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AnnaFIJAt.KOWSKA 

Palynostratigraphy of the Lower and Middle 
Buntsandstein in north-western part of the Holy Cross Mts. 

Three spore-pollen assemblages, representing umdbladispora obso/ela-Protolmp/oxypinus pantii and Demoi· 
~porites nejburgii Zones, were distinguislH:d within the Lower and Middle BunlSandstein deposits in NW part 
of the Holy Cross MIS. Palynofacies analysis provided for more detail data about the changes of depositional 
environment during the Early Triassic in the studied area. Palaeoenvironmental model used here indicates two 
climatic cycles in the Lower and Middle Buntsandstein. 

INTRODUCfION 

Palynological studies of the Lower Triassic deposits from north-western part of the 
Holy Cross Mts. were carried on in 1991-1993. Their aim was microflora characteristics, 
distinguishing of spore-pollen assemblages and working out, for the first time, palynos­
tratigraphy of the Lower and Middle Buntsandstein deposits from mentioned area. . 

First data about occurrence of the Early Triassic miospores in the Holy Cross Mis. 
were presented by S. Oybova-Jachowicz and O. Laszko (1976, 1978, 1980). They con­
cerned the upper part of the Middle Buntsandstein in the Szczukowice IG 1 borehole. T. 
Orlowska-Zwolinska identified a spore-pollen assemblage belonging to Luluibladispora 
obsoleta-Protohaploxypinus palltii Zone in the Lower Buntsandstein deposits from the 
Jaworzyna IG I borehole (unpublished). These studies were continued by author the 
present (A. Fijatkowska, 1990, 1991 , 1992, 1993; A. Fijalkowska, A. Trzepierczynska, 
[990). 
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Fig. I . Loc:uion of Sluditd boreholes on the geological map or NW Jl4ft orllle Holy CroS5 Mts. (without Qualemllf)') 

J - Tertiary; 2 - JulUSie and Cn:laceous; ) - Triassic, 4 _ Penni:lD.; S _ Paleozoic; 6 - boreholes 

Lokaliucja badanych otworn .... wicrtniezych na lie mapy eeolOllicznej odktytej NW c:zc:(ci OOf $wi~loknyskich 

I - tnecioro:d; 2 - jura i kttda; J - trias; 4 - penn; S - paleozoik: 6 - otwory wiertnkze 
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METHODS AND MATERIALS 

Pal ynological data from the Lower- Middle Buntsandstein interval, stated in the 22 
boreholes localized in NW part of the Holy Cross Mts. were gathered and complied in 
this study (Fig. I). In total 304 samples were taken from the selected sections at intervals 
of about 50 m. The total thickness of the studied section is 5320 m. The positi ve samples 
were obtained from the 10 boreholes (Fig. 2). 

Samples were selected from a variety of lithologies, although black, grey and greenish 
shales were prefered. Reddish, cherry and mottled detritic deposits were found to be bare 
in most samples. 

Maceration process was based on the HF method. 
In tOlal 80 species of miospores from 55 genera, as well as 7 species of acritarchs from 

5 genera and fu ngial spores Tympaflicysta were recognized (Tab. 3). 

GEOLOGICAL CHARACTERISTICS OF THE STUDIED 
LITHOSTRATIGRAPHICAL COMPLEXES 

J. Czarnocki (1925, 1926, 1927, 193 1, 1939) and 1. Samsonowicz (1929) produced the 
first lithostratigraphic framework from the Lower Triassic in the Holy Cross Mts. H. 
Senkowiczowa (1970; H. Senkowiczowa, A. Shlczka, 1962) estabilished currently used 
li thostratigraphical subdivisions of the Lower Triassic in north margin of the Holy Cross 
Mts. The most recent lithostratigraphical scheme of the Lower and Middle Buntsandstein 
for the studied area was produced by M. Kuleta (1990). She has distinguished the fou r 
following lithological complexes in the Lower Buntsandstein: AO, A 1 and AO/A 1, which 
are correlated with the Passage Beds of H. Senkowiczowa, and B, which corresponds to 
the Zagnansk Beds. Within the Middle Buntsandstein she has identified also four com­
plexes: C - which can be generally correlated with the Tumlin Beds, 0 - with the 
Gervilleia Beds, E - with the Hieroglyphic Beds and F - with the Pseudooolithic Beds 
(Fig. 5). 

The problem of the ZechsteinlBuntsandstein boundary still can be discussed. On the 
basis of results obtained by G. Pienkowski (1987, 1989), M. Kuleta (1990), S. Zbroja 
(1990) and by author, currently this boundary is placed at the base of mudstone complex 
with carbonate nodules (AO), which, in the older works, was included to the uppennost 
Zechstein (M. Kuleta, M. Rup, 1980; Z. Kowalczewski, M. Rup, 1981, 1989; M. Kulet3, 
1985; M. Rup, 1985). 

THE LOWER BUNTSANDSTEIN UrnOSTRA TIGRAPHY 

AO c omple x: dark-brown, structureless mudstones and sandy mudstones with 
carbonate nodules, streaks and irregular concentrations; 9.6-38.0 m thick in the studied 
sections (M. Kuleta, 1990); its inferred depositional environment is inland playa lake (G. 



1#.~i.i4 
1---15 
~e 

E 

w-+17 -' 
100le 



Palynostratigraphy ofthc Lowcrand Middle Buntsandstein 6J 

Pienkowski, 1989). This complex. lies in the sedimentary continuity with the uppermost 
Zechstein deposits. 

A I com p i e x: reddish and dark-brown laminated sandstones and mudstones with 
conglomerates and coarse sandstones at the base and fine mudstones and siltstones at the 
top, locally it has a heterolithic character; some scores meters thick; the presence of wave 
sedimentary structures may suggest the shallow marine environment (M. Kuieta, 1985, 
1990). 

A II A 0 com pi e x: red to dark-brown, structureless siltstones and mudstones; 
several meters thick; it is interpreted as overworked karstic aggradation (M. Kuieta, 1990), 

B co m pie x: rosy-red, unequigranular, cross-bedded sandstones building upwards 
finning cycles; 68.0-167.0 m thick; the sedimentary structures suggest fluvial environment 
(M. Kuleta, 1985. 1990). This complex is the main element of the Lower Buntsandstein 
section at the discussed area. 

THE MIDDLE BUNTSANDSTEIN LITHOSTRATIGRAPHY 

C co m pie x : red, reddish, unequigranular sandstones; 52.0-151.7 m thick. The two 
subcomplexes - CI and C2 - were distinguished here on the base of sedimentary-pe­
trographical differences. These subcomplexes occur both in the iso- and heterochronous 
position and are joint by common aeolian depositional environment. 

Cis u b com pie x: red, fine- and middle-grained sandstones; such sedimentary 
structures as horizontal wavy laminations and erosional channels infilled with structureless 
sediments suggest that deposition took place in the dune and inter-dune areas as well as 
in the braided rivers channels (M. Kuieta, 1990). This complex dominates in the sections 
concentrated in the central part of studied area (Tumlin, Goleniawy, Jaworze). 

C 2 s ub co m pie x : coarse- and middle-grained sandstones with the gravel admix­
ture building simple sedimentary cycles; a few meters thick; its sedimentary structures ­
trough bedding of varied scales - are characteristic for braided rivers and periodical 
streams in desert environment (M. Kuleta, 1990). This subcomplex occurs in Wand E 
part of the studied region. 

D CO in pie x : sets of rosy-grey-dark-brown coarse-grained sandstones alternating 
with oolithic-grainstones or calcareous arenites and mudstones or silts tones and red-rosy 
unequigranular sandstones; 38-94 m thick; wavy, wavy-lenticular or cross bedding of 
small scale are the most typical structures for this complex. The lamination in the upper 

Fig. 2. Correlation of the Lower and MiddleBunlSandstein sections containing microflora in NW part of the Holy 
Cross MIS. (after M. Kukta, 1990; modified) 

I - conglomerates; 2 -coarse·grained sandstones; 3 - fine-grained sandstones; 4 - mudstones; 5 - claystones; 
6 -limestones; 7 - sandy limestones; 8 - carb(lf13te nodules; 9 -spore·pollen assemblages; f - fault 

Korelacja profili dolnego i §rodkowego psuego piaskowC3 zawil:rajllcych mikmflo~ w NW c~ci Gor Swio;­
tokny.d::ich (wedlug M. Kuiety, 1990; nieco zmodyfikow3na) 

l - zlcpience; 2- piaskowce gruboziamiste; 3 - piaskowce drobnoriamistc; 4 - mulowce; 5 - ilowce; 6 -
wapienic; 1_ wapicnie piaszczyste; 8 - gruzly W1;glanowc; 9 -7.eSPOIy sporowo-pylkowe; f - usko!:: 
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Til bl e 

Palynomorphs occurn:nce in the Lower Buntsandstein oCthe Tumlin - Podgrodtlc IG 1 borehole 

Lithostrat igraphy 
(after M.Kulctn, 1990, modified) 

Species Lower Buntsandstein 

AO AI B C 

261.0-207.5 2<17.5-
185.7- 131.0 131.0-5 1.4 

- 18S.7 

I 2 3 4 S 

CamnuufX)ra Itllt r • 
Cnlmnosporo sp. .. 
Punctatisporilu "iauicus •• 
CycfotriieMS microgroniftr .. 
Cyclolrilelts allgogroniJer •• 
eycla/rileles triassicus • 
CyclQlri/eles sp. ..' Llmdbladispora brevic/lla • 
Lundblodispora c( obsaEe/a • 
Lundb/ndispora sp. ' .. 
DellSaisporitts plaxfordii • 
Densoisporiles $p. " Kraeuuli.rporilu op/cufa/us •• 
Kratusefi.lporilu cIlSpidus .,. 
KrO/!/lulisporitts ullrichii .. 
Kraeuselisporiles sp. .~ 

Endo:rporiles papillalus • 
Endospori/es sp. • 
SPORITES INDET. '" 
PrOlohaploxypinus jacobi; • 
Pr%haploxypinus pantii .. 
Prtllohopfoxypinus somoilovichii • 
PrOlOhapioxypinus sp. • 
Stria/aabielites sp. • 
Lueckisporites sp. • 
Ul1Iutisporitu grucills .' umatisporitts ptllll/:ldus • 
Ulfllliisporitu sp. · ' Kfausipolltllitu dtcipit ll.f • 
Kfausipollenilts minimus • 
Klnusipolltnitts 5p. .'. Pfalysaccus niger • 
Platysaccus papllionis •• 
Triadisporo CM.rso • 
Triadispora sp. .. 
Cycadopiltscoxii ". Cycadopilesfollicu.faris -CycadopittS sp. -
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POLLENITES INDET. +# 

Bollisplmeridium sp. .-
Micrhystridium sp. -Veryhachium sp. * ACRITARCHA INDET. -Tympanicysta * 
SPORE-POLLEN ASSEMBLAGES I 

Palyn0rtlOlVhoccurrence: + - I-4specimens; 0 - 5-lOspecimens; v - 1- 10%; x - morelhan 10% 

part of the complex is disturbed by plant toots; its inferred depositional environment is 
nearshore, marine (M. Kuleta, 1990). 

E com pie x : mainly gray or rosy-dark-brown. calcareous fine sandstones or sandy 
limestones rhythmicalJy alternated with dark mudstones or siltstones; maximal thickness 
of 28 m; its sedimentary structures vary from horizontal and wavy to staky-Ienticular and 
small scale cross bedding and are often disturbed by erosion or bioturbations; its environ­
ment is shallow, nearshore marine (M. Kuieta, 1990). 

F com pie x: dark-brown, stntctureless mudstones and sandy mudstones with cal­
careous or sulphurous nodules and fi ne conglomerates intercalations; some scores 1 m 
thick; its inferred depositional environment is inland playa lake. Its position within the 
Middle Buntsandstein section is different in the studied area. It is divided by E complex 
in the central part of the region; in the W part E complex lies directly upon 0 complex 
and F complex overlies E complex; in the E part of the region F complex probably does 
not occur at all. There were distinguished two subcomplexes - FI and F2 built from red. 
varied sandstones which have the features of continental deposits (M. Kuleta. 1990). 

PAL YNOSTRA TIGRAPHY 

The one spore-pollen assemblage (I), representing the Lulldbfadispora obsoleta­
Protohaploxypinus pantii Zone, was distinguished in the Lower Buntsandstein deposits 
and the two assemblages (ll, ill), representing the Densoisporites nejburgii Zone, in the 
Middle Buntsandstein. 

I ASSEMBLAGE 

C h a r act e r i s tic s . The main feature of this assemblage is appearance of the 
Early Triassic miospores dominated by lycopods spores Lundbladispora with the index 
taxa L. obsoleta Balme (PI. II, Fig. 2) and L. brevicula Balme (PI. II, Fig. 7) as well as 
Densoisporites with D. playfordii (Balme) Dettmann (PI. II, Fig. 3). Ferns spores repre-
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Fig. 3. Application of palaeoenvironmental model to the Lower and Middle Buntsandstein micmfloristic assemblages from NW pan of the Holy Cross MIs. 

I - hygrophytic elements; 2 - xerophytic elements; 3 - microphytoplankton; palynomorphs groups: A - monolelc, acavnle spores, B - trilete, ac3vate, laevigate 
and apiculalc spores, C - trilete, :lcavate and mummate spores, D - trilete, cingula!e and tOnnlri]ele spores, E - Aralrisporiles group, F _ monosulcale polten, G 
- taeniae (proto) bis3a::3tC pollen, H - Triadispora group, I - vesicate pollen, J - (proto) monosaccate pollen, K - circumpollen group, L - Leiospiwtlridia, M 
_ Micrhystridium. N - 8altisphlltlridium, 0 - VCl)'hachimn, P - Wilsonastrum, R - Leiophllso 

Zastosowanie modelu pa1C(1~rodowiskowego do zespol6w rnikroflorystycmych dolnego i ~rodkowego pstrego piaskowcu w NW czeki G6r Swi~{okrzyskich 

I - elementy hygrofilllC; 2 ~ elementy kserofilne; 3 - rnikrofitoplnnkton; grupy pulinomorf: A - spory monolete, ncuvute, B _ spary trilete, acavute, lnevigute i 
apiculate, C - spory trilete, aCllvate i mllrom~te, D - spary trilete, cinglllate i zonotrilete, E - grupa Aralrispori/ts, F - zmnm pylku monosuicatc, G - (proto) 
dwuworkowe ziama pylkll PIlli.kowane, H - grupa Triadi5pora, I - ziarn~ pylkll vesicate, J - (proto) jednoworkowe ziam~ pylkll, K - grupa circumpo\lcn, L­
uiosphotfidia, M - Micrhystridium, N - 8o//isphntfidium, 0 - Veryhachium, P - Wi/sonos/rum, R - uiopl/us(I 
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Table 2 

Palynomorpltsoccurrence in the Middle Buntsandstein o(Ihe Opoczno PIG 2 bor ehole 

Lithostratigraphy 
(aner M. Kurela. 1990, modified) 

S~ Middle Buntsandstein 

0 F E F 

1875.0-1810.0 
1810.0- \754.0-

1712.0-1336.8 
-1754.0 - 1712.0 

I 2 3 4 , 
Cnlnmospora sp. + ++ +++ 
Deltoispora minima + 
De/toispora sp. +. +++ 
Punetatisporites triassicILl' • •• 
PunClatispOrites sp. W· 

Cyclolriietes mierogralli/er · .. -
CycfOlrUe/es oligogranifer .. • 
CYC/Olrile/es Irlassieus + 
Cyclo/rildes sp. • w m 
CycloverrulrUeles presselensiJ + ++ ." 
Gul/al/sporiles e/egans + 
Guttatisporites microeehinatus + 
Gullalisporiles sp. ++ · 
Verrutosisporites sp. + 
LlJ.luiblodispora brtl'ieula + + + 
LutulblodiJpora willmotli + + 
LundbltulisfJQra sp. · .. + • 
DeflSol$poriles nejburgii · "' 

.. 
Densoisporilu playfordii • " + •• 
Densoispori/es sp. • " m 
Kraeuseluporites apicu/utus + 
Kroeuselisporites baculalus -Kraeuselisporiles sp. . • 
Anopieufatisporites sp. + 
Arutrisporites lenuispinosus + 
Aralrisporiles sp. +. 
Bharadwojispora labiie/tensu + . 
Bharadwajispora sp. + ++ 
Dulhuntyispora minuta + • w 
Dulhuntyispora sp. + ... 
Endosporiles papilln/us • ~ ... 
Aeu/eisporites variabi/is + + + 
Proprisporjres pacocld • ++ 
Proprisporires sp. · +. ++ 
SPORITES INDET. , u '" Proto!w.p/oXJpinus panlii + 
Prolohaploxypinus samoilovicllii · + 
PrololUJp/oxypinus sp. · · 
StrOlersporiles sp. + 
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I 2 3 4 , 
Slri(l/O(Iblelitts bal~i w 
Slriatoabft tifts 'p. , .. '" 
Protosaccldirw. sp. + + 
Luna/ispari/is albertat + 
U4rUllisporiles groci fis ++ + 
Lunolisporilu labdaCII.f + 
Lullal;sporiltS microsaccalus ++ +, 
u4flalisporiltl nlNiuuiMsis ++ +, 
UlI1alisporilu obu ++ + 
Luna/uporilu $p. 

, -+ 
PlatySUCCIU luchilci + .. , 
Platysaccus nlgu ++ .. , 
P/atysaccul papman/s + + 
PlatysaccuJ sp. ++ +-
Faldspor;ltJ snoplwwu + 
Fa/cisporilu sp- + 
K/uusipoUcnilU tkcipiens ~ + 
KlausipoiftnilU minimIU +, 
Klausipolftllilt S staplinU , .. 
Klaus/pol/Milts fanna Y + +, 
Klausipolltnilu IP. + .. .., 
Ctdripitd Sp. " 
Alisporilu C)'mbafllS + 
Alisporitu ova/is .. , 
AUsporiles 'P- .. , 
Succincti.lpori/t,f Sp. + 
BracllYSlICCUS ovalis + 
Brac/ryS(JCCus sp. + '" Ovalipollis sp. + 
Angus/lsuldles gorpii ++ , 
Agmutisulcilts grtWiis , -Agnusfi.tulcilt1 klausii + ....-
AgmlS/lsllleiltl sp. .. .., 
rr;ailisporu ,rema + + 
Triadispora sp. , 
Vitreisporites km!nigrwaldij -
VituisporiltJ sp. ++ 
Cycadopites cox; , 

" '" Cycadopites /u/licularis , " +" 
Cycadopittl hurtii ,+ 
Cycadopilts sp. , " Gn~lucoepollt!nitts sp. ++ 
Monosulclltl sp. + 
Dupficispt1rilts granularul ~ ,.. 
Dupficispt1rilt.f sp. , +, , 
Sp"eripQ/I~nirts IJ4lm~i + 
SpheriJJ()/IelJitts 'po , .. , 

POLLENrres INDEN. • " m 
Baltilpllauidium langi:rpinosum + 
Baltisphaeridium sp. + 
uiofusasp. , 
uio:rphatridia sp. , 
Micrhystridium sp. + 
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, 2 3 4 , 
VeryhaclliuJl! Irispinoides . 
Veryhachium sp. . 
Wifsmraslrum colonicrrm , 
Wilsollaslrmn sp. , 
ACRITARCHA INDET. , 
Tymp(lnicy.rla + 

SPORE-POLLEN ASSEMBLAGES II "' , 

For the legend see Table I 

senting such genera as: Cyclotrileres ~ C. microgranifer Miidler (pI. I, Fig. 7), C. 
oligogranifer Madler (PI. 1, Fig. 3), C. triassiclIs Miidler (PI. I. Fig. I), PlInctatisporites 
~ P. triassicus Schu lz (PI. I, Fig. 2) and Endosporites - E. papilla/us Jansonius (pI. n, 
Figs. 4, 6) are also abundant. The representatives of Gultatisporites - G. elegans Visscher 
(pI. II, Fig. I), Kraeuselisporites - K. apieulatus Jansonius (PI. ill, Fig. 4), K. cuspiduf 
Balme (PI. rn. Fig. 3), K. ullrichi; Reinhardl et Schmitz (PI. ill, Fig. 1) and Cafamospora 
- C. cf. teller (Leschik) de Jersey (pI. I, Fig. 4) occur less frequent. 

Among the bisaccate pollen grai ns, which dominate in this spectrum, striatite, forms 
belonging to Lunaiisporites - L noviaulensis (Leschik) Scheuring (PI, V, Fig. I), L 
gracilis (Jansonius) Fijalkowska (PI. IV, Fig. 4; PI. V, Fig. 5), L labdacus (Klaus) 
Fijalkowska (PI. IV, Fig. 2), Protohaploxypinus - P. pantii (Jansonius) Orlowska-Zwo­
liiiska (Pl. IV. Fig. 6). P. jaeobii (Jansonius) Hart (PI. m, Fig. 7) and Strorersporites are 
the most abundant. Klausipollenites specimens occur less freque nt. Moncolpate pollen are 
represented in greater number by Cycadopites coxii Visscher (pI. VI. Fig. 7), C.Jollicufaris 
Wilson et Webster (pI. VI. Fig. 8) and Gnetacaepollellites. 

The assemblage contains acritarchs in the amount of 6%. They are represented mainly 
by Baltisphaeridillm, Micrhystridium and Veryhachium genera. 

o c cur r e n c e . The assemblage was identified in the Lower Buntsandstein de­
posits (AO and Al complexes) from the following boreholes: laworznia IG 1 at the depth 
of 157.0--160.1 m, JaworzeJG (260.0 m), L:j,czna - Zaswsie IG 1 (329.7 m), T uml in ~ 
Podgrodzie IG I (190.7- 204.4 m) (Tab. I), Ostoj6w IG I (265.5-266.3 m) (Fig. 2). 

Co mp ari so ns an d co rre l alion s. The assemblage is correlated to 
the Lundbladispora obsoleta- Protohaploxypinus pantii Zone distinguished by T. Orlow­
ska-Zwoliiiska (1984, 1985) in the Lower Buntsandstein of the Western Poland (Tab. 5). 
It corresponds also to the LT- l Zone in the scheme produced by W. A. Brugman (1983) 
for Western and Southern Europe. Another occurrence of similar assemblage is known 
from the Griesbacruan deposits of Kap Stosch area in East Greenland where B. E. Balme 
(1979) distinguished the association Protohaploxypinus. Discussed assemblage can be 
also correlated to the spectrum from Toad-Grayling Formation. Western Canada described 
by 1. lansonius (1962) and from the Griesbachian deposits of Bjome Formation in the 
Canadian Arctic Archipelagoo (D. C. McGregor, 1965; J . Utting. 1987). There exist also 
a big similarity to the other assemblages known from the other phytogeographical prov­
inces. 
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Tab I e 3 

SlraligTllphlcal distribnt)oo of palynomorphs in the LGwtr and Middle Buntsandstein 
of NW part of Holy Cross Mis. 

Lilbosll'lltigraphy 
(after M. Kuleln, 1m, modified) 

Species 
BunlMndslcin 

Lo~, Middle 

A. AI B C D FI F E F2 

I 2 3 4 5 6 7 8 , I. 

lmIdbftufispora obsolela - -
Uackisporitts sp. - - -
Delloispora 'p. - - , 
Cawmospora sp. - - + 
PunctalisporitQ triassicru - , + 
Cyc/o/riktts microgroni/er , , , , 
eyclolrilelts sp. , + + , 
GUllaJi.rporitu elflgans - - + 
GrlltlJlisporiltS $P. - - , 
DuJIu4ntyisporo. minuta , - + 
Dulhuntyispora silo , + 
ikrlSoisporilts sp. , + + , 
LundbUufispom sp. - , , + 
Lycospora ' p. - - -
Kraeuselisporitts ap/cu/o/us , , -
Kroeuse/isporilu sp. - , -
Playfordiasporu sp. - -
Protohap/oxypinus potllii - , 
ProtoJrap/oxypinus SDtnoilovichii - , , 
ProtohaploxypilUlS sp. - , , 
Strotersporilts rlchltrl - , 
Sirotersporila 'p. , - -
Lunalisporiles lobdacru + , -
Lunatisporitts ",!crosacea/us - - -
Lunalisporiles noviaulemit - , - + 
ulIIotisporiles 'p. + , + , 
Klousipollenilts lIaplinii - - + 
KUlIuipoIlmi/u sp. - , , + 
Piatysoccwniger - - - -
PllltyfllCCIIJ sp. - - - , 
Spluuripol/etrilts sp. , , + 
Dupficisporltu sp. - - + , 
Cycadopites coxii + + , + 
Cycadopiles follicularis - , + + 
Cycadopites sp. - , + , 
Crucisaccilts sp. -
GIII:ItlClJf!poff~flil~s sl_sii -
PrOlolmploxypillus jacobii -
Kro~IlS~lisporilu ullrichii - -

F 

II 

-, , 
, 
, 
, 
, 
, , 
, 
+ 
-, 
+ 
-, 
, 
, 
-
-, 
+ 
+ , , 
+ 
-, , 
, , 
, 
, 
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I 2 3 4 5 6 7 8 9 to II 

Cydutri/e/ess /riu.tikus - -
Prolallapiux),pinus rlwmbeufurmis - -
CI/Ordasporiles sp. - -
Llmdbladispura cf. obsoleta - -
Delloispora minima , , 
Calamuspura lener - - • 
Colomusparacf. /ener - - -
PUllctalispuriles sp. • • 
Cydolrileles gra,w/oWs , , -
Cydolrileles o/igogranijer - • • 
Baclllulispuriles verllS - -
8(J(:uiUli.fporiles sp. - - -
De1l.fOisporites playfordii , • , , 
LWldbladispura brevicula - - - -
Lundblndispora willmOlli - - , -
Lyc{upom imperialis , " 

, 
Ellduspuriles papilla/lis , • , , 
Elldu.f/){}riles sp. , , , 
IIculeispuriles mriabilis - - - , 
Kroeuselisporiles cuspidlls , , 
Aralri.rpflfiles sp. - , , 
PrUlosaccu/illa sp. - - , 
Slrialopudocarpiles sp. ,- , , 
SlfiUloabieliles aywgii - - -
Slrialu(Jbieliles balmei - - , 
SlrialOobieliles sp. - , • • 
LUI/uris/writes alulUS - - , -
umutispurite.f a/bertae - - -
LunUlisporites gr(Jcilis , - , 
LwzUlisporites hexagonali.r - - -
LUlzatiSfJOrites obex - - , 
t..unalisporile.f pellucidus - -
umalisporile.r Ir(Jnsvusundalu.r - -
Klmuipolleniles decipiells - , , 
Kiallsipolleniles minimlls - - -
Platysaccus papilionis - - -
rriadisporacrassa - - , 
r rjadispum pUcara - , -
rriadispora sp. - • • 
Vilreisporiles koenig.rwaldii - , -
Vilreisporiles sp. - - -
Dllplicisporites granulalUS , , , 
Gnewcaepollelliles sp. - - -
Densoisporites nejburgii , , , 
Propri.rfH!riles sp. , • -
Klullsipollenites fomm Y - , , 
8haradw(Jjisporo Ilibiidzensis - , 
Blzaradwujispora sp. - - -
Monosulcites sp. - -
Lapposisporiles vil/uslls -
Lapposisporiles sp. , 
Gllltalisporiles micrueC/linalll$ -
Densuispurile.r holospongia -
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.... Iisporirt s g'Quv(J~1i -

.... lisporltu micmrelicu/a/IU -
Cycadopitu /1Or/1i -
Cyclo-nrrurriftlts prlsstleruis , , 
c,c/o",rrotri~ts sp. , , 
Vtfn4cosisporltts moruwe - + 
VefTljcosisporitu Ihuringiacla - -
Vtrrucosisporites sp. , , 
Proprisporilts pococki + -
"" rQ/risporites &ronuiUlus , -
Lunat;sptJrilu punlil - , 
Suce/ne/ispori/IS sp. - -
FaldsptJr;lu sp. , -
Plarysaccus It.tchil;i , , 
AlisporillS tymbatu.J , + 
Alisporllu gra"u/alus , -
Alisporitu sp. , , 
8rochysaccus (JIIQI/s , , 
BrachyroccIU sp. - + 
AngustiJu/CillS 8"rpii , + 
AngustisufcllU kklusii , , 
Angustisufcllu grMdis , , 
Angus/Isl/ieilu sp. , , 
Apicu/atisporis Sp. -
wpho/rile/asp. -
Vurocoslsporitu psludomoruloe , 
Triancorouporitu sp. -
Krytomisporitts l ",ii , 
Ptrolriletu sp. -
OmcefltricisporiltS sp. -
Plo.)/ordiasporo (reflu/ala -
Aralrisporila Itlluispifl(lSIU -
GuiH!sptJru conctnlrica -
Noumovosporo. sp. -
Fa/c/sporirts snopi:oV(lt -
Paravuicasporu sp. -
Ctdripitu sp. -
SlefiapolfMilts 1hitrsarlii , 
GUl/ulapolltmiuJS sp. -
SplUltripollelZites pllct1tus -
SpluuripollmillS IxIlmei -
Leiospluuridia sp. - + 
Baitisplllltridium lonsispinosum - -
Bt1ltispllOtrldiumcf. debilispinum -
Bt1/lispooeridium sp. , - -
MicrhystridiumSelIJSessilimll - -
Micrhystridium cr. illconsplcuum -
MicrhySlridiwn sp. , - -
Veryhachium trispiNJides , , 
Veryhachium irregularoe - + 
Veryhudlium sp. , , -
Leifusosp. + -
Wifsontutrum colonicum , 
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Wi/sonas/rum sp. - + 
Tympunicys/Cl + , , 

Spore-pollen =mblages I " '" 
Frequency of palyoomorphs occum:nce: - - singly; + - seldom; If. - less than I K; y - more than I ()<I, 

U ASSEMBLAGE 

C h a r act e r i s I i c s . Endosporiles papiflatus and Densoisporiles with the index 
species D. lIejburgii (Schulz) Balmc (PI. II, Fig. 8) dominate here among spores. The 
representatives of Cyciolriletes, Lu"dbladispora, Kraeuselisporites and Pl"Oprisporites 
occur less frequent. Lullatisporites and Klausipollenites taxa are the most abundant within 
the bisaccate pollen which dominate in this spectrum. Moncolpate pollen occur numer­
ously. 

Acritarchs, which make 36% of assemblage, are dominated by Veryhachium - V. 
trispil/oides (Jekhowsky) Fijalkowska (PI. VI, Fig. II). Baltisphaeridill/ll and Wilsofla­
strum are less abundant and Leiosphaeridia and Leiofusa occur si ngly. 

o c c u r r e n c e. The assemblage was distinguished in the lower part of the Middle 
Buntsandstein (D complex) only in one borehole - Opoczno PIG 2 at the depth of 
1820.2-1822.3 m (Fig. 2; Tab. 2). 

Compar i so n sa nd cor r el at i on s. This assemblage is correlated to 
the Dellsoisporites and acritarchs Subzone of the Densoisporites /lejburgii Zone d istin­
guished by T. Ortowska-Zwolil'iska ( 1984, 1985) in the lower part of the Middle Bunt­
sandstei n of the Western Poland. It can be referred to LT-2 Zone (Upper 
Griesbachian- Dinnerian) in the palynological scheme for Western and Southern Europe 
(Tab. 5). Some analogies exist between the discussed assemblage and Taeniaesporites 
association described in East Greenland by B. E. Balme (1979) as well as n assemblage 
recognized within the Dinnerian deposits of Canadian Arctic ArchipeJagoo (M. J . Fisher, 
1979). The assemblage can be a lso correlated to the Kraeuselisporiles saepatus Zone 
distinguished in the Lower Triassic of Western Australia O. H. Dolby, B. E. Balme, 1976). 

OI ASSEMBLAGE 

C h a r act e r i s tic s . The assemblage is domi nated by Densoisporites and Cy­
clotriletes spores. The index taxa Cycloverrutriletes presselensis Schulz (PI. I, Fig. 5) is 
abundant. PUllctatisporites, Dldhulltyispora and Verrucosisporites - V. pseudomoru/ae 
Visscher (PI. I , Fig. 9), V. thuringiacus Madler (pl.U, Fig. 9) occur singly. Bisaccate pollen 
are dominated by Lunatisporites and Klausipollenites. Afisporites - A. cymbatus Venka­
tachala, Beju et Kar (PI. V, Fig. 7), A. granulntus Klaus (PI. V, Fig. 8), Aflgustisulcites-
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A. gorpii Visscher (PI. VI , Fig. 3), A. klausi Freudenthal (pI. VI, Fig. 2), Brach)'saccus 
ovalis Madler (PI. VI, Fig. 1), Plarysaccus - P. niger Mfu:ller (PI. V, Fig. 3), P. papilioll is 
POlOnie et Klaus (PI. V, Fig. 4), P. leschiki Hart (PI. V, Fig. 6), Triadispora - T. crassa 
Klaus (PI. VI. Fig. 4), T. pIicata Klaus (PI. V, Fig. 2) and Stellapoflenites thiergartii 
(Miidler) Brugman (PI. VI, Fig. 6) occur less frequent. 

o c c ur r e n ee. The assemblage was recognized in the upper part of the Middle 
Buntsandstein (E and F complexes) in the following boreholes: Stachura IG 1 at Ihe depth 
of81.5-98.0 m, Cicrchy IG 1 (9 1. 1- 103.9 m), NieSwin PIG 1 (1531.3 m) (A. Fijalkowska, 
1991 ), Opoczno PIG 2 (1527.3-1591.6 and 1735.3---1752.5 m) (A. Fijalkowska, 1992) 
-Tab. 2 and Radwan6w IG I (862.0-943.5 m) (A. Fijatkowska, A. Trzepierczynska, 
1990) - Fig. 2. 

Co r re I a t ion san d c om par is 0 n s . The assemblage is correlated with 
the Cyc/overl"wrifetes presselensis Subzone of Densoisporites nejburgii Zone distin~ 

guished by T. Orlowska-Zwoliriska (1984, 1985) in the upper part of the Middle Bunt­
sandstein in Western Poland. It can be referred to LT-4 Zone (Middle-Upper Spathian) 
in the scheme for Western and Southern Europe (Tab. 5). The certain similarity exists 
between the assemblages recognized in the Middle Buntsandstei n of the Moesian Platfonn 
in Romania (8 . S. Venkatachala et aI. , 1968). 

PALYNOFAClES 

Palynofacies analyses, in contrast to palynostratigraphical which determinates the age 
of rock sample on the basis of palynomorphs content, deals with the total acid-resistant 
organ ic residue. Its results can be used to detennine the environment of dcposition. 

15 palynofacies types were distinguished within the Lower and Middle Buntsandstein 
lithological complexes (C complex makes an exception as no organic matter was found 
here) on the basis of the organic matter relati ve frequency (Fig. 5). The subdivison of 
organic matter into the allochthonous and autochthonous fractions proposed by C. J. van 
der Zwan (1990) was applied here . The following papers were used as a comparable 
materials: P. F. van Bergen et a l. (1990), C. J. van der Zwan (1990) and K. Dybkjaer 
(1 99 1). The results of the palynofacies analyses are summarised on the Table 4 and 
Figure 4 . 

. -------------------------------------
Fig. 4. Quantitative distribution of organie maner in the Lower and Middle Buntsandstein deposits in NW part of 
tile lIoly Cross MIS. 

For the lithologicalle~nd see Fig. 2 

llokiowe roVllieszezenie matcrii org:lniC1.ncj w osndacll dolnego i ~rodkowego pstrego piaskowca w NW cZl;~ci 
G6r Swi~tokr:zyskich 

Obj:clnienia symboli litologicznychjak na fi g. 2 
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Tabl e 4 

Characteristics of Ihe palynofacies types 

Palynofacies Characteristics Environment 

I 2 3 

Spores: Densoisporiles nod Cyciolriwfes, block wood, yellow cU{icJc.~ 
15 and plant tis.~uc, dominated black finely disperned arnorfous organic 

mailer (A.C.M.), black amorfous organic matter (opnque) Inland playa lake 

14 
Pollcn, ye llow cuticles and plant tissue, black wood, dominated black 
finely dispersed A.C.M., opaque 

13 
Spores: Densoisporites, black wood, dominated opaque, black finely Nearshore, shallow 
dispersed A.O.M. marine 

Single acritarchs, yellow cuticles and plant tissue, dominated opaque, Nearshore, shallow 
12 black finely dispersed A.O.M. marine with a higher 

energy level than I I 

Spores: Densoisporites and CYc/Qlriletes, ocritarchs: Micrllystridium, Nearshore, shallow 

" black wood, yellow cuticles and plant tissue, dominated finely dispersed 
marine low energy 

A.O.M., opaque 

10 
Spores: Denso;sporiles, pollen, acritarchs: MicrhysII;dium, dark-brown 
wood, yellow cuticles, black finely dispersed A.O.M., opaque 

Spores: DensoispoTiles, Cyciolriktes. Cycioverrulrileles, pollen: Nearshore, shal low 
9b LwlUlisporiles and Killusipo/lelliles, block wood, dominated opaque marine 

9, Spores: Densoispori/es. Cycw/rUeles. pollen. acritarchs, dominated 
opaque 

8b Black wood, dominated opaque .. Black finely dispersed A.a.M., opaque 
Low energy, 

7b 
Spores: Dellsoisporiles. acritarchs, yellow cuticles, dominated black restricted, shallow 

finely dispersed A.a.M., opaque marine 

7, Spo~s, acritarchs: VeryiJachium, Leiosphaeridia dominated black finely 
d ispersed A.O.M., opaque 

6b Single spores, yellow cuticles, dominated black finely d ispersed 
Auviatile channels A.O.M., opaque 
on a deltaic plain .. Sing\espores, dominated black finely dispersed A.O.M . 

5 B13l:k wood, black finely dispused A.O.M., opaque Aood plain 

'" Yellow cuticles, black finely dispersed A.a.M., opaque 

Black wood, yellow cuticles, dominated opaque, black finely dispersed Auviatile channels 
4b 

A.a.M. or the braided rivers 

4, Dominated opaque, black finey dispersed A.O.M. 
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1 2 3 

3 Yellow cuticles, dominnlcd OpaCJlIC, black finely dispersed A.O.M. Auviatile channels 
of the braided rivers 

2, Single pollen, black wood, yellow cuticles, dominated OpaqllC Ne:L!'Sh!He, shnllow 
marine 

Pollen: Umaluporilt:l, ProWhClploxypillllS, Kiousipollti/ius, spores: 
2b Ulndbladispora, DtnsoisporittS, acrit:uchs: Micrhystridium, 

Dallisphaeridimn, block wood, dominated Opa{JlIC 
Nenrshore, shallow 

Pollen: iJfnlllLlporifU, Prolollflploxypinus, Klaus/polleniltS, spores: marine 

2, LllndbladisfWr(l, DetlsaisrwriltS, ncrit:lrchs: Micrhystridium, 
Baflispltueridiml~ fungial spores, blnck wood, dominated black finely 
dispersed A.O.M .,opaque 

I , SillgJe pollen, black wood, yellow cuticles, dominated blnck finely 
dispersed A.O,M. , opnque 

1b 
Sillgle pollen arK! ncritarch.~, black wood, yellow cuticles aoo plon! Inland playa lake 
tissue. dominated black finely dispersed A.O.M., opaque 

I, Blnck wood, yellow cuticles. dominated block finely dispersed A.C.M., 

"I"'I~ 

PALAEOCLIMATIC AND PALAEOENVIRONMENTAL ASPECTS 

A change of sedi mentological character is observed from the coarse, proximal facies 
finishing the Zechstein sedimentation imo the playa lake facies in the lowermost Bunt­
sandstei n (AO complex) in the NW part of the Holy Cross Mts. This change is documented 
also by palynofacies (l type). It can be regarded as an echo of the Early Triassic trans­
gression which is more distinctly marked in the deeper part of basin (G. Pienkowski, 
1989). 

In the upper part of the Lower Buntsandstein (AI complex) marinc influences are 
marked in the deposits as a few meters thick heterolithic interbed" (M. Kulcta, 1985, 1990; 
G. Pie nkowski, 1989). Also the palynofacies containing acritarchs (2 type) suggests the 
shallow, nearshore marine environment. 

A combined H. Visscher - C, J, van der Zwan (1981) and G. Jeren ic - B. Jelen 
( 1991) model, based on the statis tic analyses of xerophytic and hygrophytic elements irt 
the microfloristic assemblages, was used for the palaeoclimatic reconstructio ns (Fig. 3). 

The xerophytic elements, belonging to the descent conifers and represented by striatite 
pollen of Protohaploxypinus and Lunotisporites genera (G group), are the most abundant 
in the I assemblage (53% of spectrum). Klausipollenites pollen (I group) occur less 
frequent. The hygrophytic elements - mainly ferns and lycopods spores - make 46% 
of spectrum. They are dominated by Densoisporites, Lundbfadispora and Endosporires 
taxa (D group) as well as Cyclotriletes and Guttatisporites (E group). Cycadales pollen 
represented mainly by Cycadopites (F group) are abundant. Acritarchs, which make 6% 
of spectrum, are dominated by specimcns of M and N groups. 
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A slight difference in the quantity of hygro- and xerophytic components seems to 
suggest that there was a tropical climate with a weak tendecy toward dry during the Early 
Triassic (Griesbachian) at the Holy Cross Mts. area. (According to the P. A. Ziegler's 
(1989) reconstructions Polish area was located about the 30"N latitude althe end of the 
Paleozoic era). 

The presence of acrit.1rchs evidence that deposition, in that time, took place in the 
marine environment (Fig. 5) and occurrence of redcponed Carboniferous spores of Tri­
qllitrites and Tripartites suggests the transport from SW direction, where the Carbonife. 
rous deposi ts were not overlied by Permian. 

A slight increase of hygrophytic elements (up to 55% of spectrum) is observed in the 
II assemblage. They belong mainly to D and F groups (Fig. 3). The frequency of xero­
phytic taxa (G and I groups) significantly decreased to 9%. Acri tarchs are especially 
abundnnt (36% of spectrum) nnd they belong mainly to Nand 0 groups. The hygrophytic 
components domination evidence an increase of humidity during the Early- Middle Din­
nerian and numerous appearance of acritarchs shows Ihat deposition took place in the 
marine e nvironment. 

Almost equilibrium between xero- (mainly H group) and hygrophytic element (B and 
D groups) is observed in the m assemblage. It can suggest that during Middle and Late 
Spathinn period the climatic conditions became more dry, similar to those during in the 
Early Triassic. Sedimentation took place in the inland environment. 

Thus the two climatic cycles can be distinguished on the discussed area in the Early 
Triassic: first which started with tropical climate in the Early Griesbachian (that is corre­
lated with the lower part of the Lower Buntsandstein - AO and A 1 complexes) and 
became extremaly dry (desert, semi-desert) in the Late Griesbnchian (the upper part of 
the Lower Buntsandstein - C complex) and second cycle which started with more humid 
tropical climate in the EarlylMiddlc Dinnerian (the lower part of the Middle BuntsandsteilJ 
- D complex) and became more dry (sem i-arid) in the Spathian (the upper part of the 
Middle Buntsandstein - E and F complexes). 

Th is cyclicity is reflected also by deposits development. It is consistent with the 
sedimentary megacycles disti nguished by D. Mader (1992) in spite of some d ifferences 
in the detail interpretation of the depositional environments. One can discuss, on the other 
hand, the consistency, with sedi mentary cycles described by R. Fuglewicz (1980). The 
Suboolithic Beds in the lower part of the Lower Buntsandstein, were deposi t, accordi ng 
(0 him, in (he arid, semi-desert environment, whereas the Lower Oolithic Beds (upper part 
of the Lower Buntsandstein) originated in the open marine environment. The Interoolithic 
Beds (lower part of the Middle Buntsandstein) have continental character and second 

Fig. 5. Reconstruction of the Early Triassic palaeoenyironnJCnt in toNI pan of the Holy emu MIS. 

P~lynomorphs: \- pollen gr.Uos. 2 -spores. 3 - acritarchs, 4- funginl spores; Slructllred debris: 5 - woody 
~maios, 6 - cu ticles, 7 - plrult tissue; wnorphous matter: 8 - findy dispe~. 9-heterogenous, to-opaque; 
{Mtlle lithological legend see Fig. 2 

Rekonstrukcjn paleo§rodowislc we wC1.Csnym triasie w NW ezeki Gor Sw~tolcnysldeh 

Palinomorfy: l-zinmapylkll. 2 -spar)', 3 -nkritarchy, 4- spory gnybow; strulcrurnlny debris: 5 -drewno. 
6 - nablouk i, 7 - tkooki ro~l ione; amorficVlY debris: 8 - drobnorozprDSwny. 9 - hcterogeniczny. 10- czarny; 
obja~nien ia symboli litologieznyehjak nn fig. 2 
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Tabl e 5 

Conelation or sport-pollen assemblages 

Palynostratigraphy 

Lithostrati -

Chrono-
graphy WandS 

Canadian Arctic 

stratigra-
(afterM. "'ro" EGreenland 

An:llipelagoo 
Kuleta, WPoland Holy (after 

ph, 1990, 
(after 

{after T. Orlowska- Cross 
(after D.C. McGregor, 

W.A. B.E.Balme, 
modified) Brugman, 

Zwoliriska, 1984, 1985} MO, 1979) 1965; M. 1. 
Fisher, 1979; 

1983) 1. Ulting, 1987) 
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marine transgression occurred in the middle part of the Middle Buntsandstein. The results 
of palynological investigation obtained both by T. Orlowska-Zwolinska (1984. 1985) and 
by the author suggest that there were two marine transgression in the Early Griesbachian 
and EarlylMiddle Dinnerian in Poland. 



Palynostratigraphy of the Lowerand Middle BunL~ands(ein " 
CONCLUSIONS 

I. The palynosfrafigraphical scheme of the Lower and Middle Buntsandstein deposits 
was obtained for NW part of the Holy Cross Mts. as a result of the correlation of the 
sections containing microflora (Tab. 3). 

The differences in the vertical miospores ranges as well as in their percentage made 
possible to distinguish the three spore-pollen assemblages: the I assemblage - in the AO 
and A I complexes which represents the Lundbfadispora obsofeta~Protohaploxypinus 
pantii Zone (Lower Griesbachian); the n assemblage - in the 0 complex which belongs 
to the Densoisporites nejburgii and acritarchs Subzone (LowerlMiddle Oinnerian); the ill 
assemblage - in the E and F complexes which represents the Cydoverrutriletes press­
elensi:.' Subzone (Spathian). 

Thus the presence of the Lower Bundsandstein was documented at the studied area 
that was disputed by some authors (see R. Fuglewicz et aI., 1990) who claimed that the 
Middle Bundsandstein palynomorphs are the oldest Triassic microfossils known both from 
the near and farther margin of the Holy Cross Mts. 

2. Holy Cross spore-pollen assemblages can be easily correlated with the spectra 
known from the other regions of Poland and Europe (Tab. 5). 

3. The 15 palynofacies types were recognized in the Lower~MiddJe Buntsandstein 
seclion (with an exception of C complex) which, together with the lithological-sedimen­
tary features of deposits, made possible to reconstruct the depositional environment 
represented by the four main types: inland playa lake, fl uvial with the deposition on flood 
plain and in fluviatile channels and shallow marine, locally restricted (Fig. 5, Tab. 4). In 
the Early Griesbachian (AD complex) deposition took place in the inland playa lake, than 
the marine transgression happend (AI and ADlAI complexes) and deposition occurred in 
the shallow nearshore sea. In the Middle Griesbachian (B complex) dominated fl uvial 
sedimentation in the moderately to highly braided pebbly or sandy rivers. The environment 
changed into desert in the Late Griesbachian~Early Dinnerian (C complex). The next 
transgression took place in the EarlylMiddle Dinnerian (D complex). Then the basin was 
isolated from the open sea and deposits ofE and F complexes originated in the continental 
muddy flood plain and playa lake. 

4. On the basis of a palaeoclimatic model two climatic cycles were distinguished: first 
- in the Griesbachian~EarlylMiddle Dinnerian (that is correlated with the Lower Bunt­
sandstein - AO-C complexes - and lower part of the Middle Buntsandstein - D 
complex), which began with the warm, rather dry tropic climate in the Early Griesbachian 
(AD and A I complexes) - I assemblage - and Changed into arid and semi-arid during 
the Late Griesbachian-Early Dinnerian (C complex); second - in the EarlylMiddle 
Dinnerian--Spathian (Middle Buntsandstein - D--F complexes), which started with the 
humid tropical climate in the EarlylMiddle Dinnerian (0 complex) - n assemblage -
and became more dry during the Spathian E and F complexes. 

5. The palaeoenvironmental as well as palaeoclimatic reconstructions suggest the 
possibility of distinguishing of two sedimentary megacycles in the Lower and Middle 
Buntsandstein. Therefore it seems more proper to include C complex to the Lower 
Buntsandstein. 
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Anna FIJAt.KOWSKA 

PALINOSTRATYGRAFIA DOLNEGO I SRODKOWEGO I>STREGO PIASKOWCA 
W POLNOCNO-ZACHODNIFJ CZ~CI GORSWIF;fOKRZYSKICH 

Strcszczeni e 

W wyniku badari palinologicznych osad6w dol neg<> i srodkowego pslrego pinskowca w p6lnocno-zaChodniej 
~§ci G6r Swio;tokr~yskich wyrozniono trzy nnsu~puj:tCe zespoly sporowo-pylkowe: I zcsp61 reprezenlujllcy 
potiom Lwldbladispora obso!eto._Protolwl'loxypimu piln.tii (dolny pstry piaskowiec), II lCsp61 n:prezcnlujllcy 
podpotiom Densoi.fporiles nejburgii i akrilarcha (dolna c~s(! ~rodkowego pSlrego pinskowca) i III zesp61 
repre1.enluj:jCy podpoziom Cycwverrutrileles presselensis (g6ma c~(! ~rodkowego pstrcgo piaskowca). 

Jest to pierwsza pr6ba zaSlosowania biostratygrafii w omawianych utworach. Zcspoly tidentyfikowane w 
Gilrach Swi .. toknyskich daj~ 5i.; dobrzc korelowa~ ze spckln\mi opisanymi z obS"7.aru Polski Zachodniej i 
Europy. 

W badanyeh osadach wydtielono 15 typ6w palinofacji. nn podslawie kt6rych jnk r6wnict cech petrogra­
ficz.no-litologicznych osadu starano SI'; scharakteryzowa<! ~rodowisko dcpozycji. W dolnym pstrym piaskowcu 
zmienialo 5i.; ono od konlynenlalnego Iypu playa, poprzez morskie przybrzetne, po i:ontynentalne rzec1J1e I 
pustynne. W do lncj cz .. ~i ~rodkowcgo pstrego piaskowca panowaly warunld plylkicgo morza, kt6re zmicnily 
si.; na konlynentalne jeziome (playa) w wyzszej jego czo;ki. 

Model paleoklimalyczny zastosowany w badaniach pozwolit na wyr6tnicnie dw6ch cykli ktimatycznych: 
pierwszcgo w griesbachu, kt6ry UlCZljl si .; klimatem cieplym (zwrotnikowym) z tendencjll do $ucnego, pne­
chodZljcym w p6lpustynny i pustynny w p6inym griesbachu-wczcsnyrnl~rodkowym dinnerionie, oraz drugiego, 
kt6ry ro~poc:ql si.; klimatem zwrotnikowym, wilgotnym i ~mienil na bardzicj s uchy w p6tnym dinnerianie-­
sp3tianie. 
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PLATE I 

Fig. I. Cye/Olrl/eles Ifiass/ells M1idler 
t.:tCZna - Zaszosie IG I borehole, depth 329.7 m; lAwcr Buntsandstein 
Otw6r wiertniczy Lltczna - Zaszosie IG I, glt<b. 329.7 m; doloy pstry piaskowiec 
Fig. 2, Plllletalisporites Iriassicus Schulz 
Stachura IG I borehole, depth 8 1.5 m; Middle Buntsandstein 
Otw6r wiertniczy Stachura IG I , gteb. 81,5 m; grodkowy pstry pi~skowicc 
Fig. 3. Cyclotrilelesoligogranijer M1idlcr 
Tumlin - Podgrodzic IG I borehole, depth 190.7 m; Lower Buntsandstein 
Otw6r wiertniczy Tumlin - Podgrodzie IG I, g~b. 190,7 m; dolny pslry piaskowicc 
Fig. 4. Calamospora cf. tener(Leschik) de Jersey 
Tumlin _ Podgrodric IG 1 borehole, depth 190.7 m; Lower Buntsandstein 
Otw6r wiertniczy Tumlin - Podgrodzie IG I, gl~b. 190,7 m; dolny pstry piaskowiec 
Fig. 5. Cyclovu rutriletespresselensis Schulz 
Stachura IG I borehole, depth 81.5 m; Middle Buntsandstein 
Otw6r wiertniczy Stachura IG I, g!r;:b. 81,5 m; ~rodkowy pstry piaskowiec 
M.g. 6. DellOispora minima (Couper) Pocock 
Ojlocz.no PIG 2 borehole, depth 1527.3 m; Middle Buntsandstein 
Otw6r wiertniczy Opoe-LIlO PIG 2, gb;b. 1527,3 m; ~rodkowy pstry piaskowiet: 
Fig. 7. CycwlrileleSmierogranijer Miidlcr 
Tumlin - Podgrodzie IG I borehole, depth 204.4 m; Lower Buntsandstein 
Otw6r wiertniczy Tumlin - Podgrodzie 10 I, gleb. 204,4 m; dolny pstry piaskowiec 
Fig. 8. Verrucosisporilessp. 
Stachura IG I borehole, depth 98.4 m; Middle Buntsandstein 
Otw6r wiertnic-q Stachura IG I, g~b. 98,4 m; ~rodkowy pstry piaskowiec 
Fig. 9. Verrucosisporilespseudomorulae Visscher 
Stachura IG I borehole, depth 98.4 m; Middle Buntsandstein 
Otw6r wiertniezy Stachura IG I, gb;b. 98,4 m; §rodkowy pstry piaskowiec 
Figs.I-9-xIOOO 
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Pig. I. GUllatiJporite .• efegoTlS Visscher 
Jaworo: rG I borehole, depth 260.0 m; Lower Buntsandstein 
Otw6r wiertniczy Jawor:ze IG I, g!~b. 260,0 m; dolny pstry piaskowiec 
Fig. 2. LUlldbltulisporaobJo/eta Balme 
t.:).czna - Zaszosie IG 1 borehole, depth 329.7 m; Lower Buntsandstein 
Otw6r wiertniczy t.~cUla - Zaswsie IG I, glOb. 329,7 m; dolny pstry piaskowicc: 
Fig. 3. Dellsoisporirespiayjordii (Bnlme) Dettmann 
Jawor:ze IG I borehole, depth 260.0 m; Lower Buntsandstein 
Otw6r wiertniczy Jaworo: IG I, gl~b. 260,0 m; dolny pstry pi:lSkowic:c 

Fig. 4. Endospor;tes papilla/us Jansonius 
l:4cum - Zaszosie IG 1 borehole, depth 329.7 Ill; Lowcr Buntsandstein 
Otw6r wiertniczy t.qczna - Zaszosie IG 1, gl¢b. 329,7 m; dolny pstry pinskowiee 
Fig. S. Kraeuscfisporiles sp. 
Tumlin - Podgrodzie IG 1 borehole, deptb 190.7 m; Lower Buntsnndstcin 
Otw6r wiertniczy T umlin - Podgrodzic IG I, gl~b, 190,7 m; dolny pstry pinskowicc 
Fig. 6. Endosporitespupillatus Jansoniu.~ 
Stachuro.lG I borehole, depth 81.5 m; Middle Buntsandstein 

Otw6r wienniCly Slllehurn IG 1, gl¢b. 81,S m; ~rodkowy psiry piaskowiec 
Fig. 7. umdbladisporabrevicu/n Sahne 
Jnwone lG I borehole, depth 260.0 m; Lower Buntsandstein 

Otw6r wicrtniczy Jaworo: IG I, gh;b. 260,0 m; dolny pstry piaskowic:c 
Fig. 8. Dellsoisporires nejburgU (Schulz) Bahne 
OPOC7JlO PIG 2 borehole, depth 1820.2 m; Middle Buntsandstein 
Otw6r wiertniczy OPOCUlO PIG 2, gl¢b. 1820,2 m; §rodkowy pstry pinskowicc 
Fig. 9. Verrucosi;'poriresrhuringiacus Mtidler 
Cierchy IG I borehole, depth 91.1 m; Middle Buntsandstein 

Otw6r wiertniczy Cierchy IG I, g~b. 9 1 ,1 m; ~mdkowy pstry piaskowicc 
Fig. 10. wpposisporites sp. 
NieSwifi PIG I borehole, depth 1531.1 m; Middle Buntsand.~lein 

Otw6r wiertniczy NicSwiri. PIG I, gI~b. IS31,! m; 'rodkowy pstry piaskowiec 
Figs. 1- IO - x 1000 
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Fig. 1. Kraeuselisporilcsullrichii Reiohnrllt el Schmitz 

Tumlio - Podgf(xb.ie lG 1 borehole, depth 204.4 m; Lower BuntsnndSleio 
Otw6r wiertniC'l.y Tumlin - Podgrollzic IG I, gl(,:b. 204,4 III; Ilolny pstry piaskowiec 
Fig. 2. Arulriofporiles gfllnu/allfx (Klaus) Playford et Dellmann 
Cierchy IG I borehole, depth 103.9 m: Middle Bunlsnndstein 
Otw6r wier1niczy Cierchy IG t, gil,b. 103,9 m; ~rodkowy pstI)' piaskowiec 
Fig. 3. Kraeuseli.tporilesclispidlis Bairnc 
t.~cy,oa - z..szosie IG 1 borehole, depth 329.7 m; !..-ower Buntsandstein 
Otw6r wiertniczy l:4czno - Zaswsic IG t, glCb. 329.7 m; dolny pSII)' piaskowiec 
Fig. 4. Kmellseii.tporilesapiclllalllJ Jnnsooius 
Tumlin - l'odgroozic IG 1 borehole, depth 190.7 m; Lower BunlsnndSlcin 
Olw6r wicrtnic1,y Tumlin - Podgrodzie IG I, gl(,:b. 190,7 m; dolny pstry piaskowie<: 

Fig. 5. Slril1lf}{lbielites a)"lugii (Visscher) Scheuring 
Stachurn lG I borehole. Ilerlh 81.5 m; Middle Bunlsandstein 
Otw6r wicrtnicty StachuTlI [G I, gl«b. 81,S m; ~rodkowy pstry piaskowiec 
Fig. 6. Sirialoahielilu/Jaimei Klaus 
StachurnlG 1 borehole, Ilepl!! 81.5 m; Middle Bumsnndslcin 
Otw6r wiertnic--q Stachur:J IG J, glcb. 81,5 m; ~rodkowy pstry piaskowiec 
Fig. 7. Pmlo/mp/"X)'pirHisjacubii (Jansonius) Hart 
Tumlin - Podgrodzic IG I borehole, depth 204.4 m; !..-ower Buntsandstein 
Otw6r wier1niczy Tumlin - l'odgro<lzie [G t, gi<;b. 204,4 m; dolny pstI)' piaskowiec 
Figs. 1,4 - )( ISOO, Figs. 2. 3, 5-7 - )( tOOO 
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Fig. [. Lunalisporites puntU Visscher 
Stachura IG I borehole, depth 81.5 m; Middle Buntsandstein 
Otwor wicrtnic;:y Stachura IG I, gl~b. 81,S m; §rodkowy pstry piaskowicc 
Fig. 2. LunaliSI'Ql"ileS ["bd(lclIS (Klaus) Fljalkowska 
tllC1.na - Zaswsie IG ( borehole, depth 329.7 m; Lower Buntsandstein 
Olwor wiertniczy l.4c"lfla - Zaszosie [G I, giCb. 329,7 m; dolny pstry piaskowiec 
Fig. 3. SlICCillCli.fp"riles sp. 
Nidwin PIG 1 borehole, depth 1531.3 m; Middle Buntsandstein 
Otwor wiertniczy Nidwiti PIG I, glCb. 1531,3 m; ~rodkowy pstry piaskowiec 
Fig. 4. LutWlisporiles gracilis (JansoniusJ Pijalkowska 
Tumlin - Podgrodzie JG I borehole, depth 190.7 m; Lower BuntsandSlein 
Otwor wicrtniczy Tumlin - Podgrodzie IG I, gl<;b. 19Q,7 m; dolny pstry piaskowicc 
Fig. 5. KIa/uiptJ[lenil~.f sp. 
Nic.<witi PIG I borehole, deplh 1531.3 m; Middle BunlS;l.ndstein 
Olwor wicrtniczy Nicswirl P[O I, gl~b. 1531,3 m; ~rO<Jkowy pstry piaskowiec 
Fig. 6. Protolmploxypinus [Xlnlii (Jansonius) Orlowska-Zwolirlska 
Tumlin - Podgrodl.ie IG I borehole, depth 204.4 m; Lower Buntsandstein 
Olwor wiertnic-q Tumlin - Podgrodzie IG I, glCb. 204,4 m; dolny pstry piaskowiec 
Fig. 7. Falcispurites sp. 
Cicrchy 10 I borehole, depth 91.1 m; Lower Buntsandstein 
Olwor wicrtn iczy Cierchy 10 I , gleb. 91, 1 m; dolny pstry piaskowiec 
Figs. 1,4 -x 1500, Figs. 2, 3, 5-7 - x 1000 
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Fig. 1. ul.11atisporill!S Iloviaulensis (Leschik) Scheuring 
!4cZIIU - Zaszosie IG I borehole, depth 329.7 m; Lower Bunt~andstein 
Otw6r wiertniczy t.:!czna - Z::iszosie 1G I, g1eb. 329,7 m; dolny psuy piaskowiec 
Fig. 2. Triad;spuraplieata Klaus 
Nidwifi PIG 1 borehole, depth 1531.3 m; Middle Runts:mdstein 
Otw6r wiertniezy Nie~wiri PIG 1, glo;b. 1531,3 III; ~rodkowy pstry [liasknwiec 

Fig. 3. Platy.mecus Iliger M5dlcr 
Stachura IG I borehole, depth 81.5 m; Middle Buntsandstein 
Otw6r wiertnio.y Stachura IG I, g~b. 81,5 m; §rodkowy psuy piaskowiec 

Fig. 4. Plarysaccus papilionis Potoni~ et Klaus 
Cicrchy IG I borehole, depth 103.9 m; Middle Buntsandstein 
Otw6r wiertniczy Cicrchy IG 1, glcb. 103,9 m; srodkowy pSlry piaskowiec 
Fig. 5. Lunatisporites gracilis (JanSOllius) Fij3lkow~ka 
Tumlin - Podgrodzie IG 1 borehole, depth 190.7 m; Lower Buntsandstein 
Otw6r wiertniezy Tumlin - Podgrodzie lG 1, g/eb. 190,7 m; dolny pstry piaskowiec 
Fig. 6. Plary.rlICcus leschiki Hart 
Opoczno PIG 2 borehole, depth 1527.3 m; Middle Buntsandstein 
Otw6r wiertniczy Opo<;"lno PIG 2, gl~b. ]527,3 m; §rodkowy psuy piaskowiee 

Fig. 7. Alisporires cymbams Venklllochala, Bejll el Kar 
Cierchy JG I borehole, depth 91.1 m; Middle Buntsandstein 
Otw6r wiertniezy Cierehy IG I, gleb. 91,1 m; srodkowy pstry piaskowicc 
Fig. 8. Alisporile$ grant/lalll.! Klaus 
Cierchy IG I borehole, depth 91.1 m; Middle Buntsandstein 
Otw6r wiertniezy Cierchy IG I, gleb. 91,1 m; ~rodkowy psuy piaskowice 
Figs. 1-6, 8-x 1000, Fig. 7 -x 1500 
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Fig. I . 8mchysaccus ovalis Madler 
Opoczno PIG 2 borehole, depth 1527.3 m; Middle Buntsandstein 
Otw6r wicrtniczy Opoezno PIG 2, gIl<b. 1527,3 m; srodkowy pstry piaskowiec 
Fig. 2. AngUSlisulciles klausi Freudenthal 
Opoczno PIG 2 borehole, depth 1591.6 m; Middle Buntsandstein 
Otw6r wiertn iezy Opoczno PIG 2, gl~b. 1591,6 m; ~rodkowy pstry piaskowiec 
Fig. 3. AngU$/Lmlciusgorpii Visscher 
Stachura IG I borehole, depth 81.5 m; Middle Bumsandstein 
Otw6r wiertniczy S!achum IG I, gl~b. 81,5 m; srodkowy pstry piaskowiec 
Fig. 4. Triudispora crassa Klaus 
Cicrchy IG I borehole, depth 103.9 m; Middle Buntsandstein 
Otw6r wicrtniczy Cierehy 10 1, glCb. 103,9 m; srodkowy pSII)' piaskowiec 
Fig. 5. Micrllyslridium sp. 
Opoczno PIG 2 borehole, depth 1820.2 m; Middle Buntsandstein 
O!w6r wiertniczy Opocmo PIG 2, gl~b. 1820,2 m; srodkowy pstry piaskowiee 

Fig. 6. Sie//apolienites lhiercartii (Madler) Brugman 
Stachum IG I borehole, depth 81.5 m; Middle Buntsandstein 

Otw6r wiertniczy Stachura IG I, glcb. 81,5 m; ~rodkowy pstry piaskowiec 
Fig. 7. Cycadopi/escoxii Visscher 
Jaworzc 10 I borehole, depth 260.0 m; Lower Buntsandstein 
Otw6r wiertniezy Jaworze 10 I, gleb. 260,0 m; dolny pstry piaskowiec 
Fig. 8. CycadopilesfQllicJ'luri.~ Wilson e t Webster 
Tumlin - Podgrodtie IG I borehole, depth 204.4 m; Lower Buntsandstein 

Otw6r wiertniczy Tumlin - Podgrodz.ie IG I, glo<b. 204,4 m; dolny pstry piaskowicc 
Fig. 9. Bulrisphaeridium sp. 
Opoczno PIG 2 borehole, depth 1820.2 m; Middle Buntsandstein 

Otw6r wiertniezy Opoc-zno PIG 2, glo<b. 1820,2 m; §rodkowy pstry piaskowiee 
Fig. 10. Dllplicisporitesgmllularus (l.eschik) Klaus 
Stachura IG I borehole, depth 98.4 m; Middle Buntsandstein 
Otw6r wiertniczy Staehurn IG I, g l~b. 98,4 m; srodkowy pstry piaskowiee 
Fig. I I . Veryliacliiumtrispil10ides (Jekhowsky) Fijalkowska 
Opoezno PIO 2 borehole, depth 1820.2 m; Middle Buntsandstein 
Otw6r wiertnic1.y Opoczno PIG 2, gl~b. 1820,2 m; srodkowy pstry piaskowiee 
Fig. 12. Leiosphaeridia sp. 
Opoczno PIG 2 borehole, depth 1820.0 m; Middle Buntsandstein 

Otw6r wiertniezy Opoczno PIG 2, gleb. 1820,0 m; §rodkowy pstry pinskowiec 
Fig. 13. Spll(leripolienires sp. 
Opoczno PIG 2 borehole, depth 159 1.6 m; Middle Buntsandstein 
Ocw6r wiertniezy Opoezno PIG 2, gleb. 1591,6 m; §rodkowy pstry piaskowicc 
Pig. 14.'Ballisplweridium IOllgispinQsunl (Eisenack) Eisenack 
OpoCzno PIG 2 borehole, depth 1820.2 m; Middle Buntsandstein 

'Olw6r wiertniezy Opoczno PIG 2, gleb. 1820,2 m; §rodkowy pstry piaskowiec 
Figs. 1,2,4-10, 12-14 - x [000, Figs. 3, II - x 1500 


