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Microfacies types of coal seams
in Upper Silesian Coal Basin

The microfacies character of Upper Silesian coal seams has been investigated on the ground of micro-
lithotype analises. As a result following microfacies types of coal seams have been determined: I —
basic type, the most common one, with coal composed predominantety of vitrite and trimacerite, both
of them exceeding 15% amount; other microlithotype groups are in minority; I1 — vitrite type where
only vitrite exceedes 15% and other microlithotype groups are in minority; III — clarte 1ype, where
apart of vitrite and trimacerite also clarite exceedes 15% of total amount; IV — durite-inertite type
where apart of vitrite and trimacerite also either durite of inertite (or both) exceedes 15%; of total amount ;
V¥ — mixed type where apant of vitrite and trimacerite also clarite and either durite or inertite (or both)
exceedes 159% of total amount; VI — carbominerite type where apart of vitrite and trimacerite as well
as other microlithotype groups also carbominerite exceedes 15%;.

The distribution of these types throughout the Upper Carboniferous succession in Upper Silesian
Coal Basin, compared with macrofacial development of associated rocks, suggest following conclusions:
1 — there is uniformity in macro- and microfacies in Upper Silesian coal-bearing formation; 2 — the
microfacies character of Upper Silesian coals can be used as an indicator of their genetic conditions;
3 — forest swamps were the main source for coal seam formation but during Westphalian A and B
also calamitean reeds played probably alsc ap important role; 4 — the microfacies characteristics of
coal seams can be applied in practice for predicting their industrial application.

INTRODUCTION

The Carboniferous coal-bearing formation in Upper Silesian Coal Basin is
subdivided into following lithostratigraphical series (Z. Dembowski, 19724):

— Paralic Series {Namurian A); ‘

— Upper Silesian Sandstone Series {Namurian B and C);

— Siltstone Series (Westphalian A" and B);

— Cracow Sandstone Series (Westphalian C and D).

Each of these series can be determined by some peneral lithofacial features
which distinguish them from other sedimentary successions. Petrographical in-
vestigations of samples pathered from most of mines and boreholes distributed
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throughout the basin and representing Upper Silesian coal seams from all lithostrati-
graphic series revealed that their petrographic composition show clear relationship
to macrofacies features of the series.

The purpose of this paper is to clear up this relationship on the ground of micro-
lithotype analysis of Upper Silesian coals. As a result, the microfacies systematics
of Upper Silesian bituminous coals is presented along with a hypothesis of genetic
conditions of Upper Silesian coal seams formation.

GENERAL REMARKS

Upper Silesian coals developed almost exclusively in humic facies. Sepropelic
coals are rare and usually associated with humic coal seams as their top or base
sediments. Microscopical analysis of some 3,000 samples of coal, collected from
all stratigraphic units in most of Upper Silesian coalftelds, revealed significant
regularites. Upper Silesian humic coals are mostly composed of following groups
of microlithotypes:

Vitrite, occurying as bands and lenses originated from stems and branches
under condmons of high ground water level and restricted oxygen supply,
collite, seldom telite, dominates in most of analysed coals. Only in the saddle group
{Anticlinal Beds — Namurian B) coal seams are often dominated by the second
abundant group — trimacerite.

Inertite, usually represented by lenses or, sometimes, bands of semifusite,
fusite, sclerotite and inertodetrite, is fess common in the majority of known coals
seams. Fusite and semifusite present in Carboniferous coals are regarded as
degradofusinite and degradosemifusinite rather than pyrofusite and are recognized
as remains of temporarily dried peat surface which was exposed to the influence
of oxygen from the atmosphere (M. Teichmiiller, 1975). Also origin of macroite
is connected with the process of superfacial oxygen. lnertodetrite is connected
with subaquatic facies.

Liptite has been recognized in some of analysed coals, usually as lenses
of resinite, thick megaspores in fower rank coals or as sporangia, usually in amounts
not exceeding 1%.

Clarite is found in variable amounts in bands or, sometimes, lenses m most
of analysed coals. The most common microlithotype of this group in Upper Silesian
coals is sporoclarite, though beautiful examples of cuticuloclarite have been also
found in several coals. Resinoclarite was often identified in thicker bands or lenses
{50 um) of telinite with cell lumens infilled by resinite. According to M. Teich-
miiller (1975) "...clarites suggest a formation under moist conditions and so the
microlithotype is particularly common in seams of rapidly subsiding coal basins...”.
In coals affected by Il-nd coalification jump clarite is converted into vitrite due
to the process of vitrinitisation of exinite.

Durite in most of analysed coals is usually represented by spore-rich durite
related to subaquatic ooze deposits (M. Teichmiiller, 1975). These durites normally
consist of Crassisporites (Densosporites sp., Anulatisporites sp., Cingulizonates sp.,
Crassispora sp.) plus macrinite, macrinite and inertodetrinite which also indicate
their subaquatic origin. Thick seams often particutarly rich in durite develop in
areas of slowly subsiding basement (M. Teichmiller, 1975).

Vitrinertite in Upper Silesian coals of lower rank is found regularly
in rather small amounts. This type of vitrinertite composed of finely dispersed
micrinite in collinite or as tellinite with cell lumens impregnated by micrinite is
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“according to M. Teichmiiller {1975) attributable to frequent dessication of swamps.

According to M. Shiboaka (1978), at least some part of micrinite in vitrinertite
arises from porigellinite. Coals of higher rank which passed aiready li-nd coalifica-
tion jump are enriched in vitrinertite due to transformation of trimacerite and loss
of its exinite in the process of , vitrinization”.

Trimacerite which besides of vitrite is the most common group of micro-
lithotypes in Upper Silesian coals, is transitional between clarites and durites.
The most common type of trimacerite in Upper Silesian seams is represented by
exinite-rich duroclarite which most likely have been formed in subaquatic con-
ditions. Clarodurite consisting of inertodetrite fragments may suggest periodic
dessication of the surface. This type of trimacerite is often common in Anticlinal
Beds (Namurian B, lower part of Upper Silesian Sandstone Group).

Carbominerite is commonly identified in Upper Silesian coals, especially
in siltstone series (Zaleze and Orzesze Beds), in the form of carbargilite. Carbo-
pyrite is less abundant but also quite frequent. Carbankerite was found fo occur
in negligible amounts and carbosilicite is rare. Carbopoliminerite is normally iden-
tified as pyrite associated with clays in coal. Minerite mainly occurs as clay lamines
or lenses more then 50 pm thick throughout the whole coal-bearing succession
but in various amounts. Both carbominerite and rock are common in Ruda, Za-
leze and Orzesze Beds. Less frequently they were identified in Poruba, Laziska
and Libigz Beds.

All above mentioned microlithotypes usually form characteristic assemblages.
Quantitative microlithotype analysis shows that Upper Silesian coals can be
classified into six different types. The subdivision is based on abundance of in-
dividual maceral groups in given coal sample. It is t0 be stressed that only those
maceral groups were taken into account which were found in the amounts exceeding
15%.

According to these premises the following microfacies types were distinguished:

l. BASIC TYPE

Coals of this type are most common throughout the Upper Silesian succession.
They are dominated by two most common microlithotype groups: vitrinite and
trimacerite (other groups are in minority} and they can be considered as represen-
tative microfacies of Upper Silesian coal measures. Trimacerite passing 11-nd
coalification jump alters into vitrinertite. Vitrinertite in coals of lower rank in most
cases occurs in minor amounts. It is to be stressed up that vitrinertite in Upper
Silesian coals of lower rank consist of vitrinite associated with fine-grained micrinite
which according to M. Teichmiiller (1975} originate from bituminite during first
coalification jump. M. Shiboaka (1978) attributes genesis of micrinite rather to
porigelinite. 1t plays an important role in high-rank coals when replaces trimacerite
after second coalification jump.

Microscopically, vitrite-trimacerite-rich coal is [inely lamined and it consists
of altermating thin bright and matt layers. In such coal seams clarain dominates.
Generally, the coal seams were formed below water surface, under limnited oxygen
supply. More or less regularly (due to changes of subsidence), the facial condition
have changed and in a bit deeper water sediments precursory to trimacerite have
formed. When this process progressed, arised conditions for prae-durite forma-
tion. In vitrite-trimacerite coal seams such conditions were rare, and therefore
amount of durite in these coals doesn’t exceed 15%,. Coal contributed to a Upper
Sitesian basic type occurs in following varieties: 1 — vitrite-trimacerite, and 2 —
vitrite-vitrinertite, .
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II. VITRITE TYPE

The facies conditions related to high groundwater level and limited oxygen
supply are favourite for gelification and, when maintained for long periods of
time, coal seams may become enriched in single microlithotype group: vitrite. Coal
seams of this microfacies type macroscopically consist of vitrain bands. This micro-
facies type has no varieties. [ts range is shorter comparing to a basic type. Regularly
is found in Zaleze Beds of Siltstone Series (Westphalian A) and in the uppermost
part of Ruda Beds (top of Upper Silesian Sandstone Series, Namurian C). [t was
also identified in.single cases in the remaining parts of Ruda Beds. In Anticlinal Beds
(Namurian B); Orzesze (Westphalian B), Laziska Beds (Westphalian C) this type
was identified in single samples. In Paralic Series (Namurian A) and top section
of Cracow Sandstone Series (Libigz Beds, Westphalian D), vitrite type have not
yet been found.

III. CLARITE TYPE

This type is characteristic, because of abundant clarite {=15%) normalily
associated with vitrite or vitrite and trimacerite. Coals with predomination of
clarite-trimacerite so far were not found in coal-bearing succession. The most
common is sporoclarite with Lycospora sp. sp., but cuticuloclarite has also often
been found. This type may be subdivided into following varieties: | — vitrite-clarite,
and 2 — vitrite-clarite-trimacerite.

IV. DURITE-INERTITE TYPE

Several coal seams consist of microfacies type where apart of vitrite and tri-
macerite also inertite and durite occur in amounts exceeding 15%. This type is
subdivided into:

IVa — inertite subtype,

1Vb — durite subtype,.

IVc — durite-inertite subtype.

All of them occur in the same facies sequences.

IVa. Inertite subtype is enriched in inertite {mainly degrado-
fusite) which indicates longer dry periods during coal seam formation. Usually
it 1s associated with vitrite and trimacerite or vitrinertite and occurs in thick coal
seams in Upper Silesian Sandstone Series (Namurian B and C) and Cracow
Sandstone Series (Westphalian C and D). Within this subtype following varieties
have been recognized: 1 — inertite-trimacerite, 2 — vitrite-inertite-vitrinertite,
3 — witrite-inertite-trimacerite, and 4 — inertite-vitrinertite.

IVb. Durite subtype in Upper Silesian coals, enriched mostly in
crassidurite, is connected with more frequent and longer facies conditions favour-
able for accumulating subaquatic coze deposits (P.A. Haquebard, 1964, D. Rei-
deneuer et al., 1967; M. Teichmiiller, [950; A.H.V. Smith, 1964, 1968). This sub-
type is regularly distributed in Upper Silesian Sandstone Series, being common
in Laziska Beds {Cracow Sandstone Series). The following varieties have been
distinguished within this subtype: | — vitrite-durite, 2 — durite-trimacerite, and
3 — vitrite-durite-vitrinertite.

IVe. Durite-inertite subtype is characterised by abundance
of both inertite and durite which indjcates longer and more frequent periods of
dry seasons succeeded by seasons with higher water level, suitable for subaquatic
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_ooze deposition. Both microlithotype groups are normally associated with vitrite,
trimacerite, vitrinertite and consist of three or four abundant microlithotype groups.
Following varieties were identified: 1 — vitrite-inertite-durite, 2 — vitrite-inertite-
-trimacerite, and 3 — inertite-durite-trimacerite.

V. MIXED TYPE

In rare cases, mainly within Upper Silesian Sandstone Series, coal is cha-
racterized by microlitbotype composition where both clarite and durite or inertite
{or both) occur in significant amounts. Only 16 cases of such a type have been
found and following varieties distinguished: 1 — vitrite-clarite-inertite, 2 —
vitrite-clarite-durite-trimacerite, and 3 — vitrite-inertite-durite-clarite,

As stated above, this type and its variations are of marginal importance in
Upper Silesian Basin. Their occurrence is limited to Upper Silesian Sandstone
Series and the lowest part of Siltstone Series. Two samples of that type were
identified in Cracow Sandstone Series coals. Most of coals of this type belong to
thick coal seams. Facial conditions during their formation were probably for
some reasons more differentiated than normally.

VI. CARBOMINERITE TYPE

This type is characterized by abundant carbominerite, mostly carbargillite
or minerite, occurring in laminae and lenses thicker than 50 pm and it is associated
with Siltstone Series and Ruda Beds {upper part of Upper Silesian Sandstone
Series). In coals of Paralic Series as well as lower part of Upper Silesian Sandstone
Series (Anticlinal Beds) and Cracow Series this type is less frequent and usually
connected with different type of carbominerite. The most common varieties of
this type are connected with vitrite, clarite and basic {vitrite-trimacerite) types
where carbominerite usually is represented by carbargillite. They occur regularly
in Zaleze Beds together with vitrite, clarite and basic types and following common
varieties were distinguished: 1 — vitrite-clarite-carbominerite, 2 — vitrite-clarite-
-minerite, 3 — vitrite-clarite-carbominerite-minerite, 4 — vitrite-minerite, 5 — vi-
trite-carbominerite, 6 — vitrite-carbominerite-minerite, 7 — vitrite-trimacerite-car-
bomineérite, 8 — vitrite-trimacerite-minerite, and 9 — vitrite-clarite-trimacerite-car-
bominerite. The latter one was distinguished in a single sample (coal seam no.
329/3). Varieties connected with inertite-durite type are significantly less common -
and were mainly identified in the part of Zalgze Beds between coal seams 405 and
362. Following varieties were distinguished: vitrite-inertite-carbominerite, vitrite-
-inertite-minerite, and vitrite-inertite-trimacerite-carbominerite.

In single sample the variety: vitrite-clarite-durite-minerite was identified. As
it was stressed above, carbominerite as well as minerite are mainly represented
by clayish components. Quite commonly found is also pyrite {(syngenetic as well
as epigenetic) and in several coal seams more or less abundant carbonates were
identified. Quartz is rare and usually insignificant mineral component of Upper
Silesian coal seams. Carbopolyminerite normally consist of argillite plus pyrite
integrally mixed up with organic matter. Clay mineral contaminations in Zaleze
Beds are obviously connected with aleuritic-pellitic macrofacies. Mineral contamina-
tions in inertite-durite type of coal in both Sandstone Series are usualily very low.
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DISTRIBUTION OF MICROFACIES TYPES
IN UPPER SILESIAN CARBONIFEROUS PROFILE

As it was stressed above, several lithostratigraphic units may be distinguished
by their specific microfacial character in Upper Silesian coal-bearing strata.

Detailed distribution of types and their varieties is presented 1o Tables 1 —4.
Development of coal bearing organic-inorganic sediments in Upper Silesian Basin
is characterized by lithostratigraphic complexes connected with specific seam
petrographic features discussed below.

PARALIC SERIES — NAMURIAN A (TABLE 1)

The oldest coal bearing series has the local subdivision into Pettkovice, Hru-
$ov, Jaklovec and Poruba Beds. First coal bearing sequence in Polish part of the
basin are Hrufov Beds. By now they are exposed exclusively in Gliwice Mine.
They reach a thickness of 1300 m and are divided into two megacyclothems of
the coal bearing sedimentation (A. Kotas, W. Malczyk, 1972a).

The lower megacyclothem, 360 — 650 m thick, comprises coal-bearing sediments
beginning with whetstone, considered either as quartz pellite or a sort of tuffite
(J. Kuhl, 1955). It consist of several coal intercalations and nineteen of the more
constant seams, numbered 848 — 829. The coal-bearing complex is clearly cyclical
in pattemn of beds and paralic in character (A. Kotas, W. Malczyk, 19724) and its
thickness ranges from 310 to 520 m. The sandstone content in the column of this
series ranges from 37.1 to 58.6%. Thick interbeddings of ¢laystone-siltstone rocks
with syderite concretions predominate here. Marine fauna occurs in three inter-
calations in the middle part of the packet. Only two coal seams 816 and 819 were
analysed from microfacial point of view. Both maceral and microlithotype analysis
indicate clarite type but further investigations of coal seams from HruSov Beds
are necessary.

Jaklovec Beds lay between two thick and widespread barren sediments
with marine bands: Enna (VII) and Barbara (V). They are typical limnic sediments
with frequent zones of fresh-water fauna. Their maximum thickness is about 380 m
in average and contain aproximatelly 35 coal seams numbered from 723 to 701
(A. Kotas, W. Malczyk, 19724). The sandstone content varies from 26 -449 in
Jejkowice Trough to 439 in Gliwice Mine. The stratigraphic equivalent of Jaklo-
vec Beds in Dabrowa Region and the eastern part of the basin is the uppermost
part of Flora Beds and lower part of Grodziec Beds (A. Jachowicz, 1972). Their
thickness reaches 200 m in the Maczki area and rises up to 450 m in the Jowisz
Mine. Their basal part is framed by sandstone overlied by claystone-siltstone com-
plex, including Barbara (V) marine horizon with very rich assemblage of fauna.
Coal seams are rather thin (A. Kotas, W. Malczyk, 19724a). Microfacies character
of 703, 707, 708, 721 coal seams from four mines is mainly of basic type. Seam 703
from Chwalowice Trough is characterized by clarite type (vitrite-clarite variety).
Coal seam 707 from Rymer Mine is characterized by inertite-durite type 1V {vitrite-
-trimacerite variety). Maceral analysis of these coals shows increase of inertinite
content comparing to Hrufov Beds.

Poruba Beds and their equivalent in north-eastern part of the basin —
Upper Grodziec Beds, are distributed in: Jejkowice and Chwalowice Trough,
Gliwice area, Dabrowa area, Main Anticline area and the eastern part of the Upper
Silesian Coal Basin. In Jastrzebie, Cieszyn and Main Trough areas Poruba Beds
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are strongly reduced. They constitute the uppermost lithostratigraphic member
of the Paralic Series. Their maximum thickness is 1100 m. The main marine bands
are known under names: Barbara (V), Gabriela (1¥b), Koks (1Va), Henryk (111),
Konrad (I1), Eleonora and the uppermost Gaebler (in bands Ia, 1b, lc and 1d).
Aproximately 80 coal seams were identified within this sequence. The more
important of them are numbered 630 to 601. The top part of Paruba Beds is eroded.
Lithologically this series consist of thick sandstone bands alternating w1th silt-
stone-claystone sediments {A. Kotas, W. Malczyk, 19724).

Coal seams from most of areas mentioned above have been examinated, namely:
601, 610, 613, 615, 620, 621, 625, 926, 628/2, 630/1 and 630/2. Coal seams of the
fower sequence of Poruba Beds (630 —620) are characterized by following micro-
facies types: basic type and clarite type, carbominerite type mostly connected with
clarite and basic types was also recognized. Following varieties were fixed up:

— clarite type: vitrite-clarite, vitrite-clarite-trimacerite;

— basis type: vitrite-trimacerite;

— carbominerite type: clarite connected variety, vitrite-trimacerite connected
variety.

Coal seams which occur in upper part of Poruba Beds {616 —601) are charac-
terized by clarite type and carbominente type. The latter one is different than in
coals in lower part and is represented by clarite connected variety and mixed clarite-
-durite connected variety. The latter, rare variety characterize seams 601 and 613
(Table 1). Average results of maceral analysis of Poruba coal seams show increas-
ing vitrinite and decreasing inertinite content comparing to Jaklovec Beds.

Microlithotype analysis from coals seams of paralic series show that generally
they developed in clante and vitrite-trimacerite microfacies, with mineral ingredients
occurring in some of samples. This type of microfacies indicates domination of
high water level conditions and mostly short dry periods. These conditions were
favourable for forest swamps and reeds development,

UPPER SILESIAN SANDSTONE SERIES — NAMURIAN B AND C (TABLE 2)

This series consists of two stratygraphic members: Anticlinal Beds and Ruda
Beds.

Anticlinal Beds (Namurian B) consist mostly of thick coal seams
accompanied by intercalations of dark grey siltstone and claystones. The sand-
stones are generally medium- and coarse-grained, containjng quartz, fragments
of quartzite, lydite also plagioclases and kalifeldspars. Muscovite is abundant
whereas biotite and chlorite is rather rare (A. Kotas, W. Malczyk, 19725).

The fine-grained rocks are represented almost exclusively by siltstone which
consists of quertz-hydromica-kaolinite pelitic mass, frequently chlorite and addi-
tions of carbonates (A. Kotas, W. Malczyk, 19725). 1t is well known fact that
Anticlinal Beds differ significantly from older sediments of Paralic Series. This
difference occurs also in microfacies character of thick coal seams 501 to 510.
Basic (vitrite-trimacerite) type is rather regularly represented (Table 2), but vitrite
type was identified only in 501 seam and clarite type occurs irregularly, mainly as
vitrite-clarite-trimacerite variety. The typical microfacies type here is inertite-
-durite type which occurs in several frequently recognized variations: vitrite-durite-
-trimacerite, vitrite-inertite-durite, vitrite-inertite-durite-trimacerite, durite-trima-
cerite, vitrite-inertite, vitrite-inertite-trimacerite, vitrite-inertite-durite-trimacerite,
vitrite-inertite-vitrinertite, and vitrite-inertite-vitrinertite-trimacerite,

Characteristic features of this microfacies are; abundance of inertite and durite,
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domination of clarodurite in trimacerite, 3 and more microlithotypes abundant
in the coal seam, few cases of mineral matter contamination, the presence of rare
mixed type.

Maceral analysis of these coals shows the highest inertinite content and lowest
* vitrinite content within the whole coal-bearing succession.

Ruda Beds (Namurian Cj are the upper member of Upper Silesian Sand-
stone Series. Similarly to Anticfinal Beds sandstone predominate interspersed
with claystone-siltstone intercalation and thick ccal seams reaching as much as
6—8 m. Towards the top the lithological profile of Ruda Beds gradually changes
its sandy character and in its uppermost part begins to display more claystone cha-
racter. This change begins earlier in some areas (Bytom Trough, Ruda Synciine
and the north-western part of the basin — A. Kotas, W. Malczyk, 1972b4). From
petrographic point of view sandstones differ slightly in composition from the sand-
stones of Anticlinal Beds. Generally they contain less feldspars and grain — rise
variety is greater. Ruda Beds contain several coal seams numbered from 412 to
407. From microfacies point of view coal seams of Ruda Beds are similar to those
of Anticlinal Beds, but there are also some differences, for instance:

— vitrite type appears more frequently especially in upper part of beds (from
seam 408 and above) though regularity of its occurrence is still not very high;

— clarite type totally absent in lower part of the sequence becames frequent
from 413 seam up to the top seam 407;

— carbominerite type occurs rather regularly within the whole section;

— abundance inertite-durite type decreases towards the top of beds and
becomes irregular.

Maceral analysis shows that average inertinite content decreases comparing
to anticlinal seams in which the vitrinite content is generally higher (K. Kruszewska,
K. Olszewska, 1978; K. Kruszewska et al., 1977, 1983).

SILTSTONE SERIES — WESTPHALIAN A AND B (TABLE J)

Siltstone Series consist of two members: Zaleze Beds (coal seams numbered
from 406 to 328) which corresponds to Westphalian A in international stratigraphic
subdivision and Orzesze Beds (Westphalian B) with coal seams numbered from
327 to 303. They occur in following areas of Upper Silesian Coal Basin: Central
Trough area, Chwatowice Trough, Western Region, Cieszyn Region, Main
Anticline area and Dabrowa Region.

Lithologically the Siltstone Series as a whole is characterized by monotonous
and fairly uniform facies development. It consists of clastic, phytogenic and car-
bonate sediments (syderitic concrections). Tonstein horizons are also known here.
The most characteristic features of the series include predominance of aleuritic-
-pellitic sediments over coarse-clastic ones and the presence of large number
of coal cyclothems. There is a distinct increase of coarse-clastic rocks in the upper
part of the series — mostly above the group of seams 322 — 320, and in the Jaworzno
Region even lower with the result that clay and sandstone rocks occur in equal
proportions (J. Porzycki, [972). The siltstones usually account for from 32 to 389
of the total thickness of the series.

The claystone mostly accounts for from 45 to 56%, of the total thickness of the
series (J. Porzycki, 1972). The coarse-clastic sediments represented exclusively by
sandstones account for from 16 to 26% of the total thickness of the senies. They
occur throughout the entire succession mostly as rather thin bands of fine- and
medium-grained sandstones. Coarse-grained sandstones are in minority (J. Po-
rzycki, 1972).
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Coal seams and claystones on the average account for from 5 to 6% of the
total thickness of the series and their frequency is the greatest throughout the whole
Upper Silesian Carboniferous succession. Nevertheless, single coal seams are rather
thin usually and irregular in horizonted extension. Their microfacies character is
recognized very well mainly due to long-term works carried on by Central Mining
Institute in Katowice (K. Kruszewska et al., 1977, 1983).

Zategze Beds (Westphalian A). This is the best recognized lithostrati-
graphic unit throughout the whole Carboniferous succession. Some 134 coal seams
{from 406 to 328) from 22 mines and boreholes have been investigated. Ge-
neralized microfacial coal characteristics of these seams are as follows: regularity
of basic (vitrite-trimacerite) type occurrence; f{requency of vitrite type; frequency
of varieties: vitrite-clarite and vitrite-clarite-trimacerite of clarite type; frequency
of carbominerite type connected with vitrite, clarite and basic types. Its frequency
and variability is less intense than in Ruda Beds but still significant within coal
seam group 406/3-404 (Table 3). Varieties: vitrite-inertite, vitrite-inertite-vitri-
nerite, vitrite-durite-trimacerite, vitrite-inertite-durite-trimacerite, vitrite-durite-tri-
macerite, vitrite-inertite-durite-vitrinertite, inertite-durite-trimacerite and vitrite-
-inertite-vitrinertite-trimacerite were identified during microlithotype analysis
as well as varieties of carbominerite type connected with inertite-durite type.

The sequence between coal seams 403/2 and 357/2 is characterized by further
regression in frequency and variability of inertite-durite subtype (Tabie 3). Vitrite-
-inertite, vitrite-durite-trimacerite and one example of vitrite-inertite-vitrinertite-
-trimacerite varieties have been identified. Above seam 357/2 only seven coal
seams in few points are of inertite-durite type. Coal seams: 352/2 and 346/4, 336
and 332/1 are represented by vitrite-inertite variety in single analysed samples.

Three coal seams: 352/1, 349/5 and 346 are in single points characterized by
vitrite-inertite-trimacerite variety. Above seam 332/1 up to the top of Zalgze Beds
examples of inertite-durite type were so far not identified. Maceral analysis shows
reduction in average inertinite content.

Orzesze Beds (Westphalian B) are the continuation of microfacies cha-
racter of Zalgze Beds though some differences have to be taken into account. The
main features of these beds are as follows: domination of basic (vitrite-trimacerite) -
and clarite types; regression of vitrite type very characteristic for Zaleze Beds —
only in two coal seams: 312 and 303 this type was identified; less frequent mineral
contamination l.e. less frequent carbominerite type; inertite-durite type is almost
totally lacking and only one sample from seam 324 was characterized by vitrite-
-inertite-trimacerite variety. Maceral analysis show that Orzesze coal seams consist
in average of more vitrinite and of least inertinite in Upper Silesian coal bearing
succession.

CRACOW SANDSTONE SERIES — WESTPHALIAN C AND D (TABLE 4}

The last series of coal-bearing strata in Upper Silesian Coal Basin is subdivided
into two members: lower faziska Beds {Westphalian C) and the uppermost Libigz
Beds (Westphalian D). The lithological development of the Cracow Sandstone
Series is fairly uniform but, nevertheless it can be divided into following two parts.
taziska Beds, forming a lower part and comprising the sequence of beds from
the base of the series, which develop as a complex of coarse clastic sediments with
bands of siltstone-claystone layers usually adjusted to thick coal seams. Libiaz
Beds: constitutes the upper part of Cracow Sandstone Series comprising of the se-
quence of beds from the base of the siltstone band that underlines seam [19, to
the top of the coal-bearing sediments {(Z. Dembowski, 19725).
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Laziska Beds from microfacies point of view differ strongly from Orze-
sze Beds. Their characteristic features are as follows: the complete tack of vitrite
type; infrequent vitrite-clarite variety of clarite type; more or less regularly iden-
tified vitrite-clarite-trimacerite variety of clarite type; very regular {with few ex-
ceptions) occurrence of basic type ; the comeback of inertite-durite type with follow-
ing varieties: vitrite-inertite, vitrite-inertite-trimacerite, vitrite-inertite-durite-tri-
macerite, durite-vitrinertite-trimacerite, vitrite-durite-trimacerite, vitrite-inertite-
-durite-vitrinertite; the comeback (in few samples) of mixed type.

Laziska Beds resemble in some way microfacies character of upper part of
Ruda Beds (Table 2), but some differences have to be stressed. The main difference
between coal seams of those two beds is lack of vitrite type in Laziska Beds. Howe-
ver, occurrence and frequency of inertite-durite type varieties and presence of rare
mixed type as well as frequency of basic type are similar to coals from Ruda Beds.
Also average results of maceral analysis reveal similar frequency of vitrinite and
inertinite content in Faziska and Ruda Beds.

Libiaz Beds (Westphalian D). The uppermost sequence of Upper Silesian
coal-bearing succession is known only from Libiaz area and coal seam samples
taken from Janina Mine Group of seams numbered from 119/2 to 116 hawe
been analyzed. Their microfacies character is very peculiar and different from
that of other stratigraphic units. The most interesting feature of coal seams belong-
ing to Libiaz Beds is regression of basic type which occurs exclusively in the basic
seam 119/2, Seams 117 and 118 are of clarite type, whereas uppermost group of
analyzed seams 116/2, 116/1 and 116 is characterized by durite subtype as well
as mixed and carbominerite types. Maceral analysis of Libiaz seams reveal lower
share of less inertinite and more vitrinite than Eaziska seams. It is to be stressed
up that presented data on Libiaz Beds are rather incomplete and further investiga-
tions of these coal seams are recquired.

DISCUSSION

g The analysis of microfacies character of coal seams throughout the Upper
Silesian Carboniferous coai-bearing succession makes it possible to draw some
remarks. The two microlithotype groups: vitrite and trimacerite are basic com-
ponents of Upper Silesian coals and can be considered as indices of facies condi-
tions of phytogenic sedimentation of most coal seams in Upper Silesian Coal Basin.
Yitrite is believed to form in forest-swamps facies with a high groundwater level.
The origin of trimacetite is more complicated. Most of Upper Silesian coals show
characteristic predomination of spore-rich duroclarite, which according to M.
Teichmiiller (1975) probably formed under the water, similarly as exinite-rich
clarites. As show Tables 1 —4, most of analyzed coal seams are characterized by
more than one microfacies type. The reconstructed microfacies development of
coal seams throughout the whole coal-bearing succession was probably as follows:
the sedimentary environment at the oldest Hru§ov and Jaklovec coal seams is still
poorly known because of insufficient analyzed material. Few analyzed samples
of Jaklovec coal seams represent types: clarite, basic and inertite subtype, which
indicate variety of conditions during coal formation. The only one case of higher
inertite content among all analysed paralic coal seams was fixed up in one of samples
from the seam 707 (Table 1).
Coal seams from Poruba Beds are fairly well known. They developed in two
microfacies types: basic and clarite, which indicates that they formed mostly in
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forest swamps and reeds. A subaquatic deposition favourable for clarite and duro-
clarite formation have been frequent during that period. General microfacies
character of paralic coal seams indicates high water level, intensive subsidence
and short dry seasons. Microfacies character of Sandstone Group with significant
predominance of inertite and durite thick layers and clarodurite predominant
in trimacerite as well as irregular occurrence of clarite type and total lack of vitrite
type, indicates different facies conditions comparing to those during Paralic Series
formation.

Slow subsidence, long periods of peat surface drainage favourable for degrado-
fusite and degradosemifusite formation as well as for swamp fires ,,producing”
pyrofusite and pyrosemifusite, were separated by high water intervals when in
subaquatic conditions crassidurite have been formed. Very likely, at least part of
inertodetrinice groundmass of this durite is due to desintegration and hypau-
tochtonic sedimentation of contemporary fusites and semifusites. Vitrite forma-
tion though still noticable has taken place the least once during formation of the
Upper Silesian coal-bearing profile. Such microfacies conditions for coal seams
formation were accompanied by specific clastic sedimentation characterized by
origin of alluvial rocks in river channels (A. Kotas, W. Malczyk, 19725).

Both macro- and microfacies character of Ruda Beds overlying Anticlinal Beds
are in a way different from the latter ones. The Ruda Beds arised from a different
sedimentation rhythm that began with intensification of erosion and that covered
an area greater than that of the Anticlinal Beds (A. Kotas, W. Malczyk, 1972b).
Also different sandstone composition and the distribution of the thickness of the
series differs widely. Upper Silesian Sandstone Series as a whole constitutes a full
megacyclothem with sediments marking the period of orogenic movements of the
Erzgebirge phase and the associated reconstruction of the area where the coal-
-bearing molasse sediments were deposited from a foredeep to an ineramontane
depression (A. Kotas, W, Malczyk, 1972a).

Ruda Beds constitute upper part of this megacyclothem and microfacies cha-
racter of their seams is gradually altering from similar to that of anticlinal seams
to resembling already siltstone series seams. Similarly to anticlinal seams they
are still regularly rich in inertite, but durite becomes less frequent (Table 2), basic
type occurs regularly, and trimacerite is already composed mainly of durociarite.
First irregular occurrences of vitrite type have been noticed along with and more
or less regular presence of this type starts from seam numbered 408.

Clarite type in vitrite-clarite-trimacerite variety occurs more or less regularly
from the middle part of Ruda Beds (the level of seam 413}, Also within Ruda seams
mineral contamination occurs, on contrary to very ,.clean” anticlinal coal seams.
It is to be stressed up that most of Anticlinal and Ruda seams often alters ho-
rizontally from one microfacial type to the other. The famous 510 coal ((Reden,
Pochammer) for instance, represents types: clarite, carbominerite, basic (vitrite-
-trimacerite), durite and inertite subtypes and altogether 14 varieties (Table 2).
Coal seam 504 represents alsc four microfacies types: clarite, basic (trimacerite),
inertite and durite subtypes and mixed type, altogether 12 varieties. Ruda seams
gradually become less differentiated, but still are distinctly variable.

Above presented microfacies characteristic of Upper Silesian Sandstone Series
coal seams indicates that they generally formed under conditions of slow subsidence
with long high water periods ¢onditions favourable for subaquatic predurite sedi-
mentation separated by dry periods favourable for fusite, semifusite formation.
In Ruda Beds conditions for subaquatic crasidurite sedimentation were gradually
regressing whereas dry periods are traceable up to the top of the series. Sub-
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aquatic crassidurite-forming conditions were in the uppermost part of the series
replaced by conditions favourable for development of calamitean reeds which
provided sporite-rich clarite formation.

In the uppermost part of the series begins regular development of vitrite type
which reflects the start of forest swamps domination with ground water level
high enough to form thicker vitrite bands and layers. The process of forest swamps
and reeds development combined with subaquatic duroclarite-type deposition is
displayed throughout the whole Zal¢ze Beds sequence. Domination of vitrite,
clarite and basic type (the latter becomes less regular in the upper part of beds), and
constant regression of inertite-durite type as well as significant frequency of carbo-
minerite type provide the complex of characteristic features for Zalgze Beds.
Moisture, high groundwater level, shorter and infrequent dry periods, provided
conditions for large development of forest swamps accompanied by reeds.

The regression of dry inertinite-forming conditions reached their optimum in
the uppermost part of Zalgze Beds (above searn 336) and especially in Orzesze
Beds. Within these beds microfacies domination of vitrite-clarite-trimacerite variety
of clarite type (Table 3) indicates a balance between forest swamps and calamitean
facies.

Altogether the microfacies history of Siltstone Series coal seams indicates con-
tinously growing subsidence, prolongation of wet seasons, high groundwater
level and subaquatic conditions favourable for clarite-duroclarite formation.
The last distinct change in microfacies character of coal seams in Upper Silesian
coal bearing succession took place within Cracow Sandstone Series (Tables 4,
Fig. I). Similarly to older Orzesze Beds vitrite-clarite-trimacerite variety of clarite
type occurs regularly but comeback of basic and inertite-durite types is the main
feature of this series. Carbominerite type is again in regression. Microfacies con-
ditions of Laziska Beds in the lower part of the series resemble those of the upper
part of Ruda Beds but inertite subtype occurs less regularly and carbominerite
type is less frequent than in the latter ones. Also total lack of vitrite type is typical
for this beds. Finally, the top beds of Upper Silesian succession consist of a coal
seam group where basic type have been identified so far in only one, lowest seam,
vitrite type is absent and microfacies characteristic is limited to clarite type, durite
subtype, one example of mixed type and two cases of carbominerite type. In addi-
tion microfloral and macrofloral characteristic of these beds differs widely from
oldest carboniferous sediments (A. Jachowicz, 1972). Further investigations should
prove whether presented microfacies characteristic reflect different facies condi-
tions during formation of those seams.

PRACTICAL ASPECTS OF MICROFACIES INVESTIGATIONS

Apart of facies-genetic questions connected with microfacies development
of coal seams, some practical advantages can be also taken into account. As stressed
above, results of microlithotype coal seam analysis in a given point, provides
information about maceral distribution and complexity within coal sample which
is essential for further coal utilisation. Maceral analysis informs about maceral
or maceral group proportions in analysed sample but from technological point of
view it is also important to know the way macerals composed microlithotypes
or microlithotype groups. In presented paper defined microfacies types and va-
rieties of coal seam provide following informations:

[ Basic type Shows that vitrite and trimacerite or vitrinertite are
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in majority and at least a part of exinite is integrated with vitrinite, [nertite together
with durite constitute less then 309, of the whole analysed coal samples and car-
bominerite and minerite are also in minority. Such coal can be considered as a good
raw material for all kinds of utilization.

II. Vitrite type. Predomination of the only one microlithotype group —
vitrite means that each of other microlithotype groups occurs in amount minor
to 15%. This type of coal is particulary precious for carbonization and liquifac-
tion processes.

IIi. Clarite type. This type shows that coal is overdominated by vitrite
and clarite. Trimacerite can be in some cases the 3rd abundant component of this
type. The most important variety for coal liquifaction is that composed of vitrite-
~clarite, but also vitrite-clarite-trimacerite is positive for this purpose.’

IV. Inertite-durite type. This type informs, that apart of reactive
vitrite and semireactive trimacerite (the usual components of most of varieties
within this type) inertite of durite or both microlithotype groups take an important
part in microfacies coal composition exceeding 15—309%; of total sample organic-
-inorganic mass. This type indicates possible troubles with given coal during its
carbonization or liguifaction as well as gasification and in some cases even com-
bustion. Especially unwelcomed are coals characterized by inertite subtype as
coarse fusite-semifusite layers and lenses are known as the most inert organic
constituents. [t is necessary to add that tnimacerite in those coals is usually over-
dominated by clarodurite,

V. Mixed type. Cases of this type are very rare and therefore not taken
into accouat. ,

VI. Carbominerite type. [tspractical importance is notclear, depend-
ing on such factors as character of mineral matter, its syn- or epigenetic origin
and the mode of use of a piven coal. Syngenetic carbargillite or carbopyrite, very
difficult for mechanic separation, are definitely negative from carbonization point
of view, but under special conditions they can be even welcomed in batch autoclave
liquifaction tests. The last remark concerning microfacies analysis is of workshop
importance. To make results as short and clear as possible in routine laboratory
work one can use microlithotype symbols instead of full names: vitrite — V, iner-
tite — J, clarite — Ct, durite — D, vitrinertite — V¢, trimacerite — Tr, carbo-
minerite — Cm.

The information about proportions between main microlithotype groups in
given type variety is fixed by order of their recording. For example: coal of clante
type, vitrite-clarite-trimacerite variety where the most abundant is vitrite, next
clarite and the least (but still more than 15%) trimacerite will be recorded as
follows — Tr— Ctr—V — this characteristic is easy to understand and can be
used for storing microfacies data in computerized Bank of Information.

CONCLUSIONS

As a summary following conclusions are to be pointed out:

1. There was uniformity in macro- and microfacies conditions during sedi-
mentation Upper Silesian coal-bearing formation. Sandstone series are generally
connected with development of inertite-durite type, whereas vitrite and clarite
types are characteristic for siltstone aleuritic-petitic series. This regularity suggest
autochtoneous origin of Upper Silesian coal seams.

2. Vitrite and clarite types can be used as indicators of rapid subsidence,
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moisture, high groundwater level suitable for development of forest swamps with
lepidophytes and pteridospermes forming vitrite, as well as calamltean reeds provid-
ing clarite and duroclarite microfacies.

3. Inertite-durite type indicates stow sinking of basement and frequent periods
of forest swamps dramnage in time of sedimentation of Upper Silesian Sandstone
Series formation.

4. Forest swamps were the main source for coal seams formaticon, but during
Westphalian A and B period, characterized by siltstone series sedimentation, cala-
mitean reeds played probably also an important role in formation of phytogenic
deposits of coal seams. All stratigraphic members have their typical microfacies
character which allows to distinguish them within the whole succession and can
be helpfull in lithostratigraphic differentiation of Upper Carboniferous sediments
in Upper Silesia.

5. Microfacies coal seams characteristics by type can be applied in practice
for selecting their industrial utilization.

Translated by the Author
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Krystyna KRUSZEWSK A

TYPY MIKROFACJALNE POKEADOW WEGLA
W GORNOSLASKIM ZAGLEBIU WEGLOWYM

Streszczenie

W pracy omowiono mikrofacjalny charakter gérmoélaskich weghi kamiennych in site w oparciu
o wydzelone nastepujaee typy mikrofacjalne:

[. Typ podstawowy (wilrylowo-trimacerytowy), w ktdrym witryt i trimaceryt luh witrynertyt w
kazdym przypadku przekraczajg 15% udzialu w analizowanej probee wegla, Zawartoéé kazdego z po-
zostatych grup mikrolitotypéw wynosi 0-14%.

II. Typ witrytowy, w ktérym jedyna dominujacg grupa mikrolitotypéw przekraczajacy | 5% udzia-
tu w probee jest witryt. Pozostale grupy mikrolitolypdw wystepuja w ilosciach 0—14%.

1I1. Typ klarytowy, w ktoérym obok podwyzszonej (15%) zawartodci grup mikrolitotypow witrytu
i trimacerytu lub witrynertytu stwierdza sie wystgpowanie klarytu w iJodci przekraczajgcej 15% udziate
w danej prébee wegla. Zadna z pozostalych grup mikrolitotypéw nie przekracza 15%.

IV. Typ inertytowo-durytowy, w ktérym obok witrytu i trimacerytu lub witrynertytu pojawiaja
sig w ilokciach 15% inentyt i duryt. Wydzielono tu trzy podiypy:

— inertytowy, w ktérym z dwu grup mikrolitotypéw i'neny1 przekracza 159% zawartosci, a duryt
wystgpujc podrzednie;

— durytowy o podwyzszonej (15%) zawartosci durytu, a inertyt wystgpuje w ilodci 0— 14%,

— inertytowo-durytowy, w ktdrym zardwno inertyt, jak i duryt przekraczaja 15% udziatu w probee.

V. Typ mieszany, w ktérym obok witrylu i trimacerytu lub witrynertytu wystepuig rdownolegle
podwyzszone ilosci klarytu oraz durytu lub inertytu (15%).

VI. Typ karbominerytowy — kazdy rodzaj typu mikrofacjalnego, w kidrym stwierdza sie pod-
wyzszong zawartosé karbominerytu lub skaly plonpej w ilosci powyzej 15%,. W zaleznoéci od wystg-
powania innych mikrolitotypdw wyrdinia sig nastepujace podiypy:

— karbominerytowo-trimaceryrowy,

— karbominerytowo-witrylowy,

— karbominerytowo-klarytowy,
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—~ karbominerytowo-inertytowo-durytowy.

W obrebie typdw wyréiniono ich odmiany w zaleznoéci od udziatu poszczegbdlnych mikrolito-
typoéw. Analiza rozmiesztzenia typéw mikrofacjalnych i ich odmian prowadz do nastgpujgcych
wnioskow :

1. stnieje powigzanie w makro- i mikrofacjalnym rozwoju csadéw karbonu gérnoslgskiego.
Ogdlnie tzecz biorge, serie piaskowcowe sg zwigzane z wysigpowaniem lypu inertytowo-durylowego,
podezas gdy serie paraliczna i mulowcowa charakieryzujg si¢ typami witrytowym i klarytowym. Zgod-
nofé ta sugeruje autochtoniczng genez wegli gdrnodlaskich.

2. Wysi¢powanie typdw witrytowego i klarytowego sugeruje znaczng subsydencje, warunki wil-
gotne i podwyiszony poziom lustra wody w czasie tworzenia si¢ poktadow wegla.

3. Typ inertytowo-durytowy sugeruje wolne osiadanie dna i czeste okresy wysuszania torfowiska,
w czasie ktérych zachodzily procesy utleniania masy torfowej.

4. Lasy bagienne byly podstawowym czynnikiem weglotworczym w goérnosélgskim karbonie weglo-
noénym, nie mniej w okresie powstawania serli mulowcowej prawdopodobnie wigksza rol¢ odgrywaty
rowniez oczerety kalamilowe dostarczajace materiatu do tworzenia si¢ klarytéw sporowych.

5. Poszczeglne warstwy stratygraficzne serii weglonosnej charakteryzujg sig specyficomymi dla
siebie zespolami {ypéw mikrofacjalnych pozwalajacych na wyrdinienie ich w profilu warstw.

6. Typy mikrofacjalne moga byé wykorzystane jako cenne wskazdwki przy ocenie perspektyw
wykorzystania wegli in sifu.

KpuicThiHa KPYLUEBCKA

MUKPODALMANBHBIE THMbl YIONbMbIX NAACTOB
B BEPXHECHUNE3CKOM YIroNnbHOM BACCEMHE

Peswome

B cTaThe paccMOTpeH HHKPOAUWANLHLIA COCTAB BEPXHECHMEICKMX KAMEHHbIX YTneid in situ Ha
OCHOBE CneAyloWwnx MUKpodalHankHLIX THNOB™

[. OcHoBHOH THM (BATPHTOBO-TPHMALEPHTOBLIA) TAE BATPHT W TPMMALEDHT HNH BHTDHHERTHT
BO Bcex cryvaAax npesniwaret 1394 cocrasa apanusupyemod npober yrna, CopepxaHue Kaxpoir Wi
OCTankHBIX FPYNN MUKPONHTOTHNOR cocTaenAer 0—149.

Il. BuTpuToBBIA TN, rae eauncTeeHHol npeobnajalowed rpynnoi MHKPONWTOTHMOB, MpPEBhLI-
warowen 15% cocrasa npobbl, ABNAETCA BUTPHT. OCTaNbHbIE rPYNNbl MHKPONHTOTKNCE COCTABNAMDT
0—14%,.

Ill. KnapuToBuiA THN, 8 KOTOPOM HapAgy ¢ noduiweHHbiM {159%) cogepwanden rpynn Mukpo-
NUTOTHNOB BHTPHTA M TPHMAUEPHTA HIM BHTPHHEPTHTA, OTMEYAETCA COAEPXKAHWE KNAPHTA, NpeBbl-
waroulee 15%, cocrasa aanHoi npobwl yrna, Bee ocTankHbie TpYNNLi MHKPONMTOTWUNOB HE Npeaki-
waroT 15%. :

IV, MHepTHTOBO-ZYPHTOBLIA THN, B KOTOPOH HApPAAY C BHTPHTOM M TPHMAUEPHUTOM WM BHUTPH-
HEPTHTOM MOABNAKOTCA MHEPTHT M AYPHT B KonuyecTse 15%. 3seck sblaeneno Tpu noarpynnei:

— WHEpTHTOaaA, B KOTOPCH W1 ABYX FpyNn MMKPONWTOTMMNOR WHEPTHT coctamnseT Sonee 5%,
a AYPMT MMEeT BTOPOCTENEHHOE 3HAUEHHE,

— AypuToBas, ¢ nosbiueHHb (13%) cogepxannen ayphTa u 0—149, copepxaHuen MHepTHTa,
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— HMHEPTHTOBO-AYPHTOBAA, B KOTOPOW KaK MHEPTHT, TaK M AYPHT cocTaenatoT Gonee 15%, cogep-
WayHA npobbl.

Y. CHEWwaHHBIA THN, B KOTOPOM HAPAAY C BUTPHTOM W TPHHALBPHTOM HNH BHTPHHEPTHTOM CO-
AGPXMTCA NOBLILEHHCE KONHHYECTBO KN2PHTA W AYpHTa unu uHepTHTa (1539).

VI. KapSoMUHEpHTOBRIN TN — kaXabif 8MA WHKPOBALMANLHOTO THAA, B KOTOPOM OTHME4EHO
NOBLIWEHHOR COABPXAHME KapbOHWHEPHTa MNM nycToil nopoasl (Bonee 159,). B 3aBWcHHOCTH oOT
COABPMAHHA APYTHX HWKPONHTOTHNOB BhIABNAKOTCA CNEAYHOLUHE MOATHMbI!

— KapBOHMHMEpPHTOBO-TPHHMALEPHTOBLIA,

— KapBOHMMEPHTOBO-BHTPHTOBLIN,

— KapBOMHHEPHTOBO-KMApHTOBLIA,

— KapBOMHHEPHTOBO-HHEPTHTOBO-AYPHTOBbINM,

BHyTpH THMOB BblAENEHbI MX PaIHOBHAHOCTH B JABMCHHOCTH OT COAEPHAHHA OTAENbHbIX MHKpO-
FMTOTHNOB, AH2NWI PAIHELLEHWA MHKPOPALMANEHEIX THNOB M MX PAIHOBMAHOCTE! MOIBONAET CAenaTs
CNeayHolUME BbIBOAbI:

1. CywecTByeT cBAIL HeMAY HAKPO- M MMKPOPALMANEHBIM PABHTHEH NOPOA BEPXHECHNEICKOro
xapboHa. B obwmx HepTax NECYAHWCTLIE CEPHHM OTNHHAIOTCA MHEPTHTOBO-AY PHTOBLIM THNOM, TOrAld
KaK ANA N2pannyeckod M 2NeBponHTOBOW CEPHH XAPAKTEepHbF BUTDHTOBbLIN W KNApWTOBLIA Tun. 3To
COOTBETCTRHE MpejonpeAenneT aBTOXTOHHOE MPOHCXOMAEHHE BEPXHECHNEICKHX yrned.

2. BATPHUTOBBLIA M KNAPUTOBLIA THN FOBOPHT O 3HAYHTEMTBHOM ONYCKaHMHK AHA BaccedHa, o BNawHOA
cpeAe W MOBLIWEHHOM €pKane Bod BO BpeHA oOpa30BAHHA YronbHOHW TONLWM.

3. MHepTHTORO-AYpPHTOBLIR THN NpegonpeaenfeT HMEANEHHOE OCEAAHHE AHA H HACThbI€ Mepwo-
Abl BbICbIX2HWA TOP(AHMKAE, BO BPEHA KOTOPhIX NPOHCXOAWNO OKHCNEHHe Topda.

4. BONOTHCTBIE neca ABMANKCH OCHOBHBIM HMaTEPHAnoM ANA OBGpaloBAHWA YINA B BEpXHECMNEl-
CKOM YrneHocHoH kapboHe, TeH He Meéwee Bo BpeMA oOpajoBaHMA ANEBPONMTOBOR CEPHH, BEPOATHO,
Conbwyto ponb ChLIrPANM TaKMEe KiNaMHTOBLIE OYEPEThI, AOCTABHMBLUKME MATepHan AnA oOpajoBaHHuA
CNOPOBLIX KNAapHTOBR,

5. OTgenbyble CTpaTHrpagHYECKWe NNacTel YFNEHOCHOW CepHH OTNUUYAKOTCA XApaKTepHbIHH
ANA HEX ACCOLMALMAMH HHKPOQrALUMANLHBIX THNOB, NOIBAMAIOWHMX BbIAGNATE WX B paipele,

6. MukpogauvaneHeieé TUNbl HOMYT GbiTe HCNONLIOBaHbl B KAYECTBE LEHHLIX YKAIATENEH NpH
CLUEHKE NepCneKTHB HCNOMbIOBAHMA Yrnei in situ,





