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Comparison of size of crystals of m inerals form ed in supergene con­
ditions shows th a t some of them  can occur in the form  of several m eter 
large crystals (gypsum) w hereas the o ther in the form  of sm all grains, 
seldom attain ing  a size of several centim eters (barite, anhydrite). G rains 
of m any clay m inerals do not exceed several m icrons (halloysite) or even 
fractions of a m icron (montm orillonite).

The crystal size is often determ ined by the conditions of crystalliza­
tion. It is know n how ever th a t even under the m ost favorable conditions 
certain  m inerals crystallize solely in the form  of sm all grains, w hereas 
the  o ther a tta in  readily  large sizes. Esentially  m inerals of sim ple chem i­
cal composition and simple s truc tu re  are capable of form ing large 
crysta l individuals. M inerals of complex s truc tu re  involving both geo­
m etry  and a num ber of various ions contained in it, form  in  the condi­
tions of norm al tem pera tu re  and pressure crystals of microscopic size.

The aim  of the present studies was to determ ine the ranges of grain 
size in which the most im portan t m inerals occur in soils and clays. The 
grain composition was determ ined for 100 samples of soils form ed on g ra­
nites and basalts, loesses, illite, illite-m ontm orillonite and kaolinite clays 
and kaolines. The grain size was m easured1 in the range 60—0.1 [x. In the 
range 60—2 the grain size was determ ined w ith  the help of the
sedim entation balance and in the range 2— 0.1 ц. w ith  Scherples u ltra ­
centrifuge. The samples w ere purified  from  am orphous alum inum  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 Fe20 3 it was 
rem oved w ith  sodium  dithionate [2]. The purified  samples w ere dispers­
ed shaking m echanically their w ater suspensions w ith  addition of sodium

19*



L. Stoch, W. Sikora

pyrophosphate as a dispersing agent. The samples were divided into 
fractions of the range: 60—20 20—2 ц, 2— 0.2 0.2—0.8 м. and <  0.08 u
or 60— 16 [X, 16—4 |я, 4— 1 ix, 1—0.5 m-, 0.5—0.1 \i and <  0.1 \x. The m ineral 
composition of above fractions was determ ined by X -ray analysis and 
DTA. These studies allowed to establish the distribution of clay m inerals 
in the given grain ranges.

As the results of these studies the following regularities have been 
observed: quartz  occurs m ainly in the fractions higher than  10 \i. Below 
10 jx its content rap id ly  decreases w ith the decrease in the grain size. 
Below 0.5 jX quartz is practically  not observed. In the clayey rocks redepo­
sited, a fine quartz  (below 20 м) has grains of sharp edges w hereas the 
larger grains are rounded. The num ber rounded of grains is often the 
h igher the larger is their diam eter. K aolinite T is observed m ainly in the 
range 0.5—20 Its most characteristic  range is betw een 1— 10 jn, however 
in some special cases the  plates of kaolinite of 1 mm diam eter (or even 
higher) are found. K aolinite pM is found below 1 м. The content of 
this m ineral in the fractions sm aller then  0.1 u is generally  low, thus this 
value can be taken as the  lower lim it of its grain size. In  some clays 
occurence of dickite was observed 1. It is found exclusively in the frac­
tions higher than  1 \i. Illite  is found m ainly in the range 1— 0.1 |я sim ilarly  
like kaolinite pM. Below 0.1 w its content decreases fast. In the fractions 
higher than  1 \i one finds plates of mica changed to a d ifferen t ex ten t by 
w eathering. Most frequen tly  it is m uscovite kaolinitized in various 
degrees. Biotite on the o ther hand  undergoes norm ally a process of 
chloritization. M ontm orillonite is concentrated in the fraction finer than 
0.2 ix. It is as a ru le  dioctahedral m ontm orillonite from  the series beidell- 
eite — nontronite. In some cases m ontm orillonite is observed in the coar­
ser fractions of grains larger even than  1 м. U sually this is m ontm orillonite 
bound m echanically w ith  the surface of grains of o ther m inerals, not 
rem oved by washing in the preparation  of a sample, or aggregates of 
m ontm orillonite plates, w hich could not be broken into individual grains. 
In some samples feldspar was observed. It was found in the fractions larger 
than  2 |bt, and its content increased w ith  the increase in the grain size.

The grain size ranges in w hich particu lar m inerals occur, are shown 
schem atically in Fig. 1. They appeared to be the same for soils as for 
clays, in spite of the fact th a t the  la tte r are from  older geological form a­
tions (from lias to pliocene). H istogram s of the m ineral distribution as 
dependent of the grain size for two samples of soils are presented in 
Fig. 2.

1 This d ickite w as form ed “in situ ” in the low -tem perature conditions as the 
result of w eathering of m uscovite [3].
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It follows from  the results presented above th a t m inerals occuring in 
soils and clays show characteristic ranges of grain size for a given 
m ineral. The absence of feldspar in fine fractions is due to its sm all 
stability  in supergene conditions, fine grains being most easily dissolved. 
The absence of quartz  below 0.5 ja can be explained also by their dissolu­
tion. Among the clay m inerals dickite has the most order s truc tu re  and it 
concentrates in coarser fractions; sim ilar behaviour is exhibited by kaoli-

Fig. 1. Grain size distribution
of m inerals of soils and clays 01 02 q5 1 2 V 10 20 ~60 ZO: и.

nite T. Kaolinite pM showing a disordered s tructu re  in which, as it is 
assum ed a certain  num ber of isomorphic substitutions is observed, is 
found most frequen tly  below 1 \i. Illite  and m ontm orillonite m inerals of 
the ordered structu res are found in the range of the finest grains. Gene­
rally  one can say th a t the less ordered is the s truc tu re  of a clay m ineral, 
the sm aller crystals it forms.

The shape of cum ulative curves of grain size distribution for clay 
m inerals occuring in soils and clays was then analysed. For this from  the 
investigated sam ples we selected those in w hich content of quartz  and 
o ther de trita l components did not exceed 10%, and as such, could be 
neglected. Their grain distribution is then  practically  a grain distribution 
of clay m inerals. On this basis it was possible to distinguish several cha­
racteristic  varian ts of the grain size d istribution for the clay m inerals 
(Fig. 3). The grain size d istribution was characterized also num erically  by

Qi
so-called sorting coefficient S0 =  , w here Qi and Q2 are grain diam eters

Q?
in the points 75 and 25% of cum ulative curve.

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

a) clay m inerals show a narrow  range of grain size, w hat is shown by 
a step of cum ulative curve. This type distribution is characteristic for 
clay m aterials of the simple m ineral composition, containing one or two
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clay m inerals. Such grain size distribution is exhibited by e.g. miocene fire 
clays occuring in Lower Silesia, containing m ain ly  kaolinite pM and illite- 
m ontm orillonite pliocene clays also from  this region. The grain size of clay 
m inerals in these clays is contained in the narrow  range 0.1— 1 (Fig. 3a, 
curve 1). A sim ilar grain size curve is observed for dickite from  W iśniówka 
(near Kielce), a m ineral of the hydro therm al origin. It is m ore coarse-gra-

Fig. 2. F requency distribution of m inerals in brow n loam y  
soils B/C  horizons

a  —  s o i l  d e v e lo p e d  o n  g r a n it e  (S tr z e g o m , L o w e r  S i le s ia ) ,  b  — s o i l  
d e v e lo p e d  o n  b a z a lt ,  c o n t a in in g  a d m ix t u r e s  o f  p r o d u c te s  o f  w e a t h e r ­
in g  o f  o th e r  r o c k s  ( U n ie g o s z c z ,  L o w e r  S i le s ia ) ;  Q  — q u a r tz , К  — k a ­
o l in i t e ,  M  — m ic a  a n d  i l l i t e ,  M t — m o n t m o r i l lo n it e ,  F  — fe ld s p a r s  
a n d  o t h e r  c o m p o n e n t s .  P a r t  o f  d ia g r a m , m a r k e d  w ith  la s h  l in e ,  

a r e  m a g n if ie d  t e n  t im e s .

ined and the range of its grain size is 4—40 ц, (Fig. 3a, curve 2). This type 
of grain size distribution is characterized by a low coefficient SQ (1.3— 1.6). 
In the authors opinion such a grain size distribution indicates th a t clay 
m inerals were form ed as a resu lt of one process in the stric tly  determ ined 
physico-chem ical conditions (crystallization from  the hydro therm al solu­
tions, transition  of the s truc tu re  of illite into kaolinite in the acidic m e­
dium, form ation of kaolinite in the process of w eathering of feldspar).
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Fig. 3. Types of cum ul­
ative grain size distribu­
tion curves of clay m i­

nerals

b) The grain size of a clay m aterial varies in the wide range, the grain 
distribution being close to norm al. The curve of the grain composition 
has then a sm aller slope and the coefficient S0 is contained betw een 
2.5— 3.5. Such a grain size d istribution is found in a clay m aterials of some 
prim ary  kaolins and some terrygenic clay sedim ents. It appears th a t it is 
typical of a clay m aterial, which was form ed in a num ber of independent 
processes such as sim ultaneous w eathering of several kinds of various 
prim ary  m inerals or by deposition in a sedim entation basin of clay m ine­
rals of d ifferen t origin.

c) Cum ulative curves of a d istinctly  tw o-step shape indicate the p re­
sence of two groups of grains of d ifferen t m ineral composition, or compo­
sed of the same m inerals form ed in very d ifferent conditions. Such 
curves are yielded often by illite clays, in which fine fraction contains 
illite and m ontm orillonite or clay m inerals of m ixed layer struc tu re  and 
the coarse fraction comprises coarse-grained mica and hydrom ica. In 
some clays p rim ary  kaolins the fine fraction is composed of kaolinite 
pM, the coarse fraction d istinctly  separated from  the fine one contains 
kaolinite T. This type of the grain size distribution is characterized by 
the coefficient S0 higher than  3.

d) D etrital quartz  produces an additional step in the cum ulative curve 
usually  above 10 m, (Fig. 3c). It is particu larly  d istinct in the cum ulative 
curves of loesses. Curves of this type appeared typical of the soils investi­
gated. The grain size d istribution of the clay m aterial occuring in them  
is given by the curve b (Fig. 3), grain size range being however sm aller.

It seems th a t curves of the grain composition of the clay m aterial can 
in some cases provide inform ation about the conditions of its form ation. 
This problem  requires fu rth e r detailed studies.
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L . S T O C H , W . S IK O R A

OBSERVATION DE LA GRANULATION DES M INÉRAUX ARGILEUX DANS LES
SOLS ET LES ARGILES

C h a ir e  d e s  M a t iè r e s  P r e m iè r e s  M in é r a le s  d e  l ’A c a d é m e  d e s  M in e s  e t  d e s  F o r g e s ,  K r a k ó w

R é s u m é

En se basant sur les observations des sols form és sur les granites et les basaltes, 
des arg ile-illites et illites-m ontm orillon ites, des argile-kaolin ites et des kaolins on 
déterm ina les divisions de granulation, dans les lim ites desquelles on rencontre les 
m inéraux les plus im portants. Les m inéraux trouvés dans les argiles et les sols ont 
une délim ination de granulation très caractéristique. On trouve du quartz dans des 
fractions au-dessus de 0,5 и, et le  feldspath  dans les fractions plus grandes de 2 u, 
car les grains plus fin s de ces m inéraux sont facilem en t dessous (quartz) ou dé­
com posés (feldspath). On trouve le  dickit seu lem ent dans les fractions plus grandes 
que 1 |ii. En principe on rencontre le kaolin ite T dans les lim ites 0,5— 20 (я, le 
kaolin it pM — dans les lim ites 1—0,1 jli. L ’illit  est concentré entre 1— 0,1 |n, le  m ont­
m orillonite au-dessous de 0,2 \i. P lus la structure du m inéral argileux est irrégulière, 
plus les cristaux qu’elle  form e sont fins.

On distingue trois types de disposition des dim ensions des grains des m inéraux  
argileux:

— la délim ination étroite de la granulation des m inéraux argileux — la substance  
argileuse d’une com position sim ple (un ou deux m inéraux) fu t form ée par un 
processus dans les conditions physiques et chim iques strictem ent déterm inées.

— la grandeur des m inéraux argileux varie dans les larges lim ites et leur 
disposition approche la disposition norm ale — la substance argileuse fu t form ée 
en résultat de nom breux processus indépendants.

— la substance argileuse est concentrée dans quelques lim ites de granulation, 
dont chacun a une com position m inérale d ifférente ou bien  une com position  
uniform e, m ais les grains des m inéraux qu’on y rencontre furent form és dans des 
conditions différentes.
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L . S T O C H , W . S IK O R A

UNTERSUCHUNGEN DER TONM INERALIENKÖRNGRÖSSE IN  BÖDEN
UND LEHMEN

L e h r s t u h l  fü r  M i n e r a lr o h s t o f f e  d e r  B e r g b a u -  u n d  H ü t t e n w e s e n a k a d e m ie  in  K r a k ó w

Z u s a m m e n f a s s u n g

A uf Grund der U ntersuchungen der auf Graniten und B asalten gebildeten  L öss­
form ationen sow ie Illit-, Illit-M ontm orillonit, K aolin it-L ehm e und K aolin, w urden  
die K örnungsbereiche bestim m t, im  Rahm en w elcher die w ich tigsten  M ineralien  
auftreten. D ie in L ehm en auftretenden M ineralien haben charakteristische K örnungs­
bereiche. Quarz tritt in den Fraktionen über 0,5 j.i auf, F eldspate kann m an in den 
gröberen Fraktionen, über 2 ц, treffen . Feinere Körner obiger M ineralien sind  
näm lich leichter auflösbar (Quarz) oder zersetzbar (Feldspate). D ickit tritt aus­
sch liesslich  innerhalb der Fraktionen gröber als 1 и, auf. T -K aolin it kann man, in 
der R egel, innerhalb des B ereiches von 0,5— 20,Оц; pM -K aolin it — innerhalb des 
B ereiches von 1,0—0,1 \.i, treffen . Illit konzentriert sich innerhalb des B ereiches 
von 1,0—0,1 j L i ,  M ontm orillonit — unter 0,2 (li. Je  w eniger ist die T onm ineralstruktur­
ordnung, umso fe in ere  K ristalle sich bilden.

Es w urden fo lgende Type der K örnungsverteilung in T onm ineralien abgesondert.
— ein engerer Bereich der Tonm ineralisierung: T onsubstanz m it einfacher  

Z usam m ensetzung (ein oder zw ei M ineralien), gebildet im Ergebnis eines Prozesses 
in genau bestim m ten physikalischchem ischen B edingungen;

— die K orngrösse der T onm ineralien ändert sich im breiten B ereich und deren  
Z ersetzung ist der norm alen ähnlich: d ie Tonsubstanz b ildet sich im Ergebnis zah l­
reicher unabhängigen Prozesse;

— die Tonsubstanz konzentriert sich in m ehreren K örningsbereichen, von  
w elchen  jeder versch iedene Zusam m ensetzung hat, oder d ie Zusam m ensetzung  
gleich ist, aber die in ihnen auftretenden M ineralien sich in versch iedenen  B edin­
gungen bildeten.

L . S T O C H , W . S IK O R A

B AD AN IA  NAD UZIARNIENIEM  MINERAŁÓW  ILASTYCH W GLEBACH
I GLINACH

K a te d r a  S u r o w c ó w  M in e r a ln y c h  A G H , K r a k ó w

S t r e s z c z e n i e

Na podstaw ie badań gleb utw orzonych na granitach i bazaltach, lessów , glin  
illitow ych , illitow o-m ontm orylon itow ych, kaolin itow ych i kaolinów  w yznaczono prze­
działy uziarnień, w  obrębie których w ystępują  najw ażniejsze m inerały. M inerały  
w ystępujące w  glinach i glebach posiadają charakterystyczne zakresy uziarnień. 
Kw arc w ystęp u je  pow yżej 0,5 j l ł ,  skaleń spotyka się w e frakcjach grubszych od 2 u. 
D robniejsze ziarna tych  m inerałów  ulegają bow iem  łatw o rozpuszczeniu (kwarc) 
lub rozkładow i (skaleń). D ick it w ystęp u je  w yłączn ie  w e frakcjach grubszych od 1 u. 
K aolinit T spotyka się zasadniczo w  zakresie 0,5—20 \.i, kaolin it pM w  zakresie
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1— 0.1 u. Illit koncentruje siły  w  zakresie 1— 0,1 \i. M ontm orylonit grupuje się poniżej 
0,2 u. Im m niej praw idłow a jest struktura m inerału ilastego, tym  tw orzy drobniejsze 
kryształy.

W yróżniono następujące typy rozkładu w ielk ości ziarn m inerałów  ilastych:
— zakres uziarnienia m inerałów  ilastych  w ąski, substancja ilasta  o prostym  

składzie (jeden lub dwa m inerały), pow stała w  w yn iku  jedneg’o procesu w  ściśle  
określonych w arunkach fizyko-chem icznych,

— w ielkość ziarn m inerałów  ilastych  zm ienia się w  szerokim  zakresie, a ich  
rozkład jest zbliżony do norm alnego — substancja ilasta tw orzyła się w  w yniku  
w ielu  niezależnych procesów ,

— substancja ilasta koncentruje się w  kilku  zakresach uziarnień, z których  
każdy m a odm ienny skład m ineralny lub skład ten jest jednakow y, lecz w ystępujące  
w  nich ziarna m inerałów  pow staw ały  w  odm iennych w arunkach.

л .  с т о х ,  в .  С И К О Р А

ИССЛЕДОВАНИЕ ГРАНУЛОМЕТРИЧЕСКОГО СОСТАВА ГЛИНИСТЫХ  
М ИНЕРАЛОВ В ПО ЧВАХ И ГЛИНАХ

К а ф е д р а  М и н е р а л ь н о г о  С ы р ь я , Г о р н о - М е т а л л у р г и ч е с к а я  А к а д е м и я , К р а к о в

Р е з ю м е

На основании исследования почв образованны х на гранитах и базальтах, 
лёссов, а такж е глин: иллитовых, иллито-монтмориллонитовых, каолинитовых 
и каолинов были обозначены  пределы  величины зерн вы ступающ их в них  
важ нейш их минералов. В глинах и почвах минералы отличаются весьма х а ­
рактерным распределением по величине зерна. Кварц появляется во ф ракциях  
выше 0,5 микрона, полевой шпат — во ф ракциях крупнее от 2 микронов. Более 
мелкие зерна этих минералов легко подвергаются либо растворению (кварц) 
либо распаду (полевой шпат). Диккит .(dickit) находится исключительно во 
ф ракциях крупнее 1 микрона. Каолинит „Т” встречается в основном в п р еде­
лах 0,5—20 микронов; каолинит „рМ” — в пределах 1—01 микрона. Иллит кон- 
цен трмруетс’я в области 1—ОД микрона. М онтмориллонит группируется ниж е  
0.2 микрона. Чем менее упорядочена структура глинистого минерала, тем мельче 
образую щ иеся кристаллы.

Обособлены следую щ ие закономерности в области распределения гли­
нистых минералов по крупности частиц:

— узкий предел величины зерн глинистых минералов — глинистое вещ е­
ство простого состава (один или два минерала) образовавш ееся как результат  
одного процесса, протекающего в строго определенны х ф изико-хим ических  
условиях,

— размер (зерн) глинистых минералов изменяется в ш ироких пределах  
а их распределение по крупности зерн приближается к нормальному — вещ е­
ство образовалось в результате многих независимы х от с'ебя процессов.

— глинистое вещ ество концентрируется в нескольких пределах зернистости, 
из которых каж ды й имеет иной минеральный состав либо этот состав одинаков, 
но выступающие в них зерна минералов образовались в различны х условиях.


