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EI1bieta GAiDZICKA 

Nannoplankton stratigraphy of the Miocene deposits 
in Tarnobrzeg area (northeastern part 

of the Carpathian Foredeep) 

The calcareous nannofo.~sils oflOO Mach6w Fonnalion (the Peete" Beds and Kmkowiec Clays) from exposures 
31 the sulphur mine Maeh6w and from cores in northeastern part of Ute Carpathian Foredeep were studied using 
both light and electron microscopes. The stratigraphic position of the deposits which overlie the evaporite series 
is discussed. They Sl':Cm to be younger lhan the NN 7 DiscolUler kug/eri Zone and they probably correspond to 
the NN 8 Cali"aSlercoalilus and NN 9 DiscouSler hamulus Zones of the standard nannoplankton zonation. 

INTRODUcrlON 

This study presents the results of detailed investigations of calcareous nannofossils 
obtained from Miocene deposits which occur in the region of Tamobrzeg. The aim of the 
work was to determine the age of clastic deposits which overlie the evaporite series using 
coccoliths and to discuss the possibility of stratigraphic correlation. Over seventy samples 
have been collected from cores, sulphur mine Mach6w and other outcrops for both 
forami niferal and nannoplankton investigations. The foraminifera have been examined by 
I. Paruch-Kulczycka (Z. Krysiak et at., 1993). 

In the northern part of the Carpathian Foredeep the stratigraphical subdivision of the 
Miocene sequence which bas been employed hitherto was based upon benthic foraminifera 
(E. Luczkowska, 1964). The nannoplankton zonation was established only for deposits 
accumulated before the evaporitic event. Investigations were concentrated westward of the 
current study area in the vicinities of Korytnica (E. Martini, 1977) and Chmielnik (J. 
Dudziak, A. Lapta§, 1991). 
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Fig. I. U1calion of studied boreholes and outcrops 
in the Carpathian Foredeep 
I _ Miocene ofille Carpathian Foredeep, 2 - north 
extent of the Miocene deposits, 3 - Carpathian 
nappes overthrust, 4 _ faults, 5 - boundary of 
state, 6 - borehole, 7 - sulphur mine, 8- oulcrop 
of Miocene deposits 
Loknlizacja badanych otwor6w wicrtniczych i ad
sloni¢ w zapadJisku prledktlllJackim 
1 _ miocen tapadlisKa przedkarpackiego, 2 - p61-
DOCDy zasit;:g utwor6w mioecnu, 3 - nasuniecie 
plaszcwwin kaJ:]XIckich, 4 - uskoki, 5 - granica 
pat\~twa, 6-otwor wiertniczy, 7 - kopnlola siarld, 
S - odstoniccie utwor6w mioccnu 

GEOLOGICAL SETTING AND UTHOSTRA TIGRAPHY 

The study area is located within the northeastern part of the Carpathian Foredeep where 
the Polish sulphur industry is concentrated (Fig. 1), The Carpathian Foredeep, a trough 320 
km long and 80 km wide, is bordered to the south by external nappes of the Carpathians 
and to the north by the Holy Cross Mts. and Roztocze Hills. The geological development 
of the basin, filled by Miocene deposits, was closely connected with Late Alpine tectonic 
events. A more detailed account on tHe geological setting and the tectonic history of the 
area has been given by several authors (R. Ney et at., 1974; M. Ksillzkiewicz, 1972; J. 
Kotlarczyk, 1985; S. Kwiatkowski, 1985). 

Thrusting of the Carpathian nappes resulted in migration of the basin northward. The 
transgression onto the southern slopes of the Holy Cross Mts. occurred during the Lower 
Badenian (E. Martini, 1977). Thesedimentation started with organogenic (often Lithotham
nium limestones) or detrital (clays and sands) deposits with marine fossils. To the south the 
deposition was more clayey. The thickness of these deposits, called the Baran6w Beds, 
varies from 2 to 150 m (S. Pawlowski et ai., 1985). They are overlain by chemical deposits 
represented by sulphates (gypsum and anhydride, locally altered into sulphur-bearing 
limestones) and salts. They are assumed to be of Middle Badenian (Wielician) age (E. 
Luczkowska, 1978). After chemical sedimentation ended, a monotonous series of clays, 
siltstones, clayey marls, sands and sandstones were deposited. This sequence, called the 
Mach6w Formation (A. Garlicki, 1994), overlies transgressively the older strala. The lowest 
part of the formation developed as argillaceous marls with Pecten andSpirialis and is named 
the Pecten Beds. The thickness of the Pecten Beds reaches up to 50 m and their Upper 
Badenian (Kosovian) age has been deduced from microfaunal assemblages (E. Luczkow
ska, 1978). The Pecten Beds pass gradually upward into the thick complex ofthe Krakowiec 
Clays which are placed in the Lower Sannatian. In the eastern part of the Carpathian 
Foredeep, the thickness of the Krakowiec Clays exceeds 2500 m. A younger age for the 
upper part of this sequence is suggested on the basis of calcareous nannofossils as well as 
consideration of the rate of deposition (J. Gtazek. E. Gaidzicka, in press). 
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MATERIAL AND METHODS 

Calcareous nannofossils were studied in a 200 m thick sequence of the Mach6w 
Formation from boreholes Jamnica M-83 and S-119 (Fig. I). In both cores the base of the 
formation was accessible. Special attention was paid to the transition between the Pecten 
Beds and Krakowiec Clays; additionally, the 100 m thick section at the Mach6w mine was 
sampled in detail. Also, some samples from the Baran6w Beds (from borehole Jamnica 
M-83 and the outcrop at Swiniary) were studied to optimize the stratigraphic data. 

The investigation of nannofossi ls was carried out using an Olimpus BHS light micro
scope. Centrifuge and smear slides were prepared following the standard techniques 
described by R Taylor and G. Hamilton (1982). Selected samples were examined in the 
Scanning Electron Microscope Philips XL 20. 

CALCAREOUSNANNOFOSSas 

The samples collected from the Pecten Beds produced an abundance of coccoliths while 
the samples from the Krakowiec Clays had lower yields. Preservation stateof the specimens 
was variable. In the lower part of the formation they are better preserved than in the upper 
part where coccoliths are crushed and dissolved. The total diversity withi n assemblages is 
large but a great number of nannofossils were reworked from older deposits. The Upper 
Cretaceous and Eocene taxa dominated but in some levels there were coccoliths from the 
Paleocene, Oligocene and Middle Miocene. The taxonomic composition of assemblages 
and relative abundance data are presented in the Figures 2-4. 

In the Pecten Beds the most abundant species are: Calcidiscus leptopoT/lS (Murray et 
Blackman) (pI. I, Figs. 6-8), C. macintyrei (Bukry el Bramlette) (pI. I, Fig. 5), HeLicos
phaua kamptneri Hay et Mohler (PI. n, Figs. 2- 3), Reticulofenesrra pseudoumbilica 
(Gartner) with concurrent small reticulofenestrids - R. millutulalhaqii and R. minuta Roth 
(PI. m, Fig. 7). Particularly notable is the occurrence of Helicosphaera walbersdorfensis 
Muller (pI. n, Fig. 1), H. sellii Bukry et Bramleue and Sphelloiilhus abies Deflandre (pI. 
U, Figs. 5-7). The other species are represented by small numbers; the discoaslers are almost 
completely absent. 

In the Krakowiec Clays the calcareous nannoplankton is less diverse. Helicosphaera 
walbersdorfensis Muller, H. sellii Bukry et Bramlette and Spheflolithus abies Deflandre 
disappear, H. kamptneri Hay et Mohler becomes rare. The assemblage of Miocene cocco
li ths is restricted to some placoliths: Coccolithus pelagicus (Wallich) (PI. I, Figs. 1-4), 
Umbilicosphaera jafarii Muller, Ret;culofeflestra pseudoumbilica (Gartner) (PI. ill, Figs. 
4--6) and R. minlltuialhaqii. The abundance of reworked specimens in the deposits is 
symptomatic. In the lower part of the Krakowiec Clays (so-called the Syndesmya Beds) 
Braamdosphaera bigelowii (Gran et Braarud) (pI. ill, Fig. 3) and the genus Thoracosphaera 
sp. (pI. ill, Fig. 8) increase in number. 

The samples from the outcrop at Swiniary yielded well preserved and diverse calcareous 
nannoplankton, similar to that from the Pecten Beds. Genus Helicosphaera, represented by 
H. kamptlleri Hay et Mohler, H. granulata Bukry et Percival, H. walbersdorfensis Muller 
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Fig. 2. Distribution of calcareous nannofossils in the section of sulphur mine Mnch6w 
Relative abundances: 1 - raro, 2 - few, 3 - common, 4 - abundant; 5 - revorked taxa; 6 - abundance of 
revorked taxa; 7 - clays; 8 - mudstones; 9 sands, sandstones; 10 - marls; II - limestones; 12 -
sulphur-bearing limestones; 13 - anhydrite; 14 - breccias; 15 - tuffs, !uffiltS 
Nannoplankton wapienn}' w profilu kopalni siarki MacMw 
Taksony: 1 - rzadkie, 2 - obecnc, 3 - lieme, 4 - obute; 5 - kokkolity redcponowane; 6 - przewaga 
kokkolitow rcdeponowanych; 7 - il}'; 8 - mulowcc; 9 - piaski, piaskowce; 10 - margie, I J _ wapienie ; 12 
- wapieDie osiarkowane; 13 - anhydryty; 14 - brekcja; 15 - rufy, tufity 

and H. philippinensis Miiller, is very common here. The helicolithids are accompanied by 
Sphenolilhus abies Deflandre and Rhabdosphaera sieea Stradner (pI. ill, Fig. 2). Bekeli
thella echinata B6na et Gal, known from the Pannonian of Hungary, is also observed here. 

BIO$TRA TIGRAPHY 

The calcareous nannoplankton zonation of the Miocene is based on discoasters as wnal 
markers. A very low number of asteroliths in the studied samples makes age determination 
difficult. The single occurrence of Discoaster kugleri Martini et Bramlette and the presence 
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Fig. 3. Distribution of calcareous n:mnofossils in !he CO£C Jamnica M-83 
Explanations sec Fig. 2 
Nannoplankton wnpicnny w profilu otworu Jamnica M-83 
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of several specimens of D. calcaris Gartner are considered, as well as the similarity of 
coccolith assemblages to the ones known from the Central Paratethys. 

The presence of Discoaster exilis Martini et Bramlette in the Baran6w Beds (core 
Jamnica M-83) and the absence of Sphenolithus hereromorphus Denandre and Discoasrer 
kugleri Martini et Bramlette indicates the NN6 Discoaster exilis Zone. S. heteromorphus 
Deflandre was found in the Lower Badenian deposits from the southern slopes of the Holy 
Cross Mts. (E. Martin i, 1977 ; J. Dudziak, A. LaptaS, 1991) and from the Roztocze region 
(0. Peryt, 1987), where coccolith Zone NN5 was established. 

In the Mach6w Fonnation Discoaster exdis Martini et Bramlette is not observed. 
Instead, D. calcarisGartner, which has its first occurrence in the NN8 Zone (K. Perch-Nie l
sen, 1985; E. Martini, C. MUller, 1986), appears. D. kugleri Martini et Bramlette. a zonal 
marker in the Middle Miocene is absent. The single specimen of this species in the Pecten 
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Fig. 4. Distribution of calcareous nannofossils in the oore larnnica S-]19 
Explanations see Fig. 2 
Nannoplnnlcton wapienny w profilu OIWOf\! Jamnica 5·\19 
Obj~nieniajak na fig. 2 

.~ · , , , 
• • ! • • • , 
" ! 
" 3 

NN8/9 

Beds at Mach6w suggests redeposition. All these data lead to the conclusion that in the 
Tarnobrzeg area the deposits overlying the evaporites are younger than the NN7 Discoaster 
kugLeri Zone, and they could be assigned to the NN8 CatilUJSter coatilus or even NN9 
Discoaster harrultus Zones. 

FINAL REMARKS 

In the Central Paratethys the Badenian stage is distinguished by the presence of rich, 
marine micro~ and macro faunas. In contrast, the Sarmatian deposits which overlie the 
Badenian rocks are impoverished in marine fossils. The Sarmatian calcareous nannofloras 
known from the Vienna and Pannonian Basins, are of low diversity. The floras are mainly 
restricted to a few species with high abundance: Braarudosphaera bigelowij (Gran el 
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Braarud), Coccolithus pewgicus (Wallich) and the reticulofenestrids. The discoasters and 
the sphenolithids, frequent in Badenian deposits, are absent (H. Stradner, R. Fuchs, 1979; 
A. Nagymarosy, 1985). The taxonomic composition of coccolith, as well as ofthe molluscan 
and foraminiferal assemblages, indicates the isolation of the basin from the world oceans 
and its reduced salinity (A. Nagymarosy, P. Muller, 1988). The Pannonian deposits in 
Hungary accumulated in brackish- or fresh-water environments. They yield only assemb
lages of endemic fossils which do not allow extrabasinal correlations (A. Nagymarosy, P. 
Muller, 1988). The lower boundary of the Sarmatian stage in the Central Paratethys is placed 
in the nannoplankton Zone NN7 and the upper boundary in the NN9 Zone, which is also 
the boundary between Middle and Upper Miocene (F. Steininger et al., 1990). 

In the study area, the Mach6w Formation lies transgressively on the evaporite series and 
it represents a single sedimentary sequence. The calcareous nannofossils from the Pecten 
Beds and Krakowiec Clays are comparable with the assemblages from the Sannatian stage 
in the Vienna Basin. particularly from Walbersdorf(F. Rogl, C. Muller, 1976: H. Stradner, 
R. Fuchs, 1979), however, the presence of a few discoasters must be stated. 

Moreover, in the top part of the Krakowiec Clays, from the vicinity of Stalowa Wola, 
Discoasler bel/us Bukry el Percival, D. brouveri Tan Sin Hok, D. interca/aris Bukry and 
D. neohamatus Bukry and Bramlette were found (1. Glazek, E. Gatdzicka, in press). They 
are considered indicative of the Upper Miocene NN9 - NNIO Zones. The taxonomic 
composition of the nannoplankton assemblages of the whole Mach6w Fonnation suggests 
its Upper Sannatian and Lower Pannonian age. . 

The occurrence of calcareous nannofossils together with foraminifera and other micro
and macrofossils (e.g. dasycladacean algae - see 1. Paruch.Kulczycka, 1994) indicates a 
marine environment with nonnal salinity. High abundance of the nannofossil genus Heli
cosphaera in the Pecten Beds and Braarudosphaera bigelowii (Gran et Braarud) and 
Coccolithus pelagicus (Wallich) in the lower part of the Krakowiec Clays suggests near
shore deposition. Also in the lower part ofKrakowiecClays, layers with abundantcoccoliths 
are observed. They yield nearly monospecific assemblages consisting of ReticuloJenestra 
pseudoumbilica (Gartner) (PI. IV, Fig. 2) or Umbilicosphaera jajarii Muller without 
evidence of reworking. These layers may be considered pelagic sediments. The monospe
cific character of these assemblages resulted from extreme environmental conditions 
eliminating less tolerant species (A. Nagymarosy, 1983). The abundance of nutrients 
(compounds of nitrogen and phosphorus) was necessary for the blooms of nannoflora. 

In the upper part of the Mach6w Fonnation the number of reworked nannofossils 
increased; this suggests intensive influx of terrigenous material into the basin. Upper 
Cretaceous and Middle Eocene coccoliths, derived from the northern coasts are predomi
nant. The presence of recycled Badenian nannofossils is evidence of tectonic activity in the 
region during the Sannatian. 
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Eltbicta GAtDZICKA 

STRATYGRAFIA NANNOPLANKTONOWA UTWOROW MIOCENU Z REJONU TARNOBRZEGA 
CroLNOCNO-WSCHODNIA CZF;C7..APADLISKA PRZEDKARPACKIEGO) 

St r e szc:t c nic 

Zbad:lno nannoplnnkton wapienny :t utworow miocenu w rcjonie Tamobrzcga (kopalnia siark.i MachOw, 
O(wory Jamnica M-B3 is-I 19, Swininry) (tig. I). Badany material poeOOd:zi1 z WaJitw pektenowych tl"1ldy<:yjn ie 
zaJiClllnyeh do badenu gom ego Onll. 7. do]nej c~ei ilow krakowicekich uwnt.anych :ta sannlll dolny. Pojedyncze 
pr6bki pobmno:t wnrstwbaranowskich wysu.puj~ych ponitcj zlota simi omz z utwor6w ilastych z odsloni~i3 
w Swiniameh. Zespoly nrmnoplanktonu wapiennego charaktcryzuj-l si~ maJym :u6tnicownnicm taksonomicUlym 
przy outej n!ekiedy frckwcncji kokknlitOw. W wnrslwach wyst~pujljCych powytcj osadow chcmicznych w 
zespolach nannoplanktonu dominuj:l,: Ca/ddiscr/J kptoporus (Munay et Blackman), C. /nadntyrei (Bukry ct 
BramICftc), Coccolirlius pe/agicus (Wallkh), Reticrr/ojentstro pseudoumbilica (Gartner) Wnll. :t drobnymi forma
m! R. minura Roth i R. minurula/1wqii (tnbl. l-IlI). W warstwach pektcnowy<:h charaktcrystycznajest obecnoU 
roduju Htlicosplraent, ktoremu towarzyszy Spllenolilluu abits Deflandre. W iloch krakowieckkh :u6tnicowanie 
zespolu kokkotitow mioa:nskich malejc, wzmsta natomiastl iczba form rcdepooowanyeh zeslarnyeh utwor6w, 
gl6wnie krcdowych i eocenskich (fig. 2-4). Roduaj Discl)(JJllr, watny dla str:llygrafii rniocenu, w badanych 
utwornch reprezentowany jest niclicznie. SkJad taksonomiczny zespolow nannoplankfonu pozw:1la zaliart 
wnrstwy barunowskie do poziomu NN 6 Discoruter e.rilr"s standan:lowego pochin!u neogenu, natomiast osady 
formacji z Machowa (wam.wy pektenowe i ily kmkowieckie) rcpret.entuj<l prawdopodobnie poziomy NN 8 
Calina.rler coalilus i NN 9 Discoosler 11/l' lUJlr/J. Sugeruje to sarmacki wick formacji z Machowa. 1~U1ie z 
waTlltwami pekte/lOwymi. Sklad taksonomiczny zespolow nannoplanktonu z warstw pektcnowych i ilow krako
wieckich jest podobny do sarmackich 1.tspolow z Paraletydy Centralnej (basen wiedetiski). Swiaoczy 0 morskim 
c h:trak.terzc wiomika, k.torego chemi1.m ulegal okresowym unianom. Kop:1lnym zapiscm tyeh unian jest obccnoU 
w profilu ilow k.rakowicckich osadow zawicraj~cych monogatunkowe zespoly nannoplanktonu (tabJ. IV, fig. I, 
2). Wzrost JicWy kokkolitow redcponownnych w wytszej c~ci promu Jwiadczy 0 intcnsywnoki doplywu 
matcrialu tcrygenic:znego do zbiom ik.a, a ich poellodzcnic pozwaIa wniosk.owat, te p61nocne otoczenie zbiomika 
Slanowilo obszar alimentacyjny. 



PLATE 1 

Figs. 1-4. Coccolilhuspe/agicus(Wal lich) 
Mach6w minc, Peclen Beds (warslwy pektenowe): Fig. 1 - 3SOO x, Fig. 2 - 4500 X; Jumllica 5-119 borehole, 
Krakowiec Quys ( il l' krnkowieckie): Fig. 3 -4500 X, Fig. 4 - 7500 X 

Fig. 5. Calcidi$Cus macintyrei (Bukry e! Bramlette) 
Maeh6w mine, Peclen Beds (w:m;twy pektenowe), 4500 X 

Figs. 6--8. Calcidm:us kproporus (Murray el Bluckman) 
Jamnica 5-1 19 borehole , Krakowiec Clays (ill' krakowieckie): Fig. 6 - 9000~. Fig. 7 - frlOO x, 
Fig. 8 - 8500 x 



Gcol. QulU1., No. 3, 1994 PLATE! 

Eltbietll GAZoZICKA - Naorooplankton stl"1ltigrapliy orthe Miocene deposits in Tamobr/.eg area (northeastern 
part of thc CarpathiI1ll Foredeep) 



Fig. I. Hei;cosp/meru walbersdorfensis Miiller 
4500 x 

PLATE II 

Figs. 2, 3. Helicosplraerakamplner; Hay et Mohler 
Fig. 2 - 4500 x, Fig. 3 - 7000 x 
Fig. 4. HelicO.lphaera grunuiara Butry et Percival 
4500 x 
Figs. 5- 7. Splrenoiilhus abies Deflandre 
900(h 
Fig. 8. Discoasrer slel/uius Gartner 
4500 x 

All specimens rrom Peclen Beds, Mach6w mine 
Wszystkie ok.az.y pochodUl z warstw pektenowych z kopalni Mach6w 



Gcol. Quan., No. 3, 1994 PLATE II 

E1tbicl;l GAZoZll:KA - Nanooplnnktoo strnligmplly of the Miocene deposits in Tamobf7.Cg area (nol1heastcm 
part of the Carpatllian Fon:deep) 



Fig. I . HoiodiscllJ mncroponu (Deflandre) 
15000x 
Fig. 2. RhabdbsplUJucuiccu Str.KIner 
7ClOO. 

PLATE III 

Fig. 3. Braarudosphaera bigelowii(Gran ct Brnarud) 
2500 x 
Figs. 4-6. Reticu/oftlJeslrapseudoumbllica (Gnrtner) 
Fig. 4 - 6OOO~, Fig. 5 - 4500 x, Fig. 6 - SOOO x 
FiS. 7. Reliculofenestra minUla Roth 
9000. 
Fig. 8. TIJOracosphaerasp. 
2000. 

All specimens from Kmkowicc Clays, Jamnica S-119 borehole 
Wszystkie okazy pochodZll z Bow krnkowieckieh z OIworu wiutniczego Jarnniea S-119 



Gcol. Quart., No. 3, 1994 PLATE III 

E1tbiclll GAZoZICKA - Nannoplanldon stratigruphy of the Miocene deposits in Tarnobrz.eg area (oortbeastcm 
pan ofthe Carpathian Foredeep) 



PLATE IV 

Fig. I. Monospecific thanatoccnosis of Umbilicosphaerl/ Wlllla (Kamptner) 

Kr.1kowiec Clays, Maeh6w, 4500 II (r O{. coul1esy ofR. Kaczynski) 
Monog.1tunkowa thanatocenoza z it6w Ju-akowieckich z kopalni Mach6w (fO{. udostcpnione przez R. Kaezynskie
go) 
Fig. 2. Monospeeifie thanatoccno~is of Reliculojeneslrapselldolllnbilicu (Gartner) 

Kmkowiec Clays, Janmica 5-119 borehole. 2500 x 
Monogatunkowa thanatocenoza z il6w krakowieckich z O{woru wiel1niczego JanUlica 5-119 



Geol. Quart., No. 3, 1994 PLATE IV 

E1tbieta GAZOZICKA - Nannoplankton strutigrophy of the Miocene deposilS in Tamobl7~g area (nonlx:astem 
part ofllx: Carpathian Foredeep) 




