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Comparison of size of crystals of minerals formed in supergene con-
ditions shows that some of them can occur in the form of several meter
large crystals (gypsum) whereas the other in the form of small grains,
seldom attaining a size of several centimeters (barite, anhydrite). Grains
of many clay minerals do not exceed several microns (halloysite) or even
fractions of a micron (montmorillonite).

The crystal size is often determined by the conditions of crystalliza-
tion. It is known however that even under the most favorable conditions
certain minerals crystallize solely in the form of small grains, whereas
the other attain readily large sizes. Esentially minerals of simple chemi-
cal composition and simple structure are capable of forming large
crystal individuals. Minerals of complex structure involving both geo-
metry and a number of various ions contained in it, form in the condi-
tions of normal temperature and pressure crystals of microscopic size.

The aim of the present studies was to determine the ranges of grain
size in which the most important minerals occur in soils and clays. The
grain composition was determined for 100 samples of soils formed on gra-
nites and basalts, loesses, illite, illite-montmorillonite and kaolinite clays
and kaolines. The grain size was measured in the range 60—0.1 u. In the
range 60—2 u the grain size was determined with the help of the
sedimentation balance and in the range 2—0.1 u with Scherples ultra-
centrifuge. The samples were purified from amorphous aluminum and
silicon hydroxides which acted as binding agent in grains, by boiling
them in 0.5 N NaOH [1]. In the case of high content of Fe,O; it was
removed with sodium dithionate [2]. The purified samples were dispers-
ed shaking mechanically their water suspensions with addition of sodium
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pyrophosphate as a dispersing agent. The samples were divided into
fractions of the range: 60—20u, 20—2 1, 2—0.2 1, 0.2—0.8 v and << 0.08 u
or 60—16u, 16—4u, 4—1p, 1—0.5u, 0.5—0.1 0 and << 0.1 u. The mineral
composition of above fractions was determined by X-ray analysis and
DTA. These studies allowed to establish the distribution of clay minerals
in the given grain ranges.

As the results of these studies the following regularities have been
observed: quartz occurs mainly in the fractions higher than 10 u. Below
10 p its content rapidly decreases with the decrease in the grain size.
Below 0.5 u quartz is practically not observed. In the clayey rocks redepo-
sited, a fine quartz (below 20 u) has grains of sharp edges whereas the
larger grains are rounded. The number rounded of grains is often the
higher the larger is their diameter. Kaolinite T is observed mainly in the
range 0.5—20 w. Its most characteristic range is between 1—10 1, however
in some special cases the plates of kaolinite of 1 mm diameter (or even
higher) are found. Kaolinite pM is found below 1 w. The content of
this mineral in the fractions smaller then 0.1 u is generally low, thus this
value can be taken as the lower limit of its grain size. In some clays
occurence of dickite was observed 1. It is found exclusively in the frac-
tions higher than 1 p. Illite is found mainly in the range 1—0.1 p similarly
like kaolinite pM. Below 0.1 v its content decreases fast. In the fractions
higher than 1 u one finds plates of mica changed to a different extent by
weathering. Most frequently it is muscovite kaolinitized in wvarious
degrees. Biotite on the other hand undergoes normally a process of
chloritization. Montmorillonite is concentrated in the fraction finer than
0.2 w. It is as a rule dioctahedral montmorillonite from the series beidell-
eite — nontronite. In some cases montmorillonite is observed in the coar-
ser fractions of grains larger even than 1 p. Usually this is montmorillonite
bound mechanically with the surface of grains of other minerals, not
removed by washing in the preparation of a sample, or aggregates of
montmorillonite plates, which could not be broken into individual grains.
In some samples feldspar was observed. It was found in the fractions larger
than 2 u, and its content increased with the increase in the grain size.

The grain size ranges in which particular minerals occur, are shown
schematically in Fig. 1. They appeared to be the same for soils as for
clays, in spite of the fact that the latter are from older geological forma-
tions (from lias to pliocene). Histograms of the mineral distribution as
dependent of the grain size for two samples of soils are presented in
Fig. 2.

1 This dickite was formed “in situ” in the low-temperature conditions as the
result of weathering of muscovite [3].
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It follows from the results presented above that minerals occuring in
soils and clays show characteristic ranges of grain size for a given
mineral. The absence of feldspar in fine fractions is due to its small
stability in supergene conditions, fine grains being most easily dissolved.
The absence of quartz below 0.5 u can be explained also by their dissolu-
tion. Among the clay minerals dickite has the most order structure and it
concentrates in coarser fractions; similar behaviour is exhibited by kaoli-
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nite T. Kaolinite pM showing a disordered structure in which, as it is
assumed a certain number of isomorphic substitutions is observed, is
found most frequently below 1 p. Illite and montmorillonite minerals of
the ordered structures are found in the range of the finest grains. Gene-
rally one can say that the less ordered is the structure of a clay mineral,
the smaller crystals it forms.

The shape of cumulative curves of grain size distribution for clay
minerals occuring in soils and clays was then analysed. For this from the
investigated samples we selected those in which content of quartz and
other detrital components did not exceed 10%, and as such, could be
neglected. Their grain distribution is then practically a grain distribution
of clay minerals. On this basis it was possible to distinguish several cha-
racteristic variants of the grain size distribution for the clay minerals
(Fig. 3). The grain size distribution was characterized also numerically by

so-called sorting coefficient S, = Q—' , where Q; and Q, are grain diameters

2

in the points 75 and 25% of cumulative curve.

The following types of grain size distribution are found most frequ-
ently for clay minerals (Fig. 3):

a) clay minerals show a narrow range of grain size, what is shown by
a step of cumulative curve. This type distribution is characteristic for
clay materials of the simple mineral composition, containing one or two
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clay minerals. Such grain size distribution is exhibited by e.g. miocene fire
clays occuring in Lower Silesia, containing mainly kaolinite pM and illite-
montmorillonite pliocene clays also from this region. The grain size of clay
minerals in these clays is contained in the narrow range 0.1—1 u (Fig. 3a,
curve 1). A similar grain size curve is observed for dickite from Wisniéwka
(near Kielce), a mineral of the hydrothermal origin. It is more coarse-gra-
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Fig. 2. Frequency distribution of minerals in brown loamy
soils B/C horizons

a — soil developed on granite (Strzegom, Lower Silesia), b — soil

developed on bazalt, containing admixtures of productes of weather-

ing of other rocks (Uniegoszcz, Lower Silesia); Q — quartz, K — ka-

olinite, M — mica and illite, Mt — montmorillonite, F — feldspars

and other components. Part of diagram, marked with lash line,
are magnified ten times.

ined and the range of its grain size is 4—40 n (Fig. 3a, curve 2). This type
of grain size distribution is characterized by a low coefficient S, (1.3—1.6).
In the authors opinion such a grain size distribution indicates that clay
minerals were formed as a result of one process in the strictly determined
physico-chemical conditions (crystallization from the hydrothermal solu-
tions, transition of the structure of illite into kaolinite in the acidic me-
dium, formation of kaolinite in the process of weathering of feldspar).
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b) The grain size of a clay material varies in the wide range, the grain
distribution being close to normal. The curve of the grain composition
has then a smaller slope and the coefficient S, is contained between
2.5—3.5. Such a grain size distribution is found in a clay materials of some
primary kaolins and some terrygenic clay sediments. It appears that it is
typical of a clay material, which was formed in a number of independent
processes such as simultaneous weathering of several kinds of various
primary minerals or by deposition in a sedimentation basin of clay mine-
rals of different origin.

¢) Cumulative curves of a distinctly two-step shape indicate the pre-
sence of two groups of grains of different mineral composition, or compo-
sed of the same minerals formed in very different conditions. Such
curves are yielded often by illite clays, in which fine fraction contains
illite and montmorillonite or clay minerals of mixed layer structure and
the coarse fraction comprises coarse-grained mica and hydromica. In
some clays primary kaolins the fine fraction is composed of kaolinite
pM, the coarse fraction distinctly separated from the fine one contains
kaolinite T. This type of the grain size distribution is characterized by
the coefficient S, higher than 3.

d) Detrital quartz produces an additional step in the cumulative curve
usually above 10 w (Fig. 3c). It is particularly distinct in the cumulative
curves of loesses. Curves of this type appeared typical of the soils investi-
gated. The grain size distribution of the clay material occuring in them
is given by the curve b (Fig. 3), grain size range being however smaller.

It seems that curves of the grain composition of the clay material can
in some cases provide information about the conditions of its formation.
This problem requires further detailed studies.
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OBSERVATION DE LA GRANULATION DES MINERAUX ARGILEUX DANS LES
SOLS ET LES ARGILES

Chaire des Matiéres Premiéres Minérales de I’Académ’e des Mines et dcs Forges, Krakow

Résumé

En se basant sur les observations des sols formés sur les granites et les basaltes,
des argile-illites et illites-montmorillonites, des argile-kaolinites et des kaolins on
détérmina les divisions de granulation, dans les limites desquelles on rencontre les
minéraux les plus importants. Les minéraux trouvés dans les argiles et les sols ont
une délimination de granulation trés caractéristique. On trouve du quartz dans des
fractions au-dessus de 0,5 i et le feldspath dans les fractions plus grandes de 2 y,
car les grains plus fins de ces minéraux sont facilement dessous (quartz) ou dé-
composés (feldspath). On trouve le dickit seulement dans les fractions plus grandes
que 1p. En principe on rencontre le kaolinite T dans les limites 0,5—20p, le
kaolinit pM — dans les limites 1—0,1 p. L’illit est concentré entre 1—0,1 1, le mont-
morillonite au-dessous de 0,2 n. Plus la structure du minéral argileux est irréguliére,
plus les cristaux qu’elle forme sont fins.

On distingue trois types de disposition des dimensions des grains des minéraux
argileux:

— la délimination étroite de la granulation des minéraux argileux — la substance
argileuse d’une composition simple (un ou deux minéraux) fut formée par un
processus dans les conditions physiques et chimiques strictement détérminées.

— la grandeur des minéraux argileux varie dans les larges limites et leur
disposition approche la disposition normale —la substance argileuse fut formée
en résultat de nombreux processus independants.

— la substance argileuse est concentrée dans quelques limites de granulation,
dont chacun a une composition minérale différente ou bien une composition
uniforme, mais les grains des minéraux qu’on y rencontre furent formés dans des
conditions différentes.



19
©
s}

A study of grain size distribution

L. STOCH, W, SIKORA

UNTERSUCHUNGEN DER TONMINERALIENKORNGROSSE IN BODEN
UND LEHMEN

Lehrstuhl fur Mineralrohstoffe der Bergbau- und Hiittenwesenakademie in Krakow

Zusammenfassung

Auf Grund der Untersuchungen der auf Graniten und Basalten gebildeten Loss-
formationen sowie Illit-, Illit-Montmorillonit, Kaolinit-L.ehme und Kaolin, wurden
die Kornungsbereiche bestimmt, im Rahmen welcher die wichtigsten Mineralien
auftreten. Die in Lehmen auftretenden Mineralien haben charakteristische Kérnungs-
bereiche. Quarz tritt in den Fraktionen iiber 0,51 auf, Feldspate kann man in den
groberen Fraktionen, {iiber 2p, treffen. Feinere Korner obiger Mineralien sind
namlich leichter auflosbar (Quarz) oder zersetzbar (Feldspate). Dickit tritt aus-
schliesslich innerhalb der Fraktionen grober als 1p auf T-Kaolinit kann man, in
der Regel, innerhalb des Bereiches von 0,5—20,0 u; pM-Kaolinit — innerhalb des
Bereiches von 1,0—0,1 i, treffen. Illit konzentriert sich innerhalb des Bereiches
von 1,0—0,1 n, Montmorillonit — unter 0,2 n. Je weniger ist die Tonmineralstruktur-
ordnung, umso feinere Kristalle sich bilden.

Es wurden folgende Type der Kornungsverteilung in Tonmineralien abgesondert.

— ein engerer Bereich der Tonmineralisierung: Tonsubstanz mit einfacher
Zusammensetzung (ein oder zwei Mineralien), gebildet im Ergebnis eines Prozesses
in genau bestimmten physikalischchemischen Bedingungen;

— die Korngrosse der Tonmineralien dndert sich im breiten Bereich und deren
Zersetzung ist der normalen dhnlich: die Tonsubstanz bildet sich im Ergebnis zahl-
reicher unabhingigen Prozesse;

— die Tonsubstanz konzentriert sich in mehreren Korningsbereichen, von
welchen jeder verschiedene Zusammensetzung hat, oder die Zusammensetzung
gleich ist, aber die in ihnen auftretenden Mineralien sich in verschiedenen Bedin-
gungen bildeten.
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BADANIA NAD UZIARNIENIEM MINERAELOW ILASTYCH W GLEBACH
I GLINACH

Katedra SurowcOw Mineralnych AGH, Krakow

Streszczenie

Na podstawie badan gleb utworzonych na granitach i bazaltach, lesséw, glin
illitowych, illitowo-montmorylonitowych, kaolinitowych i kaolinéw wyznaczono prze-
dzialy uziarnien, w obrebie ktorych wystepuja najwazniejsze mineraly. Mineraly
wystepujace w glinach i glebach posiadajg charakterystyczne zakresy uziarnien.
Kwarc wystepuje powyzej 0,5 u, skalen spotyka sie we frakcjach grubszych od 2.
Drobniejsze ziarna tych mineraléw ulegajg bowiem latwo rozpuszczeniu (kwarc)
lub rozkladowi (skalen). Dickit wystepuje wylacznie we frakcjach grubszych od 1 u.
Kaolinit T spotyka sie¢ zasadniczo w zakresie 0,5—20u, kaolinit pM w zakresie
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1—0.1 . Illit koncentruje sily w zakresie 1—0,1 n. Montmorylonit grupuje sie ponizej
0,2 . Im mniej prawidlowa jest struktura mineratu ilastego, tym tworzy drobniejsze
krvsztaly.

Wyrédzniono nastepujgce typy rozkladu wielko$ci ziarn mineratéw ilastych:

— zakres uziarnienia mineraléw ilastych waski, substancja ilasta o prostym
skladzie (jeden lub dwa mineraly), powstala w wyniku jednego procesu w S$cisle
okre$lonych warunkach fizyko-chemicznych,

— wielko§é ziarn mineraléw ilastych zmienia sie w szerokim zakresie, a ich
rozklad jest zblizony do normalnego — substancja ilasta tworzyla sie w wyniku
wielu niezaleznych proceséw,

— substancja ilasta koncentruje sie w kilku zakresach uziarnien, z ktérych
kazdy ma odmienny skiad mineralny lub skiad ten jest jednakowy, lecz wystepujace
w nich ziarna mineraléw powstawaly w odmiennych warunkach.

JI. CTOX, B. CUKOPA

HMCCIEIOBAHUE TPAHYJOMETPUYECKOIO COCTABA TJMHUCTBIX
MHMHEPAJIOB B IIOYBAX U T'JIMHAX

Kacpenpa ‘Munepa’ibHOoro CeipbA, TOpHO- MeTtanaypriiueckaa AxkageMusa, Kpakos

Peszswome

Ha ocHOBaHuMM ucciefoBaHMA INOYB OOpPa30BaHHBIX Ha TPaHUTAX M 06a3ajabTax,
JIECCOB, a TaKKe IJMH: MIIJIUTOBLIX, MJJIIMTO-MOHTMOPUJLIOHMTOBBIX, KaOJMHUTOBBLIX
M KaoJMHOB ObLIM 00O3HA4YEHBb! IIpefeJibl BeJIWYMHBblI 3€PH BBICTYIAKIINX B HUX
BazKHEMIINX MMHePaJOB. B ramHax ¥ noyBax MMHEpPaJbl OTJIMYAIOTCA BecbMa Xa-
PaKTEepHBIM pacIlpefesieHMeM II0 BeanuynHe 3epHa. KBapl mosBisercA BO (hparumaAx
pbiize 0,5 MMKPOHA, IOJIEBOJ LUMNAaT — BO (PpaxumMaxX KpyIHee OT 2 MMKXPOHOB. Bomee
MeIKMe 3epHa 3TUX MMHEPAaJOB JIerKo IoABepraiorca JamMO0 pPacTBOPeHMIO (KBapiy)
aubo pacnapy (moseBoit wmar). Jurkur (dickit) HaxozmTcAa MCKIIOYUTENBHO BO
hparmax gpynHee 1 mmrpoHa. Kaoamuur , T’ BcTpeyaeTca B OCHOBHOM B IIpefe-
nax 0,5—20 MMKPOHOB; KaoauHut ,,pM’” —B npegenax 1—01 MmrpoHa. VnamuT KOH-
1IleHTpupyerca B obnactm 1—0,1 MukpoHa. MOHTMOPHJIJIOHMT TIPYHNIMPYETCA HUXe
0.2 MuKpoHa. YeM MeHee YIIOPsOOYeHa CTPYKTYypPa TJIMHMCTOTO MMUHEpasaa, TeEM MeJjbue
o0pa3yrlmecsa KPUCTAaslJabl.

O60ocobyieHbl  CcheAyIolMe 3aKOHOMEPHOCTVM B 00JlacTyM pacnpeneaeHms  IJvi-
HMCTBIX MMHEPAJIOB IO KPYIHOCTU YacCTHULL:

— Y3KMii Opefes BeNMUMHBI 3€PH TJIMHMCTBIX MMHEDPAJOB — [JIMHNICTOE Belle-
CTBO TPOCTOro cocTaBa (OAMH MM ABa MMHEpaja) odpa3oBaBlleecd KaK pe3yJibTaT
OJHOTO IIpollecca, IIPOTEKAaIoLIero B CTPOro ONPeAeNeHHBIX QU3UKO-XKMIYECKNX

YCJI0BUAX,
— pa3mep (3epH) IJIMHUCTBIX MMHEPAJOB M3MEHAETCA B IUMPOKMX Npefernax
a IIX pachnpefiesieHie IO KPYI[HOCTM 3epH Npubamxaerca K HOPMAJbLHOMY — Belle-

cTBO 00pPa30BaJIOCh B pe3yJbTaTe MHOINX HE3aBUCMMBIX OT cebA IpoLIeCCOoB.

— TJIMHMCTOE BEIECTBO KCHIEHTPMPYeDCA B HECKOJbKMX Ipeaenax 3epPHMCTOCTI.
113 KOTOPBIX KaxKJblil MeeT VMHOM MI/IHEpaJIbeIf”I cocraB n1b0 9TOT cocTaB OAMHAKOB,
HO BBICTyNamwIllMe B HUX 3€pHA MMHEPAJOB o6pa303a.1mc1; B pPa3JMMYHBIX VCIOBUAX.



