
Introduction

It is a difficult task to compare and evaluate min-
eral composition data obtained by means of micro-
mineralogical investigation of detrital sedimentary
rocks, especially if the number of samples is large and
all the components are to be taken into consideration
simultaneously. There are several mathematical meth-
ods for solving this problem. In the present study the
cluster analysis and the non-linear plane projection
methods have been used. The use of these two com-
plementary methods enhances the reliability of the
results.

By considering the different characteristics simultane-
ously the cluster analysis finds the “natural” group struc-
ture of the samples, and makes possible the recognition of
sample assemblages of similar composition and their geo-
logical interpretation.

The non-linear plane projection reflects the similarity
relations and the grouping trends.

M. SALLAY (1984) has compiled a database of
micromineralogical data on the Tertiary and Quaternary
formations of Hungary published till 1983. The majority
of the samples were analysed by Geological Institute of
Hungary. These data were used in this study to compare
the mineralogical composition of Cenozoic (Middle

Eocene to Quaternary) sands and sandstones with the help
of mathematical methods.

Methods

Comparison of the available micromineralogical data
of about 8800 samples would have been too complicated
and difficult to comprehend, even were mathematical
methods used. In the first step the samples were grouped
by region (THAMÓ-BOZSÓ 1991, Fig. 1) and age: 65 min-
eral species and mineral groups occur in the formations
studied.

The following components were taken into considera-
tion: clay minerals, alunite, amphiboles, anatase,
andalusite, anhydrite, apatite, gold, axinite, barite, biotite,
brookite, brucite, zircon, celestite, cordierite, kyanite, epi-
dote, fluorite, feldspars, galenite, gypsum, glauconite, gar-
net, hematite, ilmenite, jarosite, chalcopyrite, cassiterite,
sulphur, clinozoisite, chlorite, chloritoide, corundum, rock
clasts, quartz, leucoxene, limonite, magnetite, marcasite,
melilite, molybdenite, monazite, muscovite, olivine, allan-
ite, perovskite, piemontite, pyrite, pyroxenes, rutile,
spinel, staurolite, serpentine, sphalerite, sillimanite, titan-
ite, topaz, tourmaline, xantophillite, xenotime, vesuvian-
ite, wollastonite, zeolite, zoisite.
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Using the available micromineralogical data it was possible to make a comparison of the mineral composition of Hungarian
Cenozoic sands and sandstones of different regions with the aid of cluster analysis and non-linear plane projection methods.

By means of these methods taking into consideration 65 different components simultaneously it was possible to recognise sam-
ple assemblages of similar mineral composition and to give a geologically reasonable interpretation. This result would have been hard
to obtain using traditional methods.

Based on the above methods a separate group was formed by the Neogene and Quaternary samples from Southern Transdanubia
and another distinct group was formed by the Pannonian sands and sandstones of most of the other regions. Most of the Cenozoic
psammites of the North Hungarian Range and the Transdanubian Central Range, and all the Quaternary sands of the plain and hilly
regions, form an additional distinct group. The similarity of the samples from different regions within the groups refers to the simi-
larity in the source rocks and the area of provenance.
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Where the original analysis indicates only a broad
group, e.g. feldspars, amphiboles, etc. our study had to use

the same classification. Carbonate minerals were left out
because their frequency is uncertain due to the use of
hydrochloric acid in sample preparation.

Both cluster analysis and the non-linear plane projec-
tion were carried out using the weighted frequency values
of the components for the sample group. These frequency
values were obtained in the following way: for example
the frequency of pyroxenes in Quaternary samples from
the Little Hungarian Plain (Kisalföld) is computed as:

X = Y × Z,
where:
X is the weighted frequency of pyroxene grains in the

Quarternary samples from the Little Hungarian Plain;
Y(%) is the number of pyroxene containing

Quarternary samples from the Little Hungarian Plain as a
percentage of the total number of samples in the group
selected by age and region;

Z(% count) is the average percentage count of pyrox-
enes in pyroxene containing samples of the group
(Quaternary sands of the area); this is the pyroxene grain
count as a percentage of total mineral grain count. from
the Little Hungarian Plain.

In the application of the mathematical methods I was
helped by Lajos Ó. KOVÁCS, who is also the author of the
computer programs “Deli-f”, “Clus” and “Dend” used for
the cluster analysis. He also produced the diagram of the
non-linear plane projection.

Initial test calculations were carried out using various
clustering methods. For further calculation we selected
the method giving the best results, in which the degree of
similarity of the regions is represented by Euclidean dis-
tances of the mineral composition. In this case the
objects, that is the frequency values of the different
regions, are represented by points in a 65-dimensional
space corresponding to with the 65 types of minerals or
mineral groups. In this space the more similar objects lie
closer to each other. The weighting of this method is pro-
portional to the standard deviation, so variables of greater
numeric range contribute more to the calculated distance
values. The relations between the objects and groups are
represented as weighted averages, in which the mean
value of the characteristics of the objects is compared
with the new group averages. The result i.e. the structure
of relations, or the cluster structure, is displayed in the
form of a dendrogram.

The cluster analysis was carried out separately for light
and then heavy minerals. It turned out that regions where
the mineralogical maturity of the formations was similar
were also fairly similar with regard to the composition of
the light minerals. Since this gives no additional informa-
tion it seemed to be reasonable to consider the light and
heavy minerals jointly. The dendogram of this cluster
analysis is shown in Fig. 1. In the dendogram the objects
lie below each other. Every vertical line refers to a kind of
relationship and the length of the horizontal lines are
inversely proportional to the strength of the relation.

The method of non-linear plane projection projects the
objects as previously defined (i.e the points in 65-dimen-

x Nehézfrakció
xx Könnyûfrakció

Fig. 1. Groups of samples from various regions and of dif-
ferent ages, separated on the basis of mineral composition.

Dendogram of clusters
S: Sopron, K: Little Hungarian Plain, DK: Transdanubian Central Range
with its surrounding, DUD: Transdanubian hill region, DED: Southern
Transdanubia, EK: North Hungarian Range with its foreground, EA:
Northern part of the Great Hungarian Plain, DT: Danube–Tisza
Interfluve,  T: Trans-Tisza Region, E: Eocene, O: Oligocene, M:
Miocene, P: Pannonian, Q: Quaternary, I–IV.: distinct sample groups

1. ábra.  A tájegységek különbözõ korú mintáinak ásványi
összetétele alapján kijelölhetõ csoportok. A cluster-analízis

eredmény dendogramja
S. Soproni-hg., K. Kisalföld, DK. A Dunántúli-középhegység. és
környezete, DUD. Dunántúli-dombság, DED. Dél-Dunántúl, EK. Észa-
ki-középhegység. és elõtere, EA. Észak-Alföld, DT. Duna–Tisza köze, T.
Tiszántúl, E. Eocén, O. Oligocén, M. Miocén, PA. Pannóniai, Q. Kvarter, 

I–IV elkülönülõ mintacsoportok
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sional space) onto a plane. The points obtained through
this projection are arranged in such a way that the dis-
tances between them approximate the original distances as
closely as possible. The objects are represented by means
of a simple diagram in a two dimensional coordinate sys-
tem (Fig. 2.) showing the grouping tendencies.

Sample assemblages of similar mineral composition

Based on the dendograms in Fig. 1. and 2. four main
regional groups can be distinguished on the basis of the
mineral composition of the samples.

The first group (I) is formed by samples of Pannonian
formations (except those of Southern Transdanubia), and
the Miocene formations of the Sopron Mountains. Non-
linear projection suggests that Pannonian age samples of
the Transdanubian Central Range (TCR) may be included
among these, even though the cluster analysis groups them
otherwise.

In the first group the most similar pairs are formed by
the Pannonian formations of the Northe Hungarian Range
and the Northern Hungarian Plain, and, the Danube–Tisza

Interfluve and Trans-Tisza Region (Tiszántúl). The
Pannonian psammites from the Little Hungarian Plain are
somewhat similar to these. The Miocene and Pannonian
samples from the Sopron Mountains are also alike, and
resemble in composition the Pannonian samples from the
Transdanubian hill region.

The Palaeogene and Miocene psammites from the
Transdanubian and North Hungarian Central Range
(NHCR) and all the Quaternary samples —with exception
of those from Southern Transdanubia and the Sopron
Mts— belong to the second group (II).

In group II, the Oligocene and Miocene samples from
the TCR are the most similar. The Miocene and Oligocene
psammites from the NHCR also show some similarity.
The mineral compositions of the Quaternary sands from
the TCR and from the hill regions are also similar accord-
ing to the dendogram. Quaternary samples from the
Northern Hungarian Plain also resemble these slightly.
Quaternary formations of the Danube–Tisza Interfluve,
the Little Hungarian Plain and the NHCR are also alike.
Eocene samples from the TCR and Quaternary samples
from the Trans-Tisza Region hardly resemble the forma-
tions mentioned above in the group II.

Fig. 2. Groups of samples from various regions and of different ages, separated on the basis of mineral composition. Diagram
of the non-linear plane projection. No. of iterations: 50. Euclidean distance, x = x, weighted-pair group average. For legend 

see Fig. 1

2. ábra. A tájegységek különbözõ korú mintáinak ásványi összetétele alapján kijelölhetõ csoportok. A nem-lineáris síkravetítés
eredmény diagramja. Euklideszi távolság, x = x, súlyozott csoport-átlag. Jelmagyarázat az 1. ábránál



Neogene and Quaternary sands and sandstones from
Southern Transdanubia and Miocene sands and sandstones
from the Transdanubian hills belong to the third group
(III). These are well separated from the other groups of
both by cluster analysis and non-linear plane projection.

Among these, the mineral composition of the Pannon-
ian and Quaternary  formations of Southern Transdanubia
are the most similar.

Quaternary samples from the Sopron Mountains and
from the Little Hungarian Plain belong to the fourth group
(IV.). This group is very different from the other groups.
The samples within the group are very similar to each
other according to their mineral composition as deter-
mined by means of both cluster analysis and non-linear
plane projection methods. The reason for the separation is
that only the heavy mineral fraction of these samples has
been investigated. The cluster analysis based on the heavy
mineral composition only, relates them to the group I.,
since they resemble the Neogene formations of the Sopron
Mountains. This is also supported by the fact that points of
the Neogene samples from the Sopron Mountains are clos-
est to the points of group IV. on the diagram of the non-lin-
ear plane projection.

Conclusions

Comparing the mineral composition of samples
grouped by age and region, conclusions can be drawn for
the similarity or dissimilarity of the source area and rocks
and occasionally for that of the diagenesis and conditions
of sedimentation.

The mineral composition of the Neogene and
Quaternary psammites of the Sopron Mountains are simi-
lar. This is a sure sing that the source area did not change
in this region during the Neogene and Quaternary period.

Miocene and Pannonian samples from the Little
Hungarian Plain are of similar composition, the
Quaternary sands differ from Neogene ones in the group
arrangement shown in the figures. They indicate that the
source area in the Little Hungarian Plain was similar dur-
ing the Pannonian and Miocene but changed in the
Quaternary period.

All Cenozoic samples from the TCR —except the
Pannonian psammites— belong to the same group (II).
(Cluster analysis places the Pannonian psammites also in
this group.) This indicates the similarity in mineral com-
position of the Cenozoic sands and sandstones in the
Mountains. The similarity of the older and younger sam-
ples can be explained by assuming a reworking process of
the Palaeogene formations during the Neogene and
Quaternary. The close relationship between the Oligocene
and Miocene samples from the TCR may be the result of
the reworking of Oligocene and older formations.

Samples of different ages from the Transdanubian hill
regions have different mineral compositions as they belong
to different groups. This may be a consequence of the dis-
similarity of the sediment source areas and current direc-

tions. In each period, those neighbouring regions of erosion
were potential sources of sediment are indicated by similar
mineral composition. Accordingly, material was transport-
ed to the region of the Transdanubian hills, from, in the
Miocene, Southern Transdanubia, from the Sopron
Mountains and Little Hungarian Plain in the Pannonian and
from the Transdanubian Central Range in the Quaternary.

Neogene and Quaternary samples from Southern
Transdanubia belong to the same group (III) since they
have similar mineral composition. These psammites differ
significantly from the formations of other regions accord-
ing to both methods of analysis. This is not surprising if
other characteristics (e.g. maturity, petrographic type, etc.,
THAMÓ-BOZSÓ 1991) are also considered. It is likely that
they differ strongly from the samples from other regions
because the source rocks and reworking conditions of for-
mations in Southern Transdanubia were considerably dif-
ferent from those in other regions.

Samples from the NHCR, except the Pannonian ones,
belong to one group (II), however they do not reveal a
close relationship. This may be a consequence of the vari-
ety of the eroded formations. Among them the Oligocene
and Miocene psammites are the most alike. The reason for
this may be the reworking of older formations. The
Miocene samples and, in part, the Oligocene samples from
the NHCR somewhat resemble formations of the same
ages in the TCR. For the Oligocene psammites this can be
explained on the basis of the pre-Neogene palaeo-geo-
graphic affinity of the two regions, and hence their having
a similar source area before the Neogene (BÁLDI 1983.). In
case of Miocene samples the similarity might be caused by
the reworking of the older formations.

Mineral compositions of the Pannonian and Quatern-
ary samples of the Northern Hungarian Plain are different
as they belong to distinct groups. There is a close relation-
ship between Pannonian psammites and samples of the
same age from the NHCR. The Quaternary sands are also
grouped with the Quaternary formations of the North-
eastern Range and are similar to the Quaternary forma-
tions of the Transdanubian Central Range and hill region.
Considering the palaeogeographic conditions as well
(HÁMOR et al. 1988) this means that there was material
transport to the Northern Hungarian Plain mainly from the
NHCR and from farther regions to the N and NE, in the
Pannonian and Quaternary and perhaps from the NE part
of the TCR in the Quaternary.

Pannonian and Quaternary psammites from the
Danube–Tisza Interfluve belong to two separate groups as
they are dissimilar. The older ones resemble the Pannonian
sands of the Trans-Tisza Region, NHCR and Northern
Hungarian Plain, the younger ones resemble the
Quaternary sands of the Little Hungarian Plain. This
means that the material comprising the samples from the
Danube–Tisza Interfluve was eroded and transported from
the North and reached the Trans-Tisza Region. The sedi-
ment might have come from the North to the Danube-
Tisza Interfluve from the direction of the Alps, brought
through the Little Hungarian Plain by the Danube.
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The Pannonian and Quaternary samples of the Trans-
Tisza Region are also different in composition, so they
belong to different groups. These Pannonian formations
are related to samples of the same ages from the Danube–
Tisza Interfluve. Hence, material was also transported
there from the Danube–Tisza Interfluve apart from the
main direction of material transport, which corresponded
to the dip direction of the Pannonian delta formations in
the Trans-Tisza Region (POGÁCSÁS 1984.). The different
compositions of the Quaternary sands from the Trans-
Tisza Region as compared to the Pannonian psammites
might have been caused through changes in the direction
of transport and the area of provenance.

The fact that the Pannonian samples from most
regions, excepting Southern Transdanubia, belong to one
discrete group indicates the essential difference in compo-
sition between them and the psammites that are older or
younger. The reason for this could be that the basin had its
greatest size and uniformity in the Pannonian.

Most of the Quaternary sands are similar to the
Palaeogene and Miocene samples of the Central Ranges.
An explanation for this is that eroded material of
Palaeogene and Miocene formations of the Ranges is
deposited in Quaternary sediments.

The differences in the mineral composition of the Neo-
gene and Quaternary samples from the plain and hilly
regions may be caused by the minimal diagenesis, if any,
of Quaternary sands and by differences in sedimentary
facies.

It can be concluded from the result of the investiga-
tions that the joint use of cluster analysis and non-linear
projection leads to the recognition of sample groups of
similar mineral composition which are geologically mean-
ingful and would hardly be recognisable by means of tra-
ditional methods. The methods were found useful to deal
with these and similar large data sets that are hard to inter-
pret.
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A rendelkezésre álló mikromineralógiai adatok alapján lehetõség nyílt a magyarországi kainozoos homokok és homokkövek
ásványi összetételének tájegységenkénti összehasonlítására cluster-analízis és nem-lineáris síkravetítés segítségével.

Ezekkel a módszerekkel 65 féle alkotórész egyidejû figyelembe vételével geológiailag is jól értelmezhetõ hasomló ásványi
összetételû mintaegyüttesek váltak felismerhetõvé, amit hagyományos módszerekkel aligha lehetett volna elérni.

Az alkalmazott eljárások szerint külön csoportot alkotnak a Dél-Dunántúlról való neogén és kvarter minták, egy másik elkülönült



csoportba sorolható a legtöbb tájegység pannóniai korú homokja ill. homokköve, végül külön csoportba tartozik a Dunántúli- és az
Északi-Khg. kainozóos pszammitjainak zöme, valamint az alföldi és a dombsági területek összes kvarter homokja. Az egyes csopor-
tokon belüli tájegységek mintáinak hasonlósága elsõsorban lepusztulási területek, ill. forráskõzeteik hasonlóságát jelzi.
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