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NONTRONITE AS THE WEATHERING PRODUCT IN THE ROCKS OF
SITNO EFFUSIVE COMPLEX IN PUKANEC REGION

(Figs, 9)

Abstract: Iron-rich smectite mineral, nontronite was found as
a product of the weathering of andesites and its pyroclastic equiva-

e lents belonging to the Sitno effusive complex. The presence of
a nontronite in the weathered decomposed rocks was proved using

electron microscopy, X-ray diffraction and thermal analysis me-
thods. The correlation between the character of the parent rocks
and the weathering products composition was observed. The present
work tries to solve a new problems concerning the secondary alter-
ation processes connected with mineralization ol the subvoleanic
intrusive complex in Pukanec region.

Pe3wwme : JKeresncrelit CMEKTHTOBBIT MIHCPAT, HOHTPOHUT, Obll HATl-
JIEH KAk HPOAYKT BRIBETPUBAHNISA AHJCIUTOB M MX HMPOKIACTHUCCKIX
IRBHBAICHTOR  NPUHAMNCKAUOIMY CHTHAHCKOMY 2 y3UBHOMY  KOM-
TMIICKCY, IIDI'.C}"‘I‘CTBHC HOHTPOHNTA BO BRIBCTPHBINIXCH PAZNOMNHBINIXCH
nopojaax ObUI0 JIOKA3aHO NPH MOMOIM  2JIOKTPOHHOTO MHKPOCKOTA,
PCHTIEHOTPAPHUECKOrD H3VUCHUSA 1 TCPMHUCCKMX AHAIMTHUECKHX Me-
TOJACB. Beila HADMOAZHA KOPPEAALMS MEH/Y XapakTepoM MaTEPHUHCKHX
MOPOoJI 1 COCTABOM MPOAYKTOB BLIBCTPUBAHMS, FACTOAIAA CTAThS CTPEM=
JIMTCH PELIATh HOBLIC NPOGACMBl KACAOIMECH BTOPHUHBIX ITPOLECCOR
H3MEHCHHMSA B OTHOMICHHMH K OPYUCHEHMIO CYOBYIKAHMUCCKOTD KOMITIEKC:
B perroue ¢ [Nyxkaneu,.

Introduction

Intensive geolegical survey in the wide-spread area of Pukanec enviromment
offered a new ways in the study of mineralogy, petrography and metalogene-
sis.

Two geological units are in contact in this region:

1. the voleanoplutenic formation in the north belonging to the Nova Banta—
Klakov voleanotectonic zome;

2. the isolated Pukanec Sarmat—Pannonian depressicn in the south, contai-
ning lignite ad clays.

The rocks of the volecanoplutonic formation (pyroxene and pyroxeme-amphi-
bol andesites as well as quartz diorite porphyries along with elder granodiorite
porphyries) are secondarily altered. The strong alteration occurred especially
near the phenomenon of mineralization. In this connection F or g a ¢ (1980) consi-
dered the following important points: potassium metasomatism (adularization),
chloritization. silicification and finaly argillitization and propylitization as the
ferms of the younger altzraticn. The altered rocks were desintegrated and re-
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deposited into the sedimentary basin in which during diagenetic process the
beds of kaolinite and halloysite clays were formed together with the bulky
accumulation of lignite,

The mineralogical composition of these sediments was studied many times
previously (Harman, 1956, 1964; Mis§ik —Cicéel—Markova, 1958 and
others). Tomschey —Harman—Blasko (1986) using the method of the
trace elements analysis consider the rocks of the volecanoplutonic formation
(its north-western part) as the parent rocks of the sediments.

Complicated stage alteration of the rocks of the volcaneplutonic complex
has started with the intensive chloritization and illitization (sericitization?).
The presence of kaolinites, epidote and small amounts of carbonates was found
near zones of mineralization. The presence of smectite-type minerals in the al-
tered rocks of the volecanoplutonic formation has never been described.

We have found the iron-rich smectite, nontronite in the altered pyroclastic
rocks occurring near the road to Uhliska (northern margin of the Pukanec de-
pressicn), in the pyroclastic samples extracted from the bore-holes situated
in this region as well as in the erosion gorge of the Sikenica brook in the sout-
hern part of the depression (see Fig. 1). The pyroclastic material from the nor-
thern part of the depression represents the fine- to medium-grained strongly
altered tuff, light-green in the colour, containing only insignificant amounts of
dark minerals. Towards south as well as in deeper beds it changes gradually to
the coarse-grained pyroclastic material as much as to grey and greyish green
intrusive breccias which are likely the equivalent of the pyroxene andesites in
the Sitno effusive complex (Koneé¢ny—Lexa—Planderova, 1983). The
question whether these rocks are forming also the bottom of the Pukanec ba-
sin is mot sclved. The bores situated in this area did not reach the bottom of
the basin — they served for the study of the sedimentary filling. The drillings
verified similar coarse-grained strongly altered pyroclastic rocks underlying
kaolinite clays and lignite, containing limcnite but no notronite. They repre-
sent likely the volcanoclastic redeposited material.

In the smaller extent we have found nontronite as a product of the weathe-
ring of the pyroxene andesites occurring in the northern part of the basin. But
there is no notronite in the weathering products of amphibole-pyroxene ande-
site occurring in the southern part. This type of voleanic rocks belongs to Prie-
sil effusive complex according to Koneény—Lexa—Planderova
(1983) and its boundary with the pyroclastic rocks seems to be tectonic.

Two occurrences of nontronite as the product of volcanic rocks alteration in
Slovakia was described previously. Forga¢ —Cidel (1965) found nontronite
and SiO, modification (chlor-opal) originated from pyroxene andesite and py-
roclastic rocks in south-western part of Presov-Tokaj Mts. near the Skaro§ vil-
lage. Nontronite arised as a product of the secondary alteration of dark mine-
rals (pyroxenes) due to influence of the circulating surface water. Kraus—
Polakovicéova (1967) described the mineralogical assemblage of nontronite
and beidellite in the fissures and beds of pyroxene-andesites and pyroclastic
rocks occurring in Badin valley (Kremnica hills region). The parent rocks were
tectonically altered. Kraus—Gerthofferova (1968) have extended the
knowledges about the occurrence of nontronites in Slovakia studying the iron-
-rich smectites comming from Sampor and Velka Luka regions. While nontro-
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Iig. 1. Schematic profile of the nontronite occurrence at the margin of the Pukanec
depression.

Explanations: 1. Volcanoplutonic formation of the southern part of volcanotectonic zone
including subvolcano-intrusive complex, amphibole-pyroxenic andesites at the sur-
face; 2. intrusive as much as autoclastic breccias and pyroclastic rocks: 3. amphibole-
-pyroxenic andesites of the Priesil effusive complex; 4. zone of nontronitization: 5.
zone of illitization; 6. zone of chloritization: 7. zone enriched by Fe-oxides: 8. sedi-
ments of the Pukanec depression (Sarmat—Pliocene); 9. lignite: 10. diatoms.

nite-beidellite association from Badin and Sampor localities is the product of
the surface weathering of pyroxene andesites and tuffs because of the effect of
the circulating surface warter in the tectonically disturbed zone at pH more
than 7, the occurrence of nontronite at Velka Luka locality is allochthonous.

The relation of the origin of nontrenites and their chemical composition as
well as their properties were summarizied by Vitovskaja (1983). Differen-
ces in the genesis of nontronite are reflected in its compositional and crystallo-
chemical features. The most important signs are the oxidation state of Fe in
the elementary unit and the isomorphic substitution in the sequence Fe—A]l—Mg
in the octahedral sheet of the structure. The presence of the ferrous (Fe?') ions
is typical of the hydrothermal conditions of the origin (Bishoff, 1972), fer-
ric (Fe?') ions are in the montronite structure arising in the weathering proces-
ses. The composition of the octahedral sheet reflects to the great extent the
chemical composition of the parent mineral. Nontronites derived from ultraba-
sic rocks contain in the structure more Mg, less Al and sometimes also Ni
atoms. Example of a direct transformation mechanism from pyroxene to non-
tronite when the morphology of the parent mineral was preserved was descri-
bed by Eggleton (1975). Using the combination of the optical and X-ray
diffracticn methods he has demonstrated the coherence of the sructural cha-
racteristics of pyroxene hedenbergite and nontronite. Defining the reactinn
conditionsin the weathering of serpentinites to nontronites Vitovskaja (1978)
has suggesed nearly neutral reaction environment (pH = 7) and medium pre-
sence of Si0, (35 ppm) and MgO (10 ppm) in the solution. The weathering of
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pyroxenes starts with the proton attack, releass of Ca?' ion and oxidation of
Fe? {o Fe' (Eggleton. 1975).

On the problems of nontronite identification

The chemical analysis is the best meathed for the nontronite characterization
in the case of the menomineral sample. In the sequence of the smectite lype
miinerals

(Si, Al, Fe), (Al, Fe, Mg), O., (OH),

nonfronites are defined according to the composition of the octahedral jayer
as proposad by Brigatti (1982):

(Feq Al Mgy ) — (Fey 55AL M8, 50) — (Feo oAl 5 Mgy )

what deoes not eliminate a poszibility of the presence of also another atoms in
the octahadral sheat (Ni, Zn and others). The occurrsnes cf the menomineral
samples of nentronite is very rare. Mostly we have to treat the mixture of non-
tronite with another smectites as montmorillonite and beidellite. Then its iden-
tification is more problematic. All smectites as a three-layered swelling mine-
rals are giving similar diffraction patterns by means of the X-ray diffraction
method, before all very similar basal reflections. The chemical composition of
the structural unit of the smeectite minerals is reflected by position of d(060)
reflection (occurring in the 1.4—1.5 A region) but, unfortunately, this diffrac-
tion line is not sharp enough (thes pzak is broad) making the troubles in the
identification. Therefore the electron microscopy seems to be the most suitable
method for identification of nontronite (Harmam, 1968: Beutelspacher—
—Van Der Marel, 1968 and othars).

Low thermal and chemical stability of nontronit2 compared with montmorillo-
nite is another significant feature valuable for its identification. Dehydroxylation
of nontronite starts immediatly after its dehydration and procea2ds between
350—500 °C which is by 150—200 °C lower temperature range than for mont-
movillonites (Horvath. 1980, 1983). Low chemical stability of nontronite, first
of all in acid environment is even more significant. Ci¢el—Novak (1976).
studying a half times of diseolution of smectites in hydrochloric acid. found by
500—600 times faster decomposition rate for nontronitz compared with mont-
morillonite, These properties are important in the evaluation of further altera-
tion of nontronite in the weathering and diagenetic processes.

Materials and methods

The mineralogical investigation was performed cn the samples collected pre-
dominantly from the geological bores VPC 75, VPC 96. VPC 81. VPC 82 and
VPC 93 (Geological Survey. Spisska Nova Ves, Banskda Bystrica Geological
Centre). The fraction less than 20 gm was prepared by sedimentation fer the
chemical analysis, electron microscopy, thermal analysis and X-ray diffraction
mezthod.
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X-ray diffraction analysis was performed using Philips diffractometer with

Ni-filtered CuK, radiation (40 kV. 20 mA). Powder samples of clay were pre-
pared by placing aqueous suspensions onto glass microscope slides and drying
them at 60 °C. X-ray diffraction patterns are shown in Fig. 2.
The spacings at 15.5, 4.47 and 2.50 A are dominant reflections indicating the pre-
sence of the smectite type mineral. The 15.5 A spacing is changed to 18.4 A after
glycerol saturation (X-ray pattern No. 5, Fig. 2) which is attributed to the
typical smectite-glycerol complex. Another basal spacings are unique, in excep-
tion of the patterns for the standard nontronite from East Ural (U.S.S.R.) in
which the diffraction maximum at 7.33 A represents d(002) spacing of nontronite
(X-ray patterns No. 1 in Fig. 2).

Another spacings indicate the presence of the admixtures of plagioclase at
3.20 A and 4.05 A. Maximum at 6.4 A oceurs in case of higher concentration of
feldspars in the sample indicating (020) reflection of plagioclase. The presence
of Si0, modifications reflects maximum at 4.04 A (cristoballite) and 3.75 A
(tridymite). The X-ray patterns of the sample VPC 96 (54.6 m) shows the pre-
sence of hydromica (10.06 A) and chlorite (7.16 A).

DuPont 990 Thermoanalyzer and TGA 951 module were used for TG analysis
(sample size 15—20 mg. N, flow 1 em? . s7!, heating rate 10 °C . min™!).

TG and DTG curves are shown in Fig. 3. Dehydration of the samplz oceurs
hetween 25—210 °C at about 6"y of the weight loss representing the release of
the physically bonded water. DTG curve shows that water releass occurs in
various stages which are typical of dehydration of smectites containing Ca?'
and/or Mg?' cations in the interlayer space. Dehydroxylation proceeds at ten-
perature interval 300—600 °C which is typical of the smectites containing a large
amount of the Fe atoms in the structure. Dehydroxylation is accompanied by
the weight loss of about 5" (Fig. 3).

Taking into consideration the great similarity of the smectites X-ray diffrac-
tion data we tock for very important the morphological study of the minerals.
Electron micrographs were obtained by TESLA BS 500 electron micrescope. The
samples after ultrasoaic desintegration (2 min, at 24 kHz) were studied using
the method of the suspension.

Flectren micrographs (Figs. 4—12) show significant differences in morpho-
logy of smeetites: prolongated lath shaped crystals of nontreaite and very line
dispersad foliage particles of beidelite. Tha crystals of nontrenite despite their
similar merphology exhibit some differences. Mostly they are splitted along
prolongation. some individual laths ave splitted across the prolongation (Fig. 4).
Thes=s morsholegical differences reflect likely the pseudemorphosis after the pa-
rent minzral, mest probably after pyroxensz, The great part of the nontronite
crystals exhikits the ledge-shaped merphology which are rolled up. especially
in the samples of the weatherad andesites. The length of the crystals reaches
as much as 12 g¢m. bul this size (with the exception of the pseudomorphic crys
tale) may be influenced by the preparation technique due to sasy splitting pro-
perties of nontronite. The nontronite crystals are very well distinguished iror
anothor emeetites. Their edges and koundaries are very sharp. part of them
are corroded. This feature is connected likely with the low stability of the
crvstal structure of nontronite,

Fine dispor=2d. mostly sharp bordered particles with the size about 0.5 gm
repres=nt. in our opinion, thz mineral beidelite which forms the smaller part
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Fig. 2. X-ray diffraction patterns of the altered pyroclastic rocks from the Pukanec
region.

Explanaticns: 1. standard mineral nontronite — southern Ural (U.S.S.R.)); 2. weathe-
red amphibole-pyroxenic andesite, road to Uhliska; 3. weathered amphibole-pyroxenic
andesite, Tepla Voda region; 4. decomposed vyroclastic rock (bore VPC 76, 23.4 m);
5. decomposed pyroclastic rock (bore VPC 76, 23.4 m), intercalated with glycerol:
6. decomposed pyroclastic rock (bore VPC 96, 54.6 m); 7. decomposed pyroclastic
rock (road Majere-Uhliska).

0TG

ﬂ]—_— -

0 - 0 ' 500 ' 700 900 T.°C

Fig. 3. DTG and TG traces of the altered rocks of the Pukanec region (bore WPC 76,
23.4 m, curves Nos. 1 and 3; bore VPC 96, 54.6 m, curves Nos. 2 and 4).

of nontronite-beidellite association (Figs. 4, 5, 6, 7). Globular forms of Fe-oxides
as well as other secondary minerals are present in electron micrographs besides
the smectites. Large, dark, irregulary bordered particles (3—13 um in the size)
which do not permit electronic rays belong to SiO, modifications and to the
relics of undecomposed primary minerals.

The chemical composition of the typical samples: (wt. %)

Sampl(-: No. | S;O)_ Al-‘zo.l Fezo_-; CaO MgO TIOB I{-_;O Nal_!O LI#

1. 60.0 19.0 6.3 31 04 09 23 2.1 5.4
2. 60.3 20.4 6.0 1.8 03 05 05 2.6 6.2
3. 54.0 21.23 8.5 50 13 07 20 0.6 6.5

*I' The loss on ignition at 1000 °C,
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Sample No. 1. decomposed, altered pyroxene andesite Tepla Voda; 2. pyroclastic
material of the pyroxene andesite, Majere, road to Uhliska; 3. intrusive breccia,
bore VPC 76 (23.4 m). (Chemical analysis made by Geological Survey Spisska
Nova Ves, Laboratory Centre Turé¢ianske Teplice).

The results of the all methods have shown that the nontronite with the lower
amount of beidellite are chief clay minerals in the studied samples. The most
significant feature is their morphological characteristics. Nontronite affected
the bulk chemical composition contributing to the increase of Fe,O; content
and to the decrease of dehydroxylation temperature, The content of nontronite
in the studied rocks may be estimated to the 25—30",. According to the che-
mical analysis and some genetic factors it may be supposed that nontronite pre-
sent in the samples contains increased amount of Al and Mg atoms in its octa-
hedral sheet close to the composition of the elementary unit (Fe, o Al 4, Mgy o)
defined by Brigatti (1982).

Discussion and conclusions

New information about the occurrence of nontronite in the Pukanec region
extends the knowledge of one type of alteration of the rocks in volcanic
complex starting with the potassium-metasomatic alteration (Forgac¢, 1980:
1985), hydrothermal alteration trough the exogenetic alteration of the pyro-
clastic rocks especially and finishing with the diagenetic alteration of these
rocks in the sediments of the Pukanec depression in the south-eastern part of
the Bdtovee basin. It is evideat, that describad features of the nentronitization
are typical of the weathering of andesites and their pyroclastics which was
affected by two points:

a) intensive tectonometamorphosis of the pyroclastic rocks occurring at the
margin and at the bottom of Pukanec depression made possible the sasy circula-
tion of the surface water;

b) patrographical characteristic of the parent rock (glassy-like components in
the pyroclastic rocks are easily weatherzd),

The mineralogical composition of the parent rocks gives the evidence that
nontronite is an alteration product of dark minerals (pyroxenes and amphiboles).
Intermediary feldspars and or volcanic glass from pyroclastic rocks were the
sources of the origin of other smectites (beidellite, montmorillonite).

Slightly different kind of weathering of petrographically similar rocks re-
sulting in the origin of Fe-rich montmorillonite as the weathering praduct.
occurred at neighbouring locality near Brhlovee village (Harman—Hor -
vath, 1987). The differences may be attributed to the different origin of the
primary rocks: intrusive pyroclastic rocks frem Pukanse region in distinction
from the sedimentary pyrcclastics deposited in the water basin at Brhlovee,

The beundary ol nentronite occurrence in Pukanzc region in the north is
connected with the upper zones of pyroxens andesites and subvoleanic intrusive
complex in which chloritization and illitization were dominant alteration pro-
g2z, In the south nentronite cccurrence is confined dus to the action of the
penetraticn ol the surface water from the basin. This environment. containing
carbonie acid (particularly HCO, anions derived from its first stags of dissocia-
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Fig. 4. Electronmicrograph of the nontronite crystal (pseudomorphosis after pyroxene),
fine-grained beidelite (small particles), bore VPC 76, 23.4 (suspension, magnific,
15 000 X).

Iig. 5. Prismatic morphology of the nontronite crystal with small particles of beide-
lite (sample — bore VPC 76, 23.4 m), suspension, magnific. 15 000 >,
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Fig. 6. Prismatic morphology of nontronite crystal with parallel splitting (sample —
bore VPC 96, 54.6 m) suspension, magnific. 12 000 X.

Fig. 7. Partly rolled up particles of nontronite (decomposed pyroclastic rocks, road
Majere-Uhliska), suspension, magnific. 12 000 >.
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Fig. 8. Nontronite with the significant parallel splitting, dark particles of the parent

minerals, fine-grained beidelite, (decomposed amphibole-pyroxenic andesite, sample

— road Majere-Uhliska) suspension, magnific. 6 000 >.
# % :

- Sk R

Fig. 9. Nontronite with the significant parallel splitting, dark particles of the partly
decomposed parent minerals, (decomposed amphibole-pyroxenic andesite Tepla Voda)
suspension, magnific. 8 000 .
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tion) as well as organic acids originated from the oxidation of the organic
sukbstance present in the basin, producss pH = 4 and lower, makes nontronite
structure very unstable. Decomposed nontronite produces Si- and Fe-rich phases.
mostly amorphous, which have been found at the bottom of the basin (accumu-
lations of Fe-amorphous oxides and diatoms).

Beidellite and other Fe-poor smectites occurring in the weathering products.
were dissolved more slowly. They were, together with other relics of primary
rocks, transported gradually to the basin and changed to the structurally va-
rious types of kaolinite minerals during diageneszis.

New knowledge of nontronitization of the volcanic andesite rocks in Pukanec
region is in good accordance with the previous results on the alteraticn of
pyroxene andesite in south-eastern part of Prefov-Tokaj Mts. (Forga é—Ci-
¢el, 1965) and on the origin of nontronite-beidellite association in the region
of Middle Slovakian volcanism (Kremnica hills) (Kraus—Polakovico-
va, 1967 and Kraus—Gerthofferova, 1968). Despite great similarities
in the character of the parent rocks there are some differencies concerning SiO,
admixtures and nontronite accumulation. There are no amorphous SiO, modifi-
cations (opal, chalcedone) in the weathered andesite rocks in Pukanec region.
Weathering products contain the admixture of alpha-tridymite and alpha-cris-
tobalite and it is supposed that part of it may be of secondary origin. Nontronite
from Pukanec does not form nodules or veinlets, but it is dispersed in the whole
volume of the parent rock.

Process of nontronitization in Pukanec region is not isolated but associated
with the whole complex of the mineral alteration on the surface as well as
with the succeeding alteration during diagenesis in the sedimentary basin.

Translated by V. Figusch
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