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CepneHTHHOBbIE MHHEPAJbl YIBTPAOCHOBHBIX Tex 3amajgubix Kap-
nar. I. — Tesia B Me3030MCKHUX OTIOKEHHAX

OCHOBHYI0 4YaCThb Marepuaja CepPHeHTHMHU3MPOBAHHLIX VIbTPA-
OCHOBHBIX TE€JI TEMEPMJHOTO Me3030 MPEACTABISIOT JMU3APIUT
M Xpu30TWI. OHM NPUCYTCTBYIOT B PA3HOM OTHOLIEHMM. ITPOKMIKK
M JACNOKALMM 3aMOJHEHBl JIM3APJMTOM M XPHU30TIIOM (MiIM MX
cmecH); BOJIOKHMCTBIE JKMIIBHBIE CEPIEHTHHBI TMPEACTABIAIOT XPU-
30TMJIBI. B yJIBTPAOCHOBHOM Teji¢ TpPM SKJIOBIAX B IHPOXKMIKAX
BMECTE C KIMHOXPU3OTMIOM ObUI YCTAHOBJIECH M BOJOKHMUCTHII OpY-
uuT (HEMaJNT).

Serpentine-group minerals of the Western Carpathians ultrama-
fics. I — Bodies of the Gemeride Mesozoic

Considerable part of serpentinized ultramafic bodies in the
Gemeride Mesozoic is built by lizardite and chrysotile. The
share of both minerals varies. In the filling of thin veins and
veinlets, lizardite, chrysotile or their mixtures were stated. The
fibrous serpentine is formed by chrysotile. From a vein filling
in a body near Jaklovce, even fibrous brucite (nemalite) has
been identified together with clinochrysotile.

This contribution to the IGCP ject dealing with the problem of
Project No. 39 is presented in ophiolites and similar rock com-
accordance with the National Pro- pleses.
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Introduction

In the Western Carpathians,
ultramafics occur in several geolo-
gical and stratigraphical units: a) in
metamorphic complexes and rarely
in plutonites of Late Proterozoic to
Early Paleozoic age, b) in the Early
Paleozoic of the Gemerides, ¢) in
the Late Paleozoic of the Gemerides,
d) in the Mesozoic of several Ge-
meride tectonic units (the Meliata
group and Mesozoic sequences at
the northern side of the Volovec
anticlinorium). Differences in the
geological structure and position
mirrored also in the serpentinization
degree and in the intensity of meta-
morphic recrystallization of original
ultramafic rocks characterized com-
prehensively in D. Hovorka’s
(1977, 1978) papers. Ultramafic
bodies in the Gemeride Mesozoic
constitute members of an “incom-
plete ophiolite series™ (D. Hovor-
ka 1976, 1979) of this unit. The
high degree of serpentinization and
only sporadic occurences of weakly
serpentinized portions characterize
the investigated bodies.

Characteristics of the investigated
sampies

Disregarding the bodies located
in the SW part of the KoSice basin
(Hodkovce — Panovce — Komarov-
ce) where minerals of the serpentine
group associate with relics of pri-
mary silicates and with minerals of

the spinel group together with hy-
pergenous alternation products (car-
bonates, hydrates and iron oxids,
clay minerals, chlorites, tale, silica
mineralsa.o.,see J. Zlocha 1973,
D. Hovorka — I. Rojkovic¢
1975), minerals of the serpentine
group predominate in the composi-
tion of ultramafic bodies of the
Gemeride Mesozoic. In the absolute
majority of cases, their portion
varies in single bodies in the 80—938
p. c¢. range. Their morphology,
colour and mode of occurence are
also variables.

Rock-forming serpentine creates
the predominating mass of single
ultramafic bodies. The samples
studied were aphanitic and at places
with well expressed conchoidal
fracture. Hues of the serpentine
mass vary between black-greyish,
black-greyish to green, light green
or greyish light-green. The distri-
bution of the colour is homogenous
or heterogenous (“spotted”). For
light coloured sample the presence
of green (metamorphic) garnet with
variable Cr,0; content is characte-
ristic at places (E. Fediukova
et al. 1976).

Large-flaky “bastite” occurs in
aphanitic mass of serpentinite rock
as blastoporphyric flakes attaining
5 mm but sporadically up to
7—8 mm sizes. These paths have
been described as “bastite” (i. e.
coarse flaky antigorite pseudo-
morphs after rhombic pyroxene).
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The flakes are of bright green colour
gaining after weathering (leaching)
a silver white tint.

Fibrous wvein serpentine. The
fibrous vein type of chrysotile
(chrysotile asbestos) represents a
characteristic and economically
significant type of the Serpentine
group minerals. They form parallel
stockworks (Fig. 1) and networks
(Fig. 2) in the host ultramafite. The
vein chrysotile distribution within
single bodies is of heterogenous
nature. In the serpentinite body at
Dobsina and also in some other
bodies, locally increased accumula-
tions of chrysotile veins occur. The
thickness of veinlets is also variable
reaching 10 mm.

Crusts and fillings of dislocations.
In the ultramafic body at Dankova,
in the Dobsina quarry and in other
bodies, veinlets and crusts confined
to shear planes occur. Their thickness
varies reaching 3 mm and, sporadi-
cally, even 5 mm. The vein filling
or the dislocation mass is brittle, of
platy to splintery parting and hard,
generally of pea-green or yellow-
green colour.

“Deweylite”. The filling in veins
and in irregular nests in the ultra-
mafic body near Sedlice, identified
by J. Kantor (1955) as deweylite,
differs from the previous types. By
nacked eye, the milky-white colour
of the filling shows locally a green-
ish tint and the vein fabric has, at
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Fig. 1. System of paralell chrysotile
veinlets. Dobsina, quarry. !, of real size
Obr. 1. Systém paralelnych ziliek chry-
zotilu. DobSing, lom. !, skut. velkosti

Fig. 2.

Chrysotile veinlets of the “net”
type. DobSina, quarry. !, of real size
Obr. 2. Zilky chryzotilu typu ,sietka®.
Dobsina, lom. !, skut. velkosti

places, radial structure (Fig. 3). In
view of the uncertainty about the
existence of deweylite as an in-
dependent mineral species, we
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attempted the reidentification of
minerals in this vein filling.

Brucite creates yellowish to green
fibrous and columnar mass in the
filling of up to 5 cm thick veinlets
in the serpentinite rock at the Svab-
lica ridge S from Jaklovce village.

Laboratory technique used for the
identification of minerals of the
serpentine group

For further investigations, single
samples were thoroughly separated
under binocular microscope. The
procedure aimed particularly at the
separation of magnetite, olivine and
pyroxene relics. The samples with
minerals of the serpentine group
were divided according to the
morphology and mode of occurence
into the groups described above.
The identification of minerals was
made wusing X-ray and thermic
gravimetric  analysis, refractive
index measurements and, accounting
for the mineral grain morphology,
applying transmission electron mic-
roscope scanning.

X-ray analysis

Powder diffraction records were
made under equal conditions using
the Mikrometa II device with
GON-3 goniometer (Cuk radiation =
== 0.154433 nm, Ni-filter, 35 kV
voltage, 14 mA current, diaphragms
2, 3, impulse number 1,000 s~!, time

Fig. 3. Radial structure of “deweylite”
(= chrysotile - lizardite admixture).
Sedlice, Skalka. Real size
Obr. 3. Radialna stavba ,deweylitu“
(= chryzotil + primes lizarditu). Sedlice,
Skalka. Skuto¢na velkost

Fig. 4. Brucite (nemalite) + chrysotile
from the veinlet. Ridge Svablica south of
Jaklovce. Real size

Obr. 4. Brucit (nemalit) -+ chryzotil zo
zilky. Hreben Svablica na J od Jakloviec.
Skuto¢na velkost
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constant 1, shift of the goniometre
arm 1°.min~!, shift of the record
label 600 m.h~'). Planar slices of
separated samples were prepared
by pressing the powdered samples
into the sample container or, at
fibrous modifications, by means of
smear mount on glass. Diffraction
record registrated the 8—64° range
of 26.

Minerals of the serpentine group
represent structural analogue of
kaolinite giving very similar diffrac-
tion records with well expressed
basal reflexes (002) and (004). For
the identification of single minerals
in the serpentine group, criteria
of the structural analysis according
to E. J. W. Whittaker — J.
Zussman (1956) were applied.

Thermic analysis

Thermic analysis was made on
the same sample set as in the case
of X-ray investigations. Thermic
analyses were operated on the MOM
Budapest derivatograph (System
F. Paulik — J. Paulik — D.
Erdey). From numerous data
dealing with results of thermic in-
vestigation of serpentine group mi-
nerals, we relied upon the papers
of V.Xoufimsky — V. Sata-
va (1954), E. J. W. Whitta-
ker —J.Zussman (1965), G. T.
Faust — J. J. Fahey (1962),
P. M. Tatarinov et al. (1967),
J. Kostov (1971), V. A. Pugin
et al. (1971) and V. P. Ivanova
et al. (1974). On the basis of DTA
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curves, the determination and diffe-
rentiation of chrysotile and lizardite
from antigorite is reliable.

V. P. Ivanova et al. (1974)
divided the minerals of the ser-
pentinite group according to the na-
ture of water release during heating
into serpentine group with well
oriented structure and that of with
weakly oriented structure. Minerals
of the serpentine group with well
oriented structure release the hy-
droxyl water at higher temperature
than those with weakly oriented
structure. Hydroxyl water is libe-
rated in two stages during the
heating. Within 600—800 °C tem-
perature range the substantial part
of water (11—12 p. c.) releases
whereas between 800—900 °C the
remaining part becomes liberated.
Minerals of the serpentine group
with weakly oriented structure
release their water content by a leap
displayed by a small endothermic
peak on the DTA curve within the
800—830 °C  temperature range
(Fig. 5). In the case of minerals
with well oriented structure this
endothermic reaction lacks.

Morphological analysis by trans-
mission and scanning electron
microscope

For the investigation of morpho-
logical features of serpentine group
minerals, the Tesla BS 242 trans-
mission electron microscope with
acceleration potential of 60 kV has
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Fig. 5. Example of DTA pattern of a
well oriented serpentine structure (sample
6, DobSina — quarry)

Obr. 5. Priklad prejavu DTA slabo uspo-
riadanej Struktury serpentinu (vzorka 6,
Dobsina, lom)

been used. Exposition times were
2—4 seconds and magnification was
7,000 X. We compared the results
with data in the atlas of electron
micrographs of H. Beutelspa-
cher — H. W. van der Marel
(1969) and also with data of J. A.
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Gard (1971). The slices were pre-
pared using the dispersion method
(distilled water and sample). Particle
outlines on micrographs may be
sharp angular or rounded, the
outline shape indicating more or
less the crystallinity degree of the
object. Contrast range indicates the
degree of permeability. In the rule,
thick particles absorb the electrons
and thus appear darker on the
electron micrographs.

Analytical results

“Rock-forming” serpentines (sam-
ples No. 6, 8, 9, 10, 11, 12, 16, 18,
19) are, in most of cases, composed
by lizardite and chrysotile in va-
riable quantities. The mixture of
lizardite and chrysotile gives
diffraction record of an intensive
disjoint reflex of (202) with 26
value = 36° for lizardite and 260 =
= 36.8—37° for chrysotile. Even
the position of the less intensive
reflex (204) with value of d=
= 0.204 nm for chrysotile and
d =0.214 nm for lizardite belongs
to diagnostic features of their diffe-
rentiation. In some cases, these
reflexes are absent on records as
it is by the sample No. 8 (Fig. 6)
or No. 6, 9, 10 and 19.

Results of thermic and optical
investigations on samples of this
group do not reveal considerable
differences. They consist mostly of
mineral aggregate of the serpentine
group with imperfectly oriented
structure according to the criteria
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Fig. 6. Powder diffraction records of samples 10, 8, 3, 30
Obr. 6. Praskové difrakéne zaznamy vzoriek 10, 8, 3, 30

proposed by V. P.Ivanova et al.
(1974) and, only in rare samples
(No. 10 and 11), well oriented struc-
tures occur. Samples No. 12, 16 and
18 represent transitional types.
Aggregates with weakly oriented
structure (No. 6, 8, 9 and 10)
revealed the highest loss of water
by heating and their DTA curves

show always perfectly shaped
exothermic peaks in the 800—850 °C
temperature range (e. g. sample

No. 6, Fig. 5).

On the electron micrographs of
these samples, chrysotile appears in
separate fibers or liber bunches
twisted between lizardite flakes.
The latter are compact and dark,
impermeable for electrons. The
chrysotile lizardite ratio varies: in
the sample No. 6 chrysotile predo-
minates whereas in sample No. 16
(Fig. 7) lizardite is present in higher
amount. The TEM photo of the
sample No. 10 (Fig. 8) is interesting
since it shows flakes up to plates
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Fig. 7. Lizardite prevalences (for electrons
impermeable tabular particles) over chry-
sotile (sample 16, Jaklovce). Magnif.
7000 <, TEM

Obr. 7. Prevaha lizarditu (pre elektrony
nepriepustne tabulkovité castice) nad
chryzotilom (vzorka 16, Jaklovce). Zvacs.
7000 %, TEM

of lizardite with irregular outlines.
Probably, the morphology of the
larger particle was disturbed during
the preparation of the slice. It
should be emphasized that, compar-
ing with other samples, this is a
lizardite type of different morpho-
logy (Fig. 7). The flaky shape of
the lizardite in sample No. 10 is
visible also in Fig. 9.

Large-flaky  “bastite” (sample
No. 7 and 15). Diffraction records

Fig. 8. Irregularly confined leafy lizardi-
tes (sample 10, Jaklovce). Magnif. 7000 X<,
TEM

Obr. 8. Nepravidelne obmedzené listovité
lizardity (vzorka 10, Jaklovce). ZvVacs.
7000 ¢, TEM

of both samples are rather similar.
The sample N. 7 (Fig. 10) consists
of mainly lizardite with small
chrysotile admixture while the
large flaky type of serpentine in
the sample No. 15 belongs to li-
zardite according to the position
of the (202) and (204) reflexes
(Fig. 11). Derivatograph records
are practically the same due to the
similar course of both exothermic
and endothermic reactions and also
by the water content. According to



D. Hovorka et al.: Serpentine-group minerals 489

Fig. 9. Coarse-flaky lizardite (sample 10,
Jaklovce). Scanning microscope, magnif.
1000 X

Obr. 9. Hrubolupenity lizardit (vzorka 10,
Jaklovce). Elektronovy scan mikroskop,
zvacs, 1000 x

Fig.
Sample 15, Jaklovce.
scope magnif. 2500 x
Obr. 11. Tenkodostickovity  lizardit
(,bastit*) — vzorka 15, Jaklovce. Elek-
tronovy riadkovaci mikroskop, zvacs.
2500 <

11. Thin-lathy lizardite (“bastite”).

Scanning micro-

Fig. 10. “Bastite” (= lizardite) pseudo-
morph after rombic pyroxene in serpen-
tinite (sample 7, Hodkovce). Magnif. 21,
X nicols

Obr. 10. ,Bastitova® (= lizarditova)
pseudomorféza po rombickom pyroxéne
v serpentinite (vzorka 7, Hodkovce).
Zvacs. 21 X, X nikoly

these data and based on DTA
results, the samples comprise lizar-
dite with well oriented structure.
The continuous release of the
highest water contents found (3—4
p. ¢) up to 600°C characterizes
these samples as well (Fig. 12).
TEM scanning revealed flocculated
lizardite in both samples (Fig. 13).

Fibrous vein serpentine (samples
No. 17, 23, 24 and 25) yields the
same diffraction records corres-
ponding to chrysotile. This result
was confirmed also from the positive
HCI (1 N) test. According to thermic
investigations, these samples repre-
sent serpentine of well oriented
structure (Fig. 14) or a transitional
type (Fig. 15). They all have high
water contents, 14—14.5 weight p. c.
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T'ig. 12. DTA record of lizardite with well
oriented structure (sample 15, Jaklovce)
Obr. 12. DTA zaznam lizarditu s dobre
usporiadanou Strukturou (vzorka 15,
Jaklovce)

the main endo- and

reaction

in average,
exothermic temperatures
being shifted towards higher values
attaining almost
iimit that characterizes antigorites.
The exothermic reactions
intensive or lacking (sample No. 23
24). The

the temperature
are less
endothermic

and main

1980

Fig. 13. Flocculated, for electrons imper-
meable lizardite (sample 7, Hodkovce).
Magnif. 7000 x, TEM
Obtr. 13. Vlockovity,
priepustny lizardit
ZVAacs. 7000 x, TEM

pre elektrony ne-
(vzorka 7, Hodkovce).

peak is between 73C—750°C and
the exothermic one between 825—
840 °C. According to the results of
optical investigations, the sampies

chrysotile.

represent Reffractive

indexes are for Ne in the 1.494—
1.527 range and for Ny = 1.539—
1.551, the birefrigence value is

.008—0.020. Also flakes of lower

birefrigent serpentine mineral, likely

that of lizardite, appear in addition
with a
1.560 in the sample

to chrysotile refractive

index about

No. 25.
Electron micrographs are similar

fibrous

representing acicular to
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Fig. 14. DTA record of vein chrysotile
with well oriented structure (sample 23,
Dobsing — quarry)

Obr. 14. DTA zaznam Zilného chryzotilu
s dobre usporiadanou S$trukttrou (vzor-
ka 23, Dobsina, lom)

chrysotile. The fibers are straight
or at places slightly contorted with
sharp outlines and of approximately
equal thickness. The width to
length ratio is more than 1 :500. In
the sample No. 17 (Fig. 16), chry-
sotile fibers tend to accumulate
into splitty and bristly shapes

1533%
_loss in weight

No 17
weighed portion :600mg

sensitivity TG :100 mg
temperature :20*C/min.

¥

Fig. 15. DTA record of a transitional
chrysotile type (sample 17, Jaklovce)
Obr. 15. DTA zaznam chryzotilu prechod-
ného typu (vzorka 17, Jaklovce)

(L. G. Rekshinskaya 1966).
Accessory lizardite occurs in floc-
culated particles impermeable for
electrons.

Crusts and fillings of dislocations
(samples No. 4a, 4b, 5, 14, 20 and
22) reveal, in spite of similar X-ray



Fig. 16. Vein chrysotile fiber accumula-
tions (sample 17, Jaklovce). Magnif.
7000 X, TEM

Obr. 16. Zhluky viakien zilného chryzo-
tilu (vzorka 17, Jaklovce). Zvacs. 7000 %,
TEM

records and thermic curves reflect-
ing chrysotile and lizardite mixture
in various ratios (Fig. 17 and 18),
differences in morphology and in
optical properties. Serpentines in
this group have considerably va-
riable morphology and variable
optical properties even within
single samples. Flaky, at places
even tabular, serpentine and rarely
coarse to fine fibrous types predo-
minate.

Samples No. 4a and 4b are similar
according to X-ray and DTA data
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Fig. 17. Chrysotile prevalence over li-
zardite (sample 4b, Jaklovce). Scanning
microscope, magnif. 3000

Obr. 17. Prevaha chryzotilu nad lizardi-
tom (vzorka 4b, Jaklovce). Elektrénovy
riadkovaci mikroskop, zvacés. 3000

Fig. 18. Prevalence of tabular-columnar
lizardite over chrysotile (sample 4a, Jak-
lovee). Scanning microscope, magnif.
500 <

Obr. 18. Prevaha tabulkovito-stipéekovi-
tého lizarditu nad chryzotilom (vzorka
4a. Jaklovce). Elektrénovy riadkovaci
mikroskop, zvacs. 5000
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though they differ optically mainly
by refractive indexes (Na = 1.553
and Ny = 1.556 for sample 4a and
Ne = 1.563, Ny = 1.566 for sample

4 b). Birefrigence of the first
sample is so low that it little
differs from an isotropic sub-

stance while the sample No. 4b
contains even more coarse tabular
to acicular serpentine grains with
D = 0.007. The characteristics of the
sample No. 4b approaches data for
antigorite. According to TEM scann-
ing of the sample No. 4a (Fig. 19),
isometric to tabular lizardite with
sharp angular or rounded outlines
dominates here (permeable type).

Occurences of prismatic and
banded particles with a rectangular
termination reminding antigorite
are interesting. In the sample No. 4b
(Fig. 20), fibrous chrysotile predo-
minates, lathy to tabular forms
occur (antigorite, lizardite ?) and
isometric to lathy lizardite appears
only sporadically. Chrysotile fibers
in other samples are similar.

“Deweylite” (sample No. 3). In
accordance with the classification
proposed by E. J. W. Whitta-
ker — J. Zussman (1956) and
based on new diffraction data, the
sample from the ultrabasic body
near Sedlice (identified as deweylite
by J. Kantor 1955) consits of
mainly chrysotile. Thermic analyti-
cal results exclude the presence of
antigorite due to the shape of DTA
curve as well as due to higher
water content in the sample. The

S

14

Fig 19. Isometric-tabular lizardite
(sample 4a, Jaklovce). Magnif. 7000,
TEM

Obr. 19. Izometricko-tabulkovity lizardit
(vzorka 4a, Jaklovce). Zviacs, 7000 X, TEM

DTA curve is similar to those of
other minerals of the serpentine
group, only the main endothermic
reaction is shifted by 50 °C to lower
temperature with a peak at 690 °C
(Fig. 21). For deweylite or for ser-
pentine substances assigned by this
name, the lowest refraction indexes
are characteristic. According to
P. M. Tatarinov et al. (1967),
deweylite has Na=1.512—1.528,
Ny =1.512—1.529 and D = 0.003.
Samples from Sedlice gave values
(Ne=1.552, Ny =1.560 and D=
= 0.008) close to those found by
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Fig. 20. Prevalence of fibrous chrysotile
over lathes (lizardite—brucite—antigori-
te ?); sample 4a, Jaklovce. Magnif.
7000 X, TEM

Obr. 20. Prevaha viaknitého chryzotilu
nad liStami (lizardit—brucit — antigorit ?)

— vzorka 4a, Jaklovce. Zvacs. 7000 x,
TEM
J. Kantor (1955). Against their

designation as deweylite, even in
the sense of P. M. Tatarinov
et al. (1967) and V.I. Micheyev
(1957), points particularly the low
free water content found to be
even identical with results indicated
by J. Kantor (0.60—0.70 weight
p. c¢.). TEM photographs proved the
presence of chrysotile and lizardite
in the sample. Chysotile occurs in
fibers (Fig. 22) whereas lizardite in
isometric to tabular particles
permeable for electrons.
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No 3

weighed portion :6835mg
sensitivity TG :100mg
temperature :20°C/min.

1310%
loss inweight

Fig. 21. DTA record “deweylite”
(= chrysotile with lizardite admixture)
Obr. 21. DTA zaznam ,deweylitu®
(= chryzotil s primesou lizarditu). Sed-
lice

Brucite — nemalite (sample No.
30) appears as a mixture with li-
zardite. In ultramafic bodies of the
Western Carpathians, brucite is
until known only from Jaklovce.
Its presence has been proved
definitely by X-ray analysis and by
DTA records where it displays an
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Fig. 22. “Deweylite” (= mixture of chry-
sotile and isometric tabular
Sedlice. Magnif. 7000, TEM
Obr. 22. ,Deweylit* (= zmes chryzotilu
a izometricko-tabulkovitého lizarditu).
Sedlice. Zvacs. 7000 X, TEM

endothermic peak at 500 °C (Fig. 23)
caused by brucite dehydratation
and alteration to periclase. This
dehydratation causes even loss in
weight amounting 37 p. c. by cal-
culation whereas the rest falls to
clinochrysotile identified by elec-
tron diffraction. Owing to fibrous
shape of brucite and to its intimate
intergrowths with chrysotile fibers,
its unambiguous optical identifica-
tion is impossible.

Conclusions

The serpentine mass of variegated
colour composing the bulk of ultra-
mafic bodies consits of lizardite and
chrysotile in variable ratios. Their
identification by the applied me-

lizardite).
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Fig. 23. DTA record of a mixture of
clinochrysotile and brucite (sample 30,
Jaklovce)

Obr. 23. DTA zaznam zmesi klinochry-
zotilu a brucitu (vzorka 30, Jaklovce)

thodics is unambiguous. Large flaky
serpentine minerals described for-
merly as “bastite” are in reality
lizardites or mixtures of lizardite
and chrysotile. Fibrous types of
serpentine in veins correspond to
chrysotile, however, with some
atypical optical properties (mainly
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refractive indexes). Crusts and
dislocation fillings of light green to
yellowish green colour correspond
to lizardite, chrysotile or their
mixture in different ratios. The
“deweylite” from Sedlice belongs,
due to its diffractographical and
DTA patterns, to chrysotile whereas
according to TEM scanning it
contains also lizardite. In the ultra-
mafite body at Jaklovce, brucite
along with clinochrysotile has been
identified in vein filling. On the
basis of obtained results, ultra-
mafite bodies in the Gemeride
Mesozoic (the Meliata group and
sequences along the northern side
of the Volovec anticlinorium) may
be assigned as lizardite-chrysotile
serpentinite bodies. Antigorite has
been not found in the samples. By
analogy, brucite occurences are
probable also in serpentinized por-
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tions of dunite in further ultramafite
bodies under the condition that the
hydrothermal phase of alteration
occured without participation of
carbon dioxide when magnesite
or dolomite should originate. Ac-
cording to the presence of lizardite
and chrysotile of second generation
in these rocks (fissure and disloca-
tion filling), it may be assumed that
tectonic processes affecting these
ultramafic bodies prior to their
final emplacement into the recent
position did not exceed tempera-
ture — pressure conditions of lizar-
dite and chrysotile generation. The
presence of veinlets and fillings
of tectonic fissures along with
veinlets of chrysotile type serpen-
tine prove the multiphase genera-
tion of the mineral content in
ultramafic bodies of these units.

Review by 1. Varga
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Serpentinové mineraly ultramafickych telies Zapadnych Karpat.

I — Telesa v mezozoiku gemerika

D. HOVORKA — K. DUBIKOVA — H. GERTHOFFEROVA — E. SAMAJOVA —

J. TURAN

V Zapadnych Karpatoch vystupuja
ultramafické telesa v niekolkych geolo-
gickych jednotkach: v mladoproterozoic-
kych (?) az staropaleozoickych (?) kom-
plexoch metamorfitov a ojedinele aj
eruptiv, v starSom paleozoiku gemerika,
v mladSom paleozoiku gemerika a v me-
zozoiku niekolkych tektonickych jedno-
tiek Vnutornych Zépadnych Karpat
(v meliatskej sérii a v komplexoch se-
verne od voloveckého antiklinéria).

Odlisng geologicks stavba a pozicia sa
odzrkadIuje v rozliécnom stupni serpen-
tinizacie a metamorfnej rekrystalizacie
ultramafickych telies, ktoré sa suborne
charakterizovali v pracach D. Hovor-
ku (1977, 1978). Ultramafity v mezo-
zoickej meliatskej sérii sa zucastnuju na
skladbe ,nekompletnej ofiolitovej série*
tejto jednotky (D. Hovorka 1976,
1979). Charakterizuje ich vysoky stupen
serpentinizacie a len sporadické slabsie
serpentinizované polohy.

DoterajSie prace dotykajuce sa proble-
matiky ultramafickych telies charakte-
rizovali ich serpentinové mineraly len
mikroskopicky (J. Kamenicky 1951,
1957, B. Cambel 1952, J. Kantor
1956, D. Hovorka 1965, 1967, 1978,
F. Némec 1958, D. Hovorka — 1.
Rojkovié¢ 1975). Podla analégie to
boli najmé vlaknité a lupenité serpen-
tiny (chryzotil, antigorit), velkolupenité
modifikacie antigoritu (bastit), resp.
agregatne polarizujuce az amorfné ser-
pentiny  (serpentin, serpofit). Podla
J. Kourfrimského — E. Fil¢ako-
vej (1954) sa na zlozeni haldového ma-
terialu v DobSinej zucastnuje antigorit
a chryzotil. Antigorit z DobSinej sa de-
tailne skimal metédou DTA (J. Kou-
rimsky — V. Satava 1954). Serpen-
tinové mineraly niektorych telies sa
identifikovali aj pocas realizicie prie-
skumnych prac (J. Zlocha, ustna in-
formacia; D. Hovorka — I. Roj-
kovié¢ 1975).

Charakteristika studovanych vzoriek

Serpentinové mineraly v Studovanych
telesich mezozoika gemerika vyrazne
prevladaju a ich podiel vo vidcSine te-
lies variruje od 80 do 98 °,. Morfolégia,
sfarbenie a sposob vystupovania serpen-
tinovych mineralov su variabilné. Studo-
vané vzorky mozno rozdelif do nasledu-
jucich skupin.

wHorninotvorné“ serpentiny tplne pre-
vladaju v hmote mezozoickych ultrama-
fickych telies gemerika. Vzorky su afani-
tické, miestami s lasturnatym lomom.
Serpentinovi hmota variruje medzi cier-
nou, sivoéiernou az sivozelenou — svetlo-
zelenou, resp. sivosvetlozelenou farbou.
Sfarbenie je rovnomerné alebo nehomo-
génne (flakaté). Svetlé vzorky miestami
charakterizuje pritomnost zeleného
(metamorfného) granatu s variabilnym
obsahom Cr,O; (E. Fediukova et al
1976).

Lokalizacia a opis vzoriek

C. 6. Dobsing — lom v prevadzke. Zlto-
zeleny serpentinit s granatmi. Identifi-
kovana zltozeleng serpentinova hmota
horniny.

C. 8. Rudnik — opusteny jamovy lom
v poliach vychodne od obce. Svetlozeleny
serpentinit s tmavsimi nepravidelnymi
Skvrnami a ojedinelymi .bastitmi“ do
3 mm. Identifikovani svetlosivozelena
hmota horniny.

C. 9. Kobeliarovo halda prieskum-
nych ryh na okraji obce. Svetlosivozeleny
serpentinit so zilkami chryzotilu (do
2 mm). Identifikovana svetlosivozelena
hmota horniny.

C. 10. Jaklovce — prieskumng S$achtica
v poliach na Z od Kurtovej skaly. Tma-
vosivy az ¢ierny serpentinit s 3—5 mm
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bastitmi“. Identifikovana zakladng hmo-
ta horniny,

C. 11. Dobsing — lom v prevadzke, se-
verny okraj lomu. Sivoéierny serpentinit
s 2—3 mm ,bastitmi“. Identifikovani za-
kladna hmota horniny.

C. 12. Dankova, na SZ od Dobsinej. Les-
na cesta nad Hornymi zdhradami. Sivo-
zeleny, farebne nehomogénny serpentinit
s vlaso¢nicovymi zilkami chryzotilu.
Identifikovana zékladnig hmota horniny.
C. 16. Jaklovce — halda prieskumnej
Stolne na vychodnom svahu hrebena
Svablica na J od obce. Identifikovana
svetlozelenag hmota serpentinitu.

C. 18. Jaklovce — prieskumns Sachtica
v poliach zapadne od Kurtovej skaly.
Svetlozeleny serpentinit s ojedinelymi
.bastitmi“. Identifikovana svetlozelena
hmota horniny.

C. 19. Kobeliarovo — halda prieskumnej
ryhy na okraji obce. Identifikovana
svetlozeleng hmota serpentinitu.

Velkolupenité ,bastity“. V afanitickej
hmote serpentinitovych telies su pritom-
né blastoporfyrické lupene velké az
5 mm, ojedinele az 7—8 mm. Predtym
sa opisovali ako ,bastity* (t. j. ako vel-
kolupenité antigority, ako pseudomor-
fozy po rombickych pyroxénoch). Lupene
su svetlozelené, po navetrani dostavaju
striebrobiely odtien.

Lokalizacia a opis vzoriek

C. 17. Jaklovece — prieskumngi ryha na
hrebeni Svablica na J od obce.

C. 7. Hodkovee — vrt Hm-1563,00 m.
Tmavosivy serpentinit s ojedinelymi

2—3 cm ,bastitmi“. Identifikované lupe-
nité .bastity*“.

C. 15. Jaklovece — halda prieskumnej
Stolne na zapadnom svahu hrebena
Svablica na J od obce. Sivoéierny ser-
pentinit s 3—5 mm ,bastitmi“. Identifi-
lkované lupenité ,bastity*.

Vldknité Zilné serpentiny. Charakte-
ristické a ekonomicky vyznamné serpen-
tinové minerdly predstavuju vlaknité
chryzotily v  zZilkach (,,chryzotilovy
azbest). Vytvaraju paralelné Zilniky
(obr. 1) alebo siefky (obr. 2). Zilny chry-

zotil je v telesach zastipeny nerovno-
merne. Exploatuje sa v Dobsinej a v dal-
Sich telesach je len lokalne zvySena aku-
mulacia. Mocnost ziliek je variabilna,
dosahuje az 10 mm.

Lokalizacia a opis vzoriek

C. 17. Jaklovece — prieskumni ryha na
hrebeni Svablica na J od obce. Systém
paralelnych ziliek chryzotilu v prikon-
taktnej zéne telesa ultramafitov s kerato-
fvrmi. Dizka vlakna do 15 mm.

C. 23. Dobsing — lom v prevadzke. Se-
verny okraj lomu. Ziika (10 mm) vlakni-
tého serpentinu v sivo¢iernom serpen-
tinite.

C. 24. Rudnik — opusteny jamovy lom
v poliach na V od obce. 7 mm zilka
chryzotilu v sivozelenom serpentinite.

C. 25. Kobeliarovo — halda prieskumnej
ryhy na chryzotilovy azbest na okraji
obce. DIzka vlakna chryzotilu 6 mm.

Korky, vyplne dislokdcii. V ultrama-
fickych telesach najmd na Dankovej,
v Dobsinej v lome, ale aj inde sa na-
chadzaju zilky a korky na Smykovych
tektonickych plochach. Ich mocnosf je
rozli¢éna, dosahuje 3, ojedinele az 5 mm.
Vypln ziliek a disloka¢nych priestorov
je krehka, dosti¢kovite az trieskovite od-
luéna, tvrda, prevazne hraskovozelenej
alebo zelenej farby.

Lokalizacia a opis vzoriek

C. 4a. Jaklovce — halda prieskumnej
s§tolne na vychodnom svahu hrebena
Svablica na J od obce. Svetlozlta masiv-
na vyplan 3 mm pukliny v tmavosivom
serpentinite,

C. 4a. Jaklovece — halda prieskumnej
S$tolne na vychodnom svahu hrebena
Svablica na J od obce. Svetlozelena vy-
pln zilky so stlpéekovitou odluénosfou.
Zilka je v sivozelenom serpentinite.

C. 5. DobSing — lom v prevadzke. Svet-

lozltozelenkasta masivna vypla 3 mm
tektonickej zony. Serpentinovda hmota
zilky ma tabulkovito-trieskoviti deli-

teInost.

C. 14. Jaklovece — halda prieskumnej
stolne na zapadnom svahu hrebena
Svablica na J od obce. Svetlozeleni vy-
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pln paralelného zilnika v tmavosivom
serpentinite. Mocnos{ ziliek 1—4 mm.
Vypla ziliek ma tabulkovito-stlpéekovitu
delitelnosf.

C. 20. Kobeliarovo — halda prieskumnej
ryhy na okraji obce. V svetlosivozelenom
serpentinite 3 mm zilka svetlozeleného
masivneho serpentinitu tabulkovitej od-
luénosti.

C. 22. Hodkovce — vrt V-14/27,80 m.
Identifikovala sa ihli¢kovito-tabulkovita
svetlozelena, farebne nehomogénna vypln
9 mm zilky v sivom serpentinite.

Deweylit. Vypla ziliek a hniezd v ul-
tramafickom telese pri Sedliciach sa od-
lisuje od predchadzajucich a J. Kan-
tor (1955) ju identifikoval ako deweylit.
Mlieénobiele sfarbenie vyplne nadobuda
lokalne zelenkavy odtien. Vnutorna
struktura ziliek je miestami radialna
(obr. 3). Vzhladom na pochybnosti o exis-
tencii deweylitu ako samostatného mine-
ralu sme sa pokusili reidentifikoval mi-
neraly tejto zilnej vyplne.

Lokalizacia a opis vzoriek

C. 3. Sedlice — vyvy$enina Skalka na
severovychodnom okraji obce. Skalna
stena na vychodnom svahu vyvyseniny.
Vypla puklin.

Brucit. Zltozelena vlaknito-stipéekovi-
ta hmota (obr. 4) tvori vypln 5 em zilky
v serpentinite na hrebeni Svablice juzne
od Jakloviec (vzorku poskytol J. Zlocha,
ktory so spolupracovnikmi aj uré¢il jej
zloZzenie ako zmes brucitu a chryzotilu).

Lokalizacia a opis vzorky

C. 30. Jaklovce — prieskumna $§tolna
na zapadnom svahu hrebena Svablica
juzne od obce. Identifikovana bola kana-
rikovozlta ihliékovito-stlpéekovita hmota
tvoriaca vypln do 5 cm ziliek.

Serpentinové mineraly
brucitu

a problematika

Podobne ako v ostatnych skupinach
silikatov existuje niekolko klasifika¢nych
schém aj pre serpentinové mineraly.

Zakladni praca o serpentinizaénych
procesoch je od V. N. Lodo¢nikova
(1936), ktory navrhol aj klasifikaciu ser-
pentinovych mineralov a vyélenil chry-
zotilovy azbest, antigorit, bastit a serpo-
fit. Prvé praskové difrakéné zaznamy
uvadza G. C. Selfridge (1936). Tieto
udaje neskor presli do mnohych priru-
¢iek. Napr. V. I. Michejev (1957)
deli serpentinové mineraly na skupinu
chryzotilu s pocetnymi odrodami, skupi-
nu antigoritu a skupinu deweylitu.

Nejednotnost v klasifikacii serpenti-
novych mineralov sa odrazila v tom, ze
zatial ¢o napr. A. N. Winchell —
H. Winchell (1951) antigorit zaradili
do skupiny chloritov a chryzotil spolu
s modifikaciami uvadzaju samostatne,
W. A. Deer et al. (1962) medzi ser-
pentiny zaraduju chryzotil, lizardit aj
antigorit. H. Strunz (1977) do ser-
pentinovej skupiny zaradil antigorit
(monoklinicky klinoantigorit a hexago-
nalny ortoantigorit), lizardit, chryzotil
(orto-, klinochryzotil a parachryzotil).

NajcéastejSie pouzivané novsie clene-
nie serpentinovych mineralov vychodi
z vysledkov analyzy mriezkovych Struk-
tar (K. J. W. Whittaker — J.
Zussman 1956, J. Zussman et al
1957). Podla tychto autorov medzi ser-
pentinovymi mineralmi mozno rozliSit
chryzotil (orto-, klino-, para-), antigorit,
lizardit a 6-vrstvovy ortoserpentin. Tak
sa daju serpentinové mineraly rozdelit
podIa vysledkov difrakénych zaznamov
praskovych vzoriek.

Ortochryzotil a klinochryzotil maju
krystalograficki os a v smere vlakna,
kym parachryzotil tvori vlakna v smere
osi b. Vlaknity antigorit sa povodne
oznacoval ako pikrolit. J. Zussman
et al. (1957) pomenovali rombicku jedno-
vrstvovi varietu v sulade s povodnym
oznacenim E. J. W. Whittakera —
J. Zussmana (1956) ako lizardit a pre
pikrolit navrhli pomenovanie ,vlaknity
antigorit®. 6-vrstvovy ortoserpentin (J.
Zussman et al. 1957) sa oznacuje aj
ako unstit. Prace mnohych autorov kon-

Statuju, ze serpentiny oznacované ako
.bastity® su v skutoénosti lizarditmi,
miestami s primesou chryzotilu. Anti-

gorit sa v nich nevyskytuje. P. M. T a-
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tarinov — V. R. Artemov (1967)
podla mechanickych vlastnosti rozdelili
chryzotily na vlaknité (ohybné) a krehké
chryzotilové azbesty, ako aj na chryzo-
tilové ofity. Antigorit chapu v sulade
s originalnou definiciou E. J. W.

Whittakera — J. Zussmana
(1956).
Medzi posledné Klasifikaéné schémy

serpentinovych mineralov patri navrh
F. J. Vicksa — E. J. W. Whitta-
kera (1975). Lizardit, chryzotil a para-
chryzotil pokladaju za polymorfné modi-
fikacie a antigorit k nim nepatri. Pre-
hlad problematiky serpentinovych mine-
ralov publikovala J. B. Moodyova
(1976).

V procese serpentinizacie ultramafic-
kych hornin s prevahou horeé¢natych oli-
vinov nad pyroxénmi vzniki okrem ser-
pentinovych mineralov a magnetitu aj
brucit (D. S. Stejnberg 1960, P. B.
Hostetler et al. 1966). Brucit je
v prevaznej viacSine pripadov mikrosko-
picky lupenity alebo viaknity (nemalit).
Vystupuje rozptylene v celej hmote ser-
pentinitu alebo sa selektivne akumuluje
v zilkach. Podla D. S. Stejnberga
(1. ¢.) v serpentinizovanych ultrabazi-
toch, kde chyba magnezit, sa nadbyto¢ny
hor¢ik (v horninach s poévodnym pome-
rom MgO, SiO, nad 1,50 musi viazaf
v novovytvorenom brucite. P. B. Hos-
tetler et al. (1966) dospeli k zaveru, Ze
brucit mozno jednoznac¢ne dokazaf ront-
genometricky podla reflexu 001 aj zo
zaznamu polymineralneho horninového
agregatu, ak je brucit pritomny v mnoz-
stve nad 2 Y,

Z genetického hladiska je dolezité, ze
sa brucit vyskytuje spolu s lizarditom
a chryzotilom. Rovnako je charakteristic-
ké, ze vznikg v dunitoch (vyrazna pre-
vaha hore¢natého olivinu nad pyroxén-
mi; B. P. Hostetler et al. 1966). Dal-
Sou podmienkou je nepritomnost CO,
v roztoku (inak by vznikol magnezit).

Metodické postupy pri identifikacii ser-
pentinovych mineralov

Vzorky na dalsie studium boli starost-
livo vyseparované pod binokularnou Ilu-

pou. Pri separacii i$lo najmd o oddele-
nie magnetitu, reliktov olivinov a pyro-
xénov. Vzorky serpentinovych mineralov
sa na zaklade morfologie a sposobu vy-
skytu rozdelili do opisanych skupin.
Serpentinové minerdly boli identifiko-
vané pomocou rontgenovej a termickej
analyzy, meranim indexov lomu s pri-
hliadnutim na ich morfolégiu, zistenu
transmisnym riadkovacim snimkovanim
v elekirénovom mikroskope.

Rontgenovd analyza

Praskové difrak¢éné zaznamy sa vyko-
nali za rovnakych podmienok na pri-
stroji Mikrometa II s goniometrom
GON-3: Cug ziarenie 2 =0,154433 nm,
Ni, filter, napidtie 35 kV, prud 15 maA,
clonky 3, 2, poc¢et impulzov 1000,s; ¢asova
konStanta 1, posun ramena goniometra
1°’min, posun registracného papiera
600 mm 'hod. Rovinné preparaty vysepa-
rovanych vzoriek sa pripravili zatlace-
nim rozpraskovanych vzoriek do vzor-
kovnie, pri vlaknitych formach pouzitim
techniky roztierania na skle (smear
mount on glass). Difrakéné zaznamy re-
gistrovali oblast 8—64° 26.

Mineraly skupiny serpentinu predsta-
vujuce Struktirny analogén Kkaolinitu
maju velmi blizke difraktogramy s vy-
raznymi bazalnymi reflexmi (002 a 004).
Pri identifikacii $truktur sme sa opierali
o kritérig Strukturnej Kklasifikacie E. J.
W. Whittakera — J. Zussmana
(1956). Chryzotil charakterizuju dvojice
difrakénych linii s hodnotami d = 0,259
nm (4) a 0,245 nm (8) a identifikacné
reflexy d =0,1534 nm (9). Lizardit sa
vyznac¢uje intenzivnym reflexom d=
= 0,248 nm a menej intenzivnou dvoji-
cou d=0,153 nm (6) a 0,1504 nm (4).
V zmesiach serpentinovych mineralov je
ucelné vyuzif rozdielnu stabilitu jednot-
livych serpentinovych mineralov pri po-
sobeni HCl. F. W. Clarke — E. A.
Schneider (1980) a B. S. Nagy —
G. T. Faust (1936) zistili, ze jednotlivé
serpentinové mineraly v zmesiach mozno
odlisif na zaklade ich rozliécnej stability
pri posobeni v zriedenej HCl1 (1 N) pri-
blizne pocas 1 hod. pri teplote 90°C. Za
tychto podmienok sa antigorit nenarusa,
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zatial ¢o chryzotil sa stava nestabilnym
a na difrakénych zaznamoch mozno sle-
dovaf jeho premenu na amorfnu hmotu.
Lizardit sa narusa len c¢iastocne. Metodu
sme overili na monomineralnych vzor-
kach antigoritu, chryzotilu a lizarditu a
na ich zmesiach.

Termické analyzy

Termické analyzy tych istych vzoriek
sa urobili na derivatografe fy MOM Bu-
dapest (systém F. Paulik — J. Paulik —
D. Erdey). Z pocetnych udajov o termic-
kom §tudiu serpentinovych mineralov
sme sa opierali o prace J. Kourim-
ského — V. Satavu (1954), E. J. W.
Whittakera — J. Zussmana
(1956), G. T. Fausta — J. J. Faheya
(1962), P. M. Tatarinova et al. (1967),
I. Kostova (1971), V. A. Pugina
et al. (1971) a V. P. Ivanovej et al
(1974). Z citovanych prac vychodi, ze na
zaklade vysledkov termickej analyzy
mozno jednoznac¢ne uréif prislusnost
mineralov v analyzovanych vzorkach
k serpentinom. Spolahlivé je aj uréenie
a odliSenie chryzotilu a lizarditu od anti-
goritu.

V. P. Ivanova et al. (1974) rozde-
lili serpentinové mineraly na dve skupi-
ny na zaklade uvolnovania vody (ser-
pentiny s dobre usporiadanou a serpen-
tiny so slabo usporiadanou Strukturou).
Prvé uvolnuju hydroxylovia vodu neskor
ako serpentiny so slabo usporiadanou
Strukturou (uvoInuje sa pri zahrievani
serpentinovych mineralov v dvoch eta-
pach: medzi 600—800°C podstatns cast,
t. j. 11—12 ©, a pri 800—900°C zvys$na
cast vody, t. j. 0,4 "). Zo serpentino-
vych mineralov so slabo usporiadanou
struktirou sa druhg cast hydroxylovej
vody uvolnuje skokovite a prejavuje sa
malou ostrou endotermou na Kkrivkach
DTG a TG v rozmedzi 800—830°C
{(obr. 5). Pri analyzach serpentinovych
mineralov s dobre usporiadanou S$truk-
turou endotermicka reakcia chyvba. P. P.
Tokmanov et al. (1977) interpretuju
rozliécné stupne usporiadania S$truktury
geneticky a predpokladaji, ze lizardity
s dobre usporiadanou Struktirou vzni-
kaju v hypogénnych a s nedokonale

usporiadanou Strukturou v hypergénnych
podmienkach.

Morfologickd analjyza v transmisnom
a riadkovacom elektronovom mikro-
skope

Morfologické vlastnosti serpentinovych
mineralov sme S$tudovali snimkovanim
v transmisnom elektrénovom mikroskope
Tesla BS 242 s akceleraénym potencia-
lom 60 kV. Expoziény ¢as bol 2—4 s.
Pouzivalo sa zvidcSenie 7000x. Vysledky
sme porovnavali s atlasom elektrénovych
mikrofotografii H. Beutelspache-
ra — H. W. Van der Marela
(1969) a s pracou J. A. Garda (1971).

Preparaty sme pripravili disperznou
metodou (destilovana voda, vzorka).
Kontury ¢astic na snimkach moézu byt
ostrohranné alebo zaoblené a c¢iastoéne
poukazuju aj na stupen krystalinity ob-
jektu. Kontrastnost poukazuje na stupen
priepustnosti. Castice s vidéSou hrubkou
zvycajne silnejSie pohlcuju elektrény, a
preto su na elektronovych mikrofotogra-
fiach tmavsie.

Na zaklade snimkovania v TEM moz-
no vydelif nasledujtuce formy castic ser-
pentinovych mineralov (L. G. Rek$§in-
skaja 1966):

— izometricko-tabulkovité s ostro-
hrannymi a =zaoblenymi konturami, su
priepustné pre elektréony (lizardit I);

— vlockovité, kompaktné, nepriepust-
né pre elektrony (lizardit II);

— vlaknité, ihlicovite, trubicovité,
tricskovité, Stetkovité (chryzotil):

— prizmatické, stuhovité (antigorit).

Ojedinelé vzorky sme S$tudovali aj
v riadkovacom elektronovom mikroskope
typu JSM-03 (Geologicky ustav D. Stura,
operator K. Sebor — M. Svec). Snimali
sa prirodzené lomné plochy pokovované
Au.

Vysledky laboratorneho Studia

w~Horninotvorné® serpentiny (vzorka 6,
8, 9, 10, 11, 12, 16, 18, 19) vo vacésine re-
prezentuje zmes lizarditu a chryzotilu,
ktorych kvantitativne zastupenie je roz-
licné. Zmes lizarditu a chryzotilu posky-
tuje difrakény zaznam s intenzivnym



D. Hovorka et al.: Serpentine-group minerals 503

rozdvojenym reflexom 202, ktory mg pri
lizardite hodnotu 26 36° a pri chryzotile
36,8—37°. Aj poloha menej intenzivneho
reflexu 204 s hodnotou d = 0,204 nm pre
chryzotil a 0,214 nm pre lizardit patri
k diagnostickym znakom ich vzajomného
odliSovania. V niektorych pripadoch tieto
reflexy na zaznamoch chybaju, ako napr.
vo vzorkach 8 (obr. 6) alebo 6, 9, 10
a 19.

Termické a optické Studium vzoriek
tejto skupiny nevykazuje podstatnejsie
rozdiely. ViésSinou obsahuju agregaty
mineralov serpentinovej skupiny, Kktoré
podla Kkritérii V. P. Ivanovej et al
(1974) maju nedokonale usporiadanu
Struktiru a len ojedinelé vzorky (10, 11)
sa vyznacuju dokonale usporiadanou
Struktuarou. Vzorky 12, 16, 18 predstavuju
prechodné typy. Agregaty so slabo uspo-
riadanou Strukturou (6, 8, 9, 10) sa vy-
znacuju najvys$s$im ubytkom vody pri za-
hrievani a vzdy maju dokonale vyvinutu
exotermu v rozsahu teploty 800—850 °C
(vzorka 6, obr. 5).

Elektronové mikrofotografie vzoriek
dokumentuju chryzotil v samostatnych
vlaknach alebo zvidzok vldkien popreple-
tanych medzi Supinami lizarditu. Lizar-
ditové Supinky (vloéky) su kompaktné,
tmavé, nepriepustné pre elektrony. Za-
stupenie chryzotilu a lizarditu je rozma-
nité, vo vzorke 6 prevazuje chryzotil, vo
vzorke 16 (obr. 7) lizardit. Pozoruhodna
je snimka TEM vzorky 10 (obr. 8), za-
chytavajuca cisté listky az platky lizar-
ditu nepravidelného obmedzenia. Morfo-
logia véacsSej castice sa pravdepodobne
porusila pri priprave preparatu. Zdoraz-
nujeme, zZe Vv porovnani s ostatnymi
vzorkami predstavuje morfologicky od-
liSny typ lizarditu (porovnaj obr. 7). Lu-
penity tvar lizarditu vo vzorke 10 doku-
mentuje aj obr. 9.

Velkolupenité ,bastity“ (vzorka 7, 15).
Toto oznac¢enie sa v minulosti pouzivalo
pre velkolupenité pseudomorfézy po rom-
bickych pyroxénoch (vzorka 7, obr. 10) a
povazovali sa za agregat antigoritu, chry-
zotilu alebo v ostatnom case aj lizarditu,
prip. za zmes lizarditu a chryzotilu. Vo
viacsine pripadov premena poévodného
pyroxénu na lupenito-vlaknity agregat

serpentinovych mineralov nie je uplna.
Vysledky optického s$tudia ukazuju, ze
povodny rombicky pyroxén (,bastit*)
predstavoval bronzit, a to najmid podla
indexov lomu (Ny=1,670, Na=1,655—
1,650) a dvojlomu (okolo 0,015). Reliktny
pyroxén je len nepatrne pleochroicky.

Difrakéné zaznamy vzoriek su velmi
podobné. Vzorku 7 tvori prevladajuci
lizardit s malou primesou chryzotilu, kym
velkolupenity serpentin vo vzorke 15
patri podla pozicie reflexov (202) a (204)
lizarditu (obr. 11). Derivatografické za-
znamy su tiez prakticky rovnaké tak
priebehom exotermickych a endotermic-
kych reakcii, ako aj obsahom vody.
Podla toho, aj podla vysledkov DTA
studia, vzorky pozostavaju z lizarditu
s dobre usporiadanou Strukturou. Cha-
rakteristické je plynulé uvolnovanie naj-
vyssich obsahov (3—4 9)) vody do
600 °C (obr. 12). Snimky v TEM v obi-
dvoch vzorkach identifikuju vlockovity
lizardit (obr. 13).

Vlaknité Zzilné serpentiny (vzorka 17,
23, 24, 25) poskytli v podstate rovnaké
difrakéné zaznamy a zodpovedaju chry-
zotilu. Vyplyva to aj z pozitivneho testu
s HCI (1 N).

Na zaklade termického Studia vzorky
reprezentuju serpentiny s dobre usporia-
danou S$trukturou (obr. 14) alebo pre-
chodny typ (obr. 15). VsSetky maju vy-
soky obsah vody (priemer 14—14,5 9)
a teploty hlavnych endotermickych a
exotermickych reakeii su  posunuté
k vy$Sim teplotam, takmer az ku hra-
nici charakteristickych teplot pre anti-
gority, ale exotermické reakcie su malo
vyrazné alebo chybaju (vzorky 23, 24).
Hlavny endotermicky vrchol je medzi
730—T750°C a exotermicky medzi 825—
840 °C. Opticky patria vzorky medzi chry-
zotily. Indexy lomu st pri N« v rozmedzi
1,494—1,527 a pri Ny v 1,539—1,551 a
dvojlom 0,008—0,020. Vo vzorke 25 su
okrem chryzotilu aj Supiny nizsie dvoj-
lomového serpentinu, pravdepodobne li-
zarditu s indexom lomu okolo 1,560.

Extrémne nizke indexy lomu vo vzor-
ke 17 a vysoky dvojlom su pre serpen-
tinové mineraly netypické (W. E. Tro-
ger 1971, W. A. Deer et al. 1962). Ide
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pravdepodobne o nizkozelezity chryzotil.
Elektrénové mikrografie su rovnakeé
a znazornuju ihlicovity az vlaknity chry-
zotil. Vlakna su rovné alebo mierne
ohnuté, s ostrymi konturami a priblizne
rovnakou hrubkou. Pomer hrubky k dlzke
je nad 1 :500. Len vo vzorke 17 (obr. 16)
maju vlakna chryzotilu tendenciu zhlu-
kovaf sa do trieskovitych az Stetkovitych
utvarov (L. G. RekSinskaja 1966).
Akcesoricky lizardit tvori vlockovité a
pre elektrony nepriepustné castice.

Korky, vyplne dislokdcii (vzorky 4a,
4b, 5, 14, 20, 22) preukazuju napriek vel-
mi podobnym roéntgenometrickym zazna-
mom a termickym krivkdm zmesi chry-
zotilu a lizarditu v rozlicnom pomere
(obr. 17, 18) morfologicky a opticky znac-
né rozdiely. Serpentiny v tejto skupine
maju znaénu morfologickti variabilitu a
premenlivé optické vlastnosti aj v ramci
jednotlivych vzoriek. Prevladaju Supi-
naté, miestami az dostickovité serpentiny,
zriedkavejsie aj hrubovlaknité az jemno-
vlaknité typy.

Tak napr. vzorky 4a a 4b su podla
rontgenovych a DTA analyz rovnaké,
ale opticky rozdielne, a to najmi index-
mi lomu (1,553 pre N« a 1,556 pre Ny

pri vzorke 4a a hodnotami N« = 1,563
a Ny=166 pri vzorke 4b). Dvojlom
prvej vzorky je taky nizky, Ze sa len

malo odlisuje od izotropnej latky, kym
vzorka 4b obsahuje aj hrubsie dosti¢ko-

vité az ihlicovité typy serpentinu
s D — 0,007. Vlastnosti vzorky 4b su
blizke udajom pre antigority. Podla

snimky TEM vo vzorke 4a (obr. 19) pre-
vlada izometricko-tabulkovity lizardit
s ostrohrannymi a zaoblenymi konturami
(priepustny typ). Pozoruhodné su prizma-
tické a stuhovité castice s pravouhlym
ukonc¢enim, ktoré sa podobaju antigoritu.
Tenké vlakna chryzotilu su len ojedi-
nelé. Vo vzorke 4b (obr. 20) prevlada
vlaknity chryzotil a zastupené su aj lis-
tovito-latkové formy (antigorit ?, lizar-
dit ?) a len sporadické izometricko-ta-
bulkovité lizardity. Vlakna chryzotilu
v ostatnych vzorkach su velmi podobné.

Deweylit (vzorka 3). Okrem lizarditu,
chryzotilu a antigoritu D. M. Lapmam

(1961) na zaklade difrakénych zaznamov
vyclenil samostatni skupinu deweylitu.
7 podrobného $tudia deweylitu vsak vy-
plynulo (G. T. Faust — J. J. Fahey
1962), ze predstavuje zmes chryzotilu a
lizarditu.

K odliSnym zaverom dospel V. A. P u-
gin et al. (1971), ktory zistil na zaklade
experimentalneho modelovania prechod
serpentinovych mineralov za vysokej
teploty a tlaku na deweylit. Takému za-
veru vSak odporuju zistenia, ze sa de-
weylit ¢asto uvadza zo zén hypergénnych
premien ultramafickych telies.

V sulade s Kklasifikaciou E. J. W.
Whittakera — J. Zussmana
(1956) obsahuje vzorka z ultramafického
telesa pri Sedliciach (deweylit J. Kan-
tora 1955) na zdklade vysledkov difraké¢-
ného Studia prevazne chryzotil. Vysledok
termickej analyzy vylucuje pritomnost
antigoritu celkovym priebehom Kkrivky aj
vysSim obsahom vody. DTA krivkou sa
podobi ostatnym serpentinovym minera-
lom, len hlavni endotermicks reakcia je
za nizSej teploty o 50°C s vrcholom pri
590 °C (obr. 21). Pre deweylit a takto
oznacCované serpentinové hmoty su cha-
rakteristické najnizSie indexy lomu
medzi serpentinmi. Podla P. M. Tata-
rinova et al. (1967) ma deweylit
Ny=1,512—1,529, N« =1,512—1,528 a
D = 0,003. Vzorky od Sedlic maju optic-
ké vlastnosti (Ny=1.560, Ne«=1,552,
D = 0,008) blizke hodnotam, aké uvadza
J. Kantor 1955). Proti oznaceniu
deweylit aj podla P. M. Tatarinova
et al. (1967) a V. 1. Michejeva (1957)
sved¢i najmi nizky obsah volnej vody,
ktory je podla J. Kantora aj naSich
vysledkov 0,60—0,70 Y.

Snimky v TEM potvrdzuju pritomnost
chryzotilu aj lizarditu. Chryzotil tvori
vlakna (obr. 22), lizardit priepustné izo-
metricko-tabulkovité castice.

Brucit — nemalit (vzorka 30) sa vy-
skytuje vo vzorke ako zmes s chryzoti-
lom. Brucit je doteraz znamy z ultrama-
fickych telies mezozoika Zapadnych Kar-
pat len z Jakloviec (J. Zlocha — ustna
informacia). Jeho pritomnosf jedno-
znacéne dokazala rtg analyza a termicka
analyza, pri ktorych sa prejavuje endo-



D. Hovorka et al.: Serpentine-group minerals 505

termickym vrcholom pri 500 °C (obr. 23),
vyvolanym dehydrataciou brucitu a pre-
menou na periklas. Premena sposobuje

ubytok hmotnosti stanoveny prepocétom
na 37 °,, kym ostatok pripada na klino-
chryzotil identifikovany elektrénovou

difrakciou. Pre vlaknity tvar brucitu a
intimne prerastanie s vlaknami chryzo-
tilu ho jednoznacne opticky identifikovat
nemozno.

Zaver

Na zaklade laboratorneho §$tudia 22
vzoriek serpentinovych mineralov ultra-
mafickych telies mezozoika Vnutornych
Zapadnych Karpat sme dospeli k nasle-
dujucim zaverom:

Serpentinovi hmotu rozmanitého sfar-
benia, ktora tvori vyrazne prevladajucu
¢asf objemu telies ultramafitov, tvori li-
zardit a chryzotil vo variabilnom pome-
re. Ich identifikacia pouzitymi metoédami
je jednoznac¢na. Velkolupenité serpentiny
uvadzané v minulosti ako ,bastity* su
z lizarditu alebo zo zmesi lizarditu a
chryzotilu. Vlaknité zilné typy serpen-
tinov zodpovedaju chryzotilu, aj ked
niekedy su jeho optické vlastnosti (naj-
ma indexy lomu) atypické. Korky a vy-
plne dislokacii, sfarbené svetlozelene,
pozostavaju z lizarditu, chryzotilu alebo
ich zmesi v rozlicnom pomere. Deweylit
od Sedlic (J. Kantor 1955) podla vy-
sledku difraktografickej a diferencialne
termickej analyzy zodpoveda chryzotilu
a podla snimok v TEM obsahuje aj
lizardity. V telese pri Jaklovciach bol vo

vyplni zil identifikovany vlaknity brucit
(nemalit) spolu s klinochryzotilom.

PodIa ziskanych vysledkov mozno hor-
niny ultramafickych telies v mezozoiku
gemerika (meliatska séria a vyskyty se-
verne od voloveckého antiklinéria) ozna-
¢if ako lizarditovo-chryzotilové serpenti-
nity. Antigorit sa tu nezistil. Podla ana-
logie je vyskyt brucitu pravdepodobny
aj v serpentinizovanych dunitickych po-
lohach dalsich ultramafickych telies, a to
za podmienky, Ze hydrotermalna faza
neobsahovala CO,, lebo inak vznika mag-
nezit alebo dolomit.

Na zaklade pritomnosti lizarditu a
chryzotilu II. generacie (vypln ziliek a
dislokacii) usudzujeme. ze tektonické
procesy postihujice ultramafické telesa
eSte pred ich koneénym umiestnenim do
sucasnej pozicie nepresiahli teplotno-tla-
kové podmienky vzniku lizarditu a chry-
zotilu. Pritomnosf takych ziliek a vyplni
tektonickych priestorov spolu so zilkami
serpentinov chryzotilového typu (,chry-
zotilovy azbest*) svedc¢ia o polyfazovom
vzniku mineralneho obsahu ultramafic-
kych telies danej pozicie.

Vysledky laboratorneho S$tadia po-
tvrdili, ze identifikacia serpentinovych
mineralov len vo vybrusoch v polarizac-
nom mikroskope je nedostato¢na, pretoze
ich morfolégia je velmi variabilna, a
preto nemoze byf odliSovacim znakom.
Ich identifikdcia m& vyznam nielen pre
genézu ultramafickych telies, ale aj
z hladiska azbestovych surovin. Identi-
fikacia musi byf komplexnig a je ne-
vyhnutné vyuzivat najma fyzikalno-
chemické metddy.

AKTUALITA

Niekol'ko hydrogeologickych poznatkov z kryStalinika
Nizkych Tatier

VLADIMIR DOVINA

Horninovy masiv krystalinika sa vSeobecne charakterizuje ako nizkozvodneny.
Podrobnejsou analyzou hydrogeologickych pomerov v zavislosti od geologicko-tekto-
nickej stavby mozno vo zvodneni Kkrys$talinika vidief isti zakladnu diferenciaciu.
PriaznivejSie podmienky na obeh a akumulaciu podzemnej vody su v granitoidnych
horninach. Hydrogeologicky su vyznamné najma niektoré oblasti tektonického poru-
senia horninového masivu umoznujuce v podmienkach zvySenej puklinovej prie-



