare minerals, the value of which results of their high silver content.

Chalcopyrite [CuFeSz) is a major source of copper.

Tetrahedrite (Cqu4S131 and Tennantite (CuAs4S13) ars copper minerals but
they may contain

Ag up to 18 and 14 % respectively
In 8 9%

Bi 4 13 %

Co 4 1%

Nt 4

Hg generally less than 1 %

Pb generally less than 2 %

11.11.E - COMPOSITION OF CONCENTRATES

There is no common sulfide or oxyde mineral which is rich in both
Zn and Pb. As a result it is in principle possible to obtain separate con-
centrates of Zn and Pb after crushing and grinding the ore. In practice
however this operation may be very difficult if the mineral grains are too
small or too complexely interlocked with each other. The technology of
concentrate production is dealt with in part 1.2 of this report. The com-
position of the various concentrates obtained from the Navan, Ireland, and
Black Angel, Greenland, deposits are shown in tables 11.11.3 and 4 respsec-
tively,
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TABLE 11.11.3

Concentrates obtained at Navan, Ireland

(by courtesy of Tara Mines Limited)

Monthly composite analysis

LEAD FLOT. ZINC FLOT. ZINC LEACH MILL FEED FINAL
CONC. CONC. CONC. TAILINGS
in % 7.18 57.06 55,57 9.52 1.08
P % 62.87 2.22 2.23 2,04 0.36
Fe % 4.09 0.32 0.84 4.10 1.598
MgO % 0.13 0.48 0.29
Ba % 0.51 2.04 1.12
Hg p.p.m. 16 62 56 16 {1
NI % 0.029 0.010 0.010
Sb 1.08 0.1 0.10
As 0.326 0.139 0.086 0.060 0.067
Ag g/t 210 67 64 18 6
Mn % 0.012 0.016 0.014
Cu 0.05 0.10 0.11
Cd 0.032 0.210 0.210
F £0.02 £0.02 <0.02
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TABLE 11.11.4

Concentrates obtained at Black Angel, Greenland

(by courtesy of Greenex A/S)

ELEMENT MILL FEEO LEAD CONC. ZINC CONC.
Pb 4,5 % 69.0 % 1.9 %
Zn 15.0 % 7.0 % - 58.8 %
Fe 16.0 % 2.1 % 4.8 %
Ag 28.8 g/t 36.16 g/t -

S - 16.2 % 33.5 %
Bi - 0.002 % -
As - - 0,002 %
Cd 0.08 % 0.04 % 0.32 %
Hg - - 0.007 %
ELEMENT ZINC CONC. LEAD CONC.

Cl - 0.051 %

Au 0.03 g/t 0.16 g/t

Ag 12.8 g/t 387 g/t

Cu 0.16 % 0.43 %

Sb - 0.065 %

As - 0.052 %

Hg - 0.00085 %

Sn 0.003 % 0.006 %

Bi - 0.01 %

T1 0.0001 % 0.0001 %

Se 0.0001 % 0.0007 %

Te €0.0001 % 0.0003 %

F - 0.002 %

A1203 0.08 % 0.08 %

Mn 0.02 % -

Ca0 0.6 % 0.5 %

Mg0 - 0.16 %

sio 0.4 % 3.1 %
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As illustrated by these tables, and for the reasons mentioned
above, Cd tends to be associated with Zn and Ag, Ag and Sb with Pb in the

concentrates.

The commercial value of concentrates is strongly dependent on the
nature and amounts of impurities. For example Cd, Ag and Au increase the
value while Hg, As and Sb tend to decrease it. Mg is undesirable in con-
centrates to be treated in electrolytic plants. Few definite and permanent
rules can howsver be given in this matter. Each smelter has its own fequi-
rements. These requirements may change with changing technology. In
addition small quantities of rather impure concentrates can be accepted by

a particular smelter if they can be mixed with purer concentrates.
At the present time, because of more severe environmental regula-
tions, Cd is becoming less desirable and Hg more undesirable than they were

in the past.
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11.12 - BY-PRODUCTS AND CO-PRODUCTS OF ZN AND PB

11.12.A - METALS AND MINERALS

Barite (BaSO4). witherite (BaCUsl. fluorite (Can). chalcopyrite
(CuFeSz), pyrite and marcasite (FeSzl. are minerals commonly associlated
with galena and sphal