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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 predominantely of vitrite and trimacerite, both 
of them exceeding 15 % amount; other microlithotype groups are in minority ; II - vitrite type where 
only vitrite exceedes 15 % and other microlithotype groups are in minority ; III - c1arite type, 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 durile of inertite (or both) exceedes 15 % of total amount; 
V - mixed type where apart of vitrite and trimacerite also clarite and either durite or inertite (or both) 
exceedes 15 % of total amount; VI - carbominerite type where apart of vi trite 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: 
I - 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 also an important role; 4 - the microfacies characteristics of 
coal seams can be applied in practice for predicting their industrial application. 

INTRODUCfION 

The Carboniferous coal-bearing formation in Upper Silesian Coal Basin is 
subdivided into following lithostratigraphical series (2. Dembowski, I 972a) : 

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 general lithofacial features 
which distinguish them from other sedimentary successions. Petrographical in
vestigations of samples gathered from most of mines and boreholes distributed 
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throughout the basin and representing Upper Silesian coal seams from alllithostrati
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
Iithotype 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 coalfields, revealed significant 
regularites. Upper Silesian humic coals are mostly composed of following groups 
of microlithotypes: 

V i t r i t e, occurying as bands and lenses originated from stems and branches 
under conditions 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. 

In e r tit e, usually represented by lenses or, sometimes, bands of semifusite, 
fusite, sclerotite and inertodetrite, is less common in the majority of known coals 
seams. Fusite and semifusi.te 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. Inertodetrite is connected 
with subaqua tic facies. 

Lip tit e has been recognized in some of analysed coals, usually as lenses 
of resinite, thick megaspores in lower rank coals or as sporangia, usually in amounts 
not exceeding I %. 

C I a r i t e is found in variable amounts in bands or, sometimes, lenses in 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 ~m) 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 II-nd coalification jump clarite is converted into vi trite due 
to the process of vitrinitisation of exinite. 

Our i t e 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 Crassispol'ites (Densosporites sp ., Anu/atisporites sp., CinguUzonates sp., 
Crassispora sp.) plus macrinite, macrinite and inertodetrinite which also indicate 
their subaqua tic origin. Thick seams often particularly rich in durite develop in 
areas of slowly subsiding basement (M. Teichmiiller, 1975). 

V i t r i n e r tit e in Upper Silesian coals of lower rank is found regularly 
in rather small amounts. This type of vitrinertite composed of finely dispersed 
micrinite in coIIinite 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 already ll-nd coalifica
tion jump are enriched in vitrinertite due to transformation of trimacerite and loss 
of its exinite in the process of "vitrinization". 

T rim ace r i t e 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). 

Car b 0 m i n e r i t e is commonly identified in Upper Silesian coals, especially 
in siltstone series (Zal~ie and Orzesze Beds) , in the form of carbargilite. Carbo
pyrite is less abundant but also quite frequent. Carbankerite was found to 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 I'm thick throughout the whole coal-bearing succession 
but in various amounts. Both carbominerite and rock are common in Ruda, Za
!~ie and Orzesze Beds. Less frequently they were identified in Poruba, Laziska 
and Libi~i Beds. 

All above mentioned micro litho types 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 to 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: 

I. BAS! C TYP E 

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 ll-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 ofvitrinite associated with fine-grained micrinite 
which according to M. Teichmuller (1975) originate from bituminite during first 
coalification jump. M. Shiboaka (1978) attributes genesis of micrinite rather to 
porigelinite. It plays an important role in high-rank coals when replaces trimacerite 
after second coalification jump. 

Microscopically, vitrite-trimacerite-rich coal is finely lamined and it consists 
of alternating 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 
Silesian basic type occurs in following varieties: I - vitrite-trimacerite, and 2 -
vitrite-vitrinerti te . 
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11. 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. Its range is shorter comparing to a basic type. Regularly 
is found in Zal~ze Beds of Siltstone Series (Westphalian A) and in the uppermost 
part of Ruda Beds (top of Upper Silesian Sandstone Series, Namurian C). It was 
also identified in csingle cases in the remaining parts of Ruda Beds. In Anticlinal Beds 
(Namurian B), Orzesze (Westphalian B), Laziska Beds (Westphalian Cl this type 
was identified in single samples. In Paralic Series (Namurian A) and top section 
of Cracow Sandstone Series (Libillz Beds, Westphalian D), vitrite type have not 
yet been found. 

Ill. CLARITE TYPE 

This type is characteristic, because of abundant clarite (;;> 15 %) normally 
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: I - 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, 
IVb - durite subtype,. 
IVc - durite-inertite subtype. 
All of them occur in the same facies sequences. 
IVa. I n e r tit e sub t y P e is enriched in inertite (mainly degrado

fusite) which indicates longer dry periods during coal seam formation . Usually 
it is associated with vitrite and trimacerite or vitrinertite and occurs in thick coal 
seams in Upper Silesian Sandstone Series (Namurian Band C) and Cracow 
Sandstone Series (WestphaIian C and D). Within this subtype following varieties 
have been recognized: I - inertite-trimacerite, 2 - vitrite-inertite-vitrinertite, 
3 - vitrite-inertite-trimacerite, and 4 - inertite-vitrinertite. 

IVb. D u r i t e sub t y p e in Upper Silesian coals, enriched mostly in 
crassidurite, is connected with more frequent and longer facies conditions favour
able for accumulating subaquatic ooze deposits (l'.A. Haquebard, 1964, D. Rei
deneuer et aI., 1967; M. Teichmiiller, 1950; A.H.V. Smith, 1964, 1968). This sub' 
type is regularly distributed in Upper Silesian Sandstone Series, being common 
in Laziska Bed, (Cracow Sandstone Series). The following varieties have been 
distinguished within this subtype: I - yitrite-durite, 2 - durite-trimacerite, and 
3 - vitrite-durite-vitrinertite. 

IVc. D u r i t e - i n e r tit e sub t y p e is characterised by abundance 
of both inertite and durite which indicates 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 nonnally 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 microlithotype 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: I - 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 Silts tone 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 fonnation 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 ~m 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 vi trite, clarite and basic (vitrite-trimacerite) types 
where carbominerite usually is represented by carbargillite. They Occur regularly 
in Za!~i;e Beds together with vitrite, clarite and basic types and following common 
varieties were distinguished: I - 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
bominerite, 8 - vitrite-trimacerite-minerite. and 9 - vitrite-c1arite-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 Za!~i;e Beds between coal seams 405 and 
362. Following varieties were distinguished: vitrite-inertite-carbominerite, vi trite
-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 argiUite plus pyrite 
integrally mixed up with organic matter. Clay mineral contaminations in Za!~i;e 
Beds are obviously connected with aleuritic-pellitic macrofacies. Mineral contamina
tions in inertite-durite type of coal in both Sandstone Series are usually 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 in Tables I - 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. 

PARALlC SERIES - NAMURIAN A (TABLE I) 

The oldest coal bearing series has the local subdivision into Petfkovice, Hru
'ov, Jaklovec and Poruba Beds. First coal bearing sequence in Polish part of the 
basin are Hrusov 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, I 972a). 

The lower megacyclothem, 360 - 650 m thick, comprises coal-bearing sediments 
beginning with whetstone, considered either as quartz pellite or a sort of tuffite 
(1. 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 pattern of beds and paralic in character (A. Kotas, W. Malczyk, 1972a) 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 claystone-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 micro facial point of view. Both maceral and microlithotype analysis 
indicate cia rite type but further investigations of coal seams from Hrusov Beds 
are necessary. 

J a k I 0 v e cBe d s lay between two thick and wide,pread barren sediments 
with marine bands: Enna (VII) and Barbara (V). They are typicallimnic 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, 1972a). The sandstone content varies from 26-44 % in 
Jejkowice Trough to 43 % in Gliwice Mine. The stratigraphic equivalent of Jaklo
vec Beds in D~browa 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 , I 972a). Microfacies character 
of703, 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 IV (vitrite
-trimacerite variety). Maceral analysis of these coals shows increase of inertinite 
content comparing to Hrusov Beds. 

P 0 rub a Bed s and their equivalent in north-eastern part of the basin -
Upper Grodziec Beds, are distributed in: Jejkowice and Chwalowice Trough, 
Gliwice area, D~browa area, Main Anticline area and the eastern part of the Upper 
Silesian Coal Basin. In Jastrz~bie, Cieszyn and Main Trough areas Poruba Beds 
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v - vitrite (witryt). It - inertite (inertyt), Ct - clarite (.kJaryt), V, - vitrinertite (witrynertyt), Dt - durite (duryt), TT - trimacerite (trimac~ryt) , Cm _ 
carbominerite (karbomjneryt), m - minerite (mmeryt), 6 - varieties of basic type - I (odmiany typu podstawowego - I), x - varieties of types: vi
trite - 11 and clarite - III (odmiany typ6w: witrytowego - 11 i klarytowego - Ill), • - varieties of inertite-durite type (odmiany typu inertytowo-du
rytowego), V - mixed type (typ mieszany), A - carbominerite type - clarite-vitrite connected variety (typ karbominerytowy _ odmiana witrytowa), 
A - carbominerite type - vitrite-trimacerite connected variety (typ karbominerytowy - odmiana witrytowo-trimacerytowa), + _ carbominerite type _ 
inertite (durite) - clarite connected variety (typ karbominerytowy - odmiana witrytowo-klarytowo-inertytowa). 0 - carbo~ineryte type - minerite 
variety (typ karbominerytowy - odmiana niinerytowa). I - others (inne) 
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Explanations as given in Table I 
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Explanations as given in Table I 
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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 (IVb), Koks (IVa), Henryk (Ill), 
Konrad (11), Eleonora and the uppermost Gaebler (in bands la, Ib, le and Id). 
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 with silt
stone-claystone sediments (A. Kotas, W. Malczyk, 1972a). 

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 
lower 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 - 60 1) are charac

terized by clarite type and carbominerite 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 laklovec Beds. 

Microlithotype analysis from coals seams of paralic series show that generally 
they developed in clarite 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 BAND C (TABLE 2) 

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

Ant i c 1 i n a 1 Bed s (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, containing quartz, fragments 
of quartzite, lydite also plagioclases and kalifeldspars. Muscovite is abundant 
whereas biotite and chlorite is rather rare (A. Kotas, W. Ma1czyk, 1972b). 

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. Ma1czyk, 1972b). It 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 50 I to 510. 
Basic (vitrite-trimacerite) type is rather regularly represented (Table 2), but vitrite 
type was identified only in 50 I seam and clarite type occurs irregularly, mainly as 
vitrite-clarite-trimacerite variety. The typical microfacies type here is inertitc
-durite type which occurs in several frequently recognized variations: vitrite-durite
~ trimaceri te , vitrite~inerti te-duri te, vitri te~inerti te~durite~ trimaceri te, durite- trim a
cerite, vitrite~ inertite, vitrite-inertite-trimacerite, vitri te- inerti te-duri te-trimaceri te, 
vitrite-inertite-vitrinertite, and vitri te-inerti te-vi trinerti te-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. 

R u daB e d s (Namurian C) are the upper member of Upper Silesian Sand
stone Series. Similarly to Anticlinal Beds sandstone predominate interspersed 
with claystone-siltstone intercalation and thick coal 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 (By tom Trough, Ruda Syncline 
and the north-western part of the basin - A. Kotas, W. Malczyk , I 972b) . From 
petrographic point of view sands tones 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 aI., 1977, 1983). 

SILTSTONE SERIES - WESTPHALIAN A AND B (TABLE 3) 

Siltstone Series consist of two members: Za!~ie Beds (coal seams numbered 
from 406 to 328) which corresponds to Westphali"" 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, Chwalowice Trough, Western Region, Cieszyn Region, Main 
Anticline area and Ol!browa 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, 1972). The siltstones usually account for from 32 to 38 % 
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 series. 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). 

Z a ! ~ i e Bed s (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; frequency 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 (Table 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 Za!~ie Beds 
examples of inertite-durite type were so far not identified. Maceral analysis shows 
reduction in average inertinite, content. 

Or z e s z e B e'd s (Westphalian B) are the continuation of microfacies cha
racter of Za!~:i;e 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 Zal~ie Beds -
only in two coal seams: 312 and 303 this type wa~ identified; less frequent mineral 
contamination i.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 - WESTPHALlAN C AND D (TABLE 4) 

The last series of coal-bearing strata in Upper Silesian Coal Basin is subdivided 
into two members: lower Laziska Beds (Westphalian C) and the uppermost Libilli 
Beds (Westphalian D). The lithological development of the Cracow Sandstone 
Series is fairly uniform but, nevertheless it can be divided into following two parts. 
Laziska 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. Libilli 
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 119, to 
the top of the coal-bearing sediments (Z. Dembowski, 1972b). 
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L a z i s k a Bed s from microfacies point of view differ strongly from Orze
sze Beds. Their characteristic features are as follows: the complete lack 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 ineriite-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 Laziska and Ruda Beds. 

Lib i 'I i: Bed s (Westphalian D). The uppermost sequence of Upper Silesian 
coal-bearing succession is known only from Libi'!i: area and coal seam samples 
taken from lanina Mine Group of seams numbered from 119/2 to 116 have 
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 Libi'!i: 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/l and 116 is characterized by durite subtype as well 
as mixed and carbominerite types. Maceral analysis of Libi'!i: seams reveal lower 
share of less inertinite and more vitrinite than Laziska seams. It is to be stressed 
up that presented data on Libi'!i: Beds are rather incomplete and further investiga
tions of these coal seams are recquired. 

DISCUSSION 

The analysis of microfacies character of coal seams throughout the Upper 
Silesian Carboniferous coal-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. 
Vitrite is believed to form in forest-swamps facies with a high groundwater level. 
The origin of trimacerite 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 Hrusov and laklovec coal seams is still 
poorly known because of insufficient analyzed material. Few analyzed samples 
of laklovec 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, I 972b). 

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, I 972b). 
Also different sandstone composition and the distribution of the thickness of the 
series differs widely. Upper Silesian Sandstone Series &s a whole constitutes a fun 
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, 19720). 

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 duroclarite. 
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 also 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 subsidenoe 
with long high water periods conditions favourable for subaquatic predurite sedi
mentation separated by dry periods favourable for fusite, semifusite formation. 
In Ruda Beds conditions for subaqua tic crasidurite sedimentation were gradually 
regressing whereas dry periods are traceable up to the top of the series. Sub-
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aquatic cr3ssidurite-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 reguhr 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 Zal~Ze 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 Zal~ie Beds (above seam 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 Silts tone Series coal seams indicates con
tinously growing subsidence, prolongation of wet seasons, high groundwater 
level and subaquatic conditions favourable for clarite-dur.oclarite 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 SiJesian succession consist of a coal 
seam group where basic type have heen 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 MICROFAClES 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 fc.r 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: 

I. B a sic t y p e. 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. Inertite together 
with durite constitute less then 30% 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. 

n. V i 't r i t e t y p e. 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. 

Ill. Cia r i t e t y p e. 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. I n e r tit e - d u r i t e t y p e. 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 15-30% of total sample organic
-inorganic mass. This type indicates possible troubles with given coal during its 
carbonization or liquifaction 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. It is necessary to add that trimacerite in those coals is usually over
dominated by clarodurite. 

V. M i x e d t y p e. Cases of this type are very rare and therefore not taken 
into account. 

VI. Car born i n e r i t e t y p e. Its practical 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 given 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 ,\utoclave 
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 - /, clarite - Cl, durite - D, vitrinertite - VI, 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 clarite 
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 - Cl - 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 silts tone aleuritic-pe1itic 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 calamitean reeds provid
ing clarite and duroclarite microfacies. 

3. Inertite-durite type indicates slow sinking of basement and frequent periods 
of forest swamps dramage m Ilme 01" sedimentation 01" Upper Silesian Sandstone 
Series formation . 

4. Forest swamps were the main source for coal seams formation, 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. 
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Krystyna K R USZEWSKA 

TYPY MIKROFACJALNE POKLADOW WF;GLA 
W GORNOSL-\SKIM ZAGLF;BIU WF;GLOWYM 

Streszczenie 

W pracy om6wiono mikrofacjainy charakter g6moslllskich w~gli kamiennych in situ W oparciu 
o wydzielone nast~pujllce typy mikrofacjalne: 

l. Typ podstawowy (witrytowo-trimacerytawy), w kt6rym witryt i trimaceryt lub witrynertyt w 
katdym przypadku przekraczajll 15% udzialu w analizowanej pr6bce ~gla. Zawartosc katdego z po
lostatych grup mikrolitotyp6w wynosi 0 - 14 %. 

H. Typ witrytowy, w kt6rym jedynll dominujll~ grup'l mikrolitotyp6w przekraczajll~ J 5% udzia
tu w pr6bce jest witryt. Pozostale grupy mikrolitotypbw wyst~pujll w iJoSciach 0 - 14 %. 

Ill. Typ klarytowy, w kt6rym obok podwytszonej (15%) zawartosci grup mikrolitotyp6w witrytu 
i trimacerytu lub witrynertytu stwierdza siC wyst~powanie klarytu w iloSci przekraczaj'lcej 15 % udziaJu 
w danej pr6bce w~gla. Zadna Z pOlostalych grup mikrolitotypow nie przekracza 15 %. 

IV. Typ inertytowo-durytowy, w kt6rym oOOk witrytu i trimacerytu lub witrynertytu pojawiajij 
si~ w iloSciach 15% inertyt i duryt. Wydzielono tu trzy podtypy: 

- inertytowy, w kt6rym z dwu grup mikrolitotyp6w In~rtyt przekracza 15% zawartosci, a duryt 
wyst~puje podrzcdnie; 

durytowy 0 podwyuzonej (15 %) zawartosci durytu, a inertyt wyst~puje w iloSci 0-14%; 
- inertytowo-durytowy, w ktorym zar6wno inertyt,jak i duryt przekraczajll15% udziaru w pr6bce. 
V. Typ mieszany, w ktorym obok witrytu i trimacerytu lub witrynertytu wyst~pujll r6wnolegle 

podwyiszone ilosci klarytu Oraz durytu lub inertytu (15%). 
VI. Typ karbominerytowy - katdy rodzaj typu mikrofacjalnego, w ktorym stwierdza si~ pod

wyiszonll zawartosc karbominerytu lub skaly pionnej w ilosci powytej 15 %. W zalei:noSci od wyst~
powania innych mikrolitotypow wyr6znia si~ nast~pujllce podtypy : 

kar bominerytowo-trimacerytowy , 
karbominerytowo-witrytowy, 
karbominerytowo-klarytowy, 
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karbominerytowo-inertytowo-d urytowy . 
W ob~bie typow wyroiniono ich odmiany w zalei:noSci od udziaru poszczegolnych mikrolito

typow. Analiza rozmieszczenia typow mikrofacjalnych i ich o.dmian prowadzi do nast~pujllcych 

wniosk6w: 
1. IstnieJe pow1llZante w makro- i mikrofacjalnym rozwoju osadow karbonu g6rnosl~skiego. 

Ogolnie rzecz bior~c, serie piaskowcowe Sll zwi~zane z wyst(:powaniem typu inertytowo-durytowego, 
podczas gdy serie paraliczna i muJowcowa charakteryzuj~ si~ typami witrytowym i klarytowym. Zgod
noM: ta sugeruje autochtonicznll gene~ w~gli gornosl~skich. 

2. Wyst~powanie typow witrytowego i klarytowego sugeruje znacznll subsydencj~, warunki wil
gotne i podwyiszony poziom lustra wody w czasie tworzenia si~ pokiadow w~gla. 

3. Typ inertytowo-duryiowy sugeruje wolne osiadanie dna i cZ{:ste okresy wysuszania torfowiska, 
w czasie ktorych zachodzily procesy utleniania masy torfowej. 

4. Lasy bagienne byly podstawowym czynnikiem w(:glotw6rczym w g6rnoslllskim karbonie w(:glo
nosnym, nie mniej w okresie powstawania serii mulowcowej prawdopodoboie wi~ksZll rol~ odgrywaty 
r6wnie:i oczerety kalamitowe dostarczajllce materiahl do tworzenia si(: klarytow sporowych. 

5. Poszczeg61ne warstwy stratygraficzne serii w(:gionosnej charakteryzujll si~ specyficznymi dla 
siebie zespolami typow mikrofacjalnych pozwalajllcych na wyr6inienie ich w profilu warstw. 

6. Typy mikrofacjalne mogll bye wykorzystane jako cenne wskaz6wlci przy ocenie perspektyw 
wykorzystania w~gli in situ. 

KPlolCTblHO KPYWEBCKA 

MHKPOCl>AlIHAllbHblE THnbl yrOflbHblX nflACTOB 
B BEPXHECHflE3CKOM yrOflbHOM &ACCE.-tHE 

B CTaTloe paccMoTpCH HMKpo~aLtManIoHbu" COCTa8 BepxHecHnclcKHx KaHCHHlolX yrncM in situ Ha 

OCHoae CI1eAYtou.UolX MMKpO~a4MaflIoHbIX TMnoe'; 

I. OCHoeHoH nn (eHTpH!oaO-TpHMa~cpMToBIoIH) rAc aMTpMT M Tpl4MaLlepMT I4I1M aMTpMHepTHT 

BC acex cny .. a"x npcalolwalOT 15% cocra8a aHaflM3MpyeMoM npo6101 ymJl, COAep)l(aHMC Ka)l(AOH Ml 

OCTaI1IoHbIX rpynn MMKponMToTMnoa COCnanJlCT 0-14%. 
11. BMTPMTOBIoIM TMn, rAe eAHHcnCHHOM npe06naAatOUleM rpynnoM MMKponMTOTHnoe, npeBbl

Wal-OUlCH 15% COCTaN npo6bl, "1lI1J1CTQiI aMTpMT. OCTanIoHIoIC rpynnlol MHKponMToTMnoa cocraaI1AIOT 

0-14%. 
Ill. KnapMToalolM TMn, e KOTOPOM Hap"AY C noalolWCHHblH (15%) cOACp)l(aHMCH rpynn MHKpO

I1HTOTHn08 aMTpHTa 101 TpMMaLtCpMTa I4I1M aMTpMHCpTHTa. OTMc .. aCTCJI cOAep)l(aHHe lUlapMTa. npealol

walO~ee 15% cocn8a AaHHoH npo6bl yrnJl. Bcc OCTanloHblC rpynnbl MMKPOI1HTOTMnoa He npealol

walOT 15%. 
IV. L-'1I-iCpTMToao-AypMToebIH TMn. e KOTOPOM Hap"AY C eMTpHTOM M TpMMa4CPMTOM MI1M BMTpM

HCPTMTOM 110"amUOTC" MHCpTMT M AypMT a KOI1H .. eCTac 15%. 3ACCb 8blAIUlCHO TpM nOArpynnbl: 

- I4HepTMToea", .a KOTOPOH 1013 Aayx rpynn MMKponMTOTMnoa MHCpTMT COCTaIlI1J1eT 60ncc 15%. 
a AypHT "MeCT BTopOCTencHHoe lHa .. eHMC, 

- AypMTOBaJI, C noablweHHlolH (15%) cOACp)l(aHMCH AypMTa M 0-14% cOAcpMaHMeH MHCpTHTa, 
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MHepTMTaaO-AypMT08U, • KOTOpOK KaK MHepTHT, Til( it AYPIo!T COCTaamUOT 60nee 15% cOAep

)l(aH,loUI np06l:01. 

V. CHewaHHblM Titn, • KOTOPOM Hap"AY C IHTPHTOM it TpMMaLtepHTOH MilK IMTpKHepntTOM co

Aep>KMTC" n081:olWeHHOe KOml"leCT80 KnapMTa it AypHTi MnM IiIHepTMTa (15%). 
VI. Kap6oHMHepMTo8blM TMn - Ka>KA .. IM BMA HM Kpo4laLtManbHoro THna, • KOTOpOH OTHe"leHO 

n08blWeHHOe COAep)l(aHMe Kap60MHHepWTa Mml nyeToH nopOAbJ (50nee 15%). B JaBHCHMOCTH OT 

COAep)KiHHJI ApyntX HMKponHToTHnol SbIAemllOTCJI cneAYKlw,Me nOATHnbt: 

Kap60 M lot H e p HTOBO-Tp it HaLlepHTO I 10. M , 
Kap60 H it H e PMTO IO-IMTpHT08bl M • 

Kap60 H If HepHTolo-Kn apHTo8bl M. 
Kap60H lot H e P HTOIO- M H e pTMT080-AY pHT08 b 114 . 

BHyTpM THnOI 8bJAeneHbl MX pa3H08MAHOCTH 11 lUMCHHOCTH aT COAep)I(aHHA OTA~nbHbIX HHKpO

nHTOTHnOI. AHamu palHew.eHHA MHKpocpaUHanbHblx nmoe H HX pUHoeHAHOCTeM n01BOnAeT CAenaTh 

cn eAYK>L!.Ilo4e BbIBOAbl : 

1. Cyw.ecTllyeT CllJIlb He>KAY HaKpo- H HHKpo41aUHanbHbIH pUIlHTHeH nopoA lepxHeCHnelcKor o 

Kap60Ha. B 06L!.1HX "IepTaX neC"IilHMCTble cepHM OTm'''IaIOTCA HH epTH Tollo-AypHTOlblM THnOM. TorAa 

KilK AMI napilnH"I eCKOM H anellponHTOIlOM cepHH xapilKTepHbl' IHTPHTOllbl M H lUlilPHTOllblH THn . 3TO 

cooTleTCTIIHe npeAonpeAenJlleT allTOXToHHoe npOMCXO)I(,QeHHe llepxHeCHnelCKHX yrneit. 

2 . BHTPHTOllb lH 104 KnilpHTollbl H THn r080pHT 0 lHil"lHTenbHOH onycKilHHH AHa 6acceHHil , ° Ina>KHOM 

cpeAe H nOlb l weHHOH lepKane IIOA BO Ipe"A 06palOlaHHJII yronbHoH TonL!.lM. 

3. IIIHepTMToIO-AypMTOllb IH TMn npeAonpeAenAeT HeAlleHHoe oceAaHHe AHa H "IilCTble nepHo

Abl Ib lCblxaHHA TOpCPJIIHHKa. 10 IpeM" KOTOPbl X npOHcxoAHno OKMcneHMe Topcpa. 

4 . 60noTMcTble neca Jl lJUlnHCb OCHOIHblH HilTepMilnOH All" 06pUOBilHIo4A yrnA e eepxHecHnel

CKOM yrneHocHoM Kap6oHe. TeH He HeHee 10 IpeHA 06palOBaHHA aneeponHTOBOH cepMM. eepOATHO. 

60nbwylO ponb cblrpilnH TaK>Ke KanaHHTOl!lble O"lepeTbl. AOCTaIHIlWHe HilTepHiln AIlA 06palOllilHM" 

cnopolblX KnapHTOI. 

5. OTAenbHble CTpaTHrpacpH"IeCKHe nnaCTbl yrneHocHoM cepHH OTnH"IilIOTCA xapilKTepHblMIo4 

AflA HHX aCCOUHilUHAHH HHKpocpaUHanbHblx THnoe, n~180nAIOL!.IMX I&blAenATb Io4X I pupele. 

6 . MHKpocpaUHilIlbHble THnbl MoryT 6blTb HcnonblOllaHbl I Kil"leCTee ueHH blX YKuaTeneM "PH 

oUeHKe nepCnel<THI& McnonblOllaHMA yrneM in situ. 




