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IVAN KRAUS* 

MINERALOGICAL-GENETICAL S T U D Y OF CLAY S E D I M E N T S OF THE 
POLTAR FORMATION {SOUTHERN SLOVAKIA) 

(Fig. 1-12) 

A s t r a c t : In sediments oľ tlie Poltár Formation the presence ol halloysite, 
gibbsile and diaspóre as well as the fact that kaolinite of various degree of 
structural regularity appears there, was ascertained. On the basis of this infor­
mation some genetic conclusions are drawn. 

I n t r o ti u c t i o n 

The complex of the Poltár Format ion is formed by sands, clayey sands, part ly by 
gravels and layers of hemixyl i te. The whole complex lies unconformably on the 
Paleozoic, more rarely on the Mesozoic and the Miocene. M. M i s í k (1956) and later 
on L. I v a n , B. L e š k o (1962) considered these fresh-water sediments as Pliocene. 
V. H a n o , I. H o r v á t h (1966) Found variously kaolinizcd porphyroides, overlying 
Gemeride, probably Carbonaceous phyllitcs near Poltár. They suggest to use the original 
term „Pol tár F o r m a t i o n " for these sediments only. They designate the plastic clays and 
sands with the term „Lučenec F o r m a t i o n " as the contrary because of their regional 
extension. 

In m y own s tudy of the sediments present in the Poltár Format ion I dealt with two 
fundamental problems. In the first place it was the detailed s tudy of the mineralogical 
composition. The refractory clays of lbe Poltár Format ion have so far been affirmed 
to be wholly formed b y kaolinite of disordered structure with slight a d m i x t u r e of clay 
micas. I. K r a u s , H. G e r t h o f ľ c r o v á, I. K r i ž á n i (1906) fond halloysite in 
the form of so called armored clay ball in this area. T h e assumption of free oxide 
hydrates oľ Al-gibbsite and diaspóre present in small a m o u n t bas been confirmed now. 
T h e second problem to which I paid attention was the following of the degree of structu­
ral regularity of kaolinite. The degree of structural regularity of kaolinite was found 
out to be changing in dependence on the way and conditions of its origin. 

I. I d c n f i c a t i o n o ľ G i b b s i L e a n d D i a s p ó r e 

Gibbsile prevail ingly appears in association with halloysite. Besides that it was I'ound 
together with diaspóre in clays of the Poltár Format ion at the loam pit near Breznička. 
Light to dark-grey, slightly sandy clays and white clays are concerned [here. They arc 
I'ound in a cut wall :150 m long. They are used lor the production of thin-wall bricks 
and roofing. 

Gibbsile and diasphore were found out in the differential-thermic and the rocntgeno-
graphical way. It was DTA curves compiled under the speed of temperature growth of 
50°C/min and with weighed portion ol 0.2 g lhal for the first lime called our attention 
to the possibility of free oxidehydrales of Al probably present in the sediments of the 
Foliar Format ion. 

RNDr. I. Kr a u s, CSc, Department of Mineral Raw Materials and Geochemistry, Faculty 
nf Natural Sciences of J. A. Comcnius University, Bratislava, Jirásková 12. 
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Free oxidohydralos ol Al and Fe show themselves in DTA curves with endothermic 
reaction within the interval of 280—100 "C. The position of the peak as well as the 
ampl i tude of this reaction al these minerals differ only in small intervals in the 
individual samples mentioned in l iterature (V. P. I v a n o v a 1961, H. C. M a c k e n ­
z i e 1957). As the variation of this deviation itself al the same mineral in dependence 
on various factors is also evident there, oxi hyd rates of Al and Fe are difficult to 
distinguish mutual ly with certainty by aid of DTA only. 

According' to 11. C. M a c k e n z i e (1957) gibbsitc is characterized by endothermic 
reaction within the range of .'!!20—330 °C. The position of its peak is main ly influenced 
by the granulari ty. S. If. P a t t e r s o n (1964) found out the shift of the granular i ty 
towards 300 °C due to the presence of finely dispersed gibbsitc. Approximately u n d e r 
this temperature endothermic reaction of gibbsitc also culminates in sediments of the 
Pollár Format ion. .1. Z e m l Í č k a (1960) also mentioned the peak of endothermic 
reaction at free Al hydrate at. 300 °C in clays underlying the Most Basin. On the basis 
of the data of B. C í č c l (1958) and ,1. K o n t a (1934a, b) on the contrary in bauxites 
the dehydroxyla t ion of gibbsitc is taking place at 320—340 °C. 

T h e endotherm at 300 °C has been so far always considered as the manifestation of 
the presence of oxide-hydrates of Fe in thermical s tudy of the P o h á r clays. This reaction 
was however ascertained in a scries of the studied samples (fig. 1) in which the colour 
has not changed alter burning out b u t always remained greyish-white. This reaction 
is also manifested by a markedly sharp peak. At samples with Fe oxidehydrates already 
indicated macroscopically, also by the colour after burning out. to the contrary the 
peak of the extreme is much more moderate, rounded. 

If there are any difficulties in unambiguous identification of gibbsitc on the basis 
of DTA curves, these still increase with possible presence of diaspóre or boehmite. Both 
the minerals, if present in small a m o u n t together with kaolinite, are masked in its 
dehydroxylat ion endotherm. In the sediments of the Poltár Format ion it was just the 
markedly deep dehydroxylat ion endotherm (fig. 1, no 3 and 4) that called our attention 
to the presence of one of these two minerals . Later on this assumption was shown as 
correct due to roentgenographical identification of diasporo. 

Gibbsitc was identified rocntgenographical ly on the basis of the reflex of 4,84 A. T h e 
presence of diaspoře is main ly indicated by the reflex of 3.9G A. The roentgenograms 
were prepared on diffractomcter GOX-3 from oriented preparat ions of the fraction less 
than 2 micrometres u n d e r the following condit ions: Cu 1\« radiation, 30 kV, 6 inA. 
ascending d iaphragm 10. entering d iaphragm 2. lime constant 8 sec., shift 2 °/mm. 

By aid of electron microscope 1 tried to identify a l lophanc in connection with 
halloysitc which appears in the Pollár Formation in the form of so called armored 
clay halls (.1. K r a u s . 11. G e r t h o f f c r o v á, I. K r i ž á n i 1966). T h e common 
occurrence of these minerals is current. On an electron micrograph prepared from 
suspension under Tesla BS 242 microscope small scales without erystallographical 
delimitation and only rare tube-like forms may be observed (fig. 2). T h e replica pre­
pared from the same sample indicates the presence of spherical forms and irregularly 
delimited individuals al first, sight resembling a l lophane (fig. 3). The method of selective 
dissolution by the mixture of 1 0 % KiCO;; and NaOII employed by M. II a r m a n 
(1908) on the studied sample, did not confirm the presence of al lophane. T h e roent­
genogram (fig. I. no 2> points to the presence of dehydrated halloysite. lis untypical 
form should deserve closer attention. 
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Fig. I. Gibbsile and diasporu in sediments of ihc Poltáľ Fomiation. 1 — Decomposed andesite 
agglomerate, boring TH\'-18, Halil". 2 — Armored clay ball, Kalinovo. 2 —li — Kcľraelory 
clays from Breznička. K — kaolinite, I) — dehydrated balloysile, Mil — gibbsile, Di -
diaspoře. 
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G e n e s i s o f t h e F r e e 0 x i d e li y d r a l e s o ľ A 1 i n S 
P o 1 t ú r F o ľ m a L i o n 

d i m e n t s o f t h e 

T h e presence of gibbsite and diaspóre is very impor tant from the point of view of 
knowledge of the whole process of kaolinization of the Pol túr Format ion. Minerals of 
the kaolinite group but in the first place kaolinite ilself are frequently found associated 
wi th Al oxidehydrates . On the oilier band il is interesting that in the Bohemian Massif, 
where in the period between the Permian and the Tert iary the conditions for the 
origin of extensive weathering crusts were very favourable, the presence of free oxyhy-
drates of Al has not been so far ascertained in connection with kaolinitic weathering 
in spite of sufficient investigation of Bohemian kaolin deposits. T h e only area with free 
Al oxidehydrates known to be present in connection with clays redepositcd b y water 
is the subs t ra tum of the Most—Teplice Brown Coal Basin (J. Z e m l i č k a 1960). 

As lo the solution of the relations between kaolinite and free Al oxidehydrates two 
more or less contradictory opinions have so far been expressed. AI. J . G o l d m a n 
(1949), M. G o r d o n , J . I. T r a c e y, M. E l l i s (L958) supposed that bauxites in 
Arkansas had originated directly with decomposition of original alumosilicate minerals . 
Later on migration of Al took place and at last kaolinite originated by resilicification 
of bauxite, f n ibis connection the work b y C. d c K i m p e, M. G a s t o u e h e, G. W . 
B r i n rl 1 e v (1964) is surprising, who found out gibbsite to be stable when affected 
b y depolymcrized SÍO2 solutions on (he Basis of experimental study. As they proved 
at ihe temperature of 21 °C lo 63 °C Al gels in octahedral coordination do not take up 
more than I — 2 ° n SÍO2. Only al the temperature of 175 °C perfectly crystallized kaoli­
nite originates. 

The second opinion is based on the assumption of kaolinite originating in the first 
stage of source rock weathering and free Al oxidehydrates originating only with con-

Fig. 2. Halloysite from armo­
red clay ball, Kalinovo. Pre­
pared by M. H a r m a n . 
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l inuing intense decomposition by desilifientioii of ii í\\. J . Ale a d 1915, E. C. H a r ­
d e r 1902. V. A. E y l e s 1952, V. T. A l i c u 1.952, 1955. G. R a r-d o s s y 1959, 
T. F. B n l e s 1962). 

W. D. K e l l e r (1958. 1964) tried lo answer ihc question when a certain process 
manifests. According lo h im the final producl of decomposition oľ alumosilicate minerals 
under favourable conditions is mostly influenced by the value of abrasion p H at source 
minerals and the solubility of AM).; and Si()o. The most favourable conditions for 
direct bauxitization may originate in an environmenl with the value of abrasion p H 
within the range of 7—9.5. I nder abrasion pH less than 7 usually bauxit originates by 
passing through lbe kaolinite stage. 

These moments may serve us for gelling a correct opinion of the origin of gibbsite 
and diaspoře in the ľo l lár Format ion: 

Gibbsite is mainly found in association with balloysile — there are armored clay 
balls and decomposed umiesite agglomerates but s imultaneously together with kaolinite 
it is also present, in refractory clays from Brcznirka, where halloysitc is present in 
accessory amounts only. 

We find gibbsite at the pr imary site of its origin (decomposed andesile agglomerates) 
or in refractory clay and armored clay balls i. o. in sediments thai passed through 
transportation. 

The presence of diaspoře was ascertained with certainty in refractory clays from 
Breznička only, where it is found together with gibbsite in samples which have some 
macroscopic signs of „flint clay" type. This technological type of clays also shows the 
highest refractoriness of the whole area. It may be logically supposed a direct con­
nection between the refractoriness and the content of Al oxidehydrales. 

Under the present stale oľ investigation of the mineralogical composition of sediments 
of the Pollár Formation lbe mutual relation between gibbsite and diaspoře cannot be 

Fig. .'!. I [alloysilc I'nun ar­
mored clay ball, Kalinovo — 
one grade, replica of fracture 
surface, shadowed at 35° — 
alloy of Pt-Pd, vertically by 
carbon. Prepared by M. If a i-
in a n. 

* ŕ ^ M ^ ^ . i ' ^ ^ ' ^ y éS^-% 
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so far explained in a reliable way. I only intend to [)oinl to the relation of these newly 
ascertained minerals to the main process that look place in this area — kaolini/alion. 

On the basis ol up to present mineralogical study of clay sediments of the ľol tár 
Formation I suppose that the association of halloysite-gibbsite-diaspore originated in the 
original weathering crust in the final stage of the whole process since no evidence of 
their authigenic origin in the diagenetie stage has been found. With decomposition of 
the source rocks in the area under study conditions suitable for their origin formed by 
d e s i I i c i ľ i c a I i o n of kaolinite. As I suppose in the final stage of kaolini/alion the 
source rocks had relatively high value of abrasion pi I. I. K r i ž á n i (oral communi­
cation) found out abrasion pi l in kaolinizcd coarse-grained sands at [he locality of 
Ceriny as 7,5. Under approximate ly such conditions partial carrying away of Si from 

kaolinite might have taken place. No con­
ditions however arose s imultaneously for 
intense carrying away of Al that would havo 
resulted in breaking up of the structure id 
kaolinite or source alumosilicalcs and intense 
formation of free Al oxidehydrates . This is 
a reason that no coherent lavcr of free oxi­
dehydrates of Al has formed in upper parts 
of original profiles, even priiuairly kaoli-
ni-zed rocks containing gihbsite neither show 
I he general character nor individual signs of 
laterite. (In the other hand halloysit.e to­
gether with gihbsite might have originated 
in rare cases (andesile agglomerates in boring 
THY-18) by direct alteration from feldspars 
or volcanic glass. This is supported by the 
fact that primarily kaolinizcd porphyroids . 
quarlzites and mica schists (fig. \) always 
contain clay micas besides kaolinite. In a 
sample of decomposed andesile agglomerate, 
lo iho contrary (fig. I. no I), only halloysite 
with gibbsile without clay micas is present. 
This fact supports the opinion of L. 15. 
S a u d (1956) and T. F. B a I e s (.1962) that 
clay micas do not originále as transitional 
products with direct origin of halloysite. 

As to mutual relations between halloysite. 
gibbsile and diaspor, gihbsite in most eases 
is found in association with halloysite. Till 
now no direct proof have been found that 
could solve their mutual ratio. 1 suppose 
that from the s tandpoint (ď lime halloysite 
originated after kaolinite and before or simul-

Fig. 4. Kaolinized rooks in situ. 1 - laueously with free AI oxidehydrates. 
Epizonally metamorphosed quartzile 
from Zlámanec. 2 — Porphyroid from 
1 [orná Prievraná. 3 — Mica schists from 
Kalinovo. 
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II. I! c I a I i d n b r l w c o n I li c (i c n e s i s a n d t h e D e g r e e o f S t r u c t u r a l 
B c g- u I a r i I v o ľ K a o I i n i I c i n S c d i m e n I s o ľ I h c P o l l á ľ ľ o ľ in a t i o n 

The problems connected with the degree of structural regularity of kaolinite arc being 
very intensely studied in the latest period. Before I am going to, solve this problem 
in sediments of the Pohár Formation I should call attention to possibilities of inter­
pretation of this knowledge1 for solving some genetic problems. 

II. II. M u r r a y . S. C. L y o n s (I960) and P. S. K e e l i n g (1962) pointed to the 
relation between [he degree of regularity of kaolinite and some of its technological 
qualities plasticity, quant i ty of dissolving water, capacity of sorption, solidity, colour 
ol burning out 1 . 

I'or our considerations the information dealing with the relation between the degree 
ol order ol kaolinite structure and the way of its origin is more important. 
I- S I á n s k a '196,'S. I 96 í i among others applied this relation in establishing the 

stratification of sediments in the basins of South Bohemia. The cause of the variability 
in the degree ol structural regularity of kaolinite is seeked in various intensity of 
weathering processes. 

Another factor which may influence [he degree of regularity of kaolinite is [he 
character of source minerals and rocks. (1. (i u i s e p p e [ 1 i. B. P i g o r i n i. b'. Y e-
n i a 1 e. d . P e c o (1963) ascertained in kaolinizalion of granites that kaolinite directly 
originating from feldspars is well ordered vhereas kaolinite originated as final product 
with weathering of volcanic rocks by rcsilicilication of gibbsile shows a lower degree of 
order of structure. M. K u ž v a r t (1965). s tudying kaolin at Moravo-Silesian kaolin 
deposits, drew lbe conclusion lhal kaolinite which originated from sericite of d y n a m o -
mctamorphic origin is pseudomonocliuie. whereas kaolinite lhal originated with decom-

Fig. .">. Ilallnysitc from armored clay ball, Kalinovo. Prepared by H. G c r t l i of f c r o v á , 
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position of granite from feldspars is trielinic. Solving the genesis of llie Vildštejn ('lays 
in the Cheb Basin P. S n n t r íl e e k (J 964) proved the so called Pórovina Clays 
formed by well ordered kaolinite to have originated by weathering of the Smrčiny 
granite. So called bond clays, to the contrary, with kaolinite of disordered structure 
sharing in their composition, are genetically hound to crystalline schists. 

The mosl reliable application of the knowledge of the degree of regularity of kaolinite 
structure may lie in mutual distinguishing of pr imary and secondary kaolinite sediments. 
It was J . A. R u s k o (1965), who called attention to this fact, when he studied a large 
group of kaolin deposits in the region of the Ukrainian crystalline shield from this 
s tandpoint . In all the cases p r i m a r y kaolinite in residual kaolin differs from kaolinite 
in secondary, rodeposited clays in much higher degree of order oi structure. 

The Tact, that pr imary kaolinite differs from secondary one in the regularity of 
structure mnv lie influenced by several circumstances but probably the transportat ion 
of clay material from primary weathering crusts into basins of sedimentation with 
following sedimentation and diagenesis is thai of greatest importance. H. T a k a b a s b i 
(1959) found out experimental ly that mechanical Friction of kaolinite results in destruc­
tion of its structure and gradually a product of qualities equal to those of kaolinite of 
fireclay type arises. M. P. Y i k u I o v a. A'. A. S i t o v (1966) also affirm that authigenic 
kaolinite is of more perfect crystallographical delimitation than kaolinite which passed 
through transportation in water environment . 

On this occasion I intend to call attention to possibility of following of the effect of 
transportation on the morphological development of halloysile besides that of kaolinite 
also in sediments of the Poltár Formation. Halloysile which is found in the form ol 
so called armored clay halls passed through transportation from the primary site of 

Fig. 6. Halloysile from decomposed andesite agglomerate, bering THV-18, Halič. Prepared 
by 11. G e r I ii o f f e r o v á. 
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origin. The transportation loft marked traces also on individual particles of lialloysite, 
which we may study well under electron microscope. They are of short columnar 
habit, their length never exceeds I micrometre, frequently disturbed at the margins and 
part ly stretched (fig. 5). Halloysile from boring TIIY-IS near Halič, to the contrary. 
in decomposed andensite agglomerate with preserved structure of the source rock 
reaches the length of three and also more micrometres, is well delimited and mecha­
nically undisturbed (fig. 6). There is also no doubl thai the decomposition of the 
mentioned rock was taking place al the original sile. 

A. 0 b e r l i n. C. T c h o u b a r (19.18) called attention lo the importance of changes 
in kaolinite structure in the lime of sedimentation. T. I.. K e s l e r (1956). I). N. 
H i n c k l e y (1963) and T. F. H a l e s (1964) explained the difference in kaolinite 
structure at large kaolin deposils In deorgia and South Caroline in the way thai well 
ordered kaolinite had deposiled in fresh-water environment and disordered one in 
mar ine environment . 

Another Factor affecting the degree of regularity of kaolinite structure is ihe granulo­
m e r e composit ion and porosity of sediments in diagenetic slage. I). I). K o t e ľ n i-
k o v (1958) staled that the intensity of diagenetic changes in clay*"minerals is different 
in pelitic and aleuro-psammitic sediments. Well-developed, pseudohexagonal crystals of 
kaolinite very frequently form the cement in aleuro-psammitic sediments. Irregularly 
delimited, Iragmenlal kaolinite is mainly concentrated in pclites to the contrary. 

k. x p e r i m c n 1 a I S l n d y 

The first results of regularity of structure of kaolinite by aid of roenlgenograpbical 
analyses were shown by (i. W. I! r i n d I c y. K. R o b i n s o n (1964) and later on by 
II. H. M u r r a y (1954) mainly. 

Well ordered kaolinite is mainly characterized by the double! of the reflexes ol 
4.18 and 4.13 A. Further there are reflexes with the index k + on in the area of 3.5— 
2.5 A and the presence of [wo ..triplets" of the reflexes of 2.55; 2.52: 2.19: and 2.37: 
2.3.'!: 2.28 A. At kaolinite with disordered structure the intensity of the reflex ol' 1.15 A 
gradually increases in contrast lo the intensity of the basal reflex ol 7.15 A. 

In sediments ol' the Poller Formation I studied the degree of regularity ol kaolinite 
structure on tliffractomelre (ION-.'! by aid of roenlgenogrnphic analysis under the 
following condit ions: Cu K« radiation. 30 kV. 6 mA. ascending diaphragm 10. entering 
diaphragm 2. time constant 8 sec . shift 2 °/min. Tin- samples were shifted through 
a sieve ol 0.1)1. They were not separated by floating for preferential orientation along 
001 to be avoided. 

In lig. / lbe record la ol' kaolinite from knolinized. epizonally metamorphosed quarl-
zites ol the /Jáinancc Rock is presented. The record 2 represents kaolinite that forms 
the cement in coarse-grained sands in the sand pil near l l rabovo. Refractory clay of 
the technological make ,.1.\1" from lbe loam pit in Brezniěka is on diffraelogram 3. 

The high con len I of quartz in lbe firs I I wo samples blocks lbe doublet of 1.18—1.13 A 
as well as some oilier reflexes. Mutual comparison of all lbe three kaolinite samples 
enabled to determine their degree of regularity ol' structure on the basis ol these 
factors: 

1. Intensity and sharpness of basal lines. 
2. Intensity of the line of 1.45 A. 
3. Number of the lines. 
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This comparison led me to ihc conclusion lhal kaolinite from ihc Zlamnncc Hock and 
from the sandstone near Hrabovo is ol distinclly highpr degree ol strnclnral regularity 
than refractory clay from Breznirka. According to the classification of II. II. M u r r a y 
(1954) the first two samples could be ranged into ihe limit between the first and second 

DIFFRACTOGRAfl 

134 4J? 

Fig. 7. Following of the structural regularity of kaolinite in sedimens of the Poltár Formation 
by aid of roentgenographic analysis, t — Kaolinite, Zlámanec. 2 — Kaolinite, Hrabovo. .'.! — 
Kaolinite, 13 řeznická. 



MI.\I-;IU!.O<;H:.W.-C.KNETICAL STUDY 399 

group whereas the third sample into the last group of very little ordered to disordered 
knolinitcs. Some circumstances also indicate intensity id basal reflexes kaolinite from 
/.lamanee being of somewhat heller degree of structural regularity than dial from 
11 rabov. 

['he regularity of kaolinite structure was s imultaneously studied by aid of D'l'A on 
the same samples. The apparatus and conditions of work were equal as in identification 
ol free Al oxide-hydrates. 

As the works by li. \Y. C, r i m s h a w. K. 11 e a I o n. II. L. Ií o h e r t s ( IÍM5). ľi. K. 
G r i m (1947), 11. H. M u r r a y (l'I.Vil showed, the depth and temperature at which 
the dehydroxylal ion endotherm culminates is generally greater and higher al kaolinites 
with well ordered structure than al those with disordered one. Besides lhal the degree 
ol regularity in kaolinite structure also manifests in different symmetry of the dehydro­
xylalion endotherm. S. IS. H e n d r i c k s . L. I! r a m a o. ,1. C. C a d y. .M. S w e r-
d i o w (1952) found out. the coefficient of symmetry varying within the interval of 
0.78—2.39. The value of the coefficient increases with the decrease in the degree of 
structural regularity. On the final exotherm the range of temperature is shorter, il is 
sharp, high and the temperature of the peak is shifted towards higher temperature al 
well ordered kaolinites. 

Studying the regularity of kaolinite structure by aid iď DTA we have to lake into 
consideration a series of factors ol' subjective character in contrast to roenlgenographic 
analysis. Il is connected with the fact lhal with thermical s tudy id' clay minerals the 
course ol the resulting curves is greatly influenced by specific conditions under which 
they were prepared. 1 have in mind here the increase in temperature, the weighed 
portion, granular i ty as well as the content ol' clastic non-clay constituent. Thai is the 
reason lhal I am going lo point to the influence of the individuu] factors in a concrete 
way before 1 start with the interpretation itself. 

B. C í č e I (1966) deal! with the influence of the first Iwo factors (increase in tempe­
rature and weighed porti l ie found out their negative influence lo he possible lo 
eliminate with mutual suitable ascertaining of the weighed portion and the speed of 
temperature increase. T h e o p t i m u m conditions of work, he ascertained for an appara tus 
ol the construction equal to our one. agree relatively well with ours. 

As il was found out in the study of kaolinite clays of the Pohár Formation, they 
are the lasl two factors from the above mentioned — granular i ty and the content of 
clastic admixtures (quartz, muscovitc. feldspars) — that have the greatest influence 
on the general course of the dehydroxylal ion endotherm and the final exothermic peak. 

As lo the influence ol' the granular i ty on the shape of the curves we may say in 
accordance with m a n y works dealing with these problems thai pure clays without or 
with m i n i m u m a m o u n t of sandy constituent usually show in the finely dispersed 
fraction of less than two micrometres a rather deadened course of eado- and exothermic 
reactions than coarser fractions. We may see it clearly on the sample of kaolinite from 
Zhimanee. The dchydroxylat ion endotherm. as well as the final exotherm are much 
more intense in the fraction up lo W micrometres (fig. 8, no. la) than the same sample, 
when followed in the fraction of less than two micrometres (fig. 8. no lb). The peak of 
the dehydroxyla l ion endotherm is also shifted here by I0°C related lo lower tempera­
ture, ft. is more than probable thai well crystallized kaolinite from /.hiinanee shows 
more coarsely dispersed development, greater dimensions of individual particles and 
therefore il is mainly concentrated In the fraction of coarser granulari ty. 

I he lasl factor — the presence of clastic constituents, mainly of quartz, muscovite 
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Fig. 8. Following of tliu structural regularity of kao­
linite in sediments of tlie Poltár Formation by aid 
of DTA. la — Kaolinite of the fraction up to 40 
mirromelres, Zlárnanec. 11> — Kaolinite of llie fraction 
of less than 2 micrometres. Zlárnanec. 2 — Kaolinite 
uľ clav cement of s;in<ls dľ the Fraction of lc>s than 
2 micrometres, Hrabovo. d — Clayey intercalation in 
kaolinic sands id the fraction id less than 2 micro­
metres. Hrabovo. k — Refractory clay of the fraction 
id less than '.! micrometres, Breznička. 5a — Sandy 
clay id tlie ľraction id less than 2 micrometres. Ka­
linovo. 5b — Sandy clay id the fraction up to 10 
micrometres. Kalinovo. 

anil feldspars shows an opposite effect. Samp­
les with liigh cnnli'iit uľ sandy admixture display 
lowered intensity id the extremes in natural, 
unprepared stale dig'. S. no .) b). 

When the fraction oľ less than I wo micrometres 
(fig. 8. no .la) is obtained by floating, we meet 
a phenomenon opposite lo the foregoing ease — the 
eiidollierinie m i n i m u m and the exothermic maxi­
mum are gelling deeper and sharper. The peak id 
endolhermic react' m also shifts by about 1(1 °C in 
relation to higher temperature. 

J . V t e 1 e u s k ý. F. K u p k a (1962) mention 
the degree oľ regularity of kaolinites ascertained 
mi the basis oľ DTA not lo agree with the sequence 
ascertained roenlgenographically in some cases. 

This is also connected with the fact that by aid oľ DTA only disturbances 
inside lbe individual beds may be found mil. Kaolinites having disturbances 
in the mutual position of beds only, may- also show DTA curves not indicating them 
with perfect degree id regularity. 

In this sense the samples studied from the Pollár Formation show the sum id bolh 
kinds oľ disturbances. This is supported by the fact lhal the sequence of regularity ol 
kaolinite ascertained by roentgenography agrees with the sequence ascertained by DTA. 
Kaolinites from Zlárnanec (fig. 8. no la) and [Irabov (I'ig. 8. no 2) show all signs of 
belter ordered kaolinite, as widl as refractory (day from Brezniekn (fig. 8. no. 4). This 
s tatement at last supports very well the morphological development of studied kaolinites. 
followed under electron microscope on suspensions carried over on collodium support. 

The samples from Zlárnanec (fig. 9) and I Irabov í I'ig. LO) with well ordered kaolinite 
contain well delimited plates of pscudohexagonal development. Opposite lo it. in the 
clay sample from Brcznička with little ordered lo disordered kaolinite its fragmcntal 
development with irregular edges, without pseiulohexagoual tabular particles and 
a distinctly finely dispersed character are evident !lig. II . 

G l i e A s p e c t s o ľ t h e S i u d i e d ľ r o b I e n 

On lbe basis of obtained information oľ the degree id regularity of kaolinite structure 
| intend lo clarify some genetic problems of kaolinilization in the Foliar Formation. 
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Pr imary kaolinite that originated by decomposition of epizonally mclamorphosed 
quarlzites of the Zlámanec Rock belongs among kaoliniles with the relatively best 
degree of structural regularity in sediments of the Poltár Formal inu. Epizonally meta­
morphosed quartzit.es found al this locality represent a well preserved weathering crust. 
This was conditioned by two circumstances. They were the relatively high content of 
feldspars and micas in the source rock and the fact that these rocks were intensely 
tectonically disturbed alter their formation ami before lbe action of atmospheric 
agencies, what considerably contributed to their mechanical disintegration. This way 
the decomposition of original minerals and the formation of aulhigcnic clay minerals 
were greatly accelerated. Kaolinite from newly discovered kaolinized porphyroids near 
Horná Prievraná also belongs lo this category as the works by 1. H o r v á t h (1966, 
1967) show. 

In both cases the perfect degree of structural regularity is lbe reflection of the con­
ditions of kaolinite Formation. P r imary kaoliniles are concerned or at kaolinized 
porphyroids local redeposition to a short distance was possible. According to lbe degree 
of structural regularity also kaolinite forming the cement in coarse-grained sands 
belongs here that beside oilier localities in the Poltár Formation is also Found in the 
sand pit near Hrabov. In this case however the interpretation of ils origin is not so 
unambiguous . 

In porous sediments conditions more favourable for the formation of aulhigcnic 
minerals in the stage of diagenesis are supposed lo arise, as well as m pelitic sediments. 
II the opinion ol \ . l l a n o . I. II o r v á l h (1966) however were accepted, according 
to which I hose sediments represent redeposited material of kaolinized porphyroids. the 
degree ol structural regularity would be given more or less primari ly then. The first 
possiblity iaiilliigenic origin! may be substantiated by the fact that a difference in the 

Fig. 9. Well ordered kaolinite, Zlámanec. Prepared by If. G c r l li o f f c r o v á. 

http://quartzit.es
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Fig. II). Well ordered kaolinite, LIrabovo. Prepared by II. G r r t l i o f f c r o v á . 

degree oľ structural regularity of kaolinile forming the cement in sands (fig. 8 no 2! and 
of kaolinilc from 0.5 m lliick clayey intercalation in the same complex was found 
(fig. 8. no .'ii. Kaolinilc in clayey inlerealalion is of lower degree of cryslallinity as also 
lis morphological development shows (fig. 12) besides DTA curves. The regularity of its 
structure approximate ly agrees wilh little ordered lo disordered kaolinilc of refractory 
clays from Breznička. 

The second group includes little ordered lo disordered kaolinilcs of fireclay type thai 
form the principal mass of technologically most important refractory clays. This type 
represents the refractory clay of llie technological mark ,.l.\ľ" from Breznička. This 
information was however also confirmed at lens ol samples Trom the whole area ol 
llie Pollar format ion (I. K r i ž á n i l!l(i(i). 

Basing on lliis information I suppose kaolinilc wilh more perfect degree of slruelural 
regularity lo have originated by weathering of source rocks in pr imary weathering 
crusts and we prevailingly find il al the original site. Besides that in places where 
kaolinite is present in the form of cement in sandy sediments conditions rather suitable 
for aulliigcnic o n g m in llie slage of diagenesis formed. 

The predominat ing part of clays of the Pollar Formation, to llie contrary, was 
transported in clastic state after kaolinilic weathering of source rocks and I do not 
suppose more intense changes under the influence of llie environment in the course ol 
sedimentation and diagenesis. 

(In the basis of llie study of kaolinizcd porphyroids in H o r n á Pr ievraná and kaoli-
nized quarlziles from the Zlamanec Bock another possibility appears to widen our 
considerations also lo llie question of the influence of source rocks on llie degree ol 
regularity of kaolinite structure. I suppose kaolinizalion of feldspars in porphyroids 
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Fig. 11. Little ordered In disordered kaolinite, liir/.nička. Prepared by II. G c r t h o f f e -
r o \" á. 

and quartziles lhal mostly proceeded in place In have conditioned the ľnnnalinn nľ 
kaolinite with relatively heller regularity of structure, as il is in the ease nľ Pollár 
refractory clays themselves. These were transported lor a considerable distance into the 
present basin of sedimentation after kaolinilie weathering nľ crystalline schists. The 
petrographic character nľ source rocks and following transportat ion are the main 
causes nľ the presence of kaolinite with little ordered structure found here. 

'ľ i in e H a n g i n g o ľ K a n 1 i n i 7. a 1 i o n i n I h e A r e a o f t h e ľ o I t á r 
h" n r in a l. i n n 

Closing I should briefly mention the number and lime nľ the stages, in which 
kaolinilie weathering was taking place in the area under study. 

I p lo present works enabled In ascertain the age of sediments nľ the Pollár Formation 
with relative certainty. Il is much more difficult lo accepl unambiguously an att i tude 
lo the question when the kaohnizalinu itself was taking place in original weathering 
crust. \ . I I a n n. I. I I u ľ v á I h (l!)(i(i) partly expressed their opinion lo this problem, 
supposing the kanlinizalion nľ porhyroids In have taken place in the Pliocene as the 
consequence, of the presence of a fresh-water lake with high content of humic acids. 
The mentioned authors did nol deal with the relation between kaolinized porphyroids 
and refractory clays. They also did nol deal with the question, when kaolinilie weather­
ing, which produced ihe principal mass of refractory clays, was taking place. Their 
work allows lo conclude indirectly on the sedimentation nľ sandy-plastic rocks of the 
Pollár Formation lo the end and after deposition of kaolinized porphyroids. 



w\ KRAUS 

Fig. J 2. I.illlľ ordered lo disordered kaolinite, Hrabovo. Prepared by H. C c o r t h o f I c r o v á. 

In lliis connection il is remarkable lhal in lbe whole area of the Pollár Formation 
besides porpbyroids also variously decomposed granites, mica schists, phyllites, quart-
zilcs and andesitcs were found in places, where except andcsilcs the main product of 
alteration is kaolinite. This makes (dear ilia I andesitcs arc the youngest rocks, where 
we may follow the formation of minerals of the kaolinite group in situ. This knowledge 
however cannot solve the question, whether kaolinizalion was taking place in one 
slage. the earliest in Pliocene, or also earlier. 

An important contribution lo the solution ol this probléme in the Ipcl Valley was 
provided by I). V a s s. li. Č í č e l (1964) when they ascertained the terrigenous deve­
lopment of kaolinitic clays near Sol any. They consider them as the local basal m e m b e r 
of the Tertiary in the Ipeľ Valley and range them lo the Rupelian or the beginning of 
Aquitanian. The fact that J . S e n e š (i960) ascertained the presence of kaolinitic clays 
in the Rupclian of the D a n u b e Lowland and G. Y á r j u (1959) situates the deposit of 
kaolinitic clays near Romhi iny in H u n g a r y in the same period leads I). '\ a s s , B. Ci­
c e I (1964) to the opinion thai at the end of the Paleogcnc regional kaolinitic weathering' 
look place in North Hungary and South Slovakia. In the area of the Pol lár F o r m a t i o n 
itself lliis stage of kaolinizalion has not been so far proved. Il would be only confirmed 
if products of kaoľmic detrilic formation, so far known IVom near Sel'any only, were 
round directly underlying the Chat t ian—Aquitanian also in the area of the Pol tár 
Formation. 

(In the basis of the mentioned facts and the general geological development 1 suppose 
the main process of kaolinizalion in source areas of the Poltár Formation to have taken 
place in the Pliocene. In this area probably also kaolinic weathering proceeded in the 
lime of Oligocene. even when we so far have no direct proofs for this affirmation. 
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C (i n c 1 u s i o n 

On the basis of mineralogical s ludy of clay sediments in lbe Polláľ Formation this 
fundamental knowledge may be presented: 

1. Hie newly ascertained association of minerals — halloysite gibbsite, diaspóre 
originated by d e s i 1 i c i ľ i c a t i o n oř kaolinite in lbe original weathering crust. 
Besides that we know the case when halloysite together with gibbsite originále with direct 
alteration of andesite agglomerates. 

2. In clay sediments of lbe Polláľ Formation besides kaolinite with little ordered 
structure the presence of relatively belter ordered kaolinite was also ascertained. 
Simultaneously certain relation between lbe regularity of structure of kaolinite and the 
way of its Formation was also ascertained. Kaolinite with belter degree of structural 
regularity originated by weathering of source rocks in silu. The prevail ing part of clays 
of lbe Pollár Formation, transported into the basin of sedimentation after kaolinitic 
weathering shows all signs of h ide ordered to disordered kaolinite. 

.'!. 1 bold lbe opinion lhal lbe main process of kaolinizalion in source areas look 
place m the Pliocene. Besides that I suppose kaolinic weathering lo have proceeded in 
the lime ol the Oligocene m ibis area, even when so far direct proofs ol this affirmation 
are lacking. 
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