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Tonstein from the coal seam no. 385
in the Lublin Formation (Lower Westphalian)
from the Lublin Coal Basin

One or locally two tayers of a tonstein (Graupentonstein) have been observed in the coal seam no. 385
(Westphalian B) between Ostréw Lubelski and Dorohucza. Due 1o ils wide reaeh the tonstein discussed
represents a key horizon of a greal praciical significance. It is built, apart from the dominant kaolinite, of
accessory or Lrace amounts of: organic matter, quartz, feldspars (sanidine, plagioclase), apatite, crandallite,
chalcedone, siderite and pyrite. Due o the petrographicsuggestions such as the presence of quartz, feldspars,
biotite and apatite, displaying features suggesting their volcanic origin, it can be assumed that the tonstein
has been formed resulting from the alleration of the pyroclastic material deposited in the pealbog.

INTRODUCTION

Interlayers of the clay rocks in the coal seam from the Lublin Formation (West-
phalian B) have been sampled by the Geological Survey in the years 1970-1980 in
exploration boreholes in the successive mining areas in the Lublin Coal Basin.
Samples of those rocks have been routinely petrographically and chemically analyzed.
The results were presented in several unpublished papers (M. Katwa ed., 1975, 1976,
1977, 1981, 1983), whereas the recapitulation done in the following papers: W. Heflik
et al. (1978}, J. Stolecki (1988q, b).

Due to the analyses performed it has been proved, among others, that some of the
clay rocks are built mainly of kaolinite and display a high refractoriness. Some of them
are typical tonsteins — the rocks known from the other world ¢oal basins, in that
number — also from the Upper and Lower Silesian ones. Those rocks have been an
object of studies held by different researchers since they are i.a. concerned significant
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Fig. 1. Localization of borcholes analized in the area of the Lublin Coal Basin

1-— presumable extent of Carbeniferous sediments (after J. Porzycki, 1988); 2 — localization and number
of borehole; 3 — shaft; Dor. — Dorohucza

Lokalizacia badanych otworéw wiertniczych na obszarze Lubelskiego Zaglebia Weglowego

1 — przypuszczalny zasigg utworéw karbonu (wedtug J. Porzyckiego, 1988); Z— lokalizacja i numer otworu
wieriniczego; 3 — szyb kopalni; Dor, — Dorchucza

for the correlation of the coal-bearing series. Tonstein rocks from the Lublin Coal
Basin have not been till present analyzed in detail, but their one accessory component
— crandallite (M. Muszyniski, P. Wyszomirski, 1982). Aiming at filling this gap in
informations, the research focused first on the tonstein occurring in the seam no. 385.
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The available geological date were analysed and the archive samples studicd by
microscopic, X-ray and thermal methods. Results of chemical analyses and refraclori-
ness determinations presenied in the unpublished papers quoted above have been
used, too.

Itshould be stressed when explaining the necessity of the tonstein recognition from
the Carboniferous rocks of the Lubiin Coal Basin that in the close fulurc the interre-
gional correlation between the coal-bearing series of different Carboniferous coal
basins is planed. The tonstein beds are significant in those series as the key horizons.
In the case of the tonstein from the Lublin Coal Basin the localizaticn of the basin
will enable correlation between the Upper Silesian and Donieck ones.

Boreholes sampled aiming at tonstein analyses lie in the middle part of the Lublin
Coal Basin (Fig. 1). They are situated in the zone of the width of 10 km and length of
35 km between Kolechowice (Ostréw Lubelski) in the north and Dorohucza in the
south, cast of the line Lubartéw — f.¢ezna. In the mining division of the basin those
boreholes are in the Central Coal Region within the limits of the mining ficlds K, K,
Ostrow 1, Kolechowice 1 and Kolechowice 2. From the geological poin( of view the
area studied covers a part of the Radzydl — Bogdanka Syncline and is adjacent from
the west to the Kock Anticline (J. Porzycki, 1988).

LOCALIZATION OF TONSTEIN IN THE STRATIGRAPHIC COLUMN

The Lublin Formation corresponds in the area studied 1o the uppermost part of
the Carboniferous coal-bearing series of the thickness of about 300 m and of the
Westphalian age {Westphalian B) — Fig. 2. In that series there occur about 30 coal
seams numbered from 371 (at the top of the beds) to 394 (at the bottom) — L. Lipiarski
{1991). The Carboniferous deposits are eroded and discordantly covered with the
Jurassic, Cretaceous and Quaternary rocks.

The coal seam no. 385, displaying the tonstein occurrence, has the economic
thickness over an entirely wide-spread area. It occurs locally in form of the clay rocks,
while in the other parts of the basin — there are two separated beds (no. 385/1 and
385/2) —Fig. 3.

In the coal seam no. 385 there occurs in general one tonstein bed. In some places,
however, two tonstein beds have been observed (boreholes: L 52 and L. 129). In the
Kolechowice 12 borehole there clay beds are present in the coal seam discussed, only
the bottom one, however, displaying the tonstein properties (Fig. 3).

Tonstein occurs at different levels of the seam. For example — in the L 46 borehole
the bed lies 20 cm over the bottom of the seam, in K 9 — 25 cm below the top, in the
Bogdanka region (borehole L. 127) — at the top, while in the Ostréw region (bo-
reholes: O 19 and O 23) it lies nearly in the middle of the seam. The thickness of the
tonstein ranges from 5 cm (borehole L 74) to 21 ¢cm (borehole O 19). In the southern
region the thickness is generally below 10 c¢m, in the fields Kolechowice and Ostrow
it slightly exceeds 10 cm. The tonstein thickness over 15 ¢m is rare,
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MINERALOGICAL-PETROGRAPHICAL CHARACTERISTICS

The tonstein from the Lublin Coal Basin is mainly composed of oval lens or
“cloudly” aggregates (“groaps”) — PL I, Figs. 7, 8 — built in majority of microcrystal-
line, colourless or faint brown kaolinite. The size of those aggregates ranges from
about 0.1 to 0.5 mm, in maximum about 2 mm. They are either densily packed or loose
in the basic clayish or clayish-organic background. The clayish substance of the
background is also mainly built of thc microcrystalline kaolinite. The anisometric
kaolinite aggregates are in general oricnted with their longer axes in onc direction
which resulls in the parallel structure of the rocks.

The microscopic observations have becn supported by X-ray (Fig. 4) and thermal
{Fig. 5) analyses pointing to kaolinile as the main mineral component of the tonsteins
under research. The X-ray studies have also proved a high order degree of the mineral
structure which is characteristic for kaolinite-T,_ (M. Muszyfiski, P. Wyszomirski,
1982). This fact results from the values of the X-ray indicator 15,4/1,7; (L. Stoch, W.
Sikora, 1966), ranging from 0.65 to 0.75. According to the data of L. Stoch (1974} also
typical for kaolinite-T, is the symmetric shape of the endothermic effect of dehydrox-
ylation of this mineral at about 550-570°C (Fig. 5).

As the accessory or trace components of the rock discussed there occur: pseudo-
morphs after mica, eventually non-altered micas, quariz post-feldspar pseudomorphs
or relics of these minerals, autigenic columnar kaolinite aggregates, apatite and other
phosphate minerals as well as occasionally — pyrite, carbonate minerals and chal-
cedone. Results of the chemical analyses (Fig. 6, Tab. 1) also sugpest the presence of
the titanium compounds as well as of iron oxides and hydroxides, not detected by the
phase methods applied. The summaric content of the accessory and trace components
listed above is low, generally not exceeding some volume percent, reaching in max-
mum about 8 volume percent. Those components are concentrated mainly in the
clayish-organic background of the tonstein.

The post-mica pseudomorphs (apparently after biotite) reach the size of about 1.0
mm, being in general smaller — below 0.5 mm. They display a form of either the plates,

Fig. 2. Lithostratigraphic section of the Lublin Formation

1 — coal (from the left side — number of the coal seam; no. 385 in frame — seam with lonstein, section in
Fig. 3; from the right side — thickness and depth of coal seam bottom); 2 — carbonaceous shale, coaly
claystone; 3 — claystone; 4 — mudstone; 5 — fine-grained sandstone; 6 — medium-grained sandstone; 7 —
Jurassie limestone; 8 — siderite concretion; 9 — fossiled plants, floral detritus; 10 — appendices; 11 —
Stigmaria; 12 — fresh water fauna; 13 — marine fauna (p. f. with Dunbarella); 14 — erosional boundary; 15
— boundary of formation: I — after L. Liplarski (1991), II — after J. Porzycki (1988)

Profil litostratygraliczny formacji lubelskiej

1 — wegiel (z lewej strony — numer pokladu wegla; nr 385 w ramee — poklad z tonsteinem — profil na fig.
3, z prawej strony — migZszo$C i glgboko$¢ spagu poktadu wegla); 2 — tupck weglowy, ilowiec weglisty; 3 —
ilowiec; 4 — mulowiec; 5 — piaskowiec drobnoziarnisty; 6 — piaskowiec $rednioziamisty; 7 — wapien
jurajski; 8 — konkrecja syderytu; 9 — skamieliny ro$lin, detrytus rolinny; 10 -— apendyksy, 11 — stygmaric;
12 — fauna siodkowodna; 13 — fauna morska (p. f. z Dunbarelia); 14 — granica erozyjna; 15 — granica
formacji: I — wedhug I Lipiarskiego (1991), Il —wedtug J. Porzyckiego (1988)
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Fig. 3. Localization of tonstein in seam no. 385 in boreholes studied

1 — coal; 2 — coaly claystone; 3 — efaystone; 4 — tonstein; 5 — mudstone; L 46 — number of borehole,
797.6 — depth of bottom of coal seam no. 385 (in melers), 3 — number of sample, 11 — thickness of tonstein
bed in centimelers

Lokalizaeja tonsteinu w pokladzie 385

1 —wegiel; 2 — jlowiee weglisty; 3 — itowiec; 4 — lonstein; § — mulowiec; oznaczenia na profilach: L 46 —
numer otworu wiertniczego, 797,6 — glebokos¢ spagu poktadu wqgla 385w metrach, 3 — numer prébki, 11
— migZszo$é warstwy lonsteinu w centymetrach

sometimes of pseudo-hexagonal habit (P1. 11, Fig. 9), or of the columnar aggregates.
They are built of the clayish substance displaying microscopic properties of kaolinite,
kaolinite with hydromica fragments or, sporadically, hydromica. The organic matter
or iron compounds colour that clayish substance into brown. In some pscudomorphs
there have been observed traces after zirkon inclusions occurring primarily in micas
(PL 11, Fig. 10). The post-mica pseudomorphs have been abundant in the tonstein from
the boreholes L. 63, 172 and O 19.

Rare kaolinite columnar aggregates formed due to crystallization from the solu-
tions are close in their crystal habit to some post-mica pseudomorphs. They differ,
however, with their generally smaller sizes (below 0.2 mm) and display a tendency of
taking the position parallel to the rock structure. Their kaolinite is ¢learer and
colourless.
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Fip. 4. Diffraction patterns of tonstein from the coal seam no. 385 from the Lublin Coal Basin

L 74 — number of borehole, 24 — number of sample, 815.7 — depth in meters; A — apatite; Cr — minerals
of the crandallite group; K — kaolinite; Or — polassium feldspar; Q — quariz

Dyfraktogramy tonsteinu z poktadu 385 LZW

L. 74 — numer otworu, 24 — numcr prébki, 815,7 — gleboko§é w metrach; A —apatyt; Cr — mineraly grupy
crandallitu; K — kaolinit; Or — skaler potasowy; Q — kwarc

In the tonstein from the boreholes L 49, L. 72 and especially L 57 there occur, apart
from the post-mica pseudomorphs, flakes and plates of the non-altered biotite (P1. ITI,
Fig. 11). That mineral displays a strong pleochroism in colours: « — colourless,
pale-yellow, B8 =y— olive brown, reddish-brown as well as strong interference colours
of I/IT order. The biotite plates reach about 0.5 mm in length. Some opaque inclusions
of the ore minerals have been observed there.

Quartz grains are sharp-edged, often withspecific, anisometric, sharp shapes. Their
extinction is uniform or wavy. Rarely they display the aggregate structure. The quartz
grains are very small and do not exceed 0.15 mm.

Apart from the detritic quartz there have been observed autigenic silica accumu-
lations of chalcedone type. Silica impregnates fragments of the rocks and coalified
plant remnants. Sporadically also there appear chalcedone forms displaying round or
wealkly eliptic shapes — possibly of organic origin.
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Quartz (chalcedone) has been marked on
the X-ray diffraction patterns of the tonstein
EIJ Lt 51%0 |5 Ly 10[10%: only by the weak rcﬂf:xcs of dyy, = 3..34 a.nd
eventually 4.25 A, which partly coincide with
kaolinite (Fig. 4).
K Fragments of non-altered potassium feld-
spars rarely occur in the tenstein (PL 11, Fig.
12). Trace abundance of thosc mincrals are
present at X-ray diffraction patternsdue o the

! KS reflexes of d,,, = 3.24 and 3.3 A (Fig. 4).
K Microscopically analyzed — they exhibit a

be%m  small (close to zero) angle of the opiical axes

— characteristic for sanidine. In one case a

relic of those polysynihetic 1winned plagio-

z La8/2 clase has been observed. Much often there
8125m occur the pseudomorphs after feldspars being
built of the microcrysialline, colourless, poss-

ibly clayish-siliceous substance. The compo-

nents discussed display a differen: shape (PL

IV, Fig. 13) -— from the irregular, sharp-edged

L63/6 Fig. 5. Differential thermal curve for lonstein from the coal
B8658%m  seam no. 385 from the Lublin Coal Basin

§ — siderite; other explanations as in Fig. 4

Réinicowe krzywe termiczne tonsleinu z pokladu 385
LZW

0 500 1000°C 8 — syderyl; pozosiate cbjadnienia jak na fig. 4

ones to the tabular — typical for feldspars. Their size reaches 0.35 mm. The phosphate
minerals in the tonstein studied are represented by the apatite and the minerals from
the crandallite group (M. Muszyriski, P. Wyszomirski, 1982). They either co-occur or
appear separately.

Apatite occurs either in form of fragments or (rarely) as whole prisms of charac-
teristic hexagonal cross-sections (PL IV, Fig. 14; PL V, Fig. 15). Mineral prisms reach
the length of 0.1 mm, while their elongation varies from 1:14 to 1:3. Also irregular
apatite grains are observed, being presumably the relics of its dissolved crystals.
Apatite grains are colourless, clear, occasionally with some inclusions (PL. V, Fig. 16).
Microscopic identification of apatite has been supported by X-ray studies (Fig. 4).
Lines 2131 (d = 2.80-2.76 A) and 3030 (d = 2.71-2.70 A) prove the existance of this
mineral. Occasionally there occur also other, weaker reflexes (Fig. 4, Tab. 2) which
together with the above mentioned ones correspond to the fluoric modification of
apatite.

As it has resulted from the studies (M. Muszyfiski, P. Wyszomirski, 1982) the
minerals of the crandaliite group display a differentiated chemical composition corre-



Tonstein from the Lublin Formation from Lublin Coa!l Basin 545

¢ 8

5]02 o o 5 5 @ ™ I o » e ! L]

r x r v T T T T v — 7 T T T T T 1 % wag.

20 30 06 50
Alg04 [ o o a0 o 0o @ n e 0

G 5) .

Strprak. L oo s o ®m o e -

r T + T T T — T T T 7 T T T T ¥ T 1 '/c“‘Clg.

30

1¢ 60 20 L0

FEZG; s oommo ! le - .
DG

MgO . ou:n! o [
Ca0 o &E ° ®

. v T T T v T v T T T T T 1 “ewaq.

D T

0 5 d 15

T10g ! L) [ ! so o o
D G
N'O?D wone ! e 1
D G
K'lo ' aoe eloe wa e a L]
4
G D
P205 o e a @ ! s e L
P

Sc ! «a « e 0D L L]

r r T T o T T T T T T T T — T T v “ewag,

0 s 1.0 5.5

Fig. 6. Variation in content of main chemical components in tonstein from the coal seam no. 385 from the
Lublin Coal Basin

Mean content of given element in 1onstein: D — from the Lower Silesian Coal Basin, G — from the Upper
Silesian Coal Basin (counted basing of data from Kawalegl analiz chemicznych..., 1959, 1961, 1966, 1972,
1987)

Zmiennofé zawartodel zasadniczyeh skladnikéw chemicznych w tonsteinie z pokladu 385 LZW

$rednie zawarto§ci danego pierwiastka w tonsteinach: D — z DZW, G — z GZW, obliczone na podstawie
danych z Katalogdw analiz chemicamych ... (1959, 1961, 1966, 1972, 1987)

sponding to gorceixyte or to the mixed phases between crandallite sensu stricto,
gorceixyte and goyasite. Those minerals occur in the accessory amounts and either form
very fine microcrystalline aggregates or are dispersed. Due to their low birefrigence and
not distinct positive relief against kaolinite as well as small amounts they are practically
invisible in the kaolinite background under the microscope. On the X-ray diffraction
patterns (Fig. 4) the minerals from the crandallite group have distinct reflexes of the
values of: oy 2 5.72&,d,07, X490 A,d; 7, X 296 A, dy3, = 243 Aand d, 5, =
2.16 A. The lines do not coincide with those characteristic for the other mineral
components of the tonstein under research.

The opaque minerals occur speradically and possibly are represented by pyrite.
They either form circular microaggregates of the average size of 0.01 mm (bacteria-
-derived pyrite) or exhibit rectangular habit. Those last forms also do not exceed
hundreths of milimeters in size,



Table 1
Chemlcal analyses of tonsteln from the searn no. 385 from the Lublin Coal Basin (welgh! percent)
Component L 46/3* L4972 L5278 L5689 L57/5 L7424 | L 12914 | L 129/15 | K9/18 K114 | K12721 | O 23027
P 797.6/11*% | 812.8/13 | 892.3/8 | 906.3/8 | 945.2/12 | 816.3/5 | B857.2/5 | B57.2/8 | 952.0/15 | 695.8/13 | 815.8/13 | 924.7/13
§i0z 28.98 32,98 29.99 4110 23.61 24.65 41.21 4045 33.00 4031 31.45 31.35
TiO, nd. n.d. n.d. nd. nd. 0.90 1.14 1.29 1.16 133 0.90 0.74
Al2O3 26.13 29.20 25.19 36.29 16.88 | 20.83 27.10 29.98 28.63 3131 37.09 2382
Fez0a*** 1.69 1.23 1.59 1.24 16.88 1.36 1.39 1.09 1.49 1.85 296 0.36
MnO traces traces lraces - | traces 0.22 n.d. n.d. n.d. n.d. nd. n.d. n.d.
MgO 032 0.19 0.39 0.29 393 1.23 0.62 0.54 0.34 0.34 0.55 0.55
Ca0 441 0.23 0.18 0.14 1.00 1.33 1.00 0.50 0.44 0.36 6.21 0.17
NazO 0.08 0.13 0.09 0.10 0.08 0.12 0.58 0.68 012 0.12 0.09 0.15
K20 0.35 031 0.69 0.40 0.79 1.08 0.95 0.89 0.34 0.78 0.63 0.83
P20s n.d. n.d. n.d. n.d. n.d. 0.74 0.29 0.15 0.67 0.36 1.70 0.21
S total 0.62 0.32 041 0.17 1.05 0.57 036 0.20 0.41 0.42 0.16 0.33
Calcination loss 36.40 34.86 41.04 18.87 34.52 38.31 2495 23,77 3340 2295 18.17 4113
Sum 98.98 99.45 99.57 99.20 98.96 9712 99.39 99.54 100.00 100.13 99.71 99.64

* —nember of borehole/number of sample; ** —depth of coal seam in meters/thickaess of tonstein in centimeters; *** — total Fe as Fez03; n.d. — not determined

9bs

P20 [ 'misydzsny N ‘eisTetdrT °]
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Carbonate minerals, thermally identified, as siderite (Fig. 5 — eurve 1) have the

form of micrite dispersed in the clayish background and [orming fine irregular aggre-
ates.

’ Phase composition of the tonstein from the seam no. 385 from the Lublin Coal
Basin has been totally correlated with its chemical composition (Tab. 1, Fig. 6). From
the chemical point of view in comparison to the composition of the analogic rocks
from the Upper Silesian Coal Basin (Fig. 6) the Lublin tonstein contains less Si0O,,
Al,O4, Fe,04, MgO and Na, O and more TiO,, FeO, P,O5 and S, as well as it exhibits
higher calcination loss. In comparison 1o the tonstein from the Lower Silesian Coal
Basin it has in general lower percentage of Al,O,, FeO, MgO and Na,O in contrary
to higher K,0, S, Si0O,, TiO, and calcination loss. It is characteristic, therefore, for
the tonstein from the Lublin Coal Basin in comparison to the adequate rocks from
the Upper and Lower Silesian Coal Basins that it displays generally lower percentage
of Al,O4, MgO and Na, O, higher TiO, and S_ and higher calcination {oss.

REFRACTORINESS OF TONSTEIN

Fire-proofness of the tonstein samples from the secam no. 385 varies [rom about
135 to over 175 sP. As it is well-known (F. Nadachowski, 1970) this property is
connected with the chemical composition of the rock, being dependant on the ratio
of Al,O4 versus SiO, and the summaric percentage of the oxides concerned as fluxes:
Fe,05 Ca0, MgO, MnO, N2,0 and K,O. The tonstein studied displays & high
refractoriness (from 171 to over 175 sP) in case of a high Al,O; content (4046 weight
percent in the calcinated rock) and of SiO, content not exceeding 53 weight percent
(Tab. 3). Simultaneously — the percentage of the above mentioned oxides (fluxes) in
the calcinated rock is low —up to 5 weight percent. In case when their content exceeds
10 weight percent, the refractoriness decreases to below 150 sP. Refractoriness
remsins high when Fe,O, content does not exceed 3 weight percent, decreasmg
together with these oxides increase.

SYSTEMATIC POSITION

In the tonstein classification the following facts have been taken int account:
genesis of the original material, structural properties of the rocks, geological processes
leading to rock formation. The classification proposed by A. Schiiller (fide P. Guthor]
et al., 1956) based on the tonsteins from the Saar-Lorraine Basin is well-known and
often cited in the Polish references.

The tonstein rocks are divided into two groups:

A — grain tonstein (kdrnige);

B — massive tonsteins (dichie).

The grain tonsteins, in their turn, comprise:

1 — crystalline tonsteins (Kristallionsteine);
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Tablc 2

X-ray data for apalite from tonsicin from the coal seam no. 385 from the Lublin Coal Basin

Apalilc [rom (onsicin IMluoric apatite
(Lublin Coal Basin, L. 74 boreholc, depth 816.3 m) (B. McConnrcll, 1973)

d[A] I d[A] I
3450 52 3.432 3
3170 16 - -
3.070 18 3.060 3
2.800 100 2798 10
2.770 48 2760 4
2,700 62 2.702 &
2.630 3 2.616 3

- - 2517 1

- - 2.289 1
2.250 24 2.248 2

- - 2135 1

- - 2.057 1

- - 2.001 1
1.936 31 1.937 3
1.885 13 1.883 1
1.838 34 1.838 g
1.795 16 1.795 3
1.768 8 1,769 3
1.749 9 1.745 3
1.720 9 1,720 3

2 — groap tonsteins (Graupentonsteine);

3 — pseudomorphic tonsteins (Pseudomorphosen-Tonsteine).

In relation 1o the classification presented the tonstein from the seam no. 385 can
be accounted to the tonstein (Graupentonsteine) with some components characteristic
for the crystalline and psendomorphic 1onsteins.

A. Bouroz (1962), basing on the other principles, has distinguished four groups of
the tonsteins, namely:

1 — orthotonsteins — altered tuffs;

2—stratotonsteins — formed from the material which underwent the sedimenta-
tion processes;

3 — catatonsteins — formed in sifu from the feldspar sandstones;

4 — metatonsteins — metlamorphed orthotonsteins.

Applying that classification the tonstein studied should be concerned as the
stratotonstein.

For the practical aims P. Martinec et al. (1989) have distinguished in the Ostrava-
-Karvind Basin two main tonstein modifications, namely:

1 —orthotonsteins — which display a high content of the autigenic, clay minerals
formed due to the argillitization of the components of the volcanic origin (biotite,
sanidine, glass);



Table 3

Chemical analyses {afler substraction of calcination loss) and refractoriness of tonsteln from the coal seam no. 385 from the Lublin Coal Basin

C°[$cpi°1‘]’f“l L4673 | L4922 | L5248 | L56/0 | LS7/5 | L7424 | L12914 |L129/15 | K918 | K114 | K12/21 | O 2327

pmgm} 797.6/11 | B12.8/13 | 892.3/8 | 9063/6 | 945.2/12 | B816.3/5 | 857.2/5 | BST.2/8 | 952.0/15 | 695.8/12 | 815.8/13 | 9247113
Si0; 45.83 50.79 51.02 51.51 36.26 4072 54.87 53.14 49.55 52.30 38.46 53.39
TiO2 n.d. n.d. n.d. nd, n.d. 1.49 1.52 1.70 1.74 L72 1.10 1.26
AlO3 4133 44.96 42.86 44.81 25.92 34.40 36.10 39.38 42.99 40.62 4535 40.56
FexOs* 2.67 1.89 2.70 153 25.92 12.16 1.85 1.43 224 2.40 3.37 0.61
MnQ traces traces traces traces 0.34 n.d. n.d. n.d. nd. nd, n.d. n.d,
MgO 0.51 0.29 0.66 0.36 6.04 203 0.82 0.71 0.51 0.44 0.67 094
Ca0 6.97 035 031 0.17 153 2.19 1.33 0.66 0.66 0.47 7.59 029
Naz0 0.13 0.20 0.15 0.12 0.13 0.19 077 0.89 0.18 0.16 0.11 0.26
K0 0.56 048 1.17 0.49 121 1.78 1.26 1.17 0.51 101 0.77 1.41
P05 nd. n.d. nd. nd. n.d. 122 0.39 0.20 1.01 0.47 2.08 0.36
Stotal 0.98 0.49 0.70 0.21 1.61 0.94 0.48 0.26 0.61 0.54 0.21 0.56
Sum 98.98 99.45 99.57 99.20 98.96 97.12 99.39 9954 | 10000 | 10013 | 9971 99.64
Sum of fluxes*® 10.84 321 499 267 35.17 1835 6.03 4.86 410 4.48 12.51 3.51
Refractoriness [sP] | 1437146 | > 175 171 > 175 | 135/138 | 148 1671169 | 175 175 173 150 173

* —total Fe as Fe203; ** — summaric content of oxides concerned as fluxes; other explanations as in Table 1
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2 — paratonsteins — which contain less autigenic clay substance but more relics
of the components of the volcanic origin.

In relation to those two modifications, the tonstein from the coal seam no. 385 can
be classified as the orthotenstein.

J. Kralik (J. Kralik, J. Pedck, 1985) has distinguished the following two groups
among the tonsteins in dependance on the dominant original material:

1 — tonsteins formed from the totally argillitized vitroclastic tuff (crystalline,
microcrystalline and groap tonsteins);

2 — tonsteins formed from the totally argillitized crystaloclastic and lithoclastic
tufl (pseudomorphic tonstein).

In the tonsteins of those two groups the content of the non-altered components
may reach the valuc of 10 weight percent.

The tonstein under research — being mainly the groap one — represents the first

group.

GENESIS

Among the components of the tonstein studied there occur the following minerals
which may have the volcanic origin: biotite altered to a diflerent degree, quartz of
pirogenic type, potassium feldspar displaying a low angle of the optic axes (sanidine?)
and apatite. The groap kaolinite aggregates present in many tonsteins are also comn-
cerned by some authors as pyroclastic, i.e., the kaolinized volcanic glass (J. Kuhl, 1572).
Sizes of the grain components arc small and in general do not exceed 0.2 mm. Weak
heterogenization in grain size, lack of mineral grains showing water transport features
suggest that the material of the volcanic origin was deposited directly onto the peatbog
after a long air transport. A part of that mineral material underwent fast alteration in
the acid environment {e.g., the volcanic plass) while the alteration of another part was
slower (feldspars, micas). Successively from the ienic solutions there crystallized
kaolinite in different forms as: microcrystalline, coarse-crystatline (“vermicular
forms”) and possibly — “groaps”. The assumption on the deposition of the air
transported material has been supported by the wide-spread extent of the tonstein
from the Lublin Basin and its generally similar thickness in the whole area, as well as
its analogic texture and structure and mineral content.

Deposition of the material displaying the analogic compositicn repeated at least
twice in the formation period of the seam no. 385 which is evidenced by two tonstein
beds of the similar petrographic characteristics. The volcanos remote from the place
of deposition were possibly the source of the acid {or neutral) pyroclastic material.
The eastern part of the Upper Silesian Coal Basin can be mentioned as one of the
recently known regions where from the pyroclastic material could have been trans-
ported. Another source of the pyroclastic material can be in the east — in the vicinity
of the Donieck Basin, where the tonstein beds have been observed, too (P.V. Zarickij,
1987).
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COMPARATIVE REMARKS

The coal seam no. 385, which comprises the tonstein studied, lies in the Westpha-
lian B series close to the stratigraphic boundary of Westphalian A/Westphalian B (Fig.
3). The tonsteins from the other two Polish coal basins, i.e., in the Upper and Lower
Silesian ones have been observed in the comparative stratigraphic position. In the first
basin mentioned the tonsteins have been observed in Several seams apart from the
well-known tuffite occurring at the boundary of the Zalgic (Westphalian A) and
Orzesze Beds sensu stricto (Westphalian B).

Thetonsteins have been found in 8 seams (L. Chodyniecka, J. Labug, 1984) between
the seams nos. 208 and 324 (in the local nomenclature) in the Czeczott mine, within
the Westphalian B sediments (the Orzesze Beds s.s. and the Eaziska Beds s.s. ). Six beds
are built of the dominant crystalline tonstein and locally — of the compact and
pseudomorphic one. Two beds, in their turn, comprise the graupentonstein. Itis worth
mentioning here, that one of those graupentonstein beds occurs in the seam no. 321
(according to the local nomenclature in the Czeczott mine) which approximately
corresponds stratigraphically to the seam no. 385 from the Lublin Coal Basin.

In the Jaworzno region the tonstein beds have been observed i four coal seams in
the section of one of the boreholes (1. Lipiarski, 1993). In three Westphalian B seams
there occur crystalline and psecudomorphic tonsteins, while in the fourth, the lowest
(Westphalian A; the seam close to the stratigraphic boundary of Westphalian A and
Westphalian B) there dominates the groap structure.

In the Lower Silesian Coeal Basin several tonstein beds have been described in the
coal seams of the Zaclef Beds (K. Hoehne, 1951; 1. Lipiarski, 1985). The tonsteins in
the Walbrzych region within the upper Zaclef Beds (Westphalian B)in the seams nos.
314 and 309 are the typical pseudomorphic tonsteins, while those from nos. 430 and
428 (Westphalian A} which occur close to the Westphalian A/Westphalian B bound-
ary represent a very characteristic graupentonstein displaying the siructure analogic
to the rocks from the seam no. 385 from the Lublin Coal Basin.

When summarizing the facts from above — it should be stated that in the Upper
and Lower Silesian Coal Basins among the tonsteins of the differentiated structure
there occur also the graupentonsteins similar in their petrographic character to those
studied from the seam no. 385 from the Lublin Coal Basin. Localization of the
graupentonsteins in the basins is close to the stratigraphic boundary of Westphalian
A and Westphalian B.

Translated by Katargyna Jarmnofowicz-Smlc
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Ireneusz LIPIARSKI, Marek MUSZYNSK], J6zef STOLECKI

TONSTEIN Z POKEADU 385 FORMACI LUBELSKIEJ
Z LUBELSKIEGO ZAGLEBIA WEGLOWEGO

Streszczenic

W typowym obszarze wystgpowania formacji lubelskicj (fm) (obszar gérniczy , Bogdanka™) stwierdzone
jedng —a lokalnie — dwie fawice tons(cinu, Tonstein zostatzhadany w kilkudziesigciu otworach wiertniczych
zlokalizowanych w synklinic Radzynia — Bogdanki — Cheima, migdzy Ostrowem Lubclskim a Dorohuczg.
Ma on migiszoté od 5 do 15 cm i znajduje sig w réinych czgéciach profilu pokladu wegla 385 (bliZej spagu
lub blizej stropu).

Gléwnym skladnikicm tonsteinu jest kaolinit; wysigpuje on w formic  krup”, kiére zdecydowanic
przewaigja, pseudomorfoz po biotycic i skaleniach, kolumnowych agregaléw w kszlateic ,robakdw™ orazw
formie mikrokrystalicznej, kiGra stanowi o skiadnikéw ziarnistych. Inne podrzedne mineraly, owykle o
niewielkich rozmiarach ziarm, s3 reprezeniowane przez: ostrokrawgdziste ziarna kwareu ¢ jednostajnym lub
w niewiclkim stopniu falistym wygaszaniu $wiatla, i6tlo-czerwonobrunatne blaszki biotytu o inlensywnym
pleochroizmie oraz tabliczki nicprzeobrazonych skaleni — sanidynu i sporadycznie plagioklazéw. Udo-
Kumentowany zostat takie apatyt, mineraly z grupy crandallitu (M. Muszyriski, P. Wyszomirski, 1982) syderyt
oraz piry1(?). Rzadko obserwowano drobne skupienia mikrokrystalicznej krzemionki.

Nieki6re skladniki mineralne s3 pochodzenia autigenicznego {(kaolinit mikrokrystaliczny, kolumnowy
i pseudomorfozowy, crandallit, mikrokrystaliczna krzemionka, mineraly kruszcowe j weglany). Do mine-
raléw allogenicznych naleza m.in. kwarc typu pirogenicznego, blaszki biotytu, skalenie o cechach optycznych
sanidynu i apatyt, kiére reprezentuja meterial najprawdopodobniej pirokiastyczny. , Krupy” zbudowane z
kaclinitu moga byé w tym zespole uwazane za zdewitryfikowanc szkliwowulkaniczne (J. Kuhl, 1972}, Wydaje
si¢ wigc, Ze¢ omawiany tonstein powslat z maleriatu piroklastycznego zdeponowanego na lorfowisku, W
historit tworzenia sig pokiadu (torfu) 385 przynajmniej dwukrotnie miat miejsce proces depozycji materiaty
piroklastcznego.

Ze wizgledu na dominacjg w badanej skale ,krup" kaolinitu maina ja okreli¢ mianem tonsteinu
krupowego (Graupentonsiein wedtug A. Schillera fide P. Guthdrl i in., 1956). W innych klasyfikacjach
tonsteiny o podobnym skladzie mineralnym s3 okre$lane mianem stratotonsieinéw (A. Bouroz, 1962) lub
ortotonsteinéw (P. Martineciin., 1985).

Badana skata wykazuje typowy dla ogéhu tonsteindw sklad chemiczny. W poréwnaniu z tonsteinami z
Gdérnosigskiego i Dolnoglaskiego Zaptebia Weplowego charakteryzuje sig mniejszym udzialem AlzO03, MgO
i Na20, natomiast wigkszym TiOz i Sc. Ze wzgledu na duis zawarto$¢ malerii organicznej wykazuje tez
wysokie straty prazenia. Wahania w skiadzie chemicznym skaly wplywaja na zmienna ogniotrwalo$é, kidra
zaleZy od slosunku podstawowych skdadnikéw, 4. krzemionki de glinki, i od zawariofci topnikéw; oznaczona
ogniotrwato§é waha sig od 135 do powyicej 175 sP. Nolowana lokalnie wysoka ogniotrwato$€ jest brana pod
uwage przy wykorzystaniu przysztoéciowym skaty jako surowca ceramicznego (W. Heflik i in., 1978).

Omawiany 1onsiein wyznacza horyzont izochroniczny. Ze wzglgdu na duZe rozprzestrzenicnie i mozli-
wo§é latwego stwierdzenia na tle poktadu wegla, tonstein stanowi poziom przewodni o duzej wartofci
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praktycznej dla stratygrafii, paleogeografii i geologii zlozowej. W zmiennych bowicm stratygraficznic i
horyzontalnic utworach formacji lubelskiej (fm), w kiérych identyfikacja pokladéw wggla w poszczegdinych
profilach nawet najlepiej zbadanej ca¢dei zaglebia nic jest {alwa, rozpoznanic Lcgo poziomu bgdzic przydalne
i zZwigkszy stopien dokladnoéci identylikacji pokladéw wegla.

PLATEI

Fig, 7. Aggregates of microcrystalline kaolinile against clay-organic background of tonstein; borehole L 72,
depth of 844.4 my; one polaroid

Agregaty mikrokrystalicznego kaolinitu w ilasto-crganicznym tle tonsteinu; otwor L 72, gigb. 844,4
m; 1 polareid

Fig. 8. Aggregates of microcrystalline kaolinite and post-mica pseudomorphs against clay-organic back-
ground of tonstein; upper tonstein, borehole L. 129, depth of 857.2 m; crossed polaroids

Agregaty mikrokrystalicznego kaolinitu oraz pseudomorfozy pomikowe w ilasio-organicznymn tle tonsteinu;
tonstein gérny, otwér L. 129, gleb. 857,2 m; polaroidy x

All sarnples origin from the coal seam no. 385 in the Lublin Coal Basin
Wszysikie prébki pochodza z pokiadu 385 LZW
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PLATEII

Fig. 9. Post-biotite(?) pseudomorph displaying pseudohexagonal habil in tonstein; borehole O 19, depth of
867.9 m; one polaroid

Pseudomorfoza pobiotytowa(?) o pseudoheksagonalnym pokroju w tonsieinie; otwér O 19, gleb. 867,9 m;
1 polareid

Fig. 10. Post-biolite{?) pseudomorph in tenstein; traces after zircon inclusions occurring primarily in
mica-well seen; borehole 1. 74, depth of 816.3 m; one polaroid

Pseudomorfoza pobiotylowa(?) wlonsteinie; widoczne Slady po wystgpujacych pierwolnie w mice wrostkach
cyrkonu; otwér L 74, glgb. 816,3 m; 1 polaroid
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PLATE III

Fig. 11. Plate of non-allered biotite in tonstein; borehole L 57, depth of 845.2 m; crossed polaroids
Blaszka niezmienionego biotytu w tonsieinie; olwdr L 57, glgb. 845,2 m; polaroidy x
Fig. 12. Fragmenl of plate of potassivm feldspar (sanidine?) in tonstein; borehole L 57, depth of 945.2 m;

crossed polaroids
Fragment tabliczki skalenia potasowego (sanidynu?) w tonsleinie; otwér L. 57, gleb. 945,2 m; polaroidy x
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[reneusz LIPIARSKI, Marek MUSZYT(ISKI, J6zef STOLECKI] — Tonstein from the coal seam ne. 385 in
the Lublin Formation (Lower Westphalian) from the Lublin Coal Basia



PLATE IV

Fig. 13. Clay-silica pseudomorphs afier feldspars in tonstein; borehole L. 63, depth of 866.4 m; crossed

polaroids

Pseudomorfozy ilasto-krzemionkowe po skaleniach w tonsteinie; otwér L 63, glgb. 866,4 m; polaroidy x
Fig. 14. Apatite crysial (transverse section) in tonstein; borehole L 74, depth of 816.3 m; one polarcid
Krysztat apatytu (przekréj poprzeczny) w tonsleinie; otwér L 74, glgb. 816,3 m; 1 potaroid
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[reneusz LIPLARSKI, Marek MUSZYNSKI, J6zef STOLECKI — Tonstein from the coal seam no. 385 in
the Lublin Formation (Lower Westphalian) from the Lublin Coal Basin



PLATEV

Fig. 15. Apatite crystal (1ransverse section) in lonstein; boreholc L 72, depth of 844.4 m; one polarcid
Krysztat apatylu (przekroj poprzeczny) w tonsteinie; otwér L 72, glgb. 844,4 m; 1 polaroid
Fig. 16. Apatite crystal (longitudinal section) with individual inclusion in tonstein; borehole L 74, depth of

816.3 m; ane polaroid
Kryszial apatytu (przekrdj podiuiny) z pojedynczym wrostkiem w tonsteinie; otwér L 74, gigb. 816,3 m; 1
polaroid
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Ireneusz LIPTARSKI, Marek MUSZYNSK]I, Jézef STOLECKI — Tonstein from the coal seam no. 385 in
the Lublin Formation {(Lower Westphatian) from the Lublin Coal Basin





