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MINERALOGICAL AND PETROGRAPHIC FEATURES
~  OF KAOLINITE ROCK (TONSTEIN) FROM
“BELCHATOW” BROWN COAL MINE

Abstract. Thin beds of kaolinite rock, referred to as tonstein, occur among Tertiary sediments
in the “Belchatow’’ brown coal strip mine. The vertical section through these beds reveals zones
differing in grain size, sedimentary structures and colour. The principal mineral component of the
rocks in question is kaolinite which forms cryptocrystalline groundmass, oval concentrations and
macrocrystals. X-ray, IR spectroscopic and thermal studies have shown that the above forms of
kaolinite differ markedly in the degree of crystalline perfection. The degree of order increases in
the sequence: kaolinite groundmass — oval concentrations — macrocrystals. Kaolinite is accom-
panied by quartz (fragments of volcanic phenocrysts, terrigenic grains and neogenic crystals), relics
of feldspars, fragments of volcanic glass, biotite flakes, and heavy minerals.

GEOLOGICAL SETTING

Three thin beds of kaolinite rock have been exposed in a cut opening the ,,Bel-
chatéw” brown coal deposit, in the top part of a sequence of Tertiary sediments
(Fig. 1). One bed (TS-1) is 3—5 cm in thickness and occurs within the series of coaly
clays and sands. The second one (TS-2), attaining a thickness of 18 cm and in places
up to 60 cm, is located in a brown coal seam. The third bed (TS-3) up to a few cm
thick has been found among coaly clays. All these beds are traceable over the whole
length of the opening cut (over 1.5 km), providing an excellent correlation horizon
(Kasza et al. 1981).

MACROSCOPIC FEATURES
The beds of kaolinite rock are light-yellow, light-grey or nearly white in colour,
depending on the moisture content. Owing to this, they stand out sharply against

brown coal or coaly clay. In vertical section the beds show zonal structure, which
is particularly pronounced in the TS-2 bed. In the bottom part of this bed, the rock
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Fig. 2. Cumulative grain-size distribution curves for kaolinite rock (tonstein) from Belchatow

MICROSCOPIC FEATURES

The essential element observed under the microscope is cryptocrystalline, nearly
isotropic clay groundmass with ferruginous pigment dispersed in places. Embedded
in the groundmass are phytogenic particles, as well as crystals or aggregates of
kaolinite, quartz grains, relics of feldspar grains and biotite flakes, altered fragments
of volcanic glass, and heavy minerals. The oval concentrations described earlier in
this paper are cryptocrystalline aggregates of clay or clay-chalcedony substance.
Kaolinite crystals detectable under the microscope apear in the form of flakes vary-
ing from a thousandth part of millimetre to 3 mm in diameter. They often form
fan-shaped or vermicular aggregates (Plate II, Phots. 3—4), the latter sometimes
attaining a length of 2.5 mm. Their lustrous surfaces are sometimes corroded, display-
ing all sorts of depressions. In places, the concentration of kaolinite crystals is so
high that the rock can be referred to as crystalline tonstein (cf. Schiiller 1956).

Quartz appears in several forms. Most common are diversiform, often wedge-
-shaped and always sharp-edged, fragments of volcanic phenocrysts, sometimes
slightly corroded. Quartz is also represented by a few well-rounded grains with
matt surfaces, which may point to their terrigenic origin. The third group consists
of transparent authigenic quartz crystals in the form of short bipyramids with poorly
defined prism faces, characterized by intense glassy lustre and bluish (chalcedony)
interference colours. Some of them contain drop-like liquid inclusions (Plate IV,
Phot. 7). Besides crystals with well-developed full crystallographic forms, there are
ones that have only partly developed the prism and pyramid faces. Where the faces
have not been developed, the boundary between a quartz crystal and the surround-
ing groundmass is not sharply defined, indicating that the crystal grew at the expense
of the groundmass. It has also been found that neogenic quartz grows on pheno-
cryst fragments or on detrital quartz grains.
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Feldspars have rarely been detected in thin sections, appearing entirely in an
intensely altered form. The reflections on X-ray powder pattern indicate that they may
be orthoclase. 8 y 3

Relics of volcanic glass fragments are fairly common, but their identification
presents difficulties because of large-scale devitrification processes. Glass fragments
have oval outlines and are conspicuous against the groundmass. As a result of
alteration of glass, concentrations of cryptocrystalline clay or clay-chalcedony
substance with abundant ferruginous pigment have been formed. Euhedral zircons
and apatites have been found within these concentrations.

Biotite flakes are fairly common in thin sections. Their identification does not
present any difficulties, although they have largely been subject to kaolinitization.
This process is particularly intense along cleavage planes. Different stages of the
transformation of biotite to kaolinite have been observed. The identification of
kaolinite pseudomorphs after biotite is facilitated by the relic of biotite and the
inclusions of apatite and tourmaline oriented according to the inherited cleavage
(cf. Wilson 1966).

Heavy minerals are mainly represented by euhedral zircon and apatite (Plate 1V,
Phot. 8), which are particularly abundant in the 0.1—0.25 mm fraction. Besides,
relatively abundant hipidiomorphic grains of allanite (orthite) and single tourmaline
crystals have been detected in thin sections and schlich samples.

CHEMICAL COMPOSITION

Three chemical analyses have been carried out in the samples studied. The results
are listed in Table 1, along with chemical analyses of similar rocks from the Tertiary
sediments of the Rhine area (Pietzner, Teichmiiller 1962). To obtain comparative
datg, an analysis of refractory schist (tonstein) from the coal-bearing Carboniferous
sediments of the Upper Silesian Coal Basin (Bolewski 1974) has been included in
the table. All the analyses reveal the dominant content of SiO, and Al,O,, the
Al,O5 content in the kaolinite rock from Belchatéw being closer to that in Cz;rbo-
niferous tonstein than in the Tertiary sediments of the Rhine area. All the analyses
also show the insignificant content of alkali metal and alkaline earths oxides.

PHASE ANALYSIS

X-_ray, the.rmal and infr;lred spectroscopic studies were carried out to determine
the mineralogical composition of clay groundmass and oval concentrations, and the
degree of crystalline perfection of kaolinite. Accordingly, untreated samples clay
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Table 1

Chemical composition of tonsteins: 1—3 from Belchatow brown coal mine, 4—6 from the Tertiary

of the Rhine area (Pietzner, Teichmiiller, 1962), 7—8 from the Carboniferous of Lower and Upper
Silesia (Bolewski, Parachoniak, 1974)

Component 1 2 3 4 S 6 7 8
SiO, 46.62 44.53 42.07 47.65 46.77 36.90 38.53 | 42.65
TiO, 1.76 1525 1.59 0.35 0.35 0.5 not not
given | given
Al O3 36.78 38.24 39.14 33.20 35.08 30.50 36.08 | 38.32
P,0s not inve- | not inve- | not inve- not not (04l not not
stigated | stigated | stigated given given given | given
FeO 0.99 0.98 1.47
Fe, 053 0.45 1.02 3.1 5.54 | 0.81
MgO 0.13 0.22 0.15 0.22 0.33 not 0:34 | /10:32
given
CaO 0.87 0.77 1.05 — 0.13 0.03 0.21 0.74
K,O 0.18 0.19 0.17 0.38 0.51 — 0.41 | trace
Na,O 0.04 0.04 0073 0.10 0.13 trace — trace
H,0* 10.40 10.27 10.25 not not 4.80 not not
15(0)= 2.20 2.68 2 given given given | given
Organic 0.80 1.45 1.47 not not not not not
matter given given given given | given
Loss on
ignition not investigated 18.04 17.01 23.40 18.64 | 15.98

and disordered kaolinites. This is indicated by the disappearance or diffusion of
reflections for which k # 3n. Despite the decreased intensity and considerable broad-
ening, the 77/ peak is still distinct.

The X-ray diffraction pattern of kaolinite from oval concentrations is characte-
rized by lower intensity and marked broadening of basal reflections. Moreover,
the separation of the peak triad in the angle range 20c, = 40—43° is less pronounced.
Besides kaolinite reflections, there appears a broad and strong peak at 8.93 A,
which may be attributed to smectite or mixed-layer phase.

The diffractogram of kaolinite groundmass is typical of kaolinites with a defective
structure (D-kaolinite). This is evidenced by the few reflections, the absence of
peaks for which k # 3n, the strong asymmetric 020 peak (with the 770 peak on its
slope), complete diffusion of the /77 peak, the displacement of the 001 reflection
toward low 20 angles (d=7.3 A), the decrease in intensity, and by the substantial
breadth of basal reflections.

The degree of structural ordering of kaolinites was determined from the index
of Hinckley (H), Lietard (R,) (fide Cases et al. 1982), and also from the X-ray
crystallinity index Zpx/I;70 of Stoch and Sikora ( 1966). The H and R, indices increase
and the Zy/I;7p ratio decreases as the degree of crystalline perfection deteriorates.
The values of these indices are given below:

Index Crystals Oval concentration Groundmass
BT 0.7—0.5 0.5 0.3
R, 0.8—0.7 0.6 0.3
To201170 1.05 1.2 143
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Fig. 3. X-ray diffraction patterns of kaolinites from Belchatow

I — macrocrystals (reoriented sample), 2 — oval concentrations, 3 — cryptocrystalline
kaolinite groundmass, H — hydrargillite (probable), Qrz — quartz

Macrocrystals and oval concentrations were treated with. hydrazine, adopting
the procedure described by Range et al. (1969). After seven days, the 00/ peak
a!tained a value of d=10.4 A in both samples. After the samples were washed with
distilled water and saturated with glycerol, the 00/ peak shifted, to a value of d =
= 7.2 A. It appears, therefore, that the kaolinites studied behave like the kaolinites
of group I or II, according to the classification of Range et al. (op. cit.).

The degree of crystalline perfection can also be assessed from the size of crystalli-
tes. In order to determine the crystallite size of Befchatéw kaolinites. the integral
breadth of the 001 and 060 peaks was measured and corrected for nzm-diﬁ‘raction
factors. The c,rysta]hte; size calculated for macrocrystals and kaolinite groundmass
from Scherrer’s equation is respectively: 275 and 140 A in the [001] direction, and
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252 and 192 A in the [010] direction. It should be remembered, however, that the
broadening of the diffraction line depends not only on the crystallite size but also
on the crystal lattice strain.

Kaolinite macrocrystals were also subjected to X-ray diffraction analysis during
their heating to 1000°C in a UWD-2000 high-temperature attachment. Heated kao-
linite did not show any changes in structural ordering, while the intensity of the
001 reflection. increased steadily up to 700°C. The stabilization of the 001 reflection
intensity points to the transformation to metakaolinite. At 950—1000°C a strong
mullite reflection (d=3.35 A) appeared besides the only (001) kaolinite line.

X-ray diffraction studies show that the degree of crystalline perfection of kaolinites
from the tonstein studied increases in the sequence: groundmass — oval concentra-
tions — macrocrystals. However, even the latter cannot be said to have an ordered
structure (Hinckley index below unity).

X-ray diffraction patterns of all the samples studied display a weak, broad peak
(d = 4.9 A) which may be owing to the presence of insignificant admixtures of hydrar-
gillite.

Infrared spectroscopic analysis

Infrared spectra were recorded between 4000 and 900 cm ™' with a Spektromom
2000 spectrometer, and between 1100and 400cm ™ ' witha Specord 72-IR spectrometer.
In the region of OH vibrations 3700-—3600 cm ™~ ! spectra were obtained with a Per-
kin-Elmer 180 spectrometer. The samples were prepared in the form of suspensions
in 1: 3-hexachlorobutadiene and Nujol mulls.

All the spectra obtained (Fig. 4) show absorption bands characteristic of kaolinite.
The degree of structural ordering was assessed from the outlines, sharpness and
intensity of absorption bands. It has been found that the degree of crystallinity of the
samples compared increases in the sequence: kaolinite groundmass — oval con-
centrations — kaolinite macrocrystals — Sedlec kaolinite (standard). The assessment
was based on the following criteria:

— differences in absorption at 915935 cm™' (Nemecz 1981);

— intensity and distinctness of the 3650 and 3670 cm™' bands in the region

of OH stretching vibrations (Cases et al. 1982);
— intensity of the 1100 cm ™! band, corresponding to Si—O stretching vibrations
(Wiewidra 1982).
The spectrum of kaolinite groundmass can be defined as corresponding to D-kaolinite
in the degree of order. The spectrum of oval concentrations points to a higher degree
of crystallinity. The spectrum of kaolinite macrocrystals shows close similarity to
that of the Sedlec kaolinite which was used as standard. The slight differences noted
between these two spectra seem to arise from the fact that samples prepared by
grinding of so large crystals are practically oriented in the 00/ plane (0° orientation).

An inconspicuous but perceptible feature in these spectra is absorption bands
testifying to the presence of molecular water, namely the bending close to 3430 cm ™!
caused by OH vibrations, and a weak, diffuse band at 1630 cm ™! caused by H,O
bending vibrations. These small amounts of water are either due to the admixtures
of other minerals or provide evidence that kaolinitization has not proceeded to
completion.

Thermal analysis

Thermal analysis was carried out on an OD 102 derivatograph under standard
analytical conditions. To obtain reliable data, each kaolinite sample was ana.lysed
four times. The results, presented in Table 2 and in Figure 5, were fully reproducible.
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Fig. 4. Infrared absorption spectra of kaolinites
1 — cryptocrystalline kaolinite groundmass (Belchatéw), 2 — oval concentrations (Bel-
chatéw), 3 — kaolinite macrocrystals (Belchatéw), 4 — kaolinite from Sedlec (standard)
5 — biotite showing evidence of kaolinization (Belchatow) ;

Thermal curves obtained for the samples studied show that the main thermal
reaction due to dehydroxylation of kaolinite occurs at the highest temperature in
kaolinite Tacrocwstals (about 600°C), at a lower temperature in kaolinite ground-
mass (575°C), and at the lowest temperature in kaolinite from oval concentrations
(555°C). The shape index (S) of this endothermic reaction is highest for macro-
crystals, lower for oval concentrations, and lowest for the groundmass
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Fig. 5. DTA, DTG and TG curves for kaolinites from Belchatow

1 — untreated sample, 2 — macrocrystals, 3 — cryptocrystalline kaolinite groundmass,
4 — oval concentrations

The TG curves of all the samples show a weight loss due to dehydroxylation,
as well as a weight loss due to the removal of molecular water. The smallest weight
loss has been noted for macrocrystals (0.8 wt. %), and the greatest for oval con-
centrations (3.5 wt. %).

It is generally held (e.g. Cases et al. 1982, Smykatz-Kloss 1974, Stoch 1974) that
the thermal characteristics of kaolinites depend mainly on the grain size and the
degree of crystallinity. The studies of the Belchatéw kaolinites seem to confirm this
view, although they do not provide conclusive evidence in support of one or the
other factor, as kaolinites of different grain size were investigated. When considering
the crystalline perfection of the Belchatéw kaolinites, the presence of molecular
water cannot be neglected, as it may cause structural disturbances, such as the
translation of layers along the b-axis.

Basing on the thermal data and assuming that the internal structure of samples
afftects their thermal reactions, it can be stated that the kaolinites studied show
different degrees of crystallinity, macrocrystals having a better ordered structure
than kaolinites from oval concentrations and the groundmass.
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Table 2
Thermal reactions of kaolinite from Belchatow
T i H'Mi FoeR Exothermic reactions
reactions
Endothermic 1eaif)| ‘ e Weight
index loss
Sample temp. range peak s 0 temp. range p:eak
0 O °0) )
Ll vt LS Rt B S AT il B R RS e
iLE.
Untreated 40—120 100 0.47 5.4 960—1020 1000
sample 480—605 570 10.0
Macrocrystals 40—160
480—660 600 0.73 0.8 1000—1030 1010
Cryptocrysta- 35—150 90 0.44 2'5 990—1030 1020
lline ground- 495—650 575 11.6
mass
Oval concen- 20—115 70 3:5 970—1005 995
trations 470—605 555 LY/
DISCUSSION

The kaolinite rock (tonstein) from the “Belchatow” brown coal strip mine is
made up mainly of kaolinite accompanied by quartz, feldpars, biotite, fragments
of volcanic glass, and heavy minerals.

The present studies focussed on kaolinite which appears in the form of ma-
crocrystals, oval concentrations and cryptocrystalline groundmass. These forms
differ markedly in crystallinity. The highest degree of order has been observed
in macrocrystals, lower in oval concentrations, and lowest in the crypto-
crystalline groundmass. However, even kaolinite macrocrystals, despite their
considerable size (up to 3 mm), show pronounced structural disorder due
to the displacement of layers with respect to one another. Structural disorder
in large kaolinite crystals that commonly form vermicular aggregates was
noticed by Wiewiora (1982). This fact confirms in some measure the assumption
emerging from microscopic observation that macrocrystals could have formed by
transformation of biotite. Oval concentrations are presumably altered lapilli, origi-
nally made up mainly of volcanic glass. Such genesis of oval concentrations is also
indicated by the mode of their distribution in the groundmass, and especially by
the gradation according to size and amount, described earlier in this paper.

The pyroclastic origin of the kaolinite rock in question is also evidenced by
fragments of volcanic quartz phenocrysts, relics of volcanic glass, and the association
of heavy minerals.

Translated by Hanna Kisielewska
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Czeslaw AUGUST, Andrzej HALUSZCZAK, Janusz JANECZEK,
Stanistaw LORENC, Henryk SIAGLO

CHARAKTERYSTYKA MINERALOGICZNO-PETROGRAFICZNA
SKALY KAOLINITOWEJ (TONSTEINU) Z ODKRYWKI
WEGLA BRUNATNEGO ,,BELCHATOW”

Streszczenie

W stropowe;j czesci sekwencji osadéw trzeciorzedu w odkrywcee wegla brunatnego
,,Belchatéw” wystepuja przewarstwienia skaly kaolinitowej (tonsteinu). Osiagaja
one miazszo$¢ od kilku do kilkudziesigciu cm i stanowia poziomy litologiczne
przydatne do korelacji poktadéw wegla brunatnego.

Gtéwnym sktadnikiem mineralnym tych przewarstwien jest kaolinit, ktory wyste-
puje w postaci kryptokrystalicznego tta, owalnych skupien i makrokrysztatow. Te
ostatnie osiagaja rednice do 3 mm i czgsto tworza robaczkowate lub wachlarzowate
agregaty (stosy). Owalne skupienia, o wielkosci do kilku mm, rozmieszczone sa
w skale w sposob gradacyjny, zaréwno pod wzgledem ilosci jak i wielkosci. Obok
kaolinitu wystepuje kwarc, relikty skaleni, biotyt, fragmenty szkliwa wulkanicznego
oraz mineraly ciezkie, wéréd ktérych dominuja cyrkon, apatyt i allanit (ortyt).
Na podkreslenie zastuguje obecno$¢ 3 typéw genetycznych kwarcu: wulkanicznego,
terygenicznego i diagenetycznego.

Pod wzgledem chemicznym, a zwlaszcza pod wzgledem zawartosci Al,O5 kaoli-
nitowe przewarstwienia z Belchatowa sa bardzo podobne do karbonskich tonsteinéw
z Gornego Slaska.

Przeprowadzone badania fazowe (rentgenograficzne, spektralne w podezerwieni
i termiczne) oprocz wyjasnienia skladu mineralnego kryptokrystalicznego tla i owal-
nych skupien dostarczyly informacji o stopniu uporzadkowania struktury kaolinitu.
Najnizszy stopien uporzadkowania struktury wykazuje kaolinit tworzacy krypto-
krystaliczne tlo (kaolinit D), wyzszy kaolinit tworzacy owalne skupienia, a naj-
wyzszy makrokrysztaly kaolinitu. Jednakze nawet te ostatnic mimo znacznych
rozmiaréw nie osiagaja struktury uporzadkowanej (wskaznik Hinckleya ponizej
jednoéei). W pewnym stopniu thumaczy¢ to moze przypuszezenie wynikajace z obser-
wacji mikroskopowych, ze makrokrysztaly kaolinitu powsta¢ mogly przez przeobra-
zenie biotytu.

Sktad mineralny, tekstura i struktura skaty oraz forma wystgpowania wskazuja,
ze kaolinitowe przewarstwienia sa przeobrazonymi osadami piroklastycznymi.

47



Fig.

Fig.
Fig.

Fig.

Fig.

Fot.
Fot.
Fot.
Fot.
Fot.

Fot.

Fot.

Fot.

4.

(.

T

o=

. Pozycja geologiczna warstw skaly kaolinit

OBJASNIENIA FIGUR

Owej W StropOWej czesel sekwencji osadow trzecio-
rzedu z KWB “‘Belchatow”

7 — it 2/ — it zaweglony, 3 — nieregularne przewarstw
drobno- i §rednioziarnisty, 5 — piasek $rednio- i gruboziarnisty,
- i grubookruchowe, silnie scementowane, 8 — osady weglanowe, zaweglone, 9 — skata
12 — glina zwatowa, 13 — kon-

ienia ilu piaszczystego, piasku i zwiru, 4 — piasek
6 — soczewy osadow zwirowo-kamienistych,
7 — osady $rednio
Kkaolinitowa (tonstein), 10 — wegiel brunatny zailony, 11 — wegiel brunatny,
takt osadéw trzecio- i czwartorzedu, 14 — zarys odkrywki, 15 — lokalizacja profilu

. Kumulacyjne krzywe uziarnienia skaty kaolinitowe] (tonsteinu) z KWB “Belchatow”
. Dyfraktogramy kaolinitow z KWB “Belchatow”

1 — makrokrysztaly (prébka reorientowana), 2 — owalne skupienia, 3 — kryptokrystaliczne tlo kaolinitowe
H — hydrargilit (prawdopodobny), Otz — kwarc

Widma spektralne w podczerwieni kaolinitow

1 — kryptokrystaliczne tlo kaolinitowe, KWB “Belchatéw’’ 2 — owalne skupienia (KWB “Belchatow’’),
3 — makrokrysztaly kaolinitu (KWB “Belchatéw’’, 4 — kaolinit z Sedlec (wzorzec), 5 — biotyt z oznakami,
kaolinityzacji (KWB “Belchatow’)

. Termogramy kaolinitow z KWB “Belchatow™

1 — prébka surowa, 2 — makrokrysztaly, 3 — kryptokrystaliczne tio kaolinitowe, 4 — owalne skupienia

OBJASNIENIA FOTOGRAFII

. Owalne skupienia (przeobrazone lapille?) wypreparowane ze skaly kaolinitowej

Pow. 10 x

. Obraz mikroskopowy owalnego skupienia (przeobrazonej lapilli?)

Nikole skrzyzowane, pow. 60 x

Agregaty (stosy) makrokrysztatow kaolinitu

Mikroskop skaningowy, pow. 35 x . Preparat i zdjecia wykonal J. Kassner
Makrokrysztat (blaszka) kaolinitu

Mikroskop skaningowy, pow. 35 X. Preparat i zdj¢cia wykonal dr J. Kassner
Kryptokrystaliczne tlo kaolinitowe

Mikroskop skaningowy, pow. 3500 x . Preparat i zdj¢cia wykonat dr J. Kassner

. Neogeniczny kwarc i wachlarzowaty agregat kaolinitu w kryptokrystalicznej masie kaoli-

nitowej
Nikole réwnolegte, pow. 60 x

. Neogeniczny kwarc z kroplowymi inkluzjami ciektymi

Nikole skrzyzowane, pow. 220 X

. Autigeniczne cyrkony wypreparowane ze skaly kaolinitowej

1 nikol, pow. 220 x

Yecaas AYI'YCT, Anoxnceii XAJIYIU[AK, Anyw AHEYEK,
Cmanucaas JIEPEHI], Xenpvix CAIJIO 3

MUHEPAJIOT O-IIETPOT'PAONYECKAA XAPAKTEPUC

T TUKA
KAOJMHUTOBOU ITIOPOJBI (TOHITEHA)
13 BYPOYI'OJIbBHOI'O KAPBEPA «BEJXATYB»

Pe3rome

B XpoBenbHOW 4acTH CEKBEHUNM TPETUYHBIX OTJIOKEHMHA B GYpOYrONBHOM pas-

r())e;i «benxaTyB» NPUCYTCTBYIOT MPOCIOM KAOJIUHUTOBOIM nopoabl (TOHIITEHHA)
AOCTHTAIOT HECKOJIBKO IO HECKOJBKUX MIECATKOB CAHTHMETPOB MOLIHOCTH

U TpPEICTaBISIOT COOOW JIMTOJIOrHYeC
KHE TOPU3OHTBI
OypOyroJbHBIX TLIACTOB. . i e e A
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I'na}i}{uM MUHEPATLHBIM KOMIIOHEHTOM 3THX MPOCIOUKOB SIBIISETCSA KAOJMHMUT,
KOTOpBIH MPEICTABIICH B BU/IE KPUNTOKPHUCTAIIIHYECKOM OCHOBHOM MAacChl, OBaJIbHbBIX
CKOTUICHWH ¥ MAKPOKPHCTAJJIOB. DTH IIOCJIEIHME JOCTMralOT 3 MM B IMaMETPe
1 4acTO 06PA3yIOT YepBe0Opa3HBIE I BEEPOOOPA3HBIC ArPEraThl (xyun). OBayIbHBIE
CKOTUTEHUSI, PA3MEPOM [0 HECKOJIbKHX MUIUIMMETPOB, PAa3MEIIEHbI B MOPOAC Tpa-
JAUMOHHEIM 06pa3oM, Kak B OTHOLICHWM KOJHMYECTBA TaK M PasMepOB. Kpome
KAOJIMHUTA, IPUCYTCTBYIOT KBAPII, PEJIMKThI MOJNEBBIX MIMATOB, OUOTHUT, HPArMEHTHI
BYJIKAHMYECKOTO CTEeKJd, a TakKe MHUHEPAJIbL TSOKEJION (paxiyu, CpeIu KOTOPBIX
npeobiagaeT IMPKOH, amaTUT M OPTHT. 3acoykKuMBae€T BHUMAHHS HaJMYHe TPEX
FeHETHYECKHUX THIIOB KBapId — BYJIKAHOTEHHOT O, TEPPUICHHOI'O U IMAr €HETHUCCKOT 0.

B XMMMYECKOM OTHOIIEHMH, B YACTHOCTH B OTHOLICHMM CONEPKAHMA Al,0;,
KAOJMHUTOBBIE MpOCITOiiku W3 benxarypa BecbMa IOXOIM Ha KaMCHHOYTOJIBHbLIC
TomTeiHBl B Bepxuei Cunesnw.

IposenenHbie (a3oBbie (pentrenorpaduueckue, MK-cnekTpagbHbIe, X TCPMUC-
CKM€) MCCIIE/I0BAHMUSI, KDOME BBISCHEHNS MHHEPAJIBHOIO COCTABA KPHIITOKPHCTAILIH-
4ecKOii OCHOBHOW MACCHI ¥ OBAJILHBIX CKOILTEHMH, JaJi CBEICHUS O CTETCHH YIOPs-
JOYEHHOCTH CTPYKTYphl KaoymuuTa. CaMyro HHM3KYIO CTCICHB YIOPSIOYEHHOCTH
CTPYKTYpBI KAOJMHHTA OOHAPYXKMBACT KAOJMHNAT, 06pasyrouuii KpUNTOKPACTAILIH-
YeCKyI0 OCHOBHYIO Maccy (KaOJIMHAT D), 60Jiee BHICOKYXO — KaOJIMHHT, 06pa3yronmit
OBAJIbHBIE CKOTUIEHHUS, & CAMYIO BBICOKYIO — MAKPOKPHCTAJUIbI KAOJIMHITA. OmHaKo
Jaxe Te IOCIeIHUe, HECMOTPS HA 3HAYUTEILHBIE Pa3MEphl, HE IOJIydatoT yropsi-
JTOYeHHOM CTPYKTYpbl (MHIEKC XWMHKICHS HIKE eTMHAIBI). B HEKOTOPOH CTEICHH
5TO MOXET OOBICHATH BO3HHKAIOLIEE M3 MUKPOCKOTUICCKHUX HaGJIIOIEHUH TTPEIIO-
JTOXKEHHe, YTO MAKPOKPHUCTAJLIbI KaOJMHUTA MOTJIA 06pa30BaThCsl B UTOIE IPEBpa-
1LEHUS OMOTHUTA.

MHuHepaTBHBIH COCTaB, TEKCTYpa ¥ CTPYKTYpa MOPOJBI, & Taioke (hopma HAXOK-
JIeHUSI yKa3bIBaT, YTO KAOJMHHUTOBLIC HPOCTIOMKA SIBJIFOTCS BHIOM3MEHEHHBIMA
NAPOKJIACTHICCKAMU OTIIOKEHUAMH.

OBBSCHEHUSA K O®UTYPAM

®ur. 1. Teosornyeckast MO3ULHS CIIOCB KaOJIMHATOBOM MOPOABI B KPOBEIBHOM YaCTH CEKBEHIMH
TPETUYHBIX OTJIOKECHAH M3 6ypOyroabHOro Kapbepa (BYK) «benxatys»
] — rimHA, 2 — TJIMHA C IPUMECHIO YIJIA, 3 — HenpaBWIbHBIE IPOCIOH [MeCYaHUCTON TJIHHBI, MECKA W TPABHA
4 — MeJIKO- M CPEIHE3ePHUCTBINA MECOK, 5 — cpenne- 1 KpYNHO3EPHHUCTBIA IECOK, 6 — nMH3Bl TPABHUHO-
-rajIeYHBIX OTJIOKEeHHH, 7 — CHIIBHO LEMEHTHPOBAHHBIC cpenHe- H KPYIHOOOJIOMOYHBIE OTIJIOKEHHS, 8 —
KapGOHATHBIE OTJIOXKEHHs C MPUMECHIO yIJIA, 9 — KaoJIMHATOBas mopoaa (ronurreits), 10 — Oypblt yroib
¢ npuMechio ruEbl, /11 — GypeIil yroib, 12 — BaslyHHBIA CyTJIAHOK, 13 — KOHTAKT TPETHYHBIX H 4Y€TBETPHIHBIX

otyiokenuit, /4 — KOHTYD Kapbepa, 15 — MecTOmnoJIOKEHHEe pa3pe3a
®ur. 2. KyMyisTUBHBIE KDUBBIE 3EPHUCTOCTH KAOJMHATOBOM IOpombl (ToHmTeiiHa) 3 BYK
«benxaTyB»

®ur. 3. JIudpakTorpaMMbl KaOJMHUTOB M3 BYK «benxatys»
1 — MakKpOKpHCTAJLIbI (peopHeHTHPOBAHHBIN oGpasen), 2 — OBAllbHbIC CKOIUICHHSA, 3 — KpPHNTOKPHCTAJIM-

weckas KAOJMHATOBAs OCHOBHAA Macca, H — ruapapraumr (BeposTHEL, Otz — KBapw)

®ur. 4. UK-criexTpbl KaOJMHUTOB
] — KPHITOKPHCTAJUIMYECKask KAOJHMHATOBAs OCHOBHAL macca, BYK «Benxarys», 2 — OBaJIbHbIE CKOIICHUA
(BYK «Benxatys»), 3 — MaKpOKpHCTaJLIEL xaomaanta (BYK «Benxatys»), 4 — KaOJIMHUT H3 Comten; (3TANOH),
5 — GMOTHMT C NPU3HAKAMHA KAOJIWHHTH3ALKK (BYK «Benxatys»)

®ur. 5. TepMorpaMMbl KaOJIMHUTOB M3 BYK «benxatyB»
1 — chipoit obpasen, 2 — MaKpOKPUCTAJIIBL, 3 —— KPUNTOKPHCTAJUTHYECKAS KAOJHHHTOBAS OCHOBHAA MACCas

4 — oOBaJIbHbIE CKOIUICHHA

4 —- Mineral. Pol. vol. 16/1 — 1985 r. 49
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OBBSICHEHUA K ®OTOTPAPUAM

. OBaJbHBIE KPHCTAJUIEI (BHIOM3MEHEHHbIC TATAILTA ?)

BhigesleHHBIE M3 KaOJWHHTOBOM IOPOIBL. Veen x10

MHEKpOCKOMHYECKOe H30paXeHHe OBaIBbHOTO cxorUIeHNST (BHIOM3MEHEHHOrO JIATTHILIIN ?)

CKpelleHable HAKOMH, yBelT. X 60

. ArperaTs! (Ky9#) MaKpOKPHCTA/UIOB KaOJIMHHTA

Cxarupyroumii MHKPOCKOIN, yBelL % 35. IIpenapat u oTo Aa-pa s1. Kaccrepa
MaxpokpHcTaul (IIaCTHHKA) KaOJMHHTA
CxkaHHpYIOUMH MHKpPOCKOM, yBed. X 35. ITpemapaT tdoto m-pa 5. Kaccrepa

. Kpm‘lroxpncramm-{ecxaﬂ KAOJMHUTOBAass OCHOBHAst Macca

CKaHHPYIOUIHN MHKDOCKOIN, YBelI. X 3500. Ipemapat u doro a-pa 5. Kaccrepa

Heorenwyecknii KBapll ¥ BeepooOpa3Hbli arperaT KaoJMHHTA B KPHIITTOKPUCTAJUTHIECKOM
KaOJIMHUTOBOM Macce

INapasuTensHBle HAKOJH, yBelL X 60

HeoreHuyecknit XKBapl C KaljICBUIHBIMH KHUIKUMH BPOCTKAMH

CxpeneHHbIe HAKOH, yBed X220

AyTHreHHYecKue IHPKOHBI, BBIIEJICHHBIC U3 KaOJIMHATOBOM IOPO/bI

OnWE HHKONB, yBeld X220

MINERAL. POL. VOL. 16, No 1—1985 PLATE 1

Phot.g 1. Oval concentrations (altered lapilli?) isolated from kaolinite rock
10 X

Phot. 2. Microscopic image of an oval concentration (altered lapilli?)
Crossed nicols, 60 X

Czestaw AUGUST, Andrzej HALUSZCZAK, Janusz JANECZEK, Stanistaw LORENC, Henryk
SIAGEO — Mineralogical and petrographic features of kaolinite rock (tonstein) from *‘Bet-
chatoéw’ brown coal mine



MINERAL. POL. VOL. 16, No 1—1985 PLATE II MINERAL. POL. VOL. 16, No 1—1985 PLATE I1I

iy Phot. 5. Cryptocrystalline kaolinite groundmass
Phot. 3. Aggregates (stacks) of kaolinite macrocrystals SEM, 3500 x. Sample and photographs made by J. Kassner

SEM, 35 x. Sample and photographs made by J. Kassner

L TE W o B

Phot. 4. Kaolinite macrocrystal (flake) Phot. 6. Neogenic quartz and fan-shaped kaolinite aggregate in cryprocrystalline kaolinite ground-

SEM, 35 x. Sample and photographs made by J. Kassner mass

Czestaw AUGUST, Andrzej HAL Plane polarized light, 60
» ANArze) USZCZAK, Janusz JANECZEK, Stanistz
SIAGLO — Mineralogical and pCergr’aphic features of kaol’init(‘:i];gcl‘tv(vl({:n(s)‘I]EiEnT)\]f(r:z)rf‘nle“ri;gllE Czestaw AUGUST, Andrzej HALUSZCZAK, Janusz JANECZEK, Stanistaw LORENG, Henryk
chatow” brown coal mine SIAGLO — Mineralogical and petrographic features of kaolinite rock (tonstein) from “Bel-
chatéw’ brown coal mine



J PLATE 1V
MINERAL. POL. VOL. 16, No 1 —1985 PL

Phot. 7. Neogenic quartz with drop-like liquid inclusions
Crossed nicols, 220 X

Phot. 8. Authigenic zircon isolated from kaolinite rock
Plane polarized light 220 x

CZCSM%[/:‘[({?‘SST) f;:/ln.dr“/fj HALUSZCZAK, Janusz JANECZEK, Stanistaw LORENC, Henryk
g 3 — Mineralogical and petrographic features of kaolinite rock (tonstein) from *“Bet-
chatow” brown coal mine



