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SYMPOSIUM� 
"Comprehensive assessment of� 
nonmetalliferous deposits"� 

1. Förord 

Det har funnits vetenskapiii och teknisk samarbete mellan Sovjet 
Unionen och Finland under flera års tid. Detta symposium handlade 
främst om industrimineral och deras användning i industrin. Deltagarna 
var från Finland och Sovjet Unionen. Detta symposium ägde rum på MIS 
Viking Isabella, som kryssade mellan Helsingfors och Tallin. 
Programmet och deltagarlistan framgår av bilaga l. 

Sovjet är som bekant under en kraftig omorganiseringsprocess. Det var 
tydligt att ryssarna vill mycket, Ilen de "gamla synderna" är 
betungande. De har stora råvaruresurser, men det fattas både kapital, 
bättre teknik och infrastruktur. Man kunde också ana att de 
fortfarande har stora oreani sator i ska problea - maG- det är svårt att 
liraen'aDURal hund sitta. 

Ryssarna är i dag ganska öppna och söker samarbetspartner. De 
välkomnar säkert en partner som kan bidra des med bättre teknik ooh 
framför allt kapital. Han bör utvärdera vilka aöjli8heter aan har för 
att vixla deras råvaror t i 11 valuta. Pengar har de inte för närvarande 
och man Hste ta betalt i fora av produkter. 

De mineral som behandlades mest var: kaolin, uafit och kol, 
vollastonit, talk, apatit och vermikulit. Dessutom behandlades 
byggnadssten. De flesta företragsabstrakten är skrivna pi enaelska och . 
de övri,4 kOBer att saJIlIIanfattas på svenska. Ytterlisare kan nämnas 
att en mer omfattande syaposiumkrift koauaer att publiceras någon gång 
i årsskiftet och att en fortsättning av detta samarbete koamer att ske 
i Leningrad under året 1991. 

2. Talk som industrimineral (ss. 19 - 24, H. Tyni) 

De egenskaper 50m gör talk till ett eftertraktat industrimin~ral är: 
mjukhet, vithet, fjällighet, svårupplöslighet och att den har vissa 
ytkemiska ecenskaper: hydrofob ooh organofil. Talkkonsumtion är ca 5 
milj. ton/år. Det finns ett 9o-tal talkproducenter i 40 olika länder 
och talkprodukternas priser (1989) varierar mellan 28 och 358 OS­
dollar/ton. Tabe! l (sida 20, bilaga 1) visar en uppskattad 
procentuell användning i 01 ika produkter och i 01 ika länder. Talk 
ersätter i vissa länder t. ex. kaolin och detta beror på vad man har 
för produktion på hemmamarknad (pappersindustri i Finland, Frankrike 
och Japan, 70 kg talk/år och person (i Finland), USA 5 kg och Sovjet 
bara 2 kg>. 
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Talk är en omvandlingsprodukt av Mg-rika mineral i det sista 
geologiska omvandlingsskedet. Talkbildning sker enligt följande kända 
reaktioner: 

serpentin -+- C02 talk + magnesit 
serpe~tin + CaO + C02 talk + dolomit 
tremolit + C02 dolomit + ta.lk 
klorit + Si02 talk 

Talkbildningen orsakas oftast av C02 som härstammar från jordens inre 
delar. Den sämsta talkomvandlingen är sådan att klori~- och 
serpentinkorn finns kvar i talkgitter och denna talk duger inte för 
tilverkning av produkter med hög kvalitet. 

Brytvärda ta.lkfyndigheter kan klassificeras enligt följande: 
-serpent ini ttåljstenar 
-dolomitsteastiter 
-tremolittalkstenar. 

Talk är ett inert mineral och påverkar därmed inte närmiljön negativt. 
Dess användning har en positiv ekologisk verkan i pappers- och 
celloiosaindustrin som bindemedel för harts och andra organiska ämnen 
samt förminsk.ar behovet av processvatten • Därför tror man att 
användningen av talk kommer att öka vid industriprooesser. 

Talk har inte visat större hälsorisker om man följer de fastställda 
dammnormerna. Däremot kan en del fart"iga aineral finnas i 
talkprodukter: asbestliknande tremolit och ibland kvarts. Om talk har 
anrikats ,eno. flotation, förekoamer inga farliga mineral i produkten. 

Talk används myoket i farmasia- och kosmetikaprodukter ooh då krävs 
att talken är speciellt ren. T. ex. As203 bör vara under 2 PPID och Pb 
under 20 ppm. Därtill bör kornstorleken regleras så att finkorniga 
partiklar som kan tränga in i hudets porer inte finns. 

Några förutsättningar för ekonomisk ~alkbrytning: 

-potentiella kunder bör finnas tillräckligt i propotion med 
produktionsvolymen och avstånden ti 11 kunderna bör vara rim! iga 

-fyndigheten måste vara av lod kvalitet, så god att 
produktens kval i tet efterhand kan höjas, emedan kunden 
sannolikt i framtiden kommer att kräva kvalitetsförbättringar. 
Speoialkvaliteter bör kunna produceras då de har bättre 
ekono.isk avkastning. 

-investerings- och produktionskostnader bör vara låga så att man 
kan konkurera med pr i ser på den öppna marknaden 

-från bimineral - såsom Ni-pentlandit och magnesit - kan 
tillverkas SOIl säljbara produkter 

-.an aåste satsa hela tiden på produkeutveckling och kundservice. 

Till slut påpekas att talk som mineral är ett mångsidig 
industrimineral. Dess användning i industrin är ändå lanska nytt 
fenomen och det finns mycket kvar att forska och utveckla vad gäller 
talkens produktions- och konsumtionsteknik. 

Som främsta konkurent för ~alk i pappera- och oellulosaindustrin är 
lcaolin, men vad giller att binda tjära är talk fortfarande bäst 
<kanske med undantag av bentonit). 



......rr� 
,~
t 

\ 

,.,. 

I 3 

3. Minerals used for paper production (ss. 38-44, M. Tyni) 

Konsumtion av papper i världen är i dag ca 250 miljoner ton och 
uppskattas.öka och vara vid år 2000 ca JOO milj. ton. Trä som 
naturråvara kommer alltid att ha sin plats men mineralanvändningen vid 
pappersproduktion kommer också att öka ty mineral är billigare än trä 
och behövs även i produktionsprocessen samt för att tillverka vissa 
papperakvaliteter. Kanada och Finland är de största pappers~ och 
kartongexportörer i världen och OSA i sin tur är den största 
konsumenten. Från fig. 1 och tabell l (sida 39) framgår 
papperskonsuntionen i världen respektive papperskonsumtioniperson och 
år. 

Finlands pappersindustri konsumerade år 1980 618 000 ton pigmentåmnen 
och idag 2.5 gånger mer {1.534 milj~ ton). Samtidigt har påppers- ooh 
kartongproduktionen blivit 1.6 gånger större m. a. o. användning av 
pigmentåmnen har ökat mer än pappersproduktionen. 

Från tabell 2. (sid. J9) och tabell 3 (sid. 40) framgår utvecklingen 
av finska industrins pigmentkonsuntion under 1970 - 1990 och prognos 
för år 2010. Procentuellt har kalciumkarbonat ökat mest men kaolin är 
mångdmåssigt överlägset störst. Talk kommer också att ha en god 
efterfrågan även om den i vissa papperssorter <offset) är bannlyst. 
Tabell 4 (sid. 40) visar mineralpipentens viktprocent i olika typer 
av Pappersprodukter. 

Till slut poängterade Tyni att den ökande konswationen av pipentäDmen 
i papperstillverkning bjuder ett stort forskningsfält för mineraloger 
och aineralkemister för att ~treda och utveckla mineralens 
processtekniska egenskaper. 

4. Några egna kommentarer 

Pappersindustrin är en av de största konsumenter som av 
industriaineral. Enbart Finlands konsumtion av olika 
industrimineralprodukter kommer att fördubblas från 1990 till 2010. 
Speciell t efterfrågan på papper kommer att öka när nationer som Kina 
och Sovjet Unionen får i gång sin ekonomi. 

Det framgick också att ryssarna har stora råvaroreserver 7 men de 
saknar kapita1 7 infrastruktur och har brister vad gäller teknik. Det 
var även klart att de kommer att öppna sina gränser för utländska 
int~ssenter och att de verkl igen vi 11 samarbeta. En svårighet 1ii 11 är 
att de kommer att har mentala svårigheter att förändra sina tankebanor 
från de Camla centralbyråkratiska systellet. T. ex. de talade varmt om 
asbestfyndilheter och kunde inte acceptera att mineralet i väatvärlden 
har klassats som hälsofarligt. De redovisade också en stor 
grafitfyndighet i Karelen och visade fina prover av arafit och 
verlDikulit. På byggnadsstens sida visade de en del produkter som kunde 
vara fina komplementer till nordiska stenindustrier. 
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Den partner som gör affärer med ryssar och som kan sälja eller använda 
ryska produkter kommer att göra lysande resultat i den närmaste 
framtiden för de viI! få produktion i gång till nästan vilket pris som 
helst. 
Vad gäller vår framtid som prospektörer: vi måste skaffa bättre 
kunskaper om industrin, deras behov av råvaror, vilka egenskaper 
industrimineralen bar, hur de bär sig och hur de används i processen. 
Kan vi detta har vi bättre möjligheter att erbjuda våra tjänster och 
visa de rätta produkterna och poängtera de rätta egenskaperna av 
produkten ti.ll kunden. 
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The francolite ore deposits of Kovdor and Sokli 

H.VartiaiDen 
Kemira Oy, Rovaniemi 

L MeInikov & B. SuIimov 
Sevzapgeologia Association, Kola 

The massifs of Kovdor and Sokli francoli te-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
tectonio zone joining their territories and traced further 
SE towards the Kandal'aksha bay of ~he Wh1te sea to as far 
as a similar th1r!,- massif called oape Tm-y. 

The intrusive rocks of Kovdor and Sokli massifs are assumed 
to be vertical o~l1ndrical bodies with a somewhat circular 
horizontal section. On the surface their size is 6x7 km and 
their aross-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~agmatic cycle (Lower 
Proterozoic ) • 

Thefrancolite-apatite ores at the complexes are localized 
within the carbonatite l~ers only. The ores were supposed 
to appear due to· the carbonatites' weathering and decompos­
ition in Mezozo1c 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 reman1e 
down the outcropping profile where solubilization of carbona­
tites took place by means of their di~ect substitution Py 
phosphatic solutions. 

The fact that f'rancolite-apatite ores are genetically asso­
ciated strictly with carbonatite formation~ explains the pe­
'cu11arities in localization of these deposits within the 

.' 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. 

Now, in the Kovdor massif area the carbonatites are largely 
outside the boundary of the massif proper and inside the fe­
nit~. endocontact ~ureole. Following the ~%ample'of carbona­

., t' ..l' .' '. r. :. • 

. .tites,francol1te ore aocumulations also found themselves in 
,the 

.. 
fenite aureole. The franoolites ocour here as a system

. ..... ( 

01' .1ntersect1ng and offshooting linear and arc-like bodies 
oriented NW. and NB. The carbonatite-fenite contacts are the 
most favourable plaoes for franoolite ore deposition, and 
itwthickness along these oontacts may attain 160-170 m from 
the surface. 

The composition of the francolite-apatite ores of Kovdor 
and Sokli is rather complex and extreme~ 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 
pyro~ene, amphibole, feldspar and olivine. 
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A peculiar component to be found in the ores of both depo­
sita is goetbite : acting as a bad impurity it hinders the 
production of a high-quality phosphate concentrate. 

While ranging widely, the phosphate minerals both in Kovdor 
and 'Sokli make on average 40% (P20S 16%). Francolite-apati­
te ratio varies widely too, being on average close to 1:1. 
Occasionally an aqueous alumophosphate-crandallite is re­
corded. The accessory impurities comprise pyrochlore or 
baddeleyite. 

Concerning the~r physical state the francol~te ores of the 
deposits 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 is 
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 J2~J4% P20S• 

. :,._.::- '.... ... ," 

In friable ore varieties the material changes its state 
from ~oarse-grained (gruss and sand) to fine-grained (dust 
oohers), the latter being especially typioal of Sokli. 

The reserves ot the Kovdor and Sokl! trancol1te ores are ot 
the same size, about 50 Mt. The P20S content is 16.0% in 
Kovdor and 19.5% in Sokli. In addition, the apatite-silicate 
ore ot Sokl1, Closely related to the trancollte ores, makes 
70 Ht with a grade of 13.5% P20 •5

Mode of oocurrence makes these ore deposits good for shallow 
openoasting. 

To organize a joint development of francolite ore deposits 
in Kovdor and Sokli seems to a matter far from being simple 
and yet quite achievable. 



8 

Geology and ways of using ceramic clays 

B•.Anechkin, Sevzapgeologia Association, Leningrad 

Clay rocks make up a major portion of 'geological section in 
the Northwest of Russian Republic. The varying clay-forming 
conditions gave rise to a great'diversity in their composit­
ion and properties which ~e essential with respect to ap­
,lic'ation 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 Devonian and Quater~. 

n&r1 formations. 

:,;~ost ,attractive from .a commercial. standpoint are' rh~:bl~e 
,clays of Lontovas suite (91ln) within a glint-line ~~r1'p in 
,Leni~grad district and glacial-lacustrine (varved) cl~s of 
Holocene. These, are two types of cl&¥s consumed by some 90% 
of faC?tories in the Northwest for a production of building 
bri.ck, ceramic tiles, expanded cl67' aggregate, ceramic 
blocks, sewer and drain pipes, roof tiles, various architec­
tural elements. Besides, ~his cl67 material goes well as an 
a1uminosilicate 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 Quaternary. Alto­
gether 60 deposits are being mined and their clay reserves 
exceed 300 mln CUb. m. 

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 for 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 usual1Y develop­

-ed, for their reserves hardly amoUnt to 1.5 mln cub. m. 

,- .....;.~:f. ... ~ 
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Geology and prospects for exploitation of kaolin 
deposits in the eastern Fennoscandian Shield 

Y.PekkaIa 
Geological Survey of Finland, Espoo 

V.YeVZerov 
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 tex~ure of parent rocks 
and deluvium ones formed due ·to redeposition of' the upper eluvial 
kaolins. Both the types underlie Quaternary deposits. 

The primary kaolinsare confined to the linear crust of 
weathering apparently representing the roots of the areal crust 
of weathering which previously covered most of the peneplanized 
shield surface. Warm and wet climate, favourable for the kaolin 
we~t~er1ng of the shield basement rocks,took plaoe since the late 
Triasaic - early Jurass1c through the" Eocene. During this time 
interval" the kaolin crust of "eathe~ udlht haveorig1n8ted 

, . 
repeatedly and have been ~artially or completely washed out,due 
to unsteady oscillating movement 'of the- entire region. 

~~tAccord1ng to some preliminary data the greatest reserves 
of primar'J' kaoli~s do not exceed 5 JD1ll10~ tons., 'The largest 
deposi~. are found in the northern foothills of Lovozero tundras 
and on .the near-Khibiny plain south 'of the Khibiny Mounta1ns(Fig.l) 

The chemj cal composition of primary kaolins from various 
deposits is presented in Tablet. As seen, these kaolins are charac­
terized by rather a high FeO content • 

. .. , 

Judging by the results of technological testing, the primary 
kaolins of the eastern Fennoscandian Shield can be used to produc~ 
painted facing tiles and drainage pipes~ 
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Fig. 1.� A scheme of kaol~ (black circle) 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-kaol1n1te part of t: 
weath~r1ng crust kaolinite zone. 

~here.1s a goad reason to beleive that not all manifestatj 
of kaolin have been revealed, as evidenced bY' secondary kaolin 
deposits found in 1989 in the Pechenga area. 

In the Kola PeninH~a alongside the linear kaolin crust 0: 

weathering, a linear sugulite one is also common. The predomina 

mineral in deposits is sungulite which is a magnesium analoguE 
of kaolin1te. 
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Fig. 2.� A scheme of kaolin deposit occurrence in the northern 

foothills of Lovozero tundras IA/ and a characteristic 

section of one of the deposits /B/. Cited trom Likhachev 
' ,

1972; Afanasjev, 1971 with small changes. 

1 - Quaternary deposits of various genetic types; 2 _ 

deluvium kaolins; J - kaolin1t1c zone of the crust ot 

weatheririg; 4 - desintegration zone / on gne1sses and 
",� 

. 

granite-gneisses it is shown together,with hydromicaceou 

zone of the crust of weathering/; 5 ~ nepheline syenites 

6 - gneisses and granite-gneissesj 7 - tectonic zones 

/indicated selectively/; 8 - kaolin deposits. 
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Most kaolin deposits in the Finnish territory of the 
Fennoscandian Shield are classified as primary and only a 
few secondary formations have been identified. Primary 
deposits were formed as alteration products of various 
Precambrian rocks, mostly of Lower Proterozoic. Secondary 
deposits are of sedimentary 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 lOOm wide and 500m long and drilling has revea~ed 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 have b.~en investigated and the mos~ 

. promisinq of these are Pihlajavaara~ Ruma, Kurikkavaara,' 
Kerkka, and Riitasuo. The parent rocks in all these deposits 

~ are lower Proterozoic arkoses and sericite quartzites, or 
I 

.- occasionally mica schists. 

In southern Finland the most promising kaolin deposits are 
. in ~e Virtasalmi area where the weathering attained 
thickn••• ot 50-60m under 20-35m of glacial till overburden 
(Pig. 4). 

The bedrock around kaolinised areas in composed of lower 
proterozoic metasedimentary rocks, occasionally intruded by 
plutonic rocks. The parent rock of the bes~ kaolin 
occurrences has for the most part been a quartz feldspar 
gneiss, generally rich in plaqioclase (40-60') and low in 
matic minerals (biotite 3-5%). Quartz feldspar qneisses are 
characterized by a high aluminium content (AlaO, 16-20t) and 
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KAOLIN DEPOSITS IN FINLAND 
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Fig. 3. Kaolin deposits in Finland. 



low iron content (Fez03 1-5%) and the kaolinite content of 
Weathering products is generally high, 50-60% and the iron 
COntent is usually low, 1-2% FeO. the' kaolinite content 

throughout the weathering profile is exceptionallY high 
(Table 2) 1 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 
pape~ quality kaolin are larqe enouqh to warrant economic 

exploitation. 

Table 2. Chemi~.:I1 (XK/'l ~11<.1 n\ll1cralogi~al (XRD) composilion and par.i~lc silc distribulion (Sc:dillraph) of <:ore SOIll1ple5' from Vinasalmi. 

Drill hole 510 S04 S04 S02 
DCPlh 36-311 m ss-n nt 7·5-78 m 102-103 nt 

r~w -20 UIll raw -20 um. raw -20 um raw -20 um 

SiO. 5113 45.2 60.0 "S.I 52.6 46.6 SS.I 40.1 
c· '1\1:0, 23.S J6.9 23.6 35.S 2\.6 n6 23.6. '.H.O 

fc:O, 1.4 0.3 1.3 0.3 6.6 2.2 7.7 9.7 
TiO. 0.7 0.4 \.6 \.2 2.0 1.6 0.6 0.5 
K:O' 0.7 0.7 I.S " t.I 3.3 I.t. O.S 0.6 

Kaolinilc 6S 95 80 9S 45 9S 6S .9S 
K-mica . S 2 5 2 JO 2 -s 2 
Quanz s - 30 3 IS . 3 ' 10 2 30 3 
Fc:ldspar - :. ~ .. 15 I 

Panicle size fit 
-., 

- Z micron 34.2 .. 24.6 17.5 J6.0 
-20 micron 64.2 S6.1 48.5 66.4 

.. I.~: 

OH 510 OH 502OH 504 OH 503 

0- 1-:.--""'7-=":'7':~-...,...--:- _,..,..------_,....--:---:---I7­o .••• ' .0' Cl .• '. o. . 0 • •••• " • • • • o.• .. .iJo 0 0 ••.• ' 
• O· .... .' 0 . 0 • Q (I'. •• • ••••' •••• '.' 0·.·0·.·· 0 . 0 . 0 .. 
_. '0 '. . • Q O. • 'C' •••••• • lEGEHO- . 0 ..'0. D' ••• .,. 11 o' 0 .'" .... 0 ••_..... . 
• • . '. .' •. _ . a!"';_~- - ---:':-=_\=-"=;'2- -- ... il ... 5 '0 O,ill 1101. 
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Fi8.4. Cro$S section of a kaolin ~ ia the Virtasalmi a'ea. 



Geology, commercial assessment, and utilization of 
talc deposits , 

M. Tyni, MalOlikaivos Oy 

v. Michailov & V. Furman, Sevzapgeologia Association 

Geology and commercial assessment ' 

Because of its valuable properties, viz. brightness, tire 
resistance, high sorbing power, dielectric and chemical 
resistance, etc., talc and talcose rocks are used in the 
.production ot wood-pulp and paper, lacquers, pigments, 
rUbber and ceramics, as well as in the chemical industry, 
medioine, construction materials manufacturing, etc. The 
world output and consumption of talc, as well as its mar­
ket price, are continuousq growing. 

Known'111 the SoViet' ~elia are the deposits and occurr­
ences of commercial talc-carbonate and talc-ohlorite ores 
t~om altered ultrabasic rocks, and also talc-carbonate ~ 

ores related to the metamorphosed dolomit8s and carbonate 
shales. Among these, however, onl1 talc-chlorite ores (a 
so-called potatone) have been developed. 

Most" OOIllDOD. are the recently exem1ned occurrences ot talc­
carbonate ores which are associated with ultrabas1te rock 
complexes. We know 9 of such occurrences that are located 
within the Lop1an greenstone structures, viz. Hautovaara­
Vedlozero, South-Vygozero and Kivijarvi, and among them , 
Svetlozero occurrence is the most familiar. It Comprises 
) high-angle sheet deposits, 100 to 200 m thick and at 
most 2 km long, which have been traced down to )00 m. 
There are interbeds ot serpent1nite and gabbro-d1abase: 
these attain )0 ~ in thickness and are epat1al11 associ­
ated with N1-cu orebod1es. Predicted talo ore reserves 
are estimated at 150 mlD tOD8, with talc content 40-7~, 



• • 

I I 

~esite (breunnerite) 40-50%, impurities (chlorite and 
serpentine) 10-20%, magnetite and sulphides up to. 5%. 
The raw ores Possess the brightness ot 55-68%, the con­
ten.t of insoluble-in-Hel residue being 55% and Fe20) 

ranging 6.6-11%. ~ese ores yield a talc concentrate with 
brightness 6s-en. Fe20J from 0.2 to 0.45% and insoluble 
residue 92-96%. 

:-.. 

The total predicted resources ot apo-ultramafic talc-car­
bonate ores at the known mineral occurrences in Soviet Ka­

1'e11& amount to 560 mln tons. 

Talc-chlorite ores compose the deposits and occurrences 
of Segozero and VoZhma groups, as well as the occurrences 
of Parandovo and Koatomuksha. 

. -
One deposit of the Segozero group (Kallivo-Jlurre~v~a) 
used to be quarried'~1J1 20 's and )0"8 tor the production

. J~ 

'of building aatone,"ttre 'bricks, etc. Known all in ail in ' 
:..:' ~".' : . f''''':~':' ­ f 

~~~a are 12 depo~1t8 and occurrences ot ,this b~l~ing " 
...... -.,.4.. ... ~ ;~f' t1', 1~"~": '. -. .•. o!"~: :p 

matu1al. the total"res'ouroes exceeding '100 mln tons. The 
, ." I; " :.....:1".. .. . . ,. 
most. thoroughly studied is Turgau-lto1van-Allusta deposit

,'" \ 100;.150 IIU ' 
wh1~hoomprisea three" ~h1ck high-anale bodies loca~ized 

, , ".·f· . " , . " " .' , '. 1.. s"'!1.~ 

within'the hanging':'wall of a sheet';'11ke serpentinite rock 
mas~' 1.5 km lon8~·~l~e*~.e talc cont~nt in ores cia"~'ar-, 

• "''::.i;"; . . ..- 0' ~ \r. • . . .. ' . . 

owi4 J5~t chlor1te"j5~ ""oarbonate 15~. actinolite 15~, 
, ' ",' ' . , .' ~., , '. 

w1tli~quartz, p1l'1te":and:monaz1te as impurities. Recog­
' .. ~..~' '. .' ",''''' . 

nized.are tol1ated"'and massive ore varieties, of which 
the "~~c~nd type has'i"~euiarkab11 decorative 19ok.' 

Less familiar are the' talc-carbonate oresot apo-carbon­
ate tjpe, which areasso~iated With Jatulian dolomites 
and ~carbonate shales common in southern and central Ka­
relia~ le' know three' occurrences ot that ore type, and 
the predict ed ore reseryes ot the Pudozbgorsk1 occurren­
ce t aa the best explored, make up Some )0 ml.n tons. The ., . 
ore deposit has a' to~ ot a low-~le sheet body about 
10 m thiok and 3.5 km long, with talc content in ore 



ranging from 25 to 65% and that of Fe20J 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 European 
,part of the USSR, where most of its consumers are, can 
made good by constructing a dressing plant using one 0: 

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 aI 

'ground talc product coming to 455 thou tons, the indust3 
a1 engineering investments of 66.7 mln rubles will be cc 
pensated in 3 years. 

Technological utilization of talc deposits 

This part� or the talc abstract is in Finnish. Howeve~ 

English explanations to the Figures are presented in, 
the,~ollowing: 

,"( " 

, ',' ~-:-Fig. 1.� Stereographic picture of the crystal structure 
of talc. 

, . 
" 

, :Fig. 2.� Electron microphotos of talc products. On the� 
right the product contains tremollte fibres.� 
Largest grains ~ appr. 20 J.UD.� 

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

Fig. 4. Machines for grinding talc. 

Fig. 5. Typical grain aize distributions of talc products 
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TALKKI TEOLLISUUSMINERAALINA Matti Tyni, Malmikaivos Oy 

Ne eLikoisomlnaisuudet, jotka tekevattalkista mon!in taLkoituk­
s1in soveltuvan teollisuusm1neLaalin. ovat pehmeys, vaaleus, loh­
kopaLtikkeleiden levymaisyys, liukenemattomuus seka eLaat pintake­
mialliset ominaisuudet kuten hydLorobisuus ja oLganoriilisyys. 

Kuva 1. Stereokuva talkin kiderakenteesta 

Maailmalla kaytetK~n talkkituotteita noin 5 milJ. tonnia vuodessa. 
Tal~in ka~tttit1last01h1n ("talc m1nerals") luetaan usein mytis p~­
Loryl111tt1 (ns.~aIum11n1talkk1).··~Jokaort ku1tenk1n erilairien ~eka 

sunn~ltaari ettli:"kliytttitav011taan~'Er1 tark01tuks11n kaytettliv1en. 
talkki tuotte1den laatu'Ja 's'amalla h1nta va1Jitelevat· suuresti ..'" Yh­
teisti!ln!1Ile on va1n -SB. ·-retti ..··-ne· .. sislUtt!lvlit iva1htelevan miii!lt!!n 
talkk1a; ·Mitlimuuta "ne ·B!sl:lltavll~. ~drikin Je ~eri as1a·.·· Laadun 'vai"h­
teIu1ta 'kuvaamytje .hinr1'olt'telun laaJ·i....skaala. C Eaim: '. ,'USA: ssa ':lSBS 
erila1steri talkkltuotteiden';'h1'nta .ia1htel1 vlil!ll!! .is ·2B ..l ·358/t.' 
Talkk1a tuotetaan n~1n ~O maaesa Ja . tuotantoon .osal11stuu yl1 SO 
htiWt.lol ,,) r'''''~!~h ~.~, ,-': ... ~ , ...• " • ~;"l i "-,~,, ... ' .• ~,,.,., ~,·~;,.T " ..•• ~ ,. "',,"', ' :~ ~ . " 'U u CI.-~;~· ...,~.,,;;: .... ~...:..... ~~ _:.'_. u Jo .....~.\.l... ,~ •.. , .. ~.... '. : ...: '.' j'~""~ .~. , " .-.,' ......... 

Kuva 2. Elekt~on1m1kroskoopp1kuv1a talkk1tuotte1sta. Uasemmalla 
puhdaa vaahdotettu talkk1. 01kalIa tremol11tt1kuituj8 s1sKlti!lvi!i 
talkk1tuote. Suur1mp1en rake1den lap1m1tta n01n 20 m1kron1a. 

Talkk1a kliyteti!llin mon11n tark01tuks11n (ks. taulukko 1). Ki!lytttj­
mi!li!lri!lt kuvaavat maan omia raaka-a1nevaroJa.Es1m. kotima1sen kao­
111nin puuttuessa kayteti!lan samaan tark01tuksBen talkk1a. Jota se 
li!lhinni!l muistuttaa. NK1n es1m. Suomessa. Ranskassa Ja Japanissa 
talkin k!!~ttti paper1teol11suudessa on huomattavan suurl. Talk1n 
vuotuinen kulutuB asukasta kohden on n. 70 kg. 'USA:ssa n. 5 kg Ja 
Neuvosto111tossa vain 2 kg. . 



-------------------------------

TaUlukko 1. Talkin tsollistsn kaytcn arvioitu prossntuaalinsn Ja­
kautuma sri tarkoituksiin. 

Suomi� Muu Eu- USA Koko 
rooppa maailma 

Ksr-aaminen teollisuus 8 3'i 30 
Maal1.it, muovit 5 2'i 2'i 23 
Paper-itsollisuus' SO 'is 13 20 
Kosmetiikka 'i 5 7 
Kattohuopa 2 11 7 
Kumitsollisuus 3 3 
Lannoitteet 'i 7 13 5 
Muut 1 2 5 

Ta;lkin kayttc yhteensa 
milj. tennia 0.3 1 1,.2 5 

~ALKKIESIINTYM~T JA NIIST~ SAATAVAT TUOTTEET 

Talkki on magnesiumr-ikkaiden miner-aalien muuttumistulos viimeisim­
massa geologisessa kehitysvaiheessa. Talkin syntyminen on tunnet­
tua ainakin seur-aavien r-eaktieiden mukaan: 

ser-pentiini + C02� -) talkki + magnesiitti 
serpent1ini + CaO + C02 -) talkk1 + dolomi1tti 
tremol1itti + C02� -) dolomi1tti + talkki 

. •. r kloriitti • S102 -) talkki 
Talkki~tumisen on useimmiten aiheuttanut maapallon uumenista ko­
honnut C02.'Talkin sBur.laismineraalina on aina seka muuttumaton­
ta alkupl;SrKi.eti:i. mineraaliaetti:i uutta mineraalia riippuen !Siita·. 
miten .. p1tkiiils tcilkkiutuminenon edennyt. Pahinta on.,Jos, talkkiu­
tumlnen. Of,l eillu.~·niin epiitiiydellistB. etta itse 'talkln k1dehilaan 
on JiU:iryytklorlitti- tal ,.ssrpentiiniraksntelta. TEillaisesta tal­
kista ei voida ~oskaan valmistaa korkealaatuisia tuotteita. 

J(alvosk~lPoiset talkkiesi.i'ntymat (talkkimalmit) voidaan ryhmitella 
asiintymisp~ikkarisa ~ukaBn' seuraavasti: 

~ .. ;.. . .......~;:~ ..::. ":.:' -::- ~". ~.. ' ,:~ ~... ~ . ~~~ ;" ::.~ ..• : :'.� 
t'. ,Serpenti"1ittivuolukivet� 

,2 .·Dolami1ttt"steatiiti t� 
'3. Tremaliittitalkkikivat� 

Serpentiniitt1vualukivlen tavanomainen mineraalikoostumus: talkki 
50 - 10 %. magneslitti (brauneriitti) 30 - SO %. Mg-kloriitti 
(leuchtenberg1itti) 5 - 10 %. Lisana ssrpentiln1a. dolomiittia, 
diopsidia, tremaliittia, sulfideja ja oks1deja. 

SerpentiniiteistEi rikastetun talkin rautapitoisuus on 1 - 2 %. 
Vuolukiven nikkelipitoisuus 0.1 - 0.2 %. Tavallisesti se sisaltaa 
myos anomaalisen maaran arseenia ja antimonia. 

Serpentiniittivuolukivia hyod~nnetaan paljon mm. Vermontissa Ja 
Suomessa. Ultraemaksisen massiivin talkkiutuminen on ollut usein 
epasaannollistii. Talkkiutuneidan osien muoto ei noudata ollenkaan 
serpentiniittipahkun muotoja. Serpentiniittivuolukivista tuotattu' 
talkki on useimmiten tYUPillistEi bulk-tuotetta, joka vain vali­
koidulla louhinnalla Ja hyvallii vaahdotustekniikalla ultaa puh­
taimpien erikoistalkkien luokkaani 
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Kuva 3. Tyypillinen�B2',e 4. ma. 
talkkiutunut serpan-.o 20 40 eo 1IO lOOm. , , , ., 

tiniitti. Arvo Uesa­
• salon julkaisusta . 

-,., , 
~ Jilvivaara- . 

f:?tj= . _. 
Fig. 1-&. Map of the soapltone &Dd talc Ichilt occumnce of Kivika/lio­�
T&1vivura (79) in.Sotkamo com~UDe. 1. Mica IChist. 2. Phyllite. 3. Quartzite.� 

4. 8&I&l schist. 6. Serpentine roelr, 6. Soapatone &Dd t&1c schist. 

Dolomi1ttisteat11te1sta tuotetaan puhtaimmat Ja parha1mmat er1­
koistalkit. ~siintymat ovat magnesiumpitoisissa karbonaattikivissa 
olevia Juon1a Ja kerroksia. Puhtaat steatiittiJuonat ovat kooltaan 
raJoitattuja. Talkkipitoisuus on korkea (90 - 100 %), jotan rikas­
tamisaksi riittaa yleansa s11mamaarainen valikointi. Tallais~sta 

esiintymistii tuotetaan korkealaatuista talkkia mm. Montanassa Ja 
Ita11assa. . 

Dolomiittiymparis~~ssa olevia kloriitti-talkkiliuskaita kaytataan 
palJon talki".tuotantoon mm. Etelti-Ranskassa. Erityistii rikas.tusta 
e1 ole, Ja tuo1:teetvoivat· sisaltlUi 30 - "to % kloriittia. Klo­
riitti 'alentaa . ~~qtteen vaaleutta, mutta .siita 'huolimattanama 
tuotteetovat l~uttineet vakiinturieet markkinat Keski-Euroopassa. ': 

.~;>~:\~,.~: ~ .....".; .... n', :: };.: .~ "'~'.- ~~;, ~. :~'~'" ;:' .~!~ -.' . : .".. __ ; .... ", .. ". -', . -. . '.: '....... .. ':~.' >.~~~ ", ;. ~....� 

!r-emot'H.tti;v.~i::fiukiJi!5tij·p·n...·i~uppiesimerkki .NellJ· :Vot-kin "aitien poh­
joisdsassa' . 01e"81:' :"GouvsrnolJrln ssiintYmat. Ne sisiiltiivat t.l'kin 
lisiiksi 30 - 50'% "Balsaa tremoliittia. 'Kun 'talkkia ei'rikasteta, 
sam~ tremoliittipitoisuussBil~~tuotteeseen. Tiillaistatuotetta 
JnVpidett~ h~viinii raBka-aineena ksraamissssB teollisuudessa, Jossa 
~itumainen tremolllttl lisiiii lUJuutta Ja estaB muodonmuutokset. 
~lhainsn rautapita1BUUS on keraamisen raaka-aineen edell~t~s. Te­
~~vBkuitui~en tremoliitin rinnastaminen asbestiin Ja asbestia kos­
<avat terveyssHBd~ksst ovat voimakkaas~i raJoittaneet tallaisen 
:alkin tuotantoavilmeisen kymmenen vuoden aikana. 

:ALKIN TUOTANTOMENETELMAT, EKeLOGIA JA TY~TERUEYSRISKIT 

:aivos� 
'alkkimalmi louhitaan yleensa avolouhoksista. Maailmalla on vain� 
Yutamia maanalaisia talkkikaivoksia. Tiimii Johtuu siitM, sttB maa­�
illainen. kaivostuotanto. on huomattavasti kalliimpaa Ja liukas� 
alkkipitoinen kallio on altis yllattaville sortumille Ja siten� 
larallinen. Talkklkaivoksen' ekologiset vaikutukset ovat pienet� 
Os se tot~utetaan nykyaikaisten ymparisttinsuoJeluvaatimusten mu­�
aan. Maanpintaan Ja maisemaan vaikuttavat kaivostoimenpiteet voi­�
aan minimoida niin, etta ainoastaan tuotannolle valttamat~n alue� 
~ ke~rallaan kayt~ssii. Hylkykivi- Ja Jiitehiakka-alueet voidaan� 
\1semoida sBBnn~llisesti. Maanpoistoa louhittavan esiintyman� 
tijlta voidaan tehdii vain tarpeellinen miiara kerrallaan. Louhin­�
\ssa synt~vM p~l~, Joka voi olla ekologisesti haitallista ympii­�
lst~lle, voidaan sitoa esimerkiksi vesisumutuksella. 
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Rikastus� 
Talk~ituotteet valmistetaan joko kuiva- tai ma~kamenetelmalla.
 

Kuivap~osessissa ~ikastaminen tapahtuu jO kaivoksessa selektiivi­�
sana louhintana tai sittenmu~skatun kiven manuaalisena tai auto­�
maattisena lajitteluna. E~i kayttota~koituksiin valikoidut vuolu­�
kivilaadut mu~skataan ja jauhetaan kuivana. Mine~aalikoostumus ei� 
p~osessissa muutu.� 

Kuivamenetelmassa saadaan pclyhaitat ku~iin poistoilman tehokkaal­�
la puhdistamisella.pclyhan on a~vokasta hieno~akeista talkkia,� 
Jota ~i kannatakaanpaastaa hukkaan.� 
lS60-1uvulla kayttccnotettu talkin ma~ka~ikastus Cvaahdotus) an­�
taa mahdollisuuden valmistaa talkki~ikkaita tuotte~ta huonommista­�
kin ~aaka-a!neista. Uaahdotuksessa talkki mycs puhdistuu e~aista
 

haitall!sista mine~aaleista, kuten asbestimainen t~emoliitti,
 

kva~tsi jne. Uaahdotuksen va~jopuolena on talkin huono selektiivi­�
nan ~ikastettavuus e~aista seuLalaismine~aaleista, kuten magne­�
9iumklo~iitista ja hienoksi jauhautuneista ka~bonaateista. Talk!n� 
vaahdotus on ekologisesti ha~miton·. Talkki ei ta~vitse hyd~ofobi­

5uutensa takia hankalia ~eagensseja. P~osessivesia voidaan saos­�
tuksen ja suodatuksen jslkeen kayttsa yha uudelleen eiks ongelmia� 
jatevesien kanssa yleensa ole. Rikastusjatehiekkan, joka koostuu� 
paaasiassa katbonaateista, amfiboleista ja py~okseneista, maise­
mointi'on ~elppoa. .� 

Jalestus� 
Ja16~t~s~oio~asittaa talkkituotteen magneettista puhdistusta,� 
Laekekejakauman saa~ca mik~ejauhatuksalla jB luekituksella, tuot­�
teen saattam1sta erilalsiin teimitusmueteihin. Eri kayttctarkoi­�
tuksiiri'· "menev111e .tuetteille en hyvin tarkat raekokejakauman --_ Ja� 
koestumLiksen·o;l'vaat1mukset. . As1akkaiden haluamia tcimit"LJsmuotcija� 
Qvat. mm; "'si:!k1tetty.kuiva bulkk1, pcl'-liimBttcmBk~j; gr-anuloitu,. val­�
milks1-1ietBttu .·Lisaaineilla·veidaan saiitiiB ~:talkln pintakemialli­�
siaom1naisuuks1a erilais11n kiiyttctarkoituksi1n sepiviksi.� 
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Kuva ~. Talkinjauhatuksessa kaytettavat su1hku- ja rollerjauhimet 
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Kuva 5. Talkkituotteiden tyypillisia 4aekokojakautumia ,e411a1siin� 
kagttota4keituks1in� 

Talkin kaytto� 
Ine4ttina mine4aa11na talkilla ei ole todettu elevan kielteisia� 
vaikutuksia kayttokohteiden ympa41stossa. Pain vastoin talkin kay­�
testa on suu4ta ekelogista hyotya pape4i- ja selluteellisuuden ja­�
tevesien ha4tsien ja 'muiden elope4aisten ainesten vahentajana.� 
rasss ta4koituksess8 talkin kaytt~· tulleekin edelleen lisasnty­�
maan.� 

rBlkki jate4veys ", ..... .':;� 
Puhtaasta:talkistaei oletedettu suomalaisen yli 20 vuoden'"keke­�
muksen, :per~steella miti:Uin e4ityista V8araa talkin kanssa tyt::tsken­�
televien ..:l·hmlsten terve'=ldelle, mikall yleisiap~lupi teisuusnormsj a� 
noudatetaan .-::SerLs1jaan talkkituetteissa 'olevat ~jotkut muut mine­�
raalit t kuten.asbestimainen tremollitti ja joskus kvartsi voivst� 
aiheuttaa vakavia.~terveyshaittoJa. Jos' talkkituotteen -rikastus� 
tehdaan vaahdottamalla,,:naita mineraaleja ei tuotteessa es11nn'=l.� 

Talkkia kaytetaan paljon ~armasian ja kosmet1ikan tuetteissa. '511­
lein talk~lta vaaditaan erityista puhtautta t mm. pienis karbonaa­
tin, liukenevan raudan ja myrkyllisten metallien pit01suuks1a. 
Esimerkikai As203:n taytyy olla alle 2 ppm ja Pb:n alle 20 ppm. 
Sen lisakai talkin raekokoJakautuman taytyu olla sBsdetty niin, 
etta 1hohuokosia tukkeavia hieneja partikkeleita ei ale. 

UUDEN TALKINTUOTANTOVKSIK~N PERUSTAMISEN ARUIOINTIA 

!alkki on luonnossa yleinen mineraali. Talkkipiteisuutensa Ja laa­
Juutensa puolesta hyod'=lnnettaviksi kelpaavat esiintymatkaan eivat 
Ole harvinaisia. Talkin saatavuus on siten yleisesti ottaen hyva. 
Pelkastaan nailla perusteilla uuden talk1ntuotannon perustaminen 
On kuitenkin hyvin arveluttavaa. Teollisuuskaytt::tssa talkki en 
~se1mmiten halpas bulk-tuotetta, jota kaytetaan paaasiassa sen ta­
kia, etta se kervaa jetain kalliimpaa raaka-ainetta Cselluloesaa. 
~uukuituja, muoviainetta jne), teisella sijalla tulee vasta talkin 
~esltiivinen vaikutus tuetteen laatuun. Uain joillakin kaytto­
&lueilla talkilla on ominaisuuksia, joita ei voi korvata muilla. 
Nijin on erityisesti paper1~ ja sellutehtaiden pihkantorjunnsssa, 
Jossa talkista en huemattavaa hyctya kayttt::ttekniikan jB ympar1ston 



suojelun apuna. 

Oleellista on, onko tuotteille Liittavasti kysyntaa ja pystytaanko 
asiakkaita ty~dyttavaa talkkia tuottamaan Liittavan alhaisilla 
kustannuksilla. Kannattavan tuotannon taLkeimpia edellytyksia ovat 
siten seuLaavat: 

, - potentiaalisia Ja kiinnostuneita asiakkaita on oltava 
tuotantovolyymiin nahden Liittavasti Ja niiden on oltava 
jaLkevan kulJetusmatkan paassa 

esi1ntyman on oltava laadultaan hyva; .talkin saanto 
tuotteisiin on oltava riittava Ja talkki on laadultaan 
niin hyvaa,etta .asiakkaiden vaatimusten mukaista talkki­
tuotetta voidaan valmistaa Ja laatua myohemmin paLanta­
maan vaatimusten todennakoisesti ennen pitkaa kasvaessa. 
Kalliimpia eLikoislaatuJakin pitaisi voida valmistaa, 
koska niilla on parempi myyntikate. 
- investointi- ja tuotantokustannusten taytyy olla al­
haiset, Jotta pystytaan kilpailemaan maLkkinoilla taLvit­
taessa myos hinnalla 
- seuLalaismineLaaleista, kuten Ni-pentlandiitti ja mag­
nesiitti, voidaan tehda myyntikelpoiset tuotteet 

tuotekehitykseen ja asiakaspalveluun 
koko aJan 

on panostettava 

loppulause 
Talkin ominaisuudet tekevat siita on monipuolisen teollisuusmine­
Laalin. Sen kaytto nimenomaan teollisuudessa on viela nuorta, Ja 
paljonpn viela tutkimatta ja kehittamatta seka sen tuotanto- etta 
kayttotekniikassa. 

Uain ·paperi-ja selluprosessien pihkantorjunnassa talkilla ei ale 
varteenotettavaa mineraalista· kilpailijaa (ehki!lbentoniittia lu­
kuunottamatta). Muissa kEiuttUssii talkinpah1n . kilpailija orl-Jseim­
miten~aoliini. Koskakaoliini'on saves, sits on:helppo kaivas, 
liettiiEi japuhdistaa. Talkki .. sensijaan' on louhittava kivesta, 
murskattavs, jauhettava. Llksstettava ja Jalostettava.On selvaa, 
etta .talkilla on tiissii kilpailussa huonompilahtoasema. Talkki voi 
kuitenkin selvitii kilpailusta tulevaisuudessa yhi!l paremmin. 



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

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

v. Michailov, Sevzapgeologia Association 

o. Sarapiiii, Geological Survey of Finland 

Known in the eastern Fennoscandian shield are the deposits 
and occurrences of flaky, crypto- ~d 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 Ladoga (Thala)' and adjacent Savo area (Leppa­
virta), in North Karelia (Kichany), and Kola peninsula 
(graphite deposit in Kaskama~Allarechka structure); Graph­
ite'ore deposits are sheet and l..enticular bodies attaining 
in size some 100 m and more, while their length varies from 
sc~res of meters to tens of kilometers. Graphite content 

'ranges from 2 to 40%, being normally )-10%. High-grade 
flaky graphite deposits Cc > 15%) are of modest size, being 
no more than 10 m thick and several hundred meters long. 
The graph!te forms the flakes and their growths which vary 
in length from the hundredths of a millimeter to )-5 mm 
and are oriented along the rock foliation and gneissossity. 
The graphite ores contain quartz, feldspar, biotite. Noted 
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
sia. Apart from the dispersedly impregnated graphite, we 

., 
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also find here the, graphite pockets, stringers a~d occurren­�
ces of irregular shape. The graphite ores display various� 
metasomatic alterations: sulfide enrichment, silicification,� 
carbonation, chloritization, micatization.� 

Ihala 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-angl~ dip, have un­
dergone folding and faulting. Biotite gneiss prevails as a 
constituent of ore deposits (graphite content 2.8-4.4%). 
':rhe predictedgraphite 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 maximum 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 'ranges 
'from:87 to 95%~ Additional chemical dressing 'yields the 
graphite with ash content 0~1%. - With their power to be� 
.beneficat,ed, the !hala graphite ores are similar to those� 
of thw quarried Zavalievsky macroflake graphite deposit in� 
the USSR.� 

In Finland, noted among the others must be Pertunmaa flaky� 
graphite deposit which is about 50 lan 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%.� 

Cryptocrystalline graphite deposits and occurrences are lo­�
calized in Lower Proterozoic layers of graphitic schists,� 
carbonate- and volcanic rocks which correlate with shungite­

~,=,.o.- __ 



bearing formations of Onega locality. The deposits are� 
grouped intp 2 strips: a southern one, stretching N-W from� 
northern Ladoga area t.o 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 0.4 to 10 m, occasionally coming to 30 m.� 
Average graphite content ranges 15-35%. Again, flaky graph­�
ite impurities are now and then present in the ores, and� 
there are alsosulfides amounting to 2-1~~.
 

Flotation does not work on the cr.Yptocrystalline'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 Ladoga area. They vary greatly in� 
morphology and contain high-quality graphite ores. Because� 
of their small size, however, they lack commercial value.� 



GRAPHITE OCCURENCES 
IN FINLAND 

Graphite schist .I~ 
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On the requirements to the quality of the industrial� 
minerals applied in building industry� 

N. Usta~ova, Sevzapgeologia Association. Leningrad 

H. Pyy & P. Mesimiiki, State Technical Research Centre, Espoo 

The raw materials applied in the building industry are� 
produoed mainly from the rookswhioh oan, in a way, be� 
classified into two "groups:� 

1) rocks applied as such or atter mechanical treatment;� 
2) rocks applied atter thermal or chemical treat~ent.
 

Considering their variety, and extent ot application, the� 
industrial minerals can be grouped into (1) the raw mate­�
rials that '~e abundantly used tor various purposes and� 
(2) the materi~is largely for one or two ways of applica­�
tion..,� 

" 

~~ , .' ,~ ,
We )~hall speak first about mineral resources that are most� 
widely uSed in -the Northwest of Russian Jederation. These� 
include 18'1'leous ' rocks ,cl~s and argillaceous :l;"ocks t car­

• > ;. ~ 

bonate rocks, sand and gravel. 

I 8 on eo u s r 0 C k s. Annual consumption amounts t,o 
some 300 mln tons. Major application ~ produotion of orush­

. ed stone and suoh stone products as slabs, architeotural­
structural members, edge stone and paving dioe-oubes. 
Among the most critical properties that must fall in with 
the state standards there are stre~h. grain size, rook 
composition and grain geomet~ - tor the crushed stone, 
and the jointing (which enables blocks of certain dimens­
ions to be produoed), water imbibition. attrition resist­
anoe, froat resistance, and deoorative look - tor the na­
tural stone suitable for e%ternal use or interior decorat­
ion. 
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A r g ill ace 0 u s r 0 c ks. 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 1s 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, gra.1nsize, sintering and swelling 
capacity, etc. 

Oar b 0 n ate roe k s. L~estones and dolomites 
are most common. They are used mainly in the production 
of lime, oement, crushed stone and building stone elem­
ents. It· is the presence.:of oaCo), MgCO), and olay impu­
rities that sets limits in using the oarbonate rocks for 
the produotion of lime and cement. 

San d and g r a v,e 1. These are used as concrete 
'aggregates, in road construotion, building mortars, etc., 
and can be used also as single components and/or natural 

. . : .... . " .
sandy-gravel m;xes.The basic restricting pr~perties in­
.c1ude~· stre~th~·ir8.in;·.size and .presence of' ·potentia1ly 
i-eacting '~ooks" {opa1·lt.nd :~pai~chalcedonic cherts). 

..... . 
. ; 

In.Fin f'a ri 'd, material technical questions have become 
more and more important in building industry. New products 
ha'Ye'to meet higher standards than'the old'ones. E.g., thin­
ner"and thlim'~r slabs arebelng·produced. This m~ans that 

. . '. '~ .. - ... 

their frost resistance and strength must be be~ter. Also 
the environmental changes, i.e. air pollution and acid rain, 
ha'Ye to be taken into account: limestone, marble, and many 
sandstones are no more recommended, 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. 



jl 

Vermiculite and its use as an industrial mineral 

R. Saikkonen; Lohja Oy, Vrrkkala 

Vermiculite is a mineral, which is mainly use"d in activities associated with 
constructing. Vermiculite is a hydrous trioctaedric mica, Mg-AI-Fe-silicate, 
which has most often been formed by supergen c alteration processes 
from biotite or fIogopite. 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 87QoC. It swells along its c-axis even 
30-fold and forms a concertina-Iike structure consisting of enlarged pores 
.between lattice layers. The volume weight of vermiculite as such is 640­
960 kg/m J

, but in exfoliation, when' the temperature rises rapidly from� 
8QOoC to'1100oC and exfoliation occurs in 0.2-8 sec., the volume weight� 
'falls to 180-65 kg/m J • . " . . . 

Try.e 'explor.~tion of,vermiculite is mainly based on regional geological ' 
, ,_.rec()(ln~i~~apce. 'in which the critigaJ rock associations are carbonatites 
, 'and alkaline rocks, pyroxenitic pegmatoids,and pegmatite veins, which cut 
,.. .:l.iltra-baslc r:.ocks., Vermiculite'i$ sometimes indicated by dense vegetation, 
,'becau~e,~~ mineral has good 'properties as regards-to substrate. Gene­
'. rally. outcrops very seldom contain vermiculite of good quality. In contacts 
vermlculi!e often occurs In lumps, but in the surroundings tn disseminated 
.form. In addition to the ordinary economic factors of a vermiculite deposit 

, one h.as to pay attention also to the depth of the supergenic weathering. 
In Ubby. Montana, vermiculite occurs ,to the depth of 350 m, whereas in 
Palabora. South Africa, the economic deposit does not extend below 

,'the 50 m levet In exploitable vermleulite deposits there is in average 20-30 % 
of vermlculite. Sampling should be carried out by rotary drilling In 
order not to damage the flakes. 

Vermlculite Is mined In open pits. The blasted ore I~crushed, screened. 
dryed and classified to a minus 20 mm fraction for exfoliation. The most 
important producers are USA (276000 t In 1989) and South Africa 
(209000 t In 1989). Other producers are Soviet Union (20000 t). China, 
Argentina, Brasil.and India. ,In 1989 the world production was 587000 t. 

'The price of unexfoliated vermiculite is USC 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 (43000 t In 1985), vermiculite is export­
,ed from South Africa. In 1989 Finland imported vermiculite a total of 
l' 400 t, mainly from the Soviet Union. 

Vermiculite from different deposits varies in exfoliating. In practice, the 
volume e~oliation 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
Iiated 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 

•• I 

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/moC and it withstands temperatures high up to� 
1100oC. As vermiculite is a hydrophobic material, it can be used with� 
bitumen and silicon 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 it is� 
used in absorption of several compounds like ammonia.� 

. The known vermiculite reserves in the world are 50 million 1. New deposits 
, '- have been discovered e.g. in Kenya and Malawi. The consumption of­

vermiculite can be anticipated to increase after the recession in the 1980's 
and by the year 2000 the production·will rise to 800 000 1. Many industrial 

'0" mir;teralsand artificial compounds can replace vermiculite. However; vermi­
l .culite· itself :.replaces,some minerals like asbestos. 

,,-' -,:'.' .. :--.,. -. ". . . . . 

In Finland vermiculite has been discovered in Maaninkavaara, Iivaara, 
,Sokli at:'c1: N9'1~ern Karelia, ~sociatlng with serpentine rocks. In the first­�
mentioned oCcurrence tremolite-, carbonatite-. and vermiculite-containing� 
veins cut amfibolite and skarn-Iike veins dissect a narrow limestone layer.� 
In the veins vermiculite forms stakes of flakes 1-5 mm in diameter and� 
s.eparate mica plates 5-10 cm in .diameter. The calor of vermiculite is deep� 
green or·btownish green. Obviously, vermiculite has been formed hydro­
thermallyst 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 Iivaara� 
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 coefflcientwas 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 Iivaara alkaline massive will be utilized for some other� 
reasons. These vemiculite investigations have been carried out by the� 

'Geological Survey ot 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 .J.put the probiems 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 depos~ts, 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 depositsf 

-To use the tailings of mineral dressing and processing, along 
with slag and ash of various industries, as the substitutes 

- -� '.' . 
". ": ..for the nonmetallic oremineralsf 

-'~o .'m~e,.use. ~:1n" the, eZCo~~~calJ.Yeffective industry. of new 
- mate"I·ilils, such 'as . talc .~ aSbe~tos. kyanite, eUdialyte, etc f 

- To improve the technique of mineral dressing 'and processing; 

- ~o compile~ data b~ describing a pr~sent progress in deve­
loping the nonmetallic mineral deposits on the one hand, 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 mate~ial based 
on economic geology" study. 

A reasonable and as fully as possible 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 its 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 century. Igneous, metamorphic and sedim~ntary rocks 
were widely used in the construction of St.Petersburg. 

Nowadays, 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 'purposes can be found down to a reasonabl, 
minable d.epth. 

Notwithstanding a shortage of 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 otmarble and 2 of limestone. 

All the rest deposits are standby. 

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
ti~us operation of most of the 'stone quarrying factories. 

• I 



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 m3 0f rock mass which gave about 50000 m3 of� 
blocks. Average block recovery percentage amounted to 20, whi­�
le varying from one deposit to another from 10 to 64-.� 

Stone processing industry in the Northwest of Russia compris­
es 3 large factories: a building and decorative stone process­
ing plant in Leningrad, 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 construotion sites within the city, while 

3other economic regions are supplied with some 3000 m of stone 
slabs and tiles. As for the Kondopohja factory, almost all of 
~ts -produ~ed.st'one' artiCles' 'ue-transported out of Soviet Ka:­
relia. -'." 

'·,.C-,· . - ..... ..,. .. 
~'	 ~.......�

," 

"� The fact t~t''intr~siv~, vo1caii1~ and m~tamorphic rock com­
p1exes':~e so' couknonwith~ thear~a in.questiongives a good 
ground fortur~h~~'deve1op~entofmineral resom:.ces. Recent 
investigations have revealed over 100 occurrences of block sto­

.� -... 1 ( ~ •. , .•.. I' .. .": . :. • 

ne. "'rhe -goal. of .such work is: c� . 

t~ .further feed "a Diineral storage of operating factories; 
"� . ,'. ' 

to develop mineral bases for new stone-processing enter­
prises;� 
to find natural decorative stone deposits for architectu­�
ral restoration;� 
to find natural stone of some uncommon attractive colors.� 

An ever increasing demand for natural building 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 business. 
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Geology and the ways of using shungite rocks 

Yu. Kalinin, Geological Institute, Academy ofSciences, 
Petrozavodsk . 
V. Michailov, Sevzapgeologia Association, Leningrad I' 

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 shung~te rocks within Onega synclinoriUm 
and Zazhogino deposit area are estimated·at 1000 and 150 
million tons respectively. Developed within Zazhogin() area 
for full-scale mining was Maksovo shungite body containing 
some 30 million tons. Apart from Karelia., essentially large 

. shungite deposits are known in Kazakhstan. 

The rock sequences wherein shungite occurs in Karelia are� 
placed at Ludicovian (circa 2000 ~). 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 layered, 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.� 



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 shungite features a high conductivity and good 
mechanical ~trength. High degree of fine dispersion dis­
played by silicate grains, and their even distribution in 
the carbon matrix, provide a possibility of a perfectly de­
veloped contact surface to form between the grains, ~he 

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 can be an adequate 
substitute for the foundry graphite and the graphite used , 
in a -lining of -aluminium·elect~olyzers.,~uDgite rocks 
serve as a base 'for manufacturing such radioactivity-shield­
ing materials as concrete, bricks, masonry mortar, plaster, 

.. stucco and mastics - all these materials surpassing in this 
. ' .. ,.' 

or .that respect the conventional ones. 

The shungite rocks seem to be a good sorbent for removing 
. organics and inorganics from water~ The rocks behave as 
q~testrong catalyzers in organic 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 t 
M. Tyni, Malmikaivos Oy, Luikonlahti I 

,- . 
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. 1 

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

Fig. 1. World's paper consumption. 

Fig. 2. Filling material (white) in SC paper, the fibres are black. 

Fig. 3. Cross section of a paper sheet with mineral coating. 

Fig. 4. ~he.first pape~ machine from 1800 (without a drying� 
aggregate)..� 

Fig. 5. Modem 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 Tyni, Malmikaivos Oy 

Luonnon materiaalista puusta tehtavs paperi on sailuttanut aseman­
sa Ja Jopa parantanutkin sits ihmlskunnalle ts~keana hU~dukkeen~ 

tans muovin ja elektronilkan aikakautena. Tarns nakyu va11tettavas­
ti metsien tehokkaana hu~tuksutt~nai alkuperaisessa luonnont1lassa 
olevaa ikimetssa on vain rajoitetuissa suojelumets1ssa. 

Taulukko 1­ Paperin kulutus asukasta kohden 011 era1ssB maissa 

197't , 19BB kasvu % 
USA 
Suomi 

290 kg 
150 

317 kg 
20Lt 

S 
36 

Japani 1LtO 20Lt Lt6 
Lansi-Saksa 132 201 5C! 
Iso-Britannia lLt2 16Lt 15 
Ranska 115 lLt2 23 
Neuvosto111tto 31 38 22 
Kiina 9 12 Lt1 

Suomi on Kanadan JBlkeen toisaksi suurln pape~ln JS kartongln vle­
JB. Uienti oli v. 1988 1,6 milJ. tonnia ell noln 90 % koko 8,5 
milJoonan tonnin tuotannosta. Neuvostoll1ton tuotsnto 011 samana 
vuonna 10,8 milJ. tonnia. 

mi\j i" 
230 r--r---r---,;---,r----r----,-__,.---. 230 

Koko ma~ilman papa~in 

no ~o ku1utus' 011 vuonna 
_,~c~19BB ,?,2't:mllJ.· ton- ' 

210 210 '-nia' ,"d'a', .~SB'1.-ennuste­
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Kuva 1. Maal1mBn paperinku1utus 19BO-B8 

Tau1ukko 2. Pap8~lpigmenttlen kaytt~ Suomessa 1910-90 
, 

IMIJI UWJII W IWIWII , IDmIII 
QI!INT£ IUIl1K Suomen pape~itaolli-

CllArrll COArrlll FlLLEII COATI.'fUEl� SUUS kaytti v. 1-980 
AlII FIUEI 61BOOO tennia pig­

1!170 290 OOD U OOD 3000 mOOD mentteJH Ja nut kum­
1915 ID OOD 171 ClOD 1 ClOD 1JS OOD 3000 '" ClOD menen vuotta my~hem­1_ 21' ClOD 130 ClOD 13000 2S' ClOD 2000 611 ClOD 
1911 215 ClOD' 132 ClOD 23000 231 OOD 300D 10' ClOD mln 2.S-ke~ta1sen 
19IZ m 000 130 ClOD 13000 Z30 ClOD 2000 6U ClOD"ClOD� mI!U'~tin ali 1,S3't
1SG� 23' OOD 1&1 0Il0 JlOOD 31 ClOD 2&, ClOD 3000 7U ClOD milJ. tennia. SamaanlW' '20 ClOD mOOD S5000 11000 2H OOD , 000 lIB ClOD 
1915 211 ClOD 2" 0Il0 VDOO Z5' ClOD 3000 t5I ClOD aikaan paperin Ja" ClODISM� S55 ClOD m ClOD 10 000 1)6 0Il0 205 ClOD J OOD 10'7000 kartongin tuotanto on
ItI7� -.-CIOD JZS 0lI0 M ClOD 155 ClOD 22' ClOD , 000 1 27S ClOD 

s-o 000 312 ClOD lCM ClOD 111 ClOD 2S2 000 , ClOD 1 37t ClOD kasvanut noinJ"� , ClODIt" m ClOD 3Gl 0Il0 173 ClOD 2&1 ClOD 213 OOD 1'97 ClOD 1,60-kB~ta1seks1. 
I..) S2S 000 m ClOD 209 OOD 265 000 209 000 , 000 1"'000 

Pigmanttim1ne~aallen ktiutt~ on siis 11stitintunyt nopeammln kuin pa­
pe~in tuotanto. Kehituksen on a~vioitu Jatkuvansamaan suuntaan. 



Taulukko 3.� Paperipigmenttien kayttoennuste vuoteen 2010 

~	 tlliJ.J.!l Iill I.l.I!!!.liItl ~ 
CABBONATE ~ 

COATING FILLER COATING FIllER COATING� 
AND FILLER� 

1988 540 000 312 000 104 000 187 000 232 000 4000 1 379000� 

1993 620 000 340000 130 000 250 000 2'15 000 4000 I 589 000� 

2000 860 000 400 000 180 000 350000 300 000 7 000 2 097 000� 

2010 I 290 000 500 000 290 000 600 000 ~oo 000 13 000 3 093 000� 

P~PERILAJIT 

Nykyaikainen paperinvalmistus on pitkalle kehitettya tehokasta 
suurteollisuutta, jossa paaraaka-aineena on kuitenkin edelleen 
kasvikuitu. Paperilajeja on lukemattomia. Jokainen paperitehdas ja 
jopa paperikonekin tekee jollain tavoin yksilollista paperia 
asiakkaan vaatimusten ja maun mukaan. Onhan tunnettua, etta paino­
tuotteiden imago riippuu paljon siita, milta se tuntuu kadessa. On 
vaikea kuvitella, etta esim. Krokodil painettaisiin akkia kiilta­
valle ohuelle aikakauslehtipaperille. 

-. ~ :'. ' ••~.. • .~.	 • p 

Kuva 2. Tayteainetta (valkoinen) Kuva 3 .. psallustetyn paperin 
SC-paperissa. kuidut mustia. poikkileikkaus.

". 

Jos vertaamme Jotain aikakausilehtea kymmenen -kahdenkymmenen 
vuoden takaa nukypaivan lehteen huomaamme. etta suurta kehitysta 
on tapahtunut sekM painotekniikassa etta paperinvalmistuksessa. 
Paperin om1naisuuksia on parannettu monin eri tavoin - muun muassa 
erilaisilla lisaaineilla, joista mineraalipigmentit ovat yksi ryh­
ma. Seu~aavassa lUhyt katsaus paperipigmentteihin ja niiden vaati­
muksiin. 

Taulukko 4.� Mineraalipigmenttien msara ersissa paperilaJeissa 

Paino� ~ 

1.� Paino- ja kirJoituspaperit� 
Sanomalehtipaperi (newsprint) 0-6� 
Aikakausilehtipaperi (magazine papers) 15 -30� 
KirJoitus- Ja toimistopaperit 5 -20� 

2.� Rakennuspaperit ja -pahvit 
Uoimapaperit 0-3 
Tapetit 8 -15 

3. Pehmopaperit o 
."t. Kartongit 2 -10 
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PAPERIKONEELTA PAINOTUOTTEEKSI ASIAKKAALLE 

Ollakseen hyva paperipigmentti mineraalin on kestettava kolme toi­
siinsa kiintaasti liittyvaa vaihetta, joista jokainen asettaa pa­
perille ja sen sisaltamille pigmenteillesuuria vaatimuksia. Nama 
ovat paperivalmistus, painatus ja asiakas C-painotuotteen ostaja). 
Ymmartaakseen mik~ on hyva pigmentti, mika e1. pigmenttimineralo­
gin on nahtava kaikki kolme va1hetta yhtena kokona1suutena. 

1. PapeLinvalmistus 

Kuva '"t. En­
simmainen 
paperikona 

- -- vuodelta' 
1800.Kui­-- ....-.. .._-..... --.� vausosa 
puuttuu 

Kuva S. Ny­
1 2 3 (4 ) 5 kyaikainen 

paperikone 

1 z 3� 5 6 7" 
. . 

N~kyaika.j.sessa paperlkoneessa "oidaan erottaa samat toiminnalli­�
sest~et:,11~~s~~.)J~at,_·.Jot~,a~ periaatteessa olivat JO ensimmaisesss� 
paperlkonekek~iri"t:lssli: . ,,,"'..~" .:' .; : . '.c.,"� 

l.Peiri:ila~tikkci·,"jost:ahomogeenisen alle l-prosenttinen vesi,...kul­�
tu~lisi:iaineliete"syt:ltet'tiiintasaisesti Jopa 2000 metrUi' minuutlssa� 
kulk~vBlle ~ii~alle niin; . etti:ipaperlsta tulee tasalaatuinen J~
 
nelitlpalno ~aadaan tarkkaan si:ilidetijksi.� 
2 .. Ulira ~n ohuesta langastatehty tihea verkko.jossa kultuJen� 
huopautumlnen tapahtui.. samalla kun suur1n o'sa vedesta polstuu vll­�
ra~ Uipl·~.'·:.:.,_~·· ....• '.' ". .' . 
3 .,PurlstlnosBss8 vetta polstetaan ralnasta mekaanlsella purlstuk­
sella'- Tlissit" on paperlnvalmistuksen tolnen yhteys geologlaan: yh­
teni:i pur1stustelana on ki:iytetty useln killlotettua granllttitelaa 
sen takla, ettli miirkli paperlralna lrtoaa sen plnnasta helposti. 
'"t. Kulvausosassa paperl kulvataan lsmptlenergialla. 
S. Kalanterolnnissa paperl purlstetaan tasaiseksl ja mi:isravahvuu­
teen sekii sen Jalkeen rullataan. 
6.� lisakas1ttelyt: a. Superkalanterolnnissa paper1a s11itetalin Ja 

k111lotetaan edelleen (SC-paper1). 
b. Pliiillystyksessa pohJspaper1 pinnoi­

I . tetaan molemm1n puol1n ohuella pigment­
I'W '.1 tirikkaalla paallystyspastakerroksella. 
~... Jolloln paper1n laatu huomattavasti pa­
HIe-'"...� ranee CLWC-paperj) 

Kuva 6. Paperikoneiden nopeuden kehitys..� 1900-1uvulla 



i!. Pal nat:us' 

Nykyiset painotuotteet ovat aritt~in korkaatasoisia. Kuvian laatu 
ylittBB normaalist1 tavallisen valokuvan laadun. Pitkalle automa­
tisoidut huippunopeat painokonaet vaativat paperi1ta hyvaa painet­
tavuutta seks mekaanista kestavyytta. Nykyisin kaytetaan paaasias~ 

9a kolmea painomenetelmaa: ofFset, syvapalno ja kohopaino. Tulossa 
ovat lisaksi uudet non-impact-printing ali NIP-painatusmenate1mat, 
Joissa d1gitoitua inFormaatiota siirretaan paperi11e l1man paino­
levyU. 

OfFsetpainatus on nykuisin y1eisin painatustapa koska se on nopea 
Ja automatisoitavissa. Se perustuu pintailmioihin, joissa vari 
9iirtyu levytela1ta kumise" painote1an valitykse1~8 paperi11e. Pa­
peri Joutuu kestamaan rajuJa olosuhteita, joissa esim. tayteaine­
talkkia irtoaa paperista Ja muodostaa olJU,1sen painovarin kanssa 
painotelas likaavan tahnan. Talkkipitoinen paperi onkin Julistettu 
pannaan offsetpainoissa. ' 

syvapainossa painoJslJen Jattavat painotelassa olevat p1enet sU­
vennykset.Joissa vari,s1irtuy paper!!n. Se on herkka paper1n si­
laydelle, koska hien01mmissa var!savyissa painotelan varisuvennus­
ten era on vain m1krometr1n kummenysesien luekkaa. Taman takis 
pigmentt1minerasleissa en si1rrutty Uha h1enemp11n raekekeihin. 

Kehepa1no an vanh1n kirJapa1nemenetelms. Si1ns paineJslk1 tehdaan 
pa1notelan koholla,olevien kuvioiden avulla. Tama menetelma en 
taas herkkH kulut~av111e p1gmenteille.

" .;... , " ".� 
',' . ~~~'~--" .. ;� 

3. KuluttaJa 
': ' 't' .•.. .:' ".t:... ~-. 

Kaikki/'SB'·:valta~a 'kehltust\l~. Jota paperlnvalm1stuksessa Ja pa1ne­
talotssa~t8hdaKn onvaintaistelua paperin kuluttaJan. lehden lu­
k1Jan ,'sieiu'sta."'::Tuskin hlln,"'ltse tietaakaan miten palJon hanen hy­
viikseen~tyti'tH. kehit~sta' Js'k11psilus tapahtuu. Paperin valmistaJa 
alettaai'~'l!IttK lukiJa ~valltsee lehden 'palts! slsall~n mu~s ulkena~n 
mlellyttHvyyden perusteella.'Siltl tamH lukee ta1 v11ks1see lehden 
ehkH,kerranJa heltttUi sitten rosk1ln. ' 

Toisaalta onmuistettava. etta paperl on vHlttamat~nta 1hm1skunnan 
tapahtuml~~ dokumentoint1ln. Arklstolssa on sailunut paperille 
k1rJ01tettua tietoa satoJen vues1en takaa. Uanha paperi on sK11ut­
tanyt tietonsa - nykylsan paper1n kestHvuydesta sJsn hsmmasta vas~ 

taan ei ole varmuutta. Tama asettaa vaat1muks1a myos p1gmente111ei 
ainakln palJonhapettuvaa 'rautaa s1saltiivat p1gment1t ssattavat 
muuttaa paperln ruskeaks! Ja haurastuttaa 51tH. 

NINERAALIPIGMENTIT 

Oike!n kaytettU1na m1neraa11p1gment1t antavat paper1nvalmistukses­
sa a!nak1n seuraavat taloudel11set edut: 
1. Ne parantavat paper1n laatua. 
2. Ne alentavat raaka-aine- Ja energ1akustannuks1a. P1gmentit 
ovat h1nnaltaan huomattavasti huokeampis ku1n paper1n muut raaka­
a!neet. Paper!n ku1vaus helpottuu. koska pigmentit eivat imB kos­
teutta siten kuin ku1dut. 

Li1an suurl kautt~ Johtaa paperin mekaaniseen heikentumisBen Ja 
siten li1ma-s1ne1den suurempaan kautt~~n Ja taas suurempiin kus­
tannuks11n. 
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Paperimineraalien ominaisuudet, Jotka vaikuttavat paperin laatuun: 

1. Uaaleus, varisavy ja taitekerroin. Yleensa mita korkeampi vaa­
leus ja taitekerroin, sen parempi. Uarisavyn on sovittava paperin 
haluttuun varisavyyn. 
2. Opasitsetti; Painojalki on tarkoitettu katsottavaksi vain pape­
rin toiselta puolelta, se ei saa nakya paperin lapi.Hyvan vaaleu­
den omaavat mineraalit voivat olla lapikuultavia ja siten huonon­
taa huonontavat opasiteettia Clisaavat lapinakyvyytta). 
3. Ominaispaino. Mita alempi sen paremp1, jotta pigmentit e1vat 
erottuisi kuttUjB raskaampina paperikoneen rainassa. 
~. Kuluttavuus. Mita alhaisempi sen parempi. Tahan valkuttaa m1ne­
raalin kovuus, raekoko ja raemuoto. Pehmeankin mineraalituotteen 
mukana voi olla plen! msara kovia m1neraalipartikkeleita (kaolii­
nissa kvartsia, talkissa magnesiittia jne). 

S. Raekokojakautuma. Yleensa 
raekokojakaantuman tay~yyolla 

jyrkka. Pigmenttituotteessa ei 
saa olla ylikarkeita eika 
11ian hienoja partikkeleita. 
Paperivalmistuksessa on tark­
kaan maaritelty sopivat rae­
koot eri paperl1aatulhin. Yll­
karkeat rakeet aiheuttavat 
harmla painolaltoksissa. liian 

-� h1eno raekoko alheuttaa huonon 
retention ell paperiin sitou­
tumisen. . : 

MIlCllIl ..,_� . ., 

Kuva ~. Tav~llislmplen paperipigmenttlen raekoon Jakautumat 
.. 

•••� ':•. '-~ l ~ ~ !:,i :.' 

6. rRaemuoto .,_tl1ne~aalln raemuoto vaikuttaa retentloon" paperln 51=­
leyteen Jakil1toon. levymaista (kaolllni, talkki) Ja pinnaltaan 
epatasalsta (PCC) ,raemuotoa pidettian edullisempana kuin kuutio­
malsta s11eaplntalsta Cjauhettu karbonaattl). 
7. Retentlo. On huomattava, etta kultujen valiset aukot paperissa 
ovat nl1n,~uurla.· etta kuituverkko el s11vl1~1 tKyteainepigmenttia 
vaan, t~utealnepartlkkellenon kllnnltyttava kultulhin joke mekaa­
nlsestl tal plntakemlallisin sldoksin. Koska kuldulla on negatil­
vinen plntavaraus. negatl1visestl varautuneel1a plgmenttipartikke­
1111a on sllhen huono tarttumiskyky. Tarttumiskykya parannetean 
sopivilla retentloalneilla. 
8. lletettavyys ja reologia Clietteen virtaavuus). Eri mineraalien 
luonnol11sesta pintevarauksesta johtuen niiden lietettavyys ja 
reolog1a ves111etteena on hyvin erilainen. Hydrorobisen talkin ve­
s11ietteen juoksevuus loppuu jo alha1sella ki1ntoa1nepitoisuudel­
'la. Korkeisl1n kilntoainepltoisuuksiln paastaan parhaiten karbo­
naatilla. Tama engelma on poistettavlssa tarkoituksemukaisilla 11­
saaineilla. Oike1n sBsdetty reologla on erityisen tarkea moder­
nelssa . psallystyskonelssa, joissa paperi pinnoltetaan molemmin 
puolln suurella nopeudella. Paallystyskerroksen paksuus on 3-5 
mikrometrla. Koska paperinvalmistus on suureksi osaksi veden pois­
tamis~a, on tarkesa, etta pastejen kiintea1nepitoisuus olisi mah­
dolllsimman korkea. 
9. pH. Yksi paperinvalmlstuksen saat~tekiJ~1ta on lietteen pH. Ml­
neraalln taytuy sepla siihen. Esimerkiksl happamaan prosessiin ei­
vat karbonaatit sovi. 



10. Saatavuus ja hinta. Pigmenttituotteella taytyy olla seka ta­
sainen laatu etta vaLma saatavuus. Hinnan taytyy olla selvasti 
puukuituja ja selluloosaa·huokeampaa. 

PapeLinvalmistuksessa kaytettavat yleisimmat pigmentit ovat kao­
liini, kalsi~mkaLbon~atti ja talkk1 seka eLaat eLikoispigmentit. 
1. Kao11niitti (tuotenimena kaoliini) Johtaa selvasti pigmentti­
maLkkinoita. Kaoliiniesiintymat Jaetaan kaLkeast1 pLimaaLisi1n ja 
sekundaaLisiin. Ni1sta tuotetuilla kaoliineilla on meLkittavia mi­
neLalogisia eLOja. PapeL1in kaytettiin 1989 kaoliinia yhteensa 8,1 
milJ. tonnia, josta n01n 70 % meni paallystykseen. 
2. KalsiumkaLbonaatin osuus papeLipigmenteissa on lisaantynyt v01­
makkaasti. Kun sen maaLa oli kymmenen vuotta sitten Euroopan pig­
mentinkulutuksesta noin 5 %, se on nyt ~o %. Suomen tayteainekulu­
tuksessa sen odotetaan ohittavan kaoliinin v:n 2000 paikkeilla. 
Paperissa kaytettavUi kaLbonaatteja ovat liitu, jauhettu kalsiitti 
tai maLmoLi ja saostettu karbonaatti (PCC). 
3. Talkki muistuttaa hiukkasmuodoltaan Ja optisilta om1naisuuksil­
taan kaoliniittia, vaikka onk1n kokoomukseltaan Ja kiteen sisa1­
selta rakenteeltaan ja varsinkin p1ntakemialtaan· a1van erilainen. 
Talkkia kaytetaan paperipigmenttina maissa; j01ssa ei ole omaa 
kaoliinituotantoa. Talkilla on eraita ominaisuuksia, Jotka tekev8 
siita tietyissa asioissa paremman kuin kaoliini. Nama ovat pehmeus 
Ja levymaisyys. 'Eraista talkin ominaisuuksista (hydrofobisuus, or­
ganofiilisyys Ja liukkaus) aiheutuu kuitenkin teknis1a ongalmia 
paperinvalm1stuksessa Ja kirjapain~ssa. Naiden takia talkki ei ole 
pystynytsaavuttamaan kaoliin1n valta-asemaa paperipigm~nttin8. 

Sen siJaan pihkantorjunnassa talkilla ei ole vakavaa kilpailijaa~ 
vaan silla on~arkea asemapaperi- Ja sellutehtaitten jatekuormi­
tuksen vahentaJana. . 
~. Erikoispigmenttej8 ovat mm. titaanidioksidi, kalsinoitu kaolii­
ni, bentoniittii ·kipsi"satiin1valk01nen, alumi1n1hydroks1di, nat­
r1umsilikoaluminaatti'(zeolex), baryytti ja vulkaan1nen las1 (peL­
li1tti), Niita kautetaan paperin optisten ominaisuuksien Ja 8Jet­
tavuuden parantamiseen. Hinta on uleensa tavallisia pigmentteJa 
korkeamp1. 

Loppulause 
Paperien~'pigmenttipitoisuuden lisi:U:intyessa naiden mineL8alien 
kaytt~teknisten ominaisuuksien tutkim1nen Ja kehittam1nen tarjoa­
vat mineralogeille ja m1neraalikemisteille ent01san Ja laaJenevan 
tyokentan. 
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Wollastonite - an important industrial mineral 

E. Lunden, Oy Partek Ab, Pargas 

For 60 years wollastonite has been used as an industrial 
minerai. Wollastonite is a common mineral particularly in 
metamorphic limestones andskarns, 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 chemical composition of pure wollastonite is CaSi03 . 
(48.3% of CaO, 51.7% of Si02). Other components in the mineral 
lattice are small amounts of MgO, Fe203' MN02 and loss ot 
ignition. 

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

Table 1 

.PHYSICAL IR>PER!'US OF a>LtASIan'm 

Q1rystal system Triclinic; - 90·00' , - 95·16' , = 103"22'� 
Fom am habit BJ aded c:r:ystal masses; acicn] ar� 
COlour Usually white; saDBtimes cream, qNf, or very� 

pale green;whi.ta streak� 
Harchess 4Js-5 cm It;lhs, scale� 
Speci fic gravity 2·87-3"09� 
Cleavage {lOO} ~ect; {OOl} am. {102} good;� 

{10l} bparfect� 
'l\dmin:J O'ilieJll cm twin axis [010], 0 i1(osition plane� 

(100); rarely a1 twin axis [001]� 
Lustre VitreaJs to pearly� 
Pol~ Wollastcnite (tri.clinic) } lafll-teq;erature� 

ParcnilcUastanite (mcnoclinic) toxms 
PseI.1r::k7fIlCllastatite (triclinic; psetXb-orthot'hic 
or psexJo-hexagalal), high-temperature fom, 
met:astable at la..r terparatures 

Inversion tAT{)P..rature Wollastonite-pselC1cwo11astaU.te, 1,120· ± 10·C� 
MeltinJ point Abc:AIt 1,540·C.� 



Table 2 

OPrICAL ImPERI'IES OF m~ 

Refractive in:lices� n~:::I 1· 616 - 1· 640 n,1 = 1· 628 - 1" 650 
nY:::I 1"631- 1·653 ny- nO'= 0"01.3 - 0"014 

Birefrirqen=e Rather TNeak 
COlour COlourless in thin section . 
Relief Fairly high
Exti.rX:tion· Parallel or a1.m:lst parallel in lorqitudinal 

~: oblique in crcss-secticn 
Orientation� bA.4ory~O- -5-: cAoC. orX:::I 30--44-: crystals 

are elcn;ated parallel to b so lon;itudinal 
sections are len;th fast or len;th slow 

Interferer¥::e figure Biaxial negative, 2V = 38--60-: axial plane 
a1ltnst parallel to (010} 

Dispersion r > vi 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 

~ density of loose mterial 30-77 lb/cu. ft. 
Solubility In (neutral) water� 0.0095 CJl100 mlat 2S·C 
"Ia.i coefficientot thermal expansicn 6.5 x 10~ DID,re 
. pH in 10 per cent slu:c=y·� about 10 
Brightness .<M3O st:aD:1al:tl) 92-96% (325 mesh product) 
Ia.i oil ~ rate 
Q1enj~actiVity .. ; ·~y'mert:·~"l'OSEd by 

J ,;.' •••~ .: r:'.' ..~ ~. ",;; >::;.~., cone. HCl 

.-.~. ;;". ... '; 

The Geol.oqy of. Wol.lastonite Deposits 
' ..:- ... 

As· mentioned above, wollastonite ores are quite rare. In 
Europe,' tor .instance, Finland has been the only 'producer for 
a" l.onqc··time_' It is, however, expected that new deposits are 
to be opened tor production durinq this decade. O~posits of 
economic interest are investiqated in Spain, Greece and 
Yuqoslavia. 

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) 
8i02 + caco3 ;:= wollastonite + C02 

Under natural conditions wollastonite is formed at the tempera­
ture ot 450-600-C, but in experiments its equilibrium range 
has been shown to be 250 to 8S0-C. 
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It looks like the most commercial wollastoriites come from 
similar geological environments. Normally they are situated 
in the basement (pre-Cambrian age). They occur in originally
sedimentogenic limestones. The wollastonite is formed by 
regional metasomatism in combination with the formation of 
granitoids. This primary formed wollastonite may sooner 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 progre~s 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 composition, 
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 !n the central part of a limestone r 
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 IJ 
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 mining has been made~ I 
The skarnoid wollastonites often form' part "ofmetallogenetic 

'provinces.' The wollastonite is situated in the skarn hori­ I 
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 ISoviet 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 I 
and scheelite are being mined, ground and flotated at the 
Koytash deposit. The wollastonite is situated in the upper 
part ot the hanging wall and is very difficult to quarry I 
separately due to underground mining. 

Finnish Wollastonite Deposits I 
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 I 
with a length of about 3 km and a width of maximum 1 km. The 
depth of ~e 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-qranite (Vyborg granite). 
There are dykes of peqmatic granites of rapakivi age in the 



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 CaC03' 

The Lappeenranta wollastonite reserves have been prospected 
to be at ieast 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 sulphide 
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 40,000t/a). The flotated material 
is dried and prepared for different 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 
Lc!lppeenranta~In PUumala a smaller diopside-wollastonite 
deposit with long-fibred wollastonite has be~n investigated 
by Partek in'the '50s and '60S. This deposit is not planned 
to be brought into operation for the moment. . 
.. :.,...:' 

Wollastonite as an Industrial Mineral 
-::",., "'I~',"'::- . __ _.' . . 
·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 Siilinjiirvi apatite mine ,­
I 
I 

H. Kauppinen & H. Papunen 

Institute of Geology, University ofTurku 

,I
The Siilinjarvi apatite deposit is a 9-km-Iong steeply dipping carbonatite 
lense some 20-30 km north of Kuopio,central Finland. The orebody is 
over 500 in wide at the middle, and thus effective mining from the over­ I 
100-million-tonne open pit is feasible (Fig. 1). 

The _chief minerals in the ore arephlogopite (averaging 65%), calcite, I 
apatite, dolomite, and richterite. The phlogopite 'to 'carbonate ratio varies ,
in the- range 1-12 in different' parts of the oreboay~ The apatite cOIitent 
averages 10% (±4%)., , 
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). Mi11jng and concentration I 
tests are 'made separately for each ore type to find the most appropriate 
ore-dressing methods. The selective treatment has reduced energy 
consumption and increased recovery. I 
The production-mineralogical criteria of the ore classification used are ~ 
described. 
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