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SYMPOSIUM
"Comprehensive assessment of
nonmetalliferous deposits"

1. Forard

Det har funnits vetenskaplig och teknisk samarbete mellan Sovjet
Unionen och Finland under flera ars tid. Detta symposium handlade
framst om industrimineral och deras anvandning i industrin. Deltagarna
var fran Finland och Sovjet Unionen. Detta symposium dgde rum pa M/S
Viking Isabella, som kryssade mellan Helsingfors och Tallin.
Programmet och deltagarlistan framgir av bilaga 1.

Sovjet ar som bekant under en kraftig omorganiseringsprocess. Det var
tydligt att ryssarna vill mycket, men de "gamla synderna” &ar
betungande. De har stora ravaruresurser, men det fattas bade kapital,
battre teknik och infrastruktur. Man kunde ocksa ana att de
fortfarande har stora organisatoriska problem — mao det &r svart att
18ra en gammal hund sitta. ' '

Ryssarna &r i dag ganska 8ppna och sdker samarbetspartner. De
valkomnar sdkert en partner som kan bidra dem med b3ttre tekmnik och
framfor allt kapital. Man bdr utvérdera vilka mcjligheter man har for
att vixla deras ravaror till valuta. Pengar har de inte for nirvarande
och man maste ta betalt i form av produkter.

De mineral som behandlades mest var: kaolin, grafit och kol,
wollastonit, talk, apatit och vermikulit. Dessutom behandlades
byggnadssten. De flesta foretragsabstrakten dr skrivna pa engelska och-
de dvriga kommer att sammanfattas pa svenska. Ytterligare kan némnas
att en mer omfattande symposiumkrift kommer att publiceras négon gang

i arsskiftet och att en fortsdttning av detta samarbete kommer att ske
i Leningrad under aret 1991.

2. Talk som industrimineral (ss. 19 — 24, M. Tyni)

De egenskaper som gor talk till ett eftertraktat industrimineral &r:
mjukhet, vithet, fjdllighet, svaruppl3dslighet och att den har vissa
ytkemiska egenskaper: hydrofob och organofil. Talkkonsumtion 3r ca 5
milj. ton/ar. Det finns ett 90-tal talkproducenter i 40 olika l&ander
och talkprodukternas priser (1989) varierar mellan 28 och 358 US-
dollar/ton. Tabel 1 (sida 20, bilaga 1) visar en uppskattad
procentuell anvdndning i olika produkter och i olika lander. Talk
ersitter i vissa lander t. ex. kaolin och detta beror pa vad man har
f3r produktion pd hemmamarknad (pappersindustri i Finland, Frankrike
och Japan, 70 kg talk/ar och person (i Finland), USA 5 kg och Sovjet
bara 2 kg).
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Talk &r en omvandlingsprodukt av Mg-rika mineral i det sista
geologiska omvandlingsskedet. Talkbildning sker enligt fdljande kidnda
reaktioner:

serpentin + CO2 - talk + magnesit

serpentin + CaO + CO2 talk + dolomit

tremolit + CO2 - dolomit + talk

klorit + Si02 talk

Talkbildningen orsakas oftast av CO2 som h@rstammar fran jordens inre
delar. Den simsta talkomvandlingen 3r sadan att klorit— och
serpentinkorn finns kvar i talkgitter och denna talk duger inte for
tilverkning av produkter med h3dg kvalitet.

Brytvarda talkfyndigheter kan klassificeras enligt f&ljande:
-serpentinittil jstenar
—dolomitsteastiter
-tremolittalkstenar.

Talk &r ett inert mineral och piverkar dirmed inte narmiljon negativt.
Dess anvandning har en positiv ekologisk verkan i pappers— och
cellolosaindustrin som bindemedel for harts och andra organiska amnen
samt forminskar behovet av processvatten. Barfér tror man att
anvandningen av talk kommer att oka vid industriprocesser.

Talk har inte visat storre hidlsorisker om man fdljer de faststdllda
dammnormerna. Diaremot kan en del farliga mineral finnas i
talkprodukter: asbestliknande tremolit och ibland kvarts. Om talk har
anrikats genom flotation, firekommer inga farliga mineral i produkten.

Talk anvands mycket i farmasia— och kosmetikaprodukter och di krivs
att talken &r speciellt ren. T. ex. As203 bdr vara under 2 ppm och Pb
under 20 ppm. Dartill bdr kornstorleken regleras sid att finkorniga
partiklar som kan trédnga in i hudets porer inte finns.

Nigra faorutsattningar for ekonomisk talkbrytning:

-potentiella kunder bor finnas tillrackligt i propotion med
produktionsvolymen och avstdnden till kunderna bdr vara rimliga

~fyndigheten maste vara av god kvalitet, s3 god att
produktens kvalitet efterhand kan hdjas, emedan kunden
sannolikt i framtiden kommer att krdva kvalitetsforbdttringar.
Specialkvaliteter bdr kunna produceras d3 de har bittre
ekonomisk avkastning.

—investerings— och produktionskostnader bdr vara ldga s3 att man
kan konkurera med priser pid den Sppna marknaden

—fran bimineral - sisom Ni-pentlandit och magnesit — kan
tillverkas som siljbara produkter

~man maste satsa hela tiden pid produktutveckling och kundservxce.

Till slut papekas att talk som mineral &r ett mangsidig
industrimineral. Dess anvandning i industrin &r &ndd ganska nytt
fenomen och det finns mycket kvar att forska och utveckla vad giller
talkens produktions— och konsumtionsteknik.

Som frimsta konkurent fSr talk i pappers- och cellulosaindustrin &r
kaolin, men vad gdller att binda tjira ar talk fortfarande bist
(kanske med undantag av bentonit).
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3. Minerals used for paper production (ss. 38-44, M. Tyni)

Konsuntion av papper i virlden &r i dag ca 250 mil joner ton och
uppskattas .5ka och vara vid ar 2000 ca 300 milj. ton. Tra som
naturravara kommer alltid att ha sin plats men mineralanvidndningen vid
pappersproduktion kommer ocksd att 3ka ty mineral &r billigare &n tra
och behdvs dven i produktionsprocessen samt for att tillverka vissa
paprerskvaliteter. Kanada och Finland 3r de starsta pappers— och
kartongexportirer i vdrlden och USA i sin tur dr den stdrsta
konsumenten. Fran fig. 1 och tabell 1 (sida 39) framgir
papperskonsuntionen i vadrlden respektive papperskonsumtion/person och
ar.

Finlands pappersindustri konsumerade dr 1980 618 000 ton pigmentimnen
och idag 2.5 ganger mer {1.534 milj. ton). Samtidigt har pappers— och
kartongprodukticnen blivit 1.6 gianger storre m. a. o. anviandning av
pigmentidmnen har okat mer an pappersproduktionen.

Fran tabell 2. (sid. 39) och tabell 3 (sid. 40) framgar utvecklingen
av finska industrins pigmentkonsuntion under 1970 - 1990 och prognos
for a&r 2010. Procentuellt har kalciumkarbonat Skat mest men kaolin ar

mangdmidssigt dverligset stdrst. Talk kommer ocksid att ha en god

efterfrdgan dven om den i visse papperssorter (offset) &r bannlyst.
Tabell & (sid. 40) visar m1nera1p1gmentens viktprocent i olika typer
av pappersprodukter.

Till slut podngterade Tyni att den ckande konsumtionen av pigmentdmnen
i papperstillverkning bjuder ett stort forskningsfidlt for mineraloger
och mineralkemister fér att utreda och utveckla mineralens
processtekniska egenskaper.

4. Nigra egna kommentarer

Pappersindustrin &4r en av de stdrsta konsumenter som av
industrimineral. Enbart Finlands konsumtion av olika
industrimineralprodukter kommer att férdubblas fran 1990 till 2010.
Speciellt efterfragan pi papper kommer att Ska nir nationer som Kina
och Sovjet Unionen far i gdng sin ekonomi.

Det framgick ocksd att ryssarna har stora ravaroreserver, men de
saknar kapital, infrastruktur och har brister vad giller teknik. Det
var dven klart att de kommer att Gppna sina granser for utlandska
intressenter och att de verkligen vill samarbeta. En svirighet till &ar
att de kommer att har mentala svirigheter att férindra sina tankebanor
fran de gamla centralbyrikratiska systemet. T. ex. de talade varmt om
asbestfyndigheter och kunde inte acceptera att mineralet i vistvirlden
har klassats som hdlsofarligt. De redovisade ocksi en stor
grafitfyndighet i Karelen och visade fina prover av grafit och
vermikulit. P4 byggnadsstens sida visade de en del produkter som kunde
vara fina komplementer till nordiska stenindustrier.
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Den partner som gor affidrer med ryssar och som kan silja eller anvanda
ryska produkter kommer att gora lysande resultat i den narmaste
framtiden f5r de vill fa produktion i gang till ndstan vilket pris som
helst. '

Vad gdller var framtid som prospektorer: vi maste skaffa battre
kunskaper om industrin, deras behov av ravarer, vilka egenskaper
industrimineralen har, hur de bdr sig och hur de anvidnds i processen.
Kan vi detta har vi bidttre mdjligheter att erbjuda vara tjinster och
visa de rdtta produkterna och podngtera de rdtta egenskaperna av
produkten till kunden.
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The francoliteldre deposits of Kovdor and Sokli

H. Vartiainen |
Kemira Oy, Rovaniemi

L Melnikov & B. Sulimov
Sevzapgeologia Association, Kola

The massifs of Kovdor and Sokli francolite-apatite ore

complexes are 50 km from each other, while the state bor-
der between two countries cuts this distance roughly into

two halves (Fig. 1).

There is an opinion that the massifs occur in one linear-

tectonic zone Joining their territories and traced further
SE towards the Kandelaksha bay of the White sea to as far

as a similar third massif called cape Tury. |

The intrusive rocks of Kovdor and Sokli massifs are assumed
to be vertical cylindrical bodies with a somewhat circular
horizontal section. On the surface their size is 6x7 km and
their cross-section area is 4x4 km (Figs 2 and 3).

As far as geophysical information goes, these intrusive bo-
dies run downwards for some tens and, probably, even more
than 1 hundred kilometres. Formation of the igneous complex-

es is related to Caledonian tectono-magmatic cycle (Lower
Proterozoic).

The francolite-apatite ores of the complexes are localized

within the carbonatite layers only. The ores were supposed
to appear due to the carbonatites' weathering and decompos-
ition in Mezozoic time., Such process could, probably, be
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accompanied with leaching, utter subtraction of easily so-
luble carbonates out from a layer of disintegrating material,
contraction and 'in situ' accumulation of weathering-resist-
ant residual phosphates. In certain cases it was possible
also for the phosphate substance to become solved and remanié
down the outcropping profile where solubilization of carbona-
tites took place by means of their direct substitution by
phosphatic solutions. .

The fact that francolite-apatite ores are genetically asso-
ciated strictly with carbonatite formations explains the pe-
4‘4‘40uiiarities in localization of these deposits within the
o massifs.

The primary carbonatites form rather vast areas within the
‘Sokli massif. Again, in the central part of this intrusive
body, there occur the major francolite-apatite deposits
with an obviously areal outcropping pattern.

v Now, in the Kovdor massif area the carbonatites are largely
outside the boundary of the massif proper and inside the fe-
nite endocontact aureole. Following the'ézample' of carbona-

ﬂ, t1tes, francolite ore ‘accumulations also found themselves in
ﬂthe fenite aureole. The francolites occur here as a system
of 1ptersecting and offshooting linear and arc-like bodies
oriented NW. and NE. The carbonatite-fenite contacts are the
most favourable places for francolite ore deposition, and

its thickness along these contacts may attain 160-170 m from
the surface. '

The composition of the francolite-apatite ores of Kovdor
end Sokll is rather complex and extremely irregular.

The economic minerals include apatite, francolite and mag-
netite. Rock-forming waste minerals are silicates, mostly
hydromicas, which are accompanied by this or that amount of
pyroxene, amphibole, feldspar and olivine.




A peculiar component to be found in the ores of both depo-
8its 1g goethite: acting as a bad impurity it hinders the
Production of & bhigh-quality phosphate concentrate.

While ranging widely, the phosphate minerals both in Kovdor
and ‘Sokli make on average 40% (P,0g 16%). Francolite-apati-
te ratio varies widely too, being on average close to 1:1.
00casionaily an'aqueous alumophosphate~crandallite is re-
corded. The accessory impurities comprise pyrochlore or
baddeleyite.

Concernihg their physical gtate the francolite ores of the
deposita can be classified as stony and friable, and as a
mixed type. In Kovdor area a proportion of stony and fria-
ble varieties is around 1:2, and in Sokli this ration 1is
much lower. Sieving is, the most practical way to separate
the ore varieties.

The stone ores possess remarkably higher average concentrat-
‘ions of phOSphatic minerals but these amounts vary rather
easily from 20 to 32—34% P50

In friable ore varieties the material changes its state 7
from coarse-grained (gruss and sand) to fine-grained (dust
ochers), the latter being especially typiocal of Sokli.

The reservéa of the Kovdor and Sokli ftancolite ores are of
the same 8ize, about 50 Mt. The P205 content is 16.0% in
Kovdor and 19.5% in Sokli, In addition, the apatite-silicate

ore of Sokli, closely related to the francolite ores, makes
70 Mt with & grade of 13,5% P,0.

Mode of occurrence makes these ore deposits good for shallow
opencasting.

To organize & Jjoint development of francolite ore deposits

in Kovdor and Sokli seems to a matter far from being simple
and yet quite achievapie,



Geology and ways of using ceramic clays

B. Anechkin, Sevzapgeologia Association, Leningrad

Clay rocks make up a major portion of geological sectioh.in
the Northwest of Russian Republic. The varying clay-forming
conditions gave rise to a great diversity in their composit-
ion and properties which are essential with respect to ap-
lication of clays in a manufacture of fine and coarse ceram-
ic products and also refractories for metallurgy and other
industries. ‘

"The explored deposits of low-temperature refractory clays
_‘are localized in Lower Cambrian, Upper Devonlan and Quater-
. nary formations.

‘;Most attractive from a commercial standpoint are the blue
.clays of Lontovas suite (641n) within a glint-line strip in
Leningrad district and glacial-lacustrine (varved) clays of
Holocene. These are two types of clays consumed by some 90%
of factories in the Northwest for a production of building
brick, ceramic tiles, expanded clay aggregate, ceramic
blocks, sewer and drain pipes, roof tiles, various architec-
tural elements. Besides, this clay material goes well as an
aluminosilicate component in Portland cement.

Explored by now have been 120 low-temperature refractory
clay deposits estimated at more than 400 mln cub. m, of
which 3 deposits totalling some 160 mln cub. m are placed
at Cambrian and the rest deposits are in Quaternmary. Alto-

gether 60 deposits are being mined and their clay reserves
exceed 300 mln cup, p,

All the rest deposits are standby.



Most clay deposits are being exploited by the organizations
under the Ministry of industrial and building materials.
The largest clay deposits and clay-consuming plants in the
Northwest are localized in the Leningrad region and provide
ceramic ware £or the building industry of Leningrad.

The proved reserves are large enough for most mining pro-
jects to operate continuously for a long time.

Most previously explored operating deposits cannot be re-
garded as an additional raw material base for the acting
factories because they are too small in size and too far
from the latter. It is only in case of building local minor
enterprises that most of these deposits are usually develop-
“ed, for their reserves hardly amount to 1.5 mln cub. me




Geology and prospects for exploitation of kaolin
deposits in the eastern Fennoscandian Shield

Y. Pekkala
Geological Survey Qf' Finland, Espoo

Geological Institute, Kola Science Centre of the USSR,

Academy of Sciences, Apatity

In the eastern part of the shield two types of kaolins
are distinquished: eluvial with a relict texture of parent rocks
and deluvium ones formed due -to redeposition of the upper eluvial
kaolins. Both the types underlie Quaternmary deposits.

The primary kaolins are confined to the linear crust of
weathering apparently representing the roots of the areal crust
of weatherin‘g which previously covered most of the peneplanized
sh:f‘eld surface. Warm and wet climate, favourable for the kaolin
~ weathering of the shield ba..s‘em'ent rocks, took place since the late
Triassic - early Jurassic through the Eocene. During this time
interval the kaolin crust 6f weathering might have originated
repeatedly and have been partially or completely washed out due
to unsteady oscillating movement of the entire region.

g iLc_cording to some preliminary data the greatest reserves
of primary kaolins do not exceed 5 million tons. The largest
deposits are found in the northern foothills of Lovozero tundras
end on j:'he near-EKhibiny plain south of the Khibiny Mountains(rig.1)

The chemical composition of primary kaolins from various
deposits 18 presented in Tablel.As seen, these kaolins are charac-
terized bY rather g high PeO content. '

,Iudsins by the results of technological testing, the primary
kaolins of the eastern Pennoscandian Shield can be used to product
painted £8¢in8 tiles ang drainage pipes..
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Fig. i. A seheme of.kéolin (black cifcle)»and sungalite (ligh

circle) occurrences in the Kola Peninsula.

In Fig. 2 given is a characteristic section of one of the prim
kaolin deposits corresponding to hydromica-kaolinite part of t
weathering crust kaolinite zone.

There 13 a goad reason to beleive that not all manifestati
of kaolin have been revealed, as evidenced by secondary kaolin
deposits found in 1989 in the Pechenga area.

In the Kola Peninggla alongside the linear kaolin crust 0.
weatherins, & linear sugulite one is also common. The predomina
mineral in deposits is sungulite which is a magnesium analogus
of kaolinite.
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Fig. 2. A scheme of kaolin deposit occurrence in the northern
foothills of Lovozero tundras /A/ and a characteristic .
gsection of one of the deposits /B/. Cited from Likhachev
1972; Afanasjev, 1977 with small changes.

1 - Quaternary deposits of various genetic types; 2 -
deluvium kaolins; 3 - kaolinitic zone of the crust of

 weathering; 4 - desintegration zone / on gneisses and
granite-gneisses it is shown together.with hydromicaceou
zone of the crust of weathering/; 5 - nepheline syenites
6 - gnelsses and granite-gneisses; 7 - tectonic zonesg
/indicated selectively/; 8 - kaolin deposits.



Table 1.

CHEMICAL COMPOSITIONTOF PRIMARY'KAOLINS (1.2) AND CLAYEY FRACTIONS SEPARATED PROM THEN

- Oxide content (mass %)

Oxides

1 2 3 ' s 5 6 ' 7
510, 38.10 51.95 - 43.27  34.7) 42.60  39.75 35.28
110, 6.27 3.57  0.42 0.31 0.16  0.25 0.12
A1,04 17.54 120,86 35.65 30.54 35.89  35.13 33.93
Fe,04 21.24 13.47 3.99 15.72 3.56 6.28 3.50
Fe0 0.62 - ' 0.19 0.43 0.28 0.44 0.28
Mno ‘0. 40 0.02 0.02 0.03 0.03 0.007 0.01
Mg0 0.70 - . 0.59 0.30 0.25 0.50 0.63
Ca0 0.39 . 0.67 . 0.06 0.73 0.34 0.42 Q.71
Na,0 0.44 - - 0.04 0.05 0.12 0.22 0.06
K50 0.31 . undet. 0.63 0.51 1.55 1.58 ' 0.55
H,0" 8.96 9.28 13.53 13.99 13.52 13.12 12.87
-Hzo‘ 3.96 0.62 0.78 2.45 0.9% 1.60 2.00
P205 ' undet. ' undet. 0.09 undet. undet. undet. undet .,
101 0.78 undet. 0.27 - 0.64 0.76 0.24
Total 99.71 100.38 99.53 99.84 99.90 100.07 100.18

Note. The Table was compiled on the basis of: Sidorenko, 1958; Afanasjev, 1977. Initial rocks:
1 - chlorite schists, ' near-Khibiny plain; 2 - albite-chlorite schists, near-Khibiny plain;
3 - biotite gneiss, northern foothills of the Lovozero tundras; 4 - amphibolite, the Shuurut
Mountain, Big Keivy; 5 - sericitic schist, Big Keivy; 6 - garnet-muscovite schist, Maly
(Little) Keivy; 7 - gneisses, Ozernaya Varaka.
Abbreviations: I0OI - loss on ignition; undet. - undetermined.



Most xaolin deposits in the Finnish territory of the
Fennoscandian Shield are classified as primary and only a
few gsecondary formations have been identified. Primary
deposits were formed as alteration products of various
Precambrian rocks, mostly of Lower Proterozoic. Secondary
depOSLts are of sedlmentary origin and major ones are of
Upper Proterozoic or Cambrian age. ‘

A noteworthy kaolin deposit occurs at Siurunmaa, in northern
Finland (No. 3 in Fig. 3). Kaolinisation has taken place in
arkose and sericite-quartzite of lower Proterozoic producing
mostly greyish or yellowish white kaolin. The deposit is at
least 100m wide and 500m long and drilling has revealed that
under the silt overburden, the bedrock is kaolinised in
place to a depth of 90m. The kaolinite content of raw kaolin

generally varies from 15 to 35%.

In north-eastern Finland (Nos. 5, 6, 8 in Fig. 3), a number
of kaolin indications hdve been investigated and the most
promising of these are Pihlajavaara, Ruma, Kurikkavaara,
Kerkka, and Riitasuo. The parent rocks in all these deposits

- are lower Proterozoic arkoses and sericite quartzites, or
"occasionally mica schists.

In southern Finland the most promising kaolin deposits are
.in the Virtasalmi area where the weathering attained

thicknes- of 50-60m under 20-35m of glacial till overburden
(rig. L).

The bedrock around kaolinised areas in composed of lower
Proterozoic metasedimentary rocks, occasionally intruded by
plutonic rocks. The parent rock of the best kaolin
occurrences has for the most part been a quartz feldspar
gneiss, generally rijch in plagioclase (40-60%) and low in
mafic minerals (biotite 3-5%). Quartz feldspar gneisses are
characterized by a high aluminium content (Al,0, 16-20%) and
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low jron content (Fe0, 1-5%) and the kaolinite content of
Weathering products is generally high, 50-g0% and the iron .
content js usually low, 1-2% FeO. the' kaolinite content
throughout the wWeathering profile is exceptionally high
(Table 2), so that in the =20 microns fraction it exceeds
90%,

'In conclusion of the quality it may be said that at
Virtasalmi there are deposits containing kaolin with the
technical properties of paper filler and to some extent also
of coating quality. The main target of the current
exploration programme is to find out if the reserves of

Paper quality kaolin are large enough to warrant economic
exploitation.

Table 2. Chemical (XRI') and mincralogical (XRD) composition and particle size distribution (Sedigraph) of core samples {rom Virtasalmi.

Drill hole S10 504 504 502
Depth 36—38 m §§—57Tm 7$—78 m 102—103 m
e raw —20 um raw —20 um raw =20 um raw —20 um
Sio, ° - 83 452 60.0 4s.1 52.6 46.6 ss.t 401
-ALO, 23§ 6.9 23.6 38.5 21.6 2.6 23.6. . 320
Fe, O, - 1.4 0.3 1.3 0.2 6.6 2.2 7.7 9.7
TiO, : 0.7 0.4 R X 1.2 2.0 1.6 0.6 0.5
K0 07 0.7 1.5 - 11 33 1.6 0.5 0.6
Kaolinite .6 9s 80 9s 45 95 65 . 95
K-mica - - ] 2 5 2 30 2 5 2
Quartiz ;- 30 3 F me s ey TEET0 2 30 3
Fcldspar - : ) : o e e w18 t .
Particlé size % ‘ ' '
— 2 micron 34.2 24.6 17.5 36.0
—20 micron . 642 56.1 48.5 66.4
om
20 LEGENOD
4 OH 510 Drill hole
40™ =
Claciat overpurden
Kaolin, white or
50m light-gray
(Z3] xaotin. rea-yeitow
or dark-gray
Quarz-feldspar-gneiss
80m<
E Kaolinized
Om Sam
IOO; | S— —
| Scate
deoth estimated 87 gosenvaical metnog,
. i Yirtasalmi
Fig. 4. Cross section of a kaolin deposit 8 'hf st are.
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Geology, commercial assessment and utilization of
tale deposits

M. Tyni, Malmikaivos Oy
V. Mich’ ailov & V. Furman, Sevzapgeologia Association

Geology and commercial assessment

Because of its valuable properties, viz. brightness, fire
resistance, high sorbing power, dielectric and chemical

" resistance, etc., talc and talcose rocks are used in the
Jproduction of wood-pulp and paper, lacquers, pigments,
‘rubber and ceramics, as well as in the chemical industry,
mediocine, construction materials manufacturing, etc. The
world output and consumption of talc, as well as its mar-
ket price, are confinuously growing.

Known in the Soviet Ka.relia are the deposits and occurr-
ences of commercial talc-carbonate and talc-chlorite ores
from altered ultrabasic rocks, and also talc-carbonate
ores related to the metamorphosed dolomites and carbonate
shales. Among these, however, only talc-chlorite ores (a
so-called potstone) have been developed.

Most common are the recently examined occurrences of talc-
carbonate ores which are associated with ultrabasite rock
complexes. We know 9 of such occurrences that are located
within the Lopian greenstone structures, viz. Hautovaara-
Vedlozero, South-yygozero and Kivijarvi, and among them
Svetlozero occurrence is the most familiar. It Comprises
3 high-angle sheet deposits, 100 to 200 m ¥hick ang at
most 2 km long, which have been traced dowd to 300 m.
There are interbeqs of serpentinite and 88bbTo-diabage:
these attain 30 p i, thickness and are sp8¥lally aggoci-
ated with Ni-Cu opepodies. Predicted $81°¢ OT® regerves
vai-g estimated at 450 pin tons, with tald content 4o.70%,

..’ ’
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Magnesite (PreWneyite) 40-50%, impurities (chlorite and -
Serpentine)  10-20%, megnetite and sulphides up to 5%.
The raw ores POsSsggg the brightness of 55-68%, the con-
tent of ipsoluble-jn-HCl residue being 55% and Fe,04

ranging 6. 6-11%. Thege ores yield a talc concentrate with
'brishtness 85-87%, F'6203 from 0.2 to 0.45% and insoluble
residue 92-96%-.

The total predicted resources of apo-ultramafic talc-car-
bonate ores at the known mineral occurrences in Soviet Ka-
relia amount to 560 gln tons.

Talc-chlorite ores compose the deposits and occurrences

of Segozero and Vozhma groups, as well as the occurrences
of Parandovo and Kostomuksha.

One deposit of the Segozero group (Ka.llivo-Murrenanvaara)
used to be quarried in 20's and 30's for the production
of building stone, ﬁ.re bricks, etc. Known all in a.ll in
Ka.rel:l.a are 12 depoaita and occurrences of this building
_material the total ré%ouroes exceeding 100 mln tons. The
most_thoroughly studied 1s W%as-xgivan-Allusta deposit
which comprises three thick high-angle bodies localized
within the hanging we.ll of a lheet-like serpentin:l.te rock
masgit 1.5 kn 1ong. Av"gri'ase talc oonten‘b in ores is ar-
ound 35%. chlorite 35% °&rb0nate 15%, actinolite 15%,
with qua.rtz, pyrite’ and monazite as impurities. Recog-
nized are foliated and masaive ore varieties, of which
the 50°°nd type hag & remarkably decorative look.

Less familiar are the talc-carbonate ores of apo-carbon-
ate types» Which are ggsociated with Jatulian dolomites
and carbonate shaleg common in southern and central Ka=-
relia. W8 KNnow threg occurrences of that ore type, and
the predicted ore regerves of the Pudozhgorski occurren-
ce, as the best explored, make up gome 30 mln tons. The
ore deposit has g porp of & low-angle gheet body about
10 m thick and 3.5 1y 10ng, With talc content in ore



ranging from 25 to 65% and that O_f F6203 as 0,99-1.18%.
This occurrence is worthy to be furthermore studied as
a possible source of talc with low Fe content.

Dramatic deficit of high-quality talc in the Buropean
.part of the USSR, where most of its consumers are, can
made good by constructing a dressing plant using one o:
‘the talc-carbonate ore deposits in Karelia. Feasibility
estimate proves high economic.efficiency of such option
with the dressing plant's annual output of micronized a
‘ground talc product coming to 455 thou tons, the indust:
‘al engineering investmenta of 66. 7 mln rubles will be cc
pensated in 3 years. :

Technologiéal utilization of talc deposits

This part of the talc abstract is in Finnish. However,
English explanétions to the Figures are presented in-
. the following: .
““Pig. 1. Stereographic piciure of the crystal st:uctﬁ%é
.7 of tale. :

E"Fig. 2. Electron microphotos of talc products. On the-
: right the product contains tremolite fibres.
Largest grains @ appr. 20 pm.

Pig. 3, A typical serpentine occurrence that has partly
altered to talc.

Fig. 4. Machines for grinding talc.

Fig. 5. Typical grain size distributions of talc products



TALKKI TEOLLISUUSMINERAAL INA Matti Tyni, Malmikaivos Oy

Ne erikoisominaisuudet, Jotka tekevidt talkista moniin tarkoituk-
siin soveltuvan teocllisuusmineraalin, ovat pehmeys, vaaleus, loh-
kopartikkeleiden levymdisyys, liukenemattomuus sekd erddt pintake-
miall;set ominaisuudet kuten hydrofobisuus ja organofiilisyys.

Kuva 1. Stsreokuva talkin kiderakenteesta

Maailmalla k&ytetddn talkkituotteita noin S milj. tonnia vuodessa.
Talkin kdyttotilastoihin (”talc minerals”) luetaan usein myds py-
rofylliitti (ns. ‘alumiinitalkki), -joka on kuitenkin erilainesn sek#
synnyltddn attaf’kﬁgttdt3001ltagn;’“Eri tarkoituksiin kdytettdvien
talkkituotteiden laatu -ja ‘samalla hinta vaihtelevat suuresti. Yh-
teistd niille on vain se, “ettd - ne sisHltdvdt ‘vaihtelevan mdHr#n
talkkia. Mitd mudta ne sisdltdvit, ‘onkin jo‘eri asia. Laadun vaih-
teluita kuvaa myts hinnoittelun laaja” skaala.” Esim. - USA:ssa 1983
erilaisten talkkituotteiden-hirita vaihteli v#H1ill# <S5 .28 = 35B/t. .
Talkkia tuctstaan noin 40 maassa ja .tuqygntaon~'osallistuu yli S0
SRR {0 0 O R T R e G R T e
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Kuva 2. Elektroh1m1kro$kooppikuvia talkkituotteista. Uasemmalla
puhdas vaahdotsttu talkki. 0Oikella tremoliittikuituja sisdltdvd
talkkituote. Suurimpien rakeiden ldpimitta noin 20 mikronia.

Talkkia k#ytetddn moniin tarkoituksiin (ks. taulukko 1). Kdyttd-
mddrdt kuvaavat maan omia raaka-ainevaroja. Esim. kotimaisen kao-
liinin puuttuessa k#ytetdtn samaan tarkoitukseen talkkia, jota se
ldhinnd muistuttaa. Ndin esim. Suomessa, Ranskassa ja Japanissa
talkin kdyttd paperitecllisuudessa on huomattavan suuri. Talkin
vuotuinen kulutus asukasta kohden on n. 70 kg, USA:ssa n. S kg Jja
Neuvastoliitossa vain 2 kg.

il




~ TALKKIESIINTYMAT JA NIISTA SAATAVUAT TUOTTEET —

Taulukko 1. Talkin tecllisten kdyton arvioitu prosentuaalinen ja-
kautuma eri tarkoituksiin.

Suomi Muu Eu- USA Kako
rooppa maailma

Karaaminen teallisuus - 8 34 30
Maadit, muovit S 24 24 - 23
Paperitecllisuus - S0 49 13 20
Kosmetiikka . - 4 S 7
Kattohuopa v - 2 11 7
Kumiteollisuus : - 3 - 3
Lannoittest b ; 7 13 S
Muut 1 = - S
Talkin kdyttd yhteensd

miljy. tonnia A g,3 1 1,2 S

Talkki on magnesiumrikkaiden minsraalien muuttumistulaos viimeisim-
mdssd geologisessa kehitysvaiheessa. Talkin syntyminen on tunnet-
tua ainakin seuraavien reaktioiden mukaan:

serpentiini + CO2 -> talkki + magnesiitti

serpantiini + Cal + CO2 => talkki + dolomiitti
- tremoliitti + COe : - dolomiitti + talkki
- kloriitti + S5i0e2 -> talkki

Talkkrutumisan on useimmiten aiheuttanut maapallon uumenista ko-

honnut CO2. Talkin seuralaismineraalina on aina sekd muuttumaton-
ta alkuperaista mineraalia ettd uutta mineraalia riippuen siitsd,

miten. pitkélle talkkiutuminan on edennyt. Pahinta on, Jns_talkklu-
tuminen on ollut niin epidtdydellistd, ettd itse talkin kidshilaan
an Jﬁangt kloriitti- tai serpentiinirakenteita. Tdllaisesta tal-
kista ei voida kaskaan valmistaa korkealaatuisia tuotteita.

Kaivoskalpnisat talkkiesiintgmat (talkkimalmxt) vuidaan rghmltalla
asiintgmispaikkansa mukaan sauraavasti.

1 Serpantiniittivuclukivat
2. Dnlamiittistaatiitit :
3. Irsmoliittigalkkikivat

Serpentiniittivuoclukivien tavanomainsn mineraalikoostumus: talkki
S0 - 70 %X, magnesiitti (braunariitti) 30 - S0 %, Mg-kloriitti
(lsuchtanbergiitti) S - 10 %. Lisdnd serpentiinid, dolomiittia,
diopsidia, tremoliittia, sulfideja Jja oksidsja. :

Setpéntiniiﬁeistﬁ rikaétetun talkin rautapitoisuus on 1 - 2 %.
Uualukiv-n nikkelipitoisuus O, 1 - 0,2 % Tavallisesti se sisdltidd

Serpentiniittivuolukivid hyddynnetddn paljon mm. Uermontissa Ja
Suomessa. Ultraemidksisen massiivin talkkiutuminen on ollut ussein
epidsdanndllistd. Talkkiutuneiden osien muoto ei noudata ollsnkaan
serpentiniittipahkun muotoja. Serpentiniittivuolukivistd tuotettu
talkki on useimmiten tyypillistd bulk-tuotetta, joka vain vali-
koidulla louhinnalla gJa hyvidlld vaahdotustskniikalla ylt&@d puh-

taimpien erikaoistalkkien luokkaan.
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Fig. 14. Ma 79 of the soapstone and talc schist occurrence of Kivikallio—
Talvivaara (79) in Sotkamo commune. 1. Mica schist, 2. Phyllite, 3. Quartzite,
4. Basal schist, 5. Serpentine rock, 6. Supmmo and tale schist.

Jolomiittisteatiiteista tuotetaan puhtaimmat 3Ja parhaimmat eri-
koistalkit. Esiintymdt ovat magnesiumpitoisissa karbonaattikivissid
olevia juonia Ja kerroksia. Puhtaat steatiittijuonet ovat kooltaan
rajoitettuja. Talkkipitoisuus on korkea (S0 - 100 %), joten rikas-
tamiseksi riittd8 yleensd silmédmddrdinen valikointi. Tdllaisista

esiintymistd tuotetaan korkealaatuista talkkia mm. Montanassa Ja
Italiassa.

Dolomiittiymparistssd olevia kloriitti-talkkiliuskeita kéaytetddn
paljon talkin tuotantoon mm. Eteld-Ranskassa. Erityistd rikastusta
ei ole, Ja tuctteet voivat sisHltdEd 30 - 40 % kloriittia. Klo-
riitti alentaa tuottaan vaaleutta, mutta siitd huclimatta néma
tuottaat nvat lugtﬁneet vakiintuneat markkinat Kaski Euruopassa
Iremoliittivuolukivistﬁ on tguppiesimerkki N-m Yorkin valtlon pah-
joisgsassa olevat Gouvernourin esiintyméit. Ne sisdltdvdt talkin
lisﬁksi 30 - SO % vaaleaa tremoliittia. Kun talkkia @i rikasteta,
sama tremoliittipitoisuus sdilyy tuotteeseen. Tdllaista tuotetta
in/pidetty hyvidnd raaka-aineena keraamisessa teollisuudessa, jossa
witumainen tremoliitti 1lisdd 1lujuutta ja estdd muodonmuutokset.
ilhainan rautapitnisuus on keraamisen raaka-aineen edellytys. Te-
‘divikuituisen tremoliitin rinnastaminen asbestiin ja asbestia kos-
(avat tarveussﬂ&dﬂkget ovat voimakkaasti rajoittaneet t&llaisen
‘alkin tuotantoa viimeisen kymmenen vuoden aikana.

ALKIN TUOTANTOMENETELMAT, EKBLOGIA JA TYSBTERUEYSRISKIT

aivos

~alkkimalmi louhitaan yleensd avolouhoksista. Maailmalla on vain
uutamia maanalaisia talkkikaivoksia. Tdmd Jjohtuu siitd, ettd maa-
ilainen = kaivostuotanto. on huomattavasti kalliimpaa jJa liukas
ilkkipitoinen kallio on altis yll&attaville sortumille jJja siten
larallinen. Talkkikaivoksen ekologiset vaikutukset ovat pienet
s se toteutstaan nykyaikaisten ympdristdnsuojeluvaatimusten mu-
ian. Maanpintaan ja maisemaan vaikuttavat kaivostoimenpiteet voi-
an minimoida niin, ettd aincastaan tuctannolle vdlttaméaton alue
" kerrallaan kdytdssd. Hylkykivi- Ja JHtehiekka-alueest voidaan
lisemoida sddnndllisesti. Maanpoistoa louhittavan esiintymén
iH1td voidaan tehdd vain tarpeellinen mddrd kerrallaan. Louhin-
'ssa syntyvd ptily, Joka voi olla ekologisesti haitallista ympé-
\stdlles, voidaan sitoa esimerkiksi vesisumutuksella.
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Rikastus .
Talkkituotteet valmistetaan Joko kuiva- tai markdmenetelmdlls.
Kuivaprosessissa rikastaminen tapahtuu Jjo kaivoksassa selektiivi-
send louhintana tai sitten  murskatun kiven manuaalisena tai auto-
maattisena lajitteluna. Eri kayttdtarkoituksiin wvalikoidut vuolu-
kivilaadut murskataan ja Jauhataan kuivana. Mineraalikoostumus ei
prosassissa muutu.

Kuivamenetelmadssd saadaan pdlyhaitat kuriin poistoilman tehokkaal-
la puhdistamisella. . Pdlyhdn on arvokasta hienorakeista talkkia

jota ei kannatakaan paastaa hukkaan.

1960-1uvulla kidyttddn otettu talkin mérkdrikastus (vaahdotus) an-
taa mahdollisuuden valmistaa talkkirikkaita tuotteita huonommista-
kin raaka-aineista. Uaahdotuksessa talkki myds puhdistuu erdista
haitallisista mineraaleista, kuten asbestimainen tremoliitti,
kvartsi jne. Vaahdotuksen varjopuolena on talkin huona selektiivi-
nen rikastaettavuus erdistd seuralaismineraaleista, kuten magne-
siumkloriitista ja hienoksi Jauhautuneista karbonaateista. Talkin
vaahdotus on ekologisesti harmiton. Talkki ei tarvitse hydrofobi-
suutensa takia hankalia reagensseja. Prosessivesid voidaan saos-
tuksen ja suodatuksen jdlkeen kdyttdd yhd uudelleen eikd ongelmia
Jdtevesien kanssa yleensd ole. Rikastusjdtehiekkan, Jjoka koostuu
pddasiassa karbonaateista, amfiboleista ja pyrokseneista, maise-
mointi on helppoa.

Jalostus : :
Jalostus voi - kasittaa talkkituotteen magneettista puhdistusta,

raekokaJakauman sddtod mikrojauhatuksella ja luckituksslla, tuot-

teen saattamista erilaisiin toimitusmuotoihin. Eri kagttﬁtarkol—
tuksilnj,menavilla tuntteille on hyvin tarkat raekokojakauman _Ja
kunstumuksan“ vaatimukset. "Asiakkaiden haluamia toimxtusmuotaJa
ovat mm: sakitattg kuiva bulkki, pHlydmdtttméksi granuloitu, val-
miiksi 1ietattu Lishalneilla voxdaan sddtdd talkin pintakemialli-
sia ominaisuuksia erilaxsiin kﬁgttbtarkoituksiin sop;viksi.

Kuva 4. Talkin jauhatuksessa kiaytettdviét suihku- ja rollerjauhimet
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Kuva S. Talkkituotteidsn tyypillisid raekokojakautumia aerilaisiin
kdyttbtarkoituksiin '

Talkin kdytto

Inerttind mineraalina talkilla ei ole todettu olevan kielteisid
vaikutuksia kd@ytttkohteiden ympdristdssd. Pdin vastoin talkin kdy-
tostd on suurta ekologista hyotyd paperi- ja selluteollisuuden j&-
tevesien hartsien ja muiden eloperdisten ainasten vdhentdjand.

Tdssd tarkoituksessa talkin kdyttd tulleekin edelleen lisdanty-
mddan. -

Talkki ja tervsys . R S S :
Puhtaasta talkista ai ole tndettu suomalaisen yli 20 vuoden koke-
nuksan.perustealla mitdédn erityistd vaaraa talkin kanssa tytsksn-
televien ihmisten terveydelle, mik#dli yleisid pSlypitoisuusnormeja
noudatetaan. Sen.sijaan talkkituotteissa olevat 7*jotkut muut mins-
raalit, kuten . asbestimainen tremoliitti Ja Jjoskus kvartsi voivat
aihauttaa vakavia .-terveyshaittoja. Jos talkkituotteen rikastus
tehd&dén vaahdottamalla, nditd mineraaleja ei tuotteessa esiinny.

lTalkkia kdytetddn paljon farmasian Jja kosmetiikan tuotteissa. Sil-
loin talkilta vaaditaan erityistd puhtautta, mm. pienid karbonaa-
tin, liukesnavan raudan Jja myrkyllisten metallien pitoisuuksia.
E31merkiksi AsS203:n tHytyy olla alle 2 ppm Ja Pb:n alle 20 ppm.
Sen lisdksi talkin raekokojakautuman tidytyy olla sdddetty niin,
sttd ihohuckosia tukkeavia hienoja partikkelsita ei ole.

UWUDEN TALKINTUOTANTOYKSIKS8N PERUSTAMISEN ARUVIOINTIA

Talkki on luonnagssa yleinen mineraali. Talkkipitoisuutensa ja laa-
luutensa pualesta hyddynnettd@viksi kelpaavat esiintymdtkdén eividt
tle harvinaisia. Talkin saatavuus on siten yleisesti ottasn hyva.
Pelkdstddn ndilld perusteilla uuden talkintuotannon perustaminen
in kuitankin hyvin arveluttavaa. Teollisuuskdyttissd talkki on
iseimmiten halpaa bulk-tuotetta, Jota kdytetddEn pddasiassa sen ta-
kia, ettd se korvaa jotain kalliimpaa raaka-ainetta (salluloosaa,
luukuituja, muoviainetta jne), toisella sijalla tulee vasta talkin
Dusitiivipen vaikutus tuotteen laatuun. Vain joillakin kdyttio-
ilueilla talkilla on ominaisuuksia, Jjoita ei voi korvata muilla.
\din on erityisesti paperi- ja sellutshtaiden pihkantorjunnassa,
loassa talkista on huomattavaa hydtyd kdyttodtekniikan ja ympéEristdn

resgr * =



suajelun apuna.

Oleellista on, onko tuotteille riittdvdasti kysyntdd ja pystytdanko
asiakkaita tyydyttdvdd talkkia tuottamaan riittdvdn alhaisilla
kustannuksilla. Kannattavan tuotannon tarkeimpid edellytyksid ovat
slten seuraavat:
\ - potentiaalisia Ja kiinnostuneita asiakkaita on oltava
< tuotantovolyymiin ndhden riittdavdsti ja niiden on oltava
Jarkevan kul jetusmatkan pddssa -
— @siintymén on oltava laadultaan hyvd; talkin saanto
tuotteisiin on oltava riittdvd Ja talkki on laadultaan
niin hyvdd, ettd asiakkaiden vaatimusten mukaista talkki-
tuotetta voidaan valmistaa ja laatua mydhemmin paranta-
maan vaatimusten todenndkdisesti ennen pitkdd kasvaessa.
Kalliimpia erikoislaatujakin pitdisi vdida valmistaa,
koska niilld on parempi myyntikate.
- investointi- jJa tuotantokustannusten t&ytyy olla al-
haiset, jotta pystytdan kilpailemaan markkinoilla tarvit-
taessa myds hinnalla
- seuralaismineraaleista, kuten Ni-pentlandiitti ja mag-
nesiitti, voidaan tehdd myyntikelpoiset tuottest
- tuotekehitykseen Jja asiakaspalveluun on panostettava
koka ajan ,

Loppulause

Talkin ominaisuudet tekevit slxta on mnnipuolisan teollisuusmine-
raalin. Sen kdyttd nimenaomaan tecllisuudessa on vield nuorta, jJja
paljon on vield tutkimatta ja kehittdmdttd sekd sen tuotanto- etta
kﬁgttdtekniikassa.

Vain papari— Ja selluprosessien pihkantorJunnassa talkilla ei ols
varteenotattavaa mineraalista kilpailijaa (ehkd bentoniittia lu-
kuunottamattal. Muissa kdyttissd talkin pahin kilpailija oduselm-
miten kaoliini. Koska kaoliini -on savea, sitd on helppa kaivaa,
liettdd ja puhdistaa. Talkki .sen sijaan on louhittava kivestd,
murskattava, jauhettava, rikastettava ja Jjalostettava. On selvdd,
ettd talkilla on tdssd kilpailussa huonompi ldhttasema. Talkki voi
kuitenkin selvitd kilpailusta tulevaisuudessa yhd paremmin.

s



o i
5

ixr

Geology and commercial assessment of graphite
deposits in the eastern Fennoscandian Shield

N. Biske & L. Skamnitskaya, USSR Academy of Sciences,

.Karelian Branch

V. Michailov, Sevzapgéologia Association

O. Sarapii, Geological Survey of Finland

Known in the eastern Fennoscandian shield are the deposits
and occurrences of flaky, crypto- and compact-crystalline

graphite. These are localized within the graphitic inter-
vals of Archean and lower Proterozoic schists and gneisses

that became metamorphosed to the amphibolite and granulite
facies.

Flaky graphite deposits concentrate in South Finland (Per-

tunmaa), near ladogae (Thala) and adjacent Savo area (Leppa-

virta), in North Karelia (Kicheny), and Kola peninsula
(graphite deposit in Kaskama-Allarechka structure). Graph-
ite ore deposits are sheet and lentlcular bodies attaining
in size some 100 m end more, while their length varies from
scores of meters to tens of kllometers. Graphite content
‘ranges from 2 to 40%, being normally 3-10%. High-grade
flaky graphite deposits (C > 15%) are of modest size, being
no more than 10 m thick and several hundred meters long.
The graphite forms the flakes and their growths which vary
in length from the hundredths of a millimeter to 3-5 mm
and are oriented along the rock foliation and gneissossity.
The graphite ores contain quartz, feldspar, biotite. DNoted
should be a presence of sulfides, mostly pyrrhotite. There
are subordinate amounts of pyroxene, amphibole; garnet,
cordierite and sillimanite. Ores of macroflake graphite
are easily dressed and a flotated concentrate with graphite
content up to 96% can be produced.

Higher concentrations of graphite are observed in the zones
of graphitic rock schistosity, brecciation and diaphthore-
sis. Apart from the dispersedly impregnated graphite, we




also find here the graphite pockets, stringers and occurren-
ces of irregular shape. The graphite ores diSpléy various
metasomatic alterations: sulfide enrichment, silicification,
carbonation, chldritization, micatization.

Thala deposit of macroflake graphite, that is in the western
Ladoga area, S of Lahdenpohja, is the most promising. Ore
bodies, from several to 350'm thick, have been traced for

1 km and more. Rocks, with their high-angle dip, have un-
dergone folding and faulting. Biotite gneiés prevails as a
constituent of ore deposits (graphite content 2.8-4.4%).
The predicted graphite ore resources of the largest deposit
are estimated at 55 mln tons 'down to 100 m. Redistribution
of graphite and its higher concentrations are typical of
this deposit. Zone of relatively rich ores (graphite over
5% ) is meximum 80 m thick. Average graphite content in
ores makes 4.43%. “

Laboratory tests have proved the possibility of producing
‘crucible, foundry and electrode graphite from the Ihala gra-
phite ores. Carbon content in floated concentrate'ianges _
“from 87 to 95%. Additional chemicel dressing yields the
graphite with ash content 0.1%. ~With their power to be
beneficated, the Ihala graphite ores are similar to those

of thw quarried Zavalievsky macroflake graphite deposit in
the USSR. A

In Finland, noted emong the others must be Pertunmas flaky
graphite deposit which is about 50 km SW of Mikkeli. Here
the flaky graphite is scattered in cordierite- and garnet-
bearing mica gneiss which contains pyrrhotite and pyrite as
well. Graphite amounts to some 10%. The graphite deposit
is 10 to 30 m thick and 500 m long. As follows from the

preliminary tests, the graphite content in the flotated
concentrate is 85%.

Cryptoc:ystalline graphite deposits and occurrences are lo-
calized in Lower Proterozoic layers of graphitic schists,

carbonete- and volcanic rocks which correlate with shungite-



bearing formations of Onega locality. The deposits are
grouped into 2 stirips: a southern one, stretching N-W from
northern Ladoga area to the Gulf of Bothnia, and northern
strip that comprises the graphite deposits of North Karelia
(USSR) and Lapland (Finland). The cryptocrystalline graph-
ite deposits have gone through a greenschist-amphibolite "
facies metamorphism. Thickness of sheet- and lens-like de-
posits varies from O.4 to 10 m, occasionally coming to 30 m.
Average graphite content rahges 15-35%. Again, flaky graph-
ite impurities are now and then present in the ores, and
there are also sulfides amounting to 2-10%.

Flotation does not work on the cryptocrystalline graphite
ores which are not easily dressed. They can be used undres-
sed in foundry and metallurgy. High sulfur and ash content
restricts the tentatively proved possibility of.using the
carbon-rich schists as pyroschists. Of particular interest
are graphitic schists with a commercial content of V, Pb, Zn
and other valuable elements.

The compact-crystalline graphite deposits are known largely
in South Finland and lake Iadoga area. They vary greatly in
morphology and contain high-quality graphite ores. Because
of their small size, however, they lack commercial value.
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On the requirements to the quality of the industrial
minerals applied in building industry

N. Ustavnikova, Sevzapgeologia Association. Leningrad

H. Pyy & P. Mesimz‘iki,' State Technical Research Centre, Espoo

The raw materials applied in the building iﬁdustry are
produced mainly from the rocks which can, in a way, be
classified into two groups:

1) rocks applied as such or after mechanical treatment;
2) rocks applied after thermal or chemical treatment.

Considering their variety and extent of application, the
industrial minerals can be grouped into (1) the raw mate-
rials that are ‘abundantly used for various purposes and
(2) the materials largely for one or two ways of applica-
tion. - -

We sha.ll Spea.k ﬂrst about mineral resources that are most
widely used in the Northwest of Russian Federation. These
include igneous rocks, clays and argillaceous rocks, car-
bonate rocks, sand end gravel.

‘Igmneon 8 roc k 8. Annnal consumption amounts to
some 300 mln tons. Major application - production of crush-
ed stone and such stone products as slabs, architectural-
structural members, edge stone and paving dice-cubes.
Among the most critical properties that must fall in with
the state standards there are strength, grain size, rock
composition and grain geometry - for the crushed stone,
and the Jointing (which enables blocks of certain dimens-
ions to be produced), water imbibition, attrition resist-
ance, frost resistance, and decorative look - for the na-
tural stone suitable for external use or interior decorat-
ion.



Argillaceous 1rocks. Major bulk of clay
material is used for a production of bricks, cement, por-
ous aggregates and products, and ceramic structural mem=-
bers. That this or that kind of clay material is good for
use is usually decided through direct testing. The basic
properties that characterize the clays as good .or not for
industry are: plasticity, fire-resistance, chemical and
mineral composition, grain size, sintering and swelling
capacity, etc. |

Carbonate rocks. Limestones and dolomites
are most common. They are used mainly in the production

-of lime, cement, crushed stone and building stone elem-

ents. It is the presence.of CaCO3, MgCO3,'and élay impu-
rities that sets limits in using the carbonate rocks for
the production of lime and cement.

Sand an d g&ravel. These are used as concrete
-aggregates, in road construction, building mortars, etce.,
~and can be used also as single components and/or natural
: sandy-gravel mixes. The basic restricting prOperties in-
clude. atrength. grain size and presenoe of potentially
reacting rocks (opal and opalpohalcedonic cherts).

In Fin l'a‘n'd, material technical questions have become
more and more important in building industry. New products
have to meet higher standards than the old ones. "E.g., thin-
ner and thinner slabs are being produced. This means that
their frost resiatance and strength must be better. Also

the environmental changes, i.e. air pollution and acid rain,
have to be taken into account: limestone, marble, and many
sandstones are no more recbmmended, whereas granites and oth-
er non-calcitic rocks are better. The protection of facades
made of calcitic stones is costly and’may cause new damage.
‘In cement industry many mineral admixtures, such as fly ash
and slag, are now used. This also means new quality require-
ments. Impurities in the aggregate material and weathered or
otherwise weak stone material may also damage concrete and
asphalt.
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Vermiculite and its use as an industrial mineral

R. Saikkonen, Lohja Oy, Virkkala

Vermiculite is a mineral, which is mainly used in activities associated with
constructing. Vermiculite is a hydrous trioctaedric mica, Mg-Al-Fe-silicate,
which has most often been formed by supergen c alteration processes
. from biotite or flogopite. The alteration is characterized by replacement of
alkalies by magnesium and by linking of water molecules to the lattice.
The color of vermiculite is brown or dark greenish, and, when exfoliated,
pale or yellowish. Technically, the most important property of vermiculite is
its strong swelling in rapid heating to 870°C. It swells along its c-axis even
30-fold and forms a concertina-like structure consisting of enlarged pores
“between lattice layers. The volume weight of vermiculite as such is 640-
960 kg/m?, but in exfoliation, when - the temperature rises rapidly from
800°C to 1100-C and exfoliation occurs in 0.2-8 sec., the volume weight
falls to 160-65 kg/m>. '

The exploration of vermiculite is mainly based on regional geological
_reconnaissance, in which the critical rock associations are carbonatites
“and alkaline rocks, pyroxenitic pegmatoids,and pegmatite veins, which cut
-“ultra-basic rocks. Vermiculite is sometimes indicated by dense vegetation,

o ‘because the mineral has good propeérties as regards-to substrate. Gene-

- rally, outcrops very seldom contain vermiculite of good quality. In contacts
vermiculite often occurs in lumps, but in the surroundings in disseminated
~form. In addition to the ordinary economic factors of a vermiculite deposit
- one has to pay attention also to the depth of the supergenic weathering.
In Libby, Montana, vermiculite occurs to the depth of 350 m, whereas in -
Palabora, South Africa, the economic deposit does not extend below
“the 50 m level. In exploitable vermiculite deposits there is in average 20-30 %

of vermiculite. Sampling should be carried out by rotary drilling in
order not to damage the flakes.

Vermiculite is mined in open pits. The blasted ore is crushed, screened,
dryed and classified to a minus 20 mm fraction for exfoliation. The most
important producers are USA (276 000 t in 1989) and South Africa
(209 000 t in 1989). Other producers are Soviet Union (20 000 t), China,
"Argentina, Brasil,and India. In 1989 the world production was 5§87 000 t.
"The price of unexfoliated vermiculite is USD 120-145/t (fob mine, USA).
When exfoliated, the price is three times higher. The production of USA is
consumed totally in the USA and Canada. To the European market, where
England is the biggest consumer (43 000 t in 1985), vermiculite is export-
.ed from South Africa. In 1989 Finland imported vermiculite a total of
1400 t, mainly from the Soviet Union.

Vermiculite from different deposits varies in exfoliating. In practice, the
volume exfoliation factor is 12-20 (good) or 8-12 (medium). The diameter
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of flakes should exceed 65 mesh. Stacking flakes must exfoliate evenly
and within a short period of time. The product must not contain unexfo-
liated biotite or flogopite. Vermiculite is transported from the mine as a
concentrate and exfoliated in special plants. Of fine quality flakes that

are 2 mm in diameter it is possible to achieve at least a 10-fold volume
through exfoliation. The main end uses are different building materials like
elastic, heat resistant lightweight concrete and non-combustible plasters
that do not generate gases, which do not crack in heat. In the mixes of
light refractory bricks vermiculite can be used in small amounts. Vermi-
culite is a very important additive and coating material in different fire-proof
boards. In powder form it is also used in fire-extinguishing materials. As a
loose filling material vermiculite has an important meaning as regards to
sound and heat isolation. Its heat conductivity in loose state is k = 0.062-
0.065 W/meC and it withstands temperatures high up to

1100°C. As vermiculite is a hydrophobic material, it can be used with
bitumen and snhcon in isolation of moisture.

in the USA 29 % of the total production is used in agriculture. Vermiculite
acts as an anticaking agent in fertilizers and pesticides. It improves the
porosity of substrate especially in green-house cultivating, and, thanks to
its absorption properties vitamines and many additives can be spread
evenly in substrate. Vermiculite has been accepted by EC as an inactive
additive in animal food. Of all the clay minerals vermiculite has the highest
cation exchange capacity, e.g. for Mg 90-100 meqv/100 g. Therefore itis
used in absorption of several compounds like ammonia.

~The known vermlcuhte reserves in the world are 50 mllhon t. New deposnts

" - have been discovered e.g. in. Kenya and Malawi. The consumption of-

vermiculite can be anticipated to increase after the recession in the 1980Q0's
and by the year 2000 the production- will rise to 800 000 t. Many industrial

= - minerals ‘and artificial compounds can replace vermiculite. However vermi-

.culite itself replaces some minerals like asbestos.

In Finland vermiculite has been discovered in Maaninkavaara, lnvaara
.Sokli and. Northern Karelia,associating with serpentine rocks. In the first-
mentioned occurrence tremoalite-, carbonatite-, and vermiculite-containing
veins cut amfibolite and skarn-like veins dissect a narrow limestone layer.
In the veins vermiculite forms stakes of flakes 1-5 mm in diameter and
separate mica plates 5-10 cm in diameter. The color of vermiculite is deep
green or brownish green. Obviously, vermiculite has been formed hydro-
- ‘thermally at the expense of biotite. In laboratory tests the exfoliation coef-
ficient of 15-16 was achieved. The amount of vermiculite in the fissure
veins is not sufficient for feasible mining. In the central parts of livaara
alkaline rock complex there are extensive areas of preglacial weathering
crust lying on the bedrock, which consist of a series of urtite-ijolite-meltei-
giter-rocks. Biotite has been altered completely to vermiculite, which
comprises 2-15 % of the weathering crust. In laboratory tests the exfoliat-
‘ion coefficient was 5-20, but the exfoliation came about unevenly The
flake size in the weathering crust is 5-30 mm. Vermiculite is a noteworthy
byproduct, if the livaara alkaline massive will be utilized for some other
reasons. These vemiculite investigations have been carried out by the
‘Geological Survey of Finland. Rautaruukki Co has discovered that upon
~-Sokli carbonatite massive there is a layer of weathering crust, which con-
~ tains 1-2 % of vermiculite. The primary mineral has been flogopite, whose
alteration, however, has remained incomplete.
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The ways of increasing the efficiency of using
nonmetallic mineral resources

V. Proskuryakov, Sevzapgeologia Association, Leningrad

An ever increasing consumption of nonmetallic resources and en-
vironment protection requirements iput the problems of increas-
ing the efficiency of using mineral deposits in the first place.
Possible ways of solving the problems are discussed, basing on

the example of eastern Baltic Shield deposits, and they may in-
volve the following:

To use up to the highest degree the already exploited deposits
including those of nepheline-apatite ores, phosphorites, mica
pegmatites, vermiculite-phlogopite orebodies, natural building
stone, etc; to study and find more ways of using the resources
of exploited halleflinta, shungite and other deposits;

" To use the tailings of mineral dressing and processing, along
with slag and ash of various industries, as the substitutes
- for the nonmetallic ore minerals; o

xTo make use, in the economically effective industry, of new
materials, such as talc, asbestos, kyanite, eudialyte, etcy

To improve the teohnique of mineral dressing’and processing;

fo compile & data bank describing a present progress in deve-
loping the nommetallic mineral deposits on the one hend, and
the industry wastes regarded as a potential substitute for
natural mineral materials;

To give an analytical background for a proper distribution of
mineral resources (both natural and secondary) and mining and
- processing industries, using the cartographic material based
on economic geology study.

A reasonable and as fully as poassible development of natural
resources, as well as a use of recoverable man-made resources
will enable to increase economic profitability and ecological
purity of the industry.
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Resources of stone processing industry in the
northwest of Russian Republic

N. Ustavnikova, Sevzapgeologia Association, Leningrad
A. Ryleev, Geological Institute, Academy of Sciences,
Petrozavodsk

The Northwest of Soviet Russia is ranked highly on a country

scale for ita abundant and numerous rock types that have been
long used as a building and decorative stone material. Here,

on the Baltic shield and adjoining edge of the Russian plate,
building stone mining industry has been developed already in

the 18th ceniury. Igneous, metamorphic and sedimentary rocks

were'widely used in the construction of St.Petersburg.

Nowedays, in Soviet Karelia, Murmansk and Leningrad regions
there is being exploited, and is further developing, a natur-
al building stone base which provides material for the North-
western, Northern, Central, Volga-Vyatka, Circum-Volga, White
 Russia and Baltic economic regions where no hard rocks good

good for‘building'purpoées can be found down to a reasonabls
minable depth. -

Notwithstanding a shortagerof natural decorative‘material,
mineral resources of the Northwest are hardly used in a suffi-
‘cient amount and only few of varieties are in the market.

Up till now the geologists have explored and transferred to

different industries 24 deposits, of which 12 are being explo-

- ited, namely: 7 deposits of granite, 1 of gabbro-diabase, 1 of
quartzite, 1 oimarble and 2 of limestone. '

All the rest deposits are standbye.

Stones of all deposits'look very attractive and run the gamut

of color, texture and structure of various bedrocks. They also
display remarkably good physical and mechanical properties.

. Mining conditions in the deposit areas are favourable, and the
proved reserves are large enough to ensure the long-time con-

tinous operation of most of the stone quarrying factories.
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As of January 1990, the natural building stone mining indust-
ry is localized mainly in Soviet Karelia and Leningrad region.
In 1989 the output of 12 developed deposits was estimated at
about 250000 m> of rock mass which gave about 50000 m®> of
blocks. Average block recovery percentage amounted to 20, whi-
le varying from one deposit to another from 10 to é4.

Stone processing industry in the Northwest of Russia compris-
es 3 large factories: a building and decorative stone process-
ing plant in Leningred, a'KondOpohja stone. processing factory
and Kuznechnoe Association of granite quarries in Leningrad

region . Besides, several small stone cutting workshops are in
operation.

The products from the stone processing factories of the North-
west are distributed in the following way. Nearly all of <the
products from Leningrad building and decorative stone process-
ing plant go to the construction sites within the city, while
" other economic regions are supplied with some 3000 m> of stone
;slabs and tiles. As for the KondOpohJa factory, almost all of

its produced stone articles are trenSported out of Soviet Ke-
relia. o

e

' 'The fact thet intrusive, volcenic and metamorphic rock com-

| plexes are so common within the area in question gives a good

ground for further development of mineral resources. Recent

investigations have revealed over 100 occurrences of block sto-

ne. “The goal of such work is: :

- %o further feed ‘a mineral storage of operating factories;

- %o develop mineral bases for new stone-proceesing enter-
prises;

- to find naturel decorative stone deposits for architectu-
ral restoration;

- to find natural stone of some uncommon attractive colors.

An ever increasing demand for natural bullding stone stimulates
a growing activity of stone-processing factories that can not
only provide a market with all necessary amounts of stone pro-
ducts, but also export the latter. SEVZAPGEOLOGIA Association
is ready to enter this buainess.
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Geology and the ways of using shungite rocks

Yu. Kalinin, Geological Institute, Academy of Sciences,
Petrozavodsk

V. Michailov, SevZapgeologla Association, Leningrad

From the point of view of modern knowledge a term 'shungite’
stands for elemental carbon with metastable texture, incap-
able of graphitization. The rocks containing 10-70% of this
carbon matter are called shungite rocks and basically they
contain aluminosilicates, quartz and occasionally carbonate.
In Soviet Karelia the shungite rocks are localized largely
within Onega trough structure where the thickest shungite
layers are recorded in its eastern portion - in the explor-
ed Zazhogino deposit area.

Total resources of shungite rocks within Onegea syncllnorlum'
and Zazhogino deposit aree are estimated at 1000 and 150
million tons respectively. Developed within Zazhoglnp area
for full-scale mining was Maksovo shungite body containing
some 30 million tons. Apart from Karelia, essentially large
shunglte deposits are known in Kazakhstan.

The rock sequences wherein shungite ocCurs in Karelia eare
placed at Ludicovian (circa 2000 Ma). A middle productive
Trans-Onegian subsuite contains several horizons of shun-
gite rocks, their thickness usually ranging from 10 to 20 m
and length along the strike being up to several kilometers.
- Shungite carbon content in the said rocks hardly ever ex-
ceeds 15-20%, rock structure is 1ayered,'occasionally mas-
sive. In certain places thickness of horizons goes up to
40-140 m, and up to 40% goes also shungite content, while
the rock structure changes to brecciated or massive. It

is in these swells that shungite rocks possess their high-
est commercial value.

It is assumed that shungite-rock-forming process is related
to volcanic activity.
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A remarkable thing about the shungite rock texture is that
silicate mineral grains (average size less than 1 micron)
are highly dispersed and uniformly distributed in a shungi-
te matrix. Peculiar textures displayed by shungite carbon
and shungite rocks explain their practically valuable pro-
perties. Thus, shungite carbon is very active in the redox
processes and extremely resistant in oxygen-free aggressive
media. The shung;te features a high conductivity and good
mechanical strength. High degree of fine dispersion dis-
played by silicate grasins, and their even distribution in-
the carbon matrix, provide a possibility of a perfectly de-
veloped contact surface to form between the grains, the

surface area attaining several square meters per 1 gram of
the substance.

Full-scale tests have proved an efficiency of using shun~
gite rocks as a raw material, instead of coke and quartz-
ite, in electrothermal production of ferroalloys, synthetic
cast-iron, phosphorus and nonferrous metals, as well as

in liquid deslagging. The shungite rock cen be an adequate
substitute for the foundry graphite and the grephite used
in a lining of aluminium electrolyzers.;Shungite rocks

serve as a base for manufacturing such radioactivity-shleld-
ing materials as concrete, bricks, masonry mortar, plaster,

.Stucco and mastics - all these materials surpassing in this
or that resgpect the conventional ones.

. Phe shungite rocks seem to be a good sorbent for removing
“organics and inorganics from water. The rocks behave as

quite strong catalyzers in organlo ‘synthesis of several
kinds. Investigations have proved good prospects of using
the shungite rocks as an aggregate for a whole variety of
high-molecular-compound-based composite materials, like
rubber or polyethylene.

The ways of applying shungite rocks in industry are surely
not limited by the abovelisted positive results of their

- testing. Indeed, the shungite will of course turn out to

be effective in other fields, too, instead of other tradi-
tionally implemented carbonic materials.
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Minerals used for paper production

M. Tyni, Malmikaivos Oy, Luikonlahti

The lecture deals with the feasibility and technology of the use of mineral
pigments in paper industry. The most important of these mineral
materials are kaolin, calcium carbonate, talc, and titanium dioxide.

The attached extended abstract is in Finnish, but the figures and tables
are explained in English:

Figures:
Fig. 1. World's paper consumption.
Fig. 2. Filling material (white) in SC paper, the fibres are black.
F1g 3. Cross sectlon of a paper sheet with mineral coatmg

| F1g 4. The first paper machme from 1800 (without a drying
aggregate)

Fig. 5. Modern paper machine.

Fig. 6. Development of the maximum velocity (m/min) of paper
machines.

Fig. 7. Grain size distribution of the most common paper pigments
(p = coating).

Tables:
Table 1. Paper consumption per capita in certain countries.
Table 2. Use of paper pigments in Finland 1970—1990.
Table 3. Forecast of the use of paper pigments till 2010.

Table 4. Percentage of mineral pigments in certain paper categories.




PAPERIMINERAALEISTA Matti Tymni, Malmikaivos 0Oy

Luannon materiaalista puusta tehtHvd paperi on sdilyttdnyt aseman-
sa ja jopa parantanutkin sitd ihmiskunnalle tHrkednd hytdykkeend
tdnd muovin ja elektroniikan aikakautena. Tdmd ndkyy valitettavas-
ti metsien tehokkaana hydtykdyttdnd; alkuperdisessd luonnontilassa
olevaa ikimetsdd aon vain rajoitetuissa suojeslumetsissd.

Taulukko 1. Paperin kulutus asukasta kohden oli erdissd maissa

: 1974 13988 kasvu %
USA v , 230 kg 317 kg g
Suami 1S0 c04 3B
Japani 140 204 46
Langi-Saksa 132 201 se
Iso-Britannia 142 164 1S
Ranska 11S 142 23
Neuvostoliitto 31 38 ce
Kiina 9 12 41

Suomi on Kanadan Jjdlkeen toiseksi suurin paperin ja kartongin vie-
Jd. Vienti oli v. 1988 7,6 mily. tonnia eli noin 90 X koko B,S
mil joonan taonnin tuotannosta. Neuvostoliiton tuotanto oli samana
vuonna 10,8 milyj. tonnia. '

_ mﬂjln
230 - 230
Koko maailman paperin
220 — : : /_! 220 kulutus oli  vuonna
- ...1888 @224 mily. ~ton- -
210 - | . , : . 210  “nia .ja 'sen ennuste-
200 |— i - . taan kasvavan vuotaen.
e I R ' ' — 200 "“FEOOO.iﬁmennessa © 300
1900 | 2 | Lt - 190 - #mily.” tomniin.’ Pig-
: D enttimineraalien ku-
180 180 ° 1utus voi silloin ol-
170 T owlan lﬁhes 30 . mily.
: — 170 tonnia. = -
160 | 160

1980 1981 1982 1983 1984 1985 1986 1987 1988
Kuva 1 Naailman paperinkulutus 1980-88

Taulukko 2. Paperipigmenttien kdyttt Suomegsa’ 1970-90

Do CARPONATE e ‘DIOXIDE Suomen paperiteolli-
COATING  FILLER COATING  FILLER  COATING suus kHytti v. 1980
| apFmE 618000 tonnia pig-
g;g m mzso 000 - - 43 000 3 000 3.:: g menttejd ja nyt kym-
- 178 000 - 7000 135 000 3 000 - -
1960 219000 130 000 - 1300 250000 2000 ssoe Menen vuotta myShem
1981 215 000° 132 00O - 23000 251 000 3 000 smo0 min 2,S—-kertaisen
o Bw mm b A M Gm e menen oML
1988 269000 2355000 S5000 71000 269 000 % 000 wsowo Miljy. tonnia. Samaan
1985 288000 284000 ~ 69000 97 000 254 000 3 000 g g aikaan paperin Ja
1986 355000 278000 . 70000 136000 205 000 3000 1
97 ro0 S0 so0 1ss00 oo 300 1zswo Kertongin tuctanto an
1988 S\ 000 312000 10N 00O 187 000 252 000 so00 139000 kasvanut noin
1989 32000 307000 173000 268 000 213 00O 200 14700 1 EO-kertaiseksi.
1990°) 525000 325000 209000 265000 209 000 4000 1538000

Pigmenttimineraalien kdyttd on siis lisddntynyt nopsammin kuin pa-
perin tuotanto. Kehityksen on arvioitu jatkuvan samaan suuntaan.
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Taulukko 3. Paperipigmenttien kdytttennuste vuoteen 2010

KAQLIN ‘ CALCIUN IALC LITARIUM  IOGETHER
CARBONATE RIOX[DE
COATING  FILLER COATING  FILLER COATING
. AND FILLER
1988 540 000 312000 104 000 187 000 232 000 4000 1379000
1993 520 000 340000 130 000 250 000 - 245 000 4000 1589 000
2000 860 000 400 000 180 000 350 0G0 300 000 7000 2097 000

2010 1 290 000 500 000 290 000 600 000 40O 000 13 000 3 093 000

PAPERILAJIT

Nykygaikainen paperinvalmistus on pitkdlle kehitettyd tehokasta
suurtegllisuutta, Jossa paddraaka-ainsena on kuitenkin edellesn
kasvikuitu. Paperilajeja on lukemattomia. Jokainsn paperitehdas jJa
Jopa paperikonekin tekee Jollain tavoin yksildllistd paperia
asiakkaan vaatimusten ja maun mukaan. Onhan tunnettua, ettd paino-
tuoctteiden imago riippuu paljon siitd, miltd se tuntuu kddessd. On
vaikea kuvitella, ettd esim. Krokodil painettaisiin dkkid kiilta-
vdlle chuelle aikakauslshtipapsrille,.

eumu zw“ % m

Kuva 2. Tégtééiﬁéﬁﬁé (valkoinen)  Kuva 3. PiHdllystetyn paperin
SC*papsrigsa, kuidut mustia. poikkileikkaus.

Jos wvertaamme jotain aikakausilehted kymmenen - kahdenkymmensn
vuaden takaa nykypdivéen lshteen huomaamms, ettd suurta kehitystd
on tapahtunut sekd painotekniikassa ettd paperinvalmistuksessa.
Paperin ominaisuuksia on parannettu monin eri tavoin - muun muassa
erilaisilla lisdaineilla, joista mineraalipigmentit ovat yksi ryh-

md. Seuraavassa lyhyt katsaus paperipigmentteihin Ja niiden vaati-
muksiin.

Taulukko 4.I11neraalipigmenttisn mddrd erdissd paperilajeissa

_ Paing %
1. Paino- ja kirjoituspaperit
Sanomalehtipaperi (newsprint) 0 -8
Aikakausilehtipaperi (magazine papars) 15 -30
Kirjoitus- Jja toimistopaperit 5 -20
2. Rakennuspaperit ja -pahvit
Uoimapapsrit 0 -3
Tapetit ‘ 8 -1S5
3. Pehmopaperit - 0
‘4, Kartongit 2 -10



PAPERIKONEELTA PAINOTUQTTEEKS! ASIAKKAALLE

Ollakseen hyva@ paperipigmentti mineraalin on kestettava kolme toi-
Siinsa kiintadsti liittyvdd vaihetta, joista Jjokainen asettaa pa-
perille ja sen sisdlta@mille pigmenteille suuria vaatimuksia. Namd
avat paperivalmistus, painatus ja asiakas (=painotuotteen ostaja).
Ymmartaskseen mikd on hyvd pigmentti, mikd ei, pigmenttimineralo-
gin an nahtdvda kaikki kolme vaihstta yhtend kokonaisuutena.

1. Paperinvalmistus

-QF; ...... 15' Kuva 4. En-
N : simmainen

I— m % , % ' % | paperikone-
vy

vuodelta

1800. Kui-
o vausosa
puuttuu

v : Kuva S. Ny-
1 , 2 3 (4) 5 " kyaikainen
paperikone

0

=941 KHE

1 2. 3 ‘“ 5 6 7

Ngkgaxkaxsessa paperikonasssa vcidaan erottaa samat toiminnalli-

sesti erilaiset.osat, Jotka periaatteessa olivat Ja ensimmaxsessa

paperlkonekeksinnﬁssé- et

1. Psralaatikko, josta homagaenisan alle 1-prosentt1nen v351-kui—

tu-lissaineliete’ sgﬂtatﬁﬁn tasaisesti jopa 2000 metrid minuutissa

kulkevalle viiralle niin, ettd ‘paperista tulee tasalaatuinen jJja

nelidpaino saadaan tarkkaan sd#detyksi. ' _

2. Viira on ohuesta langasta tehty tihed verkka, jossa kuitujen

huapautuminen tapahtuu samalla kun suurin osa vedestd poistuu vii-

ran ldpi. . -

3. Puristinosassa vatth poistetaan rainasta mekaanisella puristuk-

sella. THdssd on paperinvalmistuksen toinen yhteys geologiaan: yh-

tend puristustalana on kdytetty usein kiillotettua graniittitelaa

sen takia, ettd mdrkd paperiraina irtoaa sen pinnasta helposti.

4. Kuivausosassa paperi kuivataan ldmptsnergialla.

S. Kalanteroinnissa paperi puriststaan tasaiseksi ja m#@rdvahvuu-

teen sekd sen Jdlkeen rullataan.

6. Lisdkdsittelyt: a. Superkalanteroinnissa paperia silitetdidn ja
‘ kiillotetaan edelleen (SC-paperi).

‘b, PHdllystyksessd pohjapaperi pinnoi-

tetaan molemmin puolin chuella pigment-

tirikkaalla pddllystyspastakerroksslla,

jolloin paperin laatu huomattavasti pa-

ranee (LUWC-paperi)

Kuva 6. Paperikoneiden nopeuden kehitys
1960 1320 1940 1960 1360 2000 veosd 1800-1luvulla
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2. Painatus

Nykyiset painotuotteet ovat erittdin korkeatasoisia. Kuvisen laatu
ylittda normaalisti tavallisen valokuvan laadun. Pitkdlls automa-
tisoidut huippuncpeat painockonest vaativat paperilta hyvdd painest-
tavuutta sekd mekaanista kestdvyyttd. Nykyisin kdytetHdn pddasias-
ga kolmea painomenetelmdd: offset, syvdpaino ja kohopaina. Tulossa
agvat lis#ksi uudet non-impact-printing esli NIP-painatusmenetelmit,
joissa digitoitua informaatiota siirretdén paperille ilman paino-
lavyd. .

Offsetpainatus on nykyisin yleisin painatustapa koska se on nopea
ja automatisoitavissa. Se perustuu pintailmidihin, joissa viri
siirtyy levytelalta kumisen painotelan vdlitykselld paperille. Pa-
pari Jjoutuu kestdmddn rajuja olosuhteita, Joissa esim. tHytsaine-
talkkia irtocaa paparista ja muodostaa dljyisen painovdrin kanssa
painotelaa likaavan tahnan. Talkkipitoinen paperi onkin Julistettu
pannaan nEEsetpainnissa.

Syvidpainossa painojdljen jdttdvdt painoctelassa olsvat piesnst sy-
vennykset, jJjoissa vdri siirtyy paperiin. Se on herkkd paperin si-
leydells, koska hienoimmissa vdrisd@vyissa painotslan vdarisyvennys-
ten ero on vain mikrometrin kymmenysosien luckkaa. Tdmdn takia
pigmenttimineraaleissa on siirrytty yhd hienompiin raskokoihin.

Kohopaina on vanhin kirjapainomenstelmd. Siind painajdlki tehdddn
painotelan kuholla olevien kuvioiden avulla. Témd menetslméE on
taas harkkﬁ kuluttaville pigmentaille.

3. KuluttaJa AR o o

Kaikki sa valtava kehitustuﬁ Jota paperinvalmistuksessa ja painn-
taloissa“ tahdﬂﬂn on vain: taistelua paperin kuluttajan, lshden lu-
kijan . sielusta. Iuskin hﬁn ‘itse tistHik#dn miten paljon hénan hy-
viiksesn tybdtsd, kehitystd ja kilpailua tapahtuu. Paperin valmistaja
nlattaa. -attd lukija valitsee lshden paitsi sisdlltn myts ulkonddn
mielluttavuudan perusteslla. Silti tdmd lukee tai vilkaisee lehden
ehk#d kerran ja heitt#d sitten roskiin. -

Toisaalta an muistesttava, sttd paperi on vElttHmitsntd ihmiskunnan

tapahtumian dokumsntointiin. Arkistoissa on sdilynyt paperills
kirjoitsttua tistoa satojen vuosien takaa. Vanha paperi on s#ilyt-
tinyt tietonsa - nykyisen paperin kestidvyydestd ajan hammasta vas-
taan ai ole varmuutta. Timd asettaa vaatimuksia myds pigmenteille;
ainakin pal jon hapsttuvaa ‘rautaa sisdltdvdt pigmentit saattavat
muuttaa papsrin ruskeaksi ja haurastuttaa sit#.

HINERRALIPIGHENTIT

Dikain kﬂutattuinﬁ minecraalipigmentit antavat paparinvalmistuksas—
sa ainakin seuraavat taloudsllisaet edut:

1. Ne parantavat papserin laatua.

2. Ne alentavat raaka-aine- ja snergiakustannuksia. Pigmentit
ovat hinnaltaan huomattavasti huokeampia kuin paperin muut raaka-
aineat. Paparin kuivaus helpottuu, koska pigmentit eivdt ime kos-
teutta siten kuin kuidut.

Liian suuri kégttﬁ Johtaa paperin mekaanisaan heikaentymissen Jja
‘sitan liima-ainsiden suursmpaan kdyttdsn ja taas suursmpiin kus-
tannuksiin.



43

Paperiminaraalien aominaisuudet, jotka vaikuttavat papserin laatuun:

1. Vaaleus, vdrisdvy Ja taitekerrocin. Yleensd mitd korkeampi vaa-
leus ja taitekerraoin, sen parempi. Vdrisdvyn on saovittava paperin
haluttuun vdarisavyyn.

2. Opasiteetti. Painojdlki on tarkoitettu katsottavaksi vain pape-
rin toiselta puolelta, se ei saa ndkyd paperin lHpi.Hyvdn vaaleu-
den aomaavat mineraalit voivat olla lapikuultavia Ja siten huonon-

3. Ominaispainao. Mitd alempi sen parempi, Jjotta plgmentlt aivat
erottuisi kuituja raskaampina paperikonesn rainassa.

4. Kuluttavuus, Mitd alhaisempi sen parempi. Tdhdn vaikuttaa mine-
raalin kovuus, raskoko ja raemucto. Pehmednkin mineraalituotteen
mukana voi olla pieni md8drd kovia mlneraalipartikkaleita (kaolii-
nissa kvartsia, talklssa magnESLLttla Jnel.

s U SN

NN

S. Raskokojakautuma. Yleensd
raekokojakaantuman tdytyy olla

. Jurkkd. Pigmenttituotteessa ei
saa oclla ylikarkeita eikd
liian hienoja partikkeleita.
Paperivalmistuksessa on tark-
kaan mé8dritelty sopivat ras-
koot eri paperilaatuihin. Y1li-
karkeat rakeet aiheuttavat
harmia painolaitoksissa. Liian -
- hieno raekoko aiheuttaa huonon
retention eli paperiin sitou-

Tﬁ?“ﬁ‘ & ) ; - tumisen. .

RMEOID AHROM

Kuva 7. Tavallislmpien paperipigmenttien raskoon Jakautumat
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6. «Raemuotc. Hineraalin raemuoto vaikuttaa retenticun, paperin 8i-
leytesen Jja. kiiltaon Levymdistd (kaoliini, talkki) Ja pinnaltaan
epdtasaista (PCC) .raemuotoa pidetdsdn adullisempana kuin kuutio-
maista siledpintaista (jauhettu karbonaatti).

7. Retentio. On huomattava, ettd kuitujen vdliset aukot paperissa
ovat niin suuria, ettd kuituverkka ei siivildi tdyteainepigmenttia
vaan tHyteainspartikkelien on kiinnityttdvd kuituihin Jjoko mekaa-
nisesti tai pintakemiallisin sidoksin.  Koska kuidulla on negatii-
vinen pintavaraus, negatiivisesti varautuneella pigmenttipartikke-
lilla on siihen huono tarttumiskyky. Tarttumiskyky& parannetaan
sopivilla retenticaineilla.

8. Lietettdvyys ja reologia (listteen virtaavuus). Eri mineraalien
luonnollisesta pintavarauksesta Johtuen niiden lietsttdvyys Ja
reclogia vesilietteend on hyvin erilainen. Hydrofobisen talkin ve-
silietteen Juoksevuus loppuu jo alhaisella kiintoainepitoisuudel-
la. Korkeisiin kiintoainepitoisuuksiin pddstddan parhaiten karbo-
naatilla. Tdm& ongelma on poistettavissa tarkoituksemukaisilla 1li-
sdaineilla. Oikein sdddetty reologia on erityisen tdrked moder-
neissa pddllystyskoneissa, Joissa paperi pinnoitetaan molemmin
puolin suurella nopeudella. PHdllystyskerroksen paksuus on 3-S5
mikrometrid. Koska paperinvalmistus on suursksi osaksi veden pais-
tamista, on t#drkedd, ettd pastojen kiintoainepitoisuus olisi mah-
dollisimman korkea.

9. pH. Yksi paperinvalmistuksen sddtdtekijditd on listteen pH. Mi-

neraalin tdytyy sopia siihen. Esimerkiksi happamaan prosessiin ei-
vdt karbonaatit sovi.
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10. Saatavuus ja hinta. Pigmenttituotteella tdytyy olla sekd ta-
sainen laatu ettd varma saatavuus. Hinnan tdytyy olla selvdsti
puukuituja Ja selluloosaa  huokeampaa.

Paperinvalmistuksessa kdytettdvdt yleisimmat pigmentit ovat kao-
liini, kalsiumkarbonaatti Jja talkki sekd erddt erikoispigmentit.
1. Kaoliniitti C(tuotenimend kaoliini) Jjohtaa selvdsti pigmentti-
markkinoita. Kaoliiniasiintymd@t jaetaan karkeasti primaarisiin ja
sekundaarisiin. Niistd tuotetuilla kaoliineilla on merkittdvid mi-
neralogisia eroja. Paperiin kdytsettiin 19838 kaoliinia yhteensd 8, 1
milj. tonnia, Jjosta noin 70 % meni pddllystykssen. '
2. Kalsxumkarbonaatln osuus paperipigmenteissd on lisdantynyt voi-
makkaasti. Kun sen m&8dra oli kymmenen vuotta sitten Euroopan pig-
mentinkulutuksesta noin S %, se on nyt 40 %. Suomen tdyteainekulu-
tuksaessa sen odotetaan ohittavan kaoliinin v:n 2000 paikkeilla.
Paperissa kdytettdvid karbonaatteja ovat 1liitu, Jauhettu kalsiitti
tai marmori ja saostettu karbonaatti (PCC).

3. Talkki muistuttaa hiukkasmuodoltaan Jja optisilta ominaisuuksil-
taan kaoliniittia, vaikka onkin kokoomukseltaan Ja kiteen sisdi-
seltd rakenteeltaan ja varsinkin pintakemialtaan aivan erilainen.
Talkkia kdytetddn paperipigmenttind maissa, Joissa ei ole omaa
kaoliinituotantoa. Talkilla on erditd ominaisuuksia, Jjotka tekevd
siitd tietyissd asioissa paremman kuin kaoliini. N&m@ ovat pehmeys
Ja levymdisyys. Erdistd talkin ominaisuuksista (hydrofobisuus, or-
ganofiilisyys Ja liukkaus) aiheutuu kuitenkin teknisid ongelmia
paperinvalmistuksessa ja kirjapaingssa. Ndiden takia talkki ei ols
pustynyt saavuttamaan kaoliinin valta-asemaa paperipigmenttinid.
Sen sijaan pihkantorjunnassa talkilla ei ole vakavaa kilpailijaa,
vaan silld on tdrked asema papeti- Ja sellutehtaitten j&atskuormi-
tuksen vidhentdjand.

4. Erikoispigmenttej& ovat mm. titaanldioksidi kalsinoitu kaolii-
ni, bentoniitti, kipsi, satiinivalkoinen, alumiinihgdqusidi, nat-
riumsilikoaluminaattif(zeolex), baryytti ja vulkaaninen lasi (per-
1iitti). NiitH kdytetddn paperin optisten ominaisuuksien ja ajet-
tavuuden parantamiseen. Hinta on yleensd tavallisia pigmentteja
kcrkeampi : '

Loppulausa
Paperien - pigmanttipitoisuuden lisddntyessd ndiden mineraalien
kdyttdteknisten ominaisuuksien tutkiminen ja kehittdminen tarjoa-

vat mineralogeille jJja minaraalikemistailla antoisan ja laajesnevan
tydkentdan.



Wollastonite — an important industrial mineral

E.Lundén, Oy Partek Ab, Pargas

For 60 years wollastonite has been used as an industrial
mineral. Wollastonite is a common mineral particularly in
metamorphic limestones and skarns, but deposits of economic

value are quite few compared with the occurrence of the
very rare mineral.

Like many other minerals wollastonite has got its name from
a famous scientist. The name of the mineral comes from the
English chemist and mineralogist, W.H. Wollaston (1766-1828).
This is about the only name used in the literature of today,
but tabular spar, okenite, vilnite, rivaite and adelforsite
are synonyms for wollastonite. '

The chem1cal composition of pure wollastonite is Casio;
(48.3% of Ca0, 51.7% of Si0O5). Other components in the mineral

lattice are small amounts of MgO, Fe;03, MNO; and loss of
ignition.

The physical properties of wollastonite are summarlzed in
Table 1 and the optical ones in Table 2.

FHYSICAL PROPERTIES OF WOLLASTONTTE

- Chrystal system Triclinic; = 90°00’, = 95°16’, = 103'22'
Form and habit thhdcnysuﬂ.mmﬁns.acu:ﬂar
Colour Usually white; sametimes cream, grey, or very

pale green; white streak

Hardness 4%-5 on Mohs’ scale

Specific gravity 2+87-=3°09 o

Cleavage ‘ ' {100} perfect; {(001) and {102) good;
{101) hqxniéct

Twiming Camnon an twin axis [010], camposition plane
(100) ; rarely on twin axis [001]

Lustre Vitreous to pearly :

Polymorphs Wollastonite (triclinic) } low-temperature

Parawollastonite (monoclinic) forms
Pseudowollastonite (triclinic; pseudo—orthorhambic
or pseudo-hexagonal), high-temperature form,
metastable at low temperatures
Inversion temperature Wollastonite-psendowollastonite, 1,120° + 10°C
Melting point Abaut 1,540°C.
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Table 2

OPTICAL PROPERTIES CF WOLIASTONITE

Refractive indices n«= 1616 - 1°640 n4= 1628 - 1°650

' ny= 1631 - 1°653 ny=- na= 0013 - 0°014
Birefringence Rather weak
Colour ' _ Colaurless in thin section
Relief , Fairly high -
Extinction - Parallel or almost parallel in longitudinal

o ' section; cblique in cross-section

Oriertatian - bapsder y=0° - 5°; C A& or X = 30°-44°: crystals

are ehntpted.panitkﬂ.to b so longitudinal
sections are length fast or length slow

Interference figure Biaxial negative, 2V = 38°-60°; axial plane
almost parallel to (010}
Dispersion r > v, weak

As wollastonite'is a commercial mineral, some of its techni-
cal properties are of great value. Some of its important
technical properties are listed in Table 3.

Table 3
Apparent density of locse material 30-77 lb/cu.ft. :
Solubility in (neutral) water 0.0035 g/100 ml at 25°C

- -Low coefficient of thermal expansion : 6.5 x 10~ mm/°C _
-pH.ﬁxlO;nmhaan:shnzy about 10
Brightness (MgO standard) ’ 92-96% (325 mesh product)
Low oil absorption rate _
Chgmy;qig#;yﬁty S lanyﬂy'hrmt:deamposaihy

conc. HCL

The Geology of Wbllastonite Deposits

As. mentioned above, wollastonite ores are quite rare. In
Europe, for instance, Finland has been the only producer for
a long time. It is, however, expected that new deposits are

- to be opened for production during this decade. Deposits of

economic interest are investigated in Spain, Greece and
Yugoslavia.

The most important deposits in the world are situated in
contact metamorphic limestones with a relatively high silicate
content. Normally wollastonite is formed by the equation:

(quartz) (calcite)
- 8105 + cacoy = wollastonite + CO;

Under natural conditions wollastonite is formed at the tempera-

ture of 450-600°C, but in experiments its equilibrium range
has been shown to be 250 to 850°C.



It looks like the most commercial wollastonites come from
similar geological envircnments. Normally they are situated

in the basement (pre-Cambrian age). They occur in originally
sedimentogenic limestones. The wollastonite is formed by
regicnal metasomatism in combination with the formation of
granitoids. This primary formed wollastonite may socner or
later be recrystallized under vulcanogenetic conditions. The
secondary reaction may be of great importance for the purifica-
tion of ‘the mineral, the shape of the acicular crystals and
the mineralogical composition of the deposit.

The genesis of the wollastonite deposits is of major import-
ance. According to literature, great progress has been made
in the geological investigation of the genesis of wollasto-
nite, especially in the Soviet Union, where the wollastonite
deposits are separated in metamorphic types and skarnoid
types. The former is, according to its chemical compositicn,
more or less pure from contamination of sulfides, and the
number of silicates except for wollastonite is few. The
wollastonite is formed in combination with the formation of a
central granite. An example is the Bosagan wollastonite
deposit, about 300 km east of Karaganda in Khazakstan, where
one of the larger deposits in the Soviet Union is situated.
The wollastonite occurs in the central part of a limestone
deposit. The wollastonite content is high, > 40%, and besides
wollastonite and calcite, garnet, diopside and vesuvian are

to be found. The size of the deposit is several million tons

of wollastonite and it can be mined in an open pit. Serious
investigations including flotation tests have been carried
out, but except for small-scale test quarrying, no decision
of m1n1ng has been made.

The skarnoid wollastonites often form part of metallogenetlc

- provinces. The wollastonite is situated in the skarn hori-

sont. The wollastonite content is normally high, but the
content of other skarn minerals is also high, which makes it
difficult to mine the mineral with economic output. In the
Soviet Union the Koytash deposit in Uzbekistan represents

this type. Small-scale exploitation of the deposit could be
~viable if no sophisticated sorting system is used. Quarrying

for production has not yet been started. Polymetallic sulfides
and scheelite are being mined, ground and flotated at the
Koytash deposit. The wollastonite is situated in the upper
part of the hanging wall and is very difficult to quarry
separately due to underground mining.

Finnish Wollastonite Deposits

The only deposit in operation in Finland is the Lappeenranta
Ihalainen wollastonite ore quarried by the Partek Group. The
wollastonite forms the very centre of a limestone deposit
with a length of about 3 km and a width of maximum 1 km. The
depth of the deposit has been investigated down to about 300
m. According to geophysical calculations the depth is at

least 700 m in the central part of the deposit. The deposit is
surrounded by younger rapakivi-granite (Vyborg granite).

There are dykes of pegmatic granites of rapakivi age in the

S




limestone. Layers of thin leptite also form beds in the limes-
tone, and the system has been invaded by vertical or close to
vertical amphibolite dykes. The wollastonite ore is situated
in the central part of the mining area. In fact, the wollas-
tonite ore is a silicate-rich part of the deposit containing
20 to 25% of wollastonite on an average. The geological nature
is the same as the surrounding limestone, which contains 70

to 90% of Cacoj.

The Lappeenranta wollastonite reserves have been prospected
to be at least 10 million tons in the mining area. The typical
Lappeenranta wollastonite is acicular. However, the individual
needles are short, and the wollastonite forms zones from some
centimetres to about one metre. The wollastonite band runs
together with the calcite from north to south. In the south,
close to the rapakivi contact, the content of wollastonite is
often higher, forming a massive wollastonite fels containing
more than 50% of the mineralization. Not only wollastonite, but
also diopside, quartz and occasionally small amounts of
amorphous graphite are found in the deposit. The sulphlde
content of the ore is very low.

The wollastonite ore is quarried selectively and after crushing
sorted by hand and by automatic optical sorting equipment.

Then it is transported to the homogenisation stockpiles. A
mineralogical system according to the quarried ore type is
used in the production. The ore is finally enriched in a
flotation plant (capacity 40,000 t/a). The flotated material

is dried and prepared for dlfferent products and marketed all
over the world.

A deposit similar to that of Lappeenranta is situated and
investigated by Partek in savitaipale, 35 km north west of
Lappeenranta. In Puumala a smaller diopside-wollastonite
deposit with long-fibred wollastonite has been investigated
by Partek in the ’S50s and ’60s. This deposit is not planned
to be brought into operation for the moment.

WOllastonlte as an Industrial Mineral

-The total trade of wollastonite rises to 200,000-300, 000
tons ‘a year, and it is growing at an annual rate of 7%.
Wollastonite is produced for many purposes, e.g. for use in
‘ceramics, in rubber, plastic and paint, etc. The products can
generally be divided into two main types: a. short-fibred and
b. long-fibred wollastonite. The long-fibred types are more
valuable. Know-how is required to process long-fibred qua-
lities. otherwise the fibres are broken down to short
qualities.

The largest commercial producers of the mineral are wollas-
tonite deposits in the New York state in the U.S.A., China,
India, Australia, Mexico, Turkey, Kenya and South Africa. In
the future new producers will get a foothold in world markets,
among them, without doubt, the Soviet Union. However, the
future for wollastonite seems good, because the mineral can _
be used as a substitute for asbestos, for example, and wollas-
tonite has not been found to cause any health risks.
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Production mineralogy at Siilinjidrvi apatite mine

H. Kauppinen & H. Papunen

Institute of Geology, University of Turku

The Siilinjédrvi apatite deposit is a 9-km-long steeply dipping carbonatite
lense some 20—30 km north of Kuopio, central Finland. The orebody is
over 500 m wide at the middle, and thus effective mining from the over-
100- mﬂlxon-tonne open plt is feasible (Fig. 1).

The chief minerals in the ore are phlogoplte (averaging 65%), calcite,

apatite, dolomite, and richterite. The phlogopite to ‘carbonate ratio varies

in the range 1—12in dxﬁ'erent parts of the orebody The apatlte content
averages 10% (i4%) .

The ore treatment is based on a careful production-mineralogical
investigation. The different ore types, as well as the gangue, are mined
with maximum selectivity (Figures 2 and 3). Milling and concentration
tests are ‘made separately for each ore type to find the most appropriate
ore-dressing methods. The selective treatment has reduced energy
consumptxon and increased recovery.

The production-mineralogical criteria of the ore classification used are
described.
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