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Abstract 

In Dúbrava magnesite deposit. being a part of the D(1brava rnassiť in Slovakia. the success ive repla­
cement of the Upper Carboniferous limes tone to dolomite and magnesite was studied using the relation­
ship between rninerals. inclusion fluid chemistry and petrology The host rock oť the magnesite body, 
the black schist. contains the mineral assemblage: graphite( 0 )-organic rnatter. quartz. chlorite 1 (ripido­
lite). rnuscovite- illite. Fe-chloritoid. pyrite, kaolinite, rutile. monazite. zircon. xenotime and sphalerite. 
The Mg-curbonate body mostly supplies the magnesite and the first generation of dolomite 1. The se­
cond generation of dolomite 2. two generations of calcite. Fe-magnesite. talc. chlorite 2 (clinochlore) . 
graphite(?)-organic matter. apatite. quartz and pyrite occur in srnall arnounts. According to the succes­
sive crystallization of minerals. the progressive two (a. b) steps and one separated step (c) of the repla­
cement were distinguished: 

a) The first stage of the replacernent reequilibrated relict oľ the sedirnentary ca lcite I and formed 
dolomite 1 + calcite 2 in the range of the temperature T = 370-+00 'C. lt was calculated using the carbo­
nate geothermometry between dolomite I ancl calcite 2. 

b) The second and major stage oľ the successive rep lacernent formed magnesite with reduced 
mnount of dolomite I at the beginning of the retrograde rnetamorphism. 

c ) Tlie third stage of the rep lacement formed the younger mineral assemblage: dolomite 2 + talc + 
chlorite+ guartz + Fe-rnagnesite. which occurred as the tiny ľeins of XX-cm thickness and ľllg s cross­
cutting the magnesite body This stage is representing a tirne-separatccl later metamorphic and a source­
ly clifferent ťluid ľlow event. 

The successive replacement. being classified to the 111eta111orphisrn in greenschist facie s, ľorrned 
chloritoid and chlorite I in the host black schi sts. Results on magnesite and dolomite I show very high 
BťiCI ratios of the inclusion fluids. The minerals fonning ťluicls are plotted at the end of the evaporation 
trend. Dolomite I bordering the magnesite shows the sarne fluid composition ratios in the Na-Cl-Br dia­
gram as the magnesite, indicating the same fluid source and a consanguineous genesis wi th the magne­
site. The chemical cornposition of the inclusion fluid s from magnesite and dolomite 1 is consistent with 
an evaporitic brine source for the rnineralizing fluids generated by fractionation of large arnounts of 
halíte during intense evaporati1e processes. Large amounts of evaporitic brines in the Gemericurn 
realm hacl been generated onl y cluring the Upper Permian including the Permian boundary with Lower 
Triassic. The Permian e,tensional tectonics and high heat flow facilitated the generation of a hydro­
thermal system. It is unlikely that the mobilization oť the fluid and the dewatering of the Variscan basins 
occurred as late as the eoalpine event in the Cretaceous. Younger dolomite 2 exhibits different cornpo­
sitions of the fluid chernistry Most likely the late stage surface 11aters (seawater~) percolated into the 
rnagnesite and caused secondary "dolomitization" 

Key words: magnesite. successive replacement. petrology. fluid inclusions chemistry. eľaporation trend. 
seawater. Dúbra\'a massif. Slo\ ak.ia 

Introduction 

In Slovakia, 3.5 km to NE of Jelšava town, the large 
and tcctonically separatcd carbonate body, frequcntly nam~d 
Dúbrava rnassif, includes three. Dúbrava. Miková and Jedľo­
vec, more or less separated rnagnesite deposils (Fig. 1 ). 
ľhe Dúbrava rnassif has the directional length of 4.500 m, 

thc strike is NE-SW, and elíps 55-60° to SE. ľhe maxi­
ma! thickness is 600 rn (Abonyi and Abonyiová, 1981; 
Grecula et al., 2000). 

In the western part of the rnassif the Dúbrava rnagnesi­
tc body exhibits average thickncss of 70-80 rn. It is pro­
vecl in the inclined length of 1,500 rn and is usually as­
scmbled in the lower part of the carbonate body. Several 
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Fig. l. Magnesite deposits betwcen Jelšava. Lubeník and Ochtiná - wes­
tern part of Gemericum (rnodified after Abonyi and Abonyiová. 
1981 ). 1 - Veporicum undivided. 2 - Pern1ian cover of Veporicurn , 
3 - Gelnica Group, 4 - Rakovec Group. 3-4 - Lower Paleozoic of 
Gernericum. 5 - greenstones, 6 - black schists ± basalt pyroclastics , 
magnesite-bearing horizon, _7 - black sc hi sts, 8 - pelitic schists with 
psammitic and psephitic intercalations, 5-8 - Carboniferous Ochtiná 
Group. 9 - Gočaltovo Group, 5-9 - lJpper Paleozoic of Gemericum. 
10 - nappe of Mesozoic carbonates and shales. 11 - Turčok granite, 
12 - ankerite deposits and occurrences, 13 - magnesite deposits and 
occurrences. 14 - overthrusts: a - Lubeník-Margecany line , b - Hrá­
dok -Železník line. 

magnesite bodies in the middle - Miková part reach 
a thickness of 100-180 m. This deposit is explored Oľer 
a length of 1,300 111. The eastern - Jedľovec part consists 
of small magnesite bodies of variable thickness oť 5-50 m. 
Along dip it is explored in a distance of approximately 
1,300 m. The magnesite deposits have an average content 
of MgO = 42.53 % wt. and harmful components 

CaO = 2.5 %, SiO 2 = 0.55 '7o, and FeO = 3.74 %. Accor­
ding to CS module magnesite belongs to calcitic techno­
logical t)pe. In 1967 the calculati on indicated ab01e 
500 million kt of the magnesite resources for Dúbra\a 
massif and after modification of conditional parameters 
this sum reached near 536 million kt in year 2000. 

In the follolľing, the successive replacement of the Up­
per Carboniferous limestone to dolomite and magnesite is 
presented using the relationship between minerals, inclu­
sion fluid chemistry, petrology and the metamorphic evi­
dences in Dúbrava part of the Dúbrarn massif. 

Geological setting 

In Dúbra\ a massif the magnesite deposits are located in 
black schists of the Upper Carboniferous Ochtiná Forma­
tion (A bon) i and Abonyio\á. 1981: Grecula ct al„ 1995. 
2000. Fíg. 1 ). The stratigraphic classification of the Och­
tiná Formation is based on ľossil records. Found fos­
s i I s com prise of corals (Heri tsc h. 1934: M išík. 19.'i3; 
Soták, 2000), brachiopods (Mi šík, 1953: Macko, 1992). 
trilobi tes (Bouček and Pfi byl, 1960). lame! 1 i branchiates 
(Macko, 1992), cephalopods (Turek and Prokop, 1981 ), 
bryozoans (Zágoršek and Macko, 1994), echinoderms, cri­
noids, algospongies and foraminifers (Plašienka and So­
ták, 2001 ). The most precise stratigraphic data resulted 
from conodont study (Kozur et al., 1976). prOI iding the 
uppermost Viséan - Serpuchovian (Namurian A) age of 
the Ochtiná Formation. In the Dúbrarn magnesite depo­
sits, there are the carbonates \\ ith pellets, intraclasts , 
echinoderms. crinoids. lamellibranchiates , foraminiľers 
and ostracods (Vozároľá and Vozár, 1988). Fossils are 
predominately well-distinguished in dolomite but the con­
stituent of the pri mary calcareous sediment occurred calci­
te (limestone) that originated at the continental Carboni­
ťerous shelf. Well-preserved relicts of the hermat) pic 
corals had produced the limestone layers: no dolomite \\aS 
present in the shelf. ľhe calcareous CaCO3 dominated 
sediments or limestone \\·ere a real protolith of mag11tsite 
deposits in Dúbrava massif. 

Previous mineralogical study 

Systematic survey oľ magnesite deposits Dt.'1brnrn, Mi­
koľá and Jel šava started in 1957. Using the optical met­
hods, RTG and the bulk chemical composition of the op­
tically separated minerals, the successiľe stages and genc­
rations of minerals were studied by Trdlička ( 1959), 
Varga (1965) and Abonyi and Abonyiová (1981). Minc­
rals were general ly descri bed for al I Carboni ťerous 
magnesite deposits \\herc Varga ( 1965) and Abonyi and 
Abony iO\á ( 1981 ) distinguished the magnesite as the ma­
jor mineral occurring in three successi\e stages. In all de­
posits , the second important mineral was dolomite being 
formed in five stages and the third calcite ťormed in three 
stages. Other well-distinguished minerals are quartz, 
palygorskite, limonite, p) rite, chalcopyrite. tetrahedrite, 
pyrrhotite, sphalerite, galena, chlorite, talc and musco­
vite - sericite (Abonyi and Abonyiová, 1981). 
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Sample, locality, petrography and mineral investigation 

In the Dúbrava part of the magnesite deposit, the repre­
sentati ve sam ples of the host black schist and the major 
magnesite and dolomite body were collected. Samples 
investigated so far are coarse-grained sparry magnesite of 
typical "'Veitsch type'· (Prochaska, 2000) . usually exhibi­
ting pinolitic structures (samples Nos. 1, 2, .:J. , 7a, Sa, 
26; Tab . ...J.). 

Other sets of sam ples are fine-grained dolomites (Dol!) 
usually occurring as "alteration haloes" around the mag­
nesite bodies and the late stage dolomites (Dol2) occur­
ring in veins. fissures and vugs (samples Nos. 7b, 27). 
Samples from dolomite represent filled veins and vugs 
(Dol2) clearly related to late structurcs cutting the magne­
si te. In the core of the vugs idiomorphic crystals of dolo­
mite occur (sample Sc). This core-zone is rimmed b) 
pseudomorphs of dolomite after magnesite still exhibi­
ting pinolitic structures (sample .'ib). Both dolomite zo­
nes are hosted by the original, unaltered magnesite (sam­
ple .'ia; Tab . .:J.). 
ľhe pol ished thi n sections hm e been studied by the op­

tical methods and by the chemical compositions of the 
optically distinguished minerals dctennined by the micro­
probe as well. The JEOL microprobe equipped with a Ke­
vex analytical system, Kevex using 8000 + Quantum de­
tector, was used. To the analyses of carbonate data acqui­
sition was perfonned for 40-100 second (ľabs . 2 and 3). 

The identical samples were used for the mineralogical, 
petrological and for sol ute chemistry studies oť i ncl usion 
ľluids. The results from the inclusion fluids are used 
to decipher the origin of the dissolved salt content of the 
ťl uids that preci pi tated the magnesi te, and f urther con­
strai n the timing and origin of the hydrothermal e\ent. 

Fig. 2. Mi11eral asseJ11bla~e oí the host black sch ists. C - or~anic mal­

ter (graphite?): Cici - chl-;:,ritoid: III - muscov i te-il lite. Back-scattered 

electron images (B EI). Analyses are in Tab. 2. 

Tab. 1 
Mineral composition of the carbonate body and host black schists 

in Dúbrava magnesite depos it 

Mineral Black shi sts Carbonate body 

Quartz Qtz 
G rap hi te 0 C 
Fe-chloritoid Cld 
Ch lorite Chi 
Musco1 ite-illite III 
Kaolinite Kln 
Magnesite Mgs 
Dolomite Dol 
Calcite Cal 
Talc Tle 
Apatite Ap 
Rutile Rt 
Monazite Mo 
Zircon Zr 
Xenotime Xe 
Pyrite Py 
Sphalerite Sp 

Explanations: - Rare occurring mineral 

The chemical composition of paleofluids can be used as 
·'geochemical tracer" to im-estigate the original signa ture 

and origin of different kinds of inclusion fluids. Thc ana-
lytical work on the chemistry of the inclusion ľluid s 

(F, Cl, Br,!, Na, K, Ca, Pb, Zn, Cu, etc.) can contribute 

substantially to the solution and help to sol\e the genetic 
model of the magnesite mineralization (Tab. 4). 

Tab. 2 
Represe ntative analytical data of silica tes in host black schis ts 

Dúbrava part of the magnesite deposit 

ľvlin eral Cici Chll Ms- III Ms- III Tle Chl2 

Place J11atrix matrix matri\ matri.\ matri .\ crack 
Co,rnnent black black black black magnes magnes 

schist schist schist sch ist bod) body 

SiO, 2-1.92 25.43 -17.26 -17 . 12 62.86 29.82 

T iO, o o 0.21 0.14 o o 
Al 20 3 -12 .65 23.95 37.26 38.63 0.42 2ITi 

FeO* 21.01 2302 1.67 0.27 1.24 234 

MnO O. 1-1 o o o o o 
MgO -1. 12 1604 0.85 O.Sl 30.28 3337 
CaO o o o o 0.1-l 0.22 
Na2O o o 0.89 0.91 0.43 o 
K ,O 0.06 o 8.7-1 8.56 o o 
H,O 1' 7.28 113-1 3.92 3.75 -1.72 12.79 
Total 100.18 99.78 100.80 100.19 100.09 99.89 

0= 1-1 36 2-1 24 2-1 36 
Si 2 O 12 5.256 6.213 6. 178 7.987 'i.592 
Al 3.000 2.744 1.787 1.822 0.015 2.408 
Al 1.055 3 085 3.981 4. 1-13 0.0-17 2307 
Ti o o 0.021 O.O 14 o o 
Fe'- 1.4 19 3.979 O. 139 0.030 0.131 0.367 

Mn 0.010 o o o o o 
Mg 0.496 4.942 0.166 O 158 5.737 9.326 

Ca o o o o 0.019 0.044 
Na o o 0.227 0.231 0. 105 o 
K 0.006 o 1.-165 1.432 o o 
Total 7.998 20.006 13.999 14.008 1-1.036 20 044 
OH 3.92 15.63 3.44 3.28 -l.00 16 
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Mineral assemblage in host black schists 

The major constituenls or the black schist are gra­
phite('l)-organic matler, quartz. chlorite 1 (ripidolite ; 
Mg/(Fe+Mg) = Mg ä• = 0.5-+) , musco1itc-illite 
(Mg* = 0.3-'1--0.75). Locally coarse and hypidiomorphic 
Fe-chloritoid (Mg*= 0.26) occurs as well as pyrite grains 
(Figs. 2 and 9). Kaolinite , rutile, monazite, zircon, xeno­
lime and sphalerite are the rare occurring minerals in 
black schisls (Ta b. 1 ). The chemical composition of the 
ma_jor minerals is listed in Tab. 2. 

Mineral asscmblage in Mg-carbonatc body 
and evidenccs of the successive replacement 

The Mg-carbonate body mostly supplies lhe magnesile 
and the fi rst generation or dolomite (Dol!). The second 
generalions of dolomite (Dol2) , t1rn generations of calcite 
(Ca! 1. Cal2), Fe-magnesite, lalc (Mg*= 0.98) , chlorite 2 
(clinochlore; Mg'" = 0.96). graphite(?)-organic matter, 
apatite, quartz and pyrite occur in smalt amounts 
(Tab. !). According to the successi1e crystallization of 
minerals, the progressive two (a. b) steps and one separa­
ted step (c) oť thc replacement 11ere distinguished. 

a) Rclationships between reequilibrated calcite 1 
and dolomite 1 and relationship between 

calcite 2 and dolomite l 

Only relicts of lhe protolithic limestone as the calcite 
(Ca! 1) hm e been distinguished by the back-scattered elec­
tron images (BEI) in samples. In the mosl paľls, the do­
lomite 1 (Dol!) replaced calcite I generating irregular rim 

Fig. 3. Relict oľ calcite 1 (Cal 1) occurs most!v in the host dolomite 1 
(Dol]). Calcite I is the constituent of the prin;ary calcareous sediment 
(limestone) that originated at the continental Upper Carboniferous 
shelf. Back-scattered electron irnages (BEI) Analyses are in Tab. 3. 

Fig. 4. The sma ll rou nded inclusions of calcite (Cal2J Jistribut<:J in 
dolo111ite (Dol l ). Back-scattered electron image s (BEI) Fo r che111 ical 
cornpositions of carbonates see Tab. 3. 

at the boundary bel11een relict oť thc calcite I and the ťirsl 
generation oľ dolomite 1 (Fig. 3). Calcite I contains 
more MgCO3 = 11.90 '7< comparing the ;ounger and se­
cond generation oť calcite 2 (MgCO3 = 2.-l-O CX ). Calcite 
2 is disseminated as an irregular to rounded small grains 
occurring ob1ious ly in dolomite I but also in magncsite 
respecti1 ely (Fig. --l-). The crystalline mi,ture or 111 o car­
bonates (Dol! + Cal2) is interpreted as an exsolution 
product, formed by reequilibrium of Mg-rich primary 
calcite 1 1ľith Mg+ CO 2 rich fluid, ľorming dolomite 1 
and calcite 2 in the first stage oť the replacemcnl 11 here 

0.4 , 

-~ 
o3l 

E 
o 
o 
u 0.2 

~ -~ 
.ľ o X 

0.1 '% 
o 

0.02 0.03 0.04 0.05 0.06 

XM9 in calcite 

Fig. S. Diagram oľ X1,-dolomite versus X",- calcite co111paring 
che111ical composition of calcite inclusions in host dolo111i te (Fig. 4) 
usi ng the carbonate geothermometry oľ Powell et al. ( 1984). 
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Tab . 3 
Represe ntativ e analytica l data of carbonates in Dúbrava part 

of the magnesite deposit 

Minera l Ca l l Dol ! Cal2 
Place re lie t matrix inclusion 

Comment in Dol! in Dol! 

FeO o 1. 19 o 
MnO 022 o o 
MgO -1.89 21 .96 0. 98 
CaO 50.39 29.46 5-1.80 
CO," 4-1.89 47. 70 4-109 
Total 100.39 100.31 99.87 

Fe o 0.030 o 
Mn 0.003 o o 
Mg 0.1 19 1.002 0.024 
Ca 0. 878 0.966 0.976 
Total 1.000 1. 998 1.000 
Sd o 1.50 o 
Rds 030 o o 
Mgs 11 .90 50.10 2.-10 
Cc 8780 48.30 97.60 

CO/' is ca lculated on sto ichiometry 

primary calcite I was repl aced to dolomite 1 + calcite 2 
(Fig. --l-, Tab. 3). According to the chemi cal composition 
XFe = Fc/( Fe+Mg+Ca+Mn) in dolomite 1 1ersus X\·le = 
M g/(Fe+Mg+Ca+Mn) in ca lcite 2. the temperature of the 
replacement was calculated using the carbonate geo­
thermometry of Powell et al. ( 1994) and establi shed 
as the es sen ti al ternperature T = 370--400 °C (Fig. 5, 
Tab. 3). 'ľhi s ternperature had controlled the first stage 
of the successive replaccment where the rnineral assern-

MgC03 

magnesite 
FeC03 

siderite 

Fig. 6. The no1nencla ture of carbonates and so lid solut ion in S)Stem 
CaCO, - MgCO, - FeCO3 at estimated temperature T = 380--+00 'C 
acco rding to Powell et al ( 198-1). Esti mated temperature calc ul ated 
between Ca12 and Dol ! Calc ite 1 (Cal 1 J is the relict of the pri mary 
ca lcareous sediment (limestone). The chem ical compos iti ons of ca r­
bonates see Tab. 3. 

Mgs Mgs FeMgs FeMgs Dol2 
matri x matrix rim Mgs rím V1gs crack 
minim. 111'1Aim. minim. max1rn. in Mgs 

o 5.39 7.58 10.77 1.0-1 
o o o 0.37 0.1 1 

-17.58 -13 .8 1 4 1.85 39. 10 22.57 
0.11 o 0. 19 o 2900 

52. 1-1 51.00 50.50 49. 53 -17. 97 
99.83 100.20 100.12 99.78 100.67 

o 0.065 0.092 0.133 0.026 
o o o 0.005 0.002 
0.998 0.935 0.905 0.862 1.024 
0.002 o 0.003 o 0.946 
1 OOO 1.000 1.000 1 OOO 1. 998 
o 6.50 920 1330 1.30 
o o o 0.50 0.10 

99.80 93 .50 90. 50 86.20 51.20 
0.20 o 0.30 o 47.30 

blage Cal2 + Dol 1 ± M gs 11 as formed and the es tirnatcd 
ternperat ure is the temperature peak of the replacement 
or rnetamorphi srn as well (Fig. 6). 

b) Relationship between magnesite and dolomite 1 

The second and major stage of the successi, e replace­
ment forrned magnesite .lľith reduced amount of dolomite 
1 at the beginning of the retrograde metarnorphisrn. In 
rnatri x the irregular to tabular inclusions of older dolo­
mite I are ľrequentl) enclosed insidc largel) dominated 

Fig. 7. lncl us ions of dolomi te 1 (Dol l) occu rred in host magnesite. 
Talc (Tle) enclosing second gene rat ion of dolomite 2 (Dol2) wi th in ­
clusions of magnesi te (Mgs). Back -scatterecl electron images (BEI) 
Ana lyses are in Tab. 3. 
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and chemically homogeneous magnesite. In this case the 
occurrence of the dolomite 1- inclusions are interpreted as 
a relict of thc first stagc. The second stage is characterized 
by the crystallization of the dominant amount of magne­
site and the stage is recognized by inclusions of dolomite 
1 in the host magnesite (Fig. 7). 

c) Relationship between magnesite + dolomite 1 
and younger mineraI assemblage dolomite 2 

+ tak +chlorite+ quartz + Fe-magnesite 

The third stage of the replacement formed the idiomor­
phic or hypidiomorphic dolomite 2 usually cnclosing 
small and irregular grains of older magnesite. The dolo­
mite 2 also occurs in tin) \Cins of XX-cm thickness and 
vugs crosscutting the magnesite structures, respecti\el). 
T his stage of replacement locally forms talc and chlorite 
2 replacing magnesite along cracks (Figs. 8 and 9). Dolo­
mite 2 with inclusions of magnesite is well recognized 
in the youngest talc (Fig. 7). lnside the magnesite body, 
the dolomite 2 + chlorite (Chl2 - clinochlore) + pyrite 
filled cracks and small faults (Fig. 8). In the matrix, the 
third stage form s Fe-magnesitc (FeCO3 = 9.20-13. 30 % ) 
at the rim oť thc individual grains of magnesite (FeCO3 = 
0-6.5 %, Fig . 10, Tab. 3). Fe-magnesite is usually 
accompanied with pyrite. The third stage of the replace­
ment represents a ti me-separated metamorphic or a later 
and a sourcely different fluid flow event in thc Dúbrarn 
magnesite body. 

lnclusion fluid chemistry 

The characterization oľ TDS (total di,sol1ed so liJs) 
chemi,tr) oľ inclusion fluid, 11 a, ľir,t and mo,1 \I idei) 

Fig. 8. Crack in magnesite (Mgs) is fill ed with dolomite (Dol2) + chlo­
rite-clinochlore (Chl2) + pyrite (Py ) and quartz (Qtz). Back-scatterecl 
electron images (BEI). Analyses are in Tabs. 2 and 3. 

o / 
o 0,2 

' Tal~/ ~ 

Muscovite-illite / 7 
■ ./ ... ► ~ / ► 

Chl1 ◄ ◄ ,../ . Chl2 / 
R,pidolite ,../ Cl,nochlore 1 

/ i 
_,,,//. 

/ 7 

0,4 0,6 0,8 

Mg/(Mg+Fe) 
Fig. 9. Chemical classification Mg/(Mg+Fe) versus Si accorcling to the 
stoichi ornetry of chl oritoicl. Chi 1-ripidollite and muscmite- illite in host 
black schists. Talc and Chl2 -cl inochlore occurs in magncsite bod) 
Analy ses are in Tab. 2. 

applied to the study of Mississippi Valley type Pb-Zn 
rninerali za tions to obtain iníormation on thc source of 
solutes in the ore-forming brines and to explore genetic 
linkages among deposits. Thc utility of the technique was 
first demonstrated by Hall and Friedrnan ( 1963) in the 
Upper Missi ss ippi Valley Pb-Zn district. More recent!). 
Viets and Leach ( 1990) characteri zed the f! u ids ťrorn 
a nurnbťr oľ Mi,sissippi Val Ie) 1) pť dťposits II orld11 ide'. 
,ho11 ing that in gcneral the ,alinity of the l1ľc'•ľor111ing 

ľluid 11a, acquirľd in an e1aporitic eíl1ironme11I and i, ,1c-

FeMgs 

Fig. IO. Relationship between magnesite (Mgs) and younger Fe-rich 
magnesi te (Fe-Mgs) . Crystallization of Fe-magnesite occurrecl as the 
last eľent in the successive replaceme nt. Py - pyrite, Ap - apatit e. 
Back-scattered electron images (BEI). Analyses are in Tab. 3. 



M. Radmnec and W. Prochaska: Successiľe reJJioce111e111 of U11JJer Corbmúferous ca lei re w dolomire and mogncsire in D,íbrarn mognesire de11osir 523 

Tab. 4. 

Chemical composition offluid inclusions in Dúbrava part of magnesite deposit 

Sample Li Na K Mg Ca F o Br so.j Na/ Br mol Cl/Br mol 

Magnesite 

PR-JEL-1 20 5616 559 19 204 1837 95 16 008 353 396 55 102 

PR-JEL-2 8 2377 591 20 143 1556 116 5712 104 250 79 124 

PR-J EL-4 18 4278 583 20451 9344 68 IO 747 295 639 50 82 

PR-JEL-Sa 31 7477 608 25 791 12 586 58 19 807 345 352 75 129 

PR-JEL-7a 12 11 024 840 19427 1215 17 26 660 507 296 76 II 9 

PR-JEL-26 21 7898 562 18 700 2461 65 23 278 468 501 59 112 

Dolomite 1, alteration 
PR-JEL-7b 8 3269 292 23 662 IO 922 49 9741 285 287 40 77 

PR-JEL-27 64 IO 261 1037 19384 15 016 81 33 328 834 453 43 90 

Dolomite 2, vugs or veins 
PR-JEL-Sb 2 4492 197 22 336 9468 
PR-JEL-Sc 3 6365 182 20 777 5582 
PR-JEL-6 (dolomite vein) 1 8071 412 20 220 10 945 

AII concentrations are in ppb 

casionally augmented by halire dissolution . Keslcr et al. 
(1996) used Na/Br and Cl /Br ratios of inclusion fluids to 
document two regionally extensive hydrothermal events 
responsible for Mississippi Yalley type ore ťormation in 
the Appalachian Basin. A more general application of the 
use of Br/Cl and !/Cl ratios from inclus ion fluids was 
presented by Bohlke and Irwin ( 1992), who conducted ex­
tensive characterizations of these ratios from inclusion 
fluids from a variety of ore deposit types. 

In an initial stage of evaporation in a hypersaline envi­
ronment Na, Cl , and Br are concentrated in the residual 
brine, and their ratios do not change. At an evaporation 
index of> IO, halíte is precipitated. Br has a very conser­
vative behaviour and is not incorporated into the halite 
lattice. At an evaporation index of approx. 70, Mg-salts 
stari to precipitate and Br is still concentrated in the resi­
dual brines. The cation systematics changed from an ori­
ginal Na preponderance to Mg and K dominated systerns 
(McCafferey et al., 1987). In a Cl /Br and Na/Br molar ra­
tio diagram the composition of ernporitic, bittern brine is 
shifting along the "evaporation trend' ' when halíte starts 
to precipitate at an evaporation index of about IO. On the 
othcr hand fluids percolating through the crust acquiring 
salinity by dissolution oť halíte . are expected to plot to­
wards higher Cl/Br and Na/Br molar ratios . 

Results on magnesite and dolomite I from the Dúbrava 
rnassif show very high Br/Cl ratios of the inclusion 
fluids (Tab. 4). On a Cl /Br and Na/Br molar ratio diagram 
(Fig. 11), it is demonstrated that the cornposition of the 
magnesite and dolomite (Dol]) fluids plots at the end of 
the evaporation trend. This position oť the plots at the 
end oť the evaporation trend and the extent oť fractiona­
tion suggest evaporitic bittern brines to be the original 
fluid source, although other mechanisms ťor Br-enri­
chment have to be considered. No indications oť halite 
dissolution whatsoever are observed with the fluids for­
ming the Dúbrava magnesite. 

The fine-grained dolomite I usually bordering the sparry 
magnesite basically sbows the same fluid composition ra-

60 6957 26 1044 600 603 

63 11 984 33 1125 670 818 

57 16 529 44 970 642 853 

tios in the Na-Cl-Br diagram as the rnagnesite thus indica­
ting the same fluid source and a consanguineous genesis 
1ľith the rnagnesite. Younger dolomite 2 occurring as 
veins and I ugs crosscutti ng the magnesi te structures exhi bit 
totally diťferent compositions. Most likely late stage sur­
ťace waters (seawater?) percolated into the magnesite cau­
sed this late stage secondary ··dolomitization" (Fig. 11 ). 

♦ magnesite 

800 .51 dolomite 1, alte rat ion 
A dolomite 2, vugs or veins 

• seawater 

o 600 
E ... 
~ 
(.) 400 

200 

; 
o 

o 200 400 600 800 
Na/Br mol 

Fig. 11. Diagram of Na/Br versus Cl/Br cornparing che111ical composi­

tion of fluid inclusi ons in two different source fluids. The 111ain hydro­

thermal event represents evaporation trend and formed magnesite and 

dolomite I The later and separated hydrotherrnal event represents 

seawater that probably formed dolomite 2 distributed in vugs or veins. 

Anal yses are in Tab. 4. 

Discussion of the genetic model 

The rnagnesite deposits originated by a "rnetasomatic" 
alternation oť originally shelť Upper Carboniferous limes­
tone bodes that had been tectonically embedded in sur­
rounding black schists (A bon) i and Abonyiová, 1981 ). 

This genetic model generally holds in DC1brava deposit as 
well. Geological, rnineralogical and petrological eviden­
ces show that magnesite of Dúbrava deposit was not for­
med during sedimentation. Hydrothermal structures are 
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ubiquitous and the ""metasomatic" magnesite bodies gene­
rally exhibit alteration haloes of hydrothermal dolomite 
(Dol!). The ''saddle texture" of. the magnesite Ís another 
strong argument for the hydrothermal nature, indicating 
a brine of high sali nity at elevated temperatures to be res­
ponsible for the mineralization. Petrological studies well 
explained the relationship between host and relict of the 
calcite 1, dolomite I and magnesite group of carbonates, 
finally forming magnesite bodies in the successive repla­
cement. The temperature T = 370--1-00 °C controlled crys­
tallization of carbonates in this successive replacement 
indicating the metamorphism in the greenschist facies 
forming chloritoid and chlorite I in the host black 
schists. The time-separation and younger replacement for­
med dolomite 2 + talc + quartz + chlorite 2 + pyrite that 
filled vugs, cracks and veins in the magnesite body. 

The chemical composition of the inclusion fluids from 
magnesite and hydrothermal dolomite I are consistent 
with an evaporitic brine source for the mineralizing ťluids 
generated by fractionation of I arge amounts of hal i te 
during intense evaporative processes. Large amounts of 
evaporitic brines in the Gemericum realm had been gene­
rated only during the Upper Permian including the Per­
mian boundary with Lower Triassic. The corresponding 
evaporitic sediments are still exposed in the triangle Spiš­
ská Nová Ves - Markušovce - Matejovce and near 
Šan kovce vil lage. 

Unaltered hostrock usually are fossiliferous marine 
limestones thus indicating a diagenetic formation of the 
mi neral ization ei ther by seepage reflux of evapori tie 
bittern brines or by expulsion of connate fluids during la­
ter tectonic activity. Maybe Permian extensional tecto­
nics and high heat ťlow facilitated the generation oť a hyd­
rothermal system. It is unlikely that the mobilization oť 
the fluid and the dewatering oľ the Variscan basins occur­
red as late as the eoalpine event in the Cretaceous. 

The late stage forming of dolomite 2 in vugs and 
veins clearly shows a totally different fluid signature 
(Fig. 11). No mixing trend can be observed thus indica­
ting that these late stage carbonates are due to a separate 
event. These late fluids exhibit the signatures of the sur­
face fluids, most Ii kely seawater (Tab. 4). 

Condusions 

The successive replacement oť the Upper Carboniferous 
limestone to dolomite and magnesite was studied using 
the relationshi p between mineral s, i ncl usion fluid che­
mistry, petrology and the metamorphic evidences in Dúb­
rava part of the Dúbrava massif. 

In the western part of the Dúbrarn massif, the Dúbrava 
magnesite body exhibit average thickness of 70-80 m. 
The magnesite deposits are located in black schists of the 
Upper Carboniferous Ochtiná Formation. The stratigra­
phic classification is based on fossil records. Findings 
of fossils comprise of corals , brachiopods, trilobites, l;­
mell i branchiates, echi noderms, crinoides, algospongies, 
foraminifers and conodonts, providing the uppermost 
Yiséan-Serpuchovian (Namurian A) age of the Ochtiná 

Formation. In the Dúbrava magnesite deposits, there 
are the carbonates wi th pel lets, i ntraclasts, echi noderms. 
crinoids, lamellibranchiates, foraminiťers and ostracods. 
Fossils are predominatel) well-distinguished in dolomite 
but are the constituent of the pri mary calcareous sediment 
- calcite (limestone) - originating at the continental Car­
boniferous shelf. Well-presened relicts of the hermatypic 
corals produced the limestone layers, but no dolomite in 
the shelf. The calcareous CaCO3 dominated sediments or 
limestone were a real protolith of magnesite deposits in 
Dúbrava massif. 

I 11 the Dúbrm a magnesi te deposi t, the representati ve 
sam ples oť the host black schist and the major magnesi te 
and dolomite bodies 11ere collected. Sarnples contained 
coarse-grained sparry magnesite usually exhibiting rinoli­
tic structures. Other sets oť samples are fine-grained dolo­
mite I usuall y occurring as "'alteration haloes'' around the 
magnesite bodies and the late stage dolomite 2 occurring 
in veins. ľissures and ľllgs. Samples from dolomite are 
frorn ťilled I eins and ľllg s (Dol2), clearl) related to late 
structures, cutting the magnesite. 

The host rock of the magnesite bod) , the black schist, 
contains the rnineral assemblage: graphite(?)-organic 
matter, quartz, chlorite 1 (ripidolite) , muscovite-illite. 
Fe-chloritoid, pyrite, kaolinite, rutile, monazite, zircon. 
xenotime and sphalerite. 

The Mg-carbonate body mostly supplies the magnesite 
and the first generation of dolomite 1. The second genera­
tion of dolomite 2. t110 generations of calcite (Ca\ 1. 
Ca\2). Fe-magnesite. ta\c, chlorite 2 (clinochlore). gra­
phite(?J--organic matter. apatite, quartz and p) rite occur in 
small amounts. According to the successiľe cr)stalliza­
ticrn of minerals, the progress iľe t1rn (a. b) steps and one 
separated step (c) oť the replacement 11ere distinguished: 

a) The first stage oť the replacement reequilibrated relict 
of the sedimentar) calcite I and formed dolomite 1 + cal­
cite 2. The relict of calcite I contains more MgCO3 com­
paring younger and second generation oť calcite 2. Calcite 
2 is disseminated as an irregular to rounded small grains 
occurring ob1iously in dolomite I but also in magnesite. 
respcctivcly. This crystallin e mixture of carbonates 
(Dol! + Cal2) is interpreted as an exsolution product, for­
med b) the reequilibrium of Mg-rich primar) calcite 1 

11 ith Mg+ CO2 rich fluid. Dolomite l and calcite 2 for­
med in the ťirst stage oť thc replacement 1ľhere primar) 
calcite 1 1vas replaced to dolomite 1 + calcite 2. Accor­
ding to the chemical composition X Fe in dolomite 1 1 er­
sus x\lo in calcite 2, the temperature T = 370--1-00 °C of 
the replacement was calculated using the carbonate geo­
thcrmometry. This temperature had control led crystal I iza­
tion of carbonates in the successi1 c replacement indica­
ting the metamorphism in the greenschist facies. forming 
chloritoid and chlorite I in the host black schists. 

b) The second and major stage of the successive repla­
cement formed magnesite with reduced amount oť dolomi­
te I at the beginning of the retrograde mttamorphism. 

c) The third stage of the replacement formed the youn­
ger mineral assemblage. Dolomite 2 + talc +chlorite+ 
quartz + Fe-magnesite and pyrite occurred in the form oť 
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the tiny veins reaching XX-cm thickness. as well as the 
vugs crosscutting the magnesite body. This stage of re­
placement locally forms talc and chlorite 2 replacing 
magnesite along cracks. Dolomite 2 with inclusions oť 
magnesite is well recognized in the youngest talc . In the 
matrix, the third stage forms Fe-magnesite at the rim of 
the individual grains oť magnesi te . The third stage of the 
replacement represents a time-separated metamorphic 
or a later and a sourcely difťerent fluid tl ow event. 

Results on magnesite and dolomite I from the Dúbrava 
massif show ľery high Br/Cl ratios of the inclusion 
ťluids. The composition of the magnesite and dolomite 1 
ťorming fluids plots at the end of the evaporation trend. 
This position at the end of the eraporation trend and the 
ex tent of fractionation suggest ernporitic bittern brines to 
be the original fluid source. although also other mecha­
nisms for Br-enrichment have to be considered. No indica­
tions of halite di ssolution whatsoever are obsened with 
the fluids forming the Dúbrava magnesite. The fine-grai­
ned dolomite 1, usually bordering the sparry magnesile, 
bas ically shows the same fluid composition ratios in the 
Na-Cl-Br diagram as the magnesite thus indicating the sa­
me fluid source and a consanguineous genesis with the 
magnes ite. 

Geological, mineral ogical and petrological evidences 
show that Dúbrava magnesite was not ťonned during sedi­
mentation. Hydrothermal structures are ubiquitous and the 
.. metasomatic" magnesite bodies general!) exhibit altera­
tion hal oes of hydrothennal dolomite 1. The „saddle tex­
ture" of the magnesite is another strong argument for the 
hydrothermal nature, indicating a brine of high salinity at 
elevatcd temperatures to be re sponsible for the mineraliza­
tion. The petrological studies well explained the relation­
ship between host and relict of the calcite 1. dolomite 1 
and magnesite group of carbonates, finally ťorming mag­
nesite bodies in the successive repl acement. 

The chemical composition of the inclusion fluids from 
magnesite and hydrothcrmal dolomite I are consistent 
with an evaporitic brine source ťor the mineralizing fluids 
generated by ťractionation of large amounts of halíte du­
ring intense evaporative processes. Large amounts ofera­
poritic brincs in the Gemericum realm had been generated 
only during the Uppcr Permian including the Permi an 
boundary with Lower Triassic. 

Unaltercd hostrock usually are ťossiliferous marine li­
mestones thus indicating a diagenetic ťormation of the 
mineralization either by seepage reflux of evaporitic bit­
tern brines or by expulsion oť connate fluids during later 
tectonic activity. Maybe Permian extensional tectonics 
and high heat flow facilitated the generation oť a hydro­
thermal system. lt is unlikely that thc mobilizati on of 
the fluid and the dewatering oť the Variscan basins occur­
red as late as the eoalpine event in the Cretaceous. 

The late stage forming the dolomite 2 in ľllgs and 
veins crosscutting the magnesite structures clearl y show 
a totally different fluid signature. No mixing trend can be 

obsened thus indicating that these late stage carbonates 
are due to a separate e,ent. FI uids exhi bit the signatures 
of the surface ťluids, most likely seawater percolated into 
the magnesite caused this late stage of secondary "dolomi­
tization··. 
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Abstract 
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Every rnineral deposit has its mvn specific geological-deposit dependencies of reserves IZJ, average 
grade lxl and cut-off grade lx0 J. which are deterrnining factors ľor actual technical-technological pa­
rameters (recovery, ore contamination. processing recovery ťactor a. o.) and economic parameters 
(utility value, initial and operation costs, total price of deposit). Process of econornic assessment must 
respect these relations. Price of deposit is directly dependent on reserves volume and quality of raw 
matcrial and for correct and optima! economic assessrnent. it is necessary to define relations between 
reserves, average grade and cut-oľf grade. as the first step of valuation process. 

Key words: rnineral deposit. reserves/resources, variant reserves computation, economic assessment, 
cut-oľf grade. deposit price 

Introduction 

Considerable progress oť rnineral deposit econornic as­
sessrnent was recorded during Lhe last decade in Sloľakia. 
Econornic esti mati on becarne necessary standard operation 
after every phase of geological prospecting and e;-;plora­
tion. Concerning the incompleteness of exploration data. 
especial ly in begi nning phases of geological survey. the 
help of following studies usually uses three-step process 
oťfeasibility assessment: 

- Geological, or opportunity study, 
- Pre-feasibility study, 
- Feasibility study. 
This complies with UN-ECE Classification for reser­

ves/resources of minerals and solid fuels from 1997. 
Geological study, realized after prospecting or prelimi­

nary ex ploration, calculates operation costs based on sta­
tistical estimates. Pre-feasibilit) and feasibility stud> cal­
culate operating costs by the medium of direct technical­
economical computation. 

Decision criteria for resumption or abonion of explora­
tion works is usually profit ratio expected ťrom deposit 
exploitation and risk rate oť rnining business. After this 
manner, selection of optima! alternatiľe of deposit ex­
ploitation is designated. 

Destiny of prospected and measured mineral deposits 
depends on res ul t of technical-econornical assessrnent and 
classification of every deposit body. 

For example: after phase of drilling exploration the de­
posit of magnesite or talc was discovered and measured. 
After statistical processing oť sample anal) ses and alter­
nati\C (variant) resenes calculation, rich average and poor 
pans of deposit were detected. Economic geologist must 
answer following four questions: 
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1. What is the deposit size (big deposit, medi um deposit. 
small deposit or deposit occurrence)? 

2. Are rneasured reserves economic or uneconornic (poten­
tially economic)'1 What pat1 of total resen·es/resources could 
be classified as econornic or potentially econornic (according 
to the UN-ECE Classiťication for reserves/resources)? 

3. Where are borders betlľeen economic reser\'eS (eco­
nomicall> usable) and potentiall) economic resources 
(uneconomic at present)'.I Where are borclers between po­
tentiall) economic resources and sterile rocks? 

4. What is the valuc (price) oť this measured deposit? 
Resultant answers have determining impact on deposit 

fate and exploration or e.xploitation continucs only on 
significant deposit objects II ilh economic reseľ\ es and 
positiľe balance (price). 

Theoretical and methodological questions of economic 
assessment and classification for reserves/resources 

oť mineral deposits 

The kc) stone oť mineral deposit economic assessment 
consists in comparison of returns ft-0111 mining and bene­
ťiciation oť rmľ materi al I rl and costs I c 1, necessar) for 
these operations. For economic reseľl es must be sati s ťied 

condition: 

r > C. 

In che case oť r < c, there are only potentiall) economic 
resources present on deposit. 

Values oť returns !rl and costs [cl are gained through 
geological-economical modelling of cxploitation and be­
neficiation process, b) means of technical-economical as­
sessment of calculated (estimated) cleposit resen es. 
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Every rnineral deposit has its own speeifie geological­
deposit dependencies of reserves IZ], a1erage grade lxl and 
cut-off grade lx01, which are detennining factors for actual 
teehnical-teehnological pararneters (reeovery. ore contarni­
nation. pľOcessing recover) factor a. o.) and econornical 
pararneters (utility val ue, ini tial and operation costs. total 
price of deposit). Process oť econornic assessrnent must 
respeet these relations and assessment of mineral deposit, 
based only on one variant of reserves eomputation. is not 
correct. Price oť deposit is direetly dependent on resen es 
volume and quality oť raw material. For correct and opti­
ma! econornie assessment it is neeessary to deťine rcla­
tions of reserves [ZJ, average grade [ x I and eur-off grade 
lx0J. as the first step of each valuation process. After gra­
phical and mathernatical definition of listed relations, 
technieal-eeonomical assessrnent oť eaeh caleulated va­
riant of reserves computation determines price of deposits 
and eontours of eeonomic reserves. or potentially econo­
mic resourees of the deposit. 

Deťinition of relations among rcserves IZI, average gra­
de [xi and eur-off grade [x0 1 has remarkable meaning for 
optima! classifieation of measured reserves into eeonomie 
reserves and potentially economic resourees. Generall). 
relations among IZI, lxl and lx01 are rcaehed through the 
variant reserves computation for different cut-off grades 
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Fíg. 1. Function dependency of geological rcserves JZJ. average gra­
des Ix I and cut-off grades I x0 J 

lx0 J. For most oť mi nera! deposits, volume of rcscn es 
and their a1 erage grade depends on accepted cut-oťť grade. 
Low cut-off grade results to large resenes. but of !011 
average grade and on the other hand, high cut-off gradc 
secures high average grade, but low quantity of rescnes. 
The ťeser, es/eut-off grade curve ehanges depending on 
the ore mineralization , ariabilit) and type of mineral/oťe 
distribution (lognormal, norma!, left-asymmetrical. right­
as) mmetrical. bimodal, composite). Most!). relation bet­
ween IZI and lx0 1 is polynomial funetion oť higheľ gradc. 
For norma! distribution , it is mainly linear depcndenee. 
for right-aS) mrnetrieal distribution has dependenee bet­
ween IZI and lx0 j parabol ie eharaeter (Fig. 1 ). 

Hence it follows that eaeh mineral deposit, as 11O11-ťepe­
titive natural objeet, has its speeiťie dependenees IZJ. l;o; 1 

and [x0 J, whieh are neeessar:; to be graphed and matherna­
tieally deseribed for optima! economie assessment, out-. 
going from variant reserves eomputation for I aťious 

eut-off grades. 
.Neeessity of graphie and mathematieal deseription of 

eveť) measured mi nera! deposit, eonneeted 11 ith definition 
of funetion dependene) of IZJ. l;o;I and lx0 1, ťe s ults ťrom 
the neccl foť determination of economie Oľ potentiall) eco­
nomic reseľves/resourees eontours, and also ľrom need ľoľ 
determination of optima! IZI, lxl and lx01, eo1-respo11cling 
to maxi mal deposit priee for ehanging eeonornic and tech­
nical-tcchnological parameters (mineral price. production 
eosts, ore contamination, recovery, proeessi ng rcco1 ery 
factor a. o.). 

Function dependences between deposit priee and so-cal­
led "siatie'' geological-deposit parameters (JZJ. lxl. lx0 1) 
are visible in Fig. 2. 

From Fig. 2 results , that increase oľ 11-orld market priee 
(WP) oť mineral eommodit) (WP I ~ WP2 ~ WP1). undcr 
constant procluction costs ancl tcchnical-teehnologieal pa­
ramcters. causes not oni::, thc gro11 th oľ deposit priee. but 
moves optima! geological-deposit pararneters (IZI, lxl . 
lx0J), corresponcli ng II i th ma.xi rnum deposi t price: 

- Resen es Z I of avcrage grade x I over eur-off grade x0I 
responcl to maximum deposit priee PI ťor worlcl mineral 
priee WP I 

- Rescn es Z 2 of average graclc x2 over eut-ofľ grade x02 

rcspond to maximum deposit priec P2 for II orld mi nera! 
priee WP2 

- For following deerease of world priec WP3 • resenes 
Z3 oť a,erage grade x3 01er eut-ofť gradc \.m respond to 
maximum deposit priee P3 

- Further decrease of 1vorld mineral priee WP coulcl 
imply to minus value of the deposit priee, i. e. resourees 
eould bc classiľiecl only as potentially ceonomie . 

Similar funetion dependeneies between deposit price 
and ''starie" gcologieal-deposit paramctcrs (IZI, lxl. l.x0 1) 
stand in the easc of substantial ehangcs oť pľOduetion 
eosts ancl technical-teehnologieal paramcters, too. From 
above mentionccl, we ean suppose, that dcposit priee I P 1 

(eeonomie value of measured reservcs) dcpcnds not oni) 
on mínera! market priee lmpl , produetion eosts lcl. teeh­
nieal-teehnologieal parameters I tp 1, but it also depends on 
gcologieal-clcposit parameters (IZI, lxl, lx0 1), whieh es-
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F ig. 2. Relation between maxima! deposit price IP I and geo logical-de­
posil parameters IZI. lx l and lx0 1 in the course of world rnineral price 
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sentiall) aťfect so-called "dynamic„ economical and tech­
nical-technological parameters: 

p --c> f (Z, X. \o, C, mp, tp ) 

From mutual function dependencies bet11een "static„ 
(geological-deposit) and "'d) nami e" (eeonom ie and techni ­
ea l-technological) parameters of mi neral depos its issue: 

1. Exactly assigned vo lume of reserves, defined by eut­
oťť grade and average grade, re sponds to maximum deposit 
price, ťor constant mineral pricc, producti on eosts and 
teehnieal-teehnolog ieal parameters. 

2. Signifieant ehanges of mineral priee. prod ueti on 
eos ts or techni ea l-teehnologieal parameters result in ehan­
ges of eur-off grades. average grades and geolog ical rese r­
ves, defining maximal deposit priee. 

3. Under eertain rel at ion oť production costs and ľalue 
of returns (c ~ r). econom ic resen es I anish and oni) po­
tentiall y economic resources are classified on mínera! de­
posit. Volume of resources and their average gracle res­
poncl to reserves over the contour fo r potentially econo­
mic resources. 

Despite the fact, that mínera! depos its are of various 
genetic type. age, morphology ancl mineral composition, 
it is liable , that applicati on of this methodology oť mine-

ra! deposit eeonomieal assessment (eeonomie feasibility 
of reserves/ resourees) will by applieable for majority oľ 
mineral deposits, with some modifieations for difťerent 
morpholog ical and geological-technological types. Anot­
her assumption is, that proposed methodology lľill be 
suitable not only for phases oť preliminary or detailed 
exploration of deposit, bul fo r economi c assessment oľ 
exploited deposits, too. 

General methodology of mineral deposit assess ment, 
based on variant reserves computation (Fi g. 3) indicates 
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Fig. 3 . 1vkthodology for d elerrninal io n of econorn ic and potent,all) 

economic re serves/resources. 

necessit) to deťine relati on of IZ J. lxl and lx0 1 (static de­
posit characteristics) before technical-economi cal e1 alua­
tion (defin ition of dynamic cleposit characteristics). Con­
cerning pr01 ed depenclenee betlľeen starie geologieal-depo­
sit parameters and clynamie teehnieal- tee hnologiea l ancl 
eeonom ie parameters from measured mi nera! depos i ts. 
opti mal methodology for eeonomic assessment oť clepo­
si ts is ľo ll olľ i ng : 

1. Geologieal-depos it parameters ( rese rľes . a1 erage gra­
des, eut-off grades, thickness. number oť depos it bodies a. 
o.) enter to the proeess of eeonomie assessment. 

2. A ssessme nt proeess start s 11 ich I arian t resen es eom­
putati on. 11 hi eh enable solicl modelling and eontouring of 
resen es of I arious a, erage grade. rcsponding to partieular 
eur-off grade, eoľering 1ľhole in te rrnl of gracles. mcasured 
over the lim it ľor potenti all y eeonomie resourees. Variant 
eomputation of cleposit resen es enables graph and mathe­
matieal deseription oť relati ons betlľeen resen es. e ur -ofľ 

grade and aľerage grade. For some cleposits, it is advisable 
to reali ze eomputation after cut-off thiekness I m0 1-
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3. Each vari ant of reserves estimation is then economi­
cally assessed and depos it price is calculated through the 
utility value per I metric ton . production costs per I met­
ri c ton and extractable reserves, by NNP (Nominal Net 
Profit) or Cash-fl ow, NPV (Net Present Value) methodo­
logy . 

4. After technical-economical assessment oť variant re­
serves computati on, follmľing parameters can be classi­
fied: 

For economic reserves: 
a) Cut-ofť grade for economic reserves 
b) Average grade for economic reserves 
c) Quanti ty ( vol ume) of cconomic rescrves 
d) Cut-off grade for economic rescrves. equivalent to 

maximum deposit price 
c) Average grade for economic reserves , equi valent to 

maximum depos it price 
f) Quantity (volume) of reserves, equivalent to maxi­

mal deposit price 
Note: Conditions for economic reserves iss ue ťrom re-

quest for IO % profit ratio. 
For potentia /ly economic resources: 
a) Cut-off grade for potential ly economic resources 
b) Average grade for potcntiall y economic resources 
c) Quantity (volume) for potentiall y economic resources. 
Adrnntages of economic and potentially economic re-

serves/resources defined by this way are following: 
- Proved reserves of dcposit are assessed in financial 

formulation (deposit price) , based on valid prices. pro­
duction costs and technical-technol ogical parameters. Thi s 
allows owncr of depos it (s tate ) negotiate w ith mining 
company about royalties payment. 

- Variant rcscrves computati on and its rcsults, determi­
ni ng rich and poor parts of deposit, i.e. reserves (econo­
mic) and rcsources (potentially economic), represent fi xed 
information formula, from which next re\aluation of re­
serves balance is simply feasible by changi ng o f ent ry 
economic data (prices, production costs). 

O 100 200 300 m 
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400 + .+. + ·. - .· • • • 
+ + • + • + + 
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Application oť assessment methodology on tak 
and magnesite deposits 

Economic assessment of Gemerská Polom a talc dcpos i t 

T alc deposit Gemerská Poloma represents large and 
meaningful objec t, which serve the purpose as proper 
model for application of economic assessment methodo­
logy (variant reserves computation and their next techni­
ca l-economical val uati on). 

The deposit is situated in the Early Paleozoic rock 
complexes between villages Gemerská Poloma and Hen­
clm á, abo ut 18 km to the south from Spi šská Nová Ves 
town. Geological composition is visible in Fíg. 4. Depo­
sít oftalc-magne site raw material li es in the dcpth of250 
to 800 metres, between granite bedrock and volcano-secli­
mentary mck complexes of the Early Paleozoic (hanging 
\mil ). Deposit length reaches 2,700 metres, thickness \ a-· 
ries from 2 to 400 metres, and \\ idth \'aries from 150 to 
400 metres. Deposit beddin g is sub-horizontal, \\ 'ith mo­
derate di p ( 10-15°) to the east. North and south demmca­
tion oť depos it is not deťinitel y solved. like\\i se its eas­
tern eon ti nuation. 

Talc content fluctuates from several C/e, to 95 'lc. Thc 
best quality talc bearings are of I to 28 metres thickness 
\vith talc content of 50-70 %. Medium qualit) bearings 
contain 30-50 % of talc and poor qualit) materi al (mag­
nesite with talc) only up to 30 9c of talc . Distributi on oť 
talc is bimodal. 

Exampl e of so-called gfobal economir assess ment. 
which consists in technical-economical e\aluati on of re­
serves of whole clepos it ( i. e. ernluation oť each rnriant oť 
reser1es estimation), is in Fíg. 5. Dependence of deposit 
resenes [Z[, average gracle [x[ and cut-oťf grade [x0 [ i s 
presentecl here. Conclusi ons resultant from the graph are 
that the cleposit contains: 

- 103 Mt o f rese rves 11 i th a1 erage gracle 36 % 
of talc . or 
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Fig. S. Global econom ic assessment of Gemerská Poloma talc deposi t 
applied on whole deposit reserves. 

- 55 Mt with average grade 5..:f % of talc, or 
- 25 Mt with average grade 83 % of talc . 
Questions from the introduction (w hat is size of depo­

sit , what are borders between economic reservcs and une­
conomic reso urces, what is deposit pricc) are solved by 
the ncxt technical-cconomical assessmenl of each variant 
oť reserves computation. 

The ťirst step of technical-economical valuati on is cal­
culation of utility values per I metric ton oť rescrv es of 
given quality (grade) and construction oť function depen­
dence curve, reprcsenting relation between utility values 
JUV I and cut-oťf grades lx0 J. For thi s case was applicd 
average price of talc 5,600 SKK (47 SKK correspond ap­
proximatel y to I USD) per metric ton and determined mi­
ning and processing parameters, relative to the currcnt ex­
ploration phase of deposit. 

The second, very important and difficult step is esti ma­
tion of capi tal and producti on costs I PCI ťor each vari ant 
oť reserves computation and construction oť dependencc 
curvc between costs [PC I and cut-off grades I x0 J. 

Analysis of relative position of curves UV/x0 and PC/x0 

suggests to qualitative intervals, in which occur economic 
reserves and potentially economic resources. Cut-off gradc 

interval 10---+0 % of talc content allocates potenti ally econo­

mic resources. Cut-off grade interval -'I0-80 St of talc con­
tent, where UV /x0 curve is over the curve PC/x0, reťers to 
economic reserves (according to UN Classification, 1997). 

The third step of assessment proces s is pri ce [ P [ esti­
mation for each I ariant of resen es computation and con­
struction of price-cut off grade curve (P/x0). Deposi t price 
(Nominal Net Profit) , reali zed after geological (opportuni­
ty) study is calculated by fo llowing formula: 

where: NNP- Nominal Net Pro f it [milli on SKK[ 
QE - extrac table rese rľes [ metric ton 1 

UV - utilit) value [SKK/ti 
PC - capi tal and production costs JSKK/tj 

i. e. without tíme ťactor regarding and discounting. 
A nal ys is of P/x0 cun e show s, that maxi mal price oť 

deposit (by NNP method) reaches 15.5 milliard SKK ťor 

cut-oťf grade 50-55 % of ta\c content. For cut-off grade 
40 % of talc, deposit reaches zero val ue price and for 80 

% cut-oľf grade of talc, deposit price would be oni) 1.6 
milliard SKK, concerning low reserves of the best quality 
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talc (25 Mt). This example of global econom ic assess­
ment of talc deposit clearly shows importance of functi on 
dependence definition for cut-off grade lx01, reserves IZI , 
average grade lxl, utility value IUYI , capital and pro­
duction costs IPCi and depos it price IPI. For present mine­
ral price (5,600 SKK/t), technical-technolog ical parame­
ters and defined production costs. exists oni) one eur-off 
grade lxornax L for which depos it price 11 iii be maxi mal. 

Replies to questions from introduction are following: 
1. Gemerská Pol oma deposit could be c lassiíied as 

a large deposit with geolog ical resenes 0ľer IO Ml of 
talc (20.7-29.7 Mt). 

2. Economic reserves are determincd by cut-off grade 
over 50 % of talc content. i . e. 55 Mt of ave rage grade 
54 % of talc. Other resources. for 10-10 % cut-off grade 
interval. are class ified as potentially economic at present. 

3. Border betwecn economic reserves and potentially eco­
nomic resources rangcs in cut-off grade intenal -l-0-50 % 
of talc , depending on desired production profitability. Mi­
ning of the best quality talc (cut -off grade over 70-80 o/c ) is 
not recommended, concerning considerable decrease of re­
serves and lifetime of deposit. Border between potentiall) 
economic resources and low-mineralized (sterile) rocks was 
esti mated to IO % oť talc eon tent, f ollowing actual techno­
logical and economical parameters (processing reco,·ery 
factor, quality of concentrates, mineral prices). 

-+. The price oť Gemerská Poloma talc deposit reaches 
maximum oť 15.5 milliard SKK, for optima! cut-off gra­
de 50 '7o oľ talc. 

Besides global economic assessment of whole mínera! 
depos it , ťor large deposi ls of lon g I if eti me. thanks to , o-
1 ume of estimated resen es, so-called /oca/ economic os­
sessmenr could be reali zed. T he local economic assess­
ment concerns with that part of dcposit. which will be 
prepared for exploitation in the next 3-10 years. after de­
tailed explorat ion campaign. Example of local economic 
assessment for part of talc deposit with reserľeS 2-8 Mt 
and cut- oľf grade range from 20 to 80 % of talc is vi sible 
in Fíg. 6. In the case of talc market pri ce reaching 11,000 
SKK/t during the exploitation. reserves II iii be classified 
as economic. with ma.ximum price (NNP) 8.2 milliard 
SKK ťor cut-oťť grade 50-60 % of talc. In the case of 
market price decrease to about 3,000 SKK/t, no ľariant of 
reserves computation will secure profitable exploitation 
and all resources in this part of deposit would be classi­
fied as potentiall y economic. 

Economic appraisal oť Gemerská Poloma deposit after 
mono-vari ant reserves computation with predetennined 
cut-oťť grade 20 % oť talc (initially stated condition for re­
serves computation) could imply to stagnanc) of depos it 
survey and eventual exploitati on oť thi s big deposit. M o­
no-variant rese rves computation (for the only one cut-oťf 
grade) cannot secure complex deposit evaluati on. 

Economic assessment of Jelšava - Dúbrava massiľ 
magnesite deposit 

Magnesite deposit .lel šarn - Dúbrava massif occurs in 
rock complexes oť Carboniferous age and belongs to large, 

econom ical I y im po1tant, metasomatic deposi ts. Geological 
resenes reach 535 Mt and )early production is abou t 
900 kt 1ľithin the last years. A,erage content of MgO uti ­
lít) component is about -l-1.5 % and content of impuriti es 
is ťollowing: CaO 3.58 l;i; SiO2 0.64'7c and Fe2O3 3.76 o/c . 
Production ,alue reaches 1.8-2 milliard SKK. 

Chemicall) pure magnes ite (MgCO3) contain s -l-7.6 '/c 
MgO and 52.-l- '7c CO2 . M g2 + ca tions are paniall) repla­
ced b)- Fc2T and Ca2+ cations. FeO content in magncsite 
ranges from 1. -+ to 7.0 o/c, CaO content ranges fro m 1.2 
to -l-.0 % . Moreo,er, magnesite contains admixtures oť 
SiO2, Al 2O,, Fe2O3 a. o ., with important influence to 
raw material quality. Mínera! commodity is usually mar­
kecl as magnes ite, if MgO content is at lcast -l-0 '!é, toget­
her with Ca O eon tent ma.x. -1 lJc. Utilit) component 
MgO is bouncled mostl) in magnesite. lesser in dolomite 
and marginall y in chlorite ancl talc. Basic impurity - CaO. 
- is boundecl most!) in dolomite, less calcite. Other im ­
purities (SiO2 ancl Al 20J are bounded in mica. chlorite. 
talc and quartz. SiO2 ancl Fe2O3 contents 1011 er rdrnctori ­
ness, thereľo re the) must be delimited. 

In 199). resen es of clepth ancl east continuation oľ clepo­
sit (DC1bra1a massiť - clepth ancl Jeclľm ec) 1\'ere re, al uatccl. 

O 1 
1 2 3 4 

k 
x 

Fig. 7. Sparia! pos it ion oť qualitative classes of magnes ite in horizontal 
cross-section on the level O metres abov e the sea le vel 1 - dolomite. 
2 - >3.'i % MgO (magnesite + dolom ite ). 3 - >41 % MgO (magnesite). 
4 - >43 % MgO (magnesite). 
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Fíg. 8. Dúbrava massif - .ledľovec: dependence between MgO cut-off 
grade (x0 ). reserves (Z), MgO average grade (x) and irnpuriti es 
content (CaO. Fe,O,. SiO,). 

A new variant reserves computation in this part of depo­
sir was realized, being ťollowed by technical-economical 
asscssment that essentially amended \'iewing angle on 
economical meaning of reserves estimated in the past. 
Until 1995, reserves computation was realized after condi­
tions from 1979, in which cul-off grade was determined 
for bolh economic and potentially economic reserves/re­
sources at 35 % of MgO. 

Spatial position of qualitative classes of magnesite in 
horizontal cross-section (on the level O metres above the 
sea level) is illustrated in Fíg. 7, based on variant reser­
ves computation, realized for cut-oťf grades 35 % MgO, 
41 % MgO and -n % MgO. 

It is evident (see Fig. 7), that magnesite-dolomite mix­
ture of quality 35-40 % MgO is concentrated most!) in 
marginal parls of deposit bodies, on transition from meta­
somatic magnesites to metasomatic dolomites. ľhese 
poor, marginal parts of deposit, reach thickness up to 50 
metres. After conditions from 1979, reserves computation 
incl uded al! parts over 35 % of MgO eon tent, whal resul­
ted in increase of geological reserves and decrease of a\·e­
rage grade (MgO content). In some parts of deposit, for 
example in lhe easlern part oť Dúbrava massif-Jedľovec, 
extremely low cut-oťf grade 35 % of MgO (common for 
economic reserves and potentially economic resources) 
caused that al! calculated reserves were classified (after 
mono-variant conditions) as uneconomic, concerning pre­
sent technological and economic conditions. 

In 1995, new variant reserves compulation was reali zed 
for three different cut-off grades: 35 % MgO, 41 % MgO 
and 43 % MgO. 

Results of this reserves estimation are figured in Fíg. 8. 
from which issue: 

- Increase of MgO cut-ofť grade from 35 % to 41 % 
and 43 % causes decrease oľ reserves vo! ume from 106.4 
Mt to 69.1 Mt and 13.3 Mt. 

- Increase of MgO cut-of grade causes growth of a\ era­
ge grade from 41.8 9c to -1-2.2 9c and 43.5 % ; on the other 
hand, content of impurities (CaO, SiO2 and Al 2O3) decre­
ases. 

Quality analysis oť the second ľariant oť reser\ es com­
putation showed. that 69.1 Ml of reser\ es oľ m erage q ua-
1 ity 42.28 % MgO, 2.38 % CaO. 0.79 SiO2 and 3.72 9o 
Fe2O3 fully satisfies conditions for economic reser\eS. 
Only 37.3 Mt of geological reserves are classified as po­
tentially economic resources. 

Qualitali\e difference between mono-ľariant (after gi­
ven conditions) and variant reserves compulalion is ni­
dent. Variant reser\·es computation (estimation) al IO\\ s 
classificalion of some reseľ\ es as econornic (69.1 Ml), i. 
e. usable rcseľ\es undcr present technical-technological 
and economic conditions. 

From the point of \ ie\\' of methodolog:-. the shortness 
and 11011-complexi ty of mono-variant resen es computa­
tion \\ere pro\ed. For potentially economic reserves. it is 
possible to accept cut-off grade 35 % of MgO. for econo­
mic reserves must be MgO content at least 38-41 % 

Statistical parameters of dara files and follo\\ ing reali­
ties \\ ere taken into consideration ťor a1 erage grade calcu­
lation: 

- Right asymmetrical to norma! distribution of MgO 
and Fe2O3 contents (\1ith low \ariability 3-10 %). 

- Left asymmetrical to lognormal distribution of CaO 
and SiO2 contents (\\'ith higher \ariabilit) 68-83 %). 

- High minus correlation (-0.94) of MgO and CaO 
contcnts. 

Conclusion 

Variant reserves computation. inclucling economic as­
sessment of each selected \'ariant, results in detcrmining 
of rich and poor parts of deposit, i. e. reserves (economic) 
and resouľces (potentially economic), and represent fixed 
inľormation formula. from which next revaluation of re­
sen es/resources balance is simply feasib le b) changing of 
entr) economical data (market prices. production costs). 

Mono-variant reser\'eS computation (for the oni) one 
cut-oľf grade) cannot secure complex deposit eľaluation 
and could cause stagnancy of deposit suľve:- and restrnin 
eventual exploitation of mínera! deposit. 
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Slovak magnesite industry has at its prosperous econ omic activity by the exploitation oľ domestic 
raw-rnaterial resources also unfavourable influences on the basic cornponen ts of the environment, i. e. 
soil. water. surrouncl ing air and biot. These unfm ourable influences are caused b) the erniss ions. ab01-e 
all ťrom thennal technologies at the processing of magnesite raw-rnaterial The air is polluted by solid 
particles. cornposecl of Mg-bearing minera ls. At present tirne an arnount of erni ssions is significantl) 
el i 111 i nated in consequence of the new dust coli ecti ng dev ices i nstal I ation. Emi tted solid pani cl es. repre­
sented by rnineral phases such as periclase. caustic MgO, magnesite. dolomite. calcite. etc., create the 
hydrates of Mg-rnineral s in immission position aľler their contact \\ith air hurnidity and in that way the) 
strongly alkalize the soil horizons. water and biosphere. 

Key words: ernissions. irnmi ssions, rnagnesiurn mineral forrns. soi l horizon 

Introduction 

Slovak Republic is one oľ the most important produ­
cers oť reľractories in the world. The production is based 
on domestic magnesite reserves, lľhich constitute about 8 
% of total world reserves. As to magnesite exploitation 
Slovakia is the 4th in the world. Deposits oť the crystal­
line magnesite in the Western Carpathians belong to 
giant and the most important in Europe. In addition to 
prosperous economic acti vi ties oť magnesi te industry, its 
processing technologies unfavourably inťluence on all 
components oť the environment, i. e. land, water and 
biot. The industria!, mining and processing activities re­
sult in physical changes of surrounding landscape, espe­
cially in pits or craters after su1iace mining, dumps, was­
te banks as well as in a dustiness oť wider surroundings 
caused by the emissions oť solids from thermal technolo­
gies. Natural ly, high dust dcposi tion is connected with 
the contamination oľ soils and water by alkalinous com­
ponents and this ťact consequcntly results in a damage of 
biol. For a long tíme, during operation oť thermal tech­
nologies of magnesite processing in shaft and also in ro­
tary furnaces, the ťacilities were equipped by dust collec­
tors with low cfťiciency and in many cases no collectors 
were applied. Thus, a large amount oť solids in the form 
oť emissions leaks out into surrounding air, 11here they 
inťluence as strongly al kaline substances. 

For several years the dust deposit at the surroundings of 
magncsitc processing plants exceeded the values of maxi­
mum allowable concentration (MAC), i. e. 150 t.km-2, 

or 12,5 g.m-2. (30 days) 1 and at its composition and 
MgO content oť 30--+0 % it contaminated wider area of 

535 

the plants. In 1970s, in the area of the most concentrated 
production, i. e. the belt of Lubeník-Jelšaľa the MAC 
11 as e.\ceeded in the area oť 32 km 2 (Leško, 1987). Recen­
t!::,, after in stal lation of new dust col lecting de1 ices and 
technologies the situation in plants surroundings is stabi­
lized and e1en imprmed. But up to present time there are 
1 isible the localities oť dust deposits there as a result oť 
plants operation in the past. The crusts, that achieve the 
thickness from several millimetres to 3-5 cm, were for­
med. They contain minerals and metals which were emit­
ted from point and plane sources of plants. These areas 
covered and contaminated by dust under "favourablc'' 
weather condition become the secondar) source of dust 
and in such wa) the dust may get into a long distance 
from primary source. The soil has a high content of Mg 
and alkalinity is also high. Endothermic decomposition 
oť magnesite liberates a large amount of CO2. During de­
carbonization a strength of material ťalls dmrn, MgO ori­
gi nates, but the structure oť carbonate conserves i tselť 
(Fig. 1) and thc crystal lization of periclase directly from 
caustic Mg O is very rare (Fi g. 2). 

A1erage chemical composition oť solid dust outlets 
from rotary furnaces oť operati ng magnesite plants is pre­
sented in Tab. 1. 

The elements introduced in Tab. 1 contaminate the soil 
through the air in the form oť mineral phases-containing 
dust. The dominant minerals in dust outlets represent pe­
riclase and caustic MgO, that are accompanied by magnesi­
te. calcite as well as by dolomite. Thc occurrence oť quartz 
is rarc. Naturally, mentioned minerals also participale on 
the composition of soils and/or crusts, respecti1el y, \\'hich 
were formed in the preci ncts of magnesite plants. 



Fíg. 1. Creati on of the cubic fonn s inside of decarbonatized particle. 
magn. 5000x. 

Tab. 

Fíg. 2. Amorphou s particle of caustic and phen ocryst of periclii s ť 

magn. 5000x. 

Content of elements in dust outlets from rotary furnaces of magnesite processing plants in mg.kg ' (ppm) 

Plant Mo e Ca Fe Mn Cu 

Jel šava 332.600 9.730 46.250 2.270 20 
Lubeník 267.000 11 .400 15,800 1,222 17 
Bočiar 422.300 10.400 38.300 2.800 55 

Magnesite production and related environmental 
protection in Slovak.ia 

Pb 

14 
IO 
19 

Mineral composition of contarninated areas, where 
magnesite deposits occur and processing facilities were 
and are in operation, with their history and influences on 
the environment, from the west towards the easl, is as 
follows: 

Podrečany - Lovinobaňa deposit 

On the deposit of Podrečany-Lovinobaňa firstly, an 
iron ore has been exploited and during prospecting works 
in 1952 the deposit of magnesite was discovered. Magne­
site was processed in shafl furnaces. A favourable 
localization of plant with regard to the morphology of 
surrounding terrain , where valley widens towards the 
south and prevailing air current is in the d irection of 
NNW-SSE, did not create any conditions enabling the 
contamination of wider surroundings. The soils were con­
taminated in the direction of prevailing wind to the dis­
tance of about 2 km. Except for plant area the crusts were 
not observed anywhere. The following minerals were de­
termined in the crusts: periclase, magnesite , dolomite, 
calcite, hydromagnesite, brucite and hydrocalcite. The do­
minant rnineral was caustic MgO, frorn which secondar1 
minerals originated. These minerals are ·soluble in weak 
acids and this fact results in the movcment of their dissol­
ved components into deeper parts of soil horizon. Recen­
tly, thermal technological cent res of the plant do not ope­
rate and thus, ťavourable condition are for environment 
regeneration. 

Zr Co Cr Ni As Ho e CcJ Sb 

47 4 21 22 87 0.6 7 6 
40 26 33 54 27 0.4 89 
95 14 98 64 6 0. 8 2 99 

Mútni k and Hačava deposits 

In 1871 , duri ng the construction of rai I lľay Hnúšťa-Ti­
sovec in the Rimava river entrance area, rnagnesite was 
discoľered near the calcite quarry of Mútnik. On the 
threshold of the 20th centu ry the raw-rnaterial began to be 
processed in shaft furnaces in Hačava and in the I960s 
a rotary furnace was put into opera1ion. Unfm ourable 
rnorphology of surrounding terrain, technologies 1vithout 
a dedusting and the other operating plants in I icinit:. na­
mely a chemical one in Hnúšťa , a blast furnace in Tiso­
vec and talc grinding plant in Mútnik caused an intensive 
deľastation of landscape. A coherent crust with the area of 
several ten s hec ta res wi thout vegetati ve co1 er was for­
med. The crust is composed of prirnary dust particles, 
that are cemented by secondary minerals. The caustic 
MgO and periclase are present as the dominant minerals. 
The secondary minerals represent brucite, hydromagnesi­
te, nesquehonite and hydrocalcite. Later, these minerals 
with water in their structure crystallized into calcite and 
dolomite. That caused that the crust is stony and resistant. 
The content of MgO in the crust attains of 55-60 9c. 
Recent!), the crusts slolľly desintegrate also by means 
of unpretending plants. 

Jelšava ·and L ubeník deposits 

In the area of Jelšava-Lubeník the processing of magne­
site frorn surrounding deposits in Ratková, Och ti ná, etc., 
began in 189-1---1895. Firstly, magnesite 1vas processed 
in the shaft furnaces, later in the annular ones and finally, 
for the last 30 years in the rotary o nes. Recent!) , fi Ie 
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shaft and one rotary furnaccs are working in Lubeník and 
three rotary and four shaft ľurnaces are operating in Jelša­
va-Teplá rnda. In this area thc processing oť magnesite 
has traclition for more than 100 years and cluring this 
periaci a \\'Íde surrouncling of these plants was contamina­
ted by the immissions oť solid particles. Dedusting devi­
ces were imperfect and for this reason the crusts on stron­
gly alkalized soils, 11ith similar mineralogical composi­
tion as above mcntioned, was created. Lastly , a high dust 
deposition was caused by the application oť rotary kilns, 
designed for the burning of lime. Thus, dedusting devices 
designed ťor lime dust outlets was not suitable for the 
magnesite ones and this fact resulted in an intensive con­
tamination of wide surroundings. The forest stand was 
strongly damaged and for instance in the locality of Hra­
dovisko nad Jelšavou the forest stancl have been petrifiecl. 
The dominant minerals are represented b; calcite and do­
lomite that crystallize in wood mass ťrom their h)drates. 
The area. where two magnesi te proces si ng plants operate, 
can be characterized as a narrow 1alley in the direction of 
NW-SE, closed on its sicles by mountain massiťs. Thus, 
prevailing wind is also in the direction of valley. For this 
reason, the crust composed from Mg salts, i. e. primary 
and secondmy minerals of dust outlets, with the thickness 
up to 5 cm have been created on the soils in the surroun­
di ngs of the plants. 

Generally, it is given, that crusts originate in the case 
iť dust deposition with Mg content over 50 % exceeds the 
amount of 600 t.km·2.year 1• Such soils contain a mini­
ma! arnount of organic substances. The follo1ľing rnine­
rals are present: periclase. caustic MgO, magnesite, dolo­
mite, calcite and also hydrates of these minerals occur. 
Minerals were identified by means of DT A and X-ray ana­
lyses (Bobro, 2000). Currently, ecological situation im­
proves as a result of new high effective dust collecting de­
vices installation, namely Amerrherm. Thus. for instan­
ce, in 1970-1980 the emission of solids attained the 
arnounts about 4,800 l.\ear·1, but in 1990 it 11as 
500 t.year· 1 and finally, i;1 2000 it 1vas 170 t.year 1 in 
Jelšava and 85 t.year·1 in Lubeník. This view is 1ery opti­
mistic and situation incessantly irnproves by serious ap­
proach oť the plants management to questions of the en­
vironment in this damaged area (Hančuľák, 2000, 2001 ). 

Bankov deposit 

The eastern pan of Slornk magnesite dcposits belt is 
represented by the Bankov deposit. The production of 
caustic magnesi te began there in 191 1. Fi rstly, two shaťt 
ľurnaces were in operation . In 1950s, the magnesite pro­
cessing plant was removed to Ťahanm ce, where in 1980s 
and l 990s a severe development of housing caused that 
plant found itself in an urban settlement. Till 1990, four 
rotary furnaces have operated there, later only t1vo ones 
that were equipped by dust collecting system Amerrherm. 
Because the plant is located in the northern part of dense­
ly populated area, in the mounth of the Hornád ri ver to an 
alluvial plain, that widens in the direction of E-W and 
prevailing air current is in the direction of N-S. all ag-

glomeration has been contami nated. The hi ghest poli u­
tion \\'as in the centra! air corridor along the ri1er plain. 
where the largest amounts oť polluted air hme been mo­
ľecl. After the installation of eťfecti1 e dust collecting de-
1 ices the Mg content in dust deposition fell down from 
35---1-0 ek to 8-10 % and in aerosol, i. e. in dust ambient 
it clecreased ťrom 20 % to 1-3 %. Today, the plant is not 
in operation, but all area of plant and spoil areas in its 
precincts are and will be for a long tíme a plane source oť 
mínera! dusts. In this place the laminas of mineral dust in 
the form of periclase, magnesite, calcite and the hydrates 
of the other carbonates still occur and during stronger 
\\'inds they pollute the 11 ide area of agglomeration. Mg­
bearing dusts deposited in town area for a long tíme and 
eťfecti1ely neutralize acid rain. During the magnesite pro­
cessing plani operation the neutralization carried out in 
the air, most eťťecti1el) in the immission position. After 
cutting-oťf of thermal technological centres the al kalinit)° 
oľ rai ns and snow in the 1011 n area f ell dolľn from pH 
8-9 to pH 5.5-6.5. In dusts and spoil areas similar mine­
rals ha1e occurred as in the other localities. The higher 
portion of dolomite was observed that rnay come from 
the localiLies of dolomite quarries in entrance area of the 
Hornád river, several km to the north from rnagnesite 
plant. Currentl), thc magnesite processing plant is mo-
1ed to the Bočiar locality ncar at thc iron and steel works 
factory, 11 here applied technologies of dust elimination 
are almost 11asteless. 

Discussion 

In the world an abundance of magnesium in soil hori­
zons is rare. On the contrar), majority of literary sources 
deals with a deficiency of this significant biogenetic ele­
ment. In Slovakia, in the localities 11 ith magnesite indus­
try. the soils and their dynamic components. such as soil 
reaction, nutrients regirne, biological acti1 ity, organic 
substances qualit) and structural status of plough layer 
are still inľluenced b) Mg immissions. The high occur­
rence of Mg i mmission, abOľe all of amorphous caustic 
MgO results in a high alkalinit) of soils. According to 
agrochernical criteria the suitable amount of Mg recei1 ed 
b) soil is up to 200 mg.kg 1. But in the localities 11ith 
rnagnesi te industry this I al ue is e.\ceeded b) -l- 100 fold. 
Under natural conditions the annual !oss of magnesium 
per one hectare oť soil b) crops, leaching and migration 
achieľes oť 26-3-1- kg (Hronec, 1996). T hus, it is possi b­
le to decrease the Mg content in soil during a determinate 
period, under consideration that its input 11 iii be stopped. 
But currentl), in the surroundings of magnesite plants the 
input of Mg-bearing into soil still C\Ísts. For instance, 
dust outlets from Lubeník contain 4-1-.5 '7c of MgO, in 
Jelša1a it is 55.-1- % of MgO and in ťormer magnesite 
processing plani in Košice it 11as 77 '7c; of MgO. 

Ani mal organisms ha1 e some magnesium resistance, 
better than plants. Metabolic disorders 1111der intluence oť 
magnesium abundance lľere identified oni) in C\peri­
ments 11 i th animals. for 11 hich a hi gh doses of magne­
sium components ha1e been fed. But diťferences bet11ee11 
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exposed and checking files were nor significant. On the 
basis of the epidemiological investigations of exposed 
and non-exposed workers the following knowledge have 
been obtained in exposed group: enhanced excretion oť 
Mg by uri ne, hypertension, defects of embryonal develop­
ment, abortions, lower birth-rate and length of new­
borns. Observed differences between the investigated 
groups were on the border of significance. Also in the case 
of workers operating under high dust e.xposure any disor­
ders of breathing system was not directly proven (Groch, 
1985). 

An occurrence and movement oť heavy metals is con­
nected with the movement oť magnesium solid irnrnissi­
ons. The heavy metal s are di rectly bonded on erni tted dust 
or on particles of various form, i. e. ions, molecules and 
their aggregates, that adhesively react with solid pa11icles 
and together with thern contaminate soils and other corn­
ponents oť the environment. The following elements are 
considered as contaminants: Zn, Cu, Cd and mainly Mn. 
A transition of these elements from soils into biomass 
and by food chain along was not statistically significant 
(Mičura. 1995). 

Conclusion 

Conclusively, above mentioned facts mean that enhan­
ced Mg contents in the air, so il. lľater and consequently 
unsignificantly in biomass is a special Slovak problem 

in the small areas with mag nesite industry. More advan­
ced technol ogies and ťeasi ble management \\ "ith these \ a-
1 uable raw-materials giľe an expectation ťor the future 
that input of magnesium into natural and municipal sur­
roundings will constantl; decrease. Wasteless technolo­
gies are planned in this branch of industry, but it is long­
term vision. Visible damages as a result of preľi o us ope­
rating technologies will endure and spoil, generally im­
provi ng si tuation. 
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Nowaclays the interest about rnagnesiurn metabolisrn is increasing due to its clinical. biological and eco­
logical irnportance. The results oľ our studies prO\ ecl that an e.xcess magnesiurn supply is mostl) the prob­
lern oľ those regions. wherc rnagnesium-processing industries are 1iresent in Slovakia. Rurninants including 
the wild ones are the most sensitive anirnals to the excessive supply of magnesium. where the magnesiurn 
toxicity is rnaniľested by the decrease oľ production and diarrhca. Frrst of all in most cases. the digesti1 e 
systern is affectecl. During the study of an excessi vc supply oľ magnesiurn. the clecrcase of the cligestion 
of solid feeds 11as investigatecl. This is causecl b) the decreasing of the ferrnentative processes in the 
forestornach together with the decrcase of the ľeed intake and the increase oľ the water intake. lt 11as 
also conľirmecl that an excess intake oľ rnagnesium has negatíve influences on the content of thc rota! pro­
teín. alpha and beta globulín fractions. as well as on the activities of AST and ALT This paper presents 
the review of the up-to-date theoretical and e.xperirnental knowledge about the influences oľ an excessive 
load of rnagnesiurn in the digestion process, rnctabolisrn. production and health oľ rurninants. 

Key words: rnagnesiurn, rnagnesium ernission. rurninants. rnetabolism and rumen digestion 

Ahsorption, metabolism and magnesium excretion 

Magnesium is evaluated as a multifactor cation, which 
in a high extent influences the liťe processes oť animals. 
The significance, which is given to researches and prncti­
ces of magnesium, is increasing. This face is emphasized 
in the international magazíne ··Magnesium·· and the estab­
lishment of the ··world society for magnesium research" 
and the "IX Symposium oť ccology in chosen agglomera­
tion in Jelšava - Lubeník and Middle Spiš" (Yrzgula, 
1999). Thc importance of magnesium, according to the 
amount in the sequence oť the ťourth cation, is after calci­
um, sodium and potassium, and helps also the activation 
of approximately 300 enzymes. lt inťluences the characte­
ristics of the celi membrane and neuromuscular sensitivi­
ty. lt has anti-stress, anti-toxic and anti-allergic ťactors. 
Magnesium is in high measure inteti'ering the metabo­
lism of other elements, s uch as proteins, saccharides, ľats 
and insulin. lt has an irretrievable task in lhe bone meta­
bolism. Mainly absorbing it from the digestive system 
but also re-absorbing it in the kidney and mobilization 
from the bones are influencing the magnesium eťťiciency. 
Magnesium together with Ca and P is present 70 % in 
boncs, 28 % in cells and 1 % in extra-cellular fluid. Mag­
nesium is present in the blood plasma as well as in the 
blood cells. lt is partly hind to the proteín (non-diffusib­
le) and part of it is free (ionized) in the blood plasma. In 
bones of young animals there is approximately one third 
and in adult anima! one fourth of magnesium that is mo­
bilized. ľhe level of magnesium 111 the blood serum of 
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the farm anima! is mming from 0.70-1 .20 mmol.l. The 
digestion process oť magnesium is decreasing to 20-30 GJC' , 
when the anima! is getting older, but also the ,olume 
of the mobilized magnesium is decreasing and the speed 
of the mobilization is decreasing. In the process oľ mag­
nesium re-absorption mostly other mineral substances are 
appl) ing in the ťeed dose, mainly Ca and P. The higher 
the content oť the Ca in the feed intake, the lower the sto­
rage of the magnesium in the bones. During magnesium 
excretion via the feces, it is the vice versa, the older the 
anima! the more volume of magnesium is secreted. The 
excretion of magnesium from the feed intake via the feces 
is as follows: three-week-old calf 32 %, but from 16-
week-old calf is up to 86 % (Yrzgula. 1999). Magne­
sium, \\ hich is excretcd, ia the ťeces, contains magnesium. 
which was noc absorbed from the feed, and also ťrom the 
endogen magnesium, 11hich entered into che digesti1e 
S) stem I ia saliva and other secretions. Some portion oť 
the endogen magnesi um i s reabsorbcd agai n. 

Magnesium excretion depends on the form oť its supp-
1) to the organism and on its level in the blood. Magne­
sium excretion via the urine by the hypomagnesium pro­
cess is decrcasing to the minimum, but after parenteral 
application of che rnagnesium sali, it is excreted via the 
urine up to 90 % (Vrzgula, 1999). 

Absorbabilit) of magnesium in the ruminant fore-sto­
machs is influenced by: 

-The content of other mineral elements in the feed do­
se, mainly Ca and P. The negatíve influence oť a high 
content of magnesi um in che feed dose on the magnesi um 
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re-absorption can be explai ned by thc fact that the vol ume 
of the non-dissohed cadmium phosphate that raised in the 
digestive systcm, can absorb into its surťace also the 
magnesium ions and by this \vay it hinders the re-absorp­
tion. The antagonism of Ca and Mg probably depends al­
so on the individual compounds, on which such elcments 
are presented. After the per-oral application of chlorine­
hydroxide and cadrni um-phosphate they positi vely infl u­
encc the cadmium re-absorption, but magnesium-sulfate 
is influcncing its balance negati\'ely. 

- High level of fat in ťeed dose decreases the magne­
si um absorption. Fatty acids with rnagnesium in the sto­
mach fluid create dissohed soap. lt is reflecting in the 
decreasing of the absorption and by this way also the 
magncsi um level in the blood serum. 

- 1--Iigh content of nitrogen elernenrs and low concentra­
tion of energy in the feed dose causcs the decreasing of 
the magnesium absorption during increasing of the NH, 
level and decrcasing of the volatile ľatty acid (VFA) 
in the rumen. Decreasing the production of VFA and CO2 

leads to the decreasing of the blood flowing in the wall oť 
the rumen and this decreases the magnesium absorption. 
The incrcasing oť the NH, level in the rumen. which is 
accompanied by the pH increasing, clecreases the amount 
of magnesium clissolved in the rumen fluid. Magnesiurn 
is precipitated as magnesiurn-ammonium-phosphate 
and such cornplex is not possible to be absorbed in the 
rumen. 

- ľransaconite acid, which is highly presented in 
young plants during spring, is also negatively influen­
cing the rnagnesi um absorption (Vajda et al., 199---l-b). 

The influence of an excessive magnesium supply 
on the fermentation and digestion processes 

Magnesium in excess amount e.xists very rarely. We 
can only see an excess of magnesium in areas with the 
cleposit oť the natural magnesium ore and lľhere industria! 
proccssing are taking place. The usual problern is causecl 
when the dust ťiltering process in the industries is not 
well functioning. The excess magnesite load mostly da­
mages the digestive system. During long-term e.,cessi1e 
magnesium supply (500 rng/kg/h) in the calf feed dose 
(Vendrák et al., 1992) was prm ed thc decreasi ng of the di­
gestion oť the solid ťeeds in the rumen that is caused by 
the decreasecl ťermentative processes. There were not re­
cordecl discrepancics in concentration of the total VFA, as 
well as the individual VFA before the anima! has been 
fed. The discrepancies were eviclcnt only after 3 hour after 
feeding, when signiťicantly lower value of VFA was re­
corded for animals with a high magnesium supply. Ou­
ring the increased magnesium supply there was rccorcled 
the amount of the increasing of the ammonium nitrate 
and the pH. Jenčík ct al. (1998) have in their expcrirnents 
investigated the similar tendency. 
ľhe influence of the increasecl magnesium supply 

(203.8 mg/kg live wcight) in the fermentation processes 
in the rumen of the fattening bull calves has been studied 
by Chrenková et al. ( 1998). The authors did not find any 

diťľerences among animals, in molar rate of the acetic acid 
and its rnolar rate in both feed doses presented approxirna­
tely 71 9c. Similar tenclcnq, 1\as seen in the propionic 
acid, but essentially lower concentration \ľélS in anirnals 
with increased rnagnesium supply. Opposite eťťect 1\aS 
recorcled for butyric acicl. In total volume oť VFA therc 
were not recorcled signiťicant cliscrepancies. Different in­
f! uence to the fermentati ve proces s in the rumen of the 
ruminants in the presented experiments is possible to cx­
plain by the clifferent concentration of the magnesium in 
the diets, in the experiments of Vendrak the result oľ the 
val ue was 2.5 ti mes higher (Vendrák et al.. 1992). 

Bíreš et al. (1996) in their e\periment on e1\'es obser-
1 ecl the clinical picture by the supply oť the industria! 
emission with high content of magnesium in the diets 
(500 mg/kg li\e weight). The supply oľ hay ancl concen ­
trate feecl mixture with the content of the inclustrial emis­
sion 11 as not changecl unti I thc 12th day oľ experiment. 
The intake oť the ťeed mixture decreasecl about one-third 
betlľeen the 12th and 20th clays , but the hay intake 11as 
not changed. The watcr consumption has been drastically 
i ncreased. Between the 20th and 26th cla) s of obseľl ation 
the concentrate feed rnixture intake compari11g to the vo­
lume at the beginning oť the experiment has clecreased to 
one third. The intake 11as minima! or comp letely null 
bet11 een the 26th and 32nd days. ľhe lose oľ appeti te to 
the concentrate feed mixturc \1 as up to the 20th day ac­
companied by the decrease of the ha) i ntake on the 32nd 
da::,. from beginning 2 kg to its half. The increasecl 11atcr 
consumption has also persisted. 

The ľeces started to change its consiste11C) ťrom corn­
pact ľorm to the sleazy form since the 12th day oť obser­
vation. Betwcen the 15th and 20th clays of e\periment 
there was observed \ľatcry consistency feces in all animals. 
The color of the feces was dark green. Persistence of diarr­
hea was alternately in all experimental ani mal s. It \1 as al­
ternati1ely accompaniecl by the hy permotoric of the ľores­
tornach and hyperperistaltics of the intestines. A little 
merely apathy 1\'as obseľl ecl in al I e\ peri rnenta l sheep 
since the 20th da) oť e\perirnent. Similar negati1 e influ­
ences ťrom high magnesi um closage to the cligesti I c sys­
tem, has been manifested as a pcrsistent diarrhea ha1 c 
been obsened (Jenčík et al., 1993). The rnechanism oľ 
the cliarrhea formation after the magnesiurn burclen 1rns 
explained by the effect of the magnesite cation 011 thc inc­
reasing motility of the digesti\e tract, their influence on 
the creation of the metabolic alkalosis, gastroenteritis and 
dyspepsia (Reichrtová et. al., 198.'i). 

The influence of an excessive magnesium intake 
on the metabolism, productivity and health 

faaluating the biochemical markers in the interna! en­
\ ironment is vcry important to obsen e the inťluence oť 
the high magnesium intake on the metabolism oľ the ru­
minants. Sommer et al. (1996. 1997) follm1cd thc inťlu­
ence oť the rnagnesite load on the balance of Mg. Ca and 
P in bull calves. An excessive magnesium supply in ťeecl 
dose caused an increased excretion of the PI ia the urine 
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and feces. High dosage of Mg had nol any influence on 
the balance of Ca, bul it caused Lhe increased excretion of 
P in the urine and ťeces. It is connected with the antago­
nism oť P and Mg. ľherefore it is ver) important ťor ru­
minants to respect the ratio (Mg + Ca): P. Bíreš et al. 
( 1996) have ťollowed changes in mineral metabolism oť 
sheep at an excessive magnesium supply of 500 mg/kg 
live weight. Feeding magnesile e.xhalants has signiťican­
tly increased the secretion of magnesite in the ťeces a11d 
llťine of the experimental sheep. This shows to the regu­
lative mechanism during inadequate magnesium suppl) 
(Khorasani and Armstrong, 1992). Despite of the existed 
i nteracti ve relationshi ps in the level of resorption of the 
intermediary metabolism and secretion of the Mg to Ca 
and P in ľllminants (Waterman el al., 1991 ), lhe increased 
intake of magnesite ťrom the sources of the magnesite 
emission, there have nor been manifested any negati\ e in­
fluence on the dynamics of the Ca and P in the feces and 
urine. ľhe C\ idence was the significant increase of the se­
rum concentration of both elements and the decrease oť 
the excretion oť Ca and P in the ťeces and urine. The known 
metabolic interactions of Mg to K and Na was not unam­
biguously proved in this experiment (Fisher et al., I99-l-; 
Dewes, 1995), because feeding the industry magnesite 
emission has nor signiťicantly changed the content of K 
in blood serum. At the end oť the experiment, there 
has been observed the decreased excretion of K and Na 
comparing to the original \alues despite oť the persisting 
diarrhea. 

Bíreš et al. (1994) have observed the signiťicant meta­
bolical dependency of Ca, P, K. Na, Fe and Cu to Mg in­
take from the diet of heiťers. ľhe different reactions oť the 
sheep and heifer on the magnesile burden is explained by 
the decrease of the intake of the lested emission in lhe 
sheep since the [2th day of experiment, in difference to 
the heifers, where the appetile \\as good during che whole 
experimenlal period. The dynamics of the analyzed micro­
elements in lhe blood serum, feces and urine have been 
changed during the experiment in relati on to their content 
in the tested emission and changes of the intake. Fe ex­
cretion in the feces and Cu e.xcretion in the urine have 
significantly increased during the magnesite burden. 

Jenčík et al. ( 1999) ťol lowed the i nťl uence oť the C\ces­
SÍ\ e magnesium (500 mg/kg live weight) on the proteín 
and fat metabolism in the fattening bull calves. From the 
resulls of the obsen ed values oľ the metabolic markers 
on the level of protein metabolism - total proteín and 
Llťine, ťat metabolism - total lipíds and cholesterol. ís 
possible to state, that the) were mm·íng in the range of 
the physíological rnargins, except the value of the total 
proteín, which was below the le\el of the referentíal 
physiological range. 

Lower level s of the total proteín, alpha and beta globu­
lín fraction s in the bull calves in the area of magnesite 
burden have been ťollol\'ed by Mariščáková et al. (1999). 
The lower level oť the total protei n, as wel I as al pha and 
beta globulín ťractions indicate the li\er damage, the or­
gan where their synthesis is going on. 8) e\ aluating the 
hepatic pmfile duríng magnesite burden in heifer Bíreš et 

al. (199-l-) ťound out, that the most sensitive reaction du­
ri ng the i ntake of rnagnesi te emission was reflected b) 
the acti\ity of AST and ALT. The significant increase oť 
both enzymes was marked on the 30th resp. 50th days of 
experiment. At this time the values exceeded the upper 
ph) siological boundary. The negatí\·e val ue oť correlati ve 
coeťficient, which was determi ned duri ng the e\ al uation 
of the serum IgC. indicates the heifer· s defense mecha­
nism dest ľllction during the excessi\e magnesite intake. 
In a símilar experiment on sheep was obsenes the increa­
se of ALT oni). But damage excludes the activíty of the 
other enzy me abílity in the Ii ver (AST, GMT. ALP) and 
the concentration of the total bilirubín \\as in the physio­
logical limíts duríng the \\'hole tíme of the magnesíte 
burden (Bíreš et al., 1996). Differences between the hepa­
tie profile rn arkers of the previous e.xperiments were 
possi bi) e\ oked by age (hei fer - young, gro\\ th. ewc -
adults) as \\'ell as the decrease of the rnagnesium intake oť 
che ewe b) mal appetite. 

Magnesite burden deteriorates the heal th states, the pro­
duction and reproduction ( lower milking rate about 
-l-30 kg. w íth an in ten al of 3 to 7 da:, s. sen ice peri od 
about 20 da) s, inter-period about 16 days. S uch markers 
are \1 orse than the m erage val ues (Jenčík et al., 1 997). 

For elíminating the negatíve influences of the magnesi ­
te emission, mostl) \\ ·as used feeding dicalcíum-phospha­
te. unprotected fats and urea (Jenčík el al., 1996; Pa_jtáš et 
al.. 1997: Pavlík et al., 1997 and others). 

The eťf ect oť an antidote was \ erified on the mi I k CO\\ s. 
ťatteníng cattle and sheep on che basis of farm and semi­
farm experiments. ľhe suggested steps of care ha\e parti­
ally or totall) eliminated che negati\e inľluences of the 
magnesite burden and showed the ímprm ement oť the 
health status and increased production. 
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Abstract 

Thi s paper intencl s to be a short inforrnation guide about the developrnent of mining and treating of 
111agnesite in Slovakia and an information about hi story oť the magnesite industry The hi story of magne­
sitc deposit of Košice is a topic of following separate arti cle. 

The ycar 1900 is considered as lhe beginn ing of the industria! treatment of magnesite. Each deposit 
in Slovakia was openecl by the surficial 1va) using lhe wall or pil quarry method. The harn111ers 11ere 
used to obtain drilling stic ks by rnanual work. Discharging has been made by dyna111ite. The deliberated 
big pieces of raw materi al were broken with I 5 kg heavy ham111ers. Discharged ra,v 111aterial at the 
wall quarry has been transported by the self-f'all to the storage area. At the pil quarry it ťalled to the 
botto111 oľ the profile. Later the elaborated slopes with wodden leakage 11ere used in the wall quarry 

At the stocks. the raw materi al was 111anually se parated. Then it II as tra nsported to the shaft furnaces 
by horse carriages or by railway trucks. The first rope11·ay lľas construcled in I 903 in H ačaľa plani. 
Th e first shaft furnace for magnesi te burning was constructed in Jelšava in 1894. 

Owing to the scientific and technical progress the level of mining mechan izati on as well as the leľťl 
of magnesite treating increased. The re ,vere introduced various i111prove111 en ts of technology, mainly 
for magnes ite concentrates treating. Therefore also processing of the bui\ding rnaterials production in 
Lovi nobaŕía and Lubeník pl ants has been improved. 

Used equipments are described in the areas of Jel šava. Lubeník. Lovinobaňa and Hačava magnesite 
plants in the period of 1919-1 944, than during 1945-1948. 19-19-1970, 1971-1985 and finally during 
1986-2000. 

Kcy word,: magnesite e~ploitation. 111 agnesite elaboration. histor) of magnesite industry 

Introduction 

We are living in a period that is underlined by the 
strong competitive environment, where the success or un­
successťullness of the firms depend on the ľirms' ability 
to identify its position on the market. Each demand of the 
market has raised and developed as well as declined in 
certain conditions. 

vak magnesite deposits \\ ith maps and cross-sections is 
available in contribution b) Grecula et al., 2000, pub­
lished in IGCP 4+3 lntroductor:, Ne11s!etter.) 

The Hačava plant was supplied by magnesite from de­
posits at Burda and additional one in Sušiany. Magnesite 
for the need of the old plani in Jelšava was exploited in 
various places of Dúbrava hill. The lower magnesite 
plani in Hnúšia 1\aS constructed directly at the Mútni k de­
posit, since 191 O it O\rned mining rights also for the To serve the readcr an information about the amount of 

investments to magnesite mining and elaboration, \\'e sta­
te their known costs in Czechoslovak/Slovak crowns. 
Though the exchange ratio oť thi s currenc) to US Dollar 
in the past changed, recently 1 USD is an approximate 
equivalent to 47 Slovak crowns. 

Magnesite mining and elaboration in Slovakia till 1919 

The beginnings of the industria! elaboration oť the 
magnesite in Slovakia we can date ôack to 1900, when 
the construction of two plants Hačava and in Jelšava-Tep­
lá Voda started. 

The magnesite bearing Carboniferous layer was firstl) 
opened by superficial way using the wall or ditch stone­
pít exploitation. (Geological setting and location of Slo-
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Fig. 1. Main magnesite deposits in Slovakia. 1 - Jelšava-Dúbran1 
massif. 2 - Lubeník. 3 - Košice. 4 - Hnú šťa -Mútnik. 5 - Rmné-Burda. 
6 - Ochtiná. 7 - Podrečany. Full circle - exploited mineral cleposit. 
cmpty circle - non-cxploited mínera! deposit. 
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Ružiná deposit. Stone-pit Kopáíí (later AMAG) plant Lu­
beník Chyžná Voda exploited rnagnesite in three hori­
zons, each one l 5 rn high. The horizons were connected 
with inclined shaft to the level oť surrounding country . 
designated as the 4th horizon. At the level of 3rd hori zon 
the tunnel Alexander has been constructed and tunnel Bar­
tolorneus led to the 4th horizon. The 3rd and -1-th horizons 
were connected with a tunnel, through which raw rnaterial 
has been transported b) the grm ity to the Bartolorneus 
tunnel. 

Drilling works were done manually by stroking the 
drilling bar with a hamrner. Dynamite has been used ťor 
shots. Hard work during drilling has been completed 11 ith 
the rnechanical crushing of the stones with hamrners 
weighting 15 kilograms. Shoted rnuck has been transpor­
ted by gravity to the stone-piť s wall foot, 11 here the 
stock was situated. At the ditch stone-pit it 11as transpor­
ted by the leakage. 

Raw material was rnanually selected at the stock piles. 
then it was transported by horse carriages to the plants. 
either to the railway feeder, or direct!) Lo the filling hole 
oť the shaft furnace. The first ropewa) was built in 1903. 
It was 6,630 m long and connected the Burda deposit with 
the Hačava plant. In 1906 an additional l km long rope­
way was built and it connected the deposit at Sušian} hill 
with the final station of the big ropeway in Burda. In 
1913 the ropeway long 3 km f rorn Ružiná to Lovinobaňa 
started to work. The discharge station of the ropeway and 
railway station were connected with a railway feeder. A 
narrow-gauge railway frorn Dúbrarn to Teplá Voda 11 ith 
2.5 km in length was constructed during l9I7-I9I8. 
Magnesite in the plants was manual!) loaded into the mi­
ning wagons, that were pulled up to the filling hole of 
the furnace (Bandurová, 2000). 

The old plant in Jelšava - Teplá Voda was attached to 
Lhe ·'upper and lower" furnaces, being constructed al read) 
in 1894--1897. Equiprnent for the crushing and se lection 
of the burnt rnagnesite has been constructed at the uppcr 
ťurnaces ťor their more eťfective use. Lower furnaces were 
shutted down in 1911. In 1913 a single-stool shaft furna­
ce was constructed at the upper furnaces. The plant 11 as 
without production between the I st World War and 1922. 

The lower rnagnesite plant in HnC1šta 11 as constructed 
in 1902 directly at the Mútnik deposit. lt consisted from 
two bothside shaft furnaces that 11 ere heated with genera­
tor gass. These were the first press furnaces in Slmakia. 
Burnt rnagnesite was extracted frorn the slanting exit oť 
the ťurnaces and sclected manunally. 

In 190-1- in the old upper-plant of Hačava the construc­
tion of four singlc-side stool shaft furnaccs was finished . 
They werc heatcd directly by the coal ťrorn the grates. In 
1908 construction of the new plant started. In its ťrarne in 
1909 the first rotary ťurnacc on the world for magnesite 
clinking with performance 20,000 tonnes was installed. 
In 191 O the magnetic separation of the burnt magnesi te 
as well as a transformator for alternating current started to 
be exarnined. In 1913 the electrornagnetic dressing with 
roller separators was built. The forrncr shaft furnace frorn 
1905 was rebuilt in 1915 for the vertical one 11ith auto-

rnatic extraction. The generator gass 1rns used as a fuel. 
Production of the upper rnagnesite plant in Hačm a. 
011ing to the technical de1eloprnent oť the plant . was in­
creasing till 1913, reaching of 33.951 tonnes of produced 
rnagnesite, then there was a ternporar) decrease. but in 
1916 it raised to 2-1-,152 tonnes, and in following years it 
again lm1ered. 

The Lubeník Chyžná Voda plant started to bc construc­
ted in 1906. lt consisted of 6 double stool shaft furnaces, 
heated 11 i th generator gas s. For fu1ther enrichrnent of the 
clinker. burnt in shaťt ťurnaces thc electromagnetic dres­
sing 11 as installed - and b::, this 11 a::, the cornple .\e tech­
nological chain for magncsite clinker producti on origina­
ted (Gu!) ás and Frák, 1986). 

Exploitation and elaboration of the magnesite 
in 1919-1944 

In August 1923 the first quarry of the post-11 ar period 
11as opened in the Ploské locality in the altitude 650 m. 
The depo si t Lubeník Studená 11 as knm1 n si nce 1927. but 
nploitation there started oni) in 193-1-. Thi s deposit 11as 
the biggest and richest frorn the ne11 deposits. The deposit 
was opened in 376 111 altitude. Magnesite started to be e\­
ploited supe1ficially and later also b) underground mining. 

In 1923 the nc11 ropewa) Ploské-Burda 11as constructcd 
as 1ľell as another ropewa) from Ružiná quarr) to Lhe Lo-
1 inobaňa plant. In 1924 the pneurnatic ham mer startcd to 
be used in the Dúbrava quarr::,, magnesite was C\ploited 
exhausting!) in the high quarr) 11 alls. 

In 1919 the plant Lubeník Chyžná Voda started to 
11ork among the first ones of post-11ar period. In the sa­
me year the upper magncsite plant Hača1 a started to pro­
duce again. In 1925 it 11as neccessar; to build the electro­
magnetic dust-collector due to the e\treme pollution of 
the surroundi ng areas. In 1938 there 1ľere produced 3.3I-1-
tonnes oľ magnesi te, in l 939 i l rai sed to 6.7 17 ton nes 
and in 19-1-1-19-1-3 produc tio n did not decrease bclo11 
7,000 tonnes. 

fig. 2. First ťurnace íor magnesite burring built in Jelša,a in 189-+. Ta­
ken Írom the book Slo,ak Magnesite Works. national enterprise. Košice. 
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The lo\ľer plant Hnúšťa starled prnduction in 1920. In 
1923 there \\'as decision to build a new plant in Lo1ino­
baňa and later to move production of the burnt magnesite 
from the lower plant to new one. The lower plant in 
Hnúšľa in 1930 stopped to serve to its original purpose -
elaboration of the magnesitc and it \ľas never rene11ed. lts 
production equipment (2 pressers. roler mixer, some ela­
boration machines) and also e.xperts were transferred to 
the plani Lovinobaňa. 

The old plani Jelšava Teplá Voda started to work again 
in 1922. In 1920 a new plant in Jelša1a started to be 
built in the northwestern slope oť the Kohútik hill . There 
were constructed 8 stool shaft furnaces. 2 generators for 
gass, dressing for electromagnetical separation of the 
burnt magnesite, 3 iron-cement silos to store the burnt 
magnesite and 12 s mail storage places for elaborated mag­
nesite. 

In 1923 a plant at Lovinobaňa started to be built. The 
plant al Lm inobaňa become the only plani in Sloľakia 
1vith closed production cycle. Production of the burnt 
magnesite in 1939 presented 28,800 tonnes, in 
1940-1943 i t decreased to 24,712 ton nes. Demand for 
magnesite products 1vas a reason of nelľ im estments. In 
1942 the further shaft furnace started to be built, it 11as 
the ninth one (Markoľič and Balog, 1967). 

Exploitation and elaboration of magnesite in 1945-1948 

The plant in Lovinobaňa was the biggest magnesite 
plani in Slovakia and also the only plant 11 ith a closed 
productional program. Rcconstruction began in Januar·y 
1945 and prnduction started on 4 September 1945. In 
1947 production of burnt magnesite reached the amount 
of 9,617 ton nes and in 1948 14,198 ton nes. The Lubeník 
(Studená) mine belongcd to thc Lovinobaiía plani and the 
quarry Mútni k belonged to thc Hnúšia - Likier plant, but 
it was not exploited. 

After reconstruction the production in the Hačm· a rotary 
furnace started on 17 October 1945. The Hača1 a plant had 
the worst situation with ra\\' material, thercfore in 1946 
there \ľas prcpared opening of the formcr magnesite quar­
ry at Burda, having 01errlowed three horizons from 
1919. The prnduction in Hača1 a plant was 13 ,499 ton­
nes of burnt magnesite in 1947, and in 1948 it 11as 
21 ,648 tonnes. 

The plant in Jelšava began to work after the reconstruc­
tion. lts production reachcd 21,408 tonnes in 1947 and 
34,811 tonnes of burnt magnesite in 1948. 

After the national decrec number 100/1945 and after thc 
Ministry of lndustry's promulgation about nationaliza­
tion of indivídua! entrepreneurial companies there was 
established the Slovak Magnesite Works (SMZ), national 
enterprisc, with residence in Bratislava. lt was established 
according promulgation oť the Ministry of lndustry in 
Praque from 7 March 1946, number l i27/1946. Activity 
oť the SMZ enterprise 11as given by the ministry of in­
dustry through the promulgation about the national enter­
prise: ·•mining, elaboration, production, distribution of 
magnesite, dolomite, other materials, products, semipro-

ducts, where the principal ra11 material is magnesite and 
also perťormance of othcr enterpriscs, that where connec­
ted 11 ith national cntcrprise.'· SMZ enterpri se was subor­
dinated to the centra! organ for industry oť building mate­
rials and ceramics in Praque and also to the regional organ 
for industr) oť building materials and ccrarnics in Brati­
sla1 a. 

The national enterprise SMZ had at thc moment of its 
origin the following plants and production capacitics: 
production unit in Lo1inobaľía with plants - L01 inobar'ía, 
Ružiná, Kalinovo (with rnines Jelačič a Poltár), prnduc­
tion unit in Hačava wi th plants - Hača1 a, Ploské, Sirk, 
Hnúšia, Ratkovská Suchá and production unit in Košice 
11 ith plants - Košice and Košice mine, production unit in 
Jelšarn with plants - Teplá Voda, Dúbrarn. Lubeník and 
Ochtiná. 

By establishing of the national cntcrprise Sl\!IZ al! 
magnesite plants came under joint managemcnt. The 
strength of this economic unit 11as magnified by the fact 
that it included also plants for production of refractories. 

In 1946 SMZ star1ed the preparation of investments ťor a 
new plant that would produce the dinas building materials 
in Banská Belá. Construction oť the Dinaska Banská Belá 
factory began in 1947 11 ith costs 60 mi II ion crmrns. 

Accordi ng to the lalľ No. 114/1948 abo ut national iza­
tion of sevcral other enterpri ses and plants , 14 objects 
11 ere added to the SMZ. The deposit of magnesite in Ko­
šice, belonging to the Vietscher rnagnesit11erke A. g. in 
Wien. was nationalized in 1955, together 11 ith another 
one in the area of Podrečany in 1956. The majority of ob­
jects remained in SMZ, but some of thcm were separated, 
ťor example the plant Hnúšta was added to the entcrprise 
Rudné Bane Banská Bystrica (Gulyas and Frák, 1986: 
Ma1·kmič and Bulog, 1967). 

:Vlining and claboration of the magnesite in 1949-1970 

In 1949-1970 magnesite was mined main!) superficial-
1). For underground mining oni) one mining rnethod lľaS 
irnplemented - bank mining 11 ith gobbing. In 1953 for 
Ružiná, Dúbrarn and Lubeník mines thcre was recom­
mended mining methods \ľith interhor-izon gobbing. mi­
ning for stocks and mining 11 ith open chamber. At the 
Burda deposit the method of interhori zon gobbing was 
exarnined and 20 % higher performance was achie1 cd. In 
1961 the implementation of mining method 1ľith open 
chambcr started in the Lubeník plant. Variant of this met­
hod was elaborated ťor Miková deposit and introduced in 
1967- 1968. By this method therc were rcached good re­
sults and thc method was intrnduced also in Jelšm a, Ko­
šice and later also in the Podrečany deposit. 

The SMZ enterprise was reorganized in 1951-1952 and 
threc indivídua! enterprises were cstablished. As thc ťirst 
oť them, the enterprise Middle-Slovakian ceramics (SKZ) 
was established on I January 1951. National cnterprisc 
Banská Belá incl uded the plants Banská Belá and Kal i no-
10. On I January 1952 thc residence of thc enterprise 
changed from Banská Belá to Kalino1 o plani and the 
plant bccame to bc principal one. 
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Fig. 3. Filler KL-260 in MikO\·Ú mine ľaken fro rn the book Sl o, ak 
Magnesite Works. nat ional enterprise. Košice. 

On I July 1952 the Magnesite mine and ,,orks (MHB). 
national enterprise, Jelšarn II as established, to lľhich the 
plant Jel šava. Košice (old and ne11 planc) and const ructed 
plant in Lubeník 11ere addcd. Residence of enterprise 
MHB was changed in 1953 from Jel šava to Lubeník and 
Lubeník plant becarne the base plant of the enterpri se. 

The SMZ enterprise did not change its residence and na­
me. The pl ants Lm inobaíía and Hača1 a belonged to it. 
che princi pal one was Lm inobaíía. Thcse three enterpri ses 
existed till 31 March 1958. Aľter I April 1958 they " ere 
connected to one enterprise w ith former name SMZ, na­
tional enterprise in Lov inobaňa . At Lhe samc time resi­
dence of the enterprise changed to Košice. On 1 January 
1962 there 11as added to SMZ an engineering pl ant at Ku­
nová Teplica. This state was rnaintained till 1992. 

In the period of 1949-1970 owing to the e.,tensive in­
vestments for construction of the nati onal enterprise 
SMZ, new plants were built and ex isti ng plants \\ ere re­
constructed. This was period of exrensi ve deťe/opmenr. 

In Jelšava plant the new shaft furnaces started to be 
built at the beginning oť 1949. The shaft furnace No. 9 
was constructed as first one with the cost of 2.8 milli on 
crowns . It reached production capacity of 5,000 tonncs of 
clinker in 1949-1950. In l 95-'l-1955 the se rni automatic 
shaft furnace No. 1 O was constructed in Jelšarn "ith rota! 
cost 5.6 million crowns and production capacity 12 ,000 
tonnes of clinkcr. lt was the test furnace with mechanical 
transport oť the burnt clinker. At the same time there 11as 
constructed the mechanical coke shaft furnace No. 1 1 for 
the burning of basi sfrit, with cost of 4.6 million cro11 ns 

Tab. 

Fig. -1. Entr) tunnel in a\ titude -150 - Mi\.:o,·á with K iruna transponer. Ta­
ken írorn the book Slovak M agnesite \ orks. nati onal en terprise. Koš ice. 

and capac it) o ľ 12.000 tonnes. In 1959 the semiautoma­
tic shaft furnace 1o. 12 was constructed in Jel šava with 
capacity 7.500 tonnes of clinker w ith cost 1. 2 milli on 
cro,,ns. It had an ad1 an tage, si nce burnt clinker ,, as 
transponeci from the ťurnace by a rn ľ in g cylindri ca l grid 
directl y to the raihva) "agons 11 ithout he! p of men. Con­
struction oť the furnace demanded e.\ tension of che genei-a­
tor station and boiler serľice, that staneci to work together 
11·ith the furnace. The shaft furnaee No. 13 with cost of 
5.3 million crowns started to he built in 1956. Prociuc­
tion started at the end of 1967. In 1972 i t "as recon struc­
teci ťor heati ng by na tura! gass and used for burni ng oť 
pieces oť magnesite. 

Big illlestmellls in constructi on of the Jelšarn plani 
began in 1960. It 1,as series o f big buildings - mine 
DC1bnn a, Mi ková. three big rotary furnaces and au\i I iar> 
objects. The construction of the Dúbrarn mine prm ided 
material s ťor shaťt furn aces. 11 hile M ikmá mine 11 as pľe ­

pared for mining. After se vcral considerations about the 
way of mining, it was ciecided to mine the deposit using 
the underground method 11 ich planned capacity of e\ploi­
tati on of 590,000 tonnes. The cons tructi on iha! eosted 
112.3 million cro,rns 11as macic simultaneousl y 11ith 
prociuction in 1962-1971 . 

Obtaining of magnesite ľor old s haťt furnaces as 11ell as 
ťOľ building of the hi gh pc1formance rotary furnaces de-

De veloprnent uf the mining and produc tion (A ugustínová. 2000) 

Product 19-1-8 \955 1960 1965 1970 

Mining of ore ( t) 230.7 -110.7 1.142.7 1 .8-10.8 2.929 5 
Production oľ the cl inker (t) 109.1 191.-1 328.5 -18-1.-1 631.2 
Producti on of al kaline building rna terial (t) 26. 1 38.7 117.0 16-1.7 208.5 
Production of charnotte (t) bu ilding rnaterial 6.5 13.8 27.7 31 .5 29.2 
Production of dinas building rnaterial ( t) LU 25.0 3 1.5 28.-1 
Gross production (rnill ion cro"·ns) 69. \ 189.0 3 109 -ios-1 8-12. 7 
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manded quick reali zation of ne.xt im estment - the ope­
ning of Miková mine. The decision follo11ed after succes­
sful finishing of che geological research in 1961-1963. 
when calculation of reserľes prmed. that it ll'Ould be che 
biggest deposit in Slornki a. 

Construction of the 11e11 plant in Lubeník (LuNZ) be­
gan in 1951 near the quatT) Studená. lt was projected for 
production of the magnesite building materi als. Thc ma­
j or target o ľ the construction. consisting of ...J..5 objects, 
was press se rvi ce containing 11 pressers, then there 11ere 
finishcd 2 tunnel furnaces. both 1ľith capacity 22.500 
tonnes of burnt building mat<.: rials. Producti on in the 11e11 
plant began in 1956 with elaboration oť clinkcr transpor­
ted from Jelšarn and Hačm a plants. Lubeník pl anc had its 
01\'n raw mate rials basi s and alread) in 195...J.-1955 the 
construct ion of che clini-;er technological link called LuN­
ZII started to be prepared. Construction began in 19.56 
with the cost o f 37.9 milli on crmrns and capacil) of 
...j....j._000 ton nes of clinker. 

Al the Hačava plant in 1950. the constructio11 of the 
rotary ťurnace No. 2 began 11ith costs of 3 . .5 mi l l ion 
cro11 ns and production capacity of 2...J..000 ton nes of cl i 111,;er. 
lt was implemented to the seť\ ice in 1951 and ťeac hed 

pro_jected capacity in 1953 after extension oľ the capacit)­
of the coal mill service (Rudášmá. 1999) . 

Deve lopment of the mining and producti on of the SMZ 
in 19...J.8- 1970 is presented in Tab. 1. 

Mining and elaboration of the magnesite in 1971-1985 

The:, ear~ o ľ 1971-1975 rerre sented a period oľ i111e11;1-
ľi' cll'ľťinp1111'11/. lmestment, 11ere used for moderniLation 
oľ the producti on. ľor i 111101 at ion. 11 i th em pha,i s on pro­
duction qualit:. sa1 ing oľ ľuľi. met al and energ:,. 

Ra11 materi al in Jet;:n a and Lubeníl-- plants ha, bcen 
o bta inľd b) mining 11 ith ope n chamber. bani-- mining. 11 
quidati on o ľ the rillar~ and from rrerarati,1n 11 n r1--~. In 

Lm inobaňa (Podrečany) plant mining has been done to 
90 m al ti tude b) open chamber and in 1011 er part s b: 
bank min ing. At the Burda-Poproč deposit at the 3th and 
5th horizons there lľas used bank mi ni ng 11 i th gobbi ng. 

In plant Jelša1a an inten ti on to el abo rate emission. 
caught during the rotar:- ťurnace seť\ ices as a materi al oť 
high qualit:. caused in 1972-1978 building of the Mill 
and bricket ser1 ices w ith budgetcd cost of 52 . ...J. million 
cro11 ns. At: pi ca ! fac iliti es fo r magnesi te industr: we re 
ťi rsth used i 11 thi s construction. that later demanded Ia­

rious impro1 ements. Li quidation oť the e.\halati ons 11 as 
constructed in 1979-198...J. 1ľith cost of 108.2 million cru1ľ nS 

and 11 ith capacity oľ 120,000 tonnes of rcducti ons. Con­
structi on had t11 o mai n part s. Fi rstl: the rotar:, and s haľt 
ťurnaces lľere reconstructed for the usc oľ gass. By thi s 
11a:, thcre ori ginated a doub le- ľuel systcm (1iatural gass 
and maz ut) in 198 l. Secondly the antidust problem oť the 
rotary furnaces 11as so l ľ ed b) building of the ťibrc filtre. 
Caught emissions 1ľere elaborated to brickets. Con stru­
ctio n "O pening of the depos it Miko1á .. , rcalized in 
1981-1985 11ith cost of 131 .1 milli on CľL)11ns. sec ured 
extension of the mining capac it) of the deposit Mikm á 
b) the ne11 horizon at ...J.00 m altitude. 

Openin g of the mine Lubeník belo11 the ...J.th hori zon in 
1972-1980 11ith cost of 55.1 million cro11ns secured re­
production of the mining in Lubeník mine. A11tidust pro­
cess ot the shaft furnace:; in Lubeník was fi rstl:, nol ľťľ) 
eťťccti1 e. Reducing dust from the rotary furnaces cos ted 
20 . ...J. mi l lion crowns and started in 1975 11ith the constru ­
c1irn1 oľ the anti dusl eq uipment A111er1h e ľl11. In 1he en tťľ· 

pri,e t hľrľ 11 erľ 11 01 rropľr teľ hno logica l ľondition, f,1r 
burning 01 the complicated and big ,haped produľb . Thľ · 

refme in 197 1-1972 the con, truc1i on or "Flap fu rnaľe·· 
11a, preparľd . bcing real i1ed in 1973-197...J. 11i1h CO'-! oľ 

10.-1 million n011n,. in the ťrnme oľ 11hich thcrľ 11 ::i, 
cun,tructed the H1 r1'el., f lap ľurnacľ 11 ith capaľil: 01 
3.000 1 0nnľ, or buildin? 1naterial\. lt ,,· r1 ľd ľ, , r hurn111.,.: 

fig. 5. Pan of the Lubeník plant. Taken ľrom the book S101 ak Magnesite Works. national ente rprise. Košice. 
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oť the basic building materials and shapecl proclucts oľ lar­
gc climensions, for products of uncommon shapes accor­
di ng to technological mode for ceramics. 

Government in rcsol ut ion No. 2 from 12 January 198-+ 
apprmed the obligatory task of the development ťor 
l 985-1989 in plant Hačava named "'Production oť the clin­
ker without iron" with the cost oť 837 million cro,rns. 

Tab. 2 
Development of the mining and production in SMZ during 1970-1985 

(Gulyas and Frák. 1986) 

Procluc t 1970 1975 1980 1985 

Mining oľ ore (t) 2 .929.5 2,8648 3.069A 3,080.0 
Procluction oľ the 
clinker (t) 6] 1.2 657.7 661 .6 657.0 
Product ion of al kaline 
builcling material (t) 208.5 25-l-l 285 3 290.5 
Product ion oľ chamotte 
builcling malerial(t) 29.2 29.3 28.1 25.0 
Producti on of dinas (t) 
building material 28.4 28.4 27.5 220 
Gross production 
tmillion CľO\\' ns ) 8--12.7 1. 011.9 1.7 16.8 1.783.0 
Proclucti on of lhe commoclit) 
(lhousand cro" ns) 1.03-16 1.402.1 1,715.4 2.21 O O 

Tab. 3 

Fi g. 6. One of workstations in Lovino­
baňa plani. Taken from thc book Slornk 
Magncsite Works. national enterpri se . 
K oš ice. 

Mining and elaboration of the magnezite from 1986 

Siovakia is ranked in the ťirst place in Europe conccr­
ning geological reseľ\ es of magnesite, and in fourth placc 
in the 11orld. From the perspecti1e of 2000, according to 
the 1olu111e of thc mining stocks, the most important clc­
posits are - Dúbrava massif. Jelšarn, Košice - Bankoľ 
and Lubeník. Magnesite industr) ťocussed its intentions 
during the de,elopment to the more effective use o ľ the 
ore. ťor concentration oľ e.\ploitation in incliľiclual clepo­
sits. that secured capacity of the production II ith raw ma­
teri al. Former rnining and elaboration oľ the rnagnesite 
lľere more or lcss unilatera!!) orientated to the mass pro­
duction, that coresponded to the clcmand oť the consurners 
in dornestic and also ťoreign rnarkets. T ables -+ and 5 
sh011 dc,eloprnent of the rnining and production of thc 
concentrates. 

At the Burda - Poproč and Podrečany depos its the mi­
ning ťinishcd in 1990. In thc Jelšarn plani mining trans­
ferred to the deeper levels and below the le1el oľ thl' 
plant. The ex ploration of deposit in the \\'estcrn and eas­
tern direction. as well as downwards were necessary. With 
partia! transľer on the ban k mining there were changcs in 
mining. In the area of the open chambl'rs 1ľith transľl'r to 
the deqx:r parts thl'ľc 11as ncccessm) to ľollu\\' up para-

Dnelopment oľ deci si Ie inJexes oľ SMZ enterprise i 11 1971 - 198-1 ( in rni l li o11 cro wns) 

index 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 198 1 

profit 67.1 9:i.:'i l:'i2.3 322. 1 3 11.3 -125.-1 2:'i:'i3 237. 7 267.8 262.8 I8'í8 
yield 1,190.2 1.269.5 I.2:'i7. 7 1.362.8 1.48.n 1.602 1.662 1.683.8 1.707.-1 1.771.-1 1.928.6 
cost 1.I31:i 1.I8:'i.-l 1. 1237 I.I:i-l 1.191. -1 1.178 1.-107.8 1 .-126. 7 1.439.7 1,508.9 1.7-1-1 

index 1982 1983 198-1 

profil 114.I 88 133.7 
yielcl 1,997.2 2,0 16.7 2.274.9 
cost 1,88--1.2 1.929.7 2.141.2 
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Tab. 4 
Mining oť the 111agnesite ore (%) 

Planc 1985 1990 1995 2000 

Hač a va 4.0 
Jelšava 5 1.1 55.3 64.8 62.4 
Lov inobaňa 7.5 8.0 
Lubeník 18.7 18.6 19.3 20.6 

metres of the mining and of the piliar systern, as well as 
of the overlying massif. In Lubeník there \\as veriľied 
continuation of the deposit down\\'ards at the eastern and 
western parts. 

The deposit according present exploration loss es its 
Lhickness and changes its dip. lt affects technolog) of the 
mining. From the new facility for produclion of the iron­
less clinker, built in Hačava in 1985-1989 with the cos t 
of 837 rnillion crowns, it should be obtained the capacit) 
of 26,000 tonnes in 1990, but in realit) it \\as obtained 
only 13,000 tonnes. Finalization of the ironless clinkers 
production from Hačava would be reali zed b:, ne\\ ťacilit) 

for Special Ceramics Senice in Lm inobaňa in 
1986-1990 with capacity 35 ,800 tonnes of building ma­
terials. In 1990 the car,acity was 13 ,000 tonnes of the 
new types oť the basic bu i lding materials and 2,500 ton­
nes oť the basic mono! i thic material s. 

In 1987-1998 the new shaťt ťurnace No. 1 in Jelšarn 
was built \\ 'Íth capacit) --15,000 tonnes of brick clinker. In 
1995 in Jelš:lva construction of the new shaft ľurnace No. 
2 \\'as reali zed with capacity of --15,000 tonnes of clinker 
of spinelitical type. The opening oť the mine M iko1 á be­
low level 323 m, planned for 1992-1997. due to the 1ari­
ous reasons was not realized. Al so opening of the deposit 
Lubeník belolľ 9th horizon in period of 1991 - 199.5 11 as 
not accomplished. These acti1 ities had to guarantee the 

Tab. 5 
Producti on oť the concentrate (o/c ) 

Plant 1985 1990 ]995 2000 

H ačav a 6 
klša1 a 46.3 49.5 61.3 58.6 
Loľi noba ň a IO 11. 4 
Luben íK 18.1 20.4 22.4 24 

den:loprnent activiti es of the Slovak magnes ite plani. As 
a consequence of the changes in 1989 there 1\ as transfor­
mation of the enterprise to the state enterpri se and conse­
quentl) the entcrprise 1\ as cl osed in I January 1993. The 
enterprise \1as ser,aratcd to 8 indi\idual cnterpri ses (Koši­
ce, Banská Belá. Hačarn, Jelšarn, Kalinorn, Lubeník. 
L01 inobaíía, Kunová Teplica). From these enterprises in­
di1 idual companies were established - Košice magnesite , 
state enterprise. Slo1mag, joint stock comr,an) (a. s.). 
Lubeník. Magnatech Slo\ akia, Ltd., Hača 1 a, Lo1 init. _jo­
int stoc k company (a. s.), L0\ inobaľí a and SMZ. joint 
stock company (a. s.), Jelša\ a. New sub_jects had to 
orientate to the new situations . The situation on the mar­
kets of refractOľ) material demanded a change in supp!). 
that needed also to increase in a ver) decisi1 e I\ a) the 
qualit:, of the produced sortiment and to e:,;tend the supp!) 
11 ith ne11 materials and products on the market. 

Conclusion 

Presented paper deal s 11 ith mining and elaboration oľ 
the magnesite according to historical periods. lt also de­
monstrates the de\ elopment oť the magnesite el aboration 
ľrom the I ie11 point of a1 ailable technical equipment. At 
the same tíme it describes the de1 el oprnent of the magne­
si te induslr) from its beginning to the present tíme. 

Fíg. 7. T,innel ľu rnaces in Lubc, ník plant. Taken from the book Slo1 ak 'vlagnesitc, \.\ ·orh.s. national entťrp rise. Košice. 



fig. 8. Slovak Magnesite Works (SMZ. a. s.) . joint s1ock compan). Jelša, a. ľaken ľro rn Annua l report 1999 oľ SMZ. a. s .. Jci;a rn. 

Presented article can sene together with the ti tle "Histori­
cal development oť the magnezite plani in Košice'· as a tool 
for obtaining basic and brieť information about the develop­
ment of mining and elaboration oť magnesite in Slovakia 
as well as about hi story oť the magnes itc indust1j. 
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Historical development of the magnesite plant in Košice 
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Abstract 

Beginnings of magnesire min ing in Košice are dated back to 1901 Constructi on of rhe magnesite 
plant began in 1909 with support from the Gennan-Hungary magnesitc company ľhe plant had [\\ o 
shaft furnaces and electrornagnctic scparation . Thc furnaccs 11c re heated by oil. A mil! for crushing of 
burnt magnesitc was a part of the plant. too. The plant was connected to a raillľay stat ion by rail" ay 
feeder Ra\\ magnesite was transponed frorn Bankm· through rhc city by horse carriages. The produc­
tion was 17-18 kil otonnes oť burnt rnagnesite per year 

Despite sev era l changes in ownership - Dr Weiser and Bayern. rnagnesite company Hercules 
plants. and West Czech clay and chamotte plants in Praque. construction began in all three parts. the 
Bankov. Banisko and Medvedza deposits. in concord wi th clecision about thc plant extension. In 1955 
there was a clecisi on to build in the vicinity of the ne,, shaft furnaces in Ťahanmce ľillage two and then 
additional r,vo rotary ťurnace s wi1h capacity 120.000 tonn es oť clinker per yea r Electrica l cxcavator 
(2.5 m' ) as 1ľell as truck cars (\\ith capac,ry 11 t and 25 t) \\ere used for mining of ra\\· material and 
recovering of thc rubbi sh. Gravity treating sen·ice ,ms consrructecl for 400-533 kilotonnes of raw ma­
teri al. A new technology appearecl fo r product ion of the flotati on rnagnesite and its hea1ing elaboration 
in shaft furnac e in Bočiar. Antidust protection fo r heating el aboration in Ťahanoľce plant was con struc­
ted in 1981 -1984 by appl ying of the fibrc filter tcchnol ogy 

Later problerns in plani cxistence were sol veci by the change oľ olľnership frorn state to KOMAG 
firm (VSŽ Košice and VÚB bank) and next to the SMZ Je lšava. joint stock company and TELESER­
VIS. Ltd. in Bratislava. ľhe ti tle of the firm was changed to SMZ Jelša ľ a, Di, ision plant Bočiar 

Traclition. quality of raw material, quality oť technological clis ci pline and abiliti es of procluction ma­
nagers. as well as flexibility oť the ern pl oyees are and will be useľul for new O\ľner oľ the plant and will 
secure its future perspective e.xistence. 

Key words: magnesite exploitation. rnagnesite elabo rat,on. hi sto rical develo pment 

lntroduction 

Subjeccive abilities oť che producer togecher 1vith cech ­
nical and technological e4uipmenc and with the objective 
conditions of the deposits of profitable raw macerial in 
Košice are che reason of long-tenn existence and efťecti1 e­
ness of the mining, elaboration, heating and granulomet­
rical creatments of the clinkers, including the implemen­
tation of the separators for magnesite emissions and its 
elaboration in the míli and following briquetation and 
burning process to the clinker. 

km deposit b) the agreement from 29 March. Construc­
tion of the magnesite plant began in 1909 with the sup­
pon oť the German-H ungar) magnesi te compan). Procluc­
tion began in 191 1. The olcl plant consistecl oť t11 o shaťt 
furnaces 11 i th electromagnetic separation. The fi rst shaft 
furnace began to work in January 191 l, the sccond ťurna­
ce three years latcr. The ťurnaces were the oni)- ones hca­
tccl by oil in Slovakia. T he plant had also a míli for the 
crushing oť burnt magnesite. Thc plant was connectccl to 
a railway station by railway feeder. Raw magncsite from 
Bankov was transportecl through the city by horse carria­
ges from the former Kal vary street to the plant. The Košice 
plani elaboratecl material from the so-called „main"' locality 
of thc Bankov hi II (toclay it is Medi eclza). Procluction pre­
sentccl l 7- 18 ki lotonncs of thc burnt magncsi tc per year. 

To serľe the reader an information about the amount of 
investments to magnesite mining and elaboration, we sta­
te their known costs in Czechoslovak/Slovak crowns. 
Though the exchange ratio of this currency to US Dollar 
in the past changed, recently .:.J.7 Slovak crowns are an ap­
proximate equivalent to I USD. 

The old plant in Košice 

Magnesite mining in Košice bcgan in 1901, when the 
town council allowed Mr. Frigyes Bródy to open the Ban-

551 

After beginning of I st Worlcl War the Košice plant fell 
to che financial clifficultics and chen to bankruptcy. Ou­
ring the 11ar thc plani diel noc procluce. After che lľar in 
19 l 9 clomcstic businessmen Dr. Wei ser and Ba) crn pur­
chasecl the plant (Košice plant and i ts --main „ local i ty at 
Bankov), and they established a nelľ company '"Herkules 
plants". Reconstruction of the Košice plant 11as realizccl 
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in 1920-1921. ľhere were pe1formed general repairs of 
two shaft furnaces and other technological equipment. 
Naphtha was used again as a fuel. The planc reached full 
production capacity in 1925. Share capital of che Herku­
les plants was increased by che entering of the firm Mi­
ning and metallurgical compan), joint stock company 
Brno. The planc yet had a !oss in 1926, and only from 
1927 it showed production growth. 

In 1928 the West-Czech plant of kaolin and chamot.te 
in Praque purchased the Košice planc. ľhat brought more 
intensive mining in the "eastern'' locality , today called 
Medvedza. At the south-eastern part of the former quarr) a 
mine adit was built for exploitation of the so-called iron 
magnesite, that served for production of the special clin­
ker, being exported mainly to France. From 1928 pneu­
matic hammers started to be used in quarry. In 1930 a 
compressor was installed and later a second compressor 
and third in 1934. To the i111·entory of che planc belonged 
also 15 drilling hammers, 1 drilling machine, l machine 
for dri 11 sharpeni ng, and 2 air cisterns. Compan) has been 
looking for a way to reduce the expenses of che sen ice in 
the Košice plant and a possible way how to dccrease the 
costs for heati ng of the shaťt furnaces. Therefore from 
1932 the shaft furnaces in Košice magnesite plani were 
heated by the cheaper brown coal tar. In thc same year 
there 11·as installed one stationary steam boiler. In 1935 
the machinery service was constructed with installed shed 
for the plant locomotive, stock piles, the forging senice 
and one administratiľe office. Two years later in the plant 
a new stock for three cisterns of the liquid fuel and a new 
s team boiler was i nstal led. In 1937 the plant had been 
connected with the city sewage system. ľhe transport of 
raw material from the quarry to the shaft furnaces 1rns ľe ­

ry com pl icated. Raw materi al was transported from the 
quarry wall and from the mine adit by mining wagons to 
the separation service, where magnesite was separated ma­
nually from waste rocks using visual control. Then the 
industria! narrow-gauge railway with petrol locomoti1es 
transported material to the shoots and then by horse car­
riage through the city to the dressing plant. Due to the 
linking of Košice to Hungary after Wien arbitrage in 
1938 the plant received a new name - Košice magnesite 
plants, and became the branch of the West-Czech compa­
ny. ľhcre are not preserved any records about magnesite 
mining that time. After 1941 the plant had been submit­
ted to the army's supervision. The objects of the plant 
were destroyed, the quarry ovelilowed with water and for 
several months it did not work. By the resolution of the 
Slovak National Council, the Košice plant, being one of 
the first industria! plants in Slovakia, was given under 
the forced administration. Elcctric power was the key 
problem, therefore eľerything was concentrated on che re­
paration of the electric power station. In A pri 1 1945 the 
electric power station was already working and water from 
the quarry started to be drawn off. Works continued very 
quickly, so the beginning of the magnesite mining in 
Bankov was in June 1945. An important acceleration in 
the process of the reconstruction was after the ending oť 
the war in May 1945, when from Horní Bríza al! equip-

ments and machinery returned to the Košice plant and 
they 11 ere quickly installed. ľhat enabled the ťirst shaťt 
furnace to bum in august 1945 and second one in I Janu­
ary 19-1-6. After the beginning of che service the main mi­
ne adit Yano was excavated from Bankoľ to che Banisko 
deposit and already in 1945 there started mining. The Ko­
šice plant, concerning Lechnica! facilities. 1ľas the most 
stagnant from al! plants in Slovakia producing cohesion­
less materials. Therefore reconstruction of the plant 11 as 
necessar), but it did not happen. In 1946 the old plam 
was gradually put out of function (it hindered the 
construction of the cit)) and a ne11 plant started to be 
huilt at thc nc1ľ localit) - Tahano1ce (RudášOI á, 1997: 
Gulyás et al., 1986). 

Košice new plant 

Construction of the new planl in Košice began in 
1947. In l 9"1-8 the shaft furnaces and other objects 11 ere 
constructed. These three modem two-sided shaft furnaces 
of the type '"Veitsch" represented che ne1ľest t;- pe used in 
Austria. At che same tíme the ropeway 1ľas constructed 
from BankOI to the new plant and ra1ľ mate rial 11 as not 
longcr transported by truc ks. In 5 May 1951 the reduccd 
production facilities 11ere tested, the projected capacity or 
the furnaces of 23,000 tonnes was reachcd in 1952. 11 ith 
the output of 23,165 ton nes. 

Simultaneous!) with the planľs construction the ex­
tensi ľe geological researches were pe1formed at al! three 
magnesite deposits (Banko1, Banisko, Medi edza). Thesc 
confirmed the perspectiľe magnesite reserľes. According 
this ťact the planc started to be e\tended. Morem er. the 
raw material from the Košice localit:> consisted oľ the 
rnagnesite type with mediurn content of iľon, siliceous 
and low-caicareous, being used for production oť the most 
qualitati1 e basic building materials. In 1955 t11 o rotar) 
ťurnaces Nos. 1 and 2 lľith diameteľ 2.6 m, length 22 m 
and annual capacity for 60,000 tonnes of clin~er 1ľeľc 
constructed in Ťahan01ce 1,ith the cost or 35.2 million 
crowns. The produced clinker should be elaborated in the 
existing magnetic dressing service, that 1rns constructed 
for the shaľt ťurnaces. ľechnological fuel oľ the rotary 
furnaces lľas hlack dust coal, that was prepared in three 
Fuller·s mills. Electrostatic filters 1ľere used for antidust 
protection. and Fuller's coolers for cooling of the clinker. 
Smoke gases driľen to electrostatic filter 11cre coolcd in 
long cooling pipeline and antistream scrubbcrs 1ľere in­
stalled in front of the filters. ľhe facility had 21 parts. 
but the question of remornl of dust, caugtht in electrosta­
tic filters has not been solved. ľhe first rotar) ľumacc 
with minima! complex was introduced to thc service in 
16 March 1960, second furnace in 14 April 1 960. 

To supply the rotary furnaces 11 ith raw materi al, in the 
period from 1957 to 1966, the magnesite quan) was up­
graded for capacity 250,000 tonnes of the ra11 material 
1ľith investments of 32.3 million cro1ľ11s. Because e\­
ploitation oľ the magnesite as well as 1ľaste rocks would 
be done b:> the electric excaľators, the transforrnation sta­
tion and communications were set up firstly. Grm ity dre-



Fig. 1. Upen p,1 mine> H.inl-0, al K0,,c,· la,c>n lrnn, 1h, h0ol- Slo ,.,l- •\,l.,~nť\llť Worl-,. 11.11,onal t'lllc>1pr1 ,e . Kos ,ce 

ssing sen ice with capacity of 200-250 kilotonnes of the 
raw material would be constructed together with the mi­
ne. The dressing service built at the western part of the 
former quarry would supply two new rotary furnaces with 
conccntrate. For the shaťt furnaces the pieces of magnesi­
te would henceforth be separated by hand and they would 
be transported to the old and to the new plants by trucks. 
Before the beginning of the construction of the gravity 
dressing service a principal change occurred in the end of 
1957. lt was decidcd to build other rotary furnaces Nos. 3 

and 4 with cost 65.5 million crowns and capacity for 
70,000 tonnes of clinker in 1959-1967. This solution 
caused preparation of ncw dressing equipment, the gra\·ity 
dressing sen·ice with capacit) ťor 533 kilotonnes of 
batch, \\ hile fraction 3--60 mm 11-ould be elaborated in hea­
vy liquid. This solution required to build crushing and se­
parating link with capacity 700-850 kilotonnes. 

Thc construction oť the rotary furnace Nos. 3 and 4 be­
gan in January 19.59. Construction was divided into three 
periods. The first period included construction of the rotary 
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furnaces, their loading, antidusting. oil econorny, electro­
rnagnetic separation, and transforrnation station wi th cable 
distribution, together with the reconstructiun oť sorne ot­
her objects - ropeway, boiler station, railway ťeeder, gara­
ge, road. The second period consisted of the concentration 
and rernoval of the dust frorn the electrostatic filter dust 
charnbers by pneurnatic transport to the stacker. Then the 
caught dust was transponed by highpress pneumatic trans­
port to the provisory stocks at the river Hornád, 11here it 
was stocked and drenched. This period finished in Januar) 
1967 and during its constrnction the rotary furnaces Nos. 
3 and -4 had problems witch concentration and remm al of 
the dust. During the third period of the plant construction 
the problern of the dust emissions was sol ved b) the 11 a) 
of balling. The serni-operation balling link was construc­
ted for verification of thc technolog). In the third period of 
the construction a definitiľe balling link was equipped 
w i th three balling plates with diameter -4.2 m in April 
l 967. Neither clinker. obtained from the balling procedu­
re, nor clinker obtained by the direct dust burning reached 
required volume weight (instead of 3 g/cm3 it was oni) 
2 g/cm3) . Therefore it was again necessary to salve the 
problem of dust removal from the 'clinker link by 
constructing two electrostatic vertical filters. Construction 
began in 1 961 and was fi nished in l 966. 

After the powe1ťul clinker service had staned to operate, 
but the mining service was not able to supply sufťicientl) 
rotary furnaces with newly exploited magnesite. Thereťore 
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in 1 961-1962 there were soli ed che q uestions oľ the en lar­
gement of superľicial mining and pumping 11ater from the 
quarr). of interplant handling, reconstruction oľ the rnag ­
nesite manual separation, of dressing and other questions. 

A complex ill\ cscment for bcginning of the under­
ground rnining was div ided into three individual construc­
tions. During the first peri od 11ich the cost oľ 52.3 mil­
lion crowns thc shaľt wich drawing machine 11as decpc­
ned. In the second period with the investment of 90.--t 
rnilli on crowns the horizontal workings were mined and 
in the chird peri od superficial ob_jects 1vere constructccl 
with the most important flotation dressing sen ice ha1 ing 
capaciC) for IO 1.500 ton nes of che flocation conce11trate 
per yeai-. The opening of the Medi edza deposit in 
1978-1981 wich the cost of 5-1-.9 mi II ion cro11 ns had to 
guarantee reproducibilit) of the magnesite mining in the 
hori zon 50 m above sea lnel. Dust remrn al from thc ro­
taľ\ furnaces, constructed in 1971-1972 11 i th che cust o ť 
lOÍ, 1 rnillion crowns and capacit) ťor IO.OOO tonnes oľ 
the emissions, was not s ufľicicntl y efťcctive. In 
1976-1980 a new pro_ject "Dust rcrnornl frorn thc plant'' 
was prepared and in 1981-1985 the fi bre ťi I ters 1ľere ad­
ded. 1 n January 1978 the planc in "fahanm ce termi nated 
its function (Rudášová. 1997). In 1981-198-1- the transfer 
of clinker service from the area of "fahanovce for new lo­
calicy Bočiar 11as planned. Building of dressing planc in 
Košice - Bočiar together 11 i th enlargement of former mi­
ne was accredited by the M inistr) on 10 M a) 198-4 as a 
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centralized construction. It should be ľinished in 
1985-1989 with thc cost of 57---l-.4 million cro\\ns. The 
capacity of the clinker sen ice \\as 50.000 tonnes of the 
ťlotatcd clinker. Finaiization oť the clinker to basic buil­
ding materi al s should be done in Lubeník and in Lm ino­
baíía. By this construction the heating sen icc oľ the Ko­
šice plani has been gradually transferred from t"ahanovce 
to the Bočiar area. Continually the next cnlargement of 
the magnesitc mine as wcll as dressing sen·ice Košice -
Bočiar II werc successfully constructed in 1986-1990 
with total transferring oľ thc heating service ťrom t"aha­
novce, where production activity finished. Construction 
consisted from the extension of the ľlotation dressing ser­
vice and expansion oť the capacity for the other 50.000 
tonnes oľ the clinker in Bočim with the cost oľ 58---1-.---l­
million crowns. Realization oľ this expansion oť produc­
tion capacity in Košice plant should be extended to 
---l-I0,000 tonnes. production oť thc ťlotate concentrate to 
203,000 tonnes, production of the flotate clinker to 
100,000 ton nes. The beginning of the construction \\as 
interrupted, that means additional increasing of the invest­
ment costs, increasing of the ťoreign exchange liabilities 
and !oss in the perťormance ťor the second period in total 
volume oť 2---1-6 million crowns. Financing of the construc­
tion would be covered ťrom their own sources and ťrom 
bank credit. but the firm did not have its own ľinancial 
means. Thereťore construction stopped due to the finan­
cial diľťiculties ťrom November 1992 to November 1996 
(Bandurmá. 2000; Gulyás et al.. 1986; Rudášová, 1997). 

Košický Magnesit, state enterprise, Košice 

Košick5 Magnesit, Košice state enterprise, was estab­
lished in I January 1993 as a successor oľ the ťormer Ko­
šice Slovak Magnesite Works. It consistcd of two plants 
named Mining activities and Production plani oľ thc co­
hesionless materials. lt was located in three areas. In the 
first localit:') - the Mining acti\ ities plani, werc concen­
trated underground mining. claboration of the ores ťor ro­
tary ťurnaces. flotation dressing service and sen ice works­
tations. The sccond locality. Production plani of the co­
hcsionless materials in t"ahanovcc, secured work of rotary 
ťurnaces. elaboration, briquets production and service 
workstations. The third locality, plani in Bočiar, suplied 
calcination process. mill scrvice, briquet service, shaťt 
furnace, dressing service and service workstations. 

Thc deposit in Košice. being the sccond biggest deposit 
in Slovakia. belongs, according to quality oť magnesite. 
to the first place. The mining space oť the deposit is 
353. 1 ha total. The carbonate bodies of the Košice depo­
sit are located in three deposit parts - Bankm. Banisko 
and Medvedza. (Geological setting with map and cross-sec­
tion is available in contribution by Grecula et al., 2000. 
publishcd in IGCP ---l----l-3 Introductory Newsletter.) Accor­
ding to thc content of CaO and SiO 2, that influences 
technological characteristics of the rnagnesite material. 
thcre are presented magnesite reserves of the silícium and 
calci um types. The amount of geological balance ľree re­
serves to the level oť the 6th horizon is 25.659 kiloton-

nes. Volume of the possibly exploitable stocks is 8.---1-26 
kilotonncs. During cxploitation oť the deposil the ťollo­
wing mining methods \\ ere used: mining \\ ith open 
chamber ťrom inter-horizon adits with use oť dri lis of mc­
dium-length and bench mining with stO\\ ing of the mi­
ning spacc. 

After exploitation and transport to the surface. the ores 
proceed to the magnesite dressing plani. Elaboration con­
sists of a gross crushing proccss, middle crushing pro­
cess, hydrocyclone link. sratie link and ťlotation link. 
Material with granularity between O and 0.2 111111 is 
transported on already elaborated clinker. Products of this 
elaboration are brick and steel clinkers of various granu­
larities and oť various qualities. then powder and matcrial 
ťor maintenance. Producted brick clinker consists oľ 
SiO2 = 3.0-5.0 %. CaO = 1.7-2.5 o/c. steel clinker \\ ith 
SiO2 = 3.5-6.0 C/c, CaO = 4.0-5.0 %. Caustic magnesitc 
is produced with granularity betwcen O and 0.5 mm. 0.5 
and 2 111111, O and 2 mm. according to thc level oť causti­
ťication in quality of the aktimag type K, KA. KF. 

KOMAG, joint stock company, Košice 

The _joint stock company KOMAG. Košice. was estab­
lished on I January 1996. It becamc the ne\\' O\\'ner oť the 
Košice magnesite plant and immediately staľted its own 
acti\ ity. KOMAG company. Košice. received Košick5 
Magnesit. the state cnterprise, from the Ministry oť the 
Industry in Slm akia for sy mbolic 4 Slovak CľO\\ ns. II did 
not receive the liabilities oť the former state enterprise. 
VSŽ. joint stock company in Košice is O\\ ner oľ ---l-9 % oť 
the equity oľ the magnesite company, ťurthcr ---l-9 % is in 
the hands of the Bank VÚB, Bratislava, and rest 2 o/c are 
owncd by company Ferrimex. Basic cquity oť the compa­
ny prcsents 100 million crowns. 

The main tasks of the new company were to maintain 
mining and elaboration of the magnesite in Košice, to ľi­
nish the claboration plani in Bočiar and to decreasc cco­
logical pollution on thc Košice city, continually to be­
gin production oť the pro_jected capacitics and to maintain. 
and later to increase, employmcnt in the region. The 
pian for the 1997 production prescntcd 60.000 to1111es oť 
raw material. Pian for production oť clinker and caustic 
magnesite presented 15,500 tonnes. KOMAG company 
is planning to increase production in the ncxt years to 
300 kt and production oť the magnesite to 70,000 tonnes 
per year. Beginning of the production was planned for thc 
second half of 1997 after finishing of the ťurnace aggre­
gates in Bočiar. At the samc time thcre were running 
reparations of the vertical and hori zontal trans ports. as 
well as the crusher and dressing scrvices. The aim oť the 
compan) in the mentioned period \\as: to ťinish flotation 
ťacilit) in the mine, ťinish engineering net in Bočiar. as 
well as calcination, shaft furnace and dressing sen ice. 
Magnesite is main entering raw material. Aside ťrom the 
traclitional caustic burnt magnesite, clé:ssical and ťlotatecl 
clinker and matter, a new product - FLOTMAG (ľlotated 
clinker) - spincllitical clinker with characteristics oť the 
flotmag started to be produced in Bočiar. Also there were 
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plans to extend the sortiment of the production of basic 
refractory monolithic material s using nelľ types of clin­
kers. During the next extension of heat processing in 
Bočiar planc the use of magnesite rm, material for refrac­
tories is planned. 

The Bočiar dressing plant was finished and installed for 
permanent service in 1997. The production link began 
with stocking the tlotation eoncentrate in banks --1- x 550 1113. 
calcination with performance of 7 t/h , drilling in mills 
and it finished with the burning in the shaft furnace 11 ith 
projected output of 7t/h of clinker. Magnesite clinkers ha­
ve granularity elaborated in dressing service that enables 
in two individual links crushing, sepa ration , and stocking 
according to ťraction and expedition. Each elaboration 
link enables to fulťil the capacity of che shaľt furnaee. 
Maintenance service oľ the plant is situated in the area 
with the possibility to e.xtend direct]) an) given ob_ject 
with minima] influenee to the other pro_jected objects. 
Total area of the dressing planc is 1--1-.7 ha. The reached 
parameters during service in 1998 did not reach the pro­
_jected ones mainly in performance oť the shaťt ťurnace, 
that reached maximum 3.S t/ h, next in the norm con­
sumption of the heat as well as clinker quality, 1,·hich 11as 
affected mainly by quality of the entering raw material. 

Business activities of the company in 1998 were focus-
sed to 6 main areas: 

1. sale of the caustic magnesi te 
2. sale of the flotate rnagnesite clinker 
3. sale of the briquet clinker 
--1-. sale of the reťracto1')- materials 
S. sa le of the magnesite sand 
6. serviees 

Gradually the building oť the following senices \ľas 
ťinished , including individual and complex testing: the 
elaboration plant in Bočiar, flotation in Bank01 mine, 
shaft ľurnaee and calcination. In Februar) 1998 lľas 
built whole technological unit. In December 1998 the 
pilot testing of the whole link finished. Running and 
irnprovement oť all activities were in great rneasure in­
fluenced by the unfavourable ťinancial situation, and la­
te influx of credit sources. Thcreťore the company ťell 
to the paying disability. Such unsuccess during seeu­
ring of the ťinancial sources forced the company to stop 
the production in I Januar) 1999. In 7 Ma) 1999 com­
pany applied ťor bankruptcy. Bankruptcy for KOMAG, 
joint stock company Košice, has been declared b) the 
Regional Court in Košice in 26 June 1999. 

In 15 .lanuary 2001 at the Regional Court in Košice 
the em elopes 1vith price suggestions were opened and in 
23 January 2001 the Court declared co1 enant oľ the sale 
(to I S da::, s) with two sub_jects. They were presented ,, ith 
compan::, SMZ. _joint stock compan). Jelša, a and Tele­
sen is, Ltd. Bratisl arn. Change of the firm·s Olľner 
brought also the change of the name ťrom the Košice pro­
duction plant to the Bočiar Di,ision plant. SMZ Jelšava 
(Augustíno1 á. 2000; RudášOI á, 1997). 

Condusion 

The magnesite plant in Košice is lľorking and prod ucing. 
It 1,ill be surely successful 011 ing to rnagnesite need in 
Europe as 11ell as in the ,,orld. Tradition, qualit) oľ the ľ,111 

material. qualit) of the technological discipline and abilities 
oľ the managers and technologists in the production. as 
11ell as the flexibility oťali employees in magnesite deposit 
and plant at Košice are l\ell known. The) are and also II iii 
be useful ťor che ne11 owner. the SMZ Jelšm a. 
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The cli scovery of irnportant albiti te depos its near the alread) kmrn n talc-chlorite deposits in Cen tral 
Sardínia (Ital)) reopened the di scussi on about the genesis of thcse deposits. In fact it "·as cornrnonl) 
agreecl that Mg had been suppl ied by limestones. e, en thou gh these rocks are not abundan t in thi s area. 
However. taking into account the volurne of albitized rocks. their rnean \tg content and the dis trib utio n 
of thc newl y formed silicates. it appears tha t the Mg di spl acecl by Na-rnetasornatisrn could produce the 
assessed quantity of Mg-silicates. 

Key words: albi te-chlori te-talc. rnetasornatisrn. Paleozoic, Sardi nia 

Introduction 

In the mining district oť Barbagia (Central Sardinia, lta­
ly), dominated by Hercynian granitoids and their Paleo­
zoic rooť-pendants partially covered by Tertiary volcanics, 
several Na-ťelds par deposits and talc-chlorite deposits oc­
cur along a NE-SW strip (Fig. 1). 

The earliest record about exploration activity on talc­
chlorite bodies dates back to 191 .'i , and concerns the area 
oť Sa Matta. Mining activity reached its cornplete de1 e­
lopment in the l 910s . AII really important properties 
gradually passed in the hands oť two companies. Valchi­
sone and SOIM. 

The peak of activity was reached in the fiťties and six­
ties, with an overal! manpower exceeding 200 units. The 
products were talc (also oť cosrnetic grade) and chlorite. 
The mean output ťrom each mine was in order oť a ťew 
thousands oľ tonnes per year, with a maximum of about 
25 ,000 tonnes at Sa Malta (talc-chlorite) (Fíg. 2). 

Valchisone continued operating up to 1989, 11 hen stop­
peci its activity and released its mines for Ente Minerario 
Sardo (E.M.Sa.). In 199.'i the German company Hoechst 
acquired 70 % share of the E.M.Sa Company Talco Sardi­
nia, then in 1997 relcased this share ťor the Luzenac 
group, which is today thc only owner. 

The later discovered Na-feldspar de19osits are mi ned sin­
ce 1986 (Borniol i et al., 1996); thei r overal! annual pro­
duction is about 150,000 tonnes of rnaterial grading 
6-7 wt. % Na20 (Fig. 3). T hi s last discO\ ery reopened 
the debate about the genesis of the dcposits (Garbarino et 
al., 1993; Fiori et al., 1993; Fiori et al., 1994). 
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Geological setting 

The area is dominated by Hercynian granitoids and their 
Paleozoic roof-pendants, partially crnercd by Tertiary I ol­
canics, located along a NE-SW stľip (Fig. 1). 

These geological and structural characteristics rule thc 
spatial arra) of the economic occurrences. 1 n fact they are 
related to granite ernplaccment, 11 hich is controlled by 
regional structures. The NE-SW structure was alread) 
acti1 e and prominent here during the Herc) nian C) cle. 

The huge Hercynian intrusi1e activit) in Sardinia actu­
al ly i ncl udes sneral ern placernent phascs, pre- to 
post-reclonic. with gradually more acidic intrusi1e bodics 
and diťferent in trus ion levels. Particularl), in thc studied 
area, pre- to late-tectonic plutons occur (Ghezzo and Orsini. 
1982), mainly granodiorites. rnonzogranites and inter­
mediate terms. 

The metamorphic host rock s mai nly i ncl ude term s deri­
vi ng from teľrigenous sedirnents, arenaceous to clayey, 
1vhile the carbonatic lenses are of lesser importance, rea­
ching a fairly signiťicant de vel oprnent onl y at Monte Go­
nare (south-eastern corner oť thc area). The rnctamorphic 
facies range from shales to rnicaschists for the originally 
terľigenou s sediments . 11 hile the metalimestones vary 
from marble to garnet-rich skarns. The metasomatic pro­
cesses that caused origin of the bodies of economic rele­
vance 11-ill be characterized later. Nm1 1ve only add that 
the control by NE-SW structures appears of primar) im­
portance for their distribution. 

The sarne structural control, still active in Tertiai) tirne, 
is re sponsible for the effusion oť the Oligocene calc-
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Fig. 1. Geological skelch map. with the main occurrences and mining sites. The only albitile (Ah) domain lies just lefl oľ ihe repre sented area. 
The dottecl line separates ihe domain of contemporaneous Na- and Mg-silicale occurrences (inside) from the predominantly chlorile-talc (Chi. Ta) 
occurrences outs iclc. Geology : 1 - Pre-granitic metamorphic rock s. moslly of terrigenous origin. 2 - Paleozoic rnetalimestone lenscs. 3 - Paleozoic 
graniloids. 4 - Tertiary volcanics and sedimenls. 5 - Quaternary cover. 6 - main faulls. 7 - mineralizat ion oľ individual sites: 1 - Ab: 2 - Ta. Chi. 
3 - Ah. Chi. Ta: 4 - Ab, Chi. 5 - Ab, Chi. 6 - Ta. Chi. 7 - Ab, Chi-Ta: 8 - Chi. Ta. Ab: 9 - Chi, Ah: 1 O - Chi. Ab: 11 - Chi. Ah: 12 - Chi. Ab: 
13-Chl: 14-Chl. 

al kaline volcanics, which covered wide areas of the crys­
tall ine basement. Besides relatively small remnants still 
forming the tabular tops of some hi lis (e. g. Sa Planedda, 
south-western corner of the map), these volcanics fill in 
an important NE-SW trough, which crosses the area in 
its north-western part and is a branch of the main Tirso 
trough, that lies just northwestwards of the mappcd area. 

Distribution of occurrences 

The already noted spatial array of economic occurrenccs 
along a NE-SW structure also displays an interna! distri­
bution of the mineral assemblages (Fig. l ). An clongatcd 
··core zone" is charactcrizcd by predominant albitites, but 
a gradual increase of chloritization fmm SW to NE (as 

chloritization oť albite, or ap­
pearance of chlorite bodies. or 
both) is clearly perccptible 
(Fig. 4). lnsidc this zone all the 
exploitable albitite bodies occur 
(Nos. 1, 5 and 7 in the map). 
but also old chlorite (-talc) ex­
ploitations (Nos. c+, 5, 7, 9 and 
11) and prospects (Nos. 3 and 
1 O) are present. The most im­
portant talc occurrences (Nos. 
12, 13 and let), where the albi­
tization phenomena are strongly 
obliterated or negligible, occur 
outside the "core zone", mostly 
around the northeastern sicle 
(Fig. 5). 

Fig. 2. Talc body. Sa Matta mine. 
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Genetic hypotheses 

The observed distri bution in space and ti me of metaso­
matic phenomena in the area can be explaincd if 11e con­
sider the diťferent steps. Since the bulk of the rocks, in­
ľOiľed in the albitization, are granitoids, 1\'e shall develor 
most oť considerations on these rocks. On the othcr hand. 
the bulk of chemical and mincralogical characteri stics of 
the micaschist sensibly arproaches those of granitoids. 
The development of Na-metasomati sm in the western part 
or the area mainly inľol1ed the ťcldspars, biotite a11d 
muscov ite, which. along with quartz, form the bulk of 
the !oca! granitoids and micasc hist. Given the predomi­
nance of Na as rcactant. and the huge quantities of ťluids 
that circulated , this metasomatism 1ľas pervasi1e on enor­
mous rock volumes. As a consequence huge quantities of 
metals nor entering the albite composition, or being pre­
sent in exceeding quantit) in thc pre-existing si l icates, 
wherc relcascd. Th is group of clcments mostly includes 
K, Ca, Mg. A l. and Fe (Fiori and Grillo. 199 1; Fiori ct 
al., l 99...J.). Of the ľirst threc . thc most sol uble one, K. did 
not apparently repreci pitate in the study area, at least in 
signi ľicant quantit ies. Ca and Mg. particu larly the latter, 
gradually reached sufficicnt acti1 ity to react 1ľit h both 
the su rrounding metamorphics and the n elľ l )' form ed 
albit i tcs. 

Then, the albiti zation displaced several metals. in parti­
cul ar K, Ca and Mg. Whi lc the ťirst metal diel nor appa­
ren tly reprec ipita te, at least i n s i g niťicant quantit ies, the 
other two, parti cu larl y M g. gradually rcached sufficient 
acti1ity to mctasomatize both - the alrcady furmed albiti­
tcs and the metamorphics. 

In fact, no other source of M g is arnilable for thc for­
mation of Mg-s ilicates, since the absence oľ mafie rocks 
is complete and mean Mg con tent oľ the carbonatic rneta­
sediments is low, quite similar to that oť the tcrrigenous 
metased imcnts (1.5 wt. % in average). 

Flow ing eastwards, these fluids reached the comlitions 
favourablc for Mg-rnetasomatism of pre-existing silica­
tes , both feldspars and micas oť the original granitoids 
and micaschist and al bite of the albitized rocks . 

The proposed scheme of phenomena has been I eri fied 
on the basis of known reserves of al bite and Mg-silicates 
in the studied area and oť a rough assessment of abundan­
cc of other important minerals, such as quartz and epido­
tes. 

In the albitite properties some 25 million tonnes oť e.\­
ploitable material havc been recognized so far. Despite 
this it should be taken into account that the cxploration 
is not yet exhaustive, the material is considered economi­
cally recoverable only in open pít operations, with com­
parati1ely low waste/a lbitite ratio; the Na2O cut-off is 
high (around 6 wt. %). Thus the deep~r parts of the bo­
dies, the low-grade bodies (including the partially albiti­
zed rocks) and the innumerable small occurrences are not 
calculated in this assessment. 

For the Mg-silicates, which are much better known, 
starting from 2 million tonnes oť measured resources (in­
cluding the alrcady exploited parts). adding a similar quan-

tit:; fo r thc unkno1ľ11 resourccs, and again the same num­
ber for the uneconomic occurrences, a to tal figure oľ 
6 million tonnes looks reasonable. 

Thc action of late tluids in the stud) area determincd an 
intense Na- mctasomatism on the granitoids and ťormcd 
huge albitite-rich bodies (asses~cd commercial resencs 
reach 25 mill ion ton nes). To Na-mi neralization a ccrtai n 
quamit) of chlorite-talc i s commonl:> associatecl: thc 
abuncla11ce oť these mincrals sharp!) increascd of the con­
tents bctlľee n metamorphics and granites and local l: eco­
nomic chloritc-talc bodies formed (assessed resen es. i 11 -

cl ucli ng total output and reserľ es . still in place. reach 
some 2 mi II ion tonnes of talc plus chlorite). 

The peculiar di stribution and association of t110 kind oľ 
mineralization lcads to thc h: pothesis that a single circu­
lating fluid lľaS responsible for thc formation of thc albi ­
tite bodics during thc prograde phase, and thcn. during thc 
rctrograde phase, it would induce chemi cal-phys ical trnns­
ťormati on oľ the pre-ex isti ng sili cates and procluce albitc. 
11 ith con sequent Na depletion and enri chment in K. Ca. 
Al. Fe and M g i n the fluid it s clľ. 

T aking into account the ľ0iume of the albit izcd rocks. 
their aľe rage Mg con tent. and the di st ribution ancl compo­
siti on oľ n elľly ľormed si licates. a simplc ca lculati on 
s holľs that the quantity of metasornaticall::- clisplaced Mg 
wou ld be enough to produce the assesscd quantity oľ Mg 
silicates. 

On the basis oľ thc ab01 e consi derat ions. thc ľollowi n g 
genetic model looks to ľit \\'el! to the obse ľl ed si tuat ion : 

1. prograde Na-mctasomat isrn resulting in a rock for­
mation alm ost totally cons isti ng of quartz ancl al bite. ancl 
rclease from rhe protol it hs of elements such as K , Ca, al 
Fe. and Mg into su luti on. 

2. retrogradc Mg-metasomati srn. due to the chcmical­
physical changes in rhc fl uid , particularly inclucl ing the 
M g enrichment. 
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r Abstract 

UN~~~B 
ľhc talc -magnesite occurrences and deposits in Finland are located in Eastern Finland in the Archean 

and Proterozoic ťormati o ns. ľhis contribution prov ides gcological clescriptions oť significant talc -mag­
nesite deposits and surnmarizes their use for talc and soapstone production. 
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Introduction 

With the exeeption of a few oecurrenees in Northcrn 
Finland, the talc-magnesite oeeurrcnees are mainly loeated 
in Eastcrn Finland. Oľer 100 oceurrenees of talc sehist 
and soapstone are reported in Finland (Vesasalo, 196.'i). 
Most of them are situated in the Arehean greenstone bclts 
or the Proterozoic sehist belts. 

For eenturies, the talc-magnesite oecurrenees haľe been 
used for making of soapstone fireplaees. At present, 
soapstone is used on a large seale as a rmv material for 
heat reserving ovens and fireplaces. Talc-magnesite depo­
sits began to be utilized for the production of talc for the 
needs of paper industry in 1969 11 hen Suomen Talkki Oy 
started the talc produetion by flotation in Lahnaslampi. In 
2000, the overal! volume of talc production was approxi ­
matcly 500,000 ton nes whi Ie the produetion of soapstone 
for use as dimension stone totalled 135,000 tonnes. 

Finnish bedrock in brief 

Finland is situated geologieally in the centra! part of 
the Preeambrian Fennoseandian (Baltie) Shield. Approxi­
mately one third of Finnish bedroek is eomposed of Ar­
ehean roeks (3100-2.'i00 Ma) situated in Eastern and 
Northern Finland (Fig. 1). They are mainly polydeformed 
and polymetamorphosed tonal i tie-trondhjcmi tie-granodio­
ri tie gneisses with minor greenstone belts (Gaál and Gor­
batsev, 1987; Lundqv ist et al.. 2000). 

The main part of the Finnish bedrock was formed du­
ring the Paleoproterozoic era 2.'i00-1800 Ma ago (Fig. 
1 ). The sedimentary and volcanic roeks oť the Karclian 
Domain in Eastcrn and Northern Finland are comprised 
mainly of epicratonic, shallow marine and ťluvial forma­
tions deposited 2500-2000 Ma ago on the Archean base­
ment (Gaál and Gorbatsev, 1987). At present, these roeks 
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are metamorphosed to eonglomerates. quartzites, miea 
sehists, blaek sehists, dolomites and amphibolites. The 
Lapland Granulite Belt in the northernmost Finland repre­
sents a major alloehthonous unit of high-grade metasedi­
mentary and igncous metm oleanic and pl utonie roeks. 

The S1 eeofennian Domain (1930-1820 Ma) in Sout­
hern and Western Finland is belie1ed to represent a eolla­
ge of aeereted 2060-1900 Ma island arcs whieh eollided 
1910-188.'i Ma ago to the margi n of the Archean base­
ment (Gaál and Gorbatsev, 1987). The main supracrustal 
lithologies in the Svecofennian Domain are deep-seated 
metaturbiditic wacke sands-shales and various metavolca­
nie roeks of island are affinity. The supraerustal units 
1vere intruded 1890-18.'i0 Ma ago b) a huge 1olume of 
syn- to late orogenie. mainl; granitoid plutonie roeks. 
Rapakiľi granites (Fig. 1) were emplaeed !6.'i0-l.'i40 Ma 
ago after the main phase of the Sveeofennian orogeny. 
The Jotnian ( 1-1-00-1200 Ma) sandstones and dolerite sil ls 
in the west along the Bothnian Bay represent the youn­
gest Proterozoie units preserľed in Finland. 

Minor remnants oť Paleozoie eoľer sequenees (570-250 
Ma) eomprising eonglomerates, sandstones, shales and li­
mestones are pre sen ed in some plaees in the southern 
part of Finland. A small part of Caledonian (-l-50--1-00 
Ma) thrust bele exists in the northwesternmost part of 
Finland (Fig. !). Kimberlite and lamproite pipes and di­
kes (570-430 Ma) oecur in Eastcrn Finland within the 
Karelian Domain. There are a few earbonatite and al kaline 
plutonic intrusions approximately 370 Ma of age in lhe 
eastern and northern part of Fi ni and. 

By the begi nni ng of the Paleozoie era, the SI eeoťen­
nian mountain chain was eompletely eratonized and pene­
planized elose to the present erosion level. During the 
Pleistoeene, the Fennoseandian Shield was affeeted by se­
veral glaeiations thc last of whieh took plaee approxima­
tely 8000-1 1 OOO years ago. The glaeiations have left dis-
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tinct marks on the geomorphology. lce-polished out­
crops, moraine landscapes. eskers. glacioťluvial erosion 
ťorms and thousands of lakes have created a landscape of 
changing character and special beauty (Simonen, 1980). 

[illill] 

00 

Ca/edonian rocks 
Meso- and Neoproterozoic 
sedimentary rocks 

Mesoproterozoic rapakivi granites 

Paleoproterozoic plutonic rocks 

C: Supracrustal rocks of Svecofennian Domain 

- Supracrusta/ rocks of Kare/ian Domain 

- Lap/and Granulite Be/t 

I '' 'I Archean rocks 

Fíg. 1. Location of talc-rnagnesite deposits on the bedrock map of Fin­
land (sirnpliľied frorn Korsman et al. 1997). 1 - Mies lahti. 2 -Jormua. 
3 - Lahnaslarnpi. 4- Uutela. 5 -Ala nen. 6 - Lipasvaara. 7 - Vasara­
kangas. 8 - Horsmanaho. 9 - Sol a. 1 O - Ki vi kangas. 11 - Hyrynsalrni, 
12- Verikallio. 13 - Nunnanlahti. 14 - Savonranta . 

Deposits in Proterozoic formations 

Lahnaslampi deposit 

Lahnaslampi talc-magnesite deposit is situated within 
the black schists and mica schists of the Paleoproterozoic 
KainL1L1 Schist Belt in the a.\ial culmination oť an anti­
form. The deposit continues as a thinner unit to the south 
while its north end plunges below the country rock (Tu­
okko, 1992). Over 600 m long and 250 m 11 ide, the talc­
magnesite deposit is surrounded by black schists 11 ith an 
amphibole skarn in the contact. There is no massiľe ser­
pentinite typical for metamorphic ultramaľites in the de­
posit. ľhe use of the Lahnaslampi talc deposit began 
at the end of the 1960s. Today, the annual produetion 
totals over 500.000 ton nes of ore. A t present. O\ er 
1,000.000 tonnes of country rock is quarried due to the 
extension of the open pit (Fig. 2). The ore is proeessed at 
a nearby processing plant. Processing methods are discus­
sed later. 
ľhe Lahnaslampi deposit consists of talc-magnesite 

rocks with minor serpentíne breccias. Serpentíne breceias 
consist of carbonate, talc and serpentíne with minor chlo­
rite, olivine and ore minerals. Chlorite schists and a gra­
phite 1ein cut thc deposit. The 2-5 m wide chlorite 
schists represent mafie dikes and fault zoncs. Comprising 
of graphite. chlorite, talc and sulphides. the graphitc 1ein 
is only a few dozen centi met res 11 ide. 
ľhe Lahnaslam pi deposi t is com posed of talc (-l-0-60 % ) 

and magnesite - breunnerite (-l-0-60 %). Dolomite is thc 
dominant carbonate at the margins of talc-magnesite rock. 
As a rule, the amount of dolomite, as well as the amount 
of chlorite and sulphides increases towards the margins of 
the deposit. ľhe chlorite content is approximately 5 % 
and the ore mínera! content is a few percent. The sulphide 
minerals comprise pyrrhotite, pentlandite, pyrite and chal­
copyrite while the oxide mincrals include ferrichromite 
ancl magnetite. The chcmical composition of Lahnaslampi 
talc-magnesite rock is presentecl in Tab. 1. 

Tab. 1 
Chernica l compositions of Finnish talc-magnesi te roc ks 

Lahna- Horsma- Uute la Nunnan -
slarnpi naho lalll i 

1) 2) 2) 3) 

Si02 33.69 3..\.60 3..\A0 30. IO 
Al 20 1 0.98 0A8 0.6..\ 1 . ..\7 
Fe 20 1 (tot) 6.20 5.91 5.74 7.88 
MgO 35 . ..\8 36.00 3640 33 06 
CaO 0.29 0.07 0.06 2 02 
CO, 2045 nm 2..\51 2105 

1) Average of 11 analyses (Kuronen. 1995) 
2) Geo logical Survey of Finland (Konti ne n. unpubli shed data) 
3) Wiik (1953 ) 

The talc-magnesite rock has gone through a multiphase 
defonnation and metamorphism cluring the Svecokarelic 
orogeny approximately 1900-1800 Ma ago. Steatitiza-
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fig. 2. O, en 1c>11 ul the Lahna,ld1np1 tak mine 

tion ha, ta1'c'n place in t110 ,tage,. The ľir,t stagc ,,as be­
ľore the metamorphic rea1' 11 hen rrimary uilramaľilc' 11 as 
,ľrrentiniLed and partly transľonned into talc b) H 2O-do­
minated solutions. Metamorphic oli, ine met in ,erpe111i­
ne breccias originates ťrom the dehydration oť altered ul­
tramaľite at the peak of metamorphism. The main steati ­
tization took place ata declining ·prcssure and temperature 
and was caused by the influence of COrbearing liquids. 
Suitable structural location and size have created an al­
most pe1fect talc-carbonate alteration and high-quality talc 
ore (Kuronen, 1995). 

Horsmanaho and Pehmytkivi deposits 

The Horsmanaho talc-magnesite deposit is situated wit­
hin the Outokumpu association. The gcneral sequence of 
lithologies proceeding from serpentinite to regional 11all 
rock is as follows: serpentinite - talc-magnesite rock -
talc schist - skarn - quanz rock - black schist - micaceo­
us schist (Kuronen and Tuokko, 1997). The Horsmanaho 
talc-magnesite rocks are closely associated with a lense oľ 
massive serpentinite. The main talc deposit is situated to­
wards its west and south-west margin. Thc position of 
the deposit is also controlled by a lineation dipping to­
wards the southwest at about 30 degrees; both the orc bo­
dy and the adjacent skarn and quartz rocks are elongated 
downwards in this direction. 

The main deposit is about 500 m long. The contact 
between the serpentinite and the soapstone is typically 
steeply dipping and generally transitional. The thickness 
oť the transition zone varics ťrom a few dozen centimetres 
to a few met res owi ng to the progressi ve decrease in the 

proronion oľ talc and magnc',ite and the co111emrorar:,­
incrc'asť in thť amount oľ ,erpľntinť minťral,. 

The dťposit con1ain, up to 50-70 % talc 11ith the rť­

maindťľ con\i,ting moql) oľ magnťsite and dolomitľ. 
The latter can comprise up to 40 % of the rock at the 
margins oť the deposit and 3-10 9o elsewhere. Dolomite 
typirnll) occurs as , ei ns, whereas magnesi te occurs as 
discrete grains or grain aggregates. The amount oť chlori­
te ,aries from 5-10 c7c_ The sulphide content is 1-2 0é 
while the oxide content (chromite and magnetite) is less 
than 1 %. The chernical composition of Horsmanaho 
talc-magnesite rock is presented in Tab. 1. 

Quarrying operations commenced in Horsmanaho in 
the I 980s when the deposit 11as owned by Oy Loh_ja Ab. 
Today. the owner oť the deposit is Mondo Minerals Oy 
and the production totals approximatel) 450.000 tonnes 
of orc and 600,000 ton nes of country rock per ) ear. The 
ore is processed in plants located in Vuonos and Kaavi. 

The Pehmytki vi quarry is si tuated abo ut one ki Io metre 
to the north oľ Horsmanaho. Surrounded b) black schists , 
the ore is 250 111 long and 30-50 111 wide. Production 
started in 2001. 

Alanen deposits 

The Alanen talc-magnesite deposits were discmered in 
1981-1984 by the Geological Survey oť Finland (Yanne, 
1988). The deposits are si tuated in the southernmost part 
of the KainULt Schist Belt. The part of the schist belt whe­
re the deposits are located is 500-1,300 m wide and con­
sists of rnica schists with serpentinites, talc-magnesite 
rocks. skarns, quartz rocks and black schists. The serpenti-
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nites occur as conform lenses in the mica schist. The talc­
magnesite rocks are si tuated mostly at the eastern contacts 
of serpentinites. There is often serpentine-bearing talc-mag­
nesite rock between the serpentinite and the talc-magnesite 
rock with serpentine slashes of 0.5-----1- cm in diameter. 

There are three talc-magnesite lenses in Alanen. Over 
1,000 m long and nearly l 00 m wide, the SW-NE tren­
ding main lense dips 40- 6.'i degrees to northwest. Accor­
ding to drillings and gravity measurements, the total 
amount of resources is approximately 9 million tonnes oľ 
talc-magnesite rock. The easternmost lense is about 
800 m long and 20-50 m wide with estimated resources 
of less than l million tonnes of talc-magnesite rock 
(Niemelä, 1996). The information gathered by one dril! 
hole shows that the westernmost lense is the smallest and 
the most heterogeneous. 

Talc-magnesite rock is mostly light grey. homogenous 
and massive. The amount of talc equals the amount of 
magnesite. Dolomite. chlorite, serpentine and ore mine­
rals occur as accessory minerals. The ore minerals include 
pyrrhotite, pentlandite, pyrite, chromite and magnetite. 

Over the last ťew years, the French company Talc de 
Luzenac has conducted test mining oť the deposit. The 
mining concession process is currently underway. 

Deposits in Archean formations 

Nunnanlahti deposits 

The Nunnanlahti soapstone deposits are situated in 
a IO km long and I km wide NW-SE trending zone. The 
age and origin oľ the soapstone deposits are yet poorly 
known. Apparently, the Nunnanlahti soapstones !ie within 
an allochtonous Archean greenstone belt sandwiched bet­
ween Paleoproterozoic formations (Sorjonen-Ward, 1997). 
The industria! use oť Nunnanlahti soapstone started on a 
srna!! scale al the end of 19th century. Kärenvaara, Mus­
tanvaara and Korpisaari were the most important quarrying 
places. At present, two prominent companies. Tulikivi 
Oyj and Nunnanlahden Uuni Oy, are quarrying in Kären­
vaara which is also the location of the processing plants 
for the manufacturing of soapstone products. 

In Kärenvaara, the soapstone deposit is situated bet­
ween mafie amphibolites and granite-gneiss. Chlorite di­
kes are found inside the soapstone parallel to the schisto­
sity. There is often a biotite-chlorite blackwall al the con­
tact between the soapstone and country rock. Tremolite­
bearing schists are also met in the contact zones of the 
soapstone and serpentini te (Kojonen, 1986). 

The Kärenvaara soapstone is ťine-grained and generally 
schistose. The colour is grey in different shades with vi­
vidness brought about by light-coloured carbonate clus­
ters and light green chlorite dykes. The soapstone conta­
ins 40-50 % talc, 40-50 % magnesite, 5-8 % chlorite, 
as well as dolomite and ore mineral s as accessory mine­
rals. The ore minerals consist mainly oť magnetite but 
pyrrhotite. pentlandite, pyrite and chromite are also 
found. The chemical composition of Kärenvaara (Nunnan­
lahti) soapstone is presented in Tab. l. 

Kivikangas deposit 

Discovered by the Geological Survey oť Finland in 
1989, the Kivikangas soapstone deposit is situated within 
the Suomussalmi Greenstone Belt. The north-west side oť 
the deposit is bordered by serpentinite while the other si­
des are bordered by volcanites and phyllites (Leinonen, 
1992). The Kivi kangas deposi t is at least 250 m long and 
60-J IO m wide. Kiantastone Oy (a subsidiary oľ Tulikivi 
Group) has quarried the deposit since 1999. 

The Kivikangas soapstone is either even-grained or vei­
ned soapstone. Even-grained soapstone is dark grey, mas­
sive or variably veined. The talc content is over 50 % and 
the carbonate content is over 30 %. Magnesite and breun­
nerite comprise the carbonate minerals. Accessor) mine­
rals include chlorite, dolomite, serpentíne, rutile and pyri­
te. The veined soapstone is mostly grey: in some places. 
it is greenish or brownish. Veins are either talc-chlorite­
magnetite-, talc -carbonate- or talc-veins with variable 
thickness. Mineral composition is the same as in even­
grained soapstone. 

Verikallio deposit 

The Verikallio soapstone deposit is situated in the Kel­
lojärvi ultramafic ťormation within the Kuhmo Greensto­
ne Bell. The formation is layered metacumulate consis­
ting mainly oť different ultramafic and mafie cumulates 
(Tulenhei mo, 1999). Veri kallio soapstone is surrounded 
by serpenti ni tes. The Veri kal! io soapstone deposi t i s 
200-250 m long and 30-100 m wide. Kivia Oy started 
the quarrying and processing oť the soa pstone in 1998. 

The soapstone is dark grey, grey or greenish grey, mas­
sive or spotted. Light 0.5-5 mm wide carbonate veins cut 
the soapstone. The talc content is approximately 45 % 
and the magnesite content is 40 %. The serpentíne and 
chlorite content is a few percent and the ore mineral eon­
tent (mainly magnetite and limonite) is approximatel; 
12 %. In addi tion to thi s, there are singl e grai ns oľ 
pyrrhotite and pyrite. 

Use of tak-magnesite deposits 

Talc production in Finland 

In the begi nni ng oť the 20th centu ry, s mali amounts oľ 
talc were produced ťrom N unnanlahti soapstone for use as 
a pigment mínera!. The ťirst mine solely for the produc­
tion oľ talc was opened in Jormua. lt was operated in 
1952-1971 by Suomen Mineraali Oy. The talc-magnesitc 
rock was simply crashed, milled and separated by SCľeen 

and air-suction. The coarse-grained ťraction \\'as used for 
asphalt roofing while the fine-grained talc was used main­
ly in insecticides and nitrogen ťertilizers to prevcnt the 
material ťrom getting lumpy (Aurola and Nieminen, 
1954). 

The actual use of talc started in late ! 960s when Suomen 
Talkki Oy opened the Lahnaslampi mine. Nowadays, 
Mondo Mineral s Oy (previously Finnminerals Oy) has 
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four talc mi nes (Lahnaslampi. Horsmanaho, Pehm) tkivi 
and Lipasvaara) and three plants \\ hich are located in 
Sotkamo, Outokumpu and Kaavi. Recently, the production 
in Lipasvaara mine has been at its minimum. In addition 
to this, talc was produced 011 the Sola and Vasarakangas 
deposits in the 1980s. Fi11nminerals Oy has conducted test 
mining of the Mieslahti and Uutela dcposits (Fig. l). The 
French company Talc de Luzenac is exploring the possibi­
lities of the use of the Alanen talc deposit. The talc produc­
tion in Finland is prese11ted in Fig. 3. 

O--"-~-~--~-~-~--~--< 
1965 1975 1985 1995 

Fig. 3. Talc production in Finland 1965-2000. Source: Ministry 
of Trade and I ndustry 

Mondo Minerals Oy (part of the Ornya Group) is no­
wadays the sole talc producer in Finland. In the plants 
of Mondo Minerals Oy, the talc is concentrated through 
flotation in which the ore containing 60 % talc is trans­
ťorrned by means of a sophisticated rnulti-stage process 
into a 97 % talc concentrate. the brightness of which is 
75-81 %. This concentrate is then processed into final 
products using various grinding and classification met­
hods. Depending on the customer's requirernents, talc is 
supplied either as a dry polľder. moist pellets or an aqu­
eous slurry. Talc is used in paper industry as a fillcr and 
a coating pigment. In pulp and paper mills , it is used to 
eliminate problems caused by pitch. In addition to this, 
talc is used in paint and varnish industry and plastic 
industry, as well as in ťertilizer industry to prevent 
caking. 

Soapstone production in Finland 

As early as the Stone Age, soapstone was used for ma­
king decorative articles and tools. An example of such an 
article is the elk's head which is the oldest sculpture made 
of soapstone in Finland. Casting moulds made of Juuka 
soapstone in the Bronze Age have been found as far as 
centra! Europe. In Eastern Finland, soapstone has been 
used for centuries for making fireplaces. 

The industria! use of soapstone started in Nunnanlahti 
at the end of the 19th century. In 1893, a company called 
Finska Täljsten Ab \\'as established to quarry the Nunnan­
lahti soapstone for the manuťacturing of decorative faca-

des to public buildings and mens. In the beginning of 
20th centur). the main products were fireproof coating 
stone for socia recoľer) boi lers and talc 11 hich 1ľas used as 
a filler in paper industr). A compan) called Suomen 
Vuoluki1i O) was established in 1925 to continue the 
production. After the Second World War, fireplaces again 
became the most important product. During the I950s, 
the production slolľly decreased and ceased entirely in the 
earl) I970s. The interest in soapstone picked up again. 
and in 1980, Suornen Vuoluki1i Oy (nmv Tulikivi Oy_j) 
started manufacturing heat resen ing 01ens and fireplaces 
in Nunnanlahti. 

Other manufactures are Nunnanlahden Uuni O) lľhich 

is also quarrying in Nunnanlahti, Kiantastone Oy (a sub­
sidiar) of ľulikivi Oyj) quarrying in Ki1 ikangas and Ki­
ľia Oy quarr) ing in Verikallio. In addition to this. soap­
stone has been quarried and processed on a srna! 1 scale i 11 
Hyrynsalmi b) Kainuun Uuni Oy and Savonranta by Top 
Stone O) and Uunikivi Oy. In the 1980s, Suomussalmen 
Vuoluki1i O) conducted test mining oť the Portti 
soapstone deposit located at apprmimately 2 km south of 
the Ki1 ikangas deposit. The arnount oť quarried soapstone 
i s presen ted in Fi g. 4. 
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Fig. 4. Amount of soapslone quarri ed in Finland 1985-2000. Source: 
Ministry of Trade and lndustry 

In addition to soapstone ovens (Fig. 5) and fireplaces , 
significant export products include ciling stones for coľe­
ring metallic stoves. There is also a wide variety of other 
products rnade of soapstone, for example, pots, cooking 
and grill stones, differe11t ki11ds of mugs for hot and cold 
drinks, lľi11e coolers, high quality speaker housi11gs, s110-
oker tables and even ice stones. In addition to this, so­
apstone is used as building stone on floors and facades. 

On a global scale. Finnish companies specialized in 
soapstone producti on are among the largest producers of 
processed natural stone and as to the production of soap­
stone they are the 11 orld market leaders (Pekkala and Nie­
melä, 1997). Today, the three leading soapstone produ­
cers. Tulikiľi Group (ľulikivi Oy, Mittaki1i Oy and 
Kiantastone Oy), Nunnanlahden Uuni Oy and Kivia Oy 
emplo) mer 700 people. The total turnover of these three 
soapstone producers is over 70 million € mer 50 % of 
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Fig. S. Soapstone fireplace produced by Tulikivi Oyj. 

which comcs ťrom export. Thc most important countries 
to which soapstone is exported are Gcrmany, Sweden, 
Denmark, Switzerland and Austria. 
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Ahstract 

Magnesite deposi ts of different genetic types have bcen comparecl. lt has bcen shown that compara­
tive analysis oľ so-callecl "amorphous magnesites ... connected II ith ultrabasi tes, and crystalline magne­
sites of cmbonate serics couid give the informa ti on for understanding the physico-chemical conditions 
of MgCO \ formation and peculiaritics of Mg>removing ions in different geochemical environments. 

TGCP 443 
The data on mineralogy of poorl y understood magnesite deposits of East lran are also presented. 

lt has been shown that cryptocrystalline (amorphousJ magnesite could pass into fibrous magnesite rim s 
and then in magnesite crystals of rhom bic habit. Crystalline magnes ites are associated with minerals 
of characteristic facies of meta111orphis111. The sizc. form and quantity of aclmixture mineral s depends 
on the conditions of formation. These parameters determinc the technology of the process ing. 

Key word,: rnagncsite. arnorphous. crystalline. ultrabasics. carbonate series 

lntroduction 

The magnesite deposits are divided into 3 main genetic 
types: 1) deposits connected with ultrabasics. 2) deposits 
connected with magnesite-carbonate formation s and 3) 
deposits connected with evaporite salt-bearing complexes. 
In this paper, we will considcr the first two of them. 

Magnesites oť carbonate ťormations are presented by 
large beds up to 5-6 km long and 20-80 m thick. This 
type oť deposits is the most important for commercial 
using. Recently, the majority of investigators follows the 
opinion that during the formation oť large rnagnesite 
deposi ts the pri mary sedi mentary Mg-beari ng terrai ns 
were the main source oľ Mg. 

The study of magnesite deposits, spatially connected 
with ultrabasics, gives an additional material to understand 
the behavior of Mg in different physico-chernical condi­
tions during disintcgration of magnesian rocks and sub­
sequent rcmoval and sedimentation. The magnesite can 
occur not only in parent ultrabasics, but in surrounding 
rocks near ultrabasic massi ť. The surroundi ng rocks can 
be represented by ťlysch or rnlcano-sedimentary terrains. 
Magnesites of this genetic type have cryptocry stalline 
structure: magnesite crystals of tiny si ze are seen only 
through electron microscope. The aggregates of these 
crystals form white quite homogeneous mass, so the 
'"amorphous'" term should not be the exactly correct 
name. There are two diametrically different opinions on 
the origin oť amorphous magnesite. The Russian geolo­
gists traditionally consider amorphous magnesites as the 
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product of ultrabasic rocks weathering (Tatarinov, 1969). 
However, another large group of investigators considers 
amorphous magnesites to be typical for hydrothennal for­
mations (Maksimovic and Dangic , 197-+). 

The goal of this work is to show some similarities and 
differences between arnorphous and crystallinc magnesites. 
In addition, we would like to call attention to magncsite 
deposits of East Iran, which ha\·e not been adequately stu­
died to date. 

Methods 

X-ray difťraction analysi s was conducted by DRON Dif­
fractornetre (Cu Ku radiation, Ni-filter) in interval 2- 65° 
28. The oriented specimens lľere prepared by sedimenta­
tion of the suspension on glass slides. They wcre analysed 
in dry state and after saturation with glycerín (saturated 
overnight at 60° C). 

Electron micrographs \ľere taken using transmission 
electron microscope (TEM) JEM-! 00C with the dispersi on 
attachment oť KEVEX and scanning electron microscope 
(SE.'vl). The specimens ľor TEM were prepared by dry ing 
of the suspension on a carbon foil. For SEM the rock 
chips coated with carbon were used. The micro-difťraction 
pictures and energy dispersion spectra were taken ľrom 
separate particles in range ťrom Na to U. The basa! reflexcs 
(001), characterizing phylosilicates, werc obtained ľor turn 
up or down edges oť particles. 

The samples were chemically analysed using a Philips 
Analytical PW 2-1-00 automatic XRF Spectrometer. For 
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Fig. 1. Schcmatic map or d1slnbuuon oť magne>1le prn11nces 111 Ru„1a and Ea,1 lran 1 - ultrabas!C bdt>. 2 - carbonate senes. J - depmib. Arab1c 
numerals on map - depm1b 1 - Satl-.msl-.oe. 2 - Halil ovs koe. 3 - Tahkoe. -1 - Sa, 1nsi-.oe. 5 - Tor,hak and other: Roman numerah - pro11nces 
1- ultrabas1c belt or llrals, II - South Uralska)a, III - Uuere1sl-.a)a. IV - East Sa)an,1,.a)a, V - East-Transba1i,.ai,ka)a, Vl - Malochmgan,ka)a. 

X-ray ťluorescence analyses, the reľerence standards 
ANRT, ASK, CCRMR, NIM and USGS were used to 
check the accuracy of analytical data. 

Some analyses were made on ''Camebax SX-50'' electron 
microprobe, using an accelerating voltage of 20 kilovolts 
ťor all elements wi th a sam ple current oľ 20 nanoamps. 

Geological setting 

As noticed above, only two types oľ magnesite depo­
sits are considered in this paper: deposits or amorphous 
magnesite associated with ultrabasics and the ones or 
crystalli ne magnesite in carbonate units (Fig. 1 ). 

Amorphous magl!esites associated with u/trabasics. 
Ultrabasic bodies are usually located along large ťaults 
and form ophiolitic belts. Magnesite deposits occur in 
serpentinite and another ultrabasic rocks oľ these belts. 

Tab. 

In the Urals there are magnesite deposits located in 
Orenburg, Sverdlovskaya province and Bashkir Republic . 
Halilovskoe deposit is the largest deposit studied here. 

The Halilovskoe magnesite deposit is located near rail­
way station Halilovo, 60 km west from the city Orsk. 
This deposit is situated inside the grate serpentinite massiť, 
which is íormed as a result of serpentinization of peridoti­
te. Magnesite containing serpentinite are ve11ically divided 
into two horizons: the upper and lower (Tatarinov, 1969). 

The upper horizon is presented by magnesite breccia, 
which consists of fine angular magnesite fragments with 
inclusions of serpentinite breccia. Serpentinite breccia is 
schistose and has slickensides. The thickness of the upper 
horizon is 5-6 m. 

The lower horizon consists of dark-green serpentinites 
with chrysotile veinlets. Magnesite occurs here as ,eins 
and lenses (Fíg. 2a). The vei ns cross between each other, 

Main rnagnesite provinces of Russia 

Magnesi te-beari ng prov i nce 

South-Uralskaya 
Udereiskaya (West Siberia) 
East-Sayanskaya 

Dimensions of bodies, m 
Length Thickness 

100-5.600 
10-1 ,200 
:'i0-5.500 

10-80 
2-200 

10-200 

Estirnated resources. kilotonnes 

250.000 
200.000 

2.145.000 
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Fig. 2. Deposits of cryptocrys talline magnesite. a - magnesite veins in 
serpentinite (Halilovskoe de posit). b - magnesite bodies located along 
contacts of serpentinite massif (Northern Khunik deposit. East lran). 

for111ing stockwork. ľhe magnesite veins have nearly 
0.8-1.3 111 in thickness. Total explored and esti111ated 
reserves are about 4-4.5 mi II ion tonnes. 

The Halilovskoe deposit was mined before 2nd World 
War, but at present ti111e it is practically closed. ľhe 111i­
ning does not exceed 100-200 tonnes per year. 

In lran there are magnesite deposits located in eastern 
provinces - Khorosan, Sistan and Baluchestan. In total, 
there are about 20 deposits. Approximately, 80 % of the 
deposits are located in the Khorosan and 20 % are in the 
Sistan and Baluchestan provinces. Magnesite fro111 these 
deposits is presented by so-called amorphous or crypto­
crystalline varieties (Fig. 2b). 

ľotal reserves are about 3.5 rnillion tonnes. About 2.5 
million tonnes of this amount are related to low-grade 
magnesite (16 deposits from 20). At present, only two 
deposits are being mined. As noticed above magnesite 
bodies can occur not only in ultrabasics but in surrounding 
rocks, too. One of them, the Torshak deposit, has been 
studied in detail. ľhe 111agnesite body is nearly 300 m 
long and 80- l 00 rn wide. ľhe enclosi hg rocks are presen­
ted by flysch consisting of thin beds of sandstones and 
argillites. The magnesite bod) consists of massive and 
brecciated magnesite ores. The centra! parts of magnesite 
body are represented by massi ve amorphous magnesi te 
with the high content of MgO up to 87-90 %. Brecciated 

magnesites occur near contact with enclosing rocks. ľhe 
MgO content is no more than 75-85 % . 

C1ysralline magnesires in dolomites. Magnesite oť car­
bonate complexes occurs as beds and lenses. We have 
considered 3 main magnesite-bearing provinces: South­
U ralskaya, Udereiskaya, East-Sayanskaya (Fig. l ). 

The main commercial mínera! of magnesite ore is the 
cr)stalline magnesite. Additional minerals are talc. quartz, 
chlorite, and dolomite. 

Mineralogy 

Cryptocrystalline (amorphous) magnesites. Magnesite 
ores are divided into 3 varieties: massive, banded and brec­
ciated (Fig. 3). Each of the named magnesite varieties is 
located in specific places of the geologic section or is typi­
cal for indivídua[ deposits. 

Massive amorphous magnesite. Magnesite is a mínera! 
of white colour. ľhe individual crystals are not seen in the 
polarized light under the optical microscope. ľhe aggrega­
tes of magnesite crystals are practicall) opaque in crossed 
nicols. ľhe size oť individual grains is l-5 microns. ľhe 
massive variety is characterized by the high MgO content 
up to 87-90 % and in some cases represents slightly mar­
ked porous structure. The pore content is 5-6 uni l per 
cm 2, the size oť them is 0.02-0.08 111111 . ľhe pore \\'alls 
are incrusted by fine magnesite and dolomite crystals 
(Fig. 3a) . Besides magnesite the following minerals \\ere 
identified b) difťerent methods: Fe-hydrooxides, amorpho­
us silica. quartz, serpentíne, dolomite, talc . 

AmorRhous si I ica. Amorphous SiO 2 represents cl usters 
of very fine particles; some of them are 1-5 micrometers 
in diameter. ľhe size oť these !oca! clusters varies from 5 
to 50 microns. The magnesite ore, enriched by amorphous 
SiO2, has relatively high SiO2 content (Tab. 2, Fig. -+a). 

Talc is present as aggregation of poorly crystalline mi­
nule flakes and indivídua! particles (Tab. 2). ľhe associa­
tion of talc and ultra-fine particles oť amorphous SiO2 is 
typical. 

Tab. 2 
A1 erage chemical composition of magne site ore and sorne mincral s 

Oxide 2 3 4 5 

MgO* ) 91 .9 42.-10 59.30 59.22 85.64 
SiO, 34 56.83 :n.30 40.51 3.27 
Al,O1 1.36 0.07 3.23 0.7 
FeO 0.37 0.04 0.70 2.23 
CaO 2.30 0.52 3.0 0.27 7.52 
Na,O 038 0.11 0.07 
K,O 0.29 0.03 040 
so., o. 18 

To tal 100.00 100.0 100.0 100 O 99.54 

1 - an average magnesite ore composition (Torshak deposit. centra! 
part). 2 - the fragment of the sample with high eon tent of SiO,. 3 - the 
fragment of the sample with increased content of SiO, and CaO . 
4 - talc. 5 - magnesite orc of Halilovskoe deposit. Russia. Analyses 
1-'I- ľorshak depos it. East lran . 

Note: MgO*) in scaling on deacl burnecl MgCO1 
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Fig. 3. ľhe va rieties oľ cryptocrystalline (arnorphous) rnagnesite. a - Close-g rained 111agnesite. ľhe individual crystal, are not 
seen in polarized light under optical microscope. rnagn. l 2x. ľhe forrn and size of individual crystals. obtained by TEM (sus­
pension preparation. magn. 8500x ) are shown on the electron rnic rog raph in the ri ght upper corner of th e picture. b - Banded 
magnesite ore. Banding is due to positi on altcrnating of highly sheared harzburgite beds (da rk) 1vith parallel oriented rnagnesite 
veinlets of fibrous habit. rnagn. l 2x. c - Brecciated rnagnesite. ľhis magnesite variety consi sts of the fragments oľ diľfere nt 
sizes frorn 1-2 to 10- 15 111111 . ľhe cern enting mass is characterized by a coarse-crystalline structure. ľhe frec space between 
indi vidual fragrnent s is filled up by aggregates of pris rnati c magnes ite crysta ls. Sometirnes , these crystal s fo rm the rows of suc­
cessive rirn s. rnagn. 24x. d - The inner filling of a cavi ty between fragments in brecc iated magnesite. ľhe coarse crystal s are 
presented by dolomite. magn. 36x. 



EJ 

Fig. 4. The indivídua\ minerals of cryptocrystalline rnagnesite ore. a - The transrnission electron micrograph of the suspension showing 
adrnixture rninerals: clusters of arnorphous SiO, with very fine grains. deíorrnecl partic\es oť talc and facetecl quartz grains (111agn. 
5000x). b - Sepiolite aggregate . the e\ectron difťraction pattern oť pure sepiolite at the right upper corner oť the picture (magn. 
16 000x). c - An aggregate oť Fe-hyclrooxide (cx-FeOOH). This rnineral is represented by needle-shaped crystals which have the tenth 
share of rnicrons in length . d - Coarse-grainecl rnagnesite oť Satkinskoe deposit. rnagn. 36x. Liquicl inc\usions at the down leľt corner oť 
the picture (rnagn. 1 00x) 
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572 Minemlia S!omca. 33 (2001) 

Ul+---------------,-,-,,.:-,.--
1 ~ 20 +------------------,'.'-' ----

~ , 
O 15 +---------,c=...-----~.:...' ____ _ 

10-t------:-'-'----~-,,..L:---,,'---"::..,,,,,-,~~--

5 +--~~.,_--~.--'--~----=--------
o ~-~==;.~~J;.:--==*=----11'--

a b C d 

...,. SiO, ..... FeO .,._. CaO •-K•• MnO 

Fig. 5. The sample of brecciated magnesite with a zonal structure . 
The zones (a-d) have different chemical composition that is show n on 
plots in the upper part of the figure: see text for exp lanations. 

Oua11z forms fine grains, in average up to 10-20 microns 
in length. 

Dolomite can be found as individual crystals and segre­
gations of crystals. The crystals have prismatic habitus 
up to 20 microns in length. 

Fe-hydrooxide (a-FeOOH). This mínera! is represented 
by needle-shaped crystals, which have tenth share of mic­
rons in length. These crystals form aggregates up to 3-5 
microns in diameter (Fig. 3c). 

Banded magnesite are. Banding is due to position al­
ternating of highly sheared harzburgite beds with parallel 
oriented magnesite veinlets. Harzburgite is altered by 
weathering up to opal-kerolite aggregate (Fig. 3b). The 
banded magnesite ore has the low MgO content, below 
60-70 %. 

Brecciated magnesite. This magnesi te variety consists 
of fragments of different size from 1-2 to 10-15 mm. 
Sometimes these fragments are poorly seen with naked 
eye. In this case the magnesite ore has more heterogeneous 
structure in comparison with the massive sample (Fíg. 
3c-d). The parts of samples containing admixtures of 
SiO2 and CaO stand out on general ba<::kground oť magne­
site with a relatively high MgO content (85-90 %). The 
size of these parts reaches 0.05-0.3 mm. The average 
MgO content in such ore decreases to 68-70 %. Some 
varieties of brecciated magnesite are characterized by a re­
lati vely high Mn content up to 25 %. 

Admixture minerals are presented by Fe-hydrnoxide, 
dolomite, quartz, siderite, Mn-magnesite, sepiolite. 

The two varieties of brecciated magnesite are: a) the 
brecciated magnesite with fragments of ťoreign rocks (to­
tally serpentinous olivine, pyroxene and cerolite), b) the 
same without fragments oť heterogeneous rocks. 

a) The brecciated magnesite with fragrnents of foreign 
rncks (Fig. 3c-d). The content of fragments may be dille­
rent from IO to 20--1-0 %. As noticed above, the frag ­
ments are presented by cerolite and totally serpentinous 
olivine and pyroxene. Magnesite occurs as linings and ra­
dia! groups of prisrnatic and fi brous crystals in open spa­
ces between fragments of brecciated rock. Sometimes. thc 
serpentinite fragrnents are bordered by rims of prismatic 
magnesite crystals. These crystals form the ro11 s of suc­
cessive rims. Along the outward outline. the prismatic 
crystals pass into the magnesite rhombohedra enriched 
with Fe. Ca and Mn. A free space between fragment s 
ma) be filled by crystals of dolomite, siderite or Mn­
rnagnesite. 

b) Brecciated ore without fragments of heterogeneous 
rocks consists of fragments and cement. The fragrncnts are 
characterized by white colour. Their size is 10- 50 mm. 
The MgO content is high, up to 90-92 %. The cement is 
yellow , light brown due to occurrence of minule ílakes of 
goethite placed among rnagnesite crystals. The cementing 
rnass is characteri zed by a coarse-crystalline structure. The 
magnesite crystals have a columnar habit and radia! arran­
gement (Fig. 5b). As in the first case the crystals of 
cementing mass also are enriched by Ca. Fe and Mn. The 
ape.xes of these magnesite crystals contain dolomite, anke­
rite and kutnahorite component. The fibrous sepiolitc is 
present (Fig. 4b). 

ľrystalline magnesite. Magnesite is presented by rni­
nerals of white or grey colour. The structure is usua l!) 
coarse-grained. The individual crystals hme a good prono­
unced cleavage, hence - the rock name is sparry magnesite. 
The size of magnesite crystals varies between 0.5-20 111111 

(rarely 5--6 cm). Minerals of metamorphic genesis usually 
present admixture rninerals: talc, serpentine, chlorite. 
Chlorite is characteristic for magnesite of Satkinskoe depo­
sit. The chlorite aggregates fil! space between the grains or 
fragments in massive or brecciated magnesites correspon­
dingly (Fig. 4d). 

Geochemistry 

The chemical analyses were performed to compare crys­
talline and amorphous rnagnesites. The data for crystalli­
ne magnesite were in general compiled from literaturc 
(Shevelev and Urasina, 1983; Urasina et al., 1993). The 
analyses oť arnorphous magnesites are based on original 
materials. The Satka rnagnesites have homogeneous com­
position along the whole stratum over ~ 6000 m. The 
MgO content varies from 92 to 93 % (average from 130 
analyses). The CaO content does not e.xceed 1.5 %. SiO2 

is below 1.25 % and Fe2O3 is below the tenth share of 
percent (Fíg. 6). Magnesite of Savinskoe deposit i s che­
mically near magnesite of Satkinskoe deposit but has 
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flg. 6. The comparison of the chemical composition and X-ray features 
(small figure right) of amorphous (cryptocrystalline) and crystalline 
rnagnesites. Crystalline magnesites have more stable composition and 
more ordered structure then cryptocrystalline magnesites. Deposits: 
Sv - Savinskoe. St - Satkinskoe, Kr - Kirgiteiskoe, lr-1 - Torshak (cen­
tra! part), lr-2 - Torshak (marginal part, on an average). lr-3 - Sub­
zshirino; X-ray features - the sampl es : 1 - giant-grained magnesite. 
Karagai open pit, Satkinskoe deposit, 2 - cryptocrystall ine magnesite. 
Halilovskoe deposit, 3 - cryptocrystalline magnesite ("cabbage stone"), 
Habaminskyi occurrence. 4 - the same. with hydrooxicles Mn. :'i - cryp­
tocrystalline rnagnes ite ("cabbage stone"). Halilovskoe deposit. 

higher SiO2 content rcaching 2 . .5 %. MgO is partly che­
mical ly connected with Mg-silicates. lt is also chmacteri­
zed by the enhanced average amount of 0.24 % Mn. 
Many magnesite grains contain liquid inclus ions (Fig. 4d) 
with 150-200 °C ternperature oť hornogenization (Urasina 
et. al., 1993). 

Kirgiteiskoe deposit is characterized by magnesite \\'ith 
the high content of MgO up to 90-92 % and a relatively 
high SiO 2 content. Present are magnesite blocks with 
higher MgO content in comparison with rnagnesite of 
Satkinskoe deposit. 

The coarse crystalline and the cryptocrystalline (amor­
phous) rnagnesites have diťferent X-ray characteristics. 
The main reťlection of crystalline rnagnesite (Satkinskoe 
deposit) showed double sharp peak at 2.74 and 2.70 A, 
whereas the same reflection of cryptocrystalline magnesite 
has broader peak at 2.74 A with weak shoulder at 2.70 A 
(Halilovskoe deposit) (Fig. 6). 

Amorphous magnesites are more heterogeneous in 
comparison with crystalline magnesites. The deposits can 
bc separated into the blocks with diťferent content of 
MgO and admixture components. For example, Torshak 
deposit consists of two parts: the centra! part and the margi­
nal one. In the centra! part, the MgO content is 91-92 %: 
in the marginal one it is 78-87 %. The main admixture 
minerals are dolomite, amorphous silica, Mn-magnesite 
(possible kutnahorite?). 

The hetcrogeneity of chemical composition we can see 
even in one sample. ľhc Mn to Mg substitution can \ary 
from 16.0 % in the centra! part of the sample to about 
0.2 in crystals oľ brcccia cavities . The analogous compo­
sition change in this sample is characterized for some 
other components, for example SiO2 and CaO (Fig . .'ia). 
ľhe wide changes of chemical composition are found in 

the sample collected on Subzshirino deposit (Tab. 3, Fig 
5). The sample has brecciated structure. Vesicles are on 
contact of some fragments. A sufficiently high Mn and 
low Fe, Si and Ca contents characterize magnesite from 
the centra! part of sample. The magnesite crystals near oľ 
cavities pass into fibrous magnesite ríms and then in 
magnesite crystals oť rhombic habit with a rclativel) 
high Ca and Fe content. 

Condusion 

In nature, magnesite is ťound in two ťorms: as Cľ) pto­
crystall i ne (amorphous) and crystall i ne. The ťi rst one 
is formed by weathering of ultrabasics, the second - by 
recrystallization of primary sedimentary hypothetical sub­
stance. ll may be cryptocrystalline magnesite sediment 
saturated with H2O. 

In studiecl deposits, cryptocrystalline magnesite can be 
ťound not only directly in ultrabasics, but also in Sllľ­

rounding rocks (ťlysch, pyroclastic volcanic rocks and 
othcrs). However, in all cases these magnesitcs are in close 
proximity to ultrabasic massifs. Magnesite bodies occur­
ring outside ultrabasics could be formed as thc result of 
latcral infiltration of Mg-containing carbonic-acid waters. 
Another opinion is widcly spread among some Iranian 

Tab. 3 

Oxide 

MgO 93.2 
SiO, 1.2 
Al,O, 0.6 
FeO 1.6 
CaO 2.3 
MnO 0.00 
Na,O 0.05 
K,O 0.0:'i 
so, 

Total 100.0 

2 

92 .1 
3.9 
0.8 
1.2 
1.9:'i 
O.O 

100.0 

3 

92. t 
2.5 

0.61 
1.62 
0.34 

0.02 

100.0 

Chemical composition oľ rnag nesites 

4 :'i 6 

91.9 72.4:'i 90.1 
3.4 2.1 2.:'i 
1.36 0.0:'i 2.1 
0.9 13.4 2.2 
23 1 1.6 2.3 
0.3 0.1 0.3:'i 
0.0:'i 0.1 0.25 
0.02 0.07 0.1 
0.07 0.13 0.1 

100.0 100.00 100.0 

7 8 9 10 

91.71 78.2 80.4 :'i3.7 
3.:'i6 0.1 1. 1 0.3 

3.1 3.9 12.:'i 8.1 
1.63 1.2 5.9 37.7 
0.1 16.6 0.1 0.2 

100.0 100.0 100 O 100.0 

Deposits: 1 - Satkinskoe (average oľ 130). 2 - Kirgiteiskoe (average of 16:'i), 3 - Savinskoe (average of 118), 4-Torshak. centra! part (sample 
lr-1 ). :'i - Torshak. rnargin part (lr-2). 6 - Subzs hirino. centra! part (lr-3). 7, 8. 9. 1 O - Subzshirino. zonal sample (7 - centra! part. 8 - first inter­
mediate part, 9 - second intermecliate part, 1 O - marginal part). Analyses 1-3 ( Urasina et al., 1993). 
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cornmercial gcologists (verbal cornrnunication). According 
this , the deposits of this type are formed in 2 stages. The 
first stage is the leaching oť Mg2+ ľrom Mg-fe rrous silica­
les and previously dcpositcd MgCO3 during \\eathering 
and removing down oť carbonic-acid waters , containing 
Mg ions in a zone of increased temperature (re lated to ľor­
mer volcanic activity). The second stage is the deposition 
of MgCO3 from ascending wann waters in the upper lnels 
of the lithological colurnn. 

Relatively low average MgO content (75-88 %) is cha­
racteris tie for cryptocrystal Ii ne magnesi tes. The most 
widespread admixture minerals and rocks in cryptocrystal­
line magnesites are the ťragrn e nts of altered ultrabasics, 
amorphous SiO2 , dolomite, Fe-hydrooxides and other 
minerals. The heterogeneous fragments and particles, larger 
than IO mm can be separated by benefication usi ng the 
heavy suspension. The ťl otation is necessary to separate 
amorphous silica, dolomite. and Fe-hydrooxidcs. 

Magnesite of carbonate complexes occurs among 
crystalline rocks of different degree oľ metamorphisrn. 
Minerals of amphi bolite facies are characteristic for the 
East-Sayanskaya province deposits, talc and chlorite ľor 
the Uderei skaya provincc deposits and chlorite ťor the Sat­
kinskoe deposit. The chlorite is ťound directly in rnagne­
site ore of this deposit. The high MgO content is charac­
teri stic for crystalline magnesite deposits. However, dolo-

mite beds me constantly prcsent in rnagnesite series. The 
size oť ťragments after cru shing of magnesite ore is 
20-50 mm that is why the enrichment in hcavy suspension 
is possible. 
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Abstract 
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The Para ná talc dis trict is located in southern Brazi l and con tributes with 50 % oť the Brazilian pľO­
ducti on of thi s com modity. T he hos t ľOd.s of its taic deposits are dolomite rnarbi cs ll'hich be long 10 

a metavolcanosedirnentary seq uence of the l ta iacoca Group. Late Prorerozoic. Th is seq uence s uťfere d 

a strong cl uctile and rupt,le deformation wi th nappe st rucrures. The reg,on. during late tec ton ic process. 
was afľected by great transcurrent faults. The ta lc bociies are ve ins and irregular pocket s. ľhe talc 
mineral s are sparry and micro-crysta lline ones fo n111 ng mass ive and disse111inated ore deposits. The 
genesis of the depos its is metamorphi c and hydrothermal T here are lithostratigraphic. lithologi c. structu­
ral and morphologic cle posit contro ls that are used fo r prospecting in Paraná talc cli str ict. The contrast of 
electrical properties between talc bocli es and carbonati c host rod.s. makes poss ible and recommendable 
the appl ication of Spec tral lnduced Polari zation (SIP) and Resistivity methods for geophysical prospcc ti ng 
f'or tal c clepos its in Pa raná. In the past. mining in this district had causecl various environrnental impacts. 
but in recen t years, thi s proble m has been overcome. 

Kcy words: talc. genes is. control. explorati on. environmenta l impacts. Paraná. Brazil 

Introduction 

In Paraná State, Brazil , the main deposi ts of talc are 
situated in Castro and Ponta Grossa regions. T hese deposits 
belong to the Paraná talc di st rict which is constituted 
by approximately 40 talc deposi ts. The Paraná talc di strict 
is located in southern Brazi l (Fig. 1). The talc deposits 
in Paraná State contribute with 50 % of the Brazilian pro­
duction (Gondim, 2000b). 

Geological setting 

The host rocks o f the deposi ts in Paraná talc di strict are 
dolomite marbles of the ltaiacoca Group, Late Proterozoic 
(Figs. 2 and 3). This lithostrati graphic unit was described 
for the ťirs t tiene as ltai acoca Formation by Almeida 
( 1956) that focuses mainly dolomite marbles with the pre­
sence of strornatolitic features and diverse interpos ing 
quartzi te layers. Hasui et al. ( 1984) eleľated the I taiacoca 
Formation to group category. Souza ( 1990) de fined ľour 
formations of this group, one of them the Bairro dos 
Campos Formation that correspond to Tanque Grande For­
mation of Lima et al. (1993). This formation is composed 
by dolomite marbles (host of talc deposits) , quartzites. 
metacherts, phyllites, and ac id to basic rnetavolcanic rocks 
(tuffs and pyroclastics) described by Reis Neto ( 1994). 

The metavolcanosedimentary sequence suffered a strong 
ductile and ruptile tectonic deformation with nappe stľllc­
tures. The region, during the end of tectonic process, was 
affected by great transcurrent faults of NE direction. 

575 

The metavolcanosedimentary sequence was intruded by 
t110 batholit ic granite bodies: the Cunhaporanga and Trés 
Córregos granite complexes. situated respectively to NW 
and SE or the talc deposi ts area. These bodies are pol ydia­
piric granites, mainly syntectonic, dated on 550 Ma. 

The region presents several dolerite dykes of thickness 
from 5 to 30 meters, vertical to sub-vert ical dip, intruded 
during the Cretaceous. 

In the south of the region , the Proterozoic sequences 
and the granite bodies are overlaid by horizontal sandstone 
layers of Furnas Forrnation from the Devonian. These 
sandstones belong to the Phanerozoic Paraná basin. 

Characteristics and genesis of tak deposits 

The deposits of Paraná talc district have vein and irregu­
lar pocket forms. The talc minerals are sparry and micro­
crystalline, forming rnass iľe and disseminated ore deposits 
hosted by dolomite marbles. 

The talc is generall y in siru, but there are some deposits 
that present allochthonous concentration. This kind of talc 
mineralization is remobili zed by karstic di ssolution or by 
colluľionar process. 

The metarnorphic talc bodies are concordant with the 
regional NE trend of the sedimentary and rnetamorphic 
structures. The hydrothermal talc deposits are also concor­
dant, but some di scordant \·ei ns are fOlmd. 

The talc mineralizati on is pervasive in dolomite 
marbles fo rming deposits elongated in NE-SW direction, 
along the laye rs (S0) and ťaults. These deposits present se-



576 Mi11era lio Slornca . 33 ( 200 J) 

SOUTH AMERICA 

Pacific Ocean 

Pa~ta~Paraná 
~; Ribeira District 

~uay 
Argentína 

Atlantic Ocean 

(ľ! 

Fig. 1. The Paraná ta lc di s trict located in So uth crn Brazil. 

veral hundred meters in length (NE) and up to one hundred 
meters in width and depth. 

The talc minerals are mainl y white, but they are al so 
light green , li ght yellow and pink. The common impuri­
ti es are dolomite, chl orite, tremolite, seri cite, quartz and 

Fig. 2. Geo log ical map of th e Paraná ta lc d is trict - Castro/Socaväo reg ion. 

pyrites. The secondary Fe-ox ides are common impurities 
in talc depos its oť the Paraná di strict. 

AII deposits in thi s distri ct are mi ned by open pil methods. 
The dolomite marbles with di sseminated talc mineral s an: 
mined to ceramic use. The producti on in the region could 
be class ified in three kinds of talc: pure, middle pure and 
impure. 

T here are two kinds of mineralization processes of talc 
in the deposits of che Paraná talc di strict: 

1. Regional dynamothermal metamorphi sm (orogcni c 
metamorphi sm ). 

2. Hydrothermalism. 
There are three types of talc depos its in thi s distri ct: 
1. Talc deposi ts eon s ti tuted by metamorphic mi nera! i­

zati on. 
2. Talc deposits constituted by hydrothermal mincrali­

zation. 
3. T alc depos its with both kinds of minerali zati ons. 
The talc minerali zation was mainl y formed by the rea­

ction: 
3 CaM g(C0 3) 2 + 4 Si 0 2 + H20 = MgiOH)iSi -10 JO + 

+ 3CaC03 + 3C02 

Thi s reaction occurred in dolos tone during the regi onal 
metamorph ism. lt al so occurred in the dolomite marbl es 
during the acti on of hydrothermal sys tems associ ated to 
the intrusion of the granites. 

Prochaska (2000) sugges ted a simil ar genetic model oť 
hydrothermal transpo11 to talc depos its in Austria. 
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Fig, 3. Geological map of the Paraná talc Jístríct - Ponta Grossa Region. 

Now the IGCP -:\--+3 pro_ject is searching characteristics 
that would be evidencc to construct a genetic model with 
more precision in ľormation temperature, source of ele­
mcnts and solution that formed the talc mineralization. 
The research is focused on fluid inclusion studies and 
stable isotopes determination on talc minerals and their 
host rocks. 

Deposit controls and exploration 

There are several controls of talc deposits in talc Paraná 
district: 

1. Lithostratigraphic control: ltaiacoca Group (Late 
Proterozoic ). 

2. Lithologic control: dolomite marbles. 
3. Structural control: fault systems. 
-+. Morphologic control: dolerite dykes (direction NW, 

vertical dip) and quartzites (direction NE, subvcnical dip). 
These rocks are more weatheri ng resistant than the host 
dolomite marbles, protecting the talc bodies against the 
erosion (Fig. -+). 

The exploration of talc in Paraná considers these various 
controls. The structural and morphologic controls are deter­
mined by aerial photos and satellite images. sometimes 
geophysical magnetic methods are used to detect dolerite 
dykes configuralion. The contrast of electric propcrties 
between talc bodies and carbonatic host rocks, makes pos-
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sible and recommendable the application of Spectral lndu­
ced Polarization (SIP) and Resistivity methods for geophy­
sical prospecting oľ the talc deposits in Paraná district. 

Environmental conditions 

The First Paraná Plateau, where the talc ore deposits 
are situated. is a subtropical rcgion, with annual rainťalls 
up to l ,.:.J.00 mm and average temperature around 16 °C. 
Thi s humid environment was covered with huge arauraria 
tn::es that were exploited during two centuries for wood 
and ťirewood. Acid soil s restricted the agricultural activi­
ties to small subsistence crops and impoverished pasture 
for cattle, so that only familiar dispersed farmers Ii ved in 
this area. 

The talc mining activities based in small open pits 
require a multiplicity of mines, in order to maintain the 
production. The life span of each mine is vcry short, there­
fore it is common to find abandoned dirt roads and a pro­
fusion of mined areas that are sub_jected to erosion. 
landslides and sedimentation. Neveľtheless in the last 
decade, according to the new laws and environment reg u­
lation agencies, mining companies have started to recupe­
rate degraded areas. 

In order to dry the various kinds of talc e,tracted, it is 
necessary to employ se\·eral furnaces. Gas or wood 1\ith 
continuous reforestation are good choices as combustible. 
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Fig. 4. Morphologic contral of the talc deposits. Castra and Ponta Gra­
ssa region Paraná State - Brazil. 

Then, it is possible to avoid the use oť native vegetation 
that commonly happened in the past and caused enlmging 
oť the surťace oť clear cuts ond depletion oť the riparian 
ťorest. 

Economic aspects and use of the talc commodities 
of Paraná 

The State of Paraná produce 50 % of the talc produced 
in Brnzil. The annual production is approximatcly 
145,000 tonnes. In Paraná there are not economic reser­
ves oť pyrophyllite, so this mineral is not producted here. 

The talc oť Paraná. in its diťťerent purity grades. has 
ťound a steadily increasing number of uscs: 

1. Pure talc: used in paint. paper ťiller, food industries, 
special rubbers, pharmacy products, cosmctics and colour 
pencils. 

2. M iddle pure talc: used in rubbers. refractor> i ndustry 
and electrical and domestic ceramics. 

3. lmpure talc: used in ceramic to ci1 ii constľuction 
( flomi ng and rooľ material s). 

The production of the talc di~trict oľ Paraná ha~ been 
commcľciolized mainl> in Sao Paulo and thc states oť 
Rra1ilian ~outhern region: Paraná. Santa Catarim and Rio 
Grande do Sul. 
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Mantoľani ancl stuclent Tiago Rossi of thc Federal University of Paraná. 
for fruitful discussions. Thanks are extenclecl to Martin Radvanec and 
Zoltán Nérneth of Slovak Republic. the first leader and secretary oľ 
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Abstract 

UN~~~tl 
IGCP 443 

ľhe rnetavolcanosedi111entary complexes that occur in the centra! bel t of the Sao Francisco C raton in 
the State of Bahia. Brazil. are depicted by th e presence of Pb-Zn sulphi des . BIF. banded Fe-Mn, dol o-
111ite-111agnesite, and talc deposils. They represent the products of thc subaqueo us che111ical depositions 
in spec iali zed cvaporitic basins that took piace during the Paleoprotcrozoic tirnes. ľhe Serra das Eguas 
in the Brumado regi o n is the main producer area of 111agnesite of Brazi l and its ore re serves are up to 
150 rnillions tonnes. ľhe 111ain lithol ogies of the Serra das Eguas are those related to the lb itira- Brumado 
metavolcanosedimentary complex and the y include lithotypes derived from volcanic flows a nd tuffs. 
che111ical and. in 111inor proportion. clas tic sed i111enls. In thi s compl ex the 111agnesite-rich horizons are 
set between thc si licate facie s. at the slra tigraphic footwall and o rthoquartz ites or dol om ilic qu artzites . 
al the st ratigraphi c hang ing wall. The y constitute continuous s trata up to 700 111 in thickness and over 
1,300 111 in lenglh and lens-like bodies from facies variation in the siliceo us-dolorn iti c strata. More th an 
75 % of the ore re se rves is 111ade up oľ high quality crys talline rnagnesite that is classifi ed into three ty­
pes with the basis on thc MgO contenl of the sintered produced magnesia. 

Key word~: Brazil. Sao Francisc o C raton. Paleoproterozoic, 111etarnlcanosed i111en tary terranes. lbitira­
Bru111ado co111plex. rnagn esite deposits. Serra das Eg uas 

Introduction 

The Serra das Eguas is located northwest oť the town of 
Brumado in the southern portion oť the centra! beli oť the 
Sao Francisco craton in the State of Bahia (Fíg. 1 ). It is 
the main producer of magnes ite and it ranks second in the 
Brazilian talc production (DNPM, 2000). Although some 
records on the existence oť srarry magnesite crystals in 
the Brumado area go back to the end oľ the 19th century, 
this industria! raw material is assumed to be discm·ered 
there in 1938 by emerald prospectors and that soon moti­
vatcd some geologists to carry out a series of study in the 
area (e. g. Barbosa, 19-1-3; Leonardos, 19-1-3; Melo Jr., 
1943; Gama, 1946), I ts rati o na! exploration started in 
1945 when was made the ťirst technical work on the re­
serves and quality of the ore. whose data were later pub­
lishecl in the USGS Bulletin (Bodenlos, 195-1-). The Serra 
clas Eguas is a NNE elongated canoe shaped topographic 
feature, ťormed by a series of hills (hills means ··serra" in 
Portuguese). T hese are mac.le up by metamorphosed che­
mical sediments that stand up a bracbysynclinal structure 
ťlanked by Archean high grade schists (gneisses) in the 
eastern border, and by migmatites in the western border 
(Fig, 2). During the Transamazonian cycle (2.6 to 1.8 Ga) 
a tectonothermal episode occurred in this portion of the 
Sao Francisco Craton and it was marked by migmati-
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zation and granitization that culminated with granite ern­
placements. Pinto et al. ( 1998) presented good evidences 
that these granites are the product oľ crustal recycling pro­
cesses that took place from 1.8 to 2.2 Ga. Among the 
ťour mining companies that operate in the area the biggest 
one has an installed capacity located in the Catiboaba in­
dustria! , illage oť 330,000 tonnes/year oť sintered magne­
sia. Talc is commonly associated to the magnesite and in 
places it may constitute economical deposits. Its proven 
reserves that subordinately include those talc which is as­
sociated to the basa! silicate facies amount nearly 12 mil­
lion tonnes (Carvalho, 2000a). The distribution of the 
most important talc and magnesite dcposits is shown in 
the Fíg. 2. These depos its are quoted in Tab. 1 with the 
respective number. 

Geological ťramework 

The main lithologies of the metavolcanosedimentary 
complexes that occur in the centra! belt of the Sao Fran­
cisco craton in the State of Bahia werc previously consi­
dered by the author (Carvalho, 2000b). They comprise lit­
hotypes deri ved ťrom volcanic ťlows and tuffs. chemical 
and, in small proportion, clastic sediments. The volcani sm 
was alkaline to perialkaline and the volcanic rocks were 
al most entirely altered by the granitization-migmatization 
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bodies IhaI are ľonned b) ľacie'> 
1ariaIion in Ihe iron poor dolo­
mitic or ~iliceou, dolomiIic 
\a)er" IhaI la) on the arnphibo­
le-rich lithOI) pť, thal reprť,ťlll 

the ba,e oľ Ihe chťmiľal dľ­

po,it" in the Barrľiro-Colomí 
tSťnlo Sé area). lfoquira (Cl)n 
tendas area) and lbitira-Brumadu 
(Serra das Egucis area) com­
plne,. 
The Serra da, Eguas i, f0rmed 

b) an isolaIed ,eriľ'> of hill, 
Iha1 stand up 600 meIers m cr 
Ihe ,urrounding Archecin gnľ­
i,,-migmatiliľ complť\. lt Cľlll-
stitutes an el0ngatľd ") nľlin,1-
ri um ,InIcIure ťormcd b::, a Uť­
ľonned narro11 s::- ncl i nal II Iw,ť 

the main a\i', qri"e' in thľ 
N20°E and iL, 11 ť,tern h11rdľr 
11ci, ľaulted pťrpendiľuicirl:- 10 
the compres'>i1 ť stre,,ľs and ii 
11as IilIed to gi1e Ihe loca\ prľ­
,elll da) appearance oľ an i n1 er­
Ied ,tratigraph). Thi, N E-SW 
01 erthrust basculating fault 
,) ,lem is di,ruplľd b) a Sľl oľ 
fault, IhaI striel-- near!) par,tllľl 

to th,· N-L'i 0 W dirťľtion and thcit 
abu aľf ected both Paleoprote-

Neoproterozoic S. Francisco Supergroup 
Mesoproterozoic Espinhaco Supergroup 
Paleoproterozoic Metavolcanosedimentary Complex 
Archean Gneissic-Migmatitic Basement 

rozoic sequence and Archean 
basement. 
From the base to thc top the 

chemical metasedirnents which 
are present in the Serra das 
Eguas (Fig. 3) are classified in­
to the following groups of rock 

Fíg. 1. Location of the metavolcanoseclimentary complexes inclucling the ge neral geology of Central 
Bahia. 

processes into schistose rnaterials, including quartz-mica, 
quartz-sericite, quartz-chlorite, quartz-biotite, muscovite, 
chlorite and garnet schists. Carvalho (2000b) and Carval­
ho and Albuquerque (1996) described the facies variation 
of the chemical deposition and the rocks that were deri ved 
from it. From the shallow oxidizing to the deep reducing 
depositional zone these rocks include: itabirite (oxide 
facies of BI F) , rnetachert. ferrugi neous quartzi tes and 
orthoquartzi tes. banded carbonates-amphi boles-marti te 
(carbonate facies of BIF) and amphiboles-magnetite litho­
types (silicate facies of BIF). Sulphide facies which 
is rnineralized in lead and zinc is only reported in the Bo­
q ui ra com plex (Carval ho et al.. 1 982, 1997). Banded 
iron-manganese and manganese ťormations are only repor­
ted in the southwestern portion oť this.central belt, more 
precisely in the Urandí. Jacarací-Licinio de Almeida. and 
Caculé-Caetité complexes (Fig. 1) where they rnay be in 
association with BIF and they constitute the major im­
portant source of manganese ore in the State of Bahia. 
Magnesite occurs as continuous strata as well as lens-like 

suites: amphiboles-rich layers 
of the silicate facies. calc silicate rocks plus iron-poor 
magnesian-rich carbonate ťormation (IPMRCF). siliceous 
dolostones and dolomitic quartzites, ferrugineous rneta­
chert and itabirite (oxide facies oť BIF). 

The si!icate facies unconťorrncibly lies on the old base­
rnent and \oca\ly on the undifferentiated schists which are 
rnade up by schistose rocks derived frorn volcanic flolľS 
and tuffs . It corresponds to amphiboles-rich strata in 
which alternations of arnphiboles-rich and magnetite-rich 
bands rnay be noticeable. The comrnonest types of arn­
phi boles are those of the trernolite-actinolite and horn­
blende series. Subordinately occur amphiboles of the 
cummingtonite-grunerite series. Four talc occurrences 
(18. 19. 20, and 21) ťrorn those listed in Table I are typi­
cally related to this facies where talc occurs in association 
wi th arnphi bo les of tremoli te-actinol i te and hornblende 
cornpositions. The presence of arnphiboles is not restric­
ted to this facies, They are also present as sub-banding in 
the calc-silicate rocks and they rnay be locally reported in 
che magnesitic and dolomitic marbles of the IPMRCF as 
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Fig. 2. Geology of the Scrra das Eguas and distribution oľ the major magnesile and talc deposits. 

Tab. 1 

wel I as in the am phi boli tes de­
ri ved from mafie flows and that 
occur in the not di fferentiated 
schists at thc inte1face bet\\'cen 
the chemical sedi ments and the 
gneissic basemcnt. 
The iron-p oor mag11esia11-

rich carbonare fornwlion 
(IPMRCf) 01er!Ztys the Ztm­
phiboles-rich lithotypes oť the 
silicatc facies. lt is economical-
1) important because of the pre­
sence of the thick magnesitic 
horizons and deposits oť talc oľ 
good quality. lt must be noted 
that in the Serra das Eguas thc 
stratigraphical position of this 
magnesitic layers which may 
be in subordinate association 
with dolomitic lcvels corres­
ponds to that one positioned by 
thc carbonatc facies oľ a norma! 
worldwide BIF sequencc. Ho­
wcver, in the Ser ra das Eguas 
the FeO eon tent in thcse carbo­
natcs rarely exceeds 2 %. So it 
i s 111 uch lower than that one oľ 
19.3 % suggested by Jamcs 
( 195..J.) for the lower limit oť 
iron eon tent to defi ne Lhe BI F' s 
facies, and by this reason the 

The major ocurrences oľ ta lc and magnes ite of Scrra das Ég uas referenced as in Fig. 2 

Reference 
(cf Fig. 2) 

2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Name 

Morro Grande 
Campo de Dentro 1 
Campo de Dentro II 
Pedra Rolada 
Pedra Pedra 
Jatobá 
Pomba 
Salgada 
Bate Pé 
Boa Vista 
Fábrica 
Pedra de Ferro/Caliboaba 
Cordeiro 
Coité 
Cabacciras 
Pirajá 
Grava tá-Mineiro 
Taboa 
Grota da La vadei ra 
Morro do Sobrado 
Covil das Onc;as 
Siio Louren~o 

IPMRCF - iron-poor magnesian -rich carbonate ťormation 

Type of Ore 

Magnesite and talc 
Magnesite 
Magnesite and talc 
Ta lc and magnesite 
Magnesite (and talc) 
Magnesite and talc 
Magnesite 
Talc 
Magnesite 
Magnesite 
Magnesite and talc 
Magnesite 
Talc and magnes ite 
Talc and magnes ite 
Magnesite and talc 
Magnesite and talc 
Magnesite 
Talc 
Talc 
Talc 
Talc 
Dolomite 

Host Lithology 

IPMRCF 
IPMRCF 
IPMRCF and silicate facies 
IPMRCF and si licate faci es 
IPMRCF 
IPMRCF 
IPMRCF 
IPMRCF and silicate facies 
IPMRCF 
IPMRCF 
IPMRCF and silicate facies 
IPMRCF 
IPMRCF 
IPMRCF and sil iceous dolostone 
Siliceous dolostone and IPMRCF 
I PM RCF and s iii cate facies 
IPMRCF and siliceous dolostone 
Silicate facies 
Silicate facies 
SilicaJe facies 
Silicate facies 
Siliceous dolostone 
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lntrusive Granite 

ltabirite and 
Ferrugineous Metachert 

Orthoquartzite and 
Doloitic quartzite 

Calc~silicate 

Magnesite rich layers 

Amphiboles rich layers 

Not differentiated schists 

Archean MigmaticM 
Gneissic Basement 

Ä 
diopsidite, tremolitite, quartzite. 
epidosite, steatite, and dolomi­
tic and magnesitic marbles. 

Fig. 3. Geological cross section of the central portion of the Serrn das Eguas (moclificd frorn Oliveira 
et al. 1997). 

Si!iceous do!ostones and do­
lomitir quart::,ites occur as ver­
tical facies variation by enrich­
ment in silica of both IPMRF 
and calc silicate suite. They 
have a mosaic texture madc up 
of coarse to medi um sized grai ns 
of dolomite and quartz. These 
minerals may be concentrated in 
elongated seams and clots and 
they are present in variable pro­
portions that Jed to thc forma­
tion oľ lithotypes that change 
in composition from almost 

IPMRCF can not be considered as carbonate facies 
of BIF. 

The rate si!icate suite of rocks mainly oceurs in the 
western ťlank of the Serra das Eguas synclinorium and it 
is in the same stratigraphie position as that one positio­
ned by the previously described magnesian carbonates. 
With this in mind it may be assumed that the calc-silicate 
rock suite are the product of siliceous metasomatism on 
chcmical sediments. Carvalho (2000a, b) pointed out that 
the silica that affccted the preexisting chemical sediments 
may result from the processes of migmatization and gra­
nitization. However the idea that this rock suite may re­
present a primary facies variation of the IPMRCF may 
not be neglected. This compositional change in the 
IPMRCF which is marked by the increasing in silica to­
wards west may resulted from a more efťective silica 
supply during the depositional process. Thc mineral as­
semblage includes diopside. tremolite-actinolite, quartz, 
hematite, cpidote, talc, dolomite, and magnesite. In pla­
ces the content of one of these mincrals may overwhelm 
in proportion the others to constitute rock types like 

pure orthoquartzite to siliceous 
dolomitic marbles. 1t is suc­
ceeded in the vertical by the 

orthoq uartzi te. ferrugi neous rnetachert and i tabiri te. 
Metachert and oxide faries oj BIF: In the Serra das 

Eguas metachert and itabirite mainly occur overlaying the 
siliceous dolostones and dolomitic quartzites). This is 
a silica-rich facies that occurs (a) as metacherts and quart­
zites that rnay contain accessory amounts oľ carbonates. 
iron oxide and silicate minerals that ma) be concentratcd 
in poor defined bands, (b) ťerrugineous chert that may gra­
dc into truc itabirite. 

Geochemistry of magnesite deposits 

The most of the exploited magnesite is medium grain 
sized carbonate of distinct white, pink, green, gray, and 
chestnut shades of colour. The crystal chemistl')' of the 
magnesite (Carvalho, 2000b) shows a MgO average eon­
tent of -W.96 %, and <l % of CaO, <0.6 % of FeO, <0.3 % 
of SiO2 • <0.1 % of MnO, <0.01 % of BaO. traces 
(<0.006 %) of Al 2O3 and absence of TiO 2• NiO and 
Cr2O3. These compositional values are not too much diťťe ­

rent from those ones of the bulk composition of the dis-

Tab. 2 
Types of exploitecl rnagnesitic ores classified on the basis of the cornposition of the cornrnercial products 

Cornercial product Type 
of 
ore 

Kind oľ ore treatrncnt Chemical specification (%) 
Calcination Calcination 

plus sinterization MgO CaO SiO, Fe,03 

Type caustic Caustic magnesia 87-92 2.0-2.5 1.0-4.0 <-l5 

Type Mg-s Magnesian sinter > 92 S 2.0 S0.6 2.5-4.5 

Type I M- 1 O Sinter 93- 95 s 1.0 S 1.5 s2.s 
Type 2 M-20 Sinter <C 95 s 1.0 s 1.0 s2.o 
Type 3 M-30 Sinter <C 98 s 1.0 < 1.0 < 1.0 

(Source: Silva. 1973 and Queiroz. 1997) 

Major clestination 

Metallurgy. cerarnic. cosrnetic. fcrtili zer. 
phar1110-chemicals. an ima! ration. pa[Jer 

Refractory industry to rnanuf'acture seľernl 
types of proclucts to rneet the neecls of thc 
cernent, steelmaking. non ľerrous ancl glass 
industries 
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Tab. 3 
Data of ô' ·'C and 8 1xo frorn the Boquira ( 1) and the lbitira-Brurnado (2) rnetavolcanosedimenta ry cornplexes 

Analyzed sample 

Coarse sparry calcite frorn the mineral assernblage 
of the Pb-Zn sulfide ore 

Sparry calcite from crosscut vein in the s ilicate facies 

Mieri tie carbonale frorn transi tional zone betwee n 
carbonate ancl s ilicate facies (>5 % of martite) 

Silicate bearing carbonate facies (tre rnolite > 25 % 
and < 5 % rnarti te) 

Sil icate bearing carbonate facies ( < 1 O % trernol ite , 
<5 % chlorite. accessory rnartite. traces of talc) 

White crystalline rnagnesite 

White crystalline rnagnesite with accessory tourrnaline. 
ancl reddi sh spots 

( Provenance) 
Rernarks 

( 1) Gang rninera l. Boquira Pb-Zn ore 

( 1) Hos t unit or the Boquira Pb-Zn ore 

( l J Pelaclo. Cruze iro ancl Sobrado rnin es or Boquira 

( l) Contenclas dolornitic marble 

( 1) Magnesite bearing Contendas dolornitic marble 

(2) Serra das Eguas 

(2) Serra das Eguas 

White crystalline magnesite with accessory thin tourrnaline (2) Serra clas Eguas 
crystals 

Fine crystalline chestnut rnagnesite with accessory 
magnesite 

(2) Serra das Eguas 

Concre tionary mieri tie white rnagnes ile ( 2) Sena clas Eguas 

Sparry dolomite (2) Serra das Eguas 

Fine grainecl whitish dolomite (2) Serra das Eguas 

Fine grainecl white dolornite with cli sseminated accessory (2) Serra das Eguas 
a111phibole crystals 

Grayish crystalline dolomite with accesso ry amphiboles (2) Serra cl as Eguas 

Gray crystalline dolomite with accessory arnphibole (2) Serra das Eguas 
an d pyroxene 

Fine crystalline chestnut clolornite with accessory arnphibole (2) Serra clas Eguas 

(Sources: 1 - Carvalho et al.. 1982 and 2 - Lima. 1986) 
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tinct magnesitic lithotypes. The range in the compositio­
nal data presented by Queiroz ( 1997) for the majority oť 
the ex ploi ted ore is: 47.6 to 51 .O % ťor L.0.1. , 4-+.4 to 
48.2 % ťor MgO, 0.3 to 2.6 o/o ťor Si 0 2, 0.1 to 1 .5 o/o 
for Fe20 3 , 0.1 to 1.0 % ťor CaO a'nd O.O to 0.6 o/o for 
Alz()3• For the deposits located in the siliceous dolomitic 
facies (e. g. Lagoa do Fundo e Barroca do Veado) it is re­
ported a higher degree oť impurities that shifts the average 
MgO content to 40.7 %. The ore is classiťied into five 

types which are in accordance with the MgO content of 
the commercial sintered magnesia (dead burned magnesite) 
(Tab. 2). Besides magnesite the mineral assemblage in­
cl udes accessory to traces content of dolami te, q uartz, 
opal, hematite, talc, amphiboles (mainly tremolite) , tour­
maline (mainly dravite) , calcite, garnet, and chlorite. 

Although there is no precise stratigraphic control, the 
most important talc deposíts are spatially related to the 
magnesite deposits. The stable isotopic analyses and car-
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Fig. 4 , Dispersi on diagram of the isotopic dat a presented in Tab. 3 plus data presented by Me!eLhik 
el al (2001) for Paleoproterozoic magnesian carbona tes of the NW-Fennoscandian Shie ld (Caption. 
• - magnesite , ♦ - other carbonates). 
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Fig. S. Dispe rsion o ľ the ox ygen and carbon isotop ic data show n in Tab. 3 for magnesi te from Bahia. 
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Fig. 6. Sketch oť the idea lized sedimentary model fo r the Serra das Eg uas. 1 - archean basement, 
2 - ťeeder zone, 3 - volcanic tuľfs and fl ows, 4- silicate faci es, 5 - lPMRCF, 6.A - siliceous carbonatc, 
6. B - dolomitic quartzite, 7.A - metac hert and o rthoquartzite , 7.B - ferrugineous chert and itabirite. 
8 - high so luble salts ("salada" type deposit), 9 - Paleoproterozoic atmosphere 

bon and oxigen reponed by Li­
ma ( 1986) for magnesi te and 
dolomite from the Serra das 
Egu as are presented in Tab. 3 
that also bri ngs data frorn Car-
1 alho et al. ( 1982) for carbona­
tes frorn the Boquira complex 
that includes a rnagnesitic sam ­
ple from Contendas, south of 
the Boquira Pb-Zb District 
(Fig. 1 ). These data are plotted 
in the ô 18Os,1ow and ô 13C po[J 
diagram of Fig. -1- that also in­
cludes the a\'erage valucs obtai­
ned by Melezhik et al. (2001) 
for Paleoproterozoic magnesian 
carbonates from the NW-Fenno­
scandian Shi eld. The ô I80 5" 1ow 
and ô13Cros data brought in 
Tab. 3 for the magnesites ľrom 
the Serra das Éguas are pl otted 
in Fig. 5. For the magnesites 
from Serra das Éguas the 
51.1cPDB and ô18Os MO\\ ľalue s 
range from -2.55 to -0.25 %c 
and from 17.52 to 21.5-1- %ú. 
Lower 8 13Cros and higher 
ô18OsMow is yiclded for thc ve­
ry fine concretionary magnesite. 
For the coeval dolomites the 
ô13Cros values s hiťt from -1.92 
to 0.9-1- %c and the ô 18O5" 1011 
from 16.91 to 23.23 %o. From 
these data i t is observed that (a) 
in spite of the ma gnesitc tends 
to be slightly richer in the hea­
vy isotopes than the overal! 
coeval calcite-dolomite carbona­
tes, the magnesite and carbona­
tes from the Serra das Eguas ex­
hi bit a similar enrichment in 
180 relativ e to 160 , (b) in the 
dispersion 8180 X 5uc diagram 
the dala from the Serra das 
Eguas magnesites exhibit 
a well defined linear distribution 
lľhose expression of re grcssion 
is 8 I3C = -0.77746 8 180 + 
1-1-.287, and (c) the carbonates 
from the Boquira and Ibitira­
Brumado metavolcanosedimen­
tary complexes are much more 
enriched in I2C than those ones 
from the NW-Fennoscandian 
Shield. 
The higher 813C values for the 

Russian deposits are interpretcd 
by Melezhik et al. (2001) as 
due to perturbation of the car-
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bon cycle of the global carbon reservoir at 2.0 Ga which 
is assumed around 5 and from !oca! factors to include 
evaporation and high bioproductivity. 

Final discussion and conclusion 

The common geological features reported ľor the meta­
volcanosedimentary complexes shown in the Fig. 2 sup­
port the idea that they were generated by si mi lar processes 
that took place from the end of the Archean to the begin­
ning of the Proterozoic (Carvalho, 2000b; Carvalho 
et al., 1997) and throughout an extensive but already indi­
vidualized crustal segment. There is no stratigraphic con­
trol for the chemical sediments; in many places they have 
a gradual metasomatic contact with the gneissic-mi gmati­
tic basement or they grade i nto the volcanic deri ved rocks 
that constitute undifferentiated schists . In these places it 
is frequent the associ ati on with calc-silicate rocks and tal­
cification. Carvalho (2000b) al so pointed out that the 
common geological features of these complexes reflect 
a common origin in which history the chemical deposi­
tion occurred from brines in specialized basins. Similar 
genetic model has been recently suggested for the depos its 
of the Liaoning and Jilin Chinese provinces (Jiang et al. , 
2001 ), the deposits oľ eas tern Austria (Prochaska, 2001 ), 
and for the Russian deposits described by Melezhik et al. 
(2001), Krnpenin and Ellmies (2001 ), and Nasedkin et al. 
(2001) . However as it is suggested from the model s of 
Prochaska (2001 ) and Krupenin and Ellmi es (2001 ), if it 
is ass umed that in the Serra das Eguas there was migra­
tion of descending Mg-enriched fluid , meteoric water was 
not significantly involved in the process. This interpreta­
tion is assi gned by the fact that the magnesite from 
the Serra das Eguas is slightly enriched in 160 (average 
8180 = 19.8 %a) in compari son with the coexisting dolo­
mitic carbonate (average 8 180 = 20.3 %o) . In the Serra das 
Eguas thick layers of magnesite mainly occur in the 
IPMRCF, as facies variation of dolomitic and subordina­
tel y in the calc silicate strata. The latter mostl y occur in 
the western border of the synclinorium structu re . As it 
was pointed out by Oli veira et al. ( 1997), there is a lateral 
and vertical change in the composition of the IPMRCF. 
Actually it is recorded in thi s stratigraphic unit that the 
silica, alumina , total iron, and lirne contents increase 
upwards and towards west. Thi s chemical change may be 
due to (i ) the post depos itional metasomatism as well as 
(ii ) an inheritance frorn the original cornpositi on of the 
chemical sediments. To accept the statement as in (i) it 
must be assumed that the siliciťied rocks that are mai nl y 
reported in the western border are the product of the si Ii­
ceous metasornatism on the primary chemical sediments. 
This kind of metasomati sm resulted from the processes of 
migmatization and gran itization and it was al so respon­
si ble for the generation of talc in places where these pro­
cesses affected the silicate facies and the carbonates oť the 
IPMRCF. The other assumpti on as it is considered in (ii) 
is explained by subaqueous deposition in an evaporitic 
basin whose main supply of the chemical components in 
the brine may be hot springs from hydrothermal sources 

that percolated deep fractures. These feeder zones ma) in­
cl ude the NE-NW fault sys tem, and as it can be seen 
from the sketch in Fig. 6, this spati al situati on made 
poss ible the presence of more silicified carbonates in the 
western portion of the depositi onal basin . 
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Abstract 

UNť~~~ 
Magnesite and talc deposit s are cons idered as so111e of the most important mineral re sources which 

are widel y requested in sev eral industries (chernical, rnetallurgical, pharrnaceutical, cerarnics ... etc). 

IGCP 443 

In Egypt. rnagnesite an d talc ores occur in man y localities in the centra! and so uth e rn parts of the 
Eastern Desert. These ores are usuall y associated with metavo lcanic and se rpentinite rocks. The ores 
a re found in different grades of purity and relatively of economic re se rvcs. ľhe geological field rela­
tions. rnineralogi ca l and chernical co111positio ns as well as the phys ical and thermal properties of rnag­
nes ite and ta lc ores are presented in the pape r Assessment of Egy pti an magnesite and talc varieties 
have to be done through study ing the optimum parameters controll ing the te ch nol ogical properties using 
various techniques. 

Key word~: rnagnesite, talc, location. qualitative, characteri stics . Egy pt 

lntroduction 

The present article aims to review the mincralogy, che­
mistry and mctallogeny of the Egyptian magnesitc and 
talc ores in correlation to similar dcposits in other pans 
of the world. Understanding the metallogeny as well as 
the correct characterization of such deposits will hclp in 
prospecting and improve chances to find new ore depo­
sits. This will be achieved by characleri zation oť the ore 
deposits and selecting the appropriate mínera! process to 
meet the industria! speciľications . 

Evaluation of Egyptian magnesite and talc deposits 
involvcs studying the gcological sctting and dctermination 
oť the physical, mcchanical, mineralogical , chemical and 
ceramic properties. This was obtained, in the laboratory, 
using petrographic, minerological and physico-chcmical 
as well as heat treatmcnt techniques. The present review 
will tackle carcfully the geological field studies, mineralo­
gical and chemical characterization , studying of firing 
characteristics, following up the vitrification behaviour as 
well as porc-si ze di stribution, microstructurc, microche­
mistry (EDAX) and phase compositions (EI-Sayed, 1995; 
Salem et al., 1997; EI-Maghraby, 2001 and EI-Sharkawy 
et al., 2001). The obtained results from the previously 
mentioned techniqucs will lead to selecting the appropriate 
mineral processes to meet thc diťferent industria! specifica­
tions. 

In thc last decades, interes! was given to some varieties 
of Egyptian mínera! resources such as magncsite and talc 
as a source fo r many bas ic industries (paint s, plastics, 
rubber, paper, cosmetics and ceramics, ... ). Thc suitability 
of these ores depends on the study oľ mineralogical and 
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chemical compositions as wcll as the physical characte­
ristics oť magnesite and talc orcs from some localities in 
the Eastern Desert of Egypt. 

Talc-carbonate rocks 

Talc-carbonate rocks in the Eastcrn Dese11 of Egypt are 
frequently encountered and were extensively studied by 
many geologists. T he first was Hume ( 1907) who gave 
them the name Barranúya ro cks and later ( 1934) reponed 
that the talc-carbonate rocks are of light-colour, very soft, 
talcose and weather into cavities giving the rock a caver­
nous appearance. Attia ( 1948) agrced with Hume that the 
cavernous appearance in the talc is due to the leaching oť 
the carbonales by weathering. These rocks consist mainly 
of talc and dolomite with minor amounts of antigorite 
and magnetite. The parent rocks include both duníte and 
peridotite (lbrahim, 1942; Amín , 1955 and Shukri and 
Lotfi, 1955). 

According to EI-Raml y and Akaad ( 1960), the serpenti­
nites of the Eastern Desert are typically oľ the Alpine-type, 
characterized by the alteration of the peripheral parts of 
large masses into talc-carbonate rocks as a result oľ CO2 

metasomatism. Basta and Abdel-Kader (1969) studied the 
Egyptian talc-carbonatcs from differcnt localities and 
stated that these rocks consi st mainly of densely packed 
aggregates of magnesite embedded in a fine-grained matrix 
of talc. 

Akaad and Noweir ( 1972) studied the serpentinites and 
their associated talc-carbonates along the Qift-Quscir road. 
They reported that these scrpentinites are highly suscep­
tible to alteration into talc-carbonates as a result of car-
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bon dioxide metasomatisrn. ľhe talc-carbonates are of wide 
distribution and occur either in close association with 
serpentinites or as separate isolated masses. 
ľhe Geological Survey of Egypt ( 1992) studied 

the talc-carbonate rocks in Gabal Beizah area and reported 
that the talc-magnesite rocks are the most dominant variety 
in this area and occur as irregular masses. ľhe proved 
talc-ore reserves reach up to six million tonnes and the 
possible ore reserves reach some 500 million tonnes. 
Within the same ťramework, AI-Wakeel ( 1996) studied 
the talc-carbonate rocks at Wadi EI-Barramiya. Atud and 
Gabal EI-Mayit areas. ľhe talc-carbonate at these localities 
are a mixture of talc and magnesite in different proportions 
in addition to srna\! amounts of dolomite. serpentíne mi­
nerals and chlorite. 

Magnesite 

Magnesite contains 52.4 % CO2 and .:J.7.6 % MgO. Pure 
magnesite is rarely found in nature. lt is usually associated 
with small percentages of calcium, silicon, iron and alumí­
nium. Except silica the presence of these elements does 
not reduce the utility oť magnesite for various purposes. 
ľwo main commercial grades of magnesia are derived from 
magnesite (MgCO3): dead burncd magnesite (refractory) and 
light burned magnesite as many industries use magnesia 
(MgO) as a raw material. Generally. magnesite occurs in 
two physical forms: 
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fig. 1. L ocation map of magnes ite (x) and talc (black triangle) deposits. 

1. cryptocrystalline. amorphous or microcrystalline. 
2. crystalline. macrocrystalline or sparry magnesite. 
Formation of magnesite took place from Protcrozoic 

till Recent. ľhe genesis oť magnesite can be explained b) 
metasomatism; magnesites formed by CO2 metasomatism 
and those formed by Mg metasomatism. A practical 
nomenclature of magnesite type could be: 

1. Cryptocrystalline, in or affiliated with ultramafics. 
2. Crystalline, in sedimentary or metamorphic rocks. 
3. Evaporitic magnesite (sali ne or hypersaline). 
-l-. Magnesites in intramontain fresh water basins. 
Concern i ng magnesi te deposi ts i 11 the worl d. Pohl 

( 1990) classiľied magnesite deposits allover the world into 
two t1pes: Veirsch rype forming large stratabound lenses 
within marine platfonn secliments, which are oľtcn inter­
bedded dolomites with limestone and siliccous clastic 
sediments and Kraubarh rrpe which is charactcrized by 
snow-white cryptocrystalline or microcrystallinc magnc­
site grains and mostly occurs as monominera\ic ľeins or 
stock present in ul tramafic rock s i ne! uding serpentini tcs. 

Egyptian magnesite deposits are mainly of thc Krau­
bath type. Several authors studied these deposits in diffe­
rent localities (e. g. Umm Salatit , EI-Rubshi. Saqi. 
EI-Mayit, Ambaout, Abu Dahr, Sul-Hamcd and othcrs) in 
the Eastcrn Descrt of Egypt. ľhe gcology. mineralogy. 
chemistry and origin of the Egyptian magnesite dcposits 
were recent!) studied by cl -Sayed ( 1995). Salem et al. 
(1997). Hassan et al. (1997). EGSMA(l998). Ghoneim 
et al. (1999), EI-Maghraby (2001) and Nasr (2001). ľhe 
ore occurs as thin veinlets, stockl1orks and pockcts oť diľ­
ferent lengths and widths. Magnesite was formed during 
the process oť serpenti nization to accommodate the e.xcess 
Mg released during this process (Hussein, 1990). 
ľhe petrographic textures and mineralogy oť the magne­

site veins oť EI-Rubshi area were studiecl by Salem et al. 
(1997) using both stained thin and polished scctions. X-ray 
difťraction (XRD), infrared spectroscopy (IR) and thermal 
analyscs (Dľ A, TG. DTG). ľhese analyses revealed that 
the mínera! components are represented b) magnesite. 
dolomite, calcite, lizardite and rare amounts of talc. Accor­
ding to the chemical analyses results, the magnesite depo­
sits of Gabal EI-Rubshi are classified into: medium-gracle 
ore (--14-38 % MgO), low-grade ore (38-30 % MgO) and 
very low-grade orc (<30% MgO). 
ľhe principal use of magnesite is in the prcparation oľ 

basic refractory bricks. lt is manufactured ľrom dcad bur­
ned magncsite at a temperature of 1600-800 °C whcn al! 
carbon dioxide is driven off. For commercial purposes, 
magnesite is graded into two categories: < 2.5 % silica 
and< 2.5 % up to 4 % silica. Magnesite usually contains 
impurities like CaO, SiO2 , Fe2O3 and Al 2O3 , of alt the 
impurities, silica is regarded most delcterious . 

Magnesite deposits are widcly distrihuted in 18 locali­
ties in the centra! and soulhern Eastern Dcsert. Magnesite 
occurs as packets, veinlets and veins of variable lengths 
and widths within the ophiolitic serpentinites and talc­
-carbonate rocks. High purity and relatively good rescrves 
characterize the magnesite deposits of Umm El ľuyur 
El-ľahtani, Sul-Hamed, Abu Dahr, EI-Rubshi ancl Wadi 
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Saqi areas. Ghoneim et al. ( 1999) classificd the magnesite 
ocurring in the ophiolitic serpentinite rocks of Gebel 
EI-Maiyit into fivc types: pure magnesite, dolomite­
-magnesi tc, dolomite-! izardi te-magnesite, lizardi tc-magnesi te 
and I izardite-dolomite-magncsite. Nasr (2001) reportcd 
proved and possible magnesite reserves in Sul-Hamed area 
by about 5 million tonnes. Two grades are recorded: high 
grade magnesite with <1.5 % CaO and low grade magnesite 
(up to 3.5 % CaO). 

Tak 

Talc is hydrated magnesium silicate 1Mg3Si4OJ0(OHhl 
or 3MgO, 4SiO2.H 2O which corrcsponds to 63.5 c:7o 

SiO2, 31.7 % MgO and 4.8 % H2O. lt has a very widc 
range of industria! applications which are based mainly 
on physical properties such as softness and whiteness as 
well as chemical inertness. The different grades of talc are 
used as ťillers in the insecticides, paper and rubber indus­
tries; as a pol ishing agent ťor rice and as an ingredient in 
cosmetics. In the ceramics industry, it is used in the ma­
nufacture of electric insulators and wall tiles; and recently 
talc is mixed with kaolín and bauxite ťor the production 
of cordierite as low-thermal expansion reťractories (Salam, 
1993). Talc is valued commercially for its soľtness , 

smoothncss, whi teness, 1 ubricating power, hi gh surface 
area, oil absorption, high electrical and heat conductivity, 
higher rcťractorincss and low thcrmal cxpansion. Com­
mercial grades of talc range from very \vhite , high purity 
cosmetic grades to grey low-grade matcrial (< 50 % talc). 
The mineralogical composition of the commercial talc is 
very important because oť the diťferent cerarnic properties 
oť the associating minerals (e. g. trernolite, quartz, carbo­
nates, serpentíne minerals and chlorite). The compact 
variety of talc is called steatite. Soapstone is a massi1e, 
soft, greenish talcose rock containing a mixture of talc 
and various othcr rnagnesium minerals. Thc impure and 
hard variety is called potstone. 

Egyptian talc deposits were rcported in thc centra! and 
south Eastern Desert in the ťollowing localities: Wadi 
Reida, Darhib, Gabal Khashir, Wadi Gulan EI-Atshan, 
Abu Marwa, Abu Gurdi, Sir Disi, Wadi Kharit and Mikbi. 
Talc deposits ťrom EI-Atshan, Darhib and Khashir areas 
are considered arnong the best qualities of the world. 
Recently, two new localities are disco\·ered at Wadi EI-Allaqi 
(southeast oť Aswan) with the same high grade. The depo­
si ts at these localities yield several grades of talc. The irn­
pure grades contain minor amounts of tremolite, chlorite 
and sornetimes muscovite. 

At Darhi b, talc lenses are confi ned to a thick shear zone 
cutting the basement rhyolite. At Atshan, steatite is pro­
duced from a shear zone running through the grccnstones 
(mctadolerites, metaandcsitcs and arnphi boli tes). On the 
whole, the forrnation oť talc and steatite is due to the hyd­
rothermal alteration oľ some basic rocks. This alteration 
took place along shcar zones which rnight have developcd 
in thc Late Pre-Cambrian. 

The average chemical composition of the Egyptian talc gi­
ven by many authors is 58.86-63.3 % SiO2, 28.03-31.93 % 
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Fíg. 2. Di s tribution of serpentin ites and talc-carbona te rocks in the 
Egyptian Eas tern Desen. 

MgO, 0.43-9.43 % Ali03 and 0.12-3.60 % Fc2O3. Based 
on the mineralogical cornposition, the Egyptian talc deposits 
\\ere classified into: pure talc, talc--chlorite, talc-trernolite, 
talc--quartz and talc--quanz--chlorite. 

Although the talc paragenesis with certainity is not an 
easy matter, Hassan ( 1969) came to the concl usion that 
the steatitic deposits at Atshan were formed by metaso­
matic replacement oť original metavolcanics of basic to 
interrncdiate composi tion through hydrotherrnal sol utions 
rich in Si. CO2, Fe, S. etc ... active along shear z.ones. 

Abdel-Kader et al. (1982) suggested that talc deposits at 
Atshan appear to havc bcen originally volcanic rocks oť 
tholeiitic affinity which have bcen subsequcntly transfor-
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med by successive phases of metasomatism (serpentiniza­
tion, sericitization, and steatitization) into serpentinites, 
talc and talc-carbonate rocks. 

Because commercial talcs commonly contain silicates of 
similar compositions, chemical analyses are not reliable 
guides to mínera! content. Particle shapes are thought to 
be significant in some properties, rate of settling, durabi­
lity of paint and shrinkage of ceramic bodies (Basta and 
Kamei , 1969). 

The ground talcs as well as the fired bodies generally 
fall within a whiteness range of 97 to 99 % (whiteness of 
magnesium carbonate = 100). Oil absorption from 40 to 
47 ml/l00 gm are ordinarily specified in paint industries. 
lt may be lowered by adding highly tremolitic material. 
Talc to be marketed to the paint and textile industries is 
ground (99.5 % ) to less than 50 microns. Talc to be used 
as tile ingredient is ground (96-99 %) to less than 75 
microns. The major uses of the different grades of talc are: 

1. Manufacture of wall ti les due to its high fusion point, 
low shrinkage, resistance to heat shock, whiteness when 
fired . 

2. As an extender in paints, due to the whiteness of the 
ground material, high oil absorption, chemical inertness, 
grindability to small particle sizes. 

3. As a filler in textiles, paper, and rubber industries as 
well as an in secticides carrier, due to the whiteness, soft­
ness, smoothness, chemical inertness, good retention and 
grindability. 
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Abstract 

JGCP 443 

Mineralogy of five technological talc-serpentinite rock sam ples. collected from EI-Naba and EI -Tharnila 
EI-Zarka areas, occurring in the Egyptian Eastern Desert. were investigated by polarizing microscope. 
electron microprobe microanalyzer as well as XRD and OTA methods. In order to assess their suitabili­
ty for ceramic manufacturing. their ťirin g characteristics were stuclied by following their vitrification up 
to 1500 °C. Phase composition and pore-size distribution as well as rnicrostructure and microchernistry 
of selected vitrified sarnples were investigatecl using XRD. pore-sizer as well as SEM and EDAX techni­
qu es. The talcose sample is rec omrnended for applicati o n as a cerarnic tile manuťacture. On the other 
hand. talc and serpentinite sarnples are recommended for the production oť cordierite and ťorsterite 
ceramics. respectively 

Key words: talc. serpentinite. mineralogy. microcherni stry. microstructure. Eastern Desert, Egypt 

Introduction 

In Egypt, talc deposi ts are found in great reserves at 
many localities in the Eastern Dcsert, c. g. Darhib, EI­
Atshan and Marahiq (Geological Survey of Egypt, 1992). 
Serpentinites are widely distributed as large masses and 
blocks within the metamorphosed volcanosedimentary 
succession of the central and southern Eastern Desert 
(Abu El Ela, 1996) . In addition to serpentinites, these 
rocks include talc-carbonate rocks with minor chromiti­
tes, chlorites and talcose rocks. Geology, mineralogy and 
geochemistry of talc deposits and their hosting rocks have 
been studied by Salem et al. (1987), Husse in (1990), 
Awad (1997), Salem (1992) and Salem et al. (1997, 
1999). Some othcr workers assessed thcse deposits for ce­
ramics and other industries, e. g. Basta and Kamei ( 1970), 
Sallam et al. (1986), Ibrahim et al. (1994), Hassan et al. 
( 1997) and H ussei n et al. ( 1997). Moreover, G ros_jean 
( 1985, 1993) studied the reaction taki ng place in pure and 
chloritic talc and recommcnded the use of chloritic talc for 
the production of cordierite. Also, Nakahara et al. ( 1994) 
attri buted to the fonnation of corclierite from talc. 

The aim oť the present work isto study the mineralogy 
ancl firing characteristics oť EI-Naba ancl EI-Thamila 
EI-Zarka deposits and their host serpentinite rocks in 
order to assess their suitability for manufacturing of some 
varieties of ceramic products. 

Geological setting 

Serpentinites, talcose rocks ancl talc deposits of EI-Naba 
and EI-Thamila El-Zarka areas which situatecl in the cen­
tra! part of the Egyptian Eastern Desert between latitudes 
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25° 8' and 25° I1 'N and longitude 34° 20' ancl 34° 28' E 
are studied (Fig. 1 ). These rocks occur as irregular masses 
ancl shear pocls structurally emplaced within metavolcanic 
rocks in boch areas and are generally associated with talc­
carbonate and talc chlorite rocks. Two types of serpentini­
tes are distinguishecl in the southern part of Wacli El -Naba: 
a relatively soft greyish ancl brown serpentinite as well as 
harcl greenish type. ľalc-carbonate boclies are soft, light­
creamy or buff colour and exhibit characteristic cavernous 
appearance. At Wadi El-Thamila EI-Zarka, talc is exposecl 
as lense-like bodies associatecl with talcose rocks. 

Experimental techniques 

Five technological samples representing talc, talcose 
ancl serpentinite rocks of EI-Thamila are reťerred to as 
T-I, T-2 and T-3, while K-I and K-2 are the syrnbols used 
for EI-Naba talc ancl talcose rocks, respectively. Mineral 
chemistry as well as calculated mineral formula were cle­
termined using an electron-probe microanalyzer (EPMA) 
of Camscan (Model EEM). Mineralogical and chemical 
compositions of the field and technological samples are 
also given. X-ray cliffraction (XRD) ancl diťferential ther­
mal analysis (DT A) methocls were appl iecl. A PW 1390 
Philips diffractometer and a Perkin Elmer 7 Series ther­
mal analyzer were usecl. On the other hand, a VRA-33 
X-ray fluorescence- (XRF) spectrometer was appliecl for 
cletermining the chemical composition (major and some 
trace elernents) . For studying firing characteristics, the 
technological talc-serpentinite fine powders were semi-clry 
pressecl into cylinclrical samples. The shapecl samples 
were firecl on magnesia spinel refractory plate between 
1200 and 1500 °C with an interval of 50 °C. Five cylin-
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Fig. 1. Locati on map of studied area. 

ders from each technological sample were fired at each 
temperature. Firing characteristics were studied by follo­
wing up their vitrification behaviour up to 1500 °C as 
well as by investigating pore-size distribution, micro­
structure, microchemistry and phase composition of the 
vitrified samples. Phase composition lľas determined b) 
XRD, whereas a Philips Scanning Electron Microscope 
(SEM) attached lľith a computerized EDAX unit was 

Tab. 

applicd for studying microstructure and microchcmistry. 
On the other hand. a Micromeritics Pore Sizer was used 
for determining of pore-si ze distribution. 

Results and discussion 

Minera!ogy 

According to the mineral assemblages revealed by mic­
roscopic examination oť the ťield samples, they could be 
classified into four main types. The ťirst type is impure 
talc as represented by TI and K I sam ples. Talc is the pre­
dominant mineral lľith subordinate amount oľ chlorite. 
Electron microprobe analyses (Tab. 1) show relatiľe 
enrichment in SiO2, MgO and Al 2O3 lľith depletion in FeO 
in EI-Thamila (Tl) talc as compared with EI-Naba talc 
( K-1). The chemical composition of EI-Thamila and El-Na­
ba talc is represented by structural formulae respcctiľel): 

Mg56I Fe2+ o. I5Cr00 IS i7 60OI0(OHh and 
Mg53sFe2+ 0.37S i7 6P 1o(OH)2 

The second type is composed of al most equal amounts 
oľ tremolite and chlorite with minor talc and antigorite 
minerals. Mineral chemistry data (Tab. 1) confirm the 
presence o ľ calcic-amphibole , i. e. tremolite (Lcakc, 
1997). The third type is mainl)- composed of chlorite-talc 
as rcprescnted by K2 sample. lt shows predominant fine­
grnined talc whereas chlorite exists as small green shreds 

Chemical composition of the minerals prcsent in the Talc ore sampks 

Mínera! Talc Chl orites Tren10lite 

Ore type Talc Chlorite-talc Tremol i te-talc 

Sp. No. T -2 K-26 K-1 K-20 K- 24 K-26 T-1 T-12 T-1 

SiO, 65.65 6-:171 65.18 37.26 33.50 37.48 33. 19 37.25 58.7 1 
TiO, 0.00 0.08 0.00 0.00 0.36 OOO 0.01 0.00 0.05 
Al ,Ó, 0.04 0.06 OOO 16.75 22.11 16.00 23.71 14.85 0.62 
FeO 1.54 5.03 3.74 !5.00 12.12 12.52 10.95 11.05 4.39 
MnO 0.04 O 00 0.02 0.35 0.15 O. 16 0.17 0.09 0.17 
MgO 32.53 29.76 30.86 30.58 31.54 :n.10 3 1.49 32.92 22.93 
CaO O 00 0.04 O 00 0.08 O 00 0.11 O.O! 0.1 1 13.07 
Na,O 003 0.09 O.OS 0.00 0.00 0.03 0.40 0.00 0.02 
K,O 003 0.00 0.03 O.O ! O.O! 0.36 0.00 O.O! 0.05 
Cr,0 3 0.11 0.23 0.00 OOO 0.21 1.20 0.00 3.72 0.00 
o 0.00 O.O! 0.00 0.00 0.00 0.02 O 00 0.00 O 00 
Total 99.97 100.00 99.92 100 01 99.99 100.00 100.00 99.99 100.00 

Carions/22 (0) Cation s/28 (0) 23 (Ol 

Si 7.602 7.626 7.621 6.4 14 5.713 6.418 5.632 6.372 7.830 
Ti O.OOO O.OOO O.OOO O.OOO 0.046 O.OOO 0.005 O.OOO 0.005 
Al 0.006 0.009 O.OOO 3.396 4.441 3.227 4.738 2.992 0.079 
Fe' ' O.OOO O.OOO O.OOO O.OOO O.OOO 0000 O.OOO O.OOO 0.484 
Fe'+ 0. 150 0.566 0.366 2.159 1.729 1.793 1,554 1.581 0.006 
Mn 0.004 O.OOO 0.002 0.051 0022 0.023 0.024 0.013 0.0 19 
Mg 5.614 5.961 5.379 7.847 8.019 8.195 7.966 8.395 4.559 
Ca O.OOO 0.006 O.OOO 0.015 O.OOO 0.020 0.002 0.020 1.868 
Na 0.007 0.023 0.019 O.OOO O OOO 0.010 O 132 O.OOO 0.005 
K 0.004 O.OOO 0.004 0.002 0.002 0.079 0000 0.002 0.009 
Cr 0.010 0.024 O.OOO O.OOO 0.028 O 162 O.OOO 0.503 O.OOO 
o O.OOO 0.002 O.OOO O.OOO O.OOO 0.012 O.OOO O.OOO O.OOO 

T-1. T-2 , T-12 sampl es from El-Tharnila area: K-1, K-24. K-26 , K-29 sarnples from El -Naba area 
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Fig. 2. XRD patterns of the talc-serpentinites technological samples. 

intimately intergrow with talc. Microprobe analyses of 
chlorite (Tab. 1) revealed that it belongs to clinochlore 
and penninite according to Hey's classiťication (195--J.). 
The ľourth type is serpentinite (sample ľ3), which is ma­
inly composed of antigorite associated with small amo­
unts of chlorite, talc and carbonate minerals. Antigorite 
occurs as fibrous aggregates or shreds while opaque mine­
rals are represented by magnetite. 

XRD patterns and OT A curves of the technological 
sam ples confirm their mineralogical composition by mic­
roscopic cxami nation. Fíg. 2 show s that TI and K I sam­
ples are mainly composed of talc. beside mi nor amounts 
oť chlorite. This is also conťirmed from their OTA 
curves. Concerning the talcose samples, (i. e. T2 and K2) 
their XRO patterns (Fíg. 2) show that T2 is mainly com­
posed of tremolite and chlorite, whereas chlorite and talc 
are the main minerals detected in K2. Fig. 2 also con­
firms that T3 sample is related to serpentinite rocks. It is 
mainly composed oť antigorite in addition to minor amo­
unts of chlorite and talc minerals. 

The XRF chemical analysis data of the technological 
samples as summarizcd in Tab. 2 have also supported their 
mineralogical composition, XRO, and DT A investigations. 

In conclusion, talc of both El-Naba (K 1) and El-ľhami­
la El-Zar ka (ľ]) areas is of low-grade type. It is conside­
red as non-aluminous and ťerruginous talc and mainly 
composed oľ talc mínera! associated with some chlorite, 
and accessory minerals, e. g. chromite and magnetite. On 
the other hand, both areas include some talcose rocks. 
EI-Thamila talcose (T2) is mainly composed of tremolite 
and chlorite minerals at the expense oť talc, whereas 

EI-Naba type (K2) contains al most equal amounts of talc 
and chlorite. ľhe presence of tremolite as a major mineral 
in EI-Thamila talcose raises its CaO content up to 
::::9.5 o/c at the expense of their MgO and SiO2 contents. 
Samples oť EI-Thamila area include ťe rruginous serpenti­
nite (T3) which is rnainly composed oť antigorite \vith 
mi nor chlorite, talc and carbonate minerals. 

Firing rhararteristirs 

In order to assess the suitability of the studied tale-scr­
pentinite rocks for eeramie industries, their firing charac­
teristics are ťollowed up on firing up to 1500 °C. Oensiťi­
cation behaviour oľ the fired samples are followed in rela­
tion to the changes occurred in their phase composition 
and micmstructure. 

Fig. 3 exhibits densification parameters oť EI-Thamila 
and El-Naba samples, respectively in terms of bulh: densi ­
ty and apparent porosity as ťunction oť firing tempernturc 
up to 1500 °C. lt is ev ident that talc (TI and K 1 ), chlori ­
te-talc (K2) and serpentinite (T3) samples are densiťied b) 
liquid phase, i. e. vitrified ata steady rate up to 1350 °C. 
This is indicated from rising their bulh: density up to ma­
xima 1350 °C with simultaneous decrease of apparent po­
rosity down to minima at this temperature. This is attri­
buted to the development oť increasing amounts oľ liquid 
phase on firing such ferruginous talc-serpentinite sam ples 
between 1200 and 1350 °C. These samples mainly con­
sist of SiO2 and MgO as well as Fe2O3 (Al 2O3 ). in addi­
tion to variable amounts of other impurity oxides 
(0.70-2.--J.0 %) namely, transition-metals. calcium and al­
kali oxidcs (Tab. 2). The coexistcnce of such level of the 
impurity o.xides results in lowering the binar) eutectic 
temperature oť MgO-SiO2 system (Te= 1543 °C) to less 
than 1200 °C (Bergeron and Risbud. 198--J.). This leads to 
develop increasing arnount of liquid phase on firing 
between 1200 and 1350 °C. 

On further firing up to 1500 °C, vitrification process is 
deteriorated due to the development of excessive amounts 

Tab. 2 
Chemical analyses of tec hnological sa mples of talc and serpentinites 

Locality El-Tha,nila area El-Naba area 

Sp. No. T-1 T -2 T-3 K-1 K-2 

SiO, 60.93 55. 13 52.17 60.17 52.81 
TiO, 0.05 0.05 0.0-l 0.14 0.66 
Al 2O 1 0.77 5.25 0.29 0.95 733 
Fe,O , 5.80 5.43 6.81 6.27 8.28 
MnO 0.14 0.40 0.25 O. 15 0.27 
MgO 26.94 18.62 26.92 26.02 20.18 
CaO 0.12 9.45 1.27 0.23 0.62 
Na,O 0.13 0.36 0.53 0.06 0.05 
K,O 0.24 0.03 0.02 0.03 0.03 
P20 5 0.05 0.02 0.04 0.06 0.28 
Cr,O, O. IO O.IO 0.12 om O.OJ 
NiO 0.90 0.80 1.00 O.OJ 0.00 
L.O.1 5.04 5.40 12.10 5.87 9.36 
Total 1O1.21 101.04 101.56 100. 19 100. 10 
MgO/SiO2 0.44 0.33 0.52 0.-13 038 

Sainples T-1. K-1. Talc. Sainples T-2. K-2 Talcoser rocks. Samples 
T-3 Talc-serpentinite 
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Fig. 3. Densification pararneters of the studicd technological sarnplcs. 

oť liquid phase, which leads to redecrease oť bulk density 
with reincrease oť apparent porosity up to 1450 °C. This 
is ťollowcd by partia! melting at 1500 °C. On the other 
hand, ta!cose sample (T2) is completely vitrified on firing 
only up to 1250 °C and partia! ly mel ted at 1300 °C. This 
is mainly due to its apprcciably higher content oť I ime 
(Ca O = 9.45 % ). Thc presence of s uch amount of Ii me, 
beside SiO2, MgO, Fe2O3 , Al 20 1 and othcr impurity oxi­
des leads to signiťicant change in its phasc composition 
with the development oť high liquid-phase content at tem­
perature as low as 1250-1300 °C (Bergeron and Risbud, 
1984). Thereťore, T2 sample was excl uded ťrom further 
study and recommendcd ťor application as a tluxing mate­
rial in ccramic-tiles manufacturing. 

Yitrified talc (T 1) and serpentinite (T3) sam ples were se­
lected to investigate their pore-size distribution as well as 
phase composition, microstructure and microchcmistry. It 
is cvident that most of the largc open-pores of both sam­
ples were closed by liquid phase during its vitrification up 
to 1350 °C. Most oť the open pores oť both samples have 
sizcs below l µm. In talc sample, pore sizes are concen­
tratcd at 0.1-1.0 µm, whereas finer sizes exist between 
0.02 and 0.2 µm. Some larger pores with sizcs ranging 
between 1 and l 00 µmare detectcd in both sam ples. 

Thc microstructure of vitrificd talc and serpcntinite sam­
ples was investigated by SEM, while their microchemistry 
was revealed by EDAX-point analyscs. Talc sample shows 
agglomerated ens tati te particles wi th different sizes and 
rounded edgcs. These particles contain some Al 20 1, Cr2O3 

and/or Fe20 1 in solid solution and include bright phase in 
its interstitial spaces. The latter phase is iron-rich Mg-sili­
cate containing some Al 2O3 and Cr2O3. On the other side, 
serpentinite sample, shows large enstatitc patch bonded by 
roundcd particles of iron-rich forsterite and enstatite phases 
with bright and light grey colours, respectively. 

The presencc oť enstatite and ťorsterite in vitrified ser­
pcntinite sample is supportcd by XRD which exhibits al­
so that vitrified talc sample is mainly composed of ensta­
tite, in addition to cristobalite and tridymitc silica mine­
rals. Thc low MgO/SiO2 ratio of the talc sample (Tab. 2) 

is responsible ťor the coexistence of free silica minernls af­
ter its vitrification up to 1350 °C. Meanwhile the increase 
of this ratio in serpentinite sample, leads to the ťormation 
of forsterite bcside cnstatite according to the binary 
MgO-SiO2 phase diagram (Bergeron and Risbud, 1984). 

In conclusion, serpcntinite sample is recornmended for 
rnanufacturing refractory ťorsterite ceramics, after the addi­
tion of proper arnount of purc raw or calcined magnesite be­
ťore its firing to produce grains mainly composcd of ťorste­
rite (2MgO.SiO2). Due to the low MgO/SiO2 ratio oť talc 
sample, it is recommcndcd ťor manuťacturing cordierite ce­
ramics (2MgO-2Al 2O3-5SiO2) after correcting its chemical 
composition by adding thc proper amount of raw kaolin. 
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Ahstract 

ľalc deposits in Japan were formecl by metasomatism of serpe ntinite in meramorphic roc ks and in the 
Palcozoic to Meso zoic sedirnentary rocks. Accurnulative dornestic procluction of ta\c in Japan 
( 1953- 1999) is appro., imatel y 3.8 rn illi on tonnes . occup1ing a re latiľely low rank arnong the talc-produ­
cing coun tries in the worl d. Follolľing the change of the mocte oť use, mineral aggregates contain ing 
mineral s orhcr than talc were expl oited as talc. 

IGCP 443 Key words: talc. producrion. ind ustria\ rn ine ral. Japan 

lntroduction 

Talc is used as a source of fine-grained powdery mate­
rial. In this regard , the category of "talc" as a mineral 
commodity includes not only talc, but also white powder 
of Mg-chlorite and antigorite in Japan. In this report, the 
talc as a mineral commodity is named as "talcose ore." 

Types of "talcose ore" 

Talc deposits are genetically classified into t11·0 m3:jor ty­
pes as fol lows: (1) Deposi ts metasomatized from sedi men­
tary carbonate fonnations; (2) Dcposits metasomatized from 
serpentinites. All of the talc deposits in Japan bclong to the 
second type (Hi rano and Sudo, 1994). Soft green schisl is 
also included into the category of " talcose ore'' in the offi­
cial mineral statistics report. Talc deposits and '"talc-like" 
deposits in Japan are classificd in terms of mineral compo­
sition into che following thrcc types: (1) Deposits compo­
sed mainl y of talc; (2) Deposits composed mainl) oť talc 
and carbonates; (3) Deposits composed mainly of the mine­
rals other than talc. Thi s class ification is shmrn in Tab. 1. 

Talr (Tipe A) 

Deposits oť this type are found along the boundary bet­
wee n serpentinitcs and hosting pelitic schists of regional 

Tab. 

metamorphic belts. Thi s type is characteri zed by hi gh 
contents of talc, but dimension oť each ore body is small. 
Therefore, dcposits of this type were mined at early time sin­
ce the l 900s and the majority was mi ned out by the I970s. 

Talr + Carbonates (7)pe BJ 

This type of ore deposit is also originated from serpcn­
tinite. The schistose parts with lo\ľer carbonate contents 
were e.\ploited b) underground mining at the beginning 
of mining. After thc 1970s, mass i1e pans 1ľith higher con­
tents of carbonates lľCre also exploited because of Lechni­
ca! developmenl of machinery for exploitati on and pulve­
ri zation. The size of ore bodies is comparati1 ely large, but 
the) contain a considerable amount of carbonatc minerals. 

Others (Type CJ 

This type of ore is soft chlorite schi st derived from ma­
fie volcanic rocks containing less felsic minerals. II was 
mi ned since 1960s in Kanra-Ogawa area in centra! Japan. 
Al che beginning of mining, ore bodies composed oť pure 
talc were exploited. But, later, due to the exhaustion oľ 
the reserve and new use of powdery materials into 
bui ldi ng materials (as pai nt carrier), the mi ning shifted 
for soft schistose rocks composed mainl) o ť chlorite and 
amphibole . This type of ore contain s impurities such as 

Classification of talcose ore de posi ts 

T ype Majo r mi nera! 

A talc 

B talc. carbonalcs 

C chl orite 

Original rock 

serpcntinitc 
(ultra mafi c rock ) 
seqJentinitc 
(ul t rarn aľ i c rock) 
111aľi c rock 

Note 

od urring in \ow-g rade mctamorphic rocks of green schi st facies or epidote-arnphibolite facies 

occurri ng in IO\•\ -grade rnctamorphic rocks and in sed imentary rocks of the Pal eozo ic-Mesozoic age 

chlorite-rich part of green schisrs 

595 
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Fig. 1. Distribution map of talcose ore deposits in Japan. Relative sizes 
of deposits are based on the total mine production from the areas. 

feldspars, epidotc, pyroxene and quartz. lts use has been 
decreasing since 1990s. 

Distribution and mode of occurrence 

Talc deposits metasomatized from serpentinitcs are distri­
buted in accordance with the distribution of serpcntinite 
bodies in metamorphic belts in Japan. Representative de­
posits are, from north to south, Matsumae (South Hokkai­
do), Hitachi (lbaraki Pref.), Kanra-Ogawa area (Gunma and 
Saitama Pref.), Sekinomiya (Hyogo Pref.), Shikoku area 
(Kochi and Ehime Pref.), Nishisonogi (Nagasaki Pref.), 
and Sangun (Yamaguchi and Fukuoka Pref.) (Fig. 1; 
Tab. 2). Many of the ore deposits are formed in serpentini­
te bodies. or along the boundary between serpentinite and 
the hosting crystalline schist (psammitic schist and pelitic 
schisl). The mode of occurrences of some representative 
deposits is described here in some more details. 

Type A examples (Talc deposirs in Shikoku) 

Talc deposits in Shikoku are associated with small ser­
pentinite bodies hosted by pelitic schist in the Sambagawa 

metamorphic bclt (Fig. 2). In the pelitic schist around thc 
orc bodies the garnet and biotite occur bcing fonned b) the 
Sambagalľa rcgional metamorphism of the Jurassic to Cre­
taceous age (Higashino, 1990; lsozaki and ltaya, 1990). 
Known deposits Besshi, Funaki, Fujiwara, Shirataki. and 
Nishinomine are classified as Type A. 

Size of ore bodies is small, with thickness of the pai1 of 
talc concentration of 0.5-2 m. In many cases, zonal structu­
re is observed within the ore bodies (Fig. 3). Scale of each 
ore body is ata range of 100-500 tonnes. They were exploi­
ted by underground mining, and were mi ned out by the 1960s. 

Similar talc deposits are distributed in Kanra-Ogawa in 
the Sambagawa metamorphic belt of centra! Japan, San­
gun in the Sangun metamorphic zone (West Japan). and 
Nishisonogi in the Nagasaki metamorphic zone (Kyushu). 

Tvpe B exa111ples ( Hirarhi ralr deposits) 

Talc deposits in the Hitachi area are associated with 
small serpentinite bodies distributed in the Hitachi meta­
morphic rocks of the Cretaceous age. The ore bodies are 
classified as Type B. 

Pelitic schist around the dcposit is rcgionally metamor­
phosed to epidote-amphibolite facies: Namely, biotite­
muscovite-andalusite in pelitic schist, and hornblcnde-epi-

Fig. 2. Distribution map of talc ore deposit and ultra111afic rock 
(serpentinite) in Shikoku. 

Tab. 2 

Area 

Matsu111ae 
Miyamori 

Hitachi 
Kanra-Ogawa 

Sekinomiya 
Sangun 
Shikoku 
Nishi sonogi 
Kumamoto 

List of talcose ore deposits in Japan 

Name of deposit or mine 

Matsumae, Iwabe. Yugan. Inakurazawa 
lwanezawa. Kunimine 

Asahinata, Hase, Sato 
Ni hon talc. Kanra, Yawata , Matsunaga 
Sugiura. Mayama 
Seicho, Asakura 
Kagawa, Abe. Sue 
Shirataki. Besshi. Funaki, Arakawa 
Nishinihon . Konoura 
Sanno-Akamatsu 

Ore type 

B 
A? 

B 
A 
C 
B 
A 
A 
A 
C 

Major (and mi nor) 111ineral Size of each ore body etc. 

talc. chlorite. magnesite, (dolomite. antigorite) 
talc, tremolite 

talc. magnes itc. (dolomite. chlorite) 
talc. chlorite. (antigorite. calcite. tremolite) 
chlorite , actinolite. (epidote. albite. pyroxene) 
talc. (magnesite, quartz, chlorite) 
talc 
talc, chlorite. (dolomite) 
talc. chlorite. (dolomite) 
antigorite. (chlorite) 

I .000-50,000 tonnes 
meta111orphosed by 
Cretaceous granite 
1 .000-50.000 tonnes 

50-1.000 to1111es 
> 100.000 tonnes 
>50.000 tonnes 
50-500 tonnes 

50-1 .OOO tonnes 
50-500 tonnes 
>50.000 tonnes 
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Fig. 3. Zonation of the Besshi talc deposit (Type A) occurred between 
serpentinite and host pelitic schist in the Sambaga"a metamorphic 
belt . Shikoku (Uchida, 1960) . 1 - graphite-sericite-quartz sc hi st. 
2 - chlorite-sericite (-tourmaline) zone ( IO cm width). 3 - actinolite 
zo ne ( 1 O cm ). 4 - talc zone ( 170 cm). 5 - talc carbonate zone 
(20 cm). 6 - serpentinite. 

dote-oligoclase in mafie schist (Tagiri, 1973). In this area. 
Sato, Asahinata, and Hase deposits are known (Fig. 4). 

Size or each ore body is comparati1ely large, thickness 
of the part of talc concentration reaches 10-20 m. 
The following mineral zoning is observed from serpenti­
nite toward the center of the depos it (Fig. 5): 

(1) serpentinite (antigorite) 
(2) talcose serpentinite zone (talc-magnesite-antigorite) 
(3) talc-carbonate zone (massive; more than 40 % of 

magnesite with talc) 
(4) carbonate-talc zone (less than 40 % carbonate minerals; 

talc-dolomi te-magnesi te-chlori te) 
(5) talc-dominant zone (talc predominant) 

Sizc of each ore body is ata range of 1,000-5,000 ton­
nes. By thc 1960s, underground mining was operated targe­
ting talc-dominant zone and carbonate-talc zone. Later, 
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Fig. 4. Di stributi on map of talc ore deposit (Type B) and serpentinite 
in the Hitachi area. 

exploitation was switched to open pil m111Ing, and talc­
carbonate zone became an additional target. 

Talc depos its ofType Bare also distributed in che Mat­
sumae area. Hokkaido (Bamba and Ya_jima, 1974). They 
are associated with serpentinite bodies in the slightly me­
tamorphosed scdiments of siate intercalated with limesto­
ne and chert of the Paleozoic to Mesozoic age. 

\ 

210 

200 .·~:~-•'·· 
Debris Tolc-dominont zone Corbonote-talc zone Tolc-carbonate zone 

Serpenlinite & 
talcose serpentin ít e 

Li + 
+ 

Meragobbro Crystal line sch1st 
(Akazawa formorionl 

Fig. S. A map show ing occ urrence of the Asahinata talc cleposit 
(Type B) in Hitachi area . 

The deposits of Type B show the following common 
characteristics: (1) large content of carbonate minerals; (2) 
massive shape of ore body ; and (3) relatively large size of 
ore bodies. Large content of carbonate mineral s and irre­
gular massi ve shape of ore bodies strongly suggest that 
thcse depos its were formed by hydrothermal acti vi ty rel a­
ted to felsic magmati sm (Hirano and Fujinuki , 1985). 

Talc deposits in the Sekinomiya area (Hyogo) contain 
a considerable amount of carbonate minerals, and are cha­
racterized by the as sociation of quartz with talc ores. 
However, they are classified as Type B in thi s report. 
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Tab. 3 
Chemical composition of talc ore 

Area Matsu mae Miyamori Hitachi Hitachi 

Deposi t/Mine (co ncentrate) lwane bashi Hase Asahi nata 

SiO, 63.28 54.42 29.28 37.50 
TiO~ 0.02 0.00 OOO 
Al ,Ó, 0.24 1.17 0.90 0.52 

tot. Fe,03 7.24 
Fe,03 0.72 5.26 3.14 
FeO 2.80 2.74 1.88 

MnO 0.03 0.09 0.03 
MgO 25.93 26.94 34.26 34.76 
CaO 0.03 2.90 0.09 0.07 
Na,O 0.12 0.03 0.03 0.04 
K,O 0.02 tr O.OJ O.IO 
P,O .s 0.01 0.00 0.00 
H,O· 6.63 337 1.98 
H~O 0.1 4 
CO, 22.50 18.98 

lg.loss 7.28 
Cr,O_, 0.01 0.76 0.25 
Total 99.98 99.98 99.29 99.25 
Ref B. Y. 74 Tsu. 50 H. F 85 H. F 85 
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Fig. 6. Change of domestic production and import for talcose ore. 
(Data fro111 MITL 1945-99) 

Mineral and chemical composition of ores 

Talc ores produced in Japan contain impurities such as 
carbonates (dolomite, magnesite and calcite), amphibole, 
chlorite, antigorite, magnetite and/or pyrite. As to chemi­
cal composition, iron content is usually at a level of 
5 wt. % (Tab. 3) . 

Production, import and use 

Mining of talc in Japan started in around the I900s targe­
ting Type A in western Japan for the use as rock pencils. 
After the 1930s, talc of high quality was imported from 
China and the Korean Peninsula. After the I950s, both 
domestic production and import quickly increased as the 
demand for paper, ceramics , and paint and insecticide 
carrier boosted. Annual domestic production recorded at 
about 180,000 tonnes in 1974 as the highest record, but 

Sekino miya Shikoku S hi koku l\ishi sonogi 

Seicho Besshi Funaki Konoura 

60.1 O 59.50 60.53 58.78 

2.83 0.06 2.86 1.28 
5.68 4.83 5.42 

1.6-+ 
2.84 

25.42 28.64 27.50 28.46 
0.83 O. 17 1.50 1.48 

0.!5 

4.54 5.02 1.46 4.96 

99.40 98.22 99.42 99.4-+ 
CeAs 65 U T. 73 Uchi. 60 UM. 58 

has ťallen dolľn to about 20,000 tonnes in recent years 
due to thc insufficient quality. being gradually rcplaced 
by imported talc (Fig. 6). 

Domestic talc is high in iron content in general, being 
causing pale bluish gray or pale greenish gray color. The­
refore, its use is limited for paint and insecticide carrier. 
Soft crystalline schists (chlorite schist) contain amrhibo­
les such as actinolite, partly resernbing with its acicular 
shape the asbestos. Their use has been decreasing since 
around 1990 because of this reason. 

Annual talc import has been about 250,000 tonnes 
recently. Main exporting countries are C:hina. Australia, 
and Korea. Arnong thern , C:hina shares more than 50 % 
of the total. The impo11ed talc is mainly used as high-gra<.t 
white powder rnaterials, mainly for paper (ťm coating oľ 
high quality paper such as calendars), cerarnics, cosme­
tics. welding rods, and paint carriers. 
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Abstract 

UN~~~~ 
IGCP 443 

Magnesitc and talc deposits associated with serpentinised ultramafic rocks and metased imentary se­
quences are locatecl at difľerent parts of India. The most important mag nesite deposi t is confinecl to de­
formecl and metamorphosed peridotite set in the high graclc granu lite terrain "hile the larg es t talc clepo­
sit of the country is in northwestern India associ ated ľľ · it h dolomitic lirncstone metamorphosed under low 
to meclium grade conditions. The mineralisation gencrall) seen as veins and bancls is structurall, con ­
trolled and is syn- to post-tectonic. 

Key words: India. magnesite. talc. ultramafics. structural control. shear zone 

lntroduction 

Magnesite deposits of the world are associated either 
with carbonate sediments or with serpentinised ultramafic 
rock.s ranging in age ťrom Archaean to Jurassic. In India, 
most of the magnesite deposits occur in association with 
serpentinised ultramaťic rock.s and to a lesser e.xtent \ľith 
sedimentary dolomitic limestone. Deposits of talc are al­
so located in the same geological milieu as that of mag­
nesite but with an exception that majOľ talc deposits are 
associated with metasedimentary sequence. Though Indian 
rescrves oľ magnesitc and talc account only for about 
1.5 % and less than 1 % respecti \ ely, deposits of rnrious size 
and associations exist in difľerent parts of India, both in 
the high- as well as low-grade metamorphic terrains. To­
tal recoverable reserve of magnesite in India is 2-+5 mil-

Tab. 

!ion tonnes (Tab. 1 ). The major deposits are confined to 
Tamil Nadu, Karnataka, Rajasthan and Uttar Pradesh \\hi­
te mi nor deposits are located in Andhra Pradesh and Kera­
la (Fig. 1 ). The resen es of talc/steatite/soapstone in India 
are assessed at 213.7 mi II ion tonnes (Tab. 1 ). Substantial 
quantities of recoverable resen es are established in Ra_jast­
han (80 %), Uttar Pradesh (7 %), Kerala (-+ %), Maharash­
tra and Madhya Pradesh (3 % each) and the rest in the ot­
her states like Andhra Pradesh. Bihar, Karnataka and Ta­
mil _1\/adu. In 1999-2000 the production of magnesite \\aS 
329,790 tonncs, Tamil Nadu contributing about 75 9c 
(Tab. 1 ). During the same period the production oľ talc 
was about 527,687 tonnes, the major share being contri­
bured by Ra,iasthan. Though I ndian eon tri bution oľ mag­
nesi te and talc to the \\'Orld market is not high, it is signi­
ľicant that Indian magnesite and talc, especially frnm 

Recoverable reseťves and procluction of magncsite and talc 

Location/State 

Andhra Praclesh 
Bihar 
G ujarat 
Jammu & Kashmir 
Karnataka 
Kerala 
Madhya Pradesh 
Maharashtra 
Orissa 
Rajasthan 
Tamil Naclu 
Cttar Praclesh 

Source: lnclian Mineral Yearbook - 1999-2000 

Magnes ite 

3.432.000 
1.229.000 

35.000 

5.487.000 
48.9 19.000 

l 85.7-17.000 

Reserves 
Talc/Steatite 

3.5-16.000 
289.000 

7.000 

1,622.000 
8.13 1.000 
6.217.000 
6.520.000 

117.000 
170.3-10.000 

1.909.000 
1-1,9-16.000 

599 

(Qt) 1n tonnes) 

Production in 1999-2000 
Magnesite 

36, 120 

573 
245.980 
47,117 

Talc •Stcatitc 

43.602 
9-15 
52-1 

96 

3.810 

1.287 
-160.353 

238 
16.832 
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o 400km 

• Major magnesite deposits 
o Minor magnesite deposits 
4 Major talc deposits 
A Minor talc deposits 

Fig. 1. Locations of magnesite and talc deposits of India. 1 - Attappa-
di. Ke rala. 2 - Salem, Tamil Nadu. 3 - Dodkanya, Karnataka. 
4 - Andhra Pradesh ; 5 - Bihar; 6 - Orissa. 7 - Madhva Pradesh. 
8 - Rajasthan: 9 - Al mora. Uttar Pradesh: 1 O - Himachal Pradesh; 
11 - Jammu and Kashmir 

ľamil Nadu and Rqjasthan respectively, are of high quality 
and are comparable with the best available in other coun­
tries. This paper attempts a brief review of the mocte of 
occurrence and salient features of the magnesite and talc 
deposits of India. 

Major magnesite deposits 

Magnesite deposits associated with serpentinised peri­
dotites occur al several places in India. In south India. 
magnesite is exploited from ľamil Nadu and Karnataka. 
Minor quanlities of magnesitc occur in the states oť And­
hra Pradesh and Kerala. In Salem, Tamil Nadu, magnesite 
occurs in a series of hillocks known as the Chalk hills. 
Magnesite, mostly cryptocrystalline, occurs chiefly as 
encrustations, veins and stringers in ultrabasic rocks like 
duníte and peridotite. Stringers and veins occur irregularly 
in ťractures gi ving rise to various patterns s uch as cross­
veins, stockworks and ladder veins. The ultramafic rocks 
that form low-level hillocks in an othcrwise plain coun­
try around Dodkanya in Karnataka (Fig. 1) are intersected 
by a network of magnesite veins and bands. Magnesite is 
mostly of pure white hard variety while grayish whitc as 
well as soft powdery and rarely cryptocrystalline varieties 
also occur al places . ľhe area around Dodkanya, which 
forms a part of the older rocks (Sargur schists) consists of 
a number of N-S to NNE-SSW trending enclaves of me­
tavolcanics, metasedimentary units, basic granulites, mc­
tabasics and serpentinised ultramafic rocks within the 
gneissic country rocks of granodiorite composition (Pe-

ninsular Gneiss). Enclaves vary in thickness from 3 m to 
2 km. Numerous bands of serpcntiniscd ultramafic rocks 
varying in width from 2 m to 500 m are exposed over 
a stretch of 2 km. Magnesite is restricted to the ultrama­
fic rocks as the veins do not extend into the surrounding 
gneiss that enclose the ultramafics. The veins which vary 
in thickness from I mm to 3 m coincide with the NE-SW 
and E-W trending joints in the rocks and it is notable 
that massive serpentinised duníte without fractures are de­
rnid of mineralisation. Magnesite is confined to the ultra­
mafics that constitute a tectonically dismembered part of 
a layercd ultramafic complex emplaced into c. 3.3 Ga old 
supracrustal rocks (Peucat et al., 1995). 

Minor magnesite deposits 

In Kerala magnesite occurs as veins and veinlels in 
a lenticular body of peridotite, composed mostly of olivine 
and subordinatc amount of clinopyroxene, enclosed in 
hornblende gneiss and amphibolite at the \\Cstern termi­
nation of Bhavani shear zone (Prasannakumar and Nair. 
2001 ). These magnesite veins, structurally controlled by 
fractures in host rocks are post-tectonic. ľhe deposits al 
ľamil Nadu and Kerala are in the same tectonic ťrame­
work as both are located in the same shear zone. Besidcs. 
there are similaritics in general character, associated rocks 
and chemistry of magnesite from these deposits (Tab. 2). 

Tab. 2 
Characteristics of magnesite deposits 

Deposit 

Tanlil Nadu 

Karnataka 

Kerala 

Type 

White-grayi sh white 
Cryptocrystal I ine 

White-grayish 1vhite 
Lenses of soft and poll'dery 

White-grayish white 
Rarel y cryptocrystal Ii ne 

Andhra Pradesh Pale gray 
Crystalline 

Uttar Pradesh Whi te to gray 
Crys tal Ii ne 

Associated rocks 

Duníte. peridotite. 
pyro.\ene 

Serpentinised 
peridotite 

Serpenti ni sed 
peridotite 

Dolomite. 
limestone, shale 

Dolorni ti c limestone 

Mi nor amounts of magnesi te occur in the Precam brian 
ultramafic rocks in different parts of Rajasthan. In the ca­
se of al! these deposits magncsite is confined to ultrama­
fi c rocks subjected to metamorphism under amphibolile 
to granulite facies conditions and are dcrnid of the asso­
ciation oť carbonate bearing rocks. While all these clepo­
sits are associatecl with ultramafic bodies the magnesite is 
also reportecl from Precam brian secli ments. Low-grade 
magnesite is reported ťrom middle to upper Proterozoic 
secliments consisting predominantly of dolomite, limestone, 
shale, chert and quartzite in Anclhra Pradesh (Fig. 1 ). The 
dolomites host sevcral mineral cleposits like ashestos, 
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steatite and serpentíne (Sinha et al., 1989). Crystalline 
magnesite is also reported ťrom Almora in Uttar Pradesh 
where it occurs in the dolomitic limestone of calcareous 
series, which are intruded by basic sills, and dykes. This 
series ex posed in the form of tectonic windows may possi b­
ly be correlated with Krol Formation of Permo-Triassic 
age (Muktinath and Wakhaloo, 1962). 

Origin and localization 

Magnesite, when found associated with ultramafics, oc­
curs as veins of varying thickness generally following the 
trend of regional joints or the joints in the ultramafics li­
ke duníte, or peridotite. Analysis of fracture and vein pat­
tern at Attappadi, Kerala, reveals that the major magnesi­
te vcins have preferred the N30W-S30E trending regional 
fractures whereas the veinlets are localized along 
N25E-S25W and N45W-S45E trending fractures in peri­
dotite host rocks (Tab. 3). Such fracture controlled veins 

Tab. 3 
Fracture and vein pallcrn at Attappadi. Kerala 

Major N30W-S30E 
N30E-S30W 

Magnesi te Vei ns 
Minor N45W-S45E 

N20 E-S20W 

Regional N30W-S30E 
N75W-S75E 
N55E-S55W 

Fractures 
Peridoti te N25E-S25W 

N45W-S45E 

and stockworks indicate that the formation of magnesite 
is post-tectonic and that the fractures facilitated the migra­
tion of CO2 fluids. In most of the cases magnesite bea­
ring host rocks are serpentinised peridotite and duníte. 
The ultramafics show varying degree of serpentinisation, 
and the intensity decreases at deplh. At many localities 
the magnesite formation is restricted to about 35-50 111, 

which usually coincides with the depth of water table in 
the respective areas. The observed features of deposits of 
Tamil Nadu, Karnataka and Kerala indicate that magnesite 
genesis can be due to late stage of hydrothermal actiľity 
associated with ultramaťic to mafie magmatism. 
However, the available data is inadequate to ascertain the 
modality and timing of Mg migration in relation to ser­
pentinisation and the possi ble deri vation of carbon from 
biogenic soil source. 

Major tak deposits 

Rajasthan is the major producer of talc in India and ac­
counts for more than 85 % of total production (Tab. i ). 
Unlike small deposits of talc associated with magnesite 
and located in the ultramafics the major deposits in the 

northern part of India are associated with Precambrian me­
tasedimentary sequence. The metasediments of Rajasthan, 
represented by dolomite and siliceous dolomitic limestone 
and forming a part of the Aravalli Supergroup, are consi­
dered to have been deposited in the near shore shelf sea 
environment (Roy et al., 1988). The gray, white and pink 
\ arieties of dolomite host the largest talc deposits oť In­
dia. Talc is massive to foliated in nature, light green to 
white in colour and generally occurs along with tremoli­
te, calcite and chlorite. Talc deposits occur as thin 
bands/stringers and occasionally as prominent veins and 
lodes within adjoining quartzite. Mineralised bands are 
fonned parallel to the foliation in the country rocks. The­
se deposits are formed as a result of steatisation of thin 
bands oť dolomite interbedded with quartzite (Shekhawat 
and Bharadwaj. 2000). Dolomite in some cases has under­
gone only partia! steatisation. Talc deposits most!) occur 
within the dolomitic bands away from phyllite. Thin 
bands of chlorite schist occurring in the area have sym­
pathetic relationship with that of talc dcposits. Contrar1 
to this type of occurrence the frequent association oť talc, 
asbestos, serpentíne and kaolín with hornblende schist. 
amphibolite and epidiorite derived from ultrabasic rocks 
also occur in Rajasthan. 

Minor talc deposits 

In Andhra Pradesh, South India, steatite \arying in co­
lour from shades of green and gray to pure white along 
1\ ith minute fi bres and flakcs of talc occurs in the form of 
thin bands. laminations and lenses II hich conťorm in 
orientation to the plane of stratification oť the I imeston­
nes belonging to Cuddapah Supergroup. Indivídua! layers 
vary from a few centimetres to as much as 15 cm in 
thickness and run ťor considerable distance. lmpure steati­
te and talc are found in the Dharwar rocks of north Kernla. 
The talcose rocks occur as detached outcrops in a linear 
configuration, extending for about 2-3 km with width 
varying from 30 to 40 111. Lm, -grade talc is reported from 
Tamil Nadu and Karnataka also. 

Origin 

Talc is \1idely distributed and occurs in metamorphic 
rocks ei ther as workable dcposi ts forrned by steatisation 
of dolomitic limestone or as minor occurrences consis­
ting oť impure talc-schist/soapstone deri,ed from the me­
tamorphism of basic to ultrabasic rocks. In Ra_jasthan the 
talc is seen associated 1\ith chlorite schist. The association 
of chlorite schist with talc suggests that the thin bands of 
chlorite schist and talc deposits are the outcome of steati­
sation of sil iceous dolomíte by metamorphogenic ťl uids 
generatcd during metamorphism of these rocks under 
grecnschist facies conditions. Whcre talc is confined to 
the ultrabasic rocks, regular gradation from the least alte­
red types characteri zed by high ternpcrature minerals to 
the most altered low temperature minerals, are observed 
and in most of the cases talc formation is considered to be 
the rcsult of metamorphism and hydrothermal alteration. 
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Condusion 

Magnesite and talc occur in association with metamor­
phosed ultramafic rocks as well as dolomitic limestone. It 
is noteworthy that in India though both magnesite and 
talc occur in associati on with metasedimentary as well as 
ultramafic rocks, most of the major workable magnesite 
deposits are confined to ultramafics, while talc deposits 
are associated with metasedimentary sequence containing 
dolomitic limestone. Talc deposits of economic impor­
tance are related to steati sati on of dolomite whilc magne­
site formation succeeds serpentini sation of peridotite and 
duníte . Shearing and metamorphi sm might have facilita­
ted release and remobilization of magnesium and might 
have provided pathways for the CO2 bearing fluids. The 
general characteristics oť the deposits point to post tecto­
nic action oť CO2 rich hydrothermal solution along pre­
exis ting fractures . In a few cases the assemblages are indi­
cative of steatisation of siliceous dolomite by metamor­
phogenic fluids. The silica required for talc formation in 
such cases can be attributed to silica bearing sediments as 
intercalations. The near shore shelť sea environment sug­
gested ťor the sedimentary rocks oť Ra_jasthan, \\ ith which 
talc is associated, and the rock assemblages at Salem and 
Attappadi, suggestive of ophiolitic character, further in­
voke the possibility of marine environment oť ťormation 
of these deposits. More detailed work involving fluid che­
mistry and isotope studies would be helpful in arriving at 
a model for the genesis of magnesite and talc deposits of 
India. 
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Projekt UNESCO a IUGS IGCP 443 
v plnom rozbehu 
Od prípravy k riešeniu Keďže medzinárodné projekty 

Medzinárodný geologický korelač­
ný program /GCP 443 Mogneúr 
Cl IIICIS/ClleC - geologické Cl e11viro11-
me11tál11e korelcície schválilo 28. 
zasadnutie vedeckej rady projektov 
IGCP v Paríži vo februári 2000 
na roky 2000-2004. Jeho medzinárod-

IGCP 443 
UNESCO /I UGS sa sústredujú 
na koreláciu a transfer vedeckých 
poznatk ov, výskum sa financuje 
z národných projektO\ v partic1pujú­
cich štátoch . Finančné prostr iedky 
projektov !GCP sú určené iba 
na pokrytie vý da v ko\· na pracovné 
stretnutia, terénne korelácie a - len 

IU S 
UNES O Magnesite and Talc 

Geological and Environmental Correlations 

nými vedúcimi a ved úcimi tematických skupín sú : Ing .. M. Radvanec 
(Slovensko), prof. W. Prochaska (Rakúsko), prof. A. C. Gondim 
(Brazília) a prof. Kchaj Kche-čchin (Čín a) . Medzinárodný·m koordi­
nátorom projektu je Ing .. Z. Németh (Slovensko). 

Projekt je o rientovaný predovšetkým na geologické otázky mag­
nezitu a mastenca, ale v záujme komplexnosti neobchádza ani 
ložiskovoprieskumnú a úpravnícku problematiku. OsobitnÝ dôraz 
kladie na environmentálne problémy. ' 

Na lepšiu koordináciu vý-skumu sa v rámci projektu vytvorili 
tematické pracovné skupiny, a to/. Geológia a šrrukriíra ložísk mag­
neúru a mastenca (vedúci W. Prochaska, Rakúsko), 2. Geológia, pet­
rológia a 111i11eralôgia (ved úci M. Radvanec, Slovensko), 3. Metódy 
geologického prieskumu, V)'sku111 tech11ologichch vlastností surovitľv 
Cl LÍpravníctvo (ved úci A. C. Gondim, Brazília) a 4. Geoe11viron­
/llťll/CÍl11e meródv (vedúci Kchaj Kche-čchin, Čína). 

V krajinách, ktoré sa na plnení projektu zúčastľíujú, pôsobia 
národné pracovné skupiny. Ich tematické sk upiny majú odlišné 
zloženie, a to v závislosti od špecifického zamerania príslušnej 
národnej skupiny a účasti odborníkov špecializovaných na konkrétne 
úlohy. 

v menšej miere - na čiastočné pokrytie nák ladov na v1dávanie spo­
ločných publikácií. 

Proj ekt má celosvetm ú povahu a v súčasnos ti sú doň zapojené 
na sledujúce krajiny (štát y s vyššou aktivitou v prvých dvoch 
rokoch sú označené hviezdičkou): Argentína*, Austrália*, Brazí­
li a*, Chile, Čína*, Egypt*, Fínsko*, Grécko, India*, Japonsko*. 
Juhoslávia*, Kanada, Kórea, Kuba, Namíbia, Nemecko, Pakistan* , 
Rakúsko'', Rusko*, Slovensko*, Taliansko*, Ukrajina''' a USA. 

Priebeh plnenia projektu sa Zľerejiíuje na internetovej stránke 
www.unesco.org/science/earthsciences/igcp/ a www.gssr.sk/igcp443. 

Doterajší priebeh plnenia projektu 

V roku 2000 sa činnosť v rámci projektu IGCP sústredila 
na sumarizáciu poznatkov o magnezite a mastenci \' krajinách zapo­
jených do _jeho plnenia a na tento cieľ sa koncentrovalo aj pracovné 
stretnutie 28.-31. mája 2000 v Korutánsku (Rakúsko), ako aj terénna 
korelácia na mastencových ložiskách v štáte Paraná (Brazília) 
1-1-.-17. augusta 2000. Inauguračné zasadnutie projektu bolo súčastou 
31. medzinárodného geologického kongresu 9. augusta 2000 v Riu 



de Janeiro (Brazília). V závere roka 2000 vyšiel úvodný spravodajca 
pod názvom lntroductorv Neivslerrer. zhrľíujúc1 sta, poznania 
problematiky magne zitu a mastenca v krajin ác h participujúcich 
na pro_Jekte. 

Prvé ročné pracovné stretnutie účastníkov sledovaného projektu 
( Annual Meering 2001; sa konalo 29. augusta 2001 počas bienále 
loži skovýc h geológov SGA a SEG v Krakove (Poľsko) a popri 
desiatich odborných vystúpeniach bo li Jeho obs ahom aj stručné 
informácie o projekte IGCP a organi zač né pokyny pre účastníkoľ 
terénnej korelácie zameranej na Slovensko a je ho mag nezitm é 
a mastencové ložiská. 

Na teJtll korelá 
CJ] I konanej p0d 
ná11 0111 F1Pld C Oľ­
re!u I io11 200! JO. 
augu,ta - 2. ,ep 
tembra 2001) sa 
ztíéa,tnili odbornľ­
c1 z Brazílie. Indie. 
Japonska. Ru sl-.a . 
Fľnska. Ral-.thl-.a 
a Slovemka. Cent 
rom a kcie bol 
Roz11a1 sk) okres. 

T 
UNi, 
IGCP 443 

Pn) de11 e,l-.ur11e sa úéastnici 101ná1111l1, g.:ologickou a lc'l-.to­
n1ck o u sta, bou Západn)·ch Karpát. Geotra1 erzuu počas presunu 
z Krako1a do obce Murá1í vo Veporsl-.)·ct11rchoch sa anal)ZO\ala 
zomilnosť reg1on:ílneJ ,tavb) od 1onl-.a_1(,ľch Karpát cc:z p1rn1nsl-.ť 
bradlm t' pásmu a vnútorné Karpal). Mur:í11 ,a stal 1 )"Chodiskm ) 111 
bodom korelácie v nasledujúcich diíoch a zároveľí miestom večer­
n)'.'ch odborn)'.·ch vystúpení. diskusií a debát. Problematiku magnezitu 
a mastenca na Slovensku priblíži l, odborné referáty o geologickom 
a tektonickom vývoji Západných Karpát (Z. Németh), o petrologic­
kých aspektoch genézy týchto surovín (M. Radvanec), o ekonomic­
kých otázkach magnezitového a mastencového priemyslu na Slo­
vensku i o jeho histórii (Z. Novek), o ťa žobných metódach 
(M. Leško) a ekológii (M. Bobro, F. Jenčík a P. Baláž). 

Prvou navštívenou lokalitou sa stalo magnezitové ložisko 
Jelša va. Cieľom fárania (31. augusta 2001) b;lo zoznámenie sa 

s ťaženou suroľ inou a so sprievodn)'.m, horn1na1111, ako aj s použí­
ľan)'.·1111 dobývacím, metódami. Prehliadku úpra1 níck) ch za riadení 
uzanela diskusia o úspešnom prekonáľaní e1111ron mentáln) ch 
problémov. Na záver (2. septembra 2001) sa na1 ští, ilo aj dalšie 
pracovisko SMZ Jelšaľa - úpravnícky komple.x Boc"ior. ktor)°· 
, súčasnosti produkuje magnezitOľ) slinok zo zach) teného Ciletu 
1 Je lša, e. 

1. septem bra 2001 sa účastníci ex kurzi e na magnezitmom a mas­
tencoľom ložisku Hmíšľa-M1írnik pr, prehliadke banskej pre, ádzk) 
zoznámili s geologickou sta, bou a litológiou loži ska, so selektí, nou 
tažbou mastenca, lllagnezitu. ale aj dolomitu podľa požiada,ie k 
odberateľoľ a potom aj s technológiou úprm y. Popoludní prebiehala 
ukážka tažobn)'ch a úpra, níckych technológií p011žívan,ch na lo1isk u 
!lla,lénca Cr-111en~o Po/u111a. J..t oré sa 1 ,,iľa,no, t1 spr1stup11u1 c> 
raLt'nľrn úpadn,ct'. 

Medzi základné po, ,nno , t, organ,zá1l,101 tné tl!l)Ch k o1elciľ 11 
L:N l::.SCO organ 1ľh.) patrľ aj rr1bl1io1an,e 1-.ultťtrn)ch a prľ1,,dn1ch 
O'-l'b1to,ti 11spor, ada telskej k1aj11l) Pr, pre,unc' do Rni1í:11 ,1-.c'lw 
o f..res u mala mc:dz111árodná delľgjc,a _1 ed1 neémi ,m,z.nost 1: ľhut11,1t 
krá,) tatran,ke_1 pľirod) a S lo1 en,krhc) ,aJa a ne,kô1 JU 1 ,,f..,,\1 
Roz1ía1) Lau1ala maJestátnost planľ11 ~Io, en,f..ét10 kra,u 

Na 1: ,okt'_1 tiro1 n1 b,,1a aj ,polott'nská St ľan f..a tc'_1ln , :··z11amnc'1 
ah.cit' Oľc'J1ľn1c' , 1 zasltiz, naj mc1 pr,pt, r Líca st níl-.oľ l-.01t'l,íľ 1c' prr!ll,i 
torom Roi1i,11; l11g. F l<Mdo~om a pr1bliž.enie h1>tcir,e I s,íľa,no,t1 
Ro.i:1ia1 ,h.é ho of..rť,u Pr i rozpra1 ani o b0h<1tt'j ban1cisťJ m1nulo,t, 
mť,ta a_1 celej obla,u sa LÍčas tnic 1 é'\l-.urz1ť ,11ctl1 ,1_1 ,o zá,1 upcnm 
banickeho ,pl'IJ..u Bratst1 o. Spoloéen,1-.)'m ľ ) 1 rľilok1iľlll podu1at,a 

rned1,ná1od11l'hl• 
10:deckt:'110 ':·1111,-
111u bol,, na1'iť1a 

p11 nľc I tof..a_1,l-.c'_1 
oblasti a degustác, ::i 
ľhlľ!lc'hO I Jllil 

, o V 1n1él-.ach 
Organuator1 a_1 

ut.1,tnic1 e,kt1111t' 
11_1adr1I, 11c>lt' 
podaku, a111t' >!t'ne­
r::il nt'lllu r1aJ,tc-lc)11 
~;\1Z, .lehz,1 e Ing. 



O. Šeševičkovi, Ing. O. Grendovi, Ing. J. Mathesovi a radu ich spo­
lupracovníkov v Jelšave aj v Bočiari za pomoc pri organizm aní 
náročnej akcie a za jej úspešný priebeh. Slová \daky patrili aj pred­
staviteľom Gemerskej nerudnej spoločnosti, s. r. o., z Hnúšte Ing. P. 
Cibuliakovi, Ing. M. 
Mrnkovi, Ing. I. Ba­
boľov I a ich spolu­
pracovníkom, ako aj 
Dr. O. Rozložníkovi 
zo s. r. o. ROZMIN 
a rožľíavskému primá­
torovi Ing. F. Kardo­
šovi, ktorému navyše 
bolo adresované po­
dakovanie aj za pred­
stavenie Rožľíavského 
okresu v celosveto­
vom meradle. Jemu 
zároveíí patrilo želanie, aby sa 
vrá tila banícka sláva tohto 
regiónu. 

Pl ánované akcie 

I .-4. septembra 2002 sa 
bude v Bratislave konat 
seminár IGCP 443 v rámci 
17. kongresu Karpatsko-bal­
känskej asociácie. Ročné pra­
covné zasadnutie a terénna 
koľelácia bude 9.-15. sep­
tembra 2002 vo Fínsku a na záver roka vyjde 2. čís l o spravodajcu 
Newsletter. 

Miesto konania ročného zasadnutia a korelácie v roku 2003 nie Je 
definitívne určené a o ich organizáciu sa uchádza Čína, Rusko. 
Egypt i Sardínia. V závere roka 2003 vyjde 3. číslo spravodajcu 
Newslerter. 

Rok 2004, záverečný rok plnenia projektu, bude venovaný prí­
prave a vydaniu monografie Magnezir a 111asre11ec a \'edecký prínos 
projektu JGCP 443 sa zhodnotí na 32. medzinárodnom geologic­
kom kongrese vo florencii (Taliansko). 

Zo Slmenska Je v súčasnosti do projektu JGCP 443 zapojených 
19 odborníkov zo ŠG('DŠ \ Bratisla\C, Spišskej Novej V.;;j 
a\ Košiciach, špecialisti z Technickej uni\ erzity v Košiciac'h.; 
Príroclmedecke.1 fakulty UK\' Bratislave, ľniveľzit) ľeteľinárneho 

lekárstva \ Košiciach, zo SA V \' Košiciach 
a zo Štátneho zdra\·otného ústavu :' Rož­
ííave. 

Korelačn:;· program IGCP 443 je počas 
celého riešenia pľe odhornú I ere.1nost otľo­
rený, a preto sa clo budúcnosti pľedpoklaclá 
ešte šiľšia účast slmenský·ch a iných odbor­
níkov na .1eho plnení. 

Z. Né111erh a M. Rad\'Clnec 

Obr. 1. Trasa terénnej koreliície I roku 
2001 s I yznačením navštívených lokalít. 

Obr. 2. Časť účastníko1 terénnej korelá­
cie 2001 po ľ )fáraní na ložisku masten­
ca a magnezitu Hnúšta-Mútnik Zľma 
W . ProZhaska (Rakúsko). I Tuokko 
(Fínsko). A . C. Gondim (Brazília). 
z. No vek (Slovensko). V Prasannaku­
mar (India). Z. Németh (Slovensko). 
S . V . Krupenin (Rusko). J Togaši 
(Japonsko). V V Nasedkin (Rusko). 
1. (3. Carva!ho (Brazília). 

Obr. 3. Tradíciou terénnych korelácií 
UNESCO sú aj spoločenské akcie 

Recepcia u rožňavského primátora Ing. F Kardoša (druh)°· zľava). 

Obr. 4. Prehliadka úpravne Bočiar Zľava. W Prochaska (Rakúsko). 
J Togaši (Japonsko). V Prasannakumar (India). A. C. Gondim (Brazília). 
Z. Noľek (Slm ensko). V V Nasedkin (Rusko). I. Tuokko (Fínsko). S V 
Efremoľoľá (Rusko). M. T Krupenin (Rusko), J Augustín (Sloľensko. 
sprievodca zo záľodu Bočiar), M. Bobro (Sloľensko) a I. G Canalho 
(Brazília) 

Obr. S. Degustácia tokajského dna v pivnici vo Viničkách - záver terénnej 
korelácie. 

Zjazd Slovenskej geologickej spoločnosti 2001 
Banská Štiavnica - mesto na vulkáne 

Zjazd SGS 2001 sa konal 27.-29. júna 2001 v Banskej Štiav111ci, 
v meste postavenom na vulkáne, čo motivovalo aj názov tejto 
významnej vedeckej a spoločenskej akcie. 

Starobylé banícke mesto, obkolesené sopečnými horninami , 
nebolo ako miesto zjazdu vybrané náhodne, lebo vulkanológovia 
zo ŠGÚDŠ v Bratislave práve v tom období úspešne zavŕšili tvorbu 
regionálnych geologických máp v mierke 1 : 50 000 všetkých 
neovulkanických regiónov Slovenska, a tak sa nové poznatky stali 
prirodzeným pľedmetom rokovania. ZJazd sa sústredil najmä 
na geologickú stavbu, nerastné suroviny a životné prostľedie stredo­
slovenských neovulkanitov. 

Zjazd SGS 2001 zorganizovala vulkanologická odborná skupina 
SGS s pomocou banskobystrickej pobočky SGS a Jeho program 
tvorilo jednodiíové spoločné rokovanie a dva exkurzné dni. Záštitu 
nad ním prevzal min,i ster životného prostr~dia SR prof. RNDr. 
László Miklós, DrSc., a primátor Banske.1 Stiavnice Ing. Marián 
Lichner, CSc. 

V rámci slávnostnej dopoludľíajšej časti odznel príhovor generál­
neho riaditeľa sekcie GaPZ Ministerstva životného prostredia SR 
Ri\Dr. J. Franzena, primátora hostiteľského mesta Ing. M. Lichne­
ra, CSc., riaditeľa GÚ SAV doc. RNDr. J. Michalíka. DrSc., ľiadi­
teľa ŠGÚDŠ doc. RNDr. M. Kaličiaka, CSc„ hodnotiaci prejav 



ku, CSc., a ko a.1 
príhovor predsedu 
o r gan iz ač n ého 

vý bo ru zjazdu 
SGS 2001 RNDr. 
L. Šimona , PhD., 
ktorý neskôr otvo­
ri l aj pracovné 
rokovanie zjazdu. 

Milou slávnos­
ťo u úvodnej časti 
zjazdu bolo udele-
nie Medai ly Jána Slávika SGS RNDr. 
Dušanovi Kubínymu , CSc . , za prínos 
do rozvoja geologických vied v Slovenskej 
republike a dlhoročnú aktívnu činnost 
v SGS, RNDľ. Jaroslavovi Lexovi, CSc., 
za výrnamný rozvo.1 geologických vied 
v oblasti neogénneho vulkanizm u a jeho 
metalogenézy, a doc. RNDr. Petrov, 
Reic hwalderovi, CSc. , za prínos do vedec­
kého poznan ia mladopaleozoicko-mezozo1c­
kých komplexov južných zón Západných 
Karpát, za ro zvoj geologických vied 
na Slovensku a výchovu generácie geológov. 

SGS pri tejto príle žito sti udelila aj čestné členstvo v SGS 
RNDr. Vlastimilovi Kon eč nému, CSc., za vedecký príno s 
do poznania vu lkanologických procesov v Západn)'.'ch Karpatoch , 
za tvorbu geologických máp Slovenska a vedecko-popular i začné 
šírenie vulkanolog ických poznatkov. 

Pracovné rokovanie bolo pripravené tak, aby prednášky zahrnuli 
všetky oblasti výskumu neovulkanitov a obsahoval i vedech:é infor­
mácie o geologickej stavbe územia, o metalogenéze a.1 tažbe, o his­
tórii výskum u a prie skumu , o geotermálnej energii, ale i krajinno­
ekologické hodnotenie oblasti a využívanie výsledkov environme11-
tálnej geológie pri urbanistickom hodnotení regiónu. 

Počas celého rokovania zjazdu boli vystavené geologické mapy 
v mierke 1 : 50 OOO a 1 : 500 OOO, a to nie iba z územia neovu lkani­
tov, lež aj z dal ší ch slovenských regiónov a vo forme posterov sa 
prezentovali aJ nové výsledky bádania a prác z roz ličn)'.ch geologic­
kých oblastí. 

Odborné refe ráty, obsah exkurzií a abstrakty pod názvom Banská 
Štiavnica - mesto na vulkáne (zostavi l L. Šimon, V. Konečný a J. Lexa) 

, ,,1 , tlaéou ah.o ,amostatné éí,lo, edrch.ého pťľ1 od1h.a M111nal1:1 Slo, aca 
1 _i_1 _ 2001. t. _; 1 Publ I h.rk1 a bola ,Líé'a,ľou LJazdm·)'. ch matt'r1álo, 

Roh.o, acľ dť1i u1.a, rel a <poločé' 11'ká , é'Č'ťra prľ Liľ::i,1 11 ľh.o, L_IJLdu. 
V <-Liladt' , c1ťľom u,por1adatt'ľo, ,a na ne.1 , ) 11 or1 la 111, rnor,adnť 
,ľdťč:ná a11nmľc'rn a , ,e,tranne ,a zuz11h.o, ala na pľ18lt'l,h., i dc-brnu 
čl<."110, geolog,ch.e.1 kornun,t) L roLl,én ých obl as t ľ ~I,,, en<h.a 

D, 0_1 d1io, j ť\l--urL,a rnc1la , : ,ohli odbornú uro, c-1i. _1t'1 Lica,1n ľľ1 
mal, rn oz n v,ľ z0Ln,im1ľ ,a, ,u1h.anol ot1ický 1n1 a t?t',,log,ľl--)111' 
! ťnornén111, ,trťdo,10\en,1',ch neO\ ull-.an,1 0, · - , gťol0g 1 ľk ,• t1 ,1"' 
bvu. rnet,do2en,'1ou. h) dro~ľológ,0u., ťll', 1on nwmal11y 1111 ut.i!h:11111 
a pod. E\1'uťz11 prn1l0 a.1 poč:a,ie, a Lai-- pc, _1 ej s h011ľľ1iľ, Lť, t ľ1 a, h 
,,JL11ťl 1 ,1," a ch, al) o Jé'J , : soht'J odbornc_1 úro\111 . ak .1_1 11.:i :,dt"<:',u 

_1e.1 orga111za1oro, a ccleho z._1a1.du. 
Zj.:izd SGS 200 I , nesú ci ná zov Ban s k,í 

Šti.:irnica - mesto na vulkáne, úspešne naplnil 
, · y t ýčený cieľ. Po štyroch ťokoch sa na ííorn 
opätovne zišla slm·enská geologická pospoli ­
tos t a preds tavi la čast najnovších poznatkoľ 
z oeolóoie stredného Sl oľensk.:i. Zo záveroľ 
zj;zdu SGS 200 1 (predchádzajúc, bol v sep­
tembri 1997 ;:i ZOľga n i zo , · al.:i ho brat isla1 ská 
pobočka ) vyplyn ul o, že orga 111 zač nú š taľe tu 
prcbeľá košická pobočka SGS a p ťi prm í stre t­
nutie SGS v roku 2005 za merané na ,·,;slecl h:) 
geologi ckého ľ ý s h:urnu a pťiesk urnu ,·ýchod -

ného S loľ en s k a. Užší 
ľ )'. bo ť SGS nanhol, 
aby sa takáto vľcholná 
ce lo s l o ľ e nsh:á ,·edec­
ká akcia kona la pod 
1101 ,; 111. 1 hodnejším 
názľom, a to kongres 
SGS. 

Pred seda o ťgani ­

z.ačného 1,; boťu 
z._1a zdu SGS 2001 
R N D ľ . L. Š i rn o 11 . 
PhD. , ľ zá,·ere zaže­
lal oťga ni zátorom 

kongresu SGS 2005 

Lís pech pri vy tv áraní dobrého organ i začné ho tímu, trpezliv os t, 
zanietenosť, ale a_j pomoc ostatných geologick,;ch inštitúcii pri pľÍ· 
pra1 e a ťealizácii kongresu. Zároľeň podakova l ľšetkfm, ktorí sa 
zaslúžili o dokonalú organi záciu, ,-ýborn,; priebeh a vysokú úroveíí 



zjazdu SGS 2001. naJmä organizačnému výboru, ktmý húževnato 
a obetavo pracoval v zložení: RNDr. M. Elečko, CSc. , RNDr. 
V. Konečný, CSc., R'.JDr. J. Lexa, CSc., RNDr. M. Háber, CSc. , 
Mgr. E. Kočická. RNDr. P. Re1chwalder, CSc., Ing. J. Smolka. 
CSc., Mgr. I. Torbkoní. RNDr. L. Iglárová, RNDr . .f. Zerola, 
RNDr. I. Martinský a G. Poláková. 

Ocenil spoluprácu a organizačnú pomoc Katedry U NESCO 
Technickej univerzity Zvolen so sídlom v Banskej Bystrici a poda­
koval za iíu. Vyjadril vďaku za mimoriadne v,datnú pomoc 
ŠG ÚDŠ.jej riaditeľovi doc. RNDr. M. Kaličiakovi, Č::Sc., a redakcii 
časopisu M1neralia Slovaca. 1 daka ktorej bol materiál venovaný· 
zjazdu SGS 2001 dislľibuovaný účastníkom l'Čas a na vysokej 
odbornej I technickej úrovn1. 

Predsed8 organizačného výbmu napokon poďakova l všetký·m 
Z8 účasť na zjazde ( 162 prítomných) a vytvorenie priateľske.1 a tvori1 ej 
atmosféry, zaželal im veľa praco, ných úspechov a vyjadril presved­
čenie a potešenie, že sa znova stretnú na kongrese SGS 2005. 

Ladislav Simon 

Foto l. Če s tné predsedníctľO ZJazdu SGS 2001 Zľaľa. RNDr M. Elečko. 
CSc .. R\"Dr J Franzen. Ing. M. Lichner. CSc.. doc. RNDr J Michalí k. 
DrSc .. doc RNDr M. Kaličiak. CSc .. doc. RNDr D. Plašienka. CSc„ 
R:--:Dr. L. Šimon. PhD„ RNDr. J. Lexa. CSc„ RNDr V Konečn)' 

Foto 2. Účastníci zjazdu ľ aul e T U Zmien v Banskej Štiarnici . 

Foto 3. Slávnostné odovzdávanie Medaily J. Slávika SGS. 

Foto 4. Priateľská atmosféra na spoločenskej veče ri účastníkov zjazdu. 

Foto 5. D,odná exkurzná prednáška na banskoštia, niekom stratmulkáne. 

Foto 6. Diskusia na bazanitoch najmladších lá,oľ)Ch prúcloľ vulkánu 
Puti koľ , ŕšok. 

Foto 7. bkurzná lokalita Trojičné námestie - inžinierskogeologické otázk) 
ochrany historického jadra Banskej Štiarnice. 

Foto 8. Účas tníc i zjazdu na poslednej exkurznej lokalite, Le, iciach. 



Seminár SGS 22. marca 2001 

M . KOHÚT: Granitoidné mylonity sparistodolin­
ského typu - odraz kriedovej tektoniky na styku 
tatrika a veporika 

My lo niti cké a ultramylonitické horn iny vzn iknuté z pôvodných 
granito idnýc h ho rnín pri alpínskej kol íznej a strižnej defo rmáci i sa 
študovali v rámci kom ple xného meta logeneti ckého výskumu (Petro 
et al., 2000) vo vepori ckej čas ti Nízkych T atier na S od BaCLí cha. 
V údol í Bacúšskeho potoka, Lei'rnšskej, Krš kovej. Zam rzlej a Spa­
ri stej doliny sa vys kytujú intenzívne deformoľané granitoidné hor­
niny, ktoré sa pôvodne označova li a ko granity typu Spari stej doliny 
(M iko , 198 1 ). Krehkod uktilná až dukti lná deformácia má penetra­
tív nu povahu v ce lom tele se pôvodných gran iti c kých hornín 
a možno pri nej roz líšiť dv a textúrne typy , a to strednorznné prnťyro­
kl astické (očkaté) granito id né myl oni ty a relatívne homogénne jem­
noz rnné až strednozrn né ultramylonity. Pre rast deformácie spätej 
so zmenšovaním zŕn sa typická S-C my lo niti cká Sta\·ba mie stami 
pretransformovala na j ed nofoliačmí stav bu ultram ylonitov. Primárne 
zlože nie pôvodn ej magmatickej ho rnin y pri tl a kov odeformačneJ 

meta mo rfóze zatlačila nová metamorfná mine ráln a asociácia pla­
g iok lasovo-albitové ho zlo že nia, j em nozrnn)'.• mu skov it (s ericitJ, 
K živec, biotit,± epidot, klinozoisit , c hl o rit , karbonát, titanit, granát, 
rutil ± bauerit a sage nit. Minerálne zme ny v hornine sú sprevádzané 
a lochemickými procesmi, ktoré dokumentujú mobilitu ni ektorých 
hlavných aj ved ľaj š ích chemických prvkov pri obmedzenej cirkulácii 
vonkaj ších fluíd. Kompozi č né zmeny voč i predpokladanému tona li­
ti ckému prekurzoru odráža najm ä výnos Fe , M g, Mn, Ca, Sr, Ba 
a Ti, ako aj K, Li a Rb. O bsa h fengitového ko mpo nentu (Si až 
po 7, 1 J v rámci št ruktúrneho vzorca svet lej s ľudy v asociácii mus­
kov it - drase lný živec - biotit - kremeií ind ikuj e tl ak až 12 kbar, 
ale v prvej progres ívnej fáze deform ácie predbežne predpo kladáme 
priemerný tlak o kolo 9 kbar, ktorý odráža tvo rbu ultramyl o nitov , 
kým mylonity v druhej peri óde vykaz ujú priemerný tlak iba 6 kbar. 
Takéto tlakové podmienky spolu s teplotou 350- 550 °C sú charak­
teri st ic ké pre metamo rfó zu ko nve rge ntn ých pl atňovýc h o kraj ov 
o rogénnyc h pásiem. V znik týc hto m ylon itov potvrd z uje tvorba 
svetlej sľudy s veko m 78 ± 1 ,:l Ma. Kedže sme obdobné mylonitické 
granitoidné horniny priamo nadväzujúce na prašivské granity našli 
aj na južných svahoch ta trickej časti N ízkych Tati e r a obdobný vek 
majú aj mylonity vo Yelkej a Malej Fatre, ako aj v Malých Karpa-

toch, vznik tých to mylon itm· spáJame s finálnym ko lízn ym dosunu­
tím veporika na tatrikum po násu ne príkrovoľ. ( PodrobneJ šie pOZ ľl 

v štúdii M. Kohút, W. Frank a M. Petro, 2000: The Sparistá dolina 
Granitic M\ lonites - Products of the Alpine Deľormation. Slm ak 
Geological ·Magaz ín e, 6. 4, pp. 347-361). 

M. KOVÁČIK: Muránske ortoruly - poznámky 
o tektonike, litológii a polymetamorfnej histórii 

Spomed zi viace rýc h ho rn inovýc h typov tento kom pl ex hornín 
charakterizujú naj mä usmernené bi eloružovkasté hru bozrnné litotypy 
s V\Tastlicam i K ž ivca , kto ré sa c hápu ako ortoru ly pochádzaJtíce 
z p;·edkinematických granitov (Zoubek, 1932) a lebo ako ni žšieme­
tamorťoľané produkty kyslého pal eontlkanizmu (Hov orka e t al., 
1987 ). V otáz kach pro tolitu sa \ šeobľcne prikláňame k nm šeJ 
predsta\ e. aJ keď pôvod hruboz rnných po rfyri c ký ch t) pov možno 
od\·odzova( skôr z granit ovýc h porfýrov. Teré nne pozo rovan ia 
naznačujú, že sa v areáli tzv . muránskych o rcorú l zachovali niektoré 
pred metamorťné znaky poukazujúce na isté zákonitos ti v prie storo­
vom uspori adaní pôvodného vu lkanickosedimentárneho pros tred ia. 
V sta ro pal eozoických jedno tkách kryštali nika stred neJ ča s ti kohút ­
skej zóny zaujímajú skúmané orto ruly s podnC1 etáž, ktorú ta kmer 
pravidelne lemuje ho ri zont svorO\ o-rulm·ých ho rn ín. Smerom na .J 
(a ž JV ) postupne prechádzajú do biot itic kýc h rúl a m1gmat1tov 
a tam susedia s hlavnou masou granitoidov kohútskej zóny. Ko ntakt­
nú zónu muránskych ortorúl s nad ložnými meta morfitrni sprev,ídza 
zvýšen ý- výskyt am ťi bolickýc h po lôh, ale aj masírne j emn ozrnné 
variety „muránskych ortorúl" (tzv. leptinity). Pô\·odné lito logické 
usporiadanie má zhruba smer V-Z a v značnej miere sa \·yužíva lo pľl 
hercý-nskeJ deformácii. Podľa minerálnej asociácie sused1ac1 ch_ m~ta­
pelitov (almandín, stauro lit, ojedinele kyanit). ako aJ g ranauckych 
lep ti nitov a amfibolitov uzatváraných v Ii tol ógi 1 .. muránskych orto­
rCil" možno podm ienky heľcý n skej reg ionál nej metamorfózy stotož­
ňova ť s ni žšou (maxim á lne stredno u) častou amľi bol itoveJ ťácie. 

Miestami - najmä vo vráso\:i'ch osiach - sa obJR\ UJ Ú hru bozrnné 
segregáci e leuko krat neJ ta\ eniny zložené z kremeiía, al bitu, K živca , 
príp. biot itu a tunnalínu. l\1inerá lne zloženje, obdo bné ak;' v základ: 
no m type „m uránskych 011orú l" , pripom ína haplogran1 tovy eutekt1cky 
sys tém s teplotou kryš ta li zác ie o kol o 620-650 °C. Sm er Y~Z 
v äčši no u kopírnje aj alpínska t e ktonometamorťóza a me tamorl ný 
stupeň v tejto oblas ti dosahoval až hranic u med zi fáciou zelených 
bridlíc a amfibolitovou ťáciou. 



Významné životné jubileá členov Slovenskej geologickej spoločnosti v roku 2002 

Piitäesiatroční jubilanti 

RNDr. Miroslav Drahoš 
Mgr. Ján Jahn 

Prof. RNDr. Michal Kováč, DrSc. 
RNDr. Mária Lipovská 
RNDr. Ján Ostrolucký 

RNDr. Igor Petrík, Csc. 
RNDr. Vladimír Sťastný 
P. g. Dagmar Takáčová 

RNDr. Kamil Vrána, Csc. 
Ing. Daniela Wanieková 

š es täesiatroční j ubi !anti 

RNDr. Igor Bajo 
Doc. RNDr. František Baliak, Csc. 

Ing. Viera Dojčáková 
Ing. J ozef Daniel 

RNDr. Oľga Fejdiová. CSc. 
RNDr. J ozef Segíň 

RNDr. František Slavík 
P. g. Jozef Stolečan 

Šestäesiatpiiťroční jubilanti 

RNDr. Marta Balkovičová 
RNDr. Ján Beňo 

RNDr. Ladislav Dublan, CSc. 
RNDr. Jarmila Ďurkovičová , CSc. 

RNDr. Milan Háber, CSc. 
RNDr. Rudolf Halouzka 

RNDr. Vladimír Hanze!, CSc. 
RNDr. Miroslav Jelenský 

Doc. RNDR. Štefan Kahan, CSc. 
Ing. Mária Kizáková 

Doc. RNDr. Ing. Vladimír Letko, CSc. 
RNDr. Michal Lukaj 

Doc. RJ\Dr. Jozef Malgot, CSc. 

Doc. RNDr. Igor Modlitba, CSc . 
.RNDr. Ladislav Novotný 

Ing. An ton Olša\ský 
RNDr. Milan Petro 
RNDr. Ivan Repčok 

RNDr. Zora Suchánková 
P. g. Ivan Salaga 

Doc. Ing. Ján Šefara , DrSc. 

S edemdes iatročn í jubilanti 

Ing. Marta Abonyiová 
RNDr. Vi ncent Holička 

RNDr. E. Hýrošová 
Ing. Dušan Ďurica , CSc. 

Ing. Mik uláš Ingr 
RNDr. Michal Lukáč 

RNDr. Anna Mihaliková 
RNDr. Ján Otepka 

Ing. Dominik Polakovič 
RNDr. Jozef Salaj, DrSc. 

Doc. RNDr. Viliam Sitár. CSc. 
RNDr. Pa ulína Snopková, CSc. 

RNDr. Eugénia Vaškovská, CSc. 
RNDr. Lubomír Zbofil, CSc. 

Sedemdesiatpiit'ročníjubilanti 

Ing. Ján Baran. CSc. 
Ing. Ján Bartalsk.Ý, CSc. 

P. g. Ondrej Falát 
Ing. Ivan Kravjanský 

Ing. Lubor Ulehla 

Osemdesiatročn í jubilanti 

RNDr. Oto Fusan, DrSc. 

V mene celej geologickej verejnosti všetkým jubilantom srdečne blahoželám e a do dal ších rokO\ želáme \ e ľa tvori\ých síl 
a dobré zdravie. 

Doc. RNDr. Dušan P!ašienka, CSc. 
predseda SGS 



Plán odborných akcií Slovenskej geologickej spoločnosti na 1. polrok 2002 

V I polroku usporiadajú pobočky Slovenskej geologickej spoločnosti 
(Bratislava, Banská Bystrica. Košice) a odborné s k upi ny (štruktúrnej geoló­
gie, v ul kanologická. uhoľná, geofyzikálna. geochemicko-mi neralogická. 
hydrogeologická, i nži nierskogeol ogická, pal eontologi cká, sedimentologická 
a skupina ropnej geológie) tieto akcie: 

Bratislavská pobočka (predseda RNDr. P Uher, CS~.) 

21.2.2002 
Seminár Naši geológovia na zahraničných cestách. 
Miesto: ŠGÚDŠ, Bratislava, zasadačka 3. poschodie. 13.30 hod. 

7.3.2002 
Prednáška: 
Prof. Martin Thoeni (Universitat Wien): Garnet chronometry in the Eastern 
Alps: problems and progress in deciphering the history of polymetamorphic 
rocks. 
Miesto: ŠG ÚDŠ. Bratislava, zasadačka 3. poschodie, 13.30 hod. 

21. 3. 2002 
Seminár Aktuálne problémy kryštalinika Západných Karpát. 
Miesto: ŠGÚDŠ, Bratislava. zasadačka 3. poschodie, 13,30 hoci. 
Máj 2002 
Terénna exkurzia: 
Terénna exkurzia clo MalS•ch Karpát: Borinská jednotka, granity. zlaté zrucl­
nenie. 

Banskobystrická pobočka (predseda RNDr. M Háber. CSc.) 

14.2.2002 
Prednáška: 
J. Spišiak: Continental Deep Drilling - súčasný stav poznatkov a perspek­
tíva. 
18.4.2002: 
Konferencia 20. výročie založenia pracoviska Geologického ústavu SAV 
v Banskej Bystrici (súbor referátov: organizačný vedúci RNDr. J. Soták). 

Košická pobočka 

Marec 2002 
Prednáška: 
RNDr. O. Franko, DrSc: Minerálne a termálne vody Slovenska. 
Apríl 2002 
Prednáška: 
Prof. M. Thoni: Results of geochornologica research in the Eastern Alps. 
Máj 2002 
Prednáška: 
Dr. P Trapper: Metamorphic evolution of Centra! Alps. 

Skupina štruktúrnej geológie (predseda RNDr. F Marka.CSc.) 

Máj 2002 
Workshop: 2-dňový medzinárodný terénny workshop v bradlovom pásme 
na Orave (organizovaný v spolupráci s Galicja Tectonic Group. Poľsko, 
Krakov). 

Vulkanologická skupina (predseda RNDr. L. Šimon. PhD.) 

11.4.2002 
Prednáška: 
L. Šimon: Charakter vulkanickej aktivity na stratovulkáne ETNA za posled­
ných IO rokov. 
Miesto: ŠGÚDŠ. Bratislava, zasadačka 3. poschodie. 13,30 hod. 

Uhoľná odborná skupina Prievidza (predscdalng.J. Fazekaš.CSc.) 

Február-Apríl 2002 
Prednáškové popoludnie : 
Nové výsledky geowgického a banského výskumu v Hornonitriansk5·ch 
baniach. 

Geofyzikálna skupina (predseda RNDr. J. Lane. CSc.) 

14.3.2002 
Se111inár· 
P Kubeš et al. Atlas geofyzikálnych máp a profilov 
Miesto: ŠGÚDŠ. Bratislava. zasadačka 3. poschodie. 13.30 hod. 

Geochernicko-mineralogická skupina (predseda doc. RNDr M. 
Chovan CSc.) 

Apríl 2002 
Prednáška: 
prof. Zdenek Pertold: Nové poznatky o 111etalogeneze Českeho masívu. 
Miesto: ŠG ÚDŠ , Bratislava. zasadačka 3. poschodie. 13.30 hod. 

Hydrogeologická skupina (predseda D. Marcin) 

28.3.2002 
Prednáška: 
P Malík a D. Bodiš Hydrogeologické pomery Licinskej pahorkatín) 
(Gemer). 
Miesto: ŠGÚDŠ, Bratislava, zasadačka 3. poschodie. 13,30 hod. 

lnži nierskogeologická skupina (predseda RNDr L. Iglárová) 

25.4.2002 
Prednáška: 
Ing. Jana Frankovská. CSc„ Nové požiadavky na laboratórne skúšky v inži­
nierskej ~eo!óg~i a pripravované europské normy 
Miesto: SG UDS. Bratislava, zasadačka 3. poschodie, 13.30 hod. 

Paleontologická s k upi na (predseda RNDr. J. Michalík. DrSc.) 

Marec 2002 
Seminár· 
Výsledk~ prác ']1ladých paleontológov. 
Miesto: SGUDS. Bratislava, zasadačka 3. poschodie. 13.30 hod. 

Máj 2002 
Spoluorganizátori terénnej exkurzie: 
- viď. bratislavská pobočka 

Jún 2002 
Spoluorganizátori konferencie: 
Stretnutie slovenských a českfch paleontológov 

Sedimentologická skupina (predseda RNDr I. Baráth, CSc.) 

18.4.2002 
Odborný seminár· 
Tektogenéza Viedenskej panvy - štruktúra podložia. história zaplňania. 
vývoj paleonapätí. 
Miesto: ŠGÚDŠ. Bratislava, zasadačka 3. poschodie. 13,30 hod. 

Skupina ropnej geológie (predseda RNDr P Ostrolucký. CSc.) 

4.4.2002 
Prednáška: 
I HrušeckS· et al„ Štruktúrno-tektonické štýly vývoja bazénov a na ne 
viazané akumulácie uhľovodíkov 
Miesto: ŠGÚDŠ, Bratislava. zasadačka 3. poschodie. 13.30 hod. 



Životné jubileum RNDr. Ondreja Franka, DrSc. 
V máji 2001 oslávil svoje 

sedemdesiati ny RNDr Ondrej 
Franko. DrSc, významný slO\cnský 
hydrogeológ a dlhor?čnj I edúci 
vedecký pracovník GUDS v Brati­
slav e. 

O. Franko sa narodil 24. mája 
1931 v Párnici na Dolnej Ora1e. 
Po štúdiu na Gymnáziu v Dolnom 

Kubíne. maturite na Pedagogickom 
gymnáziu v Žiline a krátkom 
pôsobení ako učiteľ strednej škol) 
v Nesl uši pri Kysuckom No, om 
Meste začal v roku i 952 študovať 
na Geologicko-geo~rafickej fakulte 
UK v Bratislave. Stúdium hydro­
geológie zavrsil roku 1956 na Geo­
logicko-geografickej fakulte KU 

v Prahe ako promovaný geológ. V roku 1967 získal akademickú hodnosť 
RNDr„ roku 1968 vedeckú hodnosť kandidáta geologicko-mineralogických 
vied a v roku 1991 - po obhájení práce Geotermálna energia Slovenska - DrSc. 

Po skončení univerzitn5•ch štúdií pracoľal v Ústave stavebnej geológie 
v Žiline. odtiaľ roku 1958 prešiel do GÚDŠ v Bratislave a pôsobil tam až 
do konca roku 1994. Od 1. januára 1995 je na dôchodku. 

Jubilantova vedecká, odborná a organizačná činnosť je mnohostranná a je 
významným prínosom do rozvoja slovenskej aj svetovej hydrogeo lógie. 
Popri regionálnom a metodicko-teoreticJ.;om výsl,;ume sa sústred il najmä 
na problematiku minerálnych a termálnych vôd. ich och ranu a na výskum 
a využívanie zdrojov geotermálnej energie. Zaoberal sa aj t1 orbou a redigo­
vaním máp, hlbok5·mi vrtmi, paieohydrogeológi ou i hi stóriou hydrogeoló­
gie. Vo veľkom rozsahu sa venoval aj pedagogickej. odbornej organizačnej 
a popularizačnej činnosti. Výsledky jeho práce našli doma i v zahraničí 
široké praktické uplatnenie. Dobré meno slovenskej hydrogeológie. G ÚDŠ 
a Slovenska šírila aj jeho práca v domácich a medzinárodn5·ch spoločnos­
tiach a komisiách. O. Franko patrí medzi vyhranené vedecké osobnosti. 
o čom okrem iného svedčí aj jasnosť a svojská lapidárnosť. s akou dokáže 
názorne a zrozumiteľne svoje poznatky a predstavy prezentoľať. 

Jubilant v prvých rokoc.h práce v Žiline získaval skúsenosti z hydrogeolo­
gického prieskumu kvartérnych a neogénnych sedimentoľ na zásobovanie 
pitnou vodou a zoznamoval sa i s problematikou minerálnych a termálnych 
vôd (Liptovský Ján, Lipovce. Bojnice). Prrnu úlohou. ktorú v GÚDŠ plnil 
v rokoch 1958-1959. bol návrh dočasných ochrann:'ch pásiem a opatrení 
pre 111inerálne liečiv é a stolové vody Slovenska. V rokoch 1960-1961 skú­
mal pôvod. rozšírenie a výstupné cesty CO, a 111inerálnych ľôd I modroka­
menskom uhoľnom ložisku vo vzťahu k odplyiíovaniu CO, pri ťažbe uh lia. 
V rokoch 1962-1968 riešil vziah bojnick5·ch liečivých termálnyc h vôd 
k iažbe uhlia v nováckom ložisku. čo vyústilo do nového návrhu ochrany 
bojnických termálnych vôd. Zároveň skúmal aj termálne vody v Chalmoľej. 
v Malých a vo Veľkých Bieliciach. V rokoch 1966--1970 sa so S. Gazdom 
a M. Michalíčkom venoval otázkam trnrbv a klasifikácie minerálnvch a ter-
111álnych vôd Západných Karpát. V ich· výskume v rokoch 19-71-1976 
pokračoval v Liptovskej kotline a v rokoch 1975-1980 vo Zvolenskej 
pahorkatine. V rokoch 1971-1980 s M. Zakovičom a L Mateovičom 
pokračoval aj v rekognoskácii minerálnych a termálnych vôd Slovenska. 
V rokoch 1966-1980 sa tak vykonalo 918 kompletn)°ch rozborov. ktoré 
sú doteraz najúplnejšírni rozbormi minerálnych a termálnych ľÔd Slovenska. 
S M. Michalíčkom zhodnotil jodobró111ové vody Slovenska a s M. Potfajom 
spracoval geologický projekt výskumného vrtu FPJ-1 na takéto vody 
v Oravskej Polhore. 

Jubilant bol iniciátorom regionálneho výskumu minerálnych a termál­
nych vôd a zdrojov geotermálnej energie na Slovensku a pokladá sa za spo­
lutvorcu a priekopníka hraničnej vedeckej disciplíny - hydrogeoterrnie. 
V rokoch 1971-1994 sústavne skú111al zdroje geotermálnej energie. 
V rokoch 1971-1984 študoval geotermálne vody komárňanskej kryh) 
a centrálnej depresie podunaj skej panvy (zo začiatku sám. neskôr s A 

Remšíkom, v závere s M. Fendekom). Inicioval aj výskum zdrojo1 geoter-
111álnej energie " Lipto1 skej kotline na rok y 1986-1990 (v rt v Pa v činej 
Lehote, rokoch 1976-1977 a v Bešeňo ej v rokoch 1986--1987). Popri úlo­
hách. ktoré rieši l, sa z jeho iniciatívy plnil rad ďalších ľ5'sku111n5,ch úloh 
zameran5•ch na geotermálne I ody. Výchovou mladých hydrogeológov hyd­
rogeolermikoľ sa zaslúžil o , znik novej ľedeckej generácie s ľšestranným 
prístupom k,) užírnniu geotermálnej energie. 

O. Franko bol I rokoch 1969-1970 e.,pertom OS N (hydrogeológ konzul ­
tant) ľ Sal ľádore (geo termálne ložisl,;o Ahuachapán) a I roku 1981 členom 
expertnej misie v Alžírsku [prípraľa podkladoľ na roz1 oj alžírskeho kúpeľ­
níctva). 

V,·sledkv re 0 ionálneho v)°s kumu jubilant zobrazil vo ľiacerých mapách. 
Je spoluautoro~1 Hydrogeologickej mapy ČSSR I mierl,;e 1 : 1 OOO OOO 
( 1966). Mapy regióno1 podzemných vôd ČSSR v mierke 1 500 OOO 
( 1967). li stu Nitra Hydrogeologickej mapy v mierke 1 : 200 OOO ( 1982) 
a Hydrogeologickej mapy regiónu Horná Nitra v mierke 1 : 50 OOO ( 1993). 
Poznatky o minerálnych vodách Západných Karpát zobrazil v Mape minerál ­
nych ľôd ČSSR v mierke 1 : 500 OOO ( 1983). Mapu a vys ve tli vky zostavil 
s M KoláfoľOU a katalóg obaja spolu s L Mateovičom . V ro~och 
1986--1990 s M. Hazdrovou vy tvoril rukopisnú Geoter111álnu mapu CSSR 
1 mierke 1 : 500 OOO. S M. Fendekom zhodnotil tepelnoenergetický poten­
ciál 25 perspektí1 nych oblastí na 5538 MW. Vrchol ním a unikátnym 
1edeck,'m mapo,5111 dielom. ktoré O. Franko zostm ii a ktorého je spolu­
autorom. je sloľensko-anglickf A rias geot!'ľ111d/11ej energie Sloľenska 
z roku 1995 (na jeho t1 orbe sa zúčastnil aj A. Remšík a M. Fendek). 
Na tomto atlase pod Franko, ým ľedení111 pracovalo 25 odborníkov z šesi 
organizácií. Na medzinárodnej 15·sta1 e INTERSTONE'97 v Trenčíne za(1 
GSSR získala I. miesto. Jubi lant sa zúčas tnil aj na t1 orbe hydrogeologickej 
mapy Podunajskej nížiny " rámci medzinárodnej spolupráce na projekte 
DA. rREG a európsl,;eho atlasu geotermálnej energie. 

Jubilant popri regionálnom výskume a tvorbe máp I enm al vellú pozor­
nosť 111dodike aj teórii . Jeho prvou významnou publikáciou tohto druhu je 
Prob/errwrika ľ{sku111u terr11d/11w:li nid Sloľe11 ska. v l,;torej zhodnotil stav 
poznatJ.;ov. sfor~uloľa[ problén~y výs l,;urnu. načrtol etapy výskumných prác 
aj ich metodiku. V dalších dielach potom objasnil režim termáln ych vôd 
ľO vziahu k zrážkam (dopÍňanie a vyprázdňornnie zdrojov termálnej vody 

a jej retardácia), deľinova l hydrogeologich1 štruktúru a navrhol delenie 
štruktúr a v5,verov}'•ch oblastí. Pri riešení ochrany bojnických termálnych 
vôd rozpracm al metodiku výskumu a filozofiu ochrany (od vývero vej 
postupo1 • ať k tranzitno-a!,;umulačnej a potom k infiltračnej oblasti) . 
S L. Snopkom vysvetlil genézu dusíkm ých akratoteriem v Spišsl,;o-gemerskom 
rudohorí. s M. Potfajom genézu jodobrómoľých vôd v Oravs l,;ej Polhore 
a s M. Fendekorn princíp tennosifónu termálnych vôd. Do celos1etm ého 
vSvoja hydrogeologickej metodiky V)znarnne zas iahla jubilanto, a metodika 
tvorby Mapy minerálnych vôd ČSSR v mierke 1 : 500 OOO. 

O. Franko ve nova l pozornos ť aj paleohyd rogeológii : vyč lenil (s D. 
Bodišom) štyri etapy hydrogeologického vývoja minerálnych a termálnych 
vôd vnútorních Západnf·ch Karpát a na základe veku travertínm,S•ch telies 
a ich pozície k terasám riek ľysvetlil históriu termálnych vôd ľ Bojniciach 
a v Dudinciach. Pri tvorbe Mapy minerálnych ľÔd ČSSR (s M. Koláfornu) 
potlľdil vziah výs l,;ytov uhličitej vody k tektonick}'rn rozhraniarn hlbinn}'•ch 
blokoľ siahajúcich do vrchnej časti pláš ia Zerne. Od roku 1995 na základe 
izotopov C. S, O a H s J. Mi chalkom a A Šivom objasňuje pôvod a v5voj 
minerálnych a termáln ych I ôd. Zhodnotil I ply I horninm ého prostredia 
v:' verov na hodnotu o''C. podľa hodnoty o1"S(SO,J určil pôrnd sulťátm 
SO, z hornín spodného a stredného triasu rôzn) ch tel,;tonických jednotiek 
a podľa izotopov O a H vody zhodnotil pôvod ľôd. Podľa izotopu '"Ca ľeku 
tra,ertínu stanovil aj vek ľôd a ich vý voj ľ priestore a čase. V rol,;och 
1971 - 1972 zhodnotil význam nových geoterrnick:'·ch údaj o, pre štúdium 
hlbok)'ch hydrogeologických štruktúr. Neskôr I y rnedzil 2-+ perspektívnych 
oblastí a štruktúr a geotermickou bilanciou hodnotil ich tepelnoenergetický 
potenciál Na základe 15-ročných praktických skúseností spracoval metodiku 
hodnotenia perspe ktívnej oblasti. realizácie geotermálnych vrtov a ich 
skúšok. S O Fusánom. M. Králom a D. Majcinom po prvfkrát zhodnotil roz­
loženie vysokoteplotnS·ch (nad 180 °C) a strednoteplotných (130-180 °C) 



vôd a tepla suchí•ch hornín. Publikoval metodiku hodnotenia tepelnoenerge­
tického potenciálu geotermálnych zdrojov a s O. Fusánom. J. Frankom a M. 
Králom poukázal na možnosti vyhľadávania dalších zdrojov geoterm,ílnej 
energie na Slovensku. Ako prvý v Západn5•ch Karpatoch aplikoval McKel­
veyove členenie potenciálu geotermálnych zdrojov, ako aj Muftlerovu klasi­
fikáciu geotermálnych oblastí. S O. Fusánom a M. Králo111 podal najnov ší 
ucelený prehľad hydrogeotermál nych pomerov Slovenska. Zúčas tnil sa aj 
na príprave metodickej príručky vfskumu hydrogeoterrmílnych zdrojm 
RVHP a Ten11i110/ogickélw slornľka 111i11erá/11ych a rern1älnľCh ľríd komisie 
pre minerálne a termálne vody !AH. Ako predseda hydrogeologickej termi ­
nologickej komi sie bol iniciátorom. spo luautorom a s J. Jetelom zostavova­
teľom terminologického slovníka Hydmgeo/ôgia ( 1998). 

V súlade so zásadou. pod ľa ktorej je história matkou múdrosti. jubi lant 
s použitím prekladov A. Rebra z latinčiny porornal poznatky a predstavy 
slovenských bádateľov zo 16.- 18. stor so súčasnými Publi koval hi stóriu 
hydrogeológie minerálnych vôd na Sliači a s L. Meliorisom a V Hanze lom 
na Slovensku vôbec. Neskôr zverejnil bibliografiu podzemný-ch vôd Slovenska 
za roky 1918-1955 a práce o prínose D. Andrusova, M. Maheľa a O. Hynieho 
pri riešení problematiky podzemných vôd Slovenska. 

Jubilantovo pedagogické vzdelanie a bohaté hydrogeologické vedomosti 
boli dobrým východiskom pri jeho ex terných prednáškach o minerálnych 
vodách na Katedre inžinierskej geológie a hydrogeol óg ie PFUK v Bratislave 
v rokoch 1962-1 965. Po vedení viacerých di plomovfch prác bol od roku 
1982 ško liteľom vedeckých ašpirantov O výs ledkoch ví•s kumu prednášal 
na mnohých domácich a zahraničných konferenciách a se minároch 
Na požiadanie organizátorov vystúpil s odborným referátom na svetornm 
geotermálnom kongrese v Havaji. v NSR. Dánsku a na geotermálnom kurze 
v Meaux. 

Odborné organizačné schopnosti RNDr O. Franka. DrSc„ sa úspešne 
využívali pri vedení štátnych úloh po celý čas j eho pôsobenia v GÚ DŠ. 
Poznani e cieľov dlhodobého ví•sk umu mu umožnilo preclkladat proj ekt) 
na desiatky rokov vopred (projekt výskumu mi ne rálnych a termálnych vôd 
na roky 1966-1970 s výhľaclom do roku 1985: výskum zclroj01 geotermálnej 
energie na roky 1976-1980 s výhľaclom do roku 2000). V roku 1990 pripra,·il 
podkl ady na rokovanie vlády Islandu a Slovenskej republiky o spolupráci 
v geotermálnej energii a bol spoluzakladateľom slovensko- islandského pod­
niku na využívanie geotermálnej energie. ktorý nazval SLOVGEOTERM. 
Medzi prvé tíl ohy tejto spolupráce patrila reinjektáž ,. Podhájskej. vykuro­
vanie sídli ska Galanta-sever a spo lupráca v škol stve. V roku 1991 pripravil 
slovensko-izraelské zasadanie o spolupráci pri V) užívaní geotermálnej ener­
gie v Koš ickej kotline. Ako člen informačnej komisie Medzinárodnej geo­
termálnej spoločnosti v roku 1991 zorganizoval zasadanie rodiacej sa európ­
skej pobočky v G ÚDŠ. Ako člen komi sie pre minerálne a termálne vody pri 
Medzinárodnej spo l oč nosti hydrogeológov (IAHJ v roku 1994 zorganizoval 
jej zasadanie v Bojniciach. V roku 1994 založil Slovenskú geotermálnu aso­
ciáciu. Od roku 1986 bol členom redakčného ok ruhu Západné Karpaty -

sé rie Hydrogeológia a inžirnerska geológia a od roku 1990, edeck)°m redak­
torom tejto edície. Od roku 1990 bol aj člen om vedec kej rady ústav u. 
redakčného okruhu Geologické práce - Správy. edičnej rad) geol og ick)°ch 
publikácií ústav u a Národného geologického komitétu. Od roku 1993 bol 
členom komis ie Grantovej agentúry 2 pre vedy o Zemi a vesmíre. V roku 
1963 založi l odbornú skupinu hydrogeol óg ie pri SGS a od roku 1966 bol jej 
predsedom. V rokoch 198 1- 1994 bol vedeckým tajomníkom SGS. Bol spo­
l u zakladateľom pobočky SGS v Banskej Bystrici a v Spišskej Novej Vsi 
a odbornej skupiny geofyziky v Bratislave. S, oje poznatky prezentm al 
aj na mnoh5·ch domácich a medzinárodn5·ch e.,k urziách. ktoré pomáhal 
organizova ť. 

Mimoriadne bohatá je jubilantova publikačná činnosť. a to nie len z čias 
jeho pôsoben ia, Gl'DŠ, ale aj z neskorších roko, (238 publikácií. z toho 
38 už po odchode do dôchodku). Zoznam jubilantových prác z,erejnil časo­
pis Geologické práce - Správy 106. 

O ús pešnosti cel oživ otnej odbornej a vedeckej činnosti RNDr. O. Franka. 
DrSc .. svedčí bohaté využívanie jej výs ledkov, praxi . Podľa jubilantov5ch 
návrhov sa 40 rokov chránili zdroje minerálnej a termálnej vody. Výsl edky 
jeho riešenia ochrany bojnických termálnych , ôd umožnili uvoľniť na ťažbu 
170 mil t hnedého uhlia. Jeho vrty dovolili využíva( zdroje liečivej term ál ­
nel vody v Bojniciach. Chalmovej a Malých Bieliciach, minerál nej vody 
1 Cačíne. pitnej vody v Trnave (vodáreň cl odávajúca mestu 80 lis) a geoter­
málnu vodu na vykurova nie (sídlisko a nemocnica v Galante. skleníky 
, Kráľovej pri Senci. Topoľn íkoch , T vrcl ošm ciach. Hornej Potôni. Vlčanoch 
a BešeňOľej) a v rek reačných kúpaliskách (DiakOľce . Bešeňová a i.) . 

O mimoriadnom vedeckom prínose jubilanta do h) Jrogeológie a pra,e 
svedčí rad vyznamenaní. V roku 1985 sa s tal zaslúžil:,'m pracovní kom 
rezortu SGÚ. v roku 1991 mu SAV udelila Zlatú plaketu Dion)°za Štúra za 
zásluhy, prírodnfch vedách a roku 1991 Preclsed níc tvo SNR '.\árodnC, cenu 
Slovenskej republiky za poznanie zákonitostí rozš írenia geote rmálnej energie. 
obja,enie a zhodnotenie j ej zdrojo1 V roku 1994 dostal Medailu Jána Slá­
vika SGS za rozv oj slovenskej geológ ie a za zásluh) o SGS . Pri 60. 1 ýročí 

založenia ŠG ÚDŠ v- roku 2000 získal Zlatú medailu za rozv-oj geo lógie 
na Slovensku a propagáciu Slovenska 10 svete. 

RNDr Ondrej Franko. DrSc., 1 ždy I enm al všetk) sv oje sily a neúnavný 
en tuziazmus slovenskej hydrogeológ ii a geológi i. Odborná I erejnosť s obd i­
vom hodnotí jeho neochab uj úcu plodnú aktivi tu. ktorú nem plyv ni! ani 
odchod jubil an ta do dôchodk u. 

Priatelia a spolupracovníci. ako aj celá odborná ľerejnost oce11ujú zása­
dovos i. tv oriľú húžernatosi, priamos ť. ľud s k5 prístup. sv edomitosi a pra­
cov 11! elán RNDr O Franka. DrSc .. ktorf mu môžu záv idiei aj jeho mladší 
nasl ed01 níci. a pri príležitosti dôl ežitého životného jubilea mu želaj ú pevné 
zd rav ie. dalšie tvom é nápady. silu na ich naplnen ie a napo kon aj udržan ie 
doterajšieho elánu a optim izmu. 

Michal E!eľko a Jcin Jere/ 

Doc. RNDr. Peter Reichwalder, CSc., šesťdesiatročný 
V roku 2001 osláv il svoje šesťde sia tin y 

významný sl01ensk)°· geológ doc. RNDr 
Peter Reich\\a[ de r. CSc. 

Jubilant sa narodil 27 j úna 1941 
v Krompachoch. Vrúcny vztah ku geoló­
gi i sa uň ho prejavil veľmi skoro. a tak si 
vybral štúdium na Pri emyselnej škole 
geologickej v Spišskej Novej Vsi 
a zavľšil ho maturi tou roku 1959. Jeho 
cesta potom viedl a do Bratislavy na Prí­
rodovedeckú fakultu UK. Univerzitné 
štúdiá v odbo re základná a ložisková 
geol ógia ť1 spešne ako promovaný geológ 
skončil roku 1964. Na Prírodovedeckej 
fakulte UK neskôr za prácu o kryštalinik u 

Vysokých Tatier získal aj akadcmick5• titul RNDr V roku 1970 obhájil 
kandidátsku di ze rtáciu Geologická staľba ju!wn'c/wdnej ťa .Hi 1wleo;oika 

S11i.ísko-ge 111erskélw rudo!wrio a získal titu l ka ndi dúta geologick)·c h ľied 
(CSc) 

P Reichľv al der zača l profesionálnu činn os ť v spišskono, 0 1 es kom závode 
n. p. Uránov-:; prieskum. ale už po krátkom čase prešiel na ľrcholové vedecké 
pracovisko - GÚDŠ. Tomuto ústavu venm al dv adsaidv a rokov života 
a práce a naJrn ä ako námestn ík rracli t e ľa ľ rokoch 1977-1986 10 veľkej 

miere form ova l profil tejto dôl ežitej inšt itúci e. Z uvedenej fu nkcie rnu 
1 yp lynul aj rad cfalších pm inností. Bol členom a neskôr predsedom komi sie 
na sch, a ľov anie hlbok)°·ch I nov geolog1ckého ľ)Skumu. členom v·edeckej 
rad 1 GÚDŠ a ÚÚG. členom medzinárodn ej a medzinárodnej pracornej sku­
piny na využívanie diaľkov ého prieskumu Zeme v ČSSR. členom sekcie pre 
rozv oj surovinovej a materiálnej základne pri Slovenskej kom isi i pre vedecko­
-tec hnickí a in vestič ný rozľoj. čle n om rady kľúčovéh o smeru štátneho 
programu základného výskumu 11-4 Geologické a geoc/1e111ické ,,rocesľ, 
členom komi sie pre aprobáciu geologick5ch máp. predsedom knižničnej 
komisie GÚDŠ, ako aj členom komisií n. p. Geofyzika I Brne. Zorganizo­
val viac te ktonických konfe rencií v Smolenici ach. 



Výskumne sa doc. P. Reichwaldcr sústredil na ekonomicky najv5·znam ­
nejšiu slovenskú oblasť - Spišsko-gemerské rudohorie a Slovenský kras. 
Išlo o geologický· výskum. geologické mapm anie, ako aj o štruktúrnogeolo­
gickú analýzu. Medzi prvými apliko1al poznatky tektonik: litosférických 
dosák pri rekonštrukcii geologického vývoja a pa leotektonik: ,- gemeriku 
a rneliatiku. Detailne rozpracoval najmä problematiku juhogemerického 
mladšieho paleozoika a vysokotlakové horninové asociácie spájané so sub­
dukčno-akrečnými procesmi. Venmal sa aplikácii metód diaľkového prie­
skumu Zeme pri regionálnogeologickom a tektonickom výskume a pri t1 orbe 
geologických máp. Schopnosti na vykonávanie tejto špecifickej činnosti 
získal počas trojmesačného študijného pobytu zameraného na , yuŽÍ\ anie 
kozmick)°·ch snímok pri geologickej interpretácii na Ministerstve geológie 
ZSSR v Moskve. Je spoluautorom prvej kozmotektonickej mapy strednej 
a východnej Európy. Spolupracoval pri tvorbe šiestich publikovaných máp 
a vysvetliviek k nim. 

Významná bola jubilantova výskumná a pedagogická činnosť, zahraničí, 
venovaná dvom africkým krajinám -Zambii a Etiópii. V rokoch 1971-1975 
pracoval v Geologickej službe Zambie (prostredníctvom podniku zahranič ­

ného obchodu Polytechna). Venoval sa predovšetkým komplexnému geolo­
gickému výskumu - geologickému mapovaniu, štruktúrnogeologickému 
bádaniu a geochemickej prospekcii - vo východoafrickom riftovom pásme. 
Utvoril a publikoval prvú geologickú mapu tohto územia v mierke 1 50 OOO 
zachycujúcu vyše 6000 km'. 

V rokoch 1988-1989 pôsobil P. Reichwalder v Etiópii ako expert OSN 
v rámci projektu Ne;v ,nerlwds of mi11eral nplorarúm. Išlo o postgraduálny 
kurz pre mladých etiópskych geológov, geochemikov a geofyzikm zamera­
ný na moderné metódy laboratórneho a komplexného regionálnogeo logic­
kého výskumu, najmä na Au mineralizáciu. 

Vedecké konferencie, kongresy a sympóziá, ako aj študijné či pracorné 
cesty zaviedli jubilanta do mnohých ďalších krajín. Boli to USA. ZSSR 
(Rusko, Ukrajina, Gruzínsko), Rumunsko, Bulharsko, Poľsko, Madarsko. 
Juhoslávia, Rakúsko, Francúzsko, Tanzánia aj Island. 

Doc. P. Reichwalder, CSc., v druhej fáze svojej profesionálnej životnej 
púte bol a je v prvom rade univerzitným učiteľom. Táto jeho cesta sa začala 
v roku I 986, keď ho vymenovali za docenta a vedúceho Katedry geológie 
a paleontológie Prírodovedeckej fakulty UK. Vdaka organizačným schop­
nostiam a skúsenostiam, ako aj príkladnej usilovnosti a húževnatosti katedru 
skonsolidoval i zveľadil. Prednášal a postupne rozpracoval deväť odborných 
disciplín. lažiskom bola regionálna geológia (Č:SR, strednej Európy, sveta), 
štruktúrna geológia a na ňu nadväzuj úca geotechnika, metódy terénneho 
výskumu, interpretácia leteckých a družicov)°ch snímok, organi zácia a ria­
denie geologickej služby, ako aj exkurzie a mapovacie kurzy. V poslednom 
čase vedno s doc. E. Jablonským prednáša základný geologický predmet -
všeobecnú geológiu. 

Okrem už spomenutej pedagogickej činnosti v africk)'.'ch krajinách jubi­
lant v angličtine prednášal geológiu zahraničn5· m študentom Stavebnej 
fakulty STU a na Varšavskej univerzite mal v roku 1998 tridsaťhodinový 
cyklus prednášok pre doktorandov o centrálnych a vnútorných Západných 
Karpatoch. Kus užitočnej práce vykonal aj v skúšobných či kvalifikačn,·ch 
komisiách rozličného druhu (DrSc„ CSc .. PhD .. RNDr. štátne záverečné 
skúšky magisterského štúdia a pod.) . 

Tretím významným okruhom činnosti doc. P. Reich waldera bola a je 
organizačná práca pre geologickú komunitu. Na medzinárodnom poli išlo 
o funkciu tajomníka tektonickej komisie Karpatsko-balkánskej asociácie 
( 1983-1996), členstvo v pracovnej skupine RVHP pre diaľkmé metódy 
výskumu družicami a lietadlami v geológii a v pracovnej skupine mo1foló­
gie a genézy tektonických štruktúr v rámci mnohostrannej spolupráce aka­
démií vied socialistických krajín. Doma je členom Slovenskej geologickej 
rady ( I 996-2001) a Slovenského národného geologického komitétu 
( 1994-2001 ), ako aj šiestich redakčných rád slovenských geologických 
časopisov a periodických publikácií. 

Priam srdcovou záležitosťou jubilanta je pôsobenie v SGS. Je členom jej 
výboru, predsedom bratislavskej pobočky, od roku 1994 predsedom SGS 
a v tejto funkcii viac ráz reprezentoval Slovensko v zahraničí. Výrazne sa 
zapojil do organizácie dvoch zjazdov SGS - v septembri 1997 v Bratislave 
a v júni 2001 v Banskej Štiavnici. V roku 1997 s výborom SGS, ktorý 
viedol. zorganizoval zjazd aj medzinárodnú konferenciu Alf'ille ern/urion 
ofrhe Wesrem Ca,parhia11 and relared areas, venovanú stému výročiu naro­
denia akad. D. Andrusova. 

Jubilant - osobitne ako predseda - zodpovedn,·m prístupom a s citom pre 
situáciu dokázal v tomto - pre SGS neľahkom - období udržať činorodosť 
SGS a p l niť jej poslanie v geologickej obci Slo1enska. 

Pri I zácnej príležitosti nemožno obísť ani jubilantove zásluhy o popula­
rizáciu geológie. osobitne filmami s geologickou problematikou. Široká 
verej nosť ho dobre pozná z j edenásťdielneho cyklu Ce:. Ka,pal_ľ. nakrúte­
ného I spoluprác i Slm ens kej a Poľskej televízie. Jubilant I lastní naj rozsiah­
lejšiu filmotéku (videotéku) geologick5·ch filmo v na Slovensku. 

Doc. Peter Reich,rnlder. CSc., patrí medzi ľudí. pre ktorých je geológia 
nielen zamestnaním a povolaním. ale aj hlbokou osobnou záľubou. Skromné 
vystupovanie. širok5· odborn, rozhľad i zmysel pre spravodli vosť mu pri ­
niesli množstvo priaznivco,. obdi v ovateľov a dobr,ch priateľo1 
Pri v,·znamnom ži votnom jubileu mu že láme pevné zdra vie. pracovnú 
pohodu a veľa radosti v rodinnom kruhu. 
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Náuč110-1 1edecké filmy 

Cez Karpaty (C 1998- 1999 Poľská televízia) 
(C 2000 STV - s lovenské znenie) 

11-dieln) dokumentárny seriál - geologické putovanie po slov ensk5·ch Kar­
patoch (spoluautor scénara a realizácie) 
Jednotlivé časti seriálu Malá Fatra. Stredné Považie 1. a 2. čast. Strážovské 
vrchy. \1alé Karpaty. Nízke Tatry. Slovenský kras. Stredoslovenské vulka­
nit). História s!Oľenského baníctva, Cerová vrchovina. Vulkanity vj'chocl ­
ného Sl ov ens ka. 

Doc. RNDr. Ján Čurlík, CSc., šesťdesiatročný 
Začiatkom augusta v plnom 

zdraví a v príkladnom pracovnom 
nasadení zavŕšil šieste decénium 
svojho pl odného života doc. RNDr 
Ján Čurlík. CSc .. vy111kajúci geoche­
mik a priekopník nových, moder ­
ných geochernických špecializácií. 

Ján Čurlík sa narodil 4. augusta 
1941 v Petrovciach v okrese Vranoľ 
nad Topľou. Základnú školu vycho­
dil v Hanušovciach nad Topľou 
a v roku 1959 zmmuroval na Vyššej 
pri l'myselnej škole geologickej 
a baníckej v Spišskej Novej Vsi 
V rokoch 1959-1960 pracova l ako 
technik v Pozemných stavbách 

v Prešove pri prieskume stavebných surovín. Po základnej vojenskej službe 
roku 1962 študoval na Prírodovedeckej fakulte UK v Bratislave a štúdiá 
úspešne skončil roku 1967. 

Po absolvovaní univerzity nastúpil ako vedecký pracovník do Výskum ­
ného ústavu pôdoznalectva a výživy ras tlín v Bratislave. Na požiadanie 
prof. S. Cambela prešiel roku 1975 na rodiacu sa Katedru geochémie Príro-

dovedec kej fakulty UK. kde bol najskôr vedeckým pracovníkon1. potom 
odborn5rn asistentom a od roku 1987 docento m ,. odbore geochémia. 

V roku 1972/1973 absolvoval postgraduálne štúdium pôdnej mineralógi e 
a mikrornorľológie v Holandsku a v roku 1973 mesačné1 stáž v Pedologicko111 
ústaľe Dokučajeva v Moskve. V roku 1974 získal akademick:i titul RNDr 
a ľ roku 1976 na Katedre mineralógie a kryštalografie Prírodoľedeckej 
fakulty UK vedeckú hodnosi kandidáta vied (CSc). V roku 1986 bol najeclno­
semestrovom prednáškovom pobyte na Štátnej univerzite ľ Gente ľ Belgicku. 
V roku 1990 prešiel do v5,skumného ús tavu pôdnej é1rodnosti v Bratislave. 
kde pôsobí ako vedecký pracovník doteraz a vedie oddelenie pedológie. 

Jubilan t vo svojom doterajšom odbornom a pedagogickom pôsobení uro­
bil kus dobrej práce na vedeckom. pedagogickom aj organizačn om po li 
V pôdoznaleckom ústave vybudoval laboratórium minera lógie a mikromor­
fol ógie , na katedre laboratórium geochémie a mikroskopie a v ústaľe . ľ kto ­
rom pracuje teraz. oddelenie pedológi e . 

Doc. RNDr J Čurlík. CSc. , zaviedol na Katedre geochémi e Prírodov e­
deckej fa ku l ty nové. moderné učebn é di sci pl íny - geochémi u ž i v orného 
pros tred ia. geochérniu sedimentárnych procesov. geochém i u hypergé nnych 
procesoľ. geochémiu krajiny. ochrany ovzdušia. pôdy a vody Pracoľal 

na koncepciách moderného geochemického aj environmentálneho š túdia 
na fakulte. Takpovediac za pochodu pripravoval obsah nových geochemic­
kfch disciplín. spracoval najprv interné a po nich aj oficiálne učebné texty. 



Išlo najmä o texty z geochémie životného prostredia (1983) - vôbec prvé 
v Československu - a neskôr z geochémie hypergénnych procesov ( 1988). 
Jedny aj druhé dostali v roku ich vydania cenu rektora UK. V spoluautorstl·e 
napísal aj skriptá z pedológie (Nitra. SPU) a interné skriptá z pedogeochémie. 

Bohatá je aj doterajšia jubilantova pedagogická činnosť. Prednášal nielen 
na Prírodovedeckej fakulte UK. ale aj na Masarykovej univerzite v Brne 
(1982-1990). na Academii lstropolitana (1992-1994) a príležitostne aj 
na Slovenskej poľnohospodárskej univerzite v Nitre. V pedagogickej práci 
sa opieral o vlastné vedecké bádanie a o najnovšie poznatky svetovej vedy 
Doteraz vychoval okolo tridsať diplomantov. doktorantov (RNDr.) a vedec­
kých ašpirantov. Aj v súčasnosti externe prednáša pedogeochémiu a geo­
chémiu krajiny na Prírodovedeckej fakulte UK aje školiteľom doktorandoľ 

Doc. RNDr J. Čurlík, CSc., začal svoju vedeckú dráhu komplexn,·m 
prieskumom pôdy na Slovensku. získal o nej výborný prehľad a to rozhodlo 
o jeho ďalšom I edeckom smerovaní. Položil základy mineralogického 
a mikroskopického štúdia pôdy, geochemického štúdia hypergénnych pro­
cesov a environmentálnych otázok na Slovensku. Systematickou prácou 
zameranou na túto problematiku zdôvodňoval potrebu rozvíjať nové discip­
líny a orientovať geochemický výskum na riešenie problém01 životného 
prostredia a ochrany pôdy na Slovensku. 

Jubilant je uznávaným pedológom. geochemikom hypergénnych proce­
sov, odborníkom v environmentálnej geochémii a pedogeochémii nielen 
doma, ale aj v zahraničí. Jeho publikačná činnosť je rozsiahla a pestrá. 
V zahraničí sám alebo s inými domácimi a zahraničnfmi autormi publiko­
val 30 vedeckých prác. z nich štyri monografie. Napísal a zverejnil vyše 55 
vedeckých štúdií v domácich odborných časopisoch, okolo 35 v rozličn)°ch 
zborníkoch. vytvoril okolo 100 máp a množstrn záverečných správ z vedec­
kovýskumných projektov. Napísal aj niekoľko príležitostn)°·ch článkoľ pri 
rozličných udalostiach.jubileách. rad recenzií a populárno-vedeck5·ch prác. 

Je riešiteľom i koordinátorom rozličných vedeckých projektoľ na národ­
nej aj medzinárodnej úrovni Zúčastnil sa na plnení siedmich v eľmi 
významných medzinárodných projektov. Z národných projektov bol mimo­
riadne dôležitý Geoche111ick_1i atlas a slibor 111dfi geologick_fr/1 faktoroľ 
ži\'()/J1éiw 11rosrredia S!ove!lskej ref!ub!iky. kde bol J. Čurlík r i ešiteľom 
pedologickej problematiky . Autori tohto projektu dostali cenu ministra 
životného prostredia Slovenskej republiky. 

Výsledky svojej vedeckovýskumnej práce jubilant zverejňoval v podobe 
vyžiadanS"ch prednášok v zahraničí. na vedeckých konferenciách. sympóziách 
a in)'Ch odbornS"ch stretnutiach. Ako uznávaný ľedec sa stal členom medziná­
rodnej komisie UNESCO pre otázky cezhraničného znečisťovania ovzdušia 
(CLTAP). členom medzinárodnej expertnej skupiny pre kontaminovanú kraji­
nu a v súčasnosti vedie expertnú skupinu kritických limitov iažkých kornv 
v pôde. Zorganizoval rad domácich aj medzinárodných vedeckfch akcií. 

Jubilant je riadnym členom a v súčasnosti aj členom predsedníctva Slo­
venskej akadémie poľnohospodárskych vied. členom vedeckých spoločností 
a bol členom viacerých vedeckých a redakčných rád. 

V mene súčasných spolupracovníkov z Výskumného ústavu pôdnej úrod­
nosti v Bratislave. bývalých z Katedry geochémie Prírodovedeckej fakulty 
UK. vedeck)°'ch ašpirantov a študentov. ktorých viedol. ako aj ľ mene celej 
geologickej a pedologickej pospolitosti želáme doc. RNDr. Jánovi Čurlíko­
vi. CSc„ pri jeho významnom životnom jubileu všetko najlepšie. pevné 
zdravie. pohodu. spokojnosť. doterajší elán pri napÍňaní predsav zatí a noľé 
úspechy vo vedeckovýskumnej práci. 

J. Vese!ský. P. Ševťík, O Ďur:a 
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Preface 

This issue of Newslerrer No. J presents tlie results of 2001 research actil'i­
ries of scientisrs included to UNESCO/JUCS !nrernational Ceological Correlo­
tion Programme JCCP 443 Magnesite and Tofc - Ceologirnl a11d Enviro11111entol 
Correlarions. /11 comparison H ith previous JCCP 443 lntroductory Newslerte,; 
issued in December 2000 and targeted to resume rhe-state-of-the-art in magnesite 
and w/c knowledge in individual porticipoting countries, recent one ,vie/ens al/ 
former/y dealt topics. 

Newsletter No. J is referred a/so to findings presented and discussed clu­
ring !CC? 443 Annual Meering 2001 in Krokmi; Polancl, lead by M. Roclvanec 
and W Prochasko on 29 August 2001, hut mainly to the Field Correlation 2001 
Slovokia on 30 August-2 September 2001 guided by Z. Németh. Topics oj Slovak 
magnesite and tolc geo/ogv, industry and environmental protection c1re therejore 
rnnked in continual block at tlie beginning of issue. Regarding to visited locolities 
there were incorpomted a/so two larger art ie/es abo ut ups and dmrns oj magnesite 
production in 5/ovakio by Z. Novek et al. 

News/erter No. J ref/ects the reseorch results in al/ themc1tic groups of 
!CC? 443. ( J) Ceology and srrucrure oj magnesite and talc cleposits os well as 
(2) Ceochemistry, petro/ogy and minera/ogv are treoted in contriúutions bľ 
M. Radvanec 011d W Prochasko, M. Fiori and 5. M. Crilfo, M. Niemelä, V V 
Nasedkin et al., A. C. Condim, !. C. Carvalho, M. A. Manc/our et al., H. Hirnno 
ctnd Y. Togashi as well as V Prasonnakumar and S. N. KumO/: (3) Methods oj 
exploration, investigarion of the raw materia/s are mainly dea/t in conrributions 
by M. Tréger and P Baläž, Z. Novek er al., M. Niemelä, A. C. Condim, M. A. 
Abou Elmoaty et al. and H. Hirnno and Y. Togoshi. (4) Ceoenvironmentol 
mode/s and relared topics are preferaúlv tremecl by M. Bobra and J. Hončuľäk, 
F. Jenčľk et al. and A. C. Condim. 

In 2001 the JCCP 443 aúondoned rhe "summarizing" beginnings and 
jocussed its activities on targened reseorch in Thematic groups. These are built 
in individual Narional working groups oj 26 participating countries, though 
there is no srrict rule to have Oll{ani-:,ed al/ Them{ltic groups in each Narional 
working group. 

We believe rhat the "warming up" of research and correlmion 011 magnesire 
and ralc framed by !CCP 443 was successjul. Presenred Newsletter No. J intends 
ro demonstrate this. 

December 200 J 

Marrin Radvanec, Antonio Carlos Condim and Zoltán Németh 

\" 



Rady autorom 

Každ ý au tor sa usiluje. aby _1eho článok bol nielen obsahoľo. ale aj grafick) 
na vysokej úrovni. Vaše ilustrácie budú kvalitné. ak presne dodržíte naše 
inštrukcie. 

Už pri príprave obrázka treba zľážit, či sa umiestni na Jeden stÍpec alebo na 
dľa stÍpce. resp. na celú tlačen(1 stranu . Vhodne upravený obrázok ( ,·elkosl pís­
me n. hrúbka čia r) možno reprodukoval aj v pome re 1: 1 alebo odporúča111e uro­
bil kresby (perovky) väčšie. ako sa predpokladá ich ,·elkosl po vytlačení. 

Perovky majú by1zhotovené sýtym čierny111 tušo111. Pri obrázkoch urobení ch na 
počítači treba redakcii pos lal originálne obrázk1 (nie xeroxo,·é kópie) ,ytl ačené 
na pauzovacom papieri - 1/aľ /asemťo/1 1/aľianío11 \' kc1111erá/11ej /JOdobe /JľÍ 

1•rsokm11 ro;.iíšeni (111i11. 300 DP/J. Pri zostavovaní obrázko, redakcia odporúča 
pracoval s programami vo ve~torovom zob razení (napr. Corel Draw - TIFF). 
Neodporúčame používa( veľ111i tenké čiary (tzv . ľlaso,ej hrúbky) ani na obry s, 
ani vo výpln i. 

Úmerne k predpokladanému zmenšeniu treba z,·olil hrúbku čiar. , elkosl 
písma. čísiel. hustotu šrafovania a pod. Text možno napísal 1ačším aj menším 
písomom (n ie verzálkami - velkými písmenami). a to podľa toho. čo sa má z, í -
raznii. Optimálna velkosi písma v časopise po zmenše ní je pri 1elkích písme­
nách a č íslach 2 mm a pri malých písmenách 1,6 mm. 

Všeobecne 

1. Rukopi s v dvoch exemplároch a originál obrázko,· s Jedním odtl ačkom 

musia byi vyhotovené podľa inštrukcií pre autorov časopisu Mineralia 
Slovaca. V opačnom prípade redakc ia článok vráti autoro, ·i pred jeho zasla­
ním recen ze ntovi. 

2. Ak je možnosi. pošlite text článku na diskete :i.5· spracO\·aní 
v editore T602 (WinText602. Ami Pro. MS Word. IVo rdPerľect: PCl ale bo 
MS Word. QumkXPress (Mac) v nor111e Kamenickích alebo L llin2. S dis­
ketou zašlite aj _jeden výtlačok textu na papieri 

.1. Rozsah článku je najviac 20 rukopisných strán I čítane literatúr,. obrázko, 
a vysvetliviek. Uverejnenie rozs iahlejších článkoľ musí schľálil redakčná 
Eada a ich zaradenie do tlače bude zd lhavc_jšie. 

4. Clánky sa uverejňuj ú v slovenčine. češt in e. angl : čt ine . resp . ruštine 
Abstrakt a skrátené znenie článku (resumé) je obyčajne ang lické (ak Je č l á ­

nok v angličtine. potom resumé je v slovenčine ). 

5. Súčasne s článkom treba redakcii zas lai autorské 1-yhlásen,e. Obsahuje 111eno 
autora (autorov) . akade111ický titul. rodné číslo. trvalé b1dlisko. 

Text 

1. Úprava textu vč ítane zozna111u literatúry pnspôsobte súčasnej úpra1 e člán­
kov v časopise. 

2. Text sa má písal s dvojitou li nk ovou medzerou (riadkov ačo111 2). na strane 
má by( .10 riadkov. šírka riadku je asi 60 znakov 

.1. Abstrakt aj s nadpiso111 článku s~ píše na samostatní li st. Obsahuje hlarné 
ľýsledky práce (neopakovať to. čo je už vyjadrené nadpisom). ne111á obsa­
hoľai citácie a Jeho rozsah ne111á byi vačší ako 200 slO\ (Abstraktu treba 
venoval náležitú pozornosť. lebo slúži na zosravovanie anotácií.) 

4. Text má obsahoval úvod. charakteristiku (stav) skúmaného problému. resp. 
metodiku práce. zistené údaje. diskusiu a záver 

5. Zreteľne treba odlíši ť výc hodiskové údaje od interpretácií. 
6. Neopakovai údaje z tabuliek a obrázkov. iba ich komentoval 

a odvolai sa na príslušnú tabulku. resp. obrázok. 
7 Text treba členii nadpismi. Hlav né nadpisy písal do stredu. ľedľa_ j š i e na ľaví 

okraj strany. Volii najviac tri druhy hierarchických nadpism. Ich dôležitosť 
autor vyz načí ceruzkou na ľavom okraji strany: 1 - hierarchick) naj,·) šší. 
2 - nižší, .1 - najnižší nadpis. 

8. V texte sa uprednostňuje citácia v zátvorke. napr (Dubčák. 1987: Hrubí 
et al.. 1988) pred formou ... podľa Dubčáka ( 1987) Ani ľ jedno111 prípade 
sa neuvádzajú krstné 111ená. 

9. Umiestnenie ?brázkov a tabuliek sa označí cernzkou na ľarnm okraj i ruko­
pisu. resp. stlpcového obťahu. 

1 O. Grécke písmená použité v texte treba identifikoval na ľavom okraji slo,·om 
(napr. sigma). 

11. Pri písaní starost li vo odl išujte po111lčku od spoJorníka. 
12. Symboly. matematické značky. názvy skamenelín. slová a pod. , ktoré treba 

vysádzať kurzívou. autor v rukopise podčiarkne vlnO\• kou. 
13 . K článku treba pripojil kľúčové slová. 
14. Abstrakt. resumé, vysvetlivky k obrázko111 a názvy tabu liek predloží autor 

redakcii aj v angl i čtine. 

Ilustrácie 

Musia b11 ľ)Sokej kvalít) :v1aJÚ dokumentm·ai a objasňo,·a1 texl. Originál 
1 pred zmenšení111 J môže mat roz111er naj, iac .140 x 21 O mm. ~ laxi111áln) 
rozmer ilustrácie,, t l ačení ľ časopise je 170;. 230 mm. Skladacie ilustrá­
cie treba úplne ľ)lúčii. 
V prípade ilustrácií ľ) tľorenich na počítači prosíme o ich zaslanie na dis­
kete .,S Io ľormáte CorelDra11 (PC). Adobe lllustrator (PC. Mac) alebo 
Aldus FreeHand (Mac). 

2. Ilustrácie pripraľOI ai s ,·edomím. že sa budlí zmenŠOľal ( zľyčajn e 

o 50 '.ié ) na šírku stÍpca (81 mm) alebo strany ( 170 mmJ. Podľa toho pripra­
, · oľa l ich ľelkosi a formou. resp . ich zosku penie. 

3. Volil takú ľelk osi písma a čísel. aby najmenšie písmená po zmenšení bo li 
, eľké aspoň 1.2 mm. Úmerne z111en šeniu rnlii aj hrúbku čiar 

4. ObráZk) popiso1 aľ šab lónou . nie I oľnou rukou. 
5. Všctkľ ilustrácie ľčítane fotografií musia obsaho,·a1 grafickú (metnck(1) 

mierk u. 
6. Zoskupené obrázk). napr. fotograrie. diagram). musia b) 1 pripravené (nale­

pené) ako jeden obrázok a jeho časti treba označii písmenami (a . b. c atď. J . 

Takto zoskupené ob razky '" citujú ako Jeden obrázok. Zoskupené fotogra­
fi e treba staros1 11 10 upraľi t a nalepiť na biely kriedoví papier 

7. FotoQrafie mus ia b, 1 ostré. čiernobiele. kontrastné a 1, hoto1 ené na lesk lom 
papi~ri. Je I hodné: ab) sa zmenšoľa l i minimálne o 50 '7r . 

8. Na , šetk~ ch obrázkoch sa na okraj i (na fo tografiách na zadnej strane) ceruz­
kou uľCdie číslo obrázku a meno autora. Na fotografiách sa šípkou doplní 
aj orientácia obrázku. 

9. Na mapách a profil och 1ol i1jed notné l) S ľetli,t,. ktoré sa uvedú pri prvom 
obrázku . 

IO. Názn obrázkov a , ) s, etli, k) sa píšu strojom na osobitní li st. 
11. Všetk, ilustr:\cie sa musia cito1 ai ľ texte. 
12. Ilustrácie sa zasielajú redakcii už imprimo,-ané. teda pri korektúre ich už 

neno.ožno opra, o,·a1 a dopÍňal . 
13 . Farebné ilustrácie sú dtané . ale náklad) na ,ch tlač hradí autor 

Tabuľky 

Tabu i;..> sa píšu na osobitní list. !ch rozsah a vnútornú úprm u treba I oli1 
tak. ab) sa tabu lka umiestnila do stÍpca alebo na šírku stran). Rozs iahl ejšie 
tabulk) sa nep rijímajú. 

2. Údaje zoraďujte do tabulk) iba I ted1. ak sa nedaj (, uľiesi I texte. 
3. Nadpis tab ull,) a prípadní sprierndní text sa píše strojom na osobitní list 

(úpran, nadpisa, pozri, časopise ) . 

4. Vertiká lne čiar) , tabulkách nepouž í1ai. 
5. Tabuil,1 sa čís l ujú priebežne au, erej11uj(1 sa, č íse l nom poradí. 

Literatúra 

V zozname literatúry sa I abecednom poriadku uľádza iba literatúra cito1 a­
ná \ danom člélnku. Citácia označená .. \· tlač i„ sa môže u,·icsť \' zozna111e. 
len ak je z citovaného článku aspo,1 stÍpcol'á korektúra. Citácie s doplnkom 
..1 prípade" ... zadané do tlače·· sú neplnohodnotné a nemajú sa používal an i 
v te.xte. Citácia „osobná informácia" sa cituje iba v texte (Zajac. os. infor­
mácia. 1988). 

2. Použíľai nasledujúci spôsob uvádzania literatúr)· 
Kniha 
G,1Lda. L & Čech. M„ 1988: Paleozoikum medzevského príkrovu. Alfa 
Bratisla, a. 155. 
časopis 
Vrba. P. 1989 Strižné zóny v komplexoch metapelitov Mineralia S10\ . 
21. 135 - 142. 
Zborník 
Ná,esný. D .. 1987 Vysokodraselné ryolity In: Romana,. V (ľed)' 

Stratiformné ložiská ge111erika. Špec. publ. Sloľ . geol. spol. . Košice. 203 - 215. 
Manuskript 
Radvanskí . F .. Slivka, B„ Viktor . J. & Srnka. T.. 1985: Ži lné lož,skájedl0-
ľeckého príkrovu gemerika. Zá1 crečná sprá, a z úlohy SGR-geof) zika . 
Manuskript-archív GP Spišská No,á Ves. 28. 

3. Pri článku viac ako dvoch autorov sa v texte cituje iba pľľ ý autor s dodat­
ko111 et al„ ale v zozname literatúry sa u,ádzajú I šctci . 

4. Ak sa v článku (knihe) cituje názov. údaje a pod. iného autora. ktorý nie je 
spoluautorom publikácie. potom sa,. texte cituje vo forme (Ge rda in Kubka. 
1975). ale v zozname literatúry sa u,ádza iba Kubka. L 1975. 
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