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3. ABSTRACT

Wollastonite is one of the newest fibrous materials incorporated into the industria
sector of production of new materials, ceramics, plastics, composites, paints, medical
materials, etc., and as a substitute for the prohibited asbestos.

There are very few” depositsin production in the world and there is very little
knowledge to act as a guide for the prospection and evaluation of this mineral. The
specifications for commercia wollastonite products and the industria processing involved in
their preparation are largely secret. However, the steady growth in the use of wollastonite
seems to have converted it into a strategic raw material for many new materials.

Severa wollastonite deposits located in three areas of Europe; Spain, Greece and
Sweden, have been studied and technologically and economically evaluated. To this end it
has been necessary to develop different methodologies and the broad know-how needed for
the prospection and beneficiation of the mineral of these deposits, as well asfor itsuse in
certain products in the ceramics sector.
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4. INTRODUCTION

Wollastonite (CaSiO;) is aminera of relatively new use. It has only been produced
on art industrial scale for the last fifty years, and production has only reached an important
volume over the last two decades.

The positive characteristics of wollastonite most commonly divulged are: low
chemical reactivity, capacity of exfoliation in minute needles, high brightness and an
extremely low loss on ignition (LOI), as well as an average pH of 9.9 in a 10% hydrous
durry.

The skirn-type deposit produced by metasomatism in contacts of limestone rocks with
igneous intrusions is recognized as being the most common model.

The exact figures for production and distribution for different uses are not well
known, the most recently published estimates being those found in Raw Materials for
Pigments, Fillers & Extenders (2nd Edition, 1995) by Industrial Minerals, which are a sum
of 10 producers of natural wollastonite (464,000 t) and some 10,000 t of synthetic
wollastonite produced mainly in Europe.

Wollastonite producer s
Company/country Production capacity (tpa)
Majors
NYCO, USA 200,000
R.T. Vanderbilt, USA 40,000
Lishu Wollastonite Mining Industry Co., 70,000
China
Wolkem, India 60,000
Partek Minerals, Finland 30,000
Minors
Eprom, 1,182
Chile (1993 production)
Minerales y Maquilas del Norte SA de CV, 11,000
México (1993 production)
General de Minerales 5A, 19,000
Meéxico (1993 production)
Namaqua Wollastonite Pty Ltd, 1,500
South Africa
Black Mountain (Pvt) Ltd, 32,000
Pakistan (199 1 production)
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Over the last eight years the market forthis mineral has more than doubled, and the
indications are thatit will continue to grow with its extension to new applicationsin materials
with large-scale production, particularly in the plastics sector and as a substitute for asbestos.

SUMMARY OF MAIN PATENTS OF WOLLASTONITE USE
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STN database search performed for Albatross Minerals

The EU isthe most important world consumer (approximately one third of total world
consumption), while the only European producer is Finland (as a by-product of a calcium
carbonate operation) and which islosing its relative importance percentage-wise as raw
mineral from Chinais gradually being introduced into the market.

Shifts in shares of the wollastonite supply market

China
33%

Raw Materials for Pigments, Fillers & Extenders, Industrial Mineras (1995)
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Whilst there are some 12 producers on the market, in practice only two can be
considered to have the technological capacity to develop products of high added value.

In this respect, it is also important to note that there is practicaly no information
available on the specifications of the wollastonite products currently on the market and,
naturally, on their production processes. It is therefore impossibleto establish effective
guidelines for prospection, many exploration projects all over the world having come to
nothing in recent years.

There are at present about twenty projects at a relatively advanced stage, but only a
few (3 or 4) would appear to have any chance of producing commercial wollastonite.

A fair percentage of these failures seem to be directly related to the reduced size of
the estimated reserves. Wollastonite deposits are not a geological rarity, but those which
reach a sufficient dimension to justify development for exploitation and the adaptation or
innovation of the appropriate technologies to achieve products with valuable specifications
are much scarcer.

The important volume of mineral, little processed - if at al, put on the market
recently by China (as was aready the ease with India) is the consequence of the
circumstantial exploitation of extremely cheap labour and frequently entails serious problems
of quality and continuity of supply.
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5. TECHNICAL DESCRIPTION

The present project was presented by a consortium made up of eight partners from
six EU countries, including SMEs, large state institutions and manufacturing industries.
Three of these partners are the holders of the rights to four important wollastonite occurrences
in Spain, Sweden and Greece, and while they maybe potential competitors in the future, they
were aware that the evaluation of their deposits would reveal common problems of lack of
know-how and technology which would fully justify cooperation and the exchange of
experiences as well asbenifitting from the collaboration with various research centres.

Three work zones in three different countries at a considerable distance from each
other, and the corresponding plurality of methodologies has meant that from the start there
have been virtually three sub-projects, and though the tasks in the Work Programme were
designed in common for the study of the four original deposits, it is worth noting the
practical differences in approach. In Spain work has centred on one large deposit from a
strictly industrial point of view and in Sweden the tasks have been carried out on severa
smaller, relatively close-together deposits. In Greece, while economic objectives have not
been forgotten, a genetic model to provide a guide for prospection has been sought.

Consequently, many results from the completed tasks must be considered individually,
due both to the necessary adaptation to local geological and geographica characteristics and
to the different nuances in orientation mentioned above. However, the know-how developed
during the project has logically been shared by all.

L ocation Map
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AREA 1

Area 1 corresponds to the deposit known as “Ilustracién”, property of Desarrollo de
Recursos Geolégicos, S. A., located on the Spanish-Portuguese border in the province of
Salamanca, Spain.

The materials which form the study zone are fundamentally metasedimentary and
granitic, With alight covering of quaternary.

Most of the material belongs to the " schist-graywacke complex” pre-Ordovician
formation, which is composed of:

Biotitic mica-schists with light-dark bands alternating with quartzitic, felspatic and -
meta-graywackic bands; the width of the bands varies from a few millimetres to
several centimetres.

They have been interpreted as sediments accumulated on oxygen-deficient floors in
ashore environment, alternating storm episodes with still ones which mixed material

of diverse grain size.

These materials alternate with levels of

Laminated calcsilicates which correspond to the mineralized series. Lamination
congists of the alternation of white wollastonite bands with other siliceous, felspatic
and calcitic bands grey and green in colour. There are also occasional intercalations
of biotitic schists. Some of the wollastonite bands have associated diopside and
idocrase.

The whole Northern zone of the study zone belongs to the "Guarda Batholith” of
Hercynian age, which consists of a porphyritic non-foliate biotite granite. The porphyritic
texture is determined by the presence of felspar-phenocrystals, with a grain size oscillating
between 3-7 cm.

In Zones near the granite, there are minor intrusive (dykes and stocks) made up of
fine to medium grain leucogranite, fine-grain two mica granite, pegmatites and aplites.

Quartzite dykes are found on the border between the two zones with varying
percentages of ferruginous material. The length varies from some hundreds of metresto
kilometres and the width is between 30-50 m.

In tectonic terms, the materials of the "schist-graywacke complex” are affected by
various phases (pre-Hercynian and Hercynian). The main cleavage observed in the rock
corresponds to S, developed exclusively in the most politic materials, since it has not been
observed in the carbonatic bands. In the schist bands this cleavage is very intense, with the
philosilicates having preferred orientation, giving rise to a “dlate-cleavage”. The lineation Of
this first phase (LJ strikes 160°, and dips 20-25° SE.

These schist bands were crenelated by action in the third Hercynian “phase, which
caused athird cleavage (S) parallel to the axial piane of the microfolds developed on S,. The
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main tectonic structure "Sinclinal of Aldea del Obispo”, located inside the study zone, was
formed during this deformation phase.

Finally, and gently folding the previous structures, anew tectonic structure devel oped
during the fourth Hercynian phase, with an axial plane striking N-S. No cleavage was
developed during this deformation phase.

In the*Guarda Batholith”, the preferred orientation of thefelspar-phenocrystals |eads
to believe that the granitic rocks intruded while a compressive strength field wasin motion
(with a generally dominant N-S strike, which could correspond the fourth phase of
deformation).

The mineralized band extends for some 1.5 km and appears to be approximately 35-40
m thick. For the most part, it strikes East-West and dips 20-30° S. The outcrop of the band
terminates in both directions against the granite intrusion. To the West its orientation
changes, striking at 125-1450 and dipping 30-503 SW, whilst to the East it strikes at 10-50°
and dips 15-35°.

The mineralization occurs in a tough calcsilicate rock, which has occasional
intercalations of biotite schists. Independently from banding present in thecalcsilicate rock,
the general mineralogical composition is as follows:

principal minerals: wollastonite. diopside, quartz, plagioclase and calcite
accessory minerals: idocrase, zoisite, titanite and epidote

Wollastonite iS present asacicular crystals forming 80-90% of the rock, or as the
principal component of the matrix, with quartz and diopside crystals. In this case,
wollastonite has atypical fibrous-radiated texture, with considerable reduction in size.

Scarce calcite occurs in bands in which it forms the principal component with larger
grain size than the others.

Bands barren of wollastonite are mainly composed of quartz, diopside or typical
calcarenite composition.

From the information compiled in the geological and mineralogica studies, three
different mineral assemblages can be defined in the mineralized band:

a) (Wollastonite + Diopside + Plagioclase) + Schist
b) (Wollastonite + Calcite + Diopside + Plagioclase) + Schist
C) (Wollastonite + Diopside + Plagioclase + Quartz) + Schist

The formation of wollastonite at the edges of pressure and temperature of regiona
metamorphosism from pure carbonate massis very difficult.

For the reaction to form wollastonite to take place in the conditions of regional
metamorphosism in the study zone (I-2 kbars, 500-600°C), CO, must be diluted in the fluid
phase. The only possibility of this occuring isfor the partial pressure of CO,to bein the
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region of 0.2, i.e. that H,0 be brought to the metamorphic process. Thisis feasible if the
protolite is made up of thin layers of intercalated limestone and politic materials; in this way,
the contribution of H,O from the pelites can facilitate the dissolution of theCO, in the fluid
phase up to amolar fraction of 0.2.

AREA 2

The main objective of the project was to evaluate the wollastonite occurrencesin
Greece and compare these concentrations with other similar deposits or occurrences mainly
located in Northern Greece, such at the Kimmeria and Kalamou deposits in Xanthi area.

Panorama Area:

The geologic environment of the wollastonite occurrence is characterised by the small
Panoramagranitic intrusion, covering an area of approximately over 6 knv’. The granitein
apical position, satellite to the larger Vrodou massif of 33 My age, intrudes the lower
members of the Falakron carbonate Unit. Mineralogically, the granitic rock is consisting of
quartz, K-feldspar (Or 75- Or 89), plagioclase, biotite and amphibole, as main components
and apatite, ilmenite and zircon as accessories. It usually shows alteration patterns expressed
as biotite chloritization, plagioclase sericitisation and development of some muscovite.

The marble at Panorama, is white to pale grey and it ismainly composed of calcite
with minor (less than 1%) disseminated phlogopite with the rare forsterite, clinohumite,
chondrodite and sometimes K-feldspars. Dolomite and tiny spinel crystals have been found
once, in abed of decimetric thickness.

The skidms are developed at severa places in the contact of marble-granite. They
show two characteristic features: the unusual development of endoskirns, i.e. the
metasomatic transformation of the granite observed on afew meters at the contact with the
marble and the presence of wollastonite in both endoskarns (replacing the original qtz) and
mainly in the exoskérns (replacing original calcite).

The wollastonite iS developed within the skirn zone, mainly in the marble (exoskarn)
at the contact with the granite which istransformed into endoskérns. The larger development
of the wollastonite bearing skam is shown in the Southern part of the map.

The wollastonite development of economic significance, belongs to one particular
episode (only economic stage) in a series of successive hydrothermal phases which have
followed the granite emplacement. Based on the above remarks, a later development of
garnet - many times in the form of relatively large massive gametite bodies of andratitic
composition - resulted in the replacement of wollastonite, therefore limited in severa places
the economic interest for wollastonite exploitation (exploration guides).

In the most interesting area the wollastonite bearing skiarn is developed with breaks
aong the marble-granite contact in a length of 1.500 m approximately.
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SIMPLIFIED GEOLOGICAL MAP OF THE RHODOPE MASSIF
SHOWING THE MAJOR WOLLASTONITE DEPOSITS AND OCCURRENCES

P’

N

' B

N \l,?r‘ R
[ S {‘/‘\\,

L)

— p

ALEXANDROUPOLI

' ~a
THASS0S 1§,
0 5 10 15 20 25km
ettt
1 4
.~ jor ti nt e
D Quaternany ~ Major tineaments and froctu
V2. Tertiary sentimentary and Major wollastonite deposits
> >221 volcanic subvelonit rocks e and occurrences

+ 4 . .
Plutonic rocks fgranites -granodiori tag)

—=21 Circum Rhodope belt rocks and Rhodope basement
——-] (Mafic -Ultramafic rocks Marble and Schist-gnerss amphibolite)




Xanthi Area:
In the Xanthi area the wollastonite occurrences of Kimmeria and Kalamou are located.

The structure of the Kimmeria skirn in Xanthi iS characterized by two major faults
oriented E-W and NE-SW, separating three blocks which are in higher structural positionin
the South than in the North: the granite is deeply eroded in the southernblock, the erosion
isjust at the level of its top in the middle one, and no granite outcrop is known in the
northern one.

Two types of the wollastonite distribution have been identified:

The lithological nature ‘of skirnified rocks, comparatively pure marble, which
belongs to two groups (Kalamou and Kimmeria groups), of alternating
amphibolitic/gneiss/marble levels of moderate individual thickness (up to 30 m) separated by
athick (800 m) gneiss series. At alocal scale, individual beds appear more intensively
wollastonised Where they are thin (30 mto1 O m) and intercalated between well developed
amphibolites. It has to be noted that the upper (geometrically) member of the Kimmeria
group, a 200 m thick marble, is almost barren.

In the Kalamou area, the marble is wollastonised at the contact with the granite up
to an horizontal distance of 100 m. Towards the granite, the wollastonite is limited by a
garnet skirn as commonly observed in the Panorama area.

Wollastonite af Kimmeria Of Xanthi area is especially developed in the northern block,
in some marble beds of limited thickness only, showing that the fluid was chanelled in some
beds and not in others and that the presence of silicate rocks in the immediate vicinity is
necessary as a source of silicafor the replacement of calcite by wollastonite. In very
conspicuous cases such occurrences may be described as “pipes’ rather than as*beds’, since
change into unskirnified marble is observed tongtitudinally at both ends of the outcrop.

AREA 3

These areas are made up of two groups of concessions of Albatross Minerals. A first
group (Silverdn and Limmingen) in the Bergslagen region of Central Sweden was studied by
Euromin St with support from the University of Padua. The other group (Hulta-Gruver and
Ullavi) was investigated by Albatross Minerals themselves.

Silverén and Limmingen lie respectively 1,5 km west and 0,8 km north-east of
Limmingen Village in Hallefors Kommun (Orebro Lin), about 40 km west of the town of
Nora (Fig.: Silverdn (b) covers an area of about 50 ha, corresponding to the southern side
of Limmingssjon lake. Limmingen (a) is atrapezoida area, about 150 ha wide, locatized
between Lonnhajden and the road to Alvestorp. Side of the geographic net: 500 m.

The inference of wollastonite in the Limmingen concession was based on a N-S
trending marble horizon, crosscut the south by a major granite body, and the occurrence of
severd angular wollastonite bearing marble blocks. The results of exploration, carried out
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during the first (1993) field season, were extremely disappointing: only one bedrock sample
of 33 contained minor wollastonite. The N-S structure of the area, demonstrated by
geological survey, geophysics, photogeology and exploration, essentially consists of fine
grained marble lenses within metavolcanis, locally with minor wollastonite. On the basis of
these results all activities in this claim area have been suspended, to allow re-diversion of
financial resources to Silverén area, where exploration alowed the discovery of a significant
deposit.

The wollastonite-bearing skérns of the Silverdn peninsula and adjacent islets on
Limmingssjon south of Grythyttan belong to the Proterozoic Western Bergslagen province
of Central Sweden. The deposit, occurs within the 1.9- 1.8 Ga Bergslagen Supracrustal
Sequence (BSS), athick pile of -felsic, mostly volcanic rocks (Baker et al. 1988). The BSS
records the polyphase development of a subagueous, continental rift zone. Wollastonite rock
protoliths are limestone/ dolostone lenses interlayered within foliated and low-grade
metamorphosed volcaniclastics of the initial rift phase (Middle Leptite Group) near the
contact zone of the 1.74 Ga Filipstad granite (Oen et a. 1982, Van Meerten 1988).

The workable wollastonite (clinopyroxene, garnet) skirn body develops 200 x 500 m
in a NNE direction, with possible extension to the SSW. The body comprises three
subparallel, closely spaced zones (western, Central and Eastern alignments).

Prominent skdrn-associated lithologies are sheared marble and serpentine marble with
ubiquitous Zn-Pb-Ag sulphide disseminations. According to Oen et al. (1982) these features
are typical for the Middle Leptite Group where skdrn-altered marbles occur together with
serpentine-rich "skols" carrying Zn-Pb-Ag sulphide impregnations along sheared fracture
zones. Meso- and microfabric evidence indicates a syn- to late tectonic formation of the
Silverén skdrns, viarepeated and increasingly H,O-rich fluid-assisted pulses accompanying
NNE directed shearing and extension. Development of the skiarn assemblages occurred in
four main stages, () clinopyroxene stage, (b) wollastonite stage, (c) garnet (mostly
hydrogrossular) stage and (d) late hydrothermal stage of Zn-Pb(Ag) sulphide deposition. Oen
et al. (1982) suggest that the Middle Leptite Group wollastonite-garnet skirns are younger
crosscutting occurrences formed in the contact zones of younger Svecokarelian granites.

Accounting for wollastonite distribution, concentration grades and mineral
assemblage, eight zones grouped into three NNE-trending (western, central and eastern)
alignments were recognized in the Silverén deposit.

AREA 4

Initially Albatross started to investigate three or four wollastonite occurrences, but
quickly discovered that only two of these, Hulta and Ullavi, had anything more than an
academic potential, and started to concentrate on these ones. The results from Ullavi proved
later to be disappointing, so it was decided that all resources should, for the time being, be
directed towards Hulta.

The 1.8- 1.9 Ga Bergslagen Supracrustal Sequence (3SS) of western Bergslagen
comprises a> 10 km thick pile of felsic, predominantly volcanic supracrustal rocks. In the
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Hillefors-Hjulsjé-Nora area three lithostratigraphic groups of the BSS “are recognised; these
show an upward transition from units produced by explosive volcanism, with thick
ignimbrites and minor airfall deposits, to units formed by less explosive regimes marked by
fewer pyroctastic flows and more tuffitic rocks, with + 2 km of metasediments, including
greywackes, shales and mass flow deposits forming the upper part of the sequence depositied
in graben basins. Polymict conglomerates present in the upper units mark local
unconformities, related to rift basin development.

The wollastonite occurrences of the Bergslagen Ore district, Central Sweden, are
located in marble horizons, intercalated in thick sequences of volcaniclastic Sediments of mid-
Proterozoic age. Wollastonite development is here a product of 1) contact-metamorphism
during intrusion of post-deformation, 1.74 Ga old, granitic plutons, and 2) contact-
metasomatism by hypothermal F-Bi-W-Mo-bearing fluids. Since the marble horizons are also
the host of many iron-manganese oxide and base meta sulphide mineralization, these
horizons can often be traced by geophysical methods, even below considerable moraine
cover. In fact, this cover reaches up to more than ten meters, which is the main reason why
wollastonite occurrences were not recognized earlier as potentially economic occurrences.

The Hulta Gruvor prospect islocated 7.5 km NW of the town of Nora, mapsheet 1 1E
Filipstad SW, central Sweden. Three sub-horizontal to gently dipping marble horizons occur
within athick sequence of felsic metavolcanites, and are truncated by a nearly vertical, E-W
trending dolerite dike on the southern end of the concession.

The wollastonite bearing marble is a flat lying to weakly dipping horizon which can
be followed through drill cores from some small, abandoned iron ore mines in the east, 600
m to the west where it is exposed in four trenches. Wollastonite-bearing marble was
intersected in core at depths between 4 and 70 m. The maximum thickness of uninterrupted
wollastonite mineralization in drillcore is 7m. The country rock consists of garnet-pyroxene-
scapolite-scheelite skdrn, garnet-biotite-magnetite schists and marble-garnet-vesuvianite fels.
Boulders with 90% wollastonite of a high quality have been found in the strike direction east
of the wollastonite-marble horizons,

Two sub-parallel zones have been identified, intercalated in felsic metavolcanics,
skdrn and iron oxide units. The origin of the wollastonite is related to a hydrothermal -
metasomatic event rather than contact metamorphism, as is generally assumed. The formation
of asyn-volcanic iron formation and carbonate-chert horizon laid the chemical precursor to
‘tie wollastonite formation. Hydrothermal and metasomatic processes, possibly related to the
presence of amgjor hidden granite, were responsible for the development of a scheelite -
fluorite mineralization at Hulta and several other places, where the marble-chert horizons
provided the chemical environment for interaction with the hydrothermal fluid. At the same
time the wollastonite is thought to have developed in the Hulta marble-chert horizons with
the other skim minerals.

The mineraization is covered by moraine from 0-5 m thick. Wollastonite contents
vary up to 80%, with an average grade estimated at 30%. The mineralogy varies from simple
to complex, with parageneses including quartz, calcite, garnet, vesuvianite, pyroxene and
feldspar. The wollastonite zones are usually sharply bounded by felsic volcanics or slightly
calcareous metasediments, with no transitional zones. The wollastonite zones themselves
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contain lenses or layers of microcline chert, with 95% potassium feldspar, several decimeters
thick. While this poses problems for separation technologies, the feldspar is a saleable
product, and will be recovered during mineral processing.

Severa samples from the deposits in Central Sweden (one from Silverdn and two
from Hulta-Gruvor)were used by CNR-ITM to establish new methods for the processing of
wollastonite ores with different mineral compositions: wollastonite, K-Ca-Na-feldspars,
vesuvianite, calcite and quartz.

Currently-known dry and wet treatment processes usualy involve run-of-mine with
wollastonite contents greater than 60%. The first of these leadsto a wollastonite concentrate
that is obtained by dry crushing, grinding and sieving to reduce the untreated ore to a
suitable size for subsequent treatment by magnetic separators where garnets and other
magnetic materia are removed. Subsequent air separation and micronization operations yield
commercial wollastonite concentrates.

The wet process produces commercial concentrations of wollastonite by means of
flotation techniques using anionic and cationic collectors, the technical details of which are
an industrial secret.

The new technique developed at the Mineral Treatment Institute of the ItalianCNR
(National Research Council) involves an initial flotation step to remove vesuvianite and
cacite, together with a large quantity of ferrous minerals in an akaline circuit, followed by
flotation of calcium-sodium-potassium feldspars in an alkaine circuit after acid conditioning,
leaving aresidue in the flotation cell consisting of wollastonite.

This method was worked up on a Swedish ore containing about 35% vesuvianite +
calcite, 40% feldspar and 35% wollastonite. It was then applied to a Silversn ore containing
about 60% calcite, 8% feldspar and 30% wollastonite.

The operating conditions to be adopted for the design of the best final circuit were
then identified. The main operating variables covered were reagent quantities, and
conditioning arid flotation pH values. The influence of magnetic separation in various parts
of the circuit to optimize results was also investigated.

Over the three years of the project a large amount of studies and work have been
prepared on the occurrences and deposits briefly described here, in an attempt to solve in
each case the methodological and technical problems which arose from the economic
evauation of the deposits.

There are many innovative aspects to the know-how developed by the work done on
the project, though this has not led to any patents or registered rights (at least for the
moment).

The most surprising of theinitial difficulties consisted in the realizationot the extreme
difficulty in the precise quantification of the wollastonite content of any kind of sample. The
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difficulties begin to be unmanageable when the number of samplesis as high asisrequired
for the industrial evaluation of a deposit, for the control of a beneficiation process, or for the
contrasting of the quality of the products obtained with the theoretical Specifications given
for the products currently on the market.

These difficulties have been approached in different ways by the different members
of the Consortium, by developing varied methodologies of analysis and adapting them to the
paragenetic characteristics of each of the deposits being studied.

The scarce amount of practical information available in the technical literature which
isaccessibleis evidence of how difficult it isto obtain this know-how. Thisisnot the case
with literature of a strictly scientific nature which is available to the same degree as with
other industrial minerals. Above all, the high degree to which present producers and
consumers of wollastonite protect their know-how, methodology and technology has become
clear. Most of the members of the consortium have had negative experiences in this regard,
and it has become clear that the development of specific products depends entirely on the
collaboration of the consumers. Wollastonite iS a perfect example in the industrial minerals
market of “tailor-made” products to suit each customer.

The secretism which exists today amongst the main wollastonite-consuming Sectors,

apparently justified by strategic reasons, also seriously affects the possibility of calculating
the size of the actual existing market.
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6-7. RESULTS AND CONCLUSIONS

The following section consists of those results which each member of the consortium
considers to be most relevant:

DRG - CINCOMINAS

The most outstanding result is the confirmation of a new model of world-class
wollastonite deposit, with close to 70 Mt of classified reserves as follows: 4.5 Mt of proven
reserves with an average grade of 35 % wollastonite, accessible by open pit exploitation and
awaste/ore ratio of 0.46: 1; 25 Mt of probable reserves; 40 Mt of possible reserves.

The quality of the mineral meets market standards and can be beneficiated by the
customary methods according to laboratory tests using the minimum specifications required
by present markets. Results aso indicate the possibility of obtaining products with ahigh
added vaue.

Different ceramics-manufacturing firms belonging to the Portuguese association of
companies known as CINCOMINAS, which includes nine companies from different industrial
groups, have carried out tests on wollastonite from DRG’s deposit. The best results were
obtained in ceramic bodies by CERISOL (VistaAlegre group), who produce electroceramics.
This company had not used wollastonite before the Brite-EuRam || project. They are
currently developing new uses for wollastonite together with DRG.

IGME - CNRS

Skdrn-type wollastonite reserves at Panorama are presently estimated at more than
700,000t.

The main guide for this type of deposit is the existence of contacts between pure
marbles and silicate rocks (local source of silica) which could act as channel<for fluids, at
adistance of < 300m from the granite.

After pre-concentration and beneficiation, a saleablewollastonite concentrate fulfilling
some general specifications was produced. A method for improving the whiteness of the
above concentrate has also been developed. A garnet pre-concentrate was obtained as a by-
product.

This wollastonite Seems to be most suitable for powder-type products, either for filling
or metallurgical purposes. However, other uses are not to be excluded, provided that its
quality can be further improved (ie. reduction of Fe, grinding/classification).

EUROMIN - UNIVERSITA di PADOVA

Euromin activity was focused on the evaluation of a wollastonite deposit in the
Western Bergslagen Proterozoic province of Central Sweden. Two areas, Limmingen and
Silveron, were selected to this aim and claimed on the basis of few showings of ore but
justified by the geological modelling. While Limmingen frustrated expectations, Sitverdn
revealed as a potential economic deposit, very similar in its principal characteristics Of
geology and mineralogy to the Lappeenranta deposit in Finland. Wollastonite ore is related
to a NNE-trending elongate marble body, and consists of three conformable, closely spaced
zones. Main associated lithologies are clinopyroxene-garnet skarn, sheared marble and
serpentine marble with disseminated Zn-Pb-Ag ore. Enclosing rocks are deformed and low-
grade metamorphosed volcaniclastics of the 1.9-1.8 Ga Bergslagen Supracrustal Sequence,
intruded by the 1.74 Ga Filipstad younger granite. Available exploration data allowed the
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assessment, as probable reserves, to a depth of 30 m, of about 670,000 tons of wollastonite
while global (probable and possible) reserves could be in excess of 1-1.5 Mtons.

ALBATROSS

2.5 Mt of exploitable reserves containing an average grade of 30% wollastonite have
been established by sophisticated computer modelling based on the results obtained by three
years of field work and associated mineralogical and geochemical studies. The thiree
dimensional structure of the ore was obtained from diamond drill cores. Beneficiation test
work demonstrated that the wollastonite could be separated from the host rock using magnetic
separation and flotation. Pilot test work on a 40t sample has yielded a wollastonite
concentrate for quality assessment and industrial testing, providing input for the final
feasibility study, complementing extensive market research.

CNR -ITM

An innovative wet circuit was found.

A simple flow-sheet for treating different types of run-of-mine was developed.

Wollasonite, feldspar and calcite concentrates were obtained in open circuits on three
different runs-of-mine.

The wollastonite concentrate obtained has a grade above 80% with a recovery
calculated to be in excess of 70 %

The feldspar concentrate obtained has a grade 0f85% and the estimated recovery is
70%

The calcite concentrate grades above 90% with a recovery above 90%

The design of an industrial circuit and the estimation of costs are possiblecnly after
the knowledge of commercial targets and the amount of run-of-mine to beprocessed.

Aside from thisindividual results, the project has been prolific in significant common
results due to cooperation between the different members of the consortium; both enterprises
and scientific and technical researcheentres. This shared know-how covers different aress,
which can be listed under the following headings:-

Prospection methodology
Beneficiation processes
Information on markets

Of particular significance in the first case is the development of several new specific
methods of analysis for the mineralogical and chemical characterization of wollastonite
samples and concentrates, and the establishment of different models of deposit(some with
important innovative aspects) and guidelines for their prospection.

There has also been substantial progress in the knowledge and definition of
commercia products for different industrial sectors presently consuming wollastonite and the
development of new “tailor-made” products, and know-how which is shared by the members
of the consortium.
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