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Abstract. Mineralogical studies were carried out on the unique profile of an
intercalation in a coal-seam (Westphalian A/B — the Upper Silesian Coal Basin),
showing in a 1m thick layer a continuous vertical gradation from pseudomorpho-
sen tonstein to bentonite. Non-clay minerals are identical throughout the layer,
testifying to the pyroclastic character of the primary material (sanidine, high-tem-
perature plagioclase, biotite, quartz with the uniform extinction, apatite). Sedimen-
tological observations demonstrated in situ alteration of this material. Vegetation
affected the relative intensity of montmorillonite and the consequent kaolinite for-
mation. During the latter process, the transformation of biotite structure led to the
formation of D-kaolinite, whereas crystallization from the sclution produced T-
_kaolinite. The montmorillonitoids show variation from pure dioctahedral montmo-
rillonite, through random and partly ordered mixed-layer montmorillonite-illites
(10—50% I), to those of allevardite iype, characterized by maximum ordering of
their structure. A hypothesis has been put forward on the mixed-layers having
formed from montmorillonite as a result of sorption of potassium released during
the kaolinization of tuff.

INTRODUCTION

Investigations carried on for several years have demonstrated that the
alteration of pyroclastic materials deposited in coal basins leads to the
formation of kaolinite and montmorillonite (mixed-layer montmorillo-
nite-illites M/I). The occurrence of mixed-layer M/I in tonsteins has been
ascertained by Hallbauer et al. (1962), Francis (1961), Kralik (1961), Kul-
bicki, Vetter (1955), Price, Duff (1969). Several Carboniferous bentonite
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horizons with accessory kaolinite have been described as well (Jansa,
Dur¢akova 1965; Nelson 1959: Spears 1971—1972; Trewin 1968).

These facts have encouraged a hypothesis on the genetic relation“of
bentonites and tonsteins (Francis 1969; Spears 197 1). It has l‘:een confir-
med by one of the present authors (Srodon 1972 a, b), who dl‘scuss.e(_i the
co-occurrence of tonstein and K-bentonite, both owing their origin to
the same pyroclastic material. The present work is an ai.tc_mpt at a more
definite determination of the conditions and mechanisms of the formation
of kaolinite, montmorillonite and mixed-layer M/I, based on the mate-
rials from the tuffite horizon in the Orzesze beds (Westphalian A/B) of
the Upper Silesian Coal Basin.

The tuffite horizon in question occupies the area of over 1000 km?
(Kuhl 1955; Ryszka, Misiarz 1959) and is used as the correlation horizon.
It always occurs within, or in the close neighbourhood of, the coal-seam
denoted as 327 or 328. Its thickness ranges from some centimetres to
over 1 metre. The investigations were performed on the thickest profile
known, exposed in the Brzeszcze coal mine. For comparison’s sake,
a sample of the same tuffite obtained from a bore-hole near Pszczyna
(about 30 km west of the Brzeszcze mine — sample X) was used.

SEDIMENTOLOGICAL STUDIES

The pyroclastic rock horizon under study occurs in the Brzeszcze mi-
ne as an intercalation in the coal-seam 32T7. The thickness of the under-
lying and overlying coal layers is 0.8 m and 1.2 m, respectively. The ho-
rizon is internally differentiated into several layers, the continuity of
which has been checked over a length of about 0.5 km.

The geological profile has been presented in Figure 1. A synthetic
macroscopic description is given in Table 1, the name of rock, the degree
of clay matrix orientation, and the roundness and orientation of coarse-
-grained material being added.

Carbonized plant stems (Tab. 1) form thin coal membranes with more
or less ellipsoidal outlines in cross-sections. They usually lie horizontally,
but when their position happens to be close to vertical, the adjacent de-
positional structures are, as a rule, deformed. The membranes are gene-
rally filled with the material whose grain-size composition is somewhat
different from that of the enclosing rock. Preserved morphological de-
tails allow the identification of the membranes as plant stems or, in many
cases, also as appendices of Carboniferous plants. Kaolinite incrustation
of plant remains, observed in the tonsteins from the Upper Silesian Coal
Basin (Bochenski, Bolewski 1958; Bolewski, Kubisz 1959), has not been
noted here.

Microstylolites noted may be classified as being of aggregate, hori-
zontal and sutured type (Park, Schot 1968). They can be best observed

in the finest-grained rocks (layers 3 and 4). Distances between the su-
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tures are constant in a given layer. Their changes in the i i

) profile, rangin
frgm 0.5 to 1 mm, correspond to the differences in the host rock grgaing—
-size. Thg formation of these structures followed the deformations con-
nected with unstable density stratification (convolute lamination).
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Fig. 1. Sedimentological profile and mineral composition
1 — montmorillonite or mixed-layer montmorillonite-illites, 2 — kao-
linite, 3 — quartz, 4 — feldspars, 5 — calcite, 6 — dolomite, 7 — si-
derite

MINERALOGICAL AND PETROGRAPHICAL STUDIES

An identification of the mineral constituents of the rocks studied was
based on X-ray examinations and, for the minerals of the montmorillo-
nite group, also on thermal analyses. The morphological features of
grains and their alteration processes were being observed in thin sections
and powder preparations under the microscope.
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Fig. 2. X-ray diffraction patterns of natural rock samples (broken lines enclose
. - the bands appearing in quartz-rich samples

M — montmorillonite, M/I — mixed-layer montmorillonite-illite, K — kaolinite, @ — quartz

F — feldspars, K¢ — calcite, D — dolomite, S — siderite : '

Variations in the mineral composition of rocks along the investigated
profile are presented in Figure 1. They were established on the basis
of planimetric microscopic determinations and measurements of reflec-
tion intensity on the diffraction patterns of the rock samples (Fig. 2).
The intensity ratio of the reflections about 11—14 A of montmorillonite
and mixed-layer M/I to 001 reflection of kaolinite was determined expe-
rimentally by the method of two-component standards, using monomi-
neral fractions separated from the rocks studied. This ratio was found to
be 3:1 (0—20% illite layers) or 1.5:1 (about 50% illite layers in the
mixed-layer M/I). The method described finds its application in the studies
of the variability of the mineral composition in the profile rather than in
the accurate determinations of the percentage of the individual minerals.

Quartz In thin sections sharp-edged, transparent grains are en-
countered, generally without inclusions, sometimes showing features
characteristic of magmatic corrosion (Phot. 1). They reveal uniform
extinction. The quartz content in layer 6, which is characterized by the
coarsest grains, was planimetrically determined as being 1.7%, whereas
X-ray examinations gave the value of 8%. The observed discrepancy very
likely indicates that the majority of quartz constitues the microcrystal-
line component of the matrix. This conclusion has been confirmed by the
results of the separation of the samples by sedimentation method
(Tab. 2), which are inconsistent with the microscopic data (petrogra-
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phical name in Tab. 1). It appears that the abundant psammitic fraction
(¢ > 0.10 mm) consists for the most part not of mineral grains but of
aggregates with the bulk density lesser than that of quartz. Though
stirred for several hours and treated with H,0, or 1:1 HCl when heated,
the aggregate failed to disintegrate. Compared with the whole rock, their
mineral composition reveals enrichment in quartz and impoverishment
in clay minerals. It seems feasible then that microcrystalline quartz
plays the role of cement in these aggregates.

Feldspars. Microscopic examinations showed the presence of
potassium feldspar with the optic axial angle approximating 0° in sam-
ples 1—9 and, additionally, plagioclase revealing polysynthetic twinnings
in samples 5 and 6. Measurements of the extinction angles performed
on specimens twinned according to albite law demonstrated that they
represent basic andesine (about 60% Ab). Feldspar grains are sharp-edged
and, in most cases, elongated. Under the microscope, kaolinization and
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carbonization were observed (Phot. 2), the former being confirmed by
X-ray examinations. 1
Feldspar were separated in heavy liquids from sample 6. Their
chemical composition and the degree of ordering of their structure were
determined by X-ray examinations (Tab. 3), using the method of three
reflections for potassium feldspar (Wright 1968) and that of KCl fusion
for plagioclase (Viswanathan 1971). The values of dne of diagnostic re=
flections are the mean values from the measurements of three diffrac-

tion patterns.

Table 3
X-ray determination of feldspars
' B Chemical 4
Feldspar 201 composi- 060 204 Structural state
tion !
K-feld- 4,202 OrgoAbgg 2,170 1,797 disordered, inter-
spar mediate between
| Puye and S62-34
samples — high-
| ~temperature
1' phase
‘ SO S R SR T il el S e L
Plagio- | 4,149 AbggAng, 2,166 1,788 | high-temperature
clase * | phase

* dna values for plagioclase transferred into K-form.

Carbonates. The dominant carbonate mineral is siderite, forming
rhombohedral crystals, about 0.03 mm in size, disseminated in the clay
matrix. In sample 6, where calcite and dolomite are present as well,
carbonates metasomatize feldspar grains (Phot. 2) and biotite flakes
(Phot. 3). Dolomite also fills small tectonic fissures in coaly claystones
from the bottom part of the profile.

Heavy minerals. The heavy fraction was separated in bromo-
form from samples 1—9. Apatite, forming idiomorphic crystals of colum-
nar habit, is the only transparent heavy mineral.

g Montmorillonite and mixed-layer montmorillo-
nite- illites. Their presence is indicated in thin sections by bright
interference colours (with a greenish tint) of clay matrix, coming out
particularly well when the matrix orientation is parallel to the bedding
(samples 4 and 8). In sample X, concentrations of mixed-layer M/I
0.2—0.3 mm in size, showing fluidal structure were noted (Phot. 4) This
may be a relic structure, inherited from volcanic glass fragments. ;

The formation of complexes with ethylene glycol and the position of
the reflections 060 (d = 1.50 A) and 001 after one-hour heating at 600°C
(d = 10 A) seem to point to pure dioctahedral montmorillonite or else
to montmorillonite interstratified with illite. A precise identification
(Tab. 4) was based on the diffraction patterns of glycol saturated sam-
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Table 4

Determination of mixed-layer montmorillonite-illites by Reynolds’ and
Hower’s method (1970)

[
Percent \

Sample expataable Ordering

9 50 0.5

7 100 — a small admixture of ordered structure

6 85 random, a small admixture of ordered struc-
ture

3 95 random, a small admixture of ordered struc-
ture

il 45 maximum

X 45 < 0.5

ples (Fig. 3) (Reynolds, Hower 1970). The content of swelling layers was
estimated from the position of the reflection 5.3—5.6 A, whereas the type
of ordering of the structure — from the reflection in the range
13.3—17.1 A. Broadening of the reflection 8.8—8.7 A in the direction of
low angles and of the reflection about 5.6 A towards high angles, in
accordance with the values of these reflections for ordered interstra-
tifications, permits to presume that there is a small admixture of the
ordered structure in samples 3, 6 and 7. Another proof is furnished by
the presence of a low-angle reflection on the diffraction patterns of sam-
ples that have not been treated with ethylene glycol. Its position, howe-
ver, is difficult to establish, seeing that it is broadened and the diffrac-
tion pattern background is raised.

Samples 9, 1 and X contain mixed-layers, in which the ratio of I: M
is approximately 1:1. They differ from one another in the degree of
ordering of the structure. The diffraction pattern of a fully ordered in-
terstratification (Fig. 3, sample 1) of allevardite type (Brindley 1956)
shows a strong 1st order reflection about 27 A. Its intensity decreases
with the decrease in the degree of ordering.

Thermal curves of the rock samples and of the fraction <2 p (Fig. 4)
reveal a splitting of the dehydration effect (best seen on DTG curves),
which is characteristic of montmorillonite with the prevalence of biva-
lent exchange cations.

Thermal analysis confirmed the presence of mixed-layer M/I in the
majority of samples, which fact had been previously established by
X-ray examinations. Compared with the samples containing pure mont-
morillonite, these ones are characterized by a lesser weight loss resulting
from dehydration and dehydroxylation at about 650°C, the loss being
greater for dehydroxylation at about 550°C. The temperature of mont-
morillonite dehydroxylation (650—680°C) and that of the effect of cry-
stalline network collapse (860°C) permit to classify montmorillonite as
a dioctahedral mineral with replacement of Mg2+ for Al** in octahedral
sheets (Chantert et al. 1971).
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Fig. 3. X-ray diffraction patterns of ethylene glycol saturated samples (< 2p fraction
oriented preparations) Y

Kaolinite. The following forms of occurrence of this mineral
have been distinguished:

— Component of the matrix, present in small quantities in the
< 2 p fraction, but for the most part coarse-grained;

— Kaolinitic pseudomorphs of biotite (Phot. 5). They are oriented
aggregates (uniform extinction) with barrel-like habit, cleavage parallel

l X
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Fig. 4. DTA curves of <2 fraction
Sample 6 — montmorillonite, sample X — mixed-layer
montmorillonite-illite (45% I)

to elongation and frequently hexagonal outlines. Aggregates or their
zones reveal optical features of altered biotite (weak pleochroism in
brown-green colours and bright interference colours). As appears from
X-ray examinations (Fig. 5), they are built of kaolinite with an admixture
of quartz. Their content in samples 1—7 (except sample 4) ranges between
6 and 15 per cent.

—_ Vermicular, oriented aggregates (wavy extinction) with optical
features of kaolinite and dense cleavage parallel to orientation but per-
pendicular to elongation (Phot. 6). Such aggregates have been encountered
only in rocks richest in kaolinite (layers 1 and 2). They are, for the most
part, grown with pseudomorphs of biotite along the surfaces parallel to
orientation surfaces of kaolinite plates. During the separation of samples,
vermicular aggregates split into isometric fragments, delimited from the
two opposite sides by cleavage surfaces.

Both, these fragments and pseudomorphs of biotite, were separated
manually from the fraction 0.10—0.25 mm of samples 1 and 5 so as to
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enable an X-ray determination of the degree of orderipg of the .kaolimte
structure. Considering the scantiness of the sample, film tef:h'mque was
applied (Fig. 5). Pseudomorphs of biotite are made up Qf kaolinite c}}ax"ac—
terized by a medium degree of ordering of the structure (DTkaohmte),
whereas vermicular aggregates-are built of kaolinite with a high degree
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Fig. 5. Microphotometric traces from X-ray powder photographs
A — kaolinized biotite flakes, B — vermicular kaolinite aggregate

of ordering, close to T-kaolinite (Stoch, Sikora 1966). The same highly
ordered kaolinite has been also found in the 2—10 u fraction of sample 1.
Pseudomorphs of biotite contain a significant quantity of Fe, which is
manifested in the considerable increase of incoherent scattering (raised
background of X-ray diffractograms).

None of these samples have shown the degradation of biotite towards
montmgrlllomte, which phenomenon has been ascertained in the Upper
Namurian A montmorillonite rocks in the northern part of the Upper
Silesian Coal Basin (Bolewski et al. 1969, 1970).
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CONCLUSIONS

. The rocks under study show mineralogical and petrographical features
characteristic for Palaeozoic pyroclastic materials (Srodon 1972b):

. — sanidine and subordinate plagioclase as the only feldspars,

%' abundant biotite as the only mica,

' ‘— poor heavy mineral assemblage represented by apatite,

— small quartz content (quartz grains show entirely the uniform
extinction, which is also considered to be characteristic of volcanic ma-
terials (Blatt, Christie 1963),

‘" the grains are not rounded.

. The bottom part of the profile, except layer 4, has the character of
in situ altered tuff. Depositional structures are represented only by graded
beddings, typical for pyroclastic rocks. Basing on the variations in grain-
-size and the presence of sharp contacts (Tab. 1), five layers of tuff may
be distinguished in the profile, i.e. layers 1, 2, 3, 5 4+ 6, 7. Intercalated
coaly claystones and layer 4, which is made up of redeposited material,
evidence that the successive layers contain materials from several distinct
ash falls. The Carboniferous peat bog constituted the environment of tuff
sedimentation. This is manifested not only in the presence of numerous
carbonized plant stems but also in the direct contact with the coal-seam.
The. first two ash falls did not ruin the biological activity of the environ-
ment, which is confirmed by the presence of fine organic material
dispersed in the clay matrix. However, in. consequence of the following
bigger ash falls, the peat bog was very likely buried and the vegetation
considerably reduced (Tab. 1).

The upper part of the profile and layer 4 represent redeposited tuff
materials (erosional surface, horizontal lamination with plant detritus,
smalliscale cross-lamination). Transport and sedimentation processes
fractionated the pyroclastic material and led to the concentration of fine-
-grained (now mainly montmorillonite or mixed-layer M/I — layers 4 and
8) and coarse-grained material (now mainly quartz and kaolinite —
layers 8 and 10). A considerable variability and discontinuity of redeposi-
ted:layers over the length of 0.5km together with the lack of contamina-
tion with epiclastic material suggest the local character of erosion and
deposition.

Horizontal orientation of montmorillonite (mixed-layer M/I) plates in
the redeposited layers as compared with the lack of orientation in in situ
layers points to the connection of orientation phenomenon with sedimen-
tation. It seems therefore that the platy minerals in question had been
probably formed before redeposition, being the products of almost syn-
sedimentary weathering (montmorillonite formation), especially of fine-
-grained tuff matrix.

It is impossible to establish the precise time of kaolinization. In the
rocks rich in montmorillonite (mixed-layer M/I), not only a part of fine-
-grained material but also big flakes of biotite and partly feldspar grains,
ie. the material relatively more resistant to weathering, underwent kaoli-
nization. This would suggest that kaolinization followed montmorillo-
nization.
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It appears that in the swamp environment tuff could have been subject
to montmorillonization only during a short period following deposition,
when the chemical equilibrium with the surrounding was not yet esta-
blished and the weathering tuff alkalized water in its closest neighbour-
hood. Equilibrium conditions must have entailed a decrease in pH and,
consequently, a decrease in SiO, solubility, which favoured kaolinite for-
mation. Similar conclusions have been reached by Spears (1971, 1972),
who studied English tonsteins. Unlike this investigator, however, the pre-
sent authors believe that the intensity of vegetation growth decided the
change rate of the direction of tuff alteration. In the profile under study,
the quantitative ratio of montmorillonite (mixed-layer M/I) to kaolinite
increases and, simultaneously, the traces of biological activity of the en-
vironment are reduced. A similar correlation has been already described
(Srodon 1972b). A possibility of the formation of kaolinite or montmorillo-
nite from the same parent material (albite) depending on SiO, concentrat-
ion has been demonstrated experimentally (Oberlin, County 1970).

In the successive layers of the profile studied, mixed-layer montmo-
rillonite-illites with various content of illite layers (up to 50%) have been
detected beside montmorillonite. The nearly similar quantitative consti-
tution of the primary mineral assemblage in all the tuff layers seems to
attest to the fact that the weathering neoformation of the structure of
2 :1 type, resulting from different chemical composition of the primary
material, is not responsible for this differentiation. Neither are mixed-
-layer M/I the products of degradation of micas since the latter (biotite)
underwent only kaolinization. These data point to aggradation as being
the most likely mechanism of the formation of mixed-layer M/I from
montmorillonite.

Neither potassium sorption from sea water (Weaver 1953) nor the
effect of deep burial (Shutov et al. 1969; Perry, Hower 1970) can satis-
factorily account for the variations in illite content in mixed-layers,
observed in the 1-m thick profile. From the geological position it also
appears that the rocks under study are neither marine sediments nor were
they ever deeply buried.

There is a strict reverse correlation between the content of mixed-
-layers in the total rock mass (Tab. 4, Fig. 1) and that of illite in the
mixed-layers. The latter increases with an increase in kaolinite content.
The obvious explanation is that mixed-layer M/I formed from montmo-
rillonite as a result of sorption of potassium released during the kaoliniza-
tion of the rock (particularly of biotite and potassium feldspar). Illite
content in the mixed-layers would be in this case controlled by the ratio
of the released potassium mass to the mass of montmorillonite, i.e. the
intensity of kaolinization in a given layer. The noted tendency to form
ordered interstratifications is in agreement with the data obtained from
e?(perimental studies of the process of potassium sorption by montmo-
r}llonite (Muravyov, Sakharov 1970). The afore-said investigations con-
fu'rr'l as well the possibility of transformation in the period of early diage-
nesis, occurring under close-to-normal pressure and at moderate tempe-
rature. It should be cleared up, however, whether the hypothesis of
simultaneous kaolinization and aggradation: montmorillonite — mixed-
-layer M/I is acceptable from the viewpoint of thermodynamics.
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In the rocks under study, T-kaolinite has been found in the matrix
< 10w and in vermicular aggregates, D-kaolinite — in the barrel-like
pseudomorphs of biotite. The co-occurrence of these varieties of kaolinite
in the rock altered in situ excludes the possibility of their formation in
a process other than weathering (cf. Dunoyer de Segonzac 1970) and
points to the process proceeding along two distinct lines: ;

1. Direct transformation of biotite into kaolinite structure, due to re-
moving of tetrahedral or building in of octahedral sheets without the
stage of complete dissolution and crystallization. Such mechanism
explains the low degree of ordering of the kaolinite structure, the orien-
tation of kaolinite plates in pseudomorphs parallel to 001 plane of biotite,
and the presence of iron in pseudomorphs, which is indicated by optical
features and a considerable increase of incoherent scattering.

9. Kaolinite neoformation resulting from hydrolysis of framework
silicates and, probably, of glass, ie. crystallization of highly ordered
kaolinite with a small Fe content in the form of fine-grained matrix,
and epitactic crystallization on the pseudomorphs of biotite. The vermi-
cular aggregates formed in this process are not contaminated by the sur-
rounding material; they were therefore very likely growing in a rela-
tively soft sediment. Kaolinization could not have then occurred later
than is early diagenesis. These observations together with the ones
described previously (Srodon 1972a) corroborate the hypothesis on the
formation of vermicular kaolinite aggregates (leverrierite) that has been
put forward by Kulbicki and Vetter (1955).
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Wiodzimierz PARACHONIAK, Jan SRODON

0 TWORZENIU SIE KAOLINITU, MONTMORILLONITU
I PRZEROSTOW MONTMORILLONITOWO-ILLITOWYCH W WYNIKU
PRZEOBRAZENIA TUFU KARBONSKIEGO (GORNOSLASKIE

ZAGLEBIE WEGLOWE)

Streszeczenie

Badaniom mineralogicznym poddano unikalny profil przerostu w po-
Kladzie wegla 327 (Westfal A/B — kopalnia Brzeszcze) wykazujacy
w warstwie 1 m cigglte przejscie od ,,pseudomorphosen” tons.temu do.ben-
tonitu. Mineraly nieilaste sa w calej warstwie identyczne i wskazuja na
piroklastyczny charakter materiatu pierwotnego (sar_nd}'fn,,pl.agloklaz wy-
sokotemperaturowy, biotyt, kwarc o réownym sciemnianiu $wiatta, 'apz.atyt.).
7 obserwacji sedymentologicznych wynika, ze ulegl on przepbrazemu in
situ. Stwierdzono wplyw S$wiata roslinnego na .wzgle'('ing intensywnos¢
nastepujacych po sobie proceséw montmorillonityzacji 1 lfaohmtyzacp.
W ramach tego drugiego procesu transformacja struktury biotytu dopro-
wadzita do powstania D-kaolinitu, a krystalizacja z roztworu — T-kaoli-
nitu. Montmorillonitoidy wykazuja duze zréznicowanie: od czystego dio-
ktaedrycznego montmorillonitu poprzez montmonllomtov_vo&llhtowe prze-
rosty nieuporzadkowane i czesciowo uporzadkowane (10—507 I) do maksy-
malnie uporzadkowanych typu allewardytu. Wysunigto koncepcje 0 Po-
wstaniu przerostow z montmorillonitu w wyniku sorpcji potasu uwolnio-
nego w trakcie kaolinizacji tufu.

OBJASNIENIA FIGUR

Fig. 1. Profil sedymentologiczny oraz skiad mine'ralny's_kal w kolejnych \;vzgsf(;/,?f?
i 1 — montmorillonit lub przerosty montmorillonitowo-illitowe, 2 — kaolinit, 3

4 — skalenie, 5 — kalcyt, 6 — dolomit, 7 — syderyt. 1

Fig. 2. Dyfraktogramy naturalnych prébek skat (linia przerywana O
awiaiace sie w probkach bogatych w kwarc o 5 "
%Ol—iwr‘:\%%a{;xeorilelonit? M/I — przerosty montmorillonitowo-illitowe, K — kaolinit, @
i — i — syderyt

kwarc, F — skalenie, Kc — kaleyt, D dolomit, S % ! :
Fig. 3. Dyfraktogramy frakeji <2u z glikolem etylowym (preparaty orientowane)
Fig. 4. Krzywe DTA frakejl S 2

Probka 6 — montmorillonit, probka

i ilmé kich
i zv mikrofotometryczne filmo6w rentgenows i
e abf—aslszaolinityzowane blaszki biotytu, B — robakowate agregaty kaolinitu

granicza pasmo

X — przerosty montmorillonitowo-illitowe 45% 1)




Baodsumexnc TAPAXOHSAK, Sin CbPOJIOHD

Ob OBPA3OBAHHH KAOJIMHHTA, MOHTMOPHJIIJIOHUTA
U CMEIIAHHOCJOWHBIX MOHTMOPHJIJIOHUT-WJIJINTOB
B UTOTE MPEOBPAXXEHHSI KAPBOHCKOI'O TY®A
(BEPXHECHJIE3CKHH YroJibHbI1 BACCEWH)

Pesome

[IpoBe/ileHO MHHEDAJOTHYECKOe HCCJe0BaHHe YHHKAJbHOLO BKIIOUEHHA
B yrosbHoM miacre (Bectrdanb A/B — maxra bxele), npeacTaBiasIoliero
CJI0if MOIMHOCTBIO 1 M, B KOTOPOM HaOJIOfAeTcsl MoC/Ie10BATeIbHbIH MepeXos
nceBIOMOp(HUECKOro TOHITeHHa B GeHTOHHT. HerumHHCTBIE MHHEpasbl. BO
BCeM CJI0e OJMHAKOBBI H ONpEJeJsIOT NHPOKJACTHUECKHH XapaKTep IepBuu-
HOrO MaTepuata (CaHHIHH, BbICOKOTEMIEPATyPHBIH IJIATHOKJIAS, OHOTHT,
KBapll C pPaBHOMEpHbIM yracaHheM cBera, anatut). CelMMEHTOIOTHYECKHE
HaOJI0JeHHsI MOKA3bIBAIOT, U4TO 3TOT MaTepHaJ I[OABEPrasCs H3MEHEHHIM
in situ. KoncTaTHpoBaHO BO3/EHCTBHE PACTHTENLHOIO BEIIECTBA HA XapaKTep
CJIeYIOHUX APYT 32 APYroM MPOLECCOB MOHTMOPHJVIOHHTH3ALUH M KaOJ/HH -
TH3aUuK. B HTOre mposiBJIEHHsI BTOPOrO MHpolecca npeoOpasoBaHHe CTPYKTY-
pbl GHOTMTA NpPHBEJO K 00pasoBaHMio D-KAOJNHHHTA, a KPHCTAJJIM3ALHS K3
pactBopa — T-KaoauHMT. MOHTMODH/IJIOHHTOM/bl XapaKTEPH3YIOTCA G0JL-
KM PasHoOOpasHeM — OT YHCTOTO JMOKTA3/PHYECKOT0 MOHTMOPHIJIOHHTA,
yepes CMelaHHOCJIOHHbIE MOHTMOPHJIJIOHUT-UIIJIUTEL, HEYNOPsAOUeHHbIe | 'la-
cruudo ynopsimoueHusle (10—50% I), mo MakcHMaJbHO YNOPSAOYEHHBIE
PA3HOBHHOCTH THNA aJlJaBepAHTa. BBICKa3bIBaeTCsi MPeNnoJoxKeHue 06 00-
pa30BaHHH CMEUIAHHOCJIONHBIX MOHTMOPHJIJIOHMT-H/IJIATOB 3a CYeT IOIJIO-
me(guﬂ MOHTMODHJIJIOHUTOM KaJlHsl, BEINIABIIEro B MpoLecce KaOJHHHTH3AUKH
Tyda.

OBbJCHEHHS K ®PUTYPAM

Qur, 1. Ce}lumeH‘ronoquecmﬁ ﬂpOQ)HJIb H MHHepaJ’lebIl‘:I COCTAB MOPOJA B MOCJIEL0BATE/bIHbIX
CI1051X ;
1 — MOHTMODHJUIOHHT HJH MOHTMODHJIJIOHHT-HJIJIHT NMaKeTbl, 2 — KAOJHHHT, 8 — KBapu, 4 — mo-
JieBble INaThl, § — KaJbUHUT, 6 — JMNOJOMHT, 7 — CHIEPUT

dur. 2. JIudpakTorpaMMbl eCTeCTBEHHbIX 06paslOB MOPOJ
M — MOHTMOPHJJIOHHT, M/I — MOHTMOPHJJIOHHT-HJJHT, K — KaOJHHHT, @ — KBapl, F 09
JeBble mmatbl, K¢ — KajJbuuT, D — HOJOMHT, S — CHAEPHT i

Pur. 3. ﬂuq:)paK)TOI‘paMMbl ¢dpakuuy <2y ¢ 3THJIOBbIM TJIHKOJEM (OpHEHTHPOBAHHbIE MpPe-
naparbl H

Pur. 4. Kpuseie ITA dpakunn < 2u

- Obpasely 6 — MOHTMODHJUIOHHT, o6pa3ely, X — MOHTMOPHJUIOHHT-HIJHT (45% 1)

ur. 5

S MHKPOQ)OTOMETPH‘IECKHe KpHBble U3 PEHTreHOBCKHX CHHMOK
A — K4ONHHHTH3HPOBaHHble yellyAkd OHoTHTa, B — uepBeo6pasHble arperatbl KaoJHHHTA



PLATE I (PLANSZA I, TABJIMLIA I)

Phot. 1. Corroded quartz grain with uniform extinction, crossed nicols, enlarged 80 X

Skorodowane ziarno kwarcu wykazujace réwne wygaszanie $wiatla, nikole
skrzyzowane, pow. 80 X
Koppo/HPOBaHHOE 3€pHO KBapua, NpOABJIOLICE paBHOMEpHOe yracaHue CBETa,
nukoan ckpemenssie, 80 X

. Altered plagioclase grain: K — kaolinite, C — carbonate, crossed nicols, en-

larged 200 X
Ziarno plagioklazu z objawami: K — kaolinityzacji, C — karbonatyzacji, ni-
kole skrzyzowane, pow. 200 X

3epHO NMJATHOK/Ia3a C NPOSIBACHHAMH KaOJIHHHTHIALHH (K) u xap6onaruzanun (C).
nukoan ckpewennbie, 200 X
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Phot. 2

Wiodzimicrz PARACHONIAK, Jan SRODON — The formation of

kaolinite,

PLATE I

mont-

morillonite and mixed-layer montmorillonite-illites during the alteration

of carboniferous tuff (the Upper Silesian Coal Basin)




Phot. 3.

Phot. 4.

PLATE II (PLANSZA II, TABJIMIIA II)

Biotite flake metasomatized by carbonate along cleavage planes, 1 nicol,
enlarged 220 X

Blaszka biotytu zmetasomatyzowana wzdluz powierzchni }upliwo$ci przez
weglan, 1 nikol, pow. 220 X

Uemryiika GHOTHTA, METACOMATHYECKN 3aMelleHHaA KapOOHATOM BJLOJIb MJ10CKOCTE
caanneBaToct, ! HHKOJIb, 220 X

Glass fragment (?) altered to mixed-layer montmorillonite-illite, with relic
fluidal structure, 1 nicol, enlarged 270 X

Prawdopodobnic pseudomorfoza po szkliwie, zbudowana z przerostow mont-
morillonitowo-illitowych, z zachowana strukturg fluidalng, 1 nikol, pow.
270 X

nllk‘,LII(L](II210.\11)[171 l]CQB,'L()M()[)(])()E} N0 BYJKAHHYECKOMY CTEKJTY CJ0ZKEHHBIH MOHTMO-

PIJIOHHT- HIJTHTOBBIMH TAKeTaMH, ¢ COXpaHEHHOH baonaanbHOR CTPYKTYpOH, 1 Hil-
KoJib, 270 X
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Wiodzimierz PARACHONIAK, Jan SRODON — The formation of kaolinite, mont-
morillonite and mixed-layer montmorillonite-illites during the alteration
of carboniferous tuff (the Upper Silesian Coal Basin)




Phot. 5. Kaolinitic pseudomorphs of

PLATE III (PLANSZA III, TABJIULIA 11I)

biotite with barrel-like habit and cleavage
parallel to elongaticn, crossed nicols, enlarged 300 X
Pseudomorfozy kaolinitowe po biotycie o pokroju beczultkowym, tupliwosci
rownoleglej do wydiuzenia, nikole skrzyzowane, pow. 300 X

K 201 HHHTOBble TCeBAOMOP(O3bl MO GHOTHTY, 6ouonK00Opas3Hoi (Gopmbl, €O CJIdH

LeBATOCTbIO MapaJJie/bHOH yATHHeHHIO, HUKOJIH ckpeuternble, 300 X

5. Vermicular aggregate of kaolinite with cleavage perpendicular to elongation,

crossed nicels, enlarged 230 X

Robakowaty agregat kaolinitu o lupliwoéci prostopadiej do wydluzenia, ni-
kole skrzyzowane, pow. 230 X

UepseoOpa3Hblii arperar KaoJHHHTa €O CJIAHIEBATOCTbIO TEepeHANKY/ISPHON K yLIH-
HeHo, HHKOJH cKpeluieHHble, 230 X
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PLATE III

Phot. 6

Wiodzimierz PARACHONIAK, Jan ERODON — The formation of kaolinite, mont-
morillonite and mixed-layer montmorillonite-illites during the alteration
of carboniferous tuff (the Upper Silesian Coal Basin)




