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Abstract. This paper presents investigations of the mineralogical composition of Santonian
clays recovered from the “Janina’ mine near Bolestawiec (Lower Silesia). It was found that their charac-
teristic feature is the presence of kaolinie showing a higher dehydroxylation temperature (DTA peak
at 670°C). This kaolinite occurs in grain classes 2—45 pm.

INTRODUCTION

The North-Sudetic Depression, also referred to as the Bolestawiec Trough,
is filled with sedimentary rocks of considerable thickness, largely represented by
continental Santonian sediments. In the southern, and particularly south-western,
part of the depression these sediments attain a thickness of 400 m, becoming pro-
gressively thinner northwards.

The continental Santonian sediments are represented mainly by. sandstones
with kaolinite cement, containing beds and lenses of kaolinite clays with an admixture
of illite. Both kaolinite sandstones and clays can be used as raw materials for the
ceramic industry. The mineralogical composition of kaolinite sandstones and the
technological properties of ceramic kaolin obtained from them were the subject
of an earlier publication (Stoch et al., 1978).

Kaolinite clays become white upon firing and have been used for centuries as
a raw material for the pottery industry. Being abundant in the area of Bolestawiec,
these clays were the staple raw material utilized by the potters of Bolestawiec,
whose earthenware was widely known in central Europe. At present, two under-
ground clay mines, ~Bolko” (Milikow) and “Janina” (Suszki), are productive near
Bolestawiec. They supply potter’s clay for plants manufacturing faience, semi-
_vitreous china-ware and stoneware throughout the country.

The Santonian kaolinite clays from Bolestawiec contain as a characteristic
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component kaolinite showing a higher than normal dehydroxylation temperature
(Stoch, 1978). Neither its nature nor genesis has been satisfactorily explained yet.
The interesting mineralogy of the clays as well as their industrial importance,
encouraged the authors to study their mineralogical composition. This paper
presents the results of mineralogical investigations of clays from the “Janina”
mine and the resulting inferences regarding the possibility of their purification
and enrichment.

GEOLOGIC STRUCTURE OF THE JANINA CLAY DEPOSIT

The Janina deposit is situated in the axial zone of the SE part of the North-
-Sudetic Depression. The productive series consists of sandstones with intervening
clay lenses of varying thickness The rise of this deposit is associated with the de-
velopment of a delta that once was the estuary of the former Sudetic rivers. As
the basin was gradually filled up, the delta shifted to NW (Milewicz, 1974).

The “Janina” mine is 30 m deep. It comprises a series of light clays underlain
by dark clays with mudstones and claystones. Down to a depth of 100 m, 15 beds
of potter’s clay were found, dipping at 15—10° to NW. The deposit has a complex
geologic structure and is disturbed by several faults. The constituent clays show
both horizontal and vertical variation.

At present bed III is mined for clay. Its thickness is 40— 60 cm. The clays differ
from one another in colour, compactness, and the content of sand fraction. Their
colour varies from light-black to grey, and from cream-yellow or beige to brown.
They are interbedded in places with sandstones.
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Fig. 1. Geological profiles of clay bed I1I from the “Janina” mine

I — coarse-grained sandstone, 2 — fine-grained sandstone with lamination, 3 — very sand-laden clay, 4 — sandy
clay, 5 — clay, 6 — sample No.
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The top and bottom of the bed in question are made up of weakly compact,
crumbly fine- or medium-grained sandstones of white, light-grey, or sometimes
cream-yellow colour. On the contact of the top sandstones with the clay bed, higher
concentration of iron was noted. Occasionally clay grades into sandstone, in-
creasing progressively its sand content. :

In the course of geologic works conducted in the mine, profiles presenting the
lithological variation of the deposit were made (Fig. 1).

MINERALOGICAL COMPOSITION OF CLAYS

Experimental material

Investigations were carried out on samples collected from two most characte-
ristic geologic profiles of bed II (Fig. 1) and representing clays differing in macro-
scopic features, as well as top and bottom sandstones. Vertical variation of clays,
discernible macroscopically, manifests itself in a different content of the sand
fraction and in different colour, the latter being mainly due to the presence of
organic matter.

Brief petrographic description of the samples studied is given in Table 1. Sand-
stone occurring in the deposit generally contain coarse-grained quartz. Their cement
is made up of kaolinite, fine-grained quartz and, occasionally, fairly large mica
flakes.

Sandstones from the top of clays contain coarse-crystalline kaolinite that forms
large flakes and columnar aggregates (“worm-liké” kaolinite). It is usually accom-
panied by coarse-grained muscovite with kaolinitized flakes (samples 4, 6, 22).
Sandstones from the bottom of bed IIl have a cement consisting of fine-grained
kaolinite and quartz.

Fableil
Petrographical characteristics of the clays and sandstones from the Janina mine
Profile Sample Petrographical Renmiiks
No character
VIII 4 sandstone fine- and medium-grained cement: coarse-grained
kaolinite with muscovite, quartz d
IX 6 sandstone coarse-grained cement: coarse-grained kaolinite with
muscovite
7 clay coarse-grained kaolinite with muscovite
8 clay fine-grained kaolinite
9 - clay fine-grained kaolinite
10 clay fine-grained kaolinite
11 sandstone coarse-grained cement: fine-grained kaolinite, quartz
XI 17 clay very fine kaolinite
XII 22 .| sandstone coarse-grained cement: coarse-grained kaolinite with
mica flakes
23 clay very sand-laden, very fine-grained kaolinite
24 clay_ coarse-grained kaolinite, many muscovite flakes
25 clay coarse-grained kaolinite, many muscovite flakes
26 clay fine-grained kaolinite g
27 sandstone coarse-grained cement: fine-grained kaolinite, quartz
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The clays occurring in the deposit can be divideq @nto two groups. Qne is.re—
presented by clays consisting of very fine-grained kaolinite with grains undxscermble
under the microscope, forming characteristic aggregates madg up of _ﬂakes showing
parallel orientation. The other group consists of clays having a high content of
kaolinite in the form of fairly large scales and columnar aggregates. Such clay also
contains, as a rule, muscovite flakes kaolinitized to varying degrees. :

Clay containing coarse-grained kaolinite commonly occur in the top and middle
parts of the bed (samples 7, 24, 25). Near the bottom they grade into clays in which
kaolinite is fine-grained, and which do not contain larger mica flakes.

Methods ;

The mineralogical composition of clays was determined using X-ray diffracto-
metry and thermal analysis, X-ray diffraction patterns were obtained witha DRON —
1.5 diffractometer. The content of quartz, kaolinite, minerals of the mica group
(muscovite, sericite, illite), and anatase was determined quantitatively using ex-
ternal standards. Minerals showing the degree of crystallinity and grain-size distri-
bution close to the minerals present in the sample were selected as standards. To
check the correctness of X-ray determinations of the clay minerals content, the
results were compared with the amount of water given off at 400 —700°C (dehydro-
xylation of clay minerals), determined from TG curves, and with K,O content
(the content of minerals of the mica group). The intensity ratio of the lines /,,/
/15, on X-ray diffractograms of disoriented samples was assumed as the X-ray
index of crystallinity (Stoch, 1974). ’ .

To detect montmorillonite and mixed-layer illite/montmorillonite minerals,
fractions of grain-size < 2 pm were separated, and X-ray diffraction patterns
were taken of air-dry and glycol-treated sedimented samples of these fractions.
The content of montmorillonite was determined quantitatively using a method
based on the amount of water coordinating Ca2t cations, which was obtained from
TG curves for samples converted into Ca-form and treated with methylene blue

to remove free water molecules from the interlayer spaces of montmorillonite
(Wactawska, 1978).

Mineralogical investigations were carried out on samplés from which grains
larger than 45 pm were removed by washing the samples on a sieve. The material
coarser than 45 um consisted of quartz and single muscovite flakes. Fractions
finer than 2 pm were separated for X-ray investigations by sedimentation in a
centrifuge.

A clay sample representative of the Janina deposit was separated by sedimen-
tation into grain classes >45 ym, 45—10 pm, 10—2 pm, 2—0.5 pm, 0.5—0.3 pm
and §0.3 pm. The mineralogical composition of these classes was determi-’
ned using the methods discussed earlier in this paper. Prior to separation, the

suspensiqp was stirre_d vigirously to achieve complete dispersion, adding ammonia
as a stabilizer and adjusting the pH to 8.

Variability of the mineralogical composition of clays
1n the deposit

; Clays oc;curring_in the ”Jan.ina” mine contain kaolinite as the dominant con-
stituent. This kaolinite shows a high degree of crystallinity, and the X-ray crystallinity

index Iy,,/1,5, has a low value (0.7—1.0). Minerals of the mi é
principal component of the clays T T
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. As appears from microscopic studies, these '

are dioctahedral micas of the 'sericite (fine scales) and detrital muscovite (large
flakes) type. Illite appears in grain classes finer than 2 pm. It yields a diffraction
line close to 1.0 nm, markedly broadened toward low angles (Fig. 2). Its profile
changes after treatment with glycol, which is indicative of the presence of mixed-
-layer minerals of the illite/montmorillonite type whose diffraction line overlaps
that of illite. Upon glycol treatment it shifts and becomes diffuse.

In X-ray diffraction patterns of the fractions <45 pum, the 1.0 nm line is a
superposition of the sharp muscovite and sericite line and the diffuse illite line.
Due to this, broadening of the 1.0 nm line and a reduction in its intensity indicate
that the content of illite has increased and that of muscovite and sericite decreased
(Table 2).
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Q — quartz, Ko — kaolinite, M — micas

Fig. 2. Fragments of X-ray d
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Table 2

Mineralogical characteristics of the <45 um fraction of clays and sandstones from the profiles of the
* Janina mine

Mineral components - Df’«-
weight % X-ray flexion Weight
}'(a}o- ek Intensity of the o[;;:e loss
Profile Gt 42 ? lfnfte/ : A cry mica (1 nm) L weight %]
No e / 1lht-e stallinity Xatay. dick 20—
micas e quartz |- ratio of the DTG .| 160°C
Lot kaolinite curves
670°C
VIII 4 9 74 17 8.2 0.66 + 0.75
IX 6 9 66 25 73 0.7 0.25
i 16 55 29 34 0.87 ++ + 1.00
8 18 58 24 32 0.87 ++ + + + 1.00
kg 17 53 30 3.1 0.9 +++ ++ | 050
10 21 54 25 2.6 0.9 ++ + 2.00
11 18 64 18+ 511 :43.6 0.7 + broadening 1525
X1 1714 l423 50 28 22 1.0 AF AR AF + + 0.50
XII 22 8 54 38 6.7 0.6 + broadening 0.01
23 16 61 23 3.8 0.8 + + broadening| + 1.50
24 15 54 31 3.6 0.76 + + broadening| + + 123
7B) 19 56 05 2.9 0.9 ++ F Ar 1.00
26 24 54 22 2% 0.9 4 AP 0.01
27 14 56 30 4.0 0.6 + broadening + 0.00

DTA and DTG curves obtained for the samples studied (Fig. 3) display
pronounced peaks at 580 and 980°C. Their shapes are typical of well-crystallized
kaolinite. DTA and DTG curves for some clays show a marked inflexion at
670°C on the endothermic peak of kaolinite. This inflexion is due to the presence
of kaolinite showing a higher dehydroxylation temperature.

The results of X-ray and thermal investigations of clays are listed in Table 2.
From studies of the fractions <45 um it appears that they contain a similar
assemblage of clay minerals consisting of .16 —20 wt. % of micas (illite, sericite,
muscovite) and 50—60 wt. %, of kaolinite. The content of sand fraction in the
clays is varying, and so are some specific features of the clay minerals. The content
of kaolinite with a disordered structure increases with depth. In consequence,
the X-ray crystallinity index for this mineral increases from about 0.7 or 0.9
for the top parts of clay to 0.9 for the bottom of the bed (Table 2). The content
of micas increases in the same direction, which is expressed quantitatively by
the ratio of kaolinite to mica content. This increase is primarily due to a higher
illite content, as suggested by the broadening of the 1.0 nm line of micas in X-ray
diffraction patterns.

Microscopic studies have revealed that the clay minerals, specifically kaolinite,
from the near-bottom parts of clays is finer-grained. Kaolinite showing a higher
temperature of dehydroxylation occurs in the middle part of the bed, its content
decreasing both near the top and bottom. The clay samples in which it is present
contain large muscovite flakes as well.

Clay minerals present in the cement of sandstones overlying the clay bed
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Fig 3. a—c. DTA, DTG and TG curves for the
grain class < 45 pm separated from clays (samples

9 and 10) and sandstone cement (sample 6)
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differ somewhat from the clay minerals of clays. Kaolinite of the sandstone cement
shows a higher degree of crystallinity, its X-ray crystallinity index /,,,//,5, being
0.6 (Table 2 — samples 4, 6, 22). Despite so high a degree of crystallinity, the
content of kaolinite showing a higher dehydroxylation temperature is insignific-
ant in the cement of sandstones. The content of micas in the cement is consider-
ably lower than in clays. Consequently, the ratio of kaolinite to mica content
is twice higher. Moreover, the cement contains much less iron than clays. These
facts seem to suggest different origins of the clay minerals present in the cement
of sandstones and in clays.

In view of the fact that feldspars are absent in the clays and sandstones studied,
the K,O content can be assumed as a measure of the content of minerals of the
mica group. The cement of sandstones shows a markedly lower content of this
constituent (Table 3).

Table 4 significantly only in the classes finer than
Chemical composition of the <45 pm frac- 0.3 pm and 0.5—0.3 um (Fig. 4). A feature

tion of JC,S potter’s clay from the “Janina™ deserving note is the high degree of

mine (weight %) crystallinity of kaolinite in all the grain

: classes. It is somewhat lower in the class

Component C‘?"‘e": 0.3—0.5 pm, while poorly ordered kaolinite

: weight % occurs only in the grain class <0.3 pm,

its percentage, however, being very small

Sio, 59.03 (12.4 wt. %). Kaolinite showing a higher

ALO, 27.23 temperature of dehydroxylation was found

-TiO, 0.74 in the grain class 2 —45 pm, and DTA and

Fe,0, 0.65 DTG curves for these fractions display an
CaO 1.07 additional peak at 670°C (Fig. 5).

MgO 1.14 Illite from the grain classes <0.3 pm

Na,O 0.09 and 0.3—0.5 um contains an admixture

K,0 1.51 of mixed-layer illite/montmorillonite. Its

loss on ignition 9.16 content, however, is insignificant be-

cause glycol treatment does not cause any

Total: 100.62 pronounced changes of the profile of the

walile 3
Characteristic chemical components in the <45 pm fraction of clays (weight %,
Sample Fe

Profile e )N e [21% ;;nluglecl TiO, K,0 Na,0
VIII 4 0.17 0.020 0.76 0.77 0.35
X 6 0.53 0.095 0.51 0.71 0.25
7 0.58 0.016 0.70 1.29 0.15

8 0.64 0.011 0.78 1.46 0.07

9 0.63 0.021 0.80 1§85 0.15

10 0.81 0.019 0.87 1.69 0.08

11 2.70 1.310 0.73 1.41 0.23

X1 17 0.27 0.020 0.53 1.87 0.24
XII 22 0.57 0.019 0.45 0.66 0.17
23 0.65 0.013 0.86 15311 0.08

24 0.53 0.014 0.68 1.22 0.07

25 0.55 0.060 0.78 1.52 0.10

26 0.55 0.012 0.84 1.89 0.12

27 0.72 0.270 0.59 181’5 0.12

Analyst: L. Budek.

~ Clay minerals occurring in the cement of sandstones underlying the clay bed
dxffe; to a.lesser_ extent from the clay minerals of clays. The ratio of kaolinite
to mica content is similar to that in clays. The degree of crystallinity of kaolinite

is similar as well. This suggests a gradual change in the character of the sediment
during sedimentation, from sandstone with an argillaceous cement to clay

Distribution'of the mineral constituents
I'n grain classes

The distribution of the mineral constituent
g:;o(siietter’lr‘r;;:e?nif;);;}le 'JCIIS potter’s clay recovered at present from the Janina
Ll ogical composition of this cla i
sand frac.tlon coarser than 45 pm is given in Tabley4 e
g ;l;ll;eicr:lm:}r]eeilrgigéclal composition of each grain class of the clay and the content
/ al components are presented in Table 5. Worth ing i
) { ] noting 1s
relatively low content of micas in these classes, which has been found to in%reasz

s in classes of different grain size
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1.0 nm line of micas. Treatment with
methylene blue has revealed that the
content of montmorillonite layers in the
grain class <0.3 pm is 17 wt. %.

The data listed in Table 5 and the diagram of the mineralogical composition
of the clay (Fig 6) show that fine-grained illite prevails quantitatively over minerals
of the mica group. It concentrates in the grain classes finer than 2 pm. Coarser
classes contain small amounts of micas represented by sericite and muscovite.
Also worth noting is the ratio of kaolinite to mica percentage in respective grain
classes. For classes <2 um this ratio varies from 3.3 to 1 with the diminishing
grain size, whereas in classes 2—45 pm it attains values of 0.6—0.9, i.e. close
to those noted for the argillaceous cement of sandstones.

The above results provide evidence to suggest that there are two, mineralogic-
ally distinct, types of clay material in the Santonian clays from the “Janina™
mine: 1. fine material of grain-size less than 2 pm, consisting of illite with inter-
stratifications of montmorillonite layers, and kaolinite with a poorly ordered
structure; 2. medium- and coarse-grained clay of grain-size¢ more than 0.5 pm,

Table §
Mineral composition of the fractions of clay from the “Janina” mine
Characteristic chemical components Main mineral components
; Content : i ; ioht ©
Fractions X weight % weight %
of fraction
pm ioht %
NS e Fe,0, | TiO, | Na,0 [ K,0 | H,0 | micas | kaolinite | quartz
>45 18.1 0.09 0.21 0.17 0.14 - 1 - 99
45—-10 17.8 0.30 0.75 0.18 0.52 7.0 5 48 47
10=82 21751 0.38 0.78 QSIS 0.91 8.5 9 58 33
2=208 19.0 0.94 0.92 0.27 2038 810825 20 67 13
{[HOMSE=R0S 560 0.66 0.78 0.15 18745 R 11E25 21 74 S
<0.3 12.4 16 0.92 0.23 3.82 8.75 48 . 48 4
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made up of well-ordered kaolinite (including kaolinite showing a higher dehydro- ™

xylation temperature) and small amounts of micas occurring as sericite and o ‘_’”
detrital muscovite. / /
From the above considerations it seems feasible that the origin of these two - = %0 =
types of material was different. The coarser material could have owed its origin o \ [ \ r ek
to the washing-out of the pre-existing sandstones with a kaolinite cement. The A/ / iz \/ /
clays formed, therefore, by simultaneous deposition of thes two materials, ™ )
as well as of quartz sand. The rate of supply of these materials changed with time. 0 //,,./ %z //T__,J\
This is reflected in the vertical variation of the mineralogical composition ob- T/y / - y /
served in the profile, as well as is the cause of horizontal variability of the clays. - \./w e \/m-
The content of coarser material increased progressively toward the top of the @ z @ e
bed. At a certain point, the nature of the deposited sediment changed completely, - 5
and sandy-clay sediment began to form, giving rise to the sandstone layer. o
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Fig 6. Diagram of the mineralogical composition of the JCS clay
1 — kaolinite, 2 — micas, 3 — quartz and remaining

fron and titaninim oxides in the clays

The content of iron and titanium oxides is clays is an important factor from
the point of view of their utilization by the ceramic and other industries. The
clays studied have a relatively low Fe,O, content in the grain class <45 um,
amounting to about 0.55 wt. %, This class corresponds roughly to clay that has
been washed to reduce the amount of sand fraction. On the other hand, TiO,
content in the clays is relatively high, varying from 0.7 to 0.8 wt. %.

The amount of chemically soluble iron is very small (Table 3). The bulk of
Fe,O, is structural iron of the clay minerals. This statement is supported, e.g.
by the data regarding the mineralogical composition of reSpective grain classes
of the clays (Table 5). Classes of grain-size less than 2 um contain the greatest
amount of Fe,O,, showing simultaneously an increased illite content. It can
be calculated from these data that illite contains 3.16 wt. 9 Fe,O,. The content
of structural iron in kaolinite has been estimated at 0.2—0.3 wt. %, 1.e. it is similar
to that noted in other clay-sandy sediments of the Bolestawiec trough (Stoch
et al., 1978).

X-ray investigations have revelated that TiO, appears in the clays in the form
of anatase. The anatas content determined by X-ray methods in respective
classes of the clay corresponds to the percentage of TiO, determined by chemical
rpethods (Table 5). No other titanium minerals were detected, and to correla-
tion was noted between the content of TiO, and that of other minerals which could
be titanium carriers, as e.g. micas or illites. It has also been found that TiO. content
varies insignificantly with the grain size. .
~ On the basis of the mineralogical composition and TiO, and Fe,O, contents
n mdmdug] grain classes of the JCS clay, it was calculated how the content
of these oxides, as well as of the three principal minerals, would very it the grain-
-size distribution were changed by gradual elimination of coarser grains, e.g.
by washing. It was found (Table 6) that the content of Fe,O, would increase
while that of TiO, would remain more or less the same. From mineralogical
studies it also appears that a division diameter of 10 um, or somewhat greater,
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Table 6

Mineral composition of the classes finer than chosen grain-size and the content of Fe,0, and TiO, in them

Iron and titanium
Mineral composition oxides content .
Content weight %
Grain-class of grain

pm class quartz

% micas kaolinite and Fe,0, TiO,
remaining

<63 100.0 14 47 39 0.60 0.71
<45 81.8 17 58 25 0.70 0.84
<10 64.0 21 60 19 0.80 0.86
<2 36.9 30 61 9 1.08 0.89
<0.5 §7.9 44 55 5 122 0.84
<03 12.4 48 48 4 1.53 0.92

Technological properites of the JC,S potter’s

is the most advantageous for washing processes because it permits obtaining
amaterial with the highest possible kaolinite content, a relatively low content
of micas and quartz (Table 6), and the content of Fe,O; and TiO, less than
0.8 wt. %.

Owing to a relatively low Fe,O, content, the clays show good whiteness (Table
7). The whiteness was determined on powdered samples of fractions <45 pm
fired at 1300°C, as measurements on clays
in the natural state appeared to be
unreliable due to the presence of varying
amounts of organic matter and quartz.

Tablei 7

clay from the ‘“‘Janina” mine

Technological properties Values Chemical treatment with herochlo;ic
acid to remove free Fe,O, fails to in-
Drying shrinkage 5% crease the whiteness of clay because of

the low content of chemically soluble

Bending strenght after drying 24 kG/cm? (free) Fe203.

The kaolinite cement of sandstones

Refractoriness 165/171sP | verlying the clays has a much lower
Fe,O, content. The cement of sandstones

Firing shrinkage: occurring in the bottom of the clay bed
1473°K (1200°C) 294 contains a little more Fe,O, but it is
1523°K (1250°C) 11.4% mostly “free” iron. After its removal,
1573°K (1300°C) 134% the amount of iron is similar to that

present in clays.
Water absorption after firing at:

1473°K (1200°C) 2% After separation of sand fraction, the
1523°K (1250°C) 22% cement of the weakly compact sand§tones
1573°K (1300°C) 2T from the top of the clay bed has a minera-

logical composition similar to kaolin,

Mhiteness after Hring at; and a low content of Fe,O, and TiO,.

1473°K (1200°C) 78% Since it also shows very good whiteness,
1523°K (1250°C) 6% it can find application as kaolin in the
1573°K (1300°C) 68% ceramic industry.
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CONCLUSIONS

Santonian kaolinite clays from bed III of the "Janina” mine are characterized
by the presence of kaolinite showing a high degree of crystallinity. In the upper
part of the clay bed, the degree of structural ordering of kaolinite is higher than
found in residual kaolins (Z,, :/,;; about 0.6). A part of this kaolinite shows
a higher dehydroxylation temperature than ordinary kaollqlte (DTA peak at

. 670°C). Higher concentration of such kaolinite was noted in the middle part
of the bed, where detrital muscovite was also found. It is feasible that lga_ohr.nte
showing a higher dehydroxylation temperature owes its origin to kaolinitization
of muscovite flakes. Besides coarse-grained kaolinite showing a high degree
of crystallinity and muscovite, the clays studied contain fine-grained illite with
interstratifications of montmorillonite layers in the ratio of 3:1, as well as fine-
-grained kaolinite displaying a disordered structure. These minerals concentrate
in the grain class <0.5 pm.

The quantitative ratio of these two types of mineral constitugnts (coarse-
and fine-grained) varies in the vertical profile. The content of illite and fine-
-grained kaolinite increases towards the bottom of the bed, and the ceramic
properties of the clays vary accordingly.

From the above studies it seems feasible that coarse-grained kaolinite
originates from the cement of the Santonian sandstones in which the clays occur.

The clays under study contain a relatively small amount of Fe,O,. It is mainly
iron entering into the structure of illite. The clays show very good whiteness
when fired. The gretaer part of quartz can be removed by washing, and washed
clay can be obtained with properties close to kaolins used in the whiteware
industry. _ :

The clays contain relatively much TiO, (about 0.8 wt. %), which occurs as
fine-grained anatase. The ceramic industry requires raw materials with the
smallest possible content of this oxide. Therefore, taking into account the ad-
vantageous properties of these clays, it is advisable to devise a method of reduc-
ing TiO, content.
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CHARAKTERYSTYKA MINERALOGICZNA 1LOW KAOLINITOWYCH
Z. KOPALNI JANINA W SUSZKACH KOLO BOLESLAWCA
DOLNY SLASK

Strieszczenie

Wisrod piaskowedw santoniskich wystepujacych na obszarze niecki potnocno-
sudeckiej wystgpuja poktady biato wypalajacych sig itéw kaolinitowych. Nie-
ktore z nich stanowia cenny surowiec ceramiczny. Zbadano sktad mineralny
takich itow wydobywanych w kopalni Janina w Suszkach ko}o Bolestawca (tab.
21 5, fig. 6). Specyficzna cecha tych itéw jest duza zawartos kaolinitu, ktory
charakteryzuje si¢ bardzo wysokim stopniem krystalicznosci, nie spotykanym
normalnie w glinach. Stopien uporzadkowania struktury kaolinitu z goérnej
czebci warstwy itow jest wigkszy nawet niz kaolinitu z kaolinéw rezydualnych
(tab. 2). Cze$¢ tego kaolinitu wykazuje wyzszg niz normalny kaolinit tempe-
rature dehydroksylacji (pkk DTA w 670°C, fig. 31 5). Ity te zawieraja ponadto
detrytyczny muskowit, a w klasie ziarnowej drobniejszej od 0,5 pm stwierdza sig
znaczna koncentracje illitu zawierajacego przerosty pakietow montmorillonito-
wych w stosunku ilosciowym 3:1. Towarzyszy mu kaolinit o niskim stopniu
krystalicznoSci.

W itach z kopalni Janina da si¢ wyr6zni¢ dwa odrgbne mineralogicznie typy
materiatu ilastego: 1) drobny o ziarnach mniejszych od 2 pm sktadajacy sig
z illitu z przewarstwieniami pakietow montmorillonitu i illitu o stabo uporzad-
kowanej strukturze, 2) érednio i gruboziarnisty o ziarnach wigkszych od 0,5 pm,
ztozony z kaolinitu o wysokim stopniu krystalicznosci (z udziatem kaolinitu
o podwyzszonej temperaturze dehydroksylacji) oraz niewielkich ilosci mik typu
serycytu i detrytycznego muskowitu. Pochodzenie tych dwu rodzajow materiatu
bylo przypuszczalnie rozne. Udzial materialu grubszego wzrasta od spagu do
stropu warstwy itow.

Ily zawieraja stosunkowo niewiele zelaza przy znacznej zawarto$ci tytanu
wystepujacego ' w formie anatazu (tab. 3 i 5). Wykazuja tez bardzo duza bialos
po wypaleniu. Przez zmniejszenie zawarto$ci TiO, droga wzbogacania mozna
byloby uzyskaé z nich surowiec zblizony biatoscia w masie ceramicznej do kao-
linbw. o znacznie wigkszej od nich plastycznosd i wytrzymalo$ci na ztamanie.

OBJASNIENIA DO FIGUR

Fig. 1. Profile geologiczne poktadu III itow kopalni Janina
1 — piaskowiec gruboziarnisty, 2 — piaskowiec drobnoziarnisty z laminacja, 3 — it silnie zapiaszczony,
4 — il zapiaszczony, 5 — il, 6 — nr probki

Fig. 2. Fragmenty rentgenograméw klasy <45 pm wydzielonej z itow (probki 9 i 10) oraz lepiszcza
piaskowcow (probka 6)
Q — kwarc, Ko — kaolinit, M — mika

Fig. 3. a—c. Krzywe DTA, DTG, TG klasy <45 pm wydzielonej z itow (probki 9 i 10) oraz lepiszcza
piaskowcow (probka 6)

Fig. 4. Fragmenty rentgenograméw klas ziarnowych wydzielonych z il gatunku JC,S

Fig. 5. a—d. Krzywe DTA, DTG, TG klas ziarnowych wydzielonych z itu gatunku JC S

Fig. 6. Diagram skladu mineralnego itu JC,S
] — kaolinit, 2 — mika, 3 — kwarc i pozostale
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Mewex CTOX, 3denvmpayda PbIBMLIKA, Kamaxceiwa YPHAK

MUHEPANOINYECKAA XAPAKTEPUCTUKA
KAONMUHWUTHbLIX MUH U3 WAXTbI AHUHA
B CYWKAX BBMU3U BOJNECNABUA — HWXKHAA CUNE3UNA

Pesome

Cpean CaHTOHCKMX NECYAHWKOB, KOTOPbIE 3aNeraloT Ha TeppuTopun ceBepo-
-CyAeTCKOW  BNaaWHbl, MPUCYTCTBYIOT 3aNeXW KAONUHUTOBBLIX [/TUH 6enbix
nocne obxura. HekoTopble ABNAKOTCA LEHHbIM CblpbEM kepamMuyeckon npo-
MbILNEHHOCTH. BbIN MCCNeaoBaH MUHEpanbHbI COCTAB TaKUX MMUH AOBbIBAEMbIX
8 waxTte Axuna 8 Cywkax 86num Bonecnasua (Tabn. 2 v 5, pur. 6). Xapakrepucru-
UecKoit YepToN 3TUX FNMH ABNAETCA HGonbluoe COAepPXaHWe KAaONUHUTA, KOTOPOMY
CBOWNCTBEHHA BbICOKas CTENeHb KpUCTannusauum, obbiyHO HeobHapyxueaemas B
riuHax. CTeneHb YNOPAAOYEHHOCTU CTPYKTypbl KaoNMHWTA B BEPXHER 4acT
nnacTa rAuH GOMbLUE, YeM A2KE B KAONUHUTE U3 pesuayanbHbix kaonuHos (Tabn. 2).
[ns 4acT¥ 3TOro KaoONMHWTA CBOWCTBEHHa TeMnepaTypa AerMapoKcunauun Bbille,
yem ans obbluHoro kaonuuuTa (nuk DTA npu Temnepatype 8 670°C, dur. 3 u 3).
KpoMe 3TOro, B rnMHax COAGPXKMTCA AETPUTUYECKUA MYCKOBUT, a B 3€pPHOBOM
knacce MeHbiwe 0,5 uMm 6bina obHapyxeHa Gonbluan KOHUEHTpauua unauTa, co-
AepXKaLLero NpoOCnoikn MOHTMOPUINOHUTHbLIX NaKeTOB B KONUYECTBEHHOM COOT-
HoweHwn 3:1. DToMy MMHepany COMyTCTBYET KaOfIMHUT C HU3KOW CTeneHbro
COBEpLUEHCTBA CTPYKTYpbl.

B rAMHax u3 WaxTbl SIHMHA MOXHO BblAENUTb ABA PadHbIX MUHEPaNOrM4ecknx
TMMa FAMHUCTOro MaTepuana: 1. MenKuit C 3epHamMu MeHblue 2 pm, COCTOA LN
M3 UANUTA C NPOCNOMKAMU MAaKETOB MOHTMOPUINIOHUTA U UNNWTA C Mano ynopaao-
YeHHOM CTPYKTYpOW, 2. CpeaHUit u KpynHblil ¢ 3epHamn Gonbuwe 0,5 pm, COCTOALLMN
U3 KAONMHMTA C BOMbLUOW CTEMeHbo COBEPLUEHCTBA CTPYKTYpbl (C NpucyTCTBUAECM
KaONMHUTA, XapaKTEpU3UPYFOLLErOCA NOBbILIEHHOW TeMNepaTypoil AernapoKcuna-
UMK) 1 HeBOMNbLLOrO KONMYECTBA CIFOA TUNACEePULUTA U AETPUTUHECKOT O MyCKOBUTA
MpouncxoxaeHue 3Tux ABYx Tunos MaTepuana Gwino, kaxercs, pasvoe. Coaep-
)aHue BGonee KpynmHOro MaTepuama BO3pacTaeT OT MNOAOLWBbI 4O KpOBMM nnacta
FMUH. .

[MUHLI COAEpXKaT OTHOCUTENbHO Hebonblioe Konu4yecTBo xenesa npu Gosnb-
WOM COAEPXaHMN TUTaHa, KOTOPbIA MpucyTcTByeT B dopme aHaTaza (Tabn. 3 u
5). DTuM rnuHam ceodcTeeHHa Gonbwaa GenusHa nocne obxura. Uz-za ymeHe-
LUEHUA COAepXaHMA TiO2 nyTém oboraweHua U3 3TUX rMuH BbINo Nony4eHo Cbipbe,
KoTopble no 6enusHe B KepamMuyeckod Macce Gnu3Ko KaonuHam Gonee nnacTuy-
Hoe U C BonblKUM COMPOTUBIEHUEM W3NIOMY.

OBBACHEHUA K ®UTYPAM

Dur. 1. Neonoruueckne npodunu Il apyca waxTel AHuna
1 — KpYNHO3EPHUCTLIA NECYaHuK, 2 — MENKOIEPHUCTLIA NeCYaHWK ¢ naMuHaumen, 3 — rnuHa ¢ 6onbLok
NPUMECHIO NecKa, 4 — NecyannucTas rnuwa, 5 — rnuMa, 6 — Homep obpasua

®ur. 2. PparmeHTsl peHTreHorpamm knacca <45 pmM, BbigenenHoro us ruH (o6pasubl 9 u 10) u uemenTa
nec4anukos (obpazey 6)
Q — xeapy, Ko — kaonuuut, M — cnoga
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. a—c. Kpusbie DTA, DTG u TG knacca <45 um, sbiaenentoro u3 rnun (o6pasusi 9 v 10) v ue-

MeHTa necyaHukoe (obpasey 6)

4. DparMenHTbl PEHTreHOrpaMM 3epHOBBIX KNaccos BbiAeneHHbix w3 rnud Tuna JC,S
. a—d. Kpueeie DTA, DTG u TG 3epHOBbIX KNaccoB BbIAENEHHBIX M3 MNWH TWUNa JC,S .
. QOwarpamma MuHepanbHoro coctae rnmn JCS

1 — kaonuuuT, 2 — cnropa, 3 — Keapu U apyrue



