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CARBONIFEROUS AND PERMIAN PALYNOLOGY IN POLAND — A REVIEW

Nearly sixty years have elapsed since the beginning
of the regular palynological investigations on the latest
Palaeozoic rocks in Poland. They were pioneered by J.
Zerndt who started publishing on Carboniferous mega-
spores in the late nineteen-twenties.

The varying scope of palynological studies, the progress
in the extraction techniques and the growing possibilities
of obtaining palynological samples divide this time interval
into three periods.

The first period, between 1928 and 1955, is characterised
by intensive studies on Carboniferous megaspores derived
mainly from the coal seams of the Upper Silesian Coal
Basin. The dispersed megaspores were studied by J. Zerndt
(1928 —1940) while fructifications of some Carboni-
ferous lepidophytes and their spores were investigated
by T. Bochenski (1934 —1955). The impact of those early
works on the present day megaspore taxonomy and Carbo-
niferous spore stratigraphy can not be denied.

In the second period, between 1956 and 1975, the
palynological studies of the Carboniferous deposits of
Poland were carried on a much larger scale than: before.
The megaspore study was being continued and expanded
and the miospore palynology was extended beyond the
coal into a greater diversity of rock types. Also the area
of palynological investigations was broadened to include
the subsurface Carboniferous deposits from various areas
of Poland and especially from the Lublin Coal Basin.
The most important results of taxonomic and stratigraphic
studies on megaspores, published in this period, are contain-
ed in the papers by M. Brzozowska (1960 —1969), S. Dybova
(1958 — 1960), A. Jachowicz (1960 —1972), J. Karczewska
(1967), H. Kmiecik and S. Knafel (1973 —1975), S. Knafel
(1966), H. Krawczynska-Grocholska (1966) and Z. Zotdani
(1960 —1966).

- Significant miospora data based on new materials
collected in various parts of Poland are presented in the
works by S. Dybova and A. Jachowicz (1956—1975),
A. Jachowicz (1960—1975), T. Gorecka (1961 —1975),
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J. Karczewska (1967), J. Karczewska and E. Turnau (1974),
H. Kmiecik (1975), H. Krawczynska-Grocholska (1966),
K. Kruszewska (1963 —1969) and E. Turnau (1970).

Some important monographic studies on taxonomy
and morphology of selected megaspore, miospore and
pollen genera and species (Setosisporites, Valvisisporites
Zonalesporites, Tripartites, Rotaspora, Diatomozonotriletes
and Schulzospora) were also published in this period. Some
of those works in which several taxons, the new ones
including, were described and illustrated, and in which
spore based stratigraphical schemes for the Carboniferous
of the Lower and the Upper Silesian Coal Basins and the
Lublin Basin were proposed furnished the present basis
of palynostratigraphy of the Carboniferous in Poland.
In the late nineteen-sixties and in early ninetten-seventies,
the stratigraphic and taxonomic papers on Lower Carboni-
ferous spores from non-coal rocks from the Holy Cross
Mts. and other areas of Poland were published. The ex-
pansion of palynology to include studies on Permian
palynofloras and Devonian spores and acritarchs also
took place in this period.

The results of the palynological studies of the third
period, between 1976 and 1986, influencing directly the
present state of the Carboniferous and Permian palynology
in Poland, are dealt with in detail hereafter. Generally
speaking, these studies resulted in the establishing of the
stratigraphic schemes for the complete profile of the
Carboniferous and a part of the Permian. They also con-
cern the important problems of the Devonian/Carboni-
ferous, Carboniferous/Permian and Permian/Triassic boun-
daries and correlations of the spore zones used in Poland
with those of other parts of Europe and with some strato-
type profiles.

CARBONIFEROUS

The most recent spore investigations on the Carboni-
ferous deposits in Poland are carried on by the use of
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various methods and for different purposes. They concern
the deposits of various parts of the country belonging to
the Dinantian and the Silesian starting from the Famenn-
ian/Tournaisian boundary up to that between the Stephan-
ian and the Autunian.

Megaspore studies. A marked progress has been made
in the field of the morphology and taxonomy of selected
taxonomic groups of megaspores. The beginning of these
studies was marked by the papers by J. Karczewska (27,
28). This line was later being continued by the international
working group of CIMP including the following palynolo-
gists: S. Dybova, A. Jachowicz, J. Karczewska, G. Lachkar,
S. Loboziak, P. Pierart, E. Turnau and Z. Zoldani (6,
7, 8, 11, 12). As the result of the working group activities,
major taxonomic revisions of zonate megaspores (Radia-
tisporites, Zonalesporites, Rotatisporites) and those with
gula (Lagenicula, Lagenoisporites, Crassilagenicula, Aurito-
lagenicula) were made. Such morphological terms as the
hologula, crassigula and anguligula were defined and more
than fourty species were revised and described. The maxi-
mum stratigraphic ranges of those, basing on the data
.from Europe, Africa and America (Poland, Czechoslo-
vakia, USSR, France, Belgium, Holland, Germany, Spain,
Great Britain, Tchad and USA) were established. Recently,
the group is working on the megaspore based zonal scheme
for the upper Dinantian and the Silesian of the Euramerican
province, and especially of Europe.

Those taxonomic revisions of the Carboniferous mega-
spore taxa were based in a great part on the spore collec-
tions from Poland. These contained some original speci-
mens collected by J. Zerndt and new materials from the
Upper Silesian Coal Basin and the Lublin Coal Basin.
These materials are also of great importance for the present
studies on the megaspore based subdivision of the Carboni-
ferous in Europe and other areas.

The most recent stratigraphic studies based on mega-
spores are represented by the work by S. Knafel and Z.
Zotdani (40) on the succession of megaspore assemblages
in the Namurian A of the north-eastern part of the Upper
Silesian Coal Basin. These authors distinguished three
megaspore zones in the Flora and the Grodziec beds.
This confirms the usefulness of megaspores in stratigraphic
correlation and in identification of the individual coal
seams.

Miospore studies. The miospore studies of the last
ten years concern a wide stratigraphic profile of the
Carboniferous including also the Lower Carboniferous.
The latter deposits have been made accessible owing to
numerous deep boreholes drilled west and south-west of
the margin of the East European Platform (Western Po-
merania, the regions of Bydgoszcz, Plock and Warsaw,
the Lublin Coal Basin).

An important contribution to the Lower Carboniferous
palynology has been made by E. Turnau (44, 45, 46, 47).
This author distinguished in the uppermost Devonian
and Lower Carboniferous deposits of Western Pomerania
a few miospore zones useful for regional and interregional
correlation. The zones of the Tournaisian are: Lu —
Grandispora lupata Zone, Ra — Tumulispora raritubercu-
lata Zone, Ma — Convolutispora major Zone and Cl —
Prolycospora claytonii Zone. The latter zone spans the
Tournaisian/Visean boundary. The Visean zones are: Pu —
Lycospora pusilla Zone, Ca — Schulzospora campyloptera
Zone, and Pa — Dictyotriletes pactilis Zone. The papers
mentioned contain also descriptions of several miospore
species and of the new genus Prolycospora. The palynology
of the Devonian/Carboniferous boundary in the southern
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part of the Holy Cross Mts was also discussed by this
author (47). The papers by E. Turnau furnished the basis
for the stratigraphic subdivision of the Dinantian in Poland
and its correlation with other areas of Europe.

The numerous publications by H. Kmiecik, and by
H. Kmiecik et al. (30—39, 49), concern the palynology
of the Carboniferous deposits at the margin of the East Euro-
pean Platform. In the paper synthesizing the earlier studies
(35) this author defined one Dinantian spore zone, the
Ds — Diatomozonotriletes setosus Zone of the uppermost
Visean, and ten zones for the Silesian. These are: Tr —
Tripartites rugosus and Chp — Chaetosphaerites polleni-
similis Zones (Namurian A), Rc — Reticulatisporites carno-
sus Zone (Namurian B), Gv — Grumosisporites varioreti-
culatus Zone (Namurian C), Lspp — Lycospora punctata-
-pusilla Zone (lowermost Westphalian A), Ra — Radiizo-
nates aligerens Zone (upper Westphalian A), Eg — Endo-
sporites globiformis Zone and Ts — Triquitrites sculptilis
Zone (Westphalian B), Vf — Vestispora fenestrata Zone
(Westphalian C) and Pg — Punctatosporites granifer Zone
(Westphalian D). All these zones are correlated with those
of Western Europe.

In the discussed period, intensive palynological studies
were carried on also in other regions of Poland, in the
Lower Silesia and within the Foresudetic monocline. The
results of these investigations which were concentrated
on the uppermost Carboniferous and lowermost Permian
deposits are contained in the papers by S. Dybova-Jachowicz
(5), S. Dybova-Jachowicz and J. Jerzykiewicz (10), T.
Gorecka (13—17), J. Jerzykiewicz (26) and H. Krawczynska-
-Grocholska (41, 42). These papers give the palynological
characteristic of the particular units of the Stephanian and
define the equivalents of the standard spore zones: Poto-
nieisporites novicus-bhardwajii — Cheiledonites major and
Disaccites striatiti, furnishing new information on the
Carboniferous/Permian boundary in Poland. The miospore
investigations in those areas often provide the only strati-
graphic information on the deposits discovered in various
deep boreholes.

It is worth noting, that most of the recent miospore
investigations of various units of the Carboniferous in
Poland are based on non-coal material which involves
modification of laboratory techniques, and processing and
analysing a great number of diverse rock samples.

Some results of palynological investigations of the
Carboniferous in Poland were presented at various inter-
national conferences and congresses. Synthetic or compara-
tive papers written with foreign co-authors were also
published. Some of these are: G. Clayton et al. (1), S.
Dybova-Jachowicz et al. (12), A. Jachowicz (21, 22), J.
Jerzykiewicz (26), H. Kmiecik (34) and S. Loboziak et al.
(43).

Other investigations. The use of palynological methods
in conjunction with some other ones for purposes other
than stratigraphy has found its expression in the papers
by H. Kmiecik and S. Knafel (36) on the processes and
conditions of coal development exemplified by the coal
seams of the Anticlinal Beds from_the Upper Silesian Coal
Basin. These authors presented the vertical distribution
of different miospore and megaspore taxa in the terms of
succession of the parent plants. By the use of statistic and
palyno-petrographical interpretation of the results, tele-
matic, terrestrial and limnic biofacies have been distinguish-
ed. The relation of these to the natural succession of plant
assemblages of the Carboniferous pit-bogs has been ex-
plained in connection with the general pattern of peat
formation by S. Kulczynski. The paper discussed is a good



example of possibilities connected with broad interpreta-
tion of palynological and petrographical studies of coal.

Information on Carboniferous acritarchs. The palyno-
logical studies on Carboniferous deposits provided also data
on uni-cellular algae found in paralic and marine deposits.
E. Turnau (46) described some species of Micrhystridium
and Gorgonisphaeridium from Tournaisian deposits of
Western Pomerania, A. Jachowicz (22) reported on the
occurrence in the Lower Carboniferous of the Holy Cross
Mountains of acritarchs belonging to Leiosphaeridia,
Micrhystridium and Baltisphaeridium and of those related
probably to prasinophycean algae (Tasmanites and Cava-
tisporites).

PERMIAN

The palynological investigations of the Permian de-
posits in Poland, which started in the early nineteen-
-seventies, were concentrated on the following main pro-
blems: 1) the occurrence of microflora in continental
deposits and palynostratigraphy of the Rotliegendes and
the problem of the Carboniferous/Permian boundary;
2) palynostratigraphy of the Zechstein and the problem
of the Permian/Triassic boundary; 3) the application
of acritarchs in palynostratigraphy and palaecogeography
of the Permian. Records on occurrence of spores and
pollen grains from various types of rock derived from
Lower Permian deposits of different parts of Poland (mainly
from the Lower Silesia), and discussion on their stratigraphi-
cal application are contained in papers by S. Dybova-Jacho-
“wicz (2—35, 10), T. Gorecka (14, 15) and J. Jerzykiewicz
(26). More than one hundred and fifty species of spores
and pollen grains have been recorded hitherto from the
deposits at the Carboniferous/Permian boundary. This
anabled to distinguish spore assemblages corresponding
to the standard spore zones of France: ST (Stephanian B),
NBM (Stephanian CD), VS (Lower Autunian) and DS
(upper Autunian). These assemblages are also correla-
table with those of the substages C2 (upper Casimovian —
Lower Gzhelian), C3 (Gzhelian), P¥* and P$* (upper Assel-
ian) of the Donetz Basin. This furnished the basis for their
wider stratigraphic correlation with various parts of Europe.

Some more important results of palynological investi-
gations of the Zechstein deposits are presented in works by
S. Dybova-Jachowicz (2, 4). They indicate that it is possible
to distinguish in the Upper Permian sequences of the
Polish sedimentary basin the lineage subzones of the
Lueckisporites virkkiae Zone. In this way it is possible to
distinguish the subzones Aa and Ab (the cyclothemes PZ1
and PZ2), Ac (the cyclothemes PZ3 and PZ4) and Bc
(cyclothemes PZ4b, PZA4c and the uppermost part of the
‘supraevaporite series). The extinction of Lueckisporites
and Vittatina is taken as palynological criterion of the
upper boundary of Upper Permian.

Information on occurrence of rich and diversified
assemblages of acritarchs is contained in papers by S.
S. Dybova-Jachowicz (2, 3), S. Dybova-Jachowicz and
L. Jagielska (9), and M. Jachowicz (24, 25). The best
recognised assemblages of acritarchs are those from the
Zechstein limestone (Cal) of the Holy Cross Mountains
and those from the copper shale (T1) from northern Poland.
More than thirty species of acritarchs belonging to Leio-
sphaeridia, Baltisphaeridium, Micrhystridium, Veryhachium
and Wilsonastrum, and some Tasmanites belonging to
Prasinophyceae were described and illustrated from these
deposits. These preliminary studies on Permian acritarchs
suggest that these microfossils can be useful for distinguish-

ing the Lower and Upper Permian deposits. Some horizons
of mass occurrence of acritarchs may facilitate local and
regional correlations.

CONCLUDING REMARKS

This brief and general account of the Permian and
Carboniferous palynology in Poland shows that the studies
of the last ten years have brought the results which are
important for palacobotany, stratigraphy, palacogeography
and geology. First to be mentioned is the stratigraphic
subdivision of the whole Carboniferous, from the Famenn-
ian/Tournaisian to the Stephanian/Autunian boundaries,
and of a part of the Permian up to the Rotliegendes/Zech-
stein boundary.

The intensity of the palynological studies on the Carbo-
niferous and Permian deposits in Poland is not represented
in the whole extent by the papers published during the
last decade as many detailed and extensive works have
been completed in the form of manuscripts for archives
only. These may be used as the basis for studies on taxonomy
or morphology of selected spore or pollen grain taxons
and for broad interpretation of palynological results in
various aspects.

It has been shown here that the Carboniferous and
Permian palynology in Poland is at present concerned with
various plant microfossils such as megaspores, isospores,
microspores, pollen grains, and also acritarchs and other
unicellular algae. It is thus possible to study rock bodies
of various origin, formed in marine or continental condi-
tions, which may provide the basis for new palacobotanical
and geological interpretation.

Translated by Elzbieta Turnau
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STRESZCZENIE

W okresie ostatnich 10 lat badania palinologiczne
utworéw karbonu i permu w Polsce przyniosty wiele
nowych rezultatow, znacznemu poszerzeniu ulegl takze
ich zakres metodyczny, taksonomiczny i stratygraficzny.

W badaniach nad megasporami karbonskimi, dzieki
diugoletniej pracy miedzynarodowej grupy roboczej CIMP
dokonano postgpu taksonomicznego w wyniku przepro-
wadzonej rewizji grup, rodzajéow i gatunkéw megaspor
z korong i gula, uécislono rowniez ich maksymalne zasiegi
stratygraficzne w Europie i na innych obszarach. Prowa-
dzone byly rowniez prace nad precyzowaniem stref zmian
megasporowych w dolnonamurskiej czgéci profilu karbonu
produktywnego w Goérnoslaskim Zaglebiu Weglowym.

Miosporowe badania utwordéw karbonu mialy w glow-
nej mierze charakter stratygraficzny i prowadzone byly
rOwniez poza obszarami karbonskich zaglebi weglowych.
Po raz pierwszy uzyskano podstawowe informacje palino-
logiczne dla catego profilu karbonskiego, od granicy
dewon —karbon, przez wszystkie ogniwa dinantu i sylezu,
od granicy karbon—perm wlacznie. Dzigki wydzieleniu
i scharakteryzowaniu kilkunastu ton miosporowych uzys-
kano lepsze podstawy zarowno dla korelacji migdzy po-
szczegdlnymi regionami, jak i nawigzania do zon stan-
dardowych w zachodniej Europie.

Badania megasporowe i miosporowe w polaczeniu
z badaniami petrograficzno-weglowymi znalazty nowe za-
stosowanie w prObie okreSlenia genezy karbonskich po-
ktadow wegla, nastepstwa weglotworczych zespolow roslin-
nych oraz interpretacji ekologiczne;j.

Przy okazji prowadzenia badan miosporowych dla naj-
starszych bezweglowych utworéw dinantu na Pomorzu
i w obszarze Gor Swietokrzyskich uzyskano takze interesu-
jace informacje o wystgpowaniu akritarch i innych glonoéw
jednokomorkowych.

Rozpoczete na poczatku lat siedemdziesigtych systema-
tyczne badania utworéw permskich objely przede wszyst-
kim studia nad wystgpowaniem mikroflory terestrycznej
i palinostratygrafia czerwonego spagowca, mikroflorystycz-
nym podziatem stratygraficznym profilu cechsztynu oraz
mozliwo$cia wykorzystania akritarch permsklch dla celow
korelacyjnych i paleogeograficznych.

W efekcie tych badan wydzielono i scharakteryzowano
po raz pierwszy polskie ekwiwalenty niektorych stefafiskich
i autunskich zon sporowo-pylkowych standardowego profi-
lu francuskiego, porownano je roOwniez z odpowiednimi ze-
spofami najwyzszego karbonu i najnizszego permu z Za-
glebia Donieckiego.

Szczegblowe badania palinologiczne profilu cechsztyn-
skiego doprowadzily do okreslenia w poszczeg6lnych cyklo-
temach kilku podzon opartych na palinodemach Luecki-
sporites virkkiae, dobrze korelujacych si¢ w réznych re-
jonach i poréwnywalnych z innymi obszarami Europy;
uzyskano rowniez nowe dane dla precyzyjniejszego wyzna-
czania granicy permu i triasu.

W utworach cechsztynskich, cze§ciowo takze w utworach
Wyzszego czerwonego spagowca, stwierdzono takze zjawis-

ko wystgpowania charakterystycznych pozioméw liczniej-
szego nagromadzenia akritarch nalezacych do réznych
podgrup i rodzajéw; moga one stanowi¢ podstawe dla
uzupelnien danych palinostratygraficznych, korelacji re-
gionalnej oraz formutowania niektorych wnioskow paleo-
geograficznych.

PE3KOME

32 nocnegHue AecATb neT NanMHONOrMYecKue wuccne-
AOBaHUA KapbOHCKWUX W MEpMCKUX oTnoxewun B Monblue
Aanu pAA HOBbIX Pe3yNbTaTOB, 3HAYUTENbHO PaCLUUpUNCA
TakXe UX MeTOAWUYECKUN, TAKCOHOMUYECKUIi K CTpaTMrpa-
tuuecknin obwvéM.

B wuccnepoeanum kapboHckux Meracnop, 6naro,qapﬂ
MHoroneTHum paboTtam pabouein rpynnoi UMMM, 6bin
AOCTUTHYT TaKCOHOMMUECKUI NpOrpecc, B pesynbTaTe npo-
BEJEHHON PEBM3UM FPynn, poAOB W BMAOB Meracnop C Ko-
POHOVW M LIMWKOW, YTOYHEHbl TaKXKe UX MaKCUManbHbie
cTpaturpaduyeckue pganbHoctu B EBpone u Ha apyrux
TeppuTopuax. beinu Takxe nposeaeHbl paboTbl Mo yTou-
HEHMIO 30H MeracnopoBbiX W3MEHEHWI’ B HUXHEHAMIOpC-
KOM uYacTu pa3pesa NpoAyKTUBHOro kapboHa B BepxHe-
cunesckoM yronbHoM GacceiHe.

MuocnopoBbie uccneaoBaHus KapBOHCKUX OTMOKEHUN
MMEenu rnaeHelM obpasom &ITpaTMrpadJMHeCKMﬁ XapakTtep
! NPOBOAMNMUCH TaKkXKe BHE KapBOHCKUX yronbHbix Gacceii-
HoB. Bnepebie GbiNu nony4yeHbl OCHOBHbiE ManWUHOMOrU-
yeckue uHpopMauuu ans BCero kapboHCKoro paspesa,
OT rpaHWuUbl A€BOH—KApbOH Yepes Bce 3BEHbA AWUHAHTA
M cunesa, A0 rpaHuuUbl KapboH—nepM (BKNHOUYUTENBLHO).
Bnaroaaps BblaeneHuto U cxapakTepusoBaHuto bonee geca-
TU MMOCMOPOBLIX 30H GbINU NOMyYeHbl NyYliUe OCHOBbI
KaK ANs KOpPenAauun Mexay OTAeNbHbIMU peruoHamu,
Tak U ANA YCTAHOBMEHUA CBA3M CO CTAHAAPTHbLIMU 30HaMM
B 3anagHoi Eepone.

MeracnopoBbie U MUOGNOpOBbIE UCCIEAOBAHUA BMECTE
C NeTporpaguUeckuMm yrohbHbIMU UCCNEA0BAHUAMM Bbinu
NPUMEHEHHbI ANA NOMbLITKW ONpeAeneHus reHesuca Kap-
GOHCKMX YronbHbIX MNACcTOB, MOCNEAOBATENLHOCTU Yrne-
obpasyrolmx KOMMNMEKCOB paCTeHWM, a TakKe ANnA 3Komno-
rMYeCcKoNn MHTepnpeTauuu.

Mpwn BeaeHMU MUOCNOPOBBLIX UCCREfOBAHUI ANA CaMbIX
ApeBHUX 6e3yronbHbIX OTNOXEHMIH aAuHaHTa Ha [Momopbe
1 B CBEHTOKLWINUCKMX ropax Bbinyu Nony4YeHbl UHTEpPECHbIE
uHbOpMaLMK KacaloWMecs pacrnpoCTpPaHEHUAs aKpUTapx M
APYTUX OJAHOKNETOYHbIX BOAOPOCNE.

B Hauyane cemupaecaTbix rogos Gbinu HavaTbl cuCTeMa-
TUYEeCKKUe UCCneaoBaHUA NEpPMCKUX oTnoxenuii. Ncecnepo-
BaHWAM MOABEPranuCb: pacrnpocTpaHEeHUe TepecTpUYecKoi
MUKpPOGNOpbI, NaNUHOCTPaTUrpadna KPaCHOrO NEXHA, MU-
KpodropucTuyeckoe cTpaTurpaduyeckoe paeneHue pas-
pesa uexwTenHa, a TakXXe BO3MOXKHOCTU MpUMEHEHUA
NepMCKUX aKPUTapX ANA KOPpPenATUBHbIX U Maneoreorpa-
buueckux uenew.

B a¢ddexTe aTux uccneposanuit 6binu BblaeneHbl U
BNepBble CXapaKTepU3NPOBAHHbI MOMbCKUE 3KBUBANMEHTHI
HEKTOpPbIX CTE(hAHCKUX U AYTYHCKUX CMOPOBOMbINbLEBbLIX
30H CTaHAapTHOro ¢paHLy3CKOro paspesa, a TakXe npose-
AEHO UX CpaBHEHME C COOTBETCTBYIOLIUMU KOMMIEKCAMU
caMoro BepxHero kapb6oHa M CaMOro HWXXHEro nepMa’ u3
[JoHeukoro 6HacceiHa.

[eTanbHble nNanuWHONMOrMYECKUE WUCCNEAOBaAHUA LEex-
WITE/HOBOTO pa3pesa Npueenu K ONpeaeneHun B oTaefb-
HbIX LMKNOTEMMax HEeCKONbKUX MOA30H OCHOBaHHbIX Ha
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