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INTRODUCTION

The studies on the heavy minerals in the Quatcmary deposits have been carried out in
Poland for over 70 years. In the years between thc two World Wars however, they were
undertaken occasionally (S. Matkowski 1917; W.Watocki 1928; A.Morawie-
cki 1928,J. Tokarski 1936).

After the World War 1, a considerable growth in the number and scale of these analyses ca-
me about. So far, the Polish specialist litcrature has reported several hundred papers in which
the results of the heavy mineral studics have been used, to a various extent, for different pur-
poses. It is Tumau-Morawska who should be recognized as the Icading animator of these stu-
dies and who has, together with geographers, pcdologists and geologists, used the results of
analyses of heavy minerals for identifying the {catures of genetically — and secularly different
deposits (B. Dobrzafiski,A-Malicki 1948;J. Trembaczowski 1948; M. Tur-
nau-Morawska 1948 1949, 1952; A. Jahn, M. Turnau-Morawska 1952;
K.Lydka,M.Turnau-Morawska 1967).

The followers of M. Tumau-Morawska have procccded, immediately or intermedia-
tely, with this course of studies. This can be testifed by a very rich scientific output achie-
ved by J. Morawski and H. Maruszczak, as well as by other researchers in this field. Many
of the specialists made their first steps at the Geology and Geography Departments at the
Maria Curie-Skiodowska University and the expericnce they have acquired here is utili-
zed by them at other scientific institutions of Poland.

Beginning from the sixties, the analyses of heavy minerals in Quatemary deposits have
been carried out, with great intensity, at all major scicntific centres of Poland. This is ma-
inly associated with the fact that these investigations have been considered as the standard
in realization of Detailed Geologic Map of Poland in the scale of 1:50 000. Unfortunately,
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most of these results are incorporated into archival records of the Governmental Geologic
Institute and, so far, have not been critically interpreted. No wonder that the early recapi-
tulations formulated by M. Turnau-Morawska (1955), B. Nowak (1962), and
A.Maliszewska (1969) are still valid.

This paper, prepared on the groundwork of individual investigations and considera-
tions, with reference made to only few works (for which author apologizes cordially to the
persons who deal with investigations of the hcavy minerals), presents some observations
which arise in connection with a possibility of utilizing the results of heavy mineral ana-
lyses in the Polish Quatemary problems.

DETERMINATION OF BOUNDARY BETWEEN QUATERNARY DEPCSITS AND BEDROCK

Principally, the mass fractions of hecavy minerals which occur in the Polish Quaternary
bedrock are lowerrthan those occuring in the Pleistoccne deposits. In case of increased
mass of these components, this is associatecd with occurrence of glauconite, ferruginous-
-manganic concretions and, sometimes, muscovite and chlorite in the older deposits.

In the Pre-Quaternary substratum of Eastern Poland and Mid-Polish Uplands belt, the
prevailing in the mineral spectrum are: zircon, tourmalines, rutile, staurolite and disthene.
Sporadically found are gamets and epidotes. Only trace concentrations of amphiboles, py-
roxenes and biotite are found. The mincrals that are typical of many Pre-Quatemary depo-
sits of this region include glauconite, muscovite, chloritcs and ferruginous-manganic
concretions (M. Turnau-Morawska 1948, 1949; J. Morawski 1965a, 1970;
M.Krysowska 1966,1974;R.Gw642dZ, R.Racinowski 1968). The presented
features of heavy minerals spectrum allow, in principle, the Quatcmary formations to be
distinguished from the substratum dcposits. In the latter, the prevailing minerals are am-
phiboles, gamets, epidotes, pyroxenes and biotite.

In the sediments of both the North Poland and Western Poland bedrock, significant
fractions of gamets, amphiboles, pyroxcncs and biotitc arc present (e.g. K. Lydka,
M.Turnau-Morawska 1967, B. Kosmowska-Ceranowicz 1966, 1979;
G.Kociszewska-Musiat, B Kosmowska-Ceranowicz 1969; R.Raci-
nowski, A.Sochan 1978a). Consequently, the heavy minerals make here a doubtful
criterion for distiguishing the Quatemnary dcposits from the Tertiary ones.

It is also difficult to determine a boundary between the Teriary deposits and Eopleisto-
cene ones from the Fore Carpathian Slump of Roztocze and the Holy Cross Mts (J. Bu -
trym 1969; R. Racinowski 1969c;E.Mycielska-Dowgiatto 1978;]J. Bu-
trym,R.Racinowski 1983). In the older substratum, apart from predominant mine-
rals, such as zircon, rutile, staurolite, disthene and tourmaline, also significant quantities
of gamets and, partially, amphiboles as well as biotite are present.

LITHOSTRATIGRAPHIC DELIMITATION OF HORIZONS OF QUATERNARY DEPOSITS

It is generally accepted that boulder clays are most suitable for the lithostratigraphic
purposes since they can be readily identified macroscopically and their occurrence points,
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in a "unique” way, to the origin of a deposit. This, however, does not prejudge whether
this deposit lies on a primary or secondary substratum. Based on very numerous investi-
gations done by many authors (only certain of which were published), it is found that, as
a principle, all till horizons occurring in given boreholes are characterized by quantitative-
ly identical and quantitatively similar spectra of heavy minerals (A. Falkie wicz 1962;
R.Racinowski 1969a; R. Racinowski,J. Rzechowski 1969a, b;J. Rze -
chowski 1974, 1976,1977,1982; B.Gronkowska, K. Kenig 1974;J. A.Czer-
wonka 1977;R.Racinowski, A.Sochan 1978b, 1981; W.Itaszeski,R.Ra-
cinowski 1979; K. Choma-Moryl etal. 1991).

Locally, between the regions or particular borehole profiles, for unisecular horizons of
boulder clay, some peculiaritics may occur, which are connected with an influence of the
local Quatemary substratum (A. W.Stankowscy 1966; R. Racinowski 1969a;
R.Racinowski, A.Sochan 19783, 1981;J. Rzechowski 1974, 1976, 1982).

It must be recognized that the investigations into the composition of the heavy minerals
contribute very little to the lithostratigraphic problems of boulder clays and can only be,
to a limited extent, considered as being of assistance in determination of local routes and
molten-contincntal glacier material sedimentation.

Investigation of fluvioglacial sediments within the scope of heavy minerals also does
not yield any major effects in their stratification (W. Itaszeski, R. Racinowski
1979;R.Racinowski,A.Sochan 1981).

However, it should be noted that, in case of fluvioglacial sediments, the composition of
heavy minerals can also rcflect the nature of the sedimentation on environment. This may
cause an apparent diversification of thesc sediments with respect to the weight content of
the heavy minerals and to the fraction of minerals with various hydraulic equivalents
(such situation can be perceived in the works of J. Morawski 1969; R. Racino-
wski 1974;E.Mycielska-Dowgiatto 1978).

Attempts are made to use the results of heavy mineral composition analyses for secular
and genetically-facies delimitating the horizons of loess formations (H. Maruszczak
1969; H. Maruszczak, R.Racinowski 1968, 1976; R. Racinowski 1969b,
1976; ). Morawski,J.Trembaczowski 1971;R.Chlebowski,L.Lindner
1976; H. Maruszczak,J. Morawski 1976; J. Buraczynski et. al. 1978; H.
Maruszczak, M. Wilgat 1978). Also in this case, regardless of a region, type an
age of loess, the results of heavy mineral composition analyses are ambiguous as criterion
of secular diversification of these scdiments.

DISCRIMINATION OF SECULARLY DIFFERENT DEPOSITS

In principle. all Quaternarian dcposits of Poland are qualitatively characterized by sim-
ilar spectra of heavy mineral. Depending, however, on their origin, they exhibit a certain
degree of diversification in the mass fraction and in the quantitative features of particular
components. But, when doing such comparisons, a care should be taken to correlate mine-
rals which were extracted from fractions of the same grain size.
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From among the Quatemarian deposits, the glacial, fluvioglacial and limnoglacial forma-
tions can be very clearly separated. Primary among them arc amphiboles, gamets, epidotes,
pyroxenes and biotite. Sporadically, apart from these mincrals, also significant amounts of zir-
con, disthene, staurolite, tourmalines, glauconite and chlorites may be found. In the limnogla-
cial deposits, higher fractions of muscovite and chlorites are found, while the fluvioglacial de-
posits are characterized by higher fractions of gamets and epidotes (R. Racinowski,
A.Sochan 19783, 1981, R. Racinowski 1992b).

Sandy fluvial outwash as well as sandy sea or dunc scdiments each are usually featured
by a higher weight content of heavy mincrals among which the components with major
hydraulic equivalents are characternistic. These sands arec marked by a mass occurrence of
gamets, zircon, rutile, staurolite and cpidotcs. A variable content of amphiboles, pyroxe-
nes and biotite is found in these sands (E. Sawicka 1953;J. Trembaczowski
1949; M. Turnau-Morawska 1952;J.Lozifiski,H Masicka 1962;J.Rze-
chowski 1961, 1969; B. Nowak 1963, R. Chlcbowski 1964;J)J. Morawski
1965a, b, c, 1966; W. Wajd a 1970, 1976, 1980; ). Wojtanowicz 1970; G.Koci-
szewska-Musiat etal. 1972; R. Racinowski 1974; U. Urbaniak-Bier-
nacka 1975, 1976; E. Mycielska-Dowgiatio 1978; R. Kotlifiski 198S;
A.Choifiski 1986;E.Fros,R.Racinowski 1987).

The eolian, fluvial, limnical and floody sediments, both clayey and dusty, all exhibit
a considerable similarity among cach other. Of their mincral components the ferruginous-
-carbonate and ferruginous-mangancse convertions play a significant role. Occasionally,
very high fractions of muscovite and chlorites occur. Among "typical” transparent heavy
minerals, the zircon, rutile, and tourmaline play a grcat role. Variable fractions of amphi-
boles, biotite, gamets and epidotes are found herc (B. Dobrzandski, A. Malicki
1948; B.Grabowska 1960;J. Cegta 1963;]. Morawski 1969/1970, 1971 a, b,
1973, 1978;J. Morawski, J.Trembaczowski 1971;]. Wojtanowicz 1971,
R.Racinowski, A.Sochan 1981;J. Buraczyiiski et al. 1978, M. Harasi-
miuk 1986; W.Florek 1991;S. W.Alexandrowicz etal. 1991).

RECONSTRUCTION OF SEDIMENTATION ENVIRONMENT DYNAMICS

The results of heavy minerals studies are used for qualitative evaluating lithodynamic
processes that occur in contemporary sedimentation environments.

In Poland these studies are utilized, on a large scale, for lithodynamic characterizing se-
ashore zone and deeper parts of littoral (J. Lozinski, H. Masicka 1962; B. No -
wak 1963; R.Racinowski 1965,1974, 1989, 1990, 1992a; W.Wajda 1970, 1976,
L.Maczka, R.Racinowski 1969; R. Kotlifiski 1985; A.Choifiski 1986;
S.UScinowicz 1986;R.Racinowski,J.Baraniecki 1990).

Assumed rule is that high concentrations of heavy minerals in the rock waste of the sea-
shore zone testify to the area subjected to an intensive washing out. In such mineral spec-
trum the components with densities higher than 3.6 g/cm? are predominant (B. Now ak
1963;J.Lozifiski,H Masicka 1962; L. Mgczka, R.Racinowski 1969).
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Trends towards increased concentration of heavy mincrals are observable in fluvial en-
vironment sediments (J. Rzechowski 1961, 1969; J. Morawski 1965b; G. Ko -
ciszewska-Musiat et al. 1972; E. Mycielska-Dowgialto 1978) and in
dune environment deposits (J. Morawski 1965a, b, c; J. Wojtanowicz 1970;
U.Urbaniak-Biernacka 1975,1976; T.Szczypck,J. Wach 1991).

It should be noted, however, that the dune deposits unclearly differ from the so-called
“high uplandish drift” sands and from the floodside terrace sands (R. Fros,R.Racino-
wski 1987).

Following the above remarks, efforts arc made 1o reconstruct, on the basis of the results
of heavy mineral analyses, the Pleistocene ”lood waters”, environment (R. Racino-
wski 1969c; R.Racinowski,A.Sochan 1981;J.Butrym,R.Racinowski
1983). The interpolation of the results of heavy minerals analyses is however, very ambi-
guous.

DETERMINATION OF TRANSPORT DIRECTION

Determination of direction of material transport into sedimentation basis can only be of
an intermediate (auxiliary) nature. This is associatcd with the fact that rocks which occur
on Poland’s territory and adjacent areas arc characterized by a qualitatively similar com-
position of the heavy minerals and moreovcr, that the Quatemary-originated material is
a product of redeposition proceeded in differcnt sedimentation environments.

As noted previously, the argillaceous-silty Eopleistocene sediments of Poland contain
material which was probably transported from the Carpathians side, which is testified by
a large amoun of gamets and optically-deformed zircons (e.g. R. Racinowski 1969c;
E.Mycielska-Dowgiatto 1978;J. Butrym, R. Racinowski 1983; S. W.
Alexandrowicz et. al. 1991; M. Krysowska-Iwaszkiewicz, M. Lan-
czont 1992).

It can also x judged that “preglacial” deposits of Northern and Western Poland contain
material that has originated from weathcred Scandinavian or Sudeten granitoids (K. Ly d -
ka, M. Turnau-Morawska 1967; G. Kociszewska-Musiat, B.Kosmo-
wska-Ceranowicz 1969; B. Kosmowska-Ceranowicz 1966, 1979; R. Ra -
cinowski,A.Sochan 1978a).

Relating to the Pleistocene deposits of region scale, an effect of local Pre-Quatemnary
substratum on the composition of heavy mincrals in boulder clays or in fluvioglacial sedi-
ments is sometimes recorded (R.Racinowski 1969a,c;R.Racinowski,J.Rze-
chowski 1969 a,b;J. Rzechowski 1977, 1982; W. Itaszeski, R. Racino-
wski 1979).

Also noticeable in the heavy mineral composition is the effect of local transport on ma-
terial of which the dust covers of Southern Poland were formed (B. Dobrzanski,
A.Malicki 1948; ). Cegta 1963;S. Uziak 1962; S. Uziak et al. 1967, 1971,
R.Gwé%d% R.Racinowski 1968; H. Maruszczak,R.Racinowski 1968,
1976;J. Wojtanowicz 1971;R.Chlebowski,L.Lindner 1976; R.Racino-
wski 1976; W.Raczkowski 1976;J. Borowicc etal. 1977, M.Harasimiuk
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1986; S. W. Alexandrowicz et al. 1991; M. Krysowska-Iwaszkiewicz,
M.Lanczont 1992).

Nevertheless, these studies do not enable the direction of rock-waste drift along the
Polish coast of the Baltic Sea to be univocally determined (R. Racinowski 1974;
S.UScinowicz 1985;R.Racinowski,J.Baraniecki 1990).

Based on the results of heavy mineral analyses there is a possibility to determine the di-
rection of alluvial transport for certain Sudeten water races (e.g. M. Jgczmyk,J. Ka-
nasiewicz 1970; M. J¢czmyk 1979; M.Jgczmyk, M. Markowski 1990).

RECONSTRUCTION OF HYPERGENIC PROCESSES *

There were high hopes about results of heavy mineral studies for the possibility of de-
termining course of the loess-forming processes (e.g. H. Maruszczak R.Racino-
wski 1968,1976; H.Maruszczak 1969;R.Racinowski 196%; H. Marusz-
czak,J.Morawski 1976; H Maruszczak, M. Wilgat 1978;S. W. Alexan-
drowicz etal. 1991). As an initial thesis it has been assumed that the relations among
the heavy minerals with various resistance to chemical and mcchanical weathering will
prevent the paleopedological conclusions to be drawn (B. Manikowska 1966;
K.Konecka-Betley, T Majsterkicwicz 1973). More extensive and exact stu-
dies on both the fossil and recent soils show, however, that there are certain, though very
hard to be interpreted, relationships between the composition of heavy minerals and the
course of soil-forming processes (e.g.J. Morawski 1969/70a, b;J. Morawski ctal.
1971; R.Fros,R.Racinowski 1983).

Notwithstanding, for the pedological studies, the results of heavy mineral analyses are
of worth, because it is possible then (with their use) to distinguish the rendzinas and other
initial soils of Southern Poland, which are rich in mincrals of Pre-Quaternary substratum
rock origin, for genetically different soils deposited on the monolithic rock substratum,
where the heavy mineral spectrum is referable to the Quatemnary deposits (S. Uziak
1962; B. Dobrzanski, R. Turski 1964; S. Uziak et al. 1967, 1971; R. Fros,
R.Racinowski 1987).

At last, the attention should be paid to a fairly characteristic phenomenon that is found
when investigating heavy minerals in particular borcholes. The spectrum of these minerals
cannot, in principle constitute a criterion that would allow the weathered horizons of de-
posits or the sedimentation hiatuses to be univocally separated in the borehole profiles. Al-
so interesting is the fact that the glacial and fluvioglacial sediments deposited all over the
territory of Poland are characterized as qualitatively as in quantitative aspects by a similar
mineral composition (e.g. R. Racinowski 1969a). And yet the Pleistocone formations
that occur in Southern Poland were exposcd 1o weathering processes for a far longer pe-
riod of time.
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CONCLUSION

Presented only roughly in this papcr the remarks, concerning the possibility of utilizing
the heavy mincral analyses for the studics on the Quatemary deposits of Poland, should
constitute a ground for discussions and considcrations about puproscs and scopes of appli-
cation for these results.

A question which must be answered is: what is the significance of the heavy mineral
studies in relation to the genctically different types of deposits? Furthermore, whether the
obtained results are relevant for solving local problems only, or may also be used for the
problems of region or macroregion scale.

Obviously, there are many more of doubtful or disputable problems, which, however
does not mean that the reflections presented in this paper can be summarized by a state-
ment that the studies on the heavy minerals of Quaternary deposits in Poland are useless
for the scientific knowledge purposcs.
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STRESZCZENIE

Na kanwie badaf mineratéw cigzkich osadéw czwartorzgdowych, jakic zostaty wykonane w Polsce w ciggu
ostamich trzydzicstu lat, sformutowa¢ mozna nastgpujgce uwagi.

1. W pasie wyzyn $rodkowopolskich na podstawie badafi mineraléw cigzkich wyodrebni¢ mozna osady
czwartorz¢dowe od starszego podioza. W tych pierwszych charakterystyczne s3 bowiem amfibole, granaty, piro-
kseny, biotyt. Na przedpolu Karpat wyodrgbnicnic materiatu czwartorzgdowego jest utrudnione ze wzgledu na
znaczng obecnoéé granatu w skatach starszych. W obrgbie Polski pétnocno-zachodniej utwory czwartorzgdowe
i trzeciorzgdowe cechuj sig zblizonymi spektrami mineratéw cigzkich.

2. Analizy skladu mineratéw cigzkich tylko w sposéb wycinkowy (lokalny) wykorzystywane mogg by¢ do
stratyfikacji osad6éw glacjalnych i fluwioglacjalnych. Podobne uwagi odnieéé mozna do rozpoziomowywania
wiekowego osadéw lessowych. Zréinicowanic spektréw mineratéw cigzkich w osadach fluwioglacjalnych, flu-
wialnych i wydmowych stanowi¢ moze odbicie zréznicowania litofacjalnego tych utworéw.

3. W sposéb znaczacy skiad mineraléw cigzkich pomocny moze by¢ przy rozréznianiu osadéw glacjalnych
i fluwioglacjalnych od materiatu innej genezy. W znacznym stopniu badania te wykorzystywane moga by¢ do
rozrézniania litofacjalnego osadéw pradowych oraz zwigzku osadéw plejstoceiiskich z lokaloym materialem
wyjéciowym.

4. Analizy mineratéw cigzkich wykorzystywane mogg by¢ do charakterystyki litodynamicznej wspéiczesne-
go $rodowiska strefy brzegowe;j Baltyku. Cz¢éciowo réwnicz do oceny tych proceséw w Srodowisku fluwialnym
i wydmowym.

5. W warunkach polskich sktad mineraléw cigzkich tylko w sposéb wycinkowy wykorzystywany moze byé
do odtwarzania lokalnych kierunkéw transportu materiatu osadowego. Dotyczy to gléwnie Polski potudniowej,
gdzie na tej podstawie wykazywaé mozna zwigzki migdzy utworami pylowymi i gliniastymi a skatami karpac-
kimi.

6. Bardzo trudro dopatrywaé si¢ zaleznosci migdzy skladem mineratéw cigzkich a intensywnodcig proceséw
hipergenicznych. W zasadzie na podstawie tych badafi nie mozna w spos6b jednoznaczny wyznaczaé pozioméw
wietrzeniowych tak w profilach wiertniczych, jak i przekrojach geologicznych. Rezultaty analiz mineratéw cigz-
kich wykorzystywane mogg by¢ do rozrézniania redzin i innych gleb inicjalnych od parargdzin lub innych gene-
tycznie gleb, boviem te ostatnie cechujj si¢ mincralami cigzkimi typowymi dla osadéw plejstocefiskich.

7. Ze wzgle¢du na niejednoznaczny rol¢ badaf mineratéw cigzkich osadéw czwartorzgdowych Polski wskaza-
na jest szersza dyskusja, ki6ra databy odpowiedZ na pytanie: dla jakich celéw analiza sktadu mineraléw cigzkich
jest szczeg6lnie przydatna i efektywna?






