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Osszefoglalds

Magyar eredmények az agyagdsvdanytan és -foldtan terén
Az1960-ban alapitott MFT Agyagdsvdnytani Szakosztdly 50. évforduldja alkalmdbol

A cikk amagyar foldtudoményi agyagkutatds f6bb eredményeit foglalja 6ssze témak szerint csoportositva.

Altaldnos miivek. A Magyarhoni Foldtani Tarsulat Agyagasvanytani Szakosztaly4nak alapitGja, NEMECZ irta az elsG
magyar dltaldnos szakkonyvet az agyagdsvanyokrol. Tagabb értelemben BARDOSSY alapvetd miiveit a bauxitokrol
szintén az agyagkutatds korébe sorolhatjuk. A talajok agyagdsvanyaival STEFANOVITS, SZENDREI €s NEMECZ, Ujabban
pedig NAGY és KONYA konyvei foglalkoztak.

Egyes agyagdsvdnyok vizsgdlata. A Fiizérradvanyon banydszott hires illites 4svanyt MAEGDEFRAU és HOFMANN irta
le még 1937-ben. Ezt nevezhetjiik ,,a vildig masodik illitjének” (az illinoisi utdn). Az dsvany tovabbi kutatdsarél NEMECZ
és VARJU szdmolt be. A vastartalmu agyagdsvanyok, mint a szeladonit, glaukonit és a ,,Fe-dids montmorillonit csoport”
kémiai rendszerezését lényegesen elrevitték WEISZBURG és TOTH E. munkdi. ERDELYI részletesen tanulményozott
szdmos szerpentindsvanyt. Ujabban DODONY végzett szerkezeti vizsgédlatokat szerpentindsvanyokon (pl. antigorit,
poligondlis szerpentin).

Agyagdsvdnyok meghatdrozdsi médszerei. Uj, és ma is haszndlhaté rontgendiffrakciés mennyiségi hatdrozasi
mobdszert NARAY-SZABO vezetett be. A PAULIK testvérpar termikus meghatarozé késziiléket fejlesztett ki, amelyet
.derivatograf’-nak neveztek. Az els6 termikus hatdroz6 atlaszt az agyagdsvanyokra vonatkozélag FOLDVARI-VOGL
allitotta 0ssze. A termikus modszertjelenleg is magas szinten alkalmazza FOLDVARI.

Talajok és iiledékek. Magyarorszag talaj-agyagdsvany térképét STEFANOVITS és DOMBOVARI készitették el. BIDLO
részletesen vizsgélta a voros agyagokat, amelyek legtobbszor fosszilis talajokbdl szarmaznak. Bazaltkriterekben
fosszilis bentonitos tavi iiledékeket ismert fel SOLTI. Ezek anyagat FOLDVARI, Zs. BARNA és mdsok vizsgaltak. A Karpat-
medence f6legriolitos eredeti bentonittelepeit KOVACS-PALFFY vizsgéljarendszeresen.

Koézetrétegtani alkalmazdsok. A magyarorszdgi tiledékes formdcidkat agyagdsvany-tartalmuk szempontjabol
ViczIAN jellemezte. Jelenleg ezt a kutatdsi irdnyt RAUCSIK, VARGA A. és SZAKMANY folytatjak tovabb. VICZIAN, MATYAS
J. és masok a szmektit—illit diagenetikus dtalakuldst alkalmaztdk a szénhidrogén-progndzisban. Az igen kisfoku
metamorfézis rétegszilikatjainak 6 kutatGja ARKAI, munkatdrsai TOTH M., JUDIK és mésok. O vezette be a klorit
Jkristalyossdgi” fokot (Arkai-index), munkatdrsaival vizsgalta az indexdsvanyokat, a kézetek szovetét stb. Kutatdsaikat
Magyarorszdg hatarain tilra, a svdjci Alpokra és DK-Eurépérais kiterjesztették.

A hidrotermadlis elvdltozdsi oveket a Tokaji-hegységben elsének SzZEKYNE Fux ismerte fel. Kés6bb NEMECZ és
VARJU, Gjabban MOLNAR részletesen vizsgaltdk az elvéltozdssal 1étrejott agyagdsvanyokat. A nemesagyag-telepek
kutatdsdval évtizedekig MATYAS E. és ZELENKA foglalkozott, alkalmazhatésdgukat és kolloid tulajdonsagaikat JUHASZ,
SZANTO és tanitvdnyaik vizsgdltdk. A nehézfémek altal okozott kornyezeti szennyezés modellezését NEMETH végzi.
SzaBO egyik f6 szakértSje az agyagos szigetelSréteg kialakitasanak varosi hulladéklerakok koriil. Agyagos
mellékk&zetben kivanjdk elhelyezni a nagy intenzitdsd radioaktiv hulladékot a Mecsek hegységben.

Targyszavak: agyagdsvdnyok, szedimentologia, talajtan, igen kisfokii metamorfozis, kornyezeti dsvdnytan

Abstract

The main results of the Hungarian clay research are reviewed in the field of earth sciences in a thematic order.

A general textbook on clay minerals was published by the founder of the Clay Minerals Group, Professor NEMECz. Ina
broader sense, the important books on bauxites by BARDOSSY belong to the field of clay research. Soil clay minerals were
discussed in the textbooks of STEFANOVITS, SZENDREI and NEMECZ, and recently by NAGY and KONYA.

Specific clay minerals. The famous illite mineral of Flizérradvany — the “second illite in the world” (after the illite of
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Illinois) — was described by MAEGDEFRAU & HOFMANN as early as 1937 and later reviewed by NEMECZ & VARJU.
WEISZBURG and E. TOTH contributed much to the chemical systematics of celadonite, glauconite and the “Fe-rich
montmorillonite” series. Earlier, serpentine minerals were extensively studied by ERDELYI and in recent years by DODONY
(structural analyses of antigorite and polygonal serpentine).

Determinative methods in clay mineralogy. A method of quantitative analysis by X-ray diffraction was introduced by
NARAY-SZABO. A special apparatus for thermal analysis — called the “Derivatograph” —was developed by PAULIK et al.
An atlas of thermal analysis was first compiled by FOLDVARI-VOGL. The application of this method was later continued at a
higherlevel by FOLDVARL.

Soils and sediments. STEFANOVITS and DOMBOVARI published a map of clay minerals in Hungarian soils. Red clays,
mostly relict fossil soils were studied by BIDLO. FEKETE published a book on recent tropical soils. Fossil bentonitic lake
sediments of basaltic craters were recognised by SOLTI and analysed by FOLDVARI, Zs. BARNA and others. KOVACS-PALFFY
focused his systematic studies on rhyolite-related bentonite deposits of the Carpathian Basin.

Lithostratigraphic applications. Clay minerals of Hungarian sedimentary formations were systematically
characterised by VicziAN. Today this line has been continued by RAUCSIK, A. VARGA and SZAKMANY. The diagenetic
transformation of smectite to illite was widely applied for CH prospecting by VICZIAN, J. MATYAS and others. Layer
silicates of the very lowgrade metamorphic stage have been studied by ARKAT and his co-workers M. ToTH, JUDIK etc. He
introduced the parameter “chlorite crystallinity” (Arkai index), studied index minerals, and also applied textural analysis.
His studies extended to Hungary, the Swiss Alps, and to South East Europe.

Zones of hydrothermal alteration in the Tokaj Mts were first recognised by SzZEKY-Fux and later intensively studied by
NEMECZ and VARJU and recently by MOLNAR. Clay deposits of economic value were studied for several decades by E.
MATYAS and ZELENKA, their application and colloidal properties were analysed by JUHASZ, SZANTO and their students.
Model experiments of environmental pollution caused by heavy metals were carried out by NEMETH. Clay liners for
communal waste depositories were developed by SzaBO. Pelitic host rocks for high intensity radioactive waste

depositories have been studied in Mecsek Mts.

Keywords: clay mineralogy, sedimentology, soil science, very low-grade metamorphism, environmental mineralogy

Introduction

The Hungarian Clay Minerals Group was founded in
1960. In this review, on the occasion of the 50th anniversary
of this Group, the main results of Hungarian clay research in
the field of earth sciences are presented. With respect to the
references in given here, only a few publications have been
selected. The main considerations were that the work is
typical for the author or the subject. This historical account
follows the example of the review made by VOGL (1982) on
the development of the analytical methods during the first 20
years of the Clay Group (1960-1980). A valuable source of
data regarding the activity in the early periods can be found
in the bibliography compiled by SzZENDREI (1979). This
bibliography is available in manuscript form and contains
nearly 500 items. A similar bibliographic compilation, with
brief historical notes, was written by VICZIAN in 1999.
Recently valuable bibliographical and biographical data
were collected by SzZENDREI (2010) for the purposes of a
home page of the Hungarian Geological Society.

Books on Clay Minerals

A general textbook on clay minerals was published by the
founder of the Clay Mineral Group, Professor NEMECZ (1981).
In a broader sense the important books of BARDOSSY (1982,
BARDOSSY & ALEVA 1990) on bauxites and the bauxite
sedimentological studies of MINDSZENTY (1999) belong to the
clay research. Soil clay minerals were discussed in the
textbooks of STEFaNovITs (1981), SzENDREI (1994) and
NEMECZ (2006). FEKETE (1988) published a book on tropical
soils. It is not intended here to review the colloid chemistry of

clay minerals in detail. Only a few university courses and
textbooks on colloids which are closely related to clay minerals
are mentioned. Such are the university courses by JUHASZ
(1995-1996), the book by SZANTO (1987) and the recently
published work by M. Nagy & KONYA (2009). JUHASZ &
OprocCzKY (1982, 1990) have become international-renowned
specialists on the mechanochemistry of silicate minerals.

Specific clay minerals

The famous illite mineral of the locality of Fiizérradvany,
— also called sarospatakite and more recently “Zempleni
illite” — can be regarded as the “second illite of the world”
because it was described by MAEGDEFRAU & HOFMANN as
early as 1937 (after the Illinois illite: see VicziAN 2000).
Later the mineral was reviewed by NEMECZ & VARIU (1970)
and was identified as mixed-layer illite/smectite-1M.
Hungarian investigations on Fiizérradvany illite in many
respects preceded the corresponding American studies but
whatever, they are in accordance with them (see: VICZIAN
1996, 1997).

ERDELYI et al. (1957a, b) described a high temperature
hydrothermal illite-2M variety which he called “hydro-
muscovite”.

From the Mecsek uranium deposits Cr-bearing mica was
identified by Kiss (1960) and further specified by SZTROKAY
& PUskAs (GAL-SOLYMoOs etal. 1994).

TokoDy (1962) described a smectite variety as an
alteration product of andesite and he called it “mauritzite”.
This mineral was later characterized by KAKAY SzZABO (1983)
and identified as saponite with a high iron content by
WEIszZBURG etal. (1993).
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J. BARNA (1983) described it as a natural — clay-humic
substance complex originating from brown coals. It was
especially the presumed hydrous varieties in the serpentine
group that were extensively studied by ERDELYI et al. (1957a,
b) and ERDELYI & VENIALE (1970).

In alater period Papp (1993) studied the intergrowth of
serpentine minerals and DODONY (1997), DODONY et al.
(2001) published electron microscopic structural analyses
of the serpentine varieties antigorite and polygonal
serpentine.

The regular mixed-layer mineral “allevardite” (i.e.
rectorite) was recognised by NEMECz et al. (1963) from
hydrothermal deposits at Kirdly-hegy in the Tokaj Mts.
Another regular mixed-layer clay mineral — corrensite —
was first described from Hungary by VICZIAN (1993), ); its
occurrence was in the German-type Triassic formations of
the Mecsek Mts.

Classification and nomenclature

Immediately before the formation of the Hungarian Clay
Group a proposition on classification was submitted jointly
by Hungarian specialists for the AIPEA and published by
FOLDVARI-VOGL (1958). Already this classification con-
tained the term “couches intercalées” (approximately
identical with “interstratified”) and “sdrospatakite” was
included into this group.

WEISZBURG et al. (2004, 2008) contributed much to the
chemical systematics of Fe-bearing members of the mica
and smectite groups (e.g. celadonite, glauconite, and with
recognition of the “Fe-rich montmorillonite” series).

Determinative methods
in clay mineralogy

A so-called “direct” method of quantitative analysis by
X-ray diffraction was developed by NARAY-SZABO & PETER
(1967). This was improved later by several authors including
BARDOSSY et al. (1980), RiscHAK (Komkov et al. 1989,
SIDORENKO et al. 1992) and SA1O (FERET et al. 1997). A
special apparatus for thermal analysis — called the
“Derivatograph” — was constructed by PAULIK et al.(1986).
The apparatus was manufactured in Hungary for several
years. An early Atlas of thermal analysis was compiled by
FOLDVARI-VOGL (1958).

Later this method was developed to ahigh standard on the
international level by FOLDVARI (1986, 1991). SzOOR &
BOHATKA (1985) combined derivatographic analysis with
the mass spectrometry of escaping gases. SZENDREI (2001)
applied the analysis of specially prepared thin sections to
describe the micro-morphology and genetic processes of
soils. The radioactive age of clay substances is determined
mainly by the K-Ar method devised by BALOGH (ARKAI et al.
1995, 2003), PEcskAy et al. (2005, 2006) and their co-
workers.

Soils

STEFANOVITS & DOMBOVARINE (1985) published a map of
clay minerals in Hungarian soils. Typical Hungarian saline
soils were studied by SZENDREI (1985). Red clays, which
proved to be mostly relicts or redeposited palaeosoils, were
studied by BIDLO (1980, 1985), FEKETE & STEFANOVITS
(1998) and BERENYI UVEGES et al. (2003). SCHWEITZER &
SzOOR (1997) correlated mineralogy and the age of red clays.
NEMECZ & CSIKOS-HARTYANI (1995) carried out detailed
mineralogical analyses on finely-separated grain fractions
of soils.

Lacustrine clay sediments, bentonites

Sediments from Lake Balaton were studied by a research
team led by CSERNY (2002). Specific fossil lake sediments of
the craters of basalt volcanoes were recognised by SoLTI and
analysed by Zs. BARNA & FOLDVARI (1996). JUHASZ (1989)
identified the principal component of the basaltic bentonites
as Fe-bearing beidellite. It was mainly rhyolite-related
bentonite deposits of the Carpathian Basin that were
systematically reviewed by KovAcs-PALFFY (1998). Fine
details of the sedimentation conditions of a bentonite deposit
were revealed using sequence stratigraphic and geochemical
analysis (PUspOKIetal. 2005, 2008).

Lithostratigraphic applications, diagenesis

The clay minerals of Hungarian sedimentary formations
were systematically characterised by VICZIAN (1995). This
type of clay study was combined with geochemical research
carried outby VARGA etal. (2007), RAUCSIK & VARGA (2008).
The diagenetic transformation of smectite into illite was
applied for hydrocarbon exploration by ViczIAN (HAMOR-
VIDO &VICZIAN 1993, TANACS & VICZIAN 1995), J. MATYAS
(HILLIER et al. 1995) and others.

Phyllosilicates in very low grade metamorphic
rocks

The very low grade metamorphic stage of transformation
has been studied by ARKAI et al. (2002). Together with M.
TOTH he improved the “illite crystallinity” (Kiibler index)
method and introduced the characteristic parameter “chlorite
crystallinity” (Arkai index), based on X-ray diffraction
(ARKAI 1991, ARKAT et al. 1996). In addition to potassic white
mica paragonite and margarite were also studied (Livi et al.
2008). The X-ray results were compared with textural analysis
using the TEM method.

In cooperation with P. Horvéth, Judik etc., his studies
extended to the anchimetamorphic formations of the Swiss
Alps, also south-eastern territories of Europe (ARKAI et al.
1995, Jubik etal. 2003).
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Hydrothermal alteration of volcanic rocks

The classical studies of PALFY (1911) and INKEY (1906)
found a correlation between propylitic alteration and gold
mineralization in andesiticrocks. Propylitizationis alarge-scale
alteration process in which chlorite forms in place of mafic
silicates. SZADECZKY-KARDOSS (1958, 1960) drew attention to
the uptake of volatiles by magma (transvaporisation), the
crystallisation of volatile-rich magmas (formation of hypo-
magmatic rocks) and alteration due to secondary processes
(meta-magmatic rocks) which produce various clay minerals.
In the Tokaj Mts, zones of hydrothermal alteration were first
recognised by SZEKY-Fux (1970) and later intensively studied
by NEMECzZ et al. (1963), NEMECZ & VARJU (1970). In the
Velence Hills a deeper level of hydrothermal alteration was
explored by the team of DARIDA-TICHY, FOLDVARI, FARKAS, led
by I. HORVATH (DARIDANE TICHY et al. 1984). Recently in both
regions this line of research has been continued mainly by
MOLNAR (MOLNAR etal. 1999, PECcSkAY etal. 2005).

Economic and environmental geology

A comprehensive inventory of the economic clay
deposits of the historical Hungary (i.e. the pre-1920 borders
of Hungary) was prepared by KALECSINSZKY (1905). The
kaolin, bentonite, illite, zeolite and siliceous earth deposits
of the Tokaj Mts and other areas of the country were studied
for several decades by E. MATYAS (1966, 1974) and ZELENKA
(1994, PECskAY et al. 2005). A comprehensive review was
compiled by VEGHNE (1967).

Model experiments of environmental pollution by heavy
metals were carried out by NEMETH et al. (2005) and applied
to soils by Sipos (2006-2007). The interaction of high
arsenic groundwater with the rock-forming minerals was
studied by VARSANY1 & O. KovAcs (2005).

Clay liners for communal waste depositories were
developed by SzABO (CzURDA & SzABO ed. 1996). Pelitic
host rocks and the fault gouge of the granitic host rock for

radioactive waste depositories were studied in Mecsek Mts
(FOLDVARI2006, R. VARGA et al. 2005).

Extraterrestrial applications

GucsIK (GavIN et al. 2010) has started to develop models
for the formation of the recently discovered clay minerals on
the planet Mars.

Conclusions

Three main periods can be distinguished in the history of
the Hungarian clay mineral research.

In the first period which comprises roughly the
1960-70's, the main interest was focused to the study of
hydrothermal alteration in volcanic regions, including the
study of specific minerals and economic deposits.

In the second period, approximately in the 1980-90's,
investigations concentrated to the study of sedimentary
formations, including shales, pelitic rocks and bauxites.
Special attention was given to diagenetic processes related to
hydrocarbon genesis and very low grade metamorphism.

In the most recent period, on the turn of the 20 and 21*
centuries the importance of young sediments such as soils
and Quaternary deposits is growing. There is an increasing
interest to environmental applications such as lining of
radioactive waste depositories and heavy metal pollution.
Thermal analysis was applied on high level in the former and
in this period. There are instrumental analyses of specific
mineral groups like serpentines and iron clay minerals of
highinternational standard.

In general, the research was able to attain a reliable,
medium to good level which matched the international
standards. In a few fields, however, such as in the study of
bauxites, very low grade metamorphism or in some
mineralogical studies Hungarian researchers played a
pioneering role in the general clay science.
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