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INTEGRATED APPROACH TO THE STUDYING PALYNOLOGICAL REMNANTS OF THE CARBONIFEROUS OF THE VOLHYNIAN-PODILIAN MARGIN
OF THE EAST-EUROPEAN PLATFORM

Antonina Ivanina.
Ivan Franko National University of Lviv,
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The basis of facial–palynological studying of Carboniferous of Volhynian-Podilian margin of ancient East-European platform is palynoorictocenosis. It is complex of microfossils of vegetable, animal and problematic origin, buried under certain paleogeographical conditions and timed to the concrete facial type of the rocks. The palynoorictocenoses’ classification with singling out of five types and nine subtypes is worked out. Uneven distribution of palynoorictocenosis by facies and cyclic spreading in vertical section is established.
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One of the perspective scientific directions is the system analysis, which since the 60’s is widely used in different branches. Unfortunately, in stratigraphy and paleontology it is not used almost at all. This methodology needs to consider the object of investigations as the system of certain structure, formed by totality of the interconnected elements, and to establish the interaction not only among the elements, but among the systems. The example of systematic approach to the sdudying of palynological remnants is facial–palynological analysis, or the method of palynoorictocenoses, elaborated by the author concerning polyfacial Carboniferous sediments with complicated cyclic structure compose the paralic coal-bearing formation of Lviv-Volyn basin situated the southern west (Volhynian-Podilian margin) of ancient East-European platform [8, 9]. Three groups of facies (continental, transitional from continental to marine, marine) were singled out and the sedimentary cyclicity was established in it [8, 9].

The facial-palynological studying of the coal-bearing formation of Lviv-Volyn basin based on the complex studying palynomorphs and lithological-facial composition of the country rocks.

The first step in the systematic analysis is the singling out of the system – the object of investigations. The microfitofossils, after their separation from the mother plants, are spread in the outer medium as the usual sedimentary particles and after fossilization enter the sedimentary rocks as the insoluble dispersed organic matter (DOM). The complex and multivariable process of the phytoorganics transition into the fossil stage include 4 stages: the formation of the initial material, its transportation, burial and fossilization, which are closely connected an follow each other. At each stage the certain factors influence the plant organics. These factors preserve the dispersed remnants and let pass to the next stage of transformation or ruin them. At the first stage the most important are climatic conditions and evolutional development of the vegetable kingdom, which control the composition, the distribution by the area, the productivity of plants etc. At the next stages under the influence of abiotic factors the mechanical differentiation, deformation and selective fossilization of organic matter takes place. The processes of transportation and the conditions of burial essentially change the initial composition and the ratio of microcomponents of the vegetable organics and favor the appearance of new structural organization. The indices of the microphytoorganics complexes not only reflect he peculiarities of the mother plant development, but must be considered also as the indications of the rock. The deposits are formed in a certain paleogeographical situation. The plants dispersed remnants have, of course, specific features of this situation, which influence the composition of microfossils, their safety and timing the certain types of the rocks. In order to show the dependence of the microorganics complexes from the sedimentation, the author uses term palynoorictocenosis. It is complex of microfossils of vegetable, animal and problematic origin, buried under certain paleogeographical conditions and timed to the concrete facial type of the rocks. Palynoorictocenosis is a complex system – the natural totality of the smallest particles of organics, which are identified by palynological method, form the structural integrity and are united by the conditions of sedimentation. The timing of the microfitoorganics complex to the concrete facial type reflects the connection between and the largest system sedimentary rock and palynoorictocenosis and the largest system – sedimentary rock, where palynoorictocenosis plays a role of an elementary particle [7].

Palynoorictocenosis have the structure, that is determined by the components content and composition. Their elements by their morphological peculiarities, origin, character of conservation and by the analogy with the coal microcomponents [5] are divided into groups: humus and liptinite ones. To the first group the nonstructural opaque coal remnants belong – vitrinite and inertinite, which are formed during biochemical decomposition of the plant tissues. To the liptinite group the elements with clear cellular structure belong: reproductive organs – spores, pollen, fragments of megaspore; the scraps of the high plants tissues – cuticles and tracheids; algae – the unicellular representatives of lower plants; scolecodont – animal remnants; problematic remnants – acritarch, Chitinozoa.

Palynoorictocenosis must not be considered as a simple totality of the compounds. Its structure may vary with the change with the change of the elements properties, interconnection and intertransition among the elements and in the result of interaction with other systems. The palynoorictocenosis compounds, changing some of their parameters (fig. 1) (size, form, content – for the humus remnants and plant tissues; taxonomic composition, quantitative ratio, intact – for miospores, akritarch ect.), may form various combinations, which have the tendency to repeat in dependence of the sedimentation conditions. This proposition is the precondition of the classification creation. At the systematization of the material the author took into consideration, that all the indices of palynoorictocenoses are paragenetically connected, are the indices of the enclosing rocks and reflect the facial situation.

With facial – palynological studying of Carboniferous of Volhynian-Podilian margin of ancient East-European platform five types and nine subtypes were singled out (table). Type distinctions are based on degree of concentration, saturation by miospores, character of miospores ratio of main plant groups. The first of three types are characterized by considarable DOM concentration and miospores saturation. Miospores of treelikes Lycopodium–likes dominate in Lycosporic (L) type and most of grassy Lycopodium–likes miospores are in Densosporic (D) type. Mixed (Z) type is characterized by the equal miospores presence of main plant groups or ferns miospores predominate. The fourth Lowspore (M) type with the the strong and moderate DOM concentration mainly consists of humus elements. Miospores are lack or not numerous. The fifth type (N) is with low concentration of organics and composes by single fragments of humus elements. Types L, D, Z, M are divided into subtypes on the basis of character ratio of components of humus and liptynite groups, their dimensions, facial timing, presence of acritarch and so on. Subtypes LI, DI, ZI, MI timed only to continental sediments are characterized by no lack of mainly big humus components. Subtypes L2, D2, Z2, M2 are distinguished only transitional from continental to marine deposits. Their typical sings are decreasing dimensions of humus elements and plant tissue, presence of acritarch, equal relationships of humus and liptynite groups or prevalence of liptynite components.
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	Fig. 1. Diagram of dispersed organic matter study in palynological slades


The created palynoorictocenoses classification takes into consideration many genetic and morphological signs. Distinguished units are easy diagnosed and established in palynological stades. Palynoorictacenoses are the base of systematic approach to the microfitoorganics studying and the basement of facial – palynological studying of the Carboniferous coal–bearing formation. And presented classification is the main moment of the research results generalization and the base for the further constructions. 

The completed complex lithological –facial and palynological investigations of Carboniferous of Volhynian-Podilian margin of ancient East-European platform witnesses to the complicated character of the palynoorictocenoses distribution so laterally as vertically (fig. 2, 3) [1, 2, 6]. In seaward direction concentration, size of humus elements, plant tissue and fragments of megaspores are reduced, and its composition is impoverished. At that in this direction DOM concentration on the whole and miospores in the particular at first very increase with maximum in intermediate depositional environments and then sharply reduce in marine.

	Classification of palynoorictocenoses of the Volhynian-Podilian margin of the East-European platform
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Laterial palynoorictocenoses distribution is uneven. Its amount is reduced from 50 % in terrestrial, 43 % in intermediate to 7 % in marine deposits. 
Two maximum of Lycosporic (L) type are established in intermediate facies and deposits of marshy coastal plains. Densosporic (D) type is with abundant presence in facies of to intermediate facies. It is absence in marine sediments. The lowspore type is very wide coastal lakes, lagoons, gulves. The Mixed (Z) type presence is gradually decreased from terrestrial spread and the most characteristic in continental deposits. Distribution of type with low organic concentration (N) is distinguished with marine and some continental facies. Subtypes are with distinct facial preference.
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	Fig. 2. Spreading palynooryctocenoses (A) and its elements (B) in facies of Carboniferous of Volhynian-Podilian margin of East-European platform.
1 – limestone; 2 – limestone, argillite; 3 ‑ argillite; 4 – aleurolite, argillite; 5 ‑ sandstone; 6 ‑ argillite carbonaceous. Paleogeographic conditions: Мо – remote from the shore to the zone of the shallow sea; Мпм – coastal shallow sea; Л ‑ lagoon; Оп – seaside likes; Нзп – boggy seaside low places; Вз – overgrowned reservoirs; Зр – flood-lands of the rivers; Вр – mouth and the lower reaches of rivers ; Бтз – silty peat-bogs and sapropelic lakes.
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	          Fig. 3. Cyclic distribution of palynoorictocenoses and their elements in Carboniferous of Volhynian-Podilian margin of East-European platform.


Facial-palynological investigations showed that universal feature of coal-bearing masses – cyclic character of their structure – is reflected in distribution of plant organics. Distribution of DOM in vertical section is uneven, has cyclic character and consists in alternation of quantitative maximums with the zones of sharp decreasing or total absence of it. The change of DOM composition reflects of facies change and takes place in the following way: a thick enough part of the section with significant content of organics and various combinations of its components changes into a weak interval with sharp drop of all the characteristics. Such cyclic changes repeat in the section many times, are characterized as for common quantity of organic matter, so for the content of separate components and it is a confirmation of existence of “palynological сyclicity” – regular change and repetition of palynological characterictics in the vertical section.

Palynological recurrence is most clear at the miospores distribution. As quantitative, so qualitative indices of palynospectra changes by cycles section. Quantitative variations are characterized for total number of miospores and also for each species or genus in the range from absolute absence to maximum content. The qualitative changes are in the alternation of intervals enriched by different taxa with the parts where they are few or absent. Especially clear the cyclic qualitative changes are seen in the change of miospores of dominating plant groups. In palynospectra of Carboniferous coal-bearing formation of Volyn-Podillia margin of ancient East-European platform as dominants are miospores of treelikes, grassy lycopodium-likes and ferns. In vertical section the parts with prevailing Lycospora are changed into the intervals with Densosporites dominants, then comes the part of section where Lycospora and Densosporites are few, and fern spores prevail. And sometimes then follows interval with drops of all palynological characteristics or with small number of miospores.

Palynological recurrence is a show sedimentary recurrence and is closely connected and stipulated by it. The most clearly the connection of palynological and sedimentary cycles is shown at the level of macrocycles (cycles of the third order). In Carboniferous of Volhynian-Podilian macrocycles of asymmetric structure with much more powerful regressive arm prevail [3]. It influences the character of change of palynological characteristics. Regressive parts are single out by high degree of DOM concentration, coaly remnants, plant tissues, miospores. For each macrocycle’s regressive part the succession of palynoorictocenoses with different dominants or other organic correlations is characterized. So for the macrocycle v5 – v51 it is: with Lycosporic (L), with Densosporic (D); not enough spores (N); D; with ferns dominate (M); and again with Densosporites dominate (D). The predominance of the same spores dominants for different macrocycles can be observed. For example: Densospores as dominants are often in the macrocycle v5 – v51, but in the macrocycle n2 – N3 – Lycospora as dominants is more often. The beginning of transgressive parts is mixed by sharp decreasing of organic concentration, because of disappearance of miospores and sharp drop of the other DOM components content. Transgressive parts are of low thickness. The set of palynoorictocenoses is typical for all the macrocycles and consist of 3–5 palynoorictocenoses.

The forming of new system – palinoorictocenosis – does not mean the total disappearance of old interrelations. The information about them is always in the structure of palinoorictocenosis. So the latter it must be considered as a complex natural system formed by a combined activity of the outer surrounding factors, with the complex of indices which may be divided into two groups: taphonomic and cenotic [4]. The taphonomic group includes the indices of facial conditions of the palynoorictocenoses forming; they reflect the processes of transportation, burial and fossilization of the vegetable material and the change and repetition of the sedimentation conditions in time. They include: the degree of DOM concentration, the saturation with miospores, the differentiation of components by size, the intact of palynomorph, the presence of acritarch, the composition of palynoorictocenoses, the cyclic ware–broken distribution of the DOM quantity and its separate components in the vertical section.

The cenotic indices are stipulated by the evolution and migration of flora under the influence of paleobiological and paleoclimatic factors. They include: the interchange of miospore dominants in the vertical section, one–direction changes of the miospore qualitative and quantitative composition – the appearance of different taxa, the existence within the certain stratigraphic interval and the disappearance from the section.

From the facts mentioned above it is seen, that sometimes one and the same indices may have the information so on the circumstances of forming, as on the development of the vegetable world. For example, such an index as the composition of miospores is taphonomic in the marine and transitional facies, and in the continental deposits it is cenotic, because it reflects the peculiarities of the parent vegetable groups. At the same time the indices were established, which reflect these or those processes exactly. The size of humus remnants and vegetable tissues clearly diagnoses the sedimentation conditions. Sharp drop of the DOM concentration and the appearance of palynoorictocenosis of the N type in the section witness to the change of regressive sedimentation for transgressive. The examples show that taphonomic and cenotic indices of palynoorictocenoses are closely connected an at the same time are relatively independent, may be used separately and in the combinations with the others for the establishing the conditions of paleosedimentation, the studying of cyclicity and the solving of traditional tasks of palynological method, that is: the determination of the rocks relative age and the stratification of the sedimentary thicknesses.

So the integrated systematic approach takes possible to establish the connections as between the system components, so between the systems, and it is the effective instrument of the investigation of the complex objects, the simplifying and regulating of our ideas as to them, the stating of new tasks. It leads to understanding the possibilities of spore–pollen method, the necessity of adjusting approach to the interpretation of paleontological material. It also enhances the informativity and trustworthiness of palynological analysis and shows the new ways of its application.  
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ІНТЕГРОВАНИЙ ПІДХІД ДО ВИВЧЕННЯ ПАЛІНОЛОГІЧНИХ РЕШТОК КАРБОНУ ВОЛИНО-ПОДІЛЬСЬКОЇ ОКРАЇНИ 
СХІДНОЕВРОПЕЙСЬКОЇ ПЛАТФОРМИ

Антоніна Іваніна

Львівський національний університет імені Івана Франка

вул. Грушевського, 4, 79005 Львів, Україна

Підґрунтям фаціально-палінологічних досліджень карбону Волино-Подільської окраїни Східноєвропейської платформи є паліноориктоценоз – комплекс мікрофосилій рослинного, тваринного і проблематичного походження, похованих у певних палеогеографічних умовах і приурочених до конкретного фаціального типу порід. Розроблено класифікацію палінориктоценозів з виділенням п’яти типів і дев’яти підтипів. Визначено нерівномірний розподіл паліноориктоценозів у фаціях і циклічне поширення у вертикальному розрізі. 
Ключові слова: палінологія, міоспори, паліноориктоценоз, карбон, Волино-Подільська окраїна Східноєвропейської платформи.

ИНТЕГРИРОВАННЫЙ ПОДХОД К ИЗУЧЕНИЮ ПАЛИНОЛОГИЧЕСКИХ ОСТАТКОВ КАРБОНА ВОЛЫНО-ПОДОЛЬСКОЙ ОКРАИНЫ 
ВОСТОЧНОЕВРОПЕЙСКОЙ ПЛАТФОРМЫ

Антонина Иванина

Львовский национальный университет имени Ивана Франко

ул. Грушевского, 4, 79005 Львов, Украина

Основой фациально-палинологических исследований карбона Волыно-Подоль​ской окраины Восточно-Европейской платформы является палиноориктоценоз – комплекс микрофоссилий растительного, животного и проблематического происхождения, захороненных в определенных палеогеографических условиях и приуроченных к конкретному фациальному типу пород. Разработано классификацию палинориктоценозов с выделением пяти типов и девяти подтипов. Установлено неравномерное распределение палиноориктоценозов по фациям и циклическое распространение в вертикальном разрезе. 
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