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Biostratigraphy of the Old Paleozoic carbonates 
in the Zawiereie area 

(NE margin of the Upper Silesian Coal Basin) 

Results a re  presented of biostratigraphic investigations of Old Paleozoic carbonate sediments from 6 
boreholes of the Zawiercie area. Deposition of carbonate sedilaaents had begun in this area probably in 
tasenig. h assemblage of microfauna traced in borehole samples consists maiuly of conodonts and 
documents sediments of the Lower, Middle and Upper Ordovician and Lower Silurian. 

INTRODUCTION 

Aseries of boreholes drilled in the Zawiercie area have pierced under the Devonian 
and Permian cover a sedimentary sequence of clayey, silty, arenaceous rocks with a 
complex of carbonates. Basing on its Ii tholoa the sequence has heen classified to the 
Old Paleozoic. No macrofossils have been found in it. Attention has been paid to 
carbonates with a hope of finding microfossils in them. 

Micropalaeontologica1 investigations in the area in question have been first ex- 
ecuted near Mrzyglt6d where Ordovician sediments were documented (K. Piekarski, 
A. Siewniak-Witruk, 1978). b o t h e r  attempt has been done in the years 1983-1985 
to study carbonate rocks on the basis of conodonts in columns of boreholes RK 1 and 
RM 2 (A. Siewniak-Madej, 1985). The results obtained encouraged to further cons- 
dona studies in all the boreholes in the awierc ie  area (Figs P92). 

The authors are indepted to ings. Lo Szostek and S. Rogoi for lending the drilling 
material for study and are thankful to Mrs J. Modrzejewska for the conodont photo- 
graphs printed in the present paper. 



172 M. Nehring-Lefeld, Z.  Modlihski, A. Siewniak-Madej 

Fig. 1. Location of boreholes in the Zawiercie area 
Szkic lokalizacji orwor6wwiertniczych w rejonie Za-  
wiercia 

GIENEIWa LITHOLOGY O F  THE SEDIMENTS 

Lithological columns have been set together entirely on the basis of macroscopic 
observations. The apparent monotony of the carbonate sequence results probably 
from the fact that most sedimenta~y structures have been obliterated due to metamor- 
phic processes. 

The Ordovician sediments of the Zawiercie area rest unconformably on various 
Cambrian and possibly also Pre-Cambrian members. The profile of the Ordovician 
starts with thin layer of basalt conglomerate of transgressive character. This layer has 
been found in boreholes RM 1 and RK 4 (Fig. 2). The conglomerate Is composed 
mainly s f  variously rounded Bkagments of dark-grey clayey rocks. Higher up there are 
marbles coarse- and medium-grained chiefly w.hitish-grey only aa the bottom grey and 
greyish-brown silicified. 

Thin interbeds of marl% and clay appear in the Pimcstones. They are grey to 
dark-grey in colour. They are more numerous in the lowermost part of the column 
(e.g. RK 5 borehole). Maximal Bhickness of the Lower Ordovician sedinnents is about 
20 rn (RK 1 bsrehole). 

Middle Ordovician is represented by coarse- to medium-grained whitish to light 
grey marbles that have been pierced in all profiles studied (Fig. 2). Pn places there are 
interbeds of marl and clay. Middle Ordovician is from 20 up to 40 m thick. 

L i t h o l t o ~  of the Upper Ordovician is similar to that of the Iaiddle Ordovician. 
Locally there are fine-crystalline marbles. Thickness is 10-20 m. 

The topmost part of the carbonate series corresponds to the Lower Silurian. There 
is little difference in l i t h o l o ~ .  Some more distinct differences appear in the RK 6 
borehole. The Silurian rocks arestrongly recrystallized organodetrital limestones with 
numerous clayey interbeds. Indistinct sedimentary discontinuities have been noted in 
the RK 5 borehole. The carbonate Lower Silurian sediments are 20-25 m thick. 

Total thickness of the Ordovician, Lower Silurian sequence in the Zawiercie area 
in about 180 m. h w e r  thickness values in boreholes RK 3 and RK 4 are caused by 
tectonic reduction (Fig. 2). 



Biostrarigraphy of the Old Paleozoic in the Zawiercie ... 173 



REMPiWKS ON DISTRIBUTION AND PRESERVATION O F  MICROFOSSILS 

Stratigraphic classification of the carbonate sequence to the Ordovician and Lower 
Silurian has been possible on the basis of  find of a rich conodont assemblage. 
Documented are some conodont horizons established for the Ordovician (M. Eind- 
strijm, 1971; S.M. BergstrBm, 19'71; S.M. Bergstrijm et al., 1985) and for the Silurian 
(8.H. Walliser, 1964, 1971) developed in the area of the North Atlantic conodont 
palaeozoogeographk province. These horizons are correlated with the standard sub- 
division of both systems. 

Aside of concpdonts the studied samples have furnished such fossils as ostracods, 
verms, fragments of brachiopods and echinoderms (mainly crinoids). Detailed &ser- 
vations allowed to  find small fragments of inarticulate brachiopods and echinoderms. 
First of all the conodonts were in use for stratigraphy. Ostracods appeared useful as 
well. It should be pointed out that ratker abundant conodont assemblages containing 
index fossils have been,found in some rock parts only whereas thick portions in the 
profile are fossilless. Thus delimiting exactly the particular stages was impossible. Tke 
distribution of conodonts is very irregular in the carbonate sequence. They are most 
frequent in the sediments classified to the Upper APenig and Lower Caradoh: as well 
as Lower Wenlock. In the sediments classified to the upper part of the Middle and 
Upper Ordovician and the lowermost Silurian quantities of conodonts are but very 
small. Bemuse s f  that the sediments of the Upper Ordovician are poorly documented 
pdaeontologically. 

The conodonts that occur in the studied sediments are white as a rule. Only 
specimens encountered in the RK 4 borehole are dark grey nontransparent. White 
601our was a factor that made the separation of the conodonts from white marbles 
difficult when dissolved in acetic acid. 

Golour of conodonts is an important indicator of degree of metamorphism o c  
sediments (A.G. Epstein et ale, 197'9). White nontransparent specimens are usually 
found in rocks of weak thermal metamorphism (anchimetamorphism). The mother 
rocks are primarily marbles and weakly metamorphosed shales. White conodonts have 
been found in the Upper Silurian marbles that crop out in the Austrian Alps near 
Salzburg, 

Fig. 2. Correlation of Ordovician and Lower Silurian profiles in the Zawiercie area 
1 - conglomerates; 2 - sandstones; 3 - siltstones; 4 - silty claystones; 5 - claystones; 6 - marls; 7 - 
marly limestones; 8 - fine- and micro-crystalline lilnesrones; 9 - coarse- and medium-crystalline lime- 
stones; 1 0  - carbonate metasomatites; 11 - outwash surfaces; 12 - tectonic contact; 1 3  - conodonts; 14 
- echinoderms; 15  - bryozoans; 16 - brachiopods; 17 - ostracods: 18 - vennes: 19 - boundaries of 
the carbonate complex; 20 - probable course of stratigraphic li~nits 
Korelacja profil6w ordowiku i dolnego syluru w rejonie Zawiercia 
1 - zlepiefice; 2 - piaskowce; 3 - rnulowce; 4 - ijowce mulaste; 5 - itowce; 6 - margle; 7 - wapienie 
margliste; 8 - wapienie droobno- i mikrok~ystaliczne; 9 - wwapienie grubo- i Sredniokrystaliczne; 10 - 
metasomatyty wqglanowe; 11 - powierzchiaie rozmyt; 12  - kontakt tektoniczny; 1 3  - konodonty; 14 - 
szkarlupnie; 15  - mszywioly; 16 - ramienionogi; 17 - ma8iomczki; 1 8  - robaki; 19  - granice kompleksu 
wqglanowego; 20 - pszypuszczalny przebieg granic stratygmficz~lyci~ 
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Fig. 3. Depth correlation of the studied Old Paleozoic profiles of the carbonate series in  t h e  Zawiercie area. 
Conodont Ordovician zones and subzones after M. Lindstrom (1 97 71 ), S.M. Bergslriir~~ el al. (1985), 
conodont Silurian zones after O.H. Walliser (1971) 
1 - ilatemals correlated with the conoclon~ zones; 2 -studied intervals 
Zestawienie gtqbokogci badanych profil6w dolnopaleozoicz~lycl~ scrii wqglanowcj w rejonie Zawiercia. 
Poziomy i podpoziorny konodontowe osdowiku wg M. Lindstron~a (1971). S.M. Bergstrema i in. (1985), 
poziomy kolaodontowe syluru wg 8.W. Wallisera (1971) 
B - intenvab skorelowal~e z podonnan~i konodonro~mi; 2 - interwaly przeh;idane 

The csnodont assemblage found in the Ordovician - Lower Silurian carbonate 
sequence of the Upper Silesian Coal Basin north eastern margin is typical for the 
North Atlantic conodorat province which embraces the Balto-Scandinavia, England, 
Scotland and eastern part of the Appalachians (CR.  Barnes el a]., 1973). 



In determination of the conodonts chiefly the multielernent taxonomy was in use. 
Names of "natural" species were applied as established by M. Lindstriim (1971), S.M. 
Bergstrdm (19'71) and W.A. van Wamel(1974). In some cases aside of those species 
names the names of formal species are given in parenteses. They are elements of 
natural species and their determination according to the rules of parataxonomy is 
marked by abbreviation s.f. .= sensu fornsae. 

LOWER ORDOVICIAN 

The age of the Lower Ordovician sediments is documenaed by conodonts from RK 
1 (1215.7-1222.0 m) and RK 5 boreholes (1209.7-1216-6 na). The following taxons 
have been found here: Eoplaeopnth~~s sp., GrnleodRls lon@basis (kindstrom), Drepcm- 
&s arcuanks Pander, Drepanoktodus baskovalis (Sergeeva), Boniodus (Balthpniodus) 
pp.evariabiIis Fihraeus, la. (63.) prevariabilis ?i.szcdius Dzik, B4rotopanderosus rec2~~s Lind- 
strdm. 

The above taxons make a basis for a discussion about the age of the sediments in 
which they occur. Nevertheless, the age delermination is based frequently on analysis 
of commonly occurring index forms. 

?&us in RK 1 and WK 5 boreholes remarkable is first of all occurrence of conodonts 
known from the Lower Llanvirn (Eoplacopat!klls) together with species appearing in 
higher h e n i g  ( Byotopanderodb.ks mcezis Lindstrdm, Pronis$us (Baltoniodt~s) prevara'- 
abilk Fihraeus). EopPncopabhzas appears in the Lower Llanvirn and lasts till the 
h w e r  Caradoc. This genus is very common in Llanvirn deposits in the Balto-Scandi- 
navia area and in the eastern part of the Nortb America. It is a very characteristic 
element in the conodont assemblages in the above regions. Representatives of this 
genus derive rather rapidly Birop Anaorphopndh~ks making an assemblage of short-liv- 
ing but broadlgr distributed species (S.M. Bergstram, 1971). State of presemation of 
the specimens of Eoplac~pat/ tw found in RK 1 (1216.7-1219.4 rn) and WK 5 bo- 
reholes (1209.7-1213.7 m) does not allow to exact determination of their specific 
cllassification, nevertheless, the presence of this genus shows that the sediments cannot 
be older than h e r  Llanvirn which corresponds to the Kundan Stage of the Baltic 
region. 

This conclusion is supported by concurrence of Eoplacopathl~s sp. with the 
reprew"naatives of multielement species Bofopanderodus reem (kindstrbm) the range 
of which is closed between Arenig (Upper Latorpian - Billingenian Substage) - 
Lswer Llawvirn (Kundan). 

In the conodont scheme this range corresponds to zones e v a e - v a r i a b i 1 i s 
(A. Liifgren, 1978; S.M. Bergstrdrn et al., 1985). PLS Eoplncopath~s forms are un- 
known below Kundan Stage and Botopnndero&s vecms (Eindstrdm) does not pass its 
top, it m y b e  assumed that the sediments found in the RK 1 (1217.6- 1222.0 m) and 
WM 5 (1209.&1213.7 m) boreholes belong to Lower Llanvirn and possibly also the 
highest part of the Upper Arenig according to the British stratigraphic scheme. 
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Occurrence of conodsnts belonging to the multielement species fioniodus (Bak- 
toniodus) preva~abilk Fihraeus (Rimiodus prevariabilk Fihraeus sf., Bistodus mbus- 
ms Berg s t  rijm s. f ., 'Petraprioniodus asynze~icus Bergs t rdrn s. f ., Paracordyl~dus 
kinds@oemi BergstrBm s.f.) appeared to be useful in precise age determination. U s a t -  
isfactory state of preservation and limited number of specimens make the decision to 
which of the three subspecies (A. Ufgren, 1978) they should be classified - im- 
possible. Such classification would be of importance as the stratigraphic ranges of 
these taxons differ one from another. First onodonts  representing PP"ioniodus (Bak- 
tmiodus) prevariabikk Fihraeus appeared in Upper Puenig (Middle Volkhovian) and 
are known to  occur till the Llandeilo (Uhakuan) inclusively. It seems probable that in 
the boreholes RK 1 and RK 5 the subspecies Bioniodus (Baltsniodus) prevariabilk 
medius Dzik occurs the stratigraphic range of which is limited to the lowermost 
Llanvirn corresponding to Keandan and Aer ian  stages. 

The above conodonts are accompanied by: Barepanodus arcetaas Pander, Cornuo- 
dus kongibasis (Lindstrdm) and Drepanoistodus basiovalis (Sergeeva). The two first 
species are common in the conodont assemblages of the h w e r  Ordovician in the 
Baltic region and also are common in Scotland and eastern part of North America and 
in Pugentina and Corea, Corn~lodu~ lon@bnsis (Lindstrbm) appears in the Upper 
htorpiarn (Billingenian) and the Past representatives of this species were found in 
hhgi l l .  Drepanodles nrcuahs Bander is known from the highest Tremadoc and is very 
frequent in the k e n i g  and was sometimes found in Llanvirn (A* Ldfgren, 1978). 

Drepank~istodus basiovalis (Sergeeva) is very common in the Balto-Scandinavia 
region. It appears in the Upper k e n i g  and Basts till the LBanvirn. In the conodont 
subdivision its range is confined within the zones n a v i s - t r i- a n g u 1 a r i s - 
lowermost s e r r a (it does not reach the upper boundary of f o  l i a c e u s Subzone) 
- S.M. Bergstrdrn et al. (1985) - which means that it is known also from the 
lowermost part of the Middle Ordovician. 

In this way the sediments of the Lower Elanvirn have been documented in the 
studied columns. It maybe supposed, however, that the lower part of the carbonate 
sequence in which up to now no index microfossils were found - may correspond to 
the h e n i g  at  least to its upper part, 

MIDDLE ORDOPIICIM 

The Middle Ordovician sediments have been distinguished in all the columns 
studied (Fig. 2). The presence of the lowermost Middle Ordovician has been do- 
cumented in the boreholes RK 4 and RK 2. 

In the borehole RK 4 determinable conodonts have been encountered only from 
depth 640.2-644.9 m. The presence s f  fiio~;1iodus (Bulfoniodus) prevnrknbils's prev~ri- 
rabilis Fihmeus has been stated a species typical in the Llanvirn or  more properly its 
higher part that corresponds to the Upper &erian and LasnamGgian. The last repre- 
sentatives of this subspecies can be found in the lowermost LBandeilo. In the conodont 
subdivision its range is closed between the highest part of the s u 1 c a t u s Zbne and 
the lowermost part of the i n a e q u a 1 i s Subzone (S.M. BergstrBm, et a!., 1985). 
Beside that there are Drepano~todus bsrskovnlts (Sergeeva) and B). f o ~ q s  (LindstrOnn) 
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i.e. species which appear in the Upper h e n i g  but unknown 
above the top of Llanvirn. Hence the presence of equival- 
ents of Llandeilo should be excluded from the columns 
under study. Occurrence of LFa. (Be) preva~iabilis prevari- 
abilis FBhraeus shows that we deal here with the Upper 
Llanvirn which is confirmed by a find of spathognathus 
element at depths 643.1444.9 m which is included to the 
multielement species Phrapzoduspolonicus Dzik of range 
Upper Llanvirn - Llarmdeilo (J. Dzik, 1978) and hopan- 
derodus vaP"iGostakl4s (Sweet et  Bergstrdm) known from the 
Upper Llanvirn on. 

In the RM 2 borehole coeval sediments have been 
encountered at depth 1194.1-1195.1 m. This supposition 
is based om the find of Rioniodus (Baltoniodus) prevari- 
abilisprevnriobilis FBhraeus with lack of any other wno-  
donas typical for the Llandeilo. 

N s o  younger sediments of the Middle Ordovician have 
been documented in the same column. A rich and diversi- 
fied conodont assemblage has been encountered at depth 
1177.1-1 178.9 m. It contains: Anzorpho@atfius inaequalis 
Rhodes and Gonzplexod~s pugkonifer Drygan t. The first 
species occurs in the British Isles entirely in Llandeilo. In 
the conodont subdivision the position of it corresponds to 
i n a e q u a 1 i s Subzone and the lowermost part of v a r i- 
a b i I i s one i.e. a sector correlated with Llandeilo (S.M. 
Bergstrdm et al., 1985). The second species occupies simi- 
lar stratigraphic position. It has been first described from 
the Llandeilo sediments in Podolia (DJM, Drygant, 1974). 
In Poland both species have been described from the Holy 
Cross Mts at  M8jcza where they occur in beds correlated 
with Llandeilo (9. Dzik, 1978). 

At depth 1177.1-1178.0 m together with the above men- 
tioned species there occurs Prioniodus (Baltoniodm) vari- 
abilk (Bergstrdm) which is an index fossil in the v a r- i a b i 
1 i s Subzone (Upper Lllandeils - lowermost Qradoc). It 
appears already in the i n a e q u a 1 i s Subzone that is 
mrrelatd with uandeilo (S.M. Bergstrdrn et al., 1985). 
Hence the p r a e n e  of this specia does not invalidate the 
correctness of classifiation of these seeliments to Llandeilo. 

Ordovician sediments corresponding to Upper Llan- 
deilo - Lower Garadoc have been pierced at depth 977.0- 
987.0 m in borehole RK 6. ancu r r enee  of multielement 
species has been stated: Anzorpfiognalhus maerensis (Berg- 
strbm) and Bz.ioniodtw variabilis Bergstrdm, This makes 
sufficient basis for a correlation of these sediments with 
the conodont t v a e r e n s i s Zone that embraces the 



uppermost Llandeilo and Lower Garadoc (S.M. Bergstriim et al., 1985) and according 
to the Estonian subdivision the stages Kukruse, Idavere, Johvi and lower part of Keila. 
Three zones have been distinguished within the t v a e r e n s i s .Zone. m e y  are 
established om the basis of concurrence with the index species: fiorziodus van'abilis 
Bergstriim, IB. gerdoe Bergstram and .?/obklnks Bergstrbm. As the two last mentioned 
species were not found in the studied part of the RK 6 bsrehole it maybe assumed that 
these sediments correspond to the conodont v a r i a b i 1 i s Zone, i.e. the highest 
Llandeilo - lowermost a r adoc .  

The sediments of the carbonate sequence found in the WK 5 borehole (1182.4- 
1187.5 m) should be also correlated with the t v a e r e n s i s .Zone as many 
reprexntat ivemf index species Anaoqhopathus maerensh BergstrBm were found in 
them. A find of damaged element ofAnzorphopathus at depth 1184.1-1 3187.1 rn which 
seems to belong to fiiorziodus gerdae Bergstrijm is essential to more precise age 
determination of these sediments. The speciesis an index form in the g e r d a e %ne 
distinguislsed within the t v a e r e n s i s %ne correlated with a radoc .  Thus it maybe 
assumed that these sediments are Qradoc in age. 

The t v a e r e n s i s Brie has been encountered in the whole Balto- Scandinavia 
region, in the southwestern Scotland and eastern part of North h e r i c a .  Ira Europe 
it was first found in Ordovician deposits in Sweden (DaEby Limestones) - S.M. 
Bergstrijm (31971). In Poland it was stated in the Holy Cross Mts (Ch. Spasov, L. Teller, 
1963; J. Dzik, 1978) and in the eastern part s f  the Podhsie Depression in boreholes 
Terespol 1 (W. Bednarcqk, 1971) and Mielnik I@ 1 (M. Nehring-hfeld, 1987). 

UPPER OWDOVICPrSN 

Upper Ordovician age of sediments is relatively poorly documented in the a w i e r -  
cie area because of small number sf conodonts. Specimens belonging to the following 
genera were found: Pander~dus~ As*8naIcddusJ Amorphspnfhus as well as poorly 
preserved undeterminable csnodonts of single cone type. A conodont assemblage 
from RK 2 borehole seems to be very interesting. Of high stratigraphic value is a 
fragment of an amorphognathus element found at depth 11542-1155.4 m. The 
specimen is damaged - a fragment of posterior process and the latero-posterior one 
are preserved. Shape and size as well as angle of it toward the posterior process it 
maybe assumed that it represents one of the distinguish& species maira8y on the basis 
s f  shape changes of this element - within the multielement genus Anzorphognathus 
that appears but in the Caradoc. Such shape of the latero-posterior process suggests 
that the element in question may belong to Anzorphognarhus mnerensis Bergstriim or  
to even younger one -A. superbus (Rhodes). The character of ambalodid elements 
foumd at the same depth, suggests classification of it to the last mentioned species. 
Hence, the sediments found in column of RK 2 borehole at depth 1154.4-1155.4 m 
should be correlated with Upper Caradoc. As no absolute certainty exists about the 
classifiation to either of the two species, the age of these sediments in the conodont 
scheme is embraced within the zones t v a e r e n s i s and s 81 p e r b u s . 

A specimen of aorkodina pseudo~pica Lindstrijm has been found at depth 
1152.4-1154.2 m. So far it was known from the Crug Limestone of Wales classified to 
the Upper a r a d o c  (M. Lhdstrbm, 1959). This form is accompanied there by Ozar- 
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kodiaapseudo@siIk LindstrGm), that is very well localized in the Ordovician profile. 
Its presence is associated with the conodont zones s u p e r b 8a s and o r d o v i c i c- 
zn s (Upper a r a d o c  - Ahgill). Taking for granted that the studied sample is not 
younger than the s ejr p 6: r b u s m n e  it seems reasinable to state that sedimlnts located 
slightly higher in the column and containing aarkodibiea pseudoypica Lindstrdm 
should be correlated with the s u p e r b u s m n e .  'Thus they correspond to the 
upperm"" f radoc or  h w e r  Ahgill. 

LOWER SI[EURHrn 

9Pae highest p a n  of the carbonate sequence has been classified to the Silurian. Best 
palaeontologiml documentation of sediments qf that age comes from bsreholes RK 
5 and RK 6. In the RK 5 (1151.8-1153.0 rn) and RK 6 (958.S959.0 m) lporeholes a 
multielement species Pterospathoduspr~cems (Walliser) has been found, n i s  makes 
a sufficient basis for including these sediments to the Silurian. This is one of the index 
forms which define the a m o r p h o g n a t h o i d e s m n e .  In the Silurian conodont 
scheme (OeHa Walliser, 1964, 19'31) this zone corresponds to the upper part of 
Apsidoganatlraus Stage which in turn is correlated with Upper Llalmdovergr and b w e r  
Wenlock. In the classic Silurian profile in the Karnic N p s -  Cellon profile (0,H. 
Walliser, 1941) lower limit of a m o r p h o g n a t h o i d e s Zbne corresponds to the 
LBandoveq - Wenlock boundav. This zone has been recognized in Tirol, Balkan 
Peninsula, in Noway and in Podolia. It has been documented in Wales and Welsh 
Borderland as well but in this area, however, the lower b o u n d a ~  of this zone has been 
placed within the uppermost Llandoveq (TePychian). Upper boanndaq of the zone has 
net been recognized in Wales (R.J. Adridge, 1972). In Poland the a rn o r p h o g n a 
t h o i d e s B n e  has been encountered in the Silurian sediments sf the eastern part 
of the Psdlasie Depression (Me Nehring-bfeld, 11985). The conodonts characteristic 
for this zone occur there in quite different lithofacies than in the Upper Silesian Coal 
Basin border zone. Outside Europe equivalents of this zone are known from many 
profiles in North Alrraerica and mailand. 

m e  represemakives of Pler&~spadB"aodu$pe~n~7&~ procem~ (Walliser) ias RK 5 and 
RK 4 boreholes are accompanied by numerous formal species: Baistac~dus oblhuicos- 
ta&s Branson et Mehl, Ds procem~ Ethington, Drepanodua wduncus Nicoll et Rexrsad, 
Panderodus ~ a c i l k  (Branson et Meikl), P. sinzplm (Branson et Mehl), R u~;ticostams 
(Branson et Mehl) have much broader stratigraphic range. 

Next esnodont zone documented in the carbonate Silurian sequenm is the s a g i- 
t t a a n e .  It corresponds to the highest Wenlock and the lowermo,st b w e r  Ludlow 
(O.H. Walliser, 1964, 1971). 'This zone has been recognized only in RK 6 borehole 
(953.S954.0 m). aarkodtBiEa sa@tta rhenana (WalBiser) has been recognized here, an 
index spcies in the s a g i t t a Iksne. In Europe this species has been first described 
from the Rheinische Schiefergebirge. Ht is also known from the Podolia (D,M. Dry- 
gant, 1969) @orrelared with Upper Wenlock. It is known fsom England and North 
h e r i a .  In the latter region it was described from sediments of Kockelella amsdeni 
m n e  documented in the Clarida firmation (AubuckBe Mts, Oklahoma). In the 
European cenodomat subdivision it corresponds to p a t u l a Zone (JE. Barrick, G. 
mapper, 1976). It comes from the above that in the h e r i c a n  continent Qzarkodina 



saiafn rj~ennnn (Walliser) has appeared earlier than in Europe but also in sediments 
correlated with Wenlock. The stratigraphic position of these sediments in the RK 6 
borehole is also confirmed by presence of Ozarkodina edibhne Walliser safe This species 
maybe treated as Pb element included in multielement species Ozarkodinn sagitfa 
(Walliser) similarly as accompanying species Neoprionih~dus bicnwatoidcs Walliser s.f. 
which is N element of that species (J.E. Barrick, G.  mapper, 1976). 

The sediments found in the RK 6 borehole are undoubtfully Silurian in age (depth 
934.0-953.0 m). The microfaunal assemblage found here does not allow to make a 
correlation with any of definite Silurian csnodont zones. Many formal species have 
been found here namely:Acodtu i~omaa r s  Ethington, Disbacodrssprocems Ethington, 
D. obiiquieosdnms Branson et Mehl, DrepcmcPdms adlmcms Niccbll et  Rexroad, Pa/fodus 
Pa@/is Branson et  Mehl, Pnnderodlis gacilis (Branson et MelhP), P. s i n ~ p l a  (Branson 
et Mehl), Paltodt~s dyscl.ims Rexroad, Coleoceraadoranls ~igonicus Et hington. 

Amost  ident ia l  conodont assemblage of single cone type has been found in the 
RK 5 borehole (1135.9-1151.0 nap) hence, above sediments correlated with a nap o r p- 
h o g n a t h o i d e s  Zohe. 

Outside Poland a very similar association dominated by conodonts of single cone 
type has been described from the Ktaygorod Stage of VoPhynia and Podolia (D.M. 
Drygant, 1974). There, however Distncodr~s obliquiCmran1~ Bfanson et Mehl is known 
only from the R Zone (highest Llandovesy - Lower Wenlock). 

The species mentioned above are characteristic in sediments of Upper Llandsvery 
and Lower Wenlock of the British Isles. In the United States they have been described 
(C.B. Rexroad, WeW. Craig, 1971) from sediments representing higher members of 
the Silurian (Middle and Upper LudPow). At the end of this analysis of the conodont 
assemblage of single cone type it should be pointed out that o d y  Drcpnnodru raduncl~s 
Nicoll et  Rexroad is typically Silurian species. A1 others are known already from the 
Middle Ordovician, 

Also the uppernost part of the carbonate sequence in RK 1 borehole (1130.2, 
1150.0 m) belong probably to the Silurian. This supposition is based on find of 
Drepanodtds admaneus Nicoll et  Rexroad. The conodont assemblage with which the 
latter species is associated is dominated by representatives of the genus Panderodus 
the range of which is embraced within limits Middle Ordovician - Middle Devonian. 
The last mentioned forms are very common in sediments of Old Paleozoic in Europe 
and in North America but even their mass occurrence does not solve the problem of 
their age. In the cited part of RK 1 Rorehole mass occurrence of Pranderodlds ~ o c i l i s  
(Branson et Mehl) has been stated together with IP. shlplex (Branson et Mehl), B. 
reeulvams Rhodes,Pbpanderk (Stauffer). PLBB the conodonts encountered there that are 
of single @one type are present as well in the upper part of the carbonate sequence in 
boreholes R K  5 and RK 6. 

h i d e  conodonts the Silurian carbonate sediments contain abundant fossils such 
as fragments of echinoderms, bryozoans, and ostracods. The latter appeared to be good 
index fossils in the stratigraphy. 

In the boreholes RK 6 (947.0-956.0 m) and RK 5 (1139.5-1 1.55.1 m) there occur: 
1Miero:heilinePln acumfilis (Netskaya). M. senlihlilhosn (Netskaya), M. vnn'olar.ks (Wet- 
skayra), Silenis a K  sub~iangllands Netskaya. These species are characteristic in Llan- 
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doveq  and Wenlock of Latvia (E, Gailite et all., 1967). Their presence indicates that 
the sediments belong stillll to the Wenlock, Found at the same depth in RK 6 borehole 
Hemiaechnzinoides nrsnospinus Morris et Hill and Spinobnidin kc//et[ne Morris et Hill 
are also typical Silurian species. They were first described from the Silurian shales 
(Newsom Shale) of Tennessee State (R.W. Morris7 B,L. Hill, 1952). At depth 951.0- 
952.8 m in the same collgnmn there has been found Silenis ss~brp"konprlabl~s longls 
Abushik - a species common in sediments of ataygorod Stage in Podolia correlated 
with Wenllock (A.F. Abushik, 1971). 

CONCLUSIONS 

The Ordovician - b w e r  Silurian carbonate sequence of the Zawiercie area rests 
with angular disconfa;srmity gron various members of the Cambrian and possibly also 
Pre-Cambrian. This is due to the tectonic movements of the Sandomirian orogenic 
phase (C. Haraficqk, 1982), These movements had taken place according to the 
newest opinions, a t  the Tremadoc - Arenig boundaq and were common over the 
territory of Poland among others in the Holy Cross Mts in Central PoBand, in the 
Carpathian Foreland and in the entire Pre-Veamdian Platform (J. Znosko, R. Chllebow- 
ski, 1976; Z. Modliaiiski, 1982). 

The a rbona t e  deposition in the Zawiercie area has probably begun in the k e n i g .  
It embraced sediments of the Lower, Middle and Upper Ordovician and Lower 
Silurian. There is most probably no stratigraphic continuation in the columns between 
the Upper Ordovician and Lower Silurian. The gap embraces presumably higher 
&lkgiQl and Lower Llandove~y. 

The Ordovician profile in the Zawiercie area is condensed in stratigraphic sense 
and represents carbonate associa tion of small t hickness that has originated in result 
of very slow rate of deposition. This makes i t  similar to the Ordovician sequence in 
the central part of the Holly Cross Mts (J. Dzik, 1998) and eastern part of the 
Bre-Vendian Platform in the area of Poland (Z. ModliAski, 1982). Quite different 
facies maybe obsewed in the Ordovician sequence near Myszk6w - Mrqgl6d area 
located just northwest of Zawiercfie where thick series of claseic sediments dominate 
(KO Piekarski, A* Siewniak-Witruk, 1978; K. Piekarski et al., 1982), Such a great 
diversity of facies at  relatively small distance suggest juxtaposition resulting from 
tectonic transport (C.Haradcqk, 1982). 
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O W C H  O S ~ ~ W  STATPSZEGO PaEOZOIKU 
R a O N U  ZAWIERCIA QNE OBWZE~ENIE GZW) 

W opracowaniu przedstawiono wyniki badah biostratygraficznycI~ osad6w ordowiku i syluru a 6 otwordw 
wiertnicqch zlokalizowanych w rejonie Zawiercia (NE obneienie G6moSlrpskiego Zaglqbia Wqglowego). 
Brofil dolnego ordowiku rozpocagrna siq tutaj ccienkq waPstwq zlepiedca podstawowego, k r 6 y  stwierdzony 
zosta#w otworach RK 1 i RK4 (fig. 2). WGej vs tqpujq  wapieniezmarn~uyzowa~ae, g r u b -  i Srednioziarniste, 
gldwnie bia$oszare, jedynie w dolnej czqsci wiekiedy saare i szarobraa~aarne, zsylifikowane. Maksymalna 
miqiszo$6 omd6w ordowiku dolnego %%ynosi o k d o  20 na. Osady ordowiku Srodkowego, y rQ2nione  we 
wsqstkich pnebadanych profilach, reprezentujq wapiewie zmarrnupyzowane Srednio- i grubokrgrsealiczne, 
biak i jasnoszare, miejsmmi z pnerostami marglistymi; ich miqiszoSC wynosi od ok. 20 d o  40 rn. Wyksztal- 
cenie osad6w gdrnego ordowiku jest podobne, jedynie lokalnie pojawiajq siq wapienie drobno- i mikrokrgr- 
stalicznez cienkimi plpieemaaami ilaseymi i marglistymi b a y  szarej i ciemnoszarej. MiqiszoSC ich wynosi ok. 
10-20 m. N a j m s m  czqS6 serii wqglanowej odpowiada jui  dolaaemu sylurowi. Makroskopowo osady te nie 
r6iniq s i ~  od  ubwor6w zaliczonych d o  ordowiku. Niewielkie r6iaaice zazlaaszajq siq nieco y r a b a ~ i e j  w profilu 
RK 6. THhataj selrdq wqglanow;g sylum stanowiq siUnie pneki~glstalizowam wapienie organodetytyczne a 
licznymi pnerostami ilastymi. W profilu R K  5 w obrqbie wapielni syluril zaobsemowano nieeslgrraine 
powienchnie nieciqg#o$ci sedymewtaqjnych. Miqiszo$k osadbw za1iczataycP1 d o  dolnego syluru wynosi 20-25 
m. Ogblna miq2szoS6 ordwicko-sylumkiej serii wc;glanowej w rejowie a w i e r c i a  vsaosi ok. 100 m. 

a l i c z e n i e  serii wqg8anowej d o  ordowikes i dolraego syluru bylo ~~aoil iwe dziqki bogateeaau zespdowi 
konodont6w, W profilach udokunaaentowan'~~ ekwiwalenty saiekt6ycla poziona6w konodomtoych ustalonych 
dka ordowiku i syhnru i skorelowano je z podziajami s i tandardovn~i obydwu sysiena6w. Z uwagi na nier6w- 
nomierne rozp~aestmenienk konodoaatdw w osadacla serii wqglaiaowg nie udaPo siq dokladn~iej okreSUid 
pnebiegu granic pomiqdq  poszczeg6lwymi piqtraani. 

Dolnoordowicki wiek osad6w dokumentuje fauna konsodonllowa (RK P - B2%5,7-1222,O rn i RK 5 - 
P209,7-1216,6 m), na podstawie w s p w s t q p w a n i a  EopKaco~~~attatrcs sp. indet . z Protoyaszderodus recw  
(EindstrGm), kt6rego zasiqg zamyka siq w obrqbie arenigu (g6rny Iaaorp) - dolnego lanwirnu (kunda). 
Poniewai Eoplacop~fkus  jest nieznany poniiej spqgbe estodskiego piqtra kunda, a Pm~opa~zderodus nie 
pmekracza jego strop, naleQ p q j q d ,  Be osady zawierajqce te konodon~y waleiq d o  dolnego Uanwirnu, a by6 
mo2e i naj~iszQ3ji czqSci g6mego arenigu. 

Osady Srodkowego ordowiku y r Q i n i o n o  we wszgrstkicla bada~aych profilach (fig. 2). W otworach WK 2 
(1 194,1-1 195,l m) i RK 4 (640,2444,9 na) na podstawie vstqpowaeaia Prionboc%lu (Baltoniod~~s) prevaria- 
b i h  prevarid~bilk FABaraeus ustaliolao obecliaoS6 odpowiediaikbw piqter aseri i Bas~aarnagi. W otworze RK 2 
(glqb. 1197,l-1178,9 rn) skwierdzolno bardzo bogaty aespd  konodolatbw zawierajqcy an. i~~.  Amorphogaa~/xw 
i?daequakk Rhodes i Co?~pKe~okkrup~d@o$fifer Dqgant ,  ktdagr dokumenauje osady landeila. Osady odpowia- 
dajqce pmedzia#owi g6rny Bandeil - dolnay karadok napot kano w o twone  RK 6 (977,&98'9,0 1x3). Stwierdzo- 
n o  tu w s p ~ s t q p o w a n i e A m o r p h o ~ a ~ h u s  n7aere~~sk (Bergstrkjm) i Prioniohas t~ariabilis Bergstrkjm, c o  da4o 



pdstawq d o  skorelowania osad6wa konodontoqm podpoziomem variabilis, odpowiadajqqm najmszemu 
Bandeilowi i najniiszemu karadokowi. 

G6mmrdowicki wiek osad6w w rejowie awierc ia  jest s l a b  udokumentowany z uwagi na niewiele 
licabq konodont6w. Kondonty pmemdnie napoekano jedgmie w profilu RK 2. Na glqb. 1154,2-1155,4 m 
znaleziono fragmentaryczHaie zachowany okaz najprawdopodobniej reprezentujqq Amorphopabhear ? m- 
gwbm (Rhodes), a na gBqb. 1 152,4-1 154,O m Ozarb~napseec&ypica Lindstrijm. Osady be naleQ zapwne 
do  na jwszego  bradoku bqdi dolnego aszgilu. 

N a j m s z a  czq$Cserii wqglancawej aosbala zaliczona do syluru. W profilach R K 5  (1151,&1153,O m) i RK 
6 (958,0-959,O m) rmpoznanca P~~rospaskeo~procem (WalPiser), kBht6ny jest jednym z gatunkcivv awgrznacm- 
jqqch konodontov  poaiom amorphognathoides. Dolna granica tego pmiornu odpowiada grawiq landcawer 
- wenlok. TyPko w profiBu RK 6 (953,8-954,O m) rcazpznany zostal p z i o m  sagieta odpwiadajqq  n a j v -  
tszemu wenlokowi i najnitszej czqgci dolnego ludlowu. Ustalenia te  oparto na fakcie znalezienia w osadach 
Ozarb$ispa rhmma (Walliser). Charakteqstycznq cechq zespdba konodowt6w vs tqpujqqch  w osadach 
serii wqglanowej sylum jest yraBne zdominiowanie pnez kondonty  typu pjedynczego seoika, p n y  czym 
tylkca Bepano& Q & ~ C W  NiccaBI el Rexroad jest typcawo syiumki, natomiast pozosbale znane sq od $rodko- 
wego ordowiku. 

0rdowicko-syPumka seria wqglawowa rejonan awiercia l e g  z niezgdnosciq kqtowq i stratygraficznq na 
r6isaych ogniwach kambru i ?prekambru osadowego. Jest to przejaw dzia4alncPSci ruclaciw tektonicznych f a y  
sandomiemkiej a pograwicza tremadoku i arenigu. Sedymenta j a  tych wqglamoqch osad6w rozpocaqia siq 
prawdopodobnie w arenigu. Obejmowala osady ordowikan oraz doinego ryiearu. W psofilack bmk jest 
prawdopdobnie ciqglo$ci stratygraficznej miqdzy ordowikiem g6rnym a dolnym sylurem, p n y  "rn Buh 
obejmowala prawdopodobnie wyisy aszgil i niiszy Ilandower. Profil osdowiku rejonu Z.awiercia regrezen- 
tuje asocjacjq wqglanowq niewielkiej miqiszoSci, powstalq pazy powolnej akumulacji osaddw, co upodabsaia 
go do  ordowiku centralnej czq6ci platforn~y prewendyjskiej na obszahze Polski. 

Fig. I. Amo~Iao@tasI~w inaequaib Rhodes 
WK 2 borehole, depth 1177.1-1178.9 m 
8tw6r  RK 2, glqb. 1177,l-1178,O rn 
Figs 2,3. Amorphopashw lvaerem-k Bergstrdma 
RK 2 borehole, 2 - depth 981.8-982.0 m, 3 - depth 983.0- 984.0 m 
gBtw6r RK 6 , 2  - glqb. 981,BB-982,O m, 3 - glqb. 983,0- 984,O na 
Fig. 4. Ambab& @ianp%arb Branson et Mehl subsp. emtiem Bergsts6m 
RK 6 bsrehole, depth 974.8-9'78.0 na 
Otw6r R K  6, glqb. 977,&978,0 m 
Fig. 5a,b. A m b a b h  bri~nplarb Branson et Mehl subsp. suecicus Bergstrdm 
5a - side view, 5b  - oral view; RK 6 brehole,  deptla 977.0-9'78.0 
5a - obraz widziany a boku, 5b  - od strony powierzchni oralnej; otw6r WK 6, glqb. 977,0-978,O m 
Fig. 6. Te@apkonio& a v m e m ' c w  Bergsbrdm 
RK 6 borehole, depth 981.0-982.63 m 
Otw6r RK 6, glqb. 981,0-982,0 na 
Fig. 7 . O b t o h  robemu Bergstr6m 
RK 6 borehole, depth 983.0-984.0 m 
Otw6r RK 6, glqb. 983,Q-984,O m 
Fig. 8. Tvaererzog72abhm orhvicica Bergstr6m 
RK 6 borehole, depth 983.0-984.0 m 
Otwdr RK 6, giqb. 983,O-984,O 
Fig. 9. Puisnbdw variabilb Bergstrdm 
RK 6 borehole, depth 983.0-984.8 m 
Otw6r RK 6,  glqb. 983,&984,0 m 
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Figs 1,2. Panderodus simpler (Branson et Mehl) 
RK 5 borehole, depth 1139.5-1 141.4.m 
Otw6r RK 5, gkb. 1139,s-1141,4 m 
Fig. 3. Panderodus gracilk (Branson et Mehl) 
RK 1 borehole, depth 1133.4-1136.0 m 
Otw6r RK 1, giqb. 1133,4-1136,O m 
Fig. 4. Panderodus unicostanu (Branson et Mehl) 
RK 5 borehole, depth 1162.7-1 164.5 m 
Otw6r RK 5, giqb. 1162,7-1164,s m 
Fig. 5. Plectodina brevirarnea (Walliser) 
RK 6 borehole, depth 969.0-970.0 nl 
Otw6r RK 6, gleb. 969,0-970,O m 
Fig. 6. Amo~/~ognat/rus sp. indet. 
RK 6 borehole, depth 986.0-987.0 m 
Otw6r RK 6, giqb. 986,0-987,O m 
Fig. 7. Ozarkodilra edit/zae Walliser 
RK 6 borehole, depth 953.0-954.0 m 
Otw6r RK 6, giqb. 953,0-954,O m 
Fig. 8. Spat/~ognatizodrrs sagitta r/teriarztrs Walliser 
RK 6 borehole, depth 953.0-954.0 m 
Otw6r RK 6, giqb. 953,0-954,O m 
Figs 9,lO. Ozarkodina ?typica Bra nson et Meh l 
RK 6 borehole, depth 953.0-956.0 m 
Otw6r RK 6, giqb. 953,0-956,O m 
Fig. 11. Drepanodrrs longibasis Lindstrom 
RK 4 borehole, depth 642.2-643.1 m 
Otw6r RK 4, giqb. 642,2-643,1 m 
Fig. 12. Walliserodus costam Dzik 
RK 5 borehole, depth 1198.1-11.W.1 m 
Otw6r RK 5, gtqb. 1198,l-1199,l m 
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Figs 1,2. Pterospatlzodus pennatus procents (Walliser) 
Oral view: 1 - RK 6 borehole, depth 958.0-959.0 m, 2 - RK 5 borehole, depth 1151,0-1152,O m 
Powienchnia oralna: 1 - otw6r RK 6, glqb. 958,0-959,O m, 2 - otw6r RK 5, gfqb. 1151,0-1152,O m 
Fig. 3. Protopanderodtcs rectus Lindotrom 
RK 4 borehole, depth 643.1444.9 m 
Otw6r RK 4, giqb. 643,1-644,9 m 
Fig. 4. Lonchodina ?greilingi Walliser 
RK 6 borehole, depth 953.0-954.0 m 
Otw6r RK 6, glqb. 953,0-954,O m 
Fig. 5. Ambalodw triangularis Branson et Mehl 
RK 6 borehole, depth 967.0-968.0 m 
Otw6r RK 6, glqb. 967,0-968,O m 
Fig. 6. Disracodus procerus Et hington 
RK 3 borehole, depth 1035.2-1037.2 m 
Otw6r RK 3, glqb. 1035,0-1037,2 m 
Figs 7,8. Acodus inomanis Ethington 
7 - RK 1 borehole, depth 1146.6-1148.6 ni; 8 - RK 6 borehole, depth 936.0-937.0 m 
7 - otw6r RK 1, glqb. 1146,6-1148,6 m; 8 - otw6r RK 6, glqb. 936,0-937,O nl 
Fig. 9. Paltodw fiagilis Branson et Mehl 
RK 5 borehole, depth 11.35.9-1 136.9 m 
Otw6r RK 5, glqb. 1135,9-1136,9 m 
Fig. 10. Neoprionioa?tls biczmn*atoides Walliser 
RK 6 borehole, depth 953.0-954.0 m 
Otw6r RK 6, gtqb. 953,0-954,O m 
Figs 11,12. Distacodzls obliqzricosranis (Branson et Mehl) 
11 - RK 3 borehole, depth 1135.2-1137.2 m; 12 - RK 6 borehole, dept li 9-36.0-937.0 ni 
11 - otw6r RK 3, giqb. 1135,2-1137,2 m; 12 - otw6r RK 6, glqb. 936,0-937.0 m 
Fig. 13. Ambalodus sp. indet. 
RK 6 borehole, depth 963.0-964.0 m 
Otw6r RK 6, giqb. 963,O-964,O m 
Fig. 14. Tetraprioniodus asymmetricus Bergstrom 
RK 1 borehole, depth 1213.8-1219.4 m 
Otw6r RK 1, gkb. 1213,8-1219,4 m 
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Fig. la-f. Amophognathus tvaerensis Bergstrom 
l a  - amorphognathiform element; l k  - ambalodontifonn element, If - hibbardellifornl element; RK 
6 borehole, depth 977.0-984.0 m 
l a  - element amorfognatidowy; lb-e - elementy ambalodidowe, If - element hibbardellidowy; otw6r 
RK 6, gtqb. 977,0-984,O m 
Fig. 2. Amorphognathus i~zaeqtralis Rhodes 
Arnorphognathiform element, RK 2 borehole, depth 1177.1-1178.9 m 
Element amorfognatidowy, otw6r RK 2, gtqb. 1177,l-1178,9 nl 
Fig. 3a,b. Arno~f~ogttaff~irs ?kielcer~sis Dzik 
3a - amorphognathiforn~ element, 3b - ambalodontiform element; RK 6 borehole, depth 986.0-987.0 In 
3a -element amorfognatidowy, 3b - element ambalodidowy; otw6r RK 6, giqb. 986,O-987,O m 
Fig. 4a-d. Prioniodus (Balfoniod~u) ~ariabilis Bergstrom 
4a-c- prioniodontiform elements, 4d -0istodontiforn1 element; RK 2 borehole, depth 1177.1-1 178.9 m 
4a-c - elementy prioniodidowe, 4d - element oistodidowy; otw6r RK 2, gtqb. 1177,l-1178,9 m 
Fig. 5a, b. Ambalodus triangularis Branson et Mehl s.f. 
RK 6 borehole, depth 964.0-968.0 m 
Otw6r RK 6, gtqb. 964,O-968,O m 

' 

Figs 6,7. Paltodus fragilis Branson et Mehl 
RK 6 borehole, depth 941.0-943.0 m 
Otw6r RK 6, glqb. 941,0-943,O m 
Figs 8-1 0. Comuodus lortgibmis Lindst rom 
RK 5 borehole, depth 1182.0-1184.0 m 
Otw6r RK 5, gtqb. 1182,0-1184,O m 
Figs 11,12. Distacodus obliquicosranrs Branson et Mehl 
RK 6 borehole, depth 949.0-950.0 m 
Otw6r RK 6, glqb. 949,0-950,O m 
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Fig. la, b. Acodus irzomanu Ethington 
RK 6 borehole, depth 944.0-945.0 m 
Otw6r RK 6, glqb. 944,0-945,O m 
Fig. 2. Protopanderodcu recnls (Lindstrom) 
RK 4 borehole, depth 643.1444.9 m 
Otw6r RK 4, giqb. 643,1444,9 m 
Fig. 3. Pterospathoduspznah~sprmerus Walliser 
RK 6 borehole, depth 958.0-959.0 m 
Otw6r RK 6, giqb. 958,0-959,O m 
Fig. 4. Panderodzu simplex (Branson et Mehl) 
RK 1 borehole, depth 1146.6-1148.6 m 
Otw6r RK 1, giqb. 1146,6-1148,6 m 
Fig. 5. Distacodusprocerus Ethington 
RK 3 borehole, depth 1035.2-1037.2 m 
Otw6r RK 3, glqb. 1035,2-1037,2 m 
Fig. 6a, b. Spat~zognatltodus sagitra rlteriar~trs Walliser 
RK 6 borehole, depth 953.0-954.0 m 
Otw6r RK 6, giqb. 953,0-954,O m 
Fig. 7. Ozarkodina edithae Walliser 
RK 6 borehole, depth 953.0-954.0 m 
Otw6r RK 6, giqb. 953,0-954,O mq 
Fig. 8. Protopandmod. varicostatus (Sweet et Bergstrom) 
RK 4 borehole, depth 640.2-642.2 m 
Otw6r RK 4, glqb. 640,2-642,2 m 
Fig. 9a-c. Drepanodus aduncus Nicoll et Rexroad 
RK 6 borehole, depth 941.0-942.0 m 
Otw6r RK 6, giqb. 941,0-942,O m 
Fig. 10a, b. Panderodus u~ricostatus Branson et Mehl 
RK 5 borehole, depth 1162.7-1 164.6 m 
Otw6r RK 5, glqb. 1162,7-1164,6 m 
Fig. 1 la, b. Patidmodus gracilis (Branson et Mehl) 
RK 3 borehole, depth 1031.4-1032.2 m 
Otw6r RK 3, giqb. 1031,4-1032,Z m 
Fig. 12a, b. Paltodim dyscritus Rexroad 
RK5 borehole, depth 1139.5-1141.4 m 
Otw6r RK 5, glqb. 1139,s-1141,4 m 
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