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Stratigraphy~ of the Upper Precambr~an 
and lowest Cambrian strata in southern Poland 

ABSTRACT: The sequence of the Vendian system in southern. PoLalIl'd overlies that 
of the Upper Riphaean sedimenJlary cycle, and it. is overlain by the CambriajOj 
system. The Vendian. system is bolWld 'by> the' Wieli~ phase at the bottom, and 
by the Malopolska phase at ·the top. The ilIlvestigated sequence comprises 7 fQrma:" 
tions, the five of which (the RiesWw Group) belong to the Vendian system. The 
two upper formations are included mto the Holy Cross Group. The Upper Vendian 
deposits contain primitive Acritarcha and the. trace fOSlsils, whilst the lowesll 
Cambrian sedime.nts (Sabellidites Zorw) yield an assamblage of body fossils . and 

trace f.ossils. 

INTRODUCTION 

The Vendian gtrata in the substrate of sowthem Poland has been 
hitherto assigned (Table 1), to the Riphaean: (Samsonowicz 1955, 1956, 
1960; Moryc .1961), AIgonkian (I..ytika& Siedlecki 1963), Simian (J·awo­
rowski&al. 1967), 00' Vendian (Kowalczewski 1979, JU'l"kiewicz, 1980). 

The areas of the Holy Cross Mts and of the Carpathian Foredeep in 
southern Poland (Text-fig. 1) comprise a full sequence of UpperBre­
cambrian and Lower Cambrian strata. It seems Ithat it will be a possi­
bility to define the boundary between V.endian and CambriJan systems on 
biostratigra'Phicdata (cf. e. g.MOOhinialk. 19'73, Cloud 197~, Cowie& Ro­
zanov 1974). An analysis of such a problem needed the studies ove'!" the 
bottom Cambr:irun sediments and the underlying rocks. 

Unfortun:ately, the boundary ibetweenthe Vendian and Cambria.n 
systems is h,ere covered by the Miocene deposits (Sarnsonowicz 1960, 
PawJowski 1965, Michniak 1969, OrIQIWski 1975b). It was possible to 
recognize the stratigraphic successiOlIl. when the borehole profiles from 
KotuszQw, Osiek and GwoZdziec a,teas (Text-fig. 2) had been analyzed 
(Kowalski 1979). 
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flySlC'h 'ZIOIlle 

Boreholes cited in the text: 1 - Rzeszotary 2, 2 - Dobczyce 1, 3 - B~blo, 4 - Potr6jna IG-l, 
5 - Piotrowice 1, 6 - Goczalkowice IG-1, 7 - Lapczyca 2, 8 - Raciborsko 2, 9 - Batowice 1, 
18 - Puszcza 2, 11 - Puszcza 3, 12 - ' Opatkowice 1, 13 - Mikluszowice 1, 14 - Ksill:i: Wielki 
IG-1, 15 - Potok Maly IG-1, 16 - W~leszYlll IG-1, 17 - Brzegi IG-1, 18 - exposure at Slonce 
Hill, 19 - Osiek 141, 20 - Gwotdziec 1, 21 - Kotusz6w 1, 22 - Korytnica 1, 23 - Korytnlca 2, 

24 - Baz6w IG-1 

Recently, Kowalczewski (1981) presetr1ted an entirely different strati­
gmphlc scheme 'Of the Upper Precambrian and Lower Cambrian sequence, 
ignorinrg all 'hiostratigraphic data. On the other hand, Po:iarys'ki & al. 
(i981) extended enormously, 0IIl the basis of finds of Acritarcha, the 
range 'Of , the Holmia horizon :and include in it also the sedimelJlts uni­
vocally documented by the index Sabellidites and Platysolenites. 

A~knowledgments. Thanks are offered to Professor S. Orlowski for a scientific 
help during ' preparation of this study, to Dr.J. Glazek fat'! ,discussions, to Docent 
K. Pawlowska and Professor H. Jurkiewic:z; for accession to the bojrehole sections. 
Sincere appreciation is also to Docent J . Lefeld, Dr. A. Barczuk, G. CzapOwski 
M. Se., M. Lipiiiski M.Se.., Dr. S. , Rudowsk,i, A. Niedek M. Sc.; Dr. T. Zapasnik .and 
Dr. J. Maiikowski for their help. 

LITHOSTRATlGRAPHY OF THE RZESZOW GROUP 

NAl\dE .9F THE -GROUP 

The . name COnies from Rzesz6w town!iJn the area of subsurface occurrence of Pre­
cambrian rocks in the Carpathian Foredeep. The group is composed of five . formations (Text­
-fig. 2) developed in terrigenic facies, and belonging to one diastrophic cycle. 
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Pozaryski & Tomczyk (1968) when studing the Precambrian rocks of south-eastern Poland, 
introduced the term "Rzesz6w Beds" for the whole complex between the metamorphic base­
ment ("Rzeszotary Beds") and the Cambrian strata ,("Kotusz6w Beds"). Such meaning of the 
term corresponds now to a group. 

BASEMENT OF THE GROUP 

The rocks of the Rzesz6w Group are underlailll by the crystalline basement 
(Burtan 1962; Heflik & Konior 1967, 1970, 1971, 1972a, 1974b) or by the oldes,t 
sedimellltary complex that have been found at the bortder of the Upper Silesian 
Coal Basin and . the Carpath!ialllS as well as near Cracow. This sequence is well 
known from the boreholes B~blo, PotrojlIla IG-l and Piotrowice 1 (Bukowy & 
S16sarz 1968, Heflik & Koni!O}:'·1974a, Sl~zka 1976). None' of the boreholes reached 
the boundary between the oldest sedimellltary series and the cryStalline baserilelllt. 
At the' lowest klllown pa·rt ,of the sequence there are mainly .arkosic sandstones 
(Slllc11ka 1976). ToWards the top, the arkoses pass into clayey shales ('f,B~b~o 
Shales") of dark or even ' black c'olors, with in.serts of lydites, quarlzitic siltstones 
and sands tones . (Heflik & Piekarski 1978),. These I'Ocks are intersect by diabases. 
A top part of the sequence is usually featured by the weathering tJ['ocesses (Bukowy 
& Sl6sarz 1968, Slllczka 1976). 

Similar deposits occurrilng near Zawierciel and Mrzyg16d have' heoo conve!Or 
tianally considered to be of Silurian age (Ekiert 1971, Ciemniewska 1978). 

The . discussed sequ~nce is isochTOIllous with the Upper Riphaean sedimentary 
cycle well 'known from the Ukraillle (Shulga 1969) and Moldavia (Bukatchuk 1969). 

TECTONIC FEATURES 

The tectonic re-modelled basement (Wieliczka phase) is o,verlain, with an angular un­
conformity (about 15°--{l50 ), by the l,apczyca Conglomerate that begins the Rzesz6w Group. 
At the top, this group is distinctly separated by another angular unconformity (Malopotska 
phase of Pozaryski & Tomczyk 1968) from the overlying Holy Cross Group. 

The rocks of the Rzesz6w Group', in comparison with the underlying rocks of older 
sediJIlentary cycle in thE! Cracow und Upper Silesian regiQ1lS. are much lessdiagenized and 
they are do not cOIl-tain diabases. The rock sequence of this Group are cleavaged, and 
commonly contain slickensides and mineral veins, and differ thereby from the Holy Cross 
Group. 

ISOTOPIC AGE 

Determination of iSlOltopic age of the crystalline basement in , southern Poland 
by the potassium-argon method (Borucki & Saldan 1965)-' resulted in an intecr:val 
age of 307-533 miJ:liolll years IWha,t ,pl'OVed it to ,be "al!ll ~ent age" (Burchart 
1971). The only dating of hornblende from amphiboIite by potassium-argon method, 
which resulted in an age of 837 milliJon years (Siedledki 1962, Burcharl 1971), seems 
to be reliable: 'I1his dating defillles the age of the metamorphosis processes at the 
middle part of the Upper Riphaean. 

Isotopic age determinationsof the top formation (Brzegi Shales) of the Group 
are: 634,' 653, and 673 million y~s (Burcharl 1971, after Semooenko 1962). 

"COLD CLIMATE SEDIMENTS" 

In . the Group there are two c~lomerate sequences (Text.fig. 2). They are 
treated as the isochronic equivalents of tillites of two Lapland . glaciations (cf. 
Chumakov 1974, 1978). The I.apczyca Conglomerates woold then correspond to the 
first glaciaticm and to the 1'tillites" of eastern Poland (cf. Aren 1968). Instead, the 
Potok: Maly Conglomerates could represooted the second glaciation. 
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ORGANIC REMAINS 

In three of the formations (Opatkowice Shales,· KsUiz WielkiGreywacke, and 
Brzegi Shales) there occur primitive assamblages Of· Acritarcha (Leiosphaerl.dia, 
Orygmatosphaeridium). The top part of the Group contains traces 'Of worm-shaped 
organisms, which have never been reported from sedimentsearlier than LOIwer 
Vendian (cf. Reading 1965). 

STRATIGRAPHIC· AFFILIATION 

On the ground 'of . absolute dating of the metaIDOI1phic basement, and of the 
age . 'Of . q'cold" ~~ts of the Lowes.t Vendian, the oldest· sedimentary complex 
("B~blo Shales") must belong to the upper part of the Upper RiphaealIl. 

The sedimentation 'Of the Rzesz6w Gr'Oup have begun not ea:rlier than at the 
begining of the Vencmm.. The uppermost part of the . Vendian is represented . by 
a hiatus. Possibly, in the easthern part of Carpathilan Foredeep this hiatus is 
shorter. 

The overlying sediments contain the body fossils and trace fosws which! 
document their affHiation toO the firSt biostratigraphic zone of the Cambrian. 

EXTENT OF THE GROUP 

In the Upper Silesi.a area, there occurs only the lowest unit (Lapczyca Conglomerates) 
of the Group. It. overlles the metamorphic basement or the "B~blo Shales". In the boreholes 
Pott6jna IG-1 and Piotrowice 1 these conglomerates are overlain by Lower Cambrian sandy 
sediinents (Kotas 1973, Orlowski 19'15a). 

In north-eastern and eastern directions, the higher units successively appear in the 
basement of Paleozoic and younger sediments. 

TmCKNESS OF THE GROUP 

The thickness of the Group, recognizable in the boreholes l.apczyca 2, Opatkowice I, 
Ksill:t Wielki IG-l, Potok Maly IG-1, Brzegi IG-l . (l.ydka & al. 1963, .rurkiewicz 19'15) equals 
about 3000 m after a reduction of the strata dips •. These boreholes do not provide with the 
whole sequence, and thus the real thickness of the Rzesz6w Group must be greater (?4000 ~m). 

LAPCZYCA CONGLOMERATE FORMATION 

NAME OF THE FORMATION 

The J;lame comes from the loclllity l.apczyca :(borehole l.apczyca 2), south-west of Wie­
liczka, Cracow region. 

TYPE SECTION 

The hypostratotype .sections are established in the twoboreho1es: Lapczyca 2 
(depth .1795.0--1923.6 m; Turnau-Marawskla 1957, Lydka . & at 1963) and Batowdce 1 
(depth 313.O-q30.1 m; My:szka & .Parachoniak 1958, Lydka & Siedlecki 1963). The 
type area for the proposed formation extends between Cracow, Wieliczka and 
Bochnia. The sediments ascribed to this :formation have l;>een drilled clooe to. 
Cracow in. about 20 boreholes (Konior 1974, Slllczka 1976), a,nd they overlie the 
metamorphosed basement complex ("Rzeszotary Beds"; Poiaxyski & Tomczylk 1968; 
Burtan 1962; Heflik & Konior 1972a, 1974b). 

The formation is cOiIIl(POsed of conglomerates andbreccias of red-brown color, 
and diversified petrographic cOmposd.t1on (TUJl"IlB.u-MQrawska1957, Myszka & Pa­
rachoniak 1958, Lydka & al. 1963, Bukowy · & S16sa:rz 1968, Heflik & Konior 1972b). 
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Lithostratigraphic subdivision of the investigated sections 
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Volcanic and metamorphic r<icks predomirtatem pebbles, whereas sedimentary 
iocksare ' suboniinate, and plutozrlc rocks are sporadic. The volcanic rocks am 
several types of basalts;rhyolites, ' cJacites, andeSites as Well as' various tuffs. Meta­
morphic rocks are represented by quarlZ-muscovitic,quartzitic" chloritic; anrl 
sel:icitic shales, associated with. · quartzites,keratophyres, and greenstan.es; :locally 
also with 'gneissic and my'land.ties. 

Sedimentary rocks comprise:greywaCke and arkosi.c s'andstones, ' claystones 
and siltstones, ' :fine-grained siliceous satllldstemes, black ,clayey-siliceous shales as 
well as lydites. The grains of minerals, derived probably from granite-gneisses, 
include primarily potash feldspan!, plagioclases, and numerous vein quartz (Turnau­
-Morawl!ka 1957, Heflik & Konior 1972b). 

Matrix .·af . thecongIomerates and. brE!OCias is cOIlliPO'sed Clf quartz, feldswrs, 
chlorlte, and haE!!lllatite,locally it isl ruso siliceous with an admiacture of calcium 
calrbonate. 

All the pebbles (up: to 8 cm in diameter) .are usually ,subrounded or sharp­
~edged, badly sorted. Locally, the cOIlglomeratesi pass intocongIomeratic sandsllcm.es 
(e.g. inborehole B~blo; . Bukowy & . S16san 1968). 

W::Lthilli the conglomerates there are, in the boreholes Raciborsko 2 . and B~blo, 
i'nserts, of · quartz porphyries (Heilik & Konior 1972b). 

Thiclm1ess of the formation is varied. On the .ground af data from boreholes 
(Tumau-Morawska 1957, Lydka & al. 1963, Konior 1974) the thickness in the type 
area (Text-figs 1, 2) does not probably ex~d 200 m. 

The conglomerates have been erroneously included to the Upper Silurian. or 
Lower Devonian (Konior. 1974). Lateiy, a necessity for an age revision of these 
conglomerates has appeared (Kotas 1973, Orlowski 1975a, Sll:lczka 1976). 

BOUNDARIES OF THE FORMATION 

The lower boundary of the formation has been oowhere drilled in the· type 
area; toward . the west, siniilar conglomerates have been drilled i!n .theboreholes 
Potrojna IG-l, Piotrowice 1 andB~b!oi where. they overlie metaargillites of an. 
older cycle and · their . thickness is reduced; they are overla·in by the Cambrian: 
bQsal conglomerates (Sll:lczka 1976). The upper boundary of the formation has not 
been evidenced in boreholes. In many boreholes these conglomerates are overlain 
by Lower Cambrian sands tones (Kotas 1973; cf. aZs.o Konior 1968, 1969; Konioi" & 
Sll:lc:zJka 1972). 

The conglomerates are overlain by the Devonian, Carboniferous, Permian and 
Jua-assic deposits. A transitiOlll of the Lapczyca Conglomerates' into the overly-ing 
Opatkowice Shales is suggested by an occurrence of arkoses in theborehole B~~ 
(Bukowy & Sl6sarz 1968) and of greywackes in the borehole Batowice 1 (Lydika & 
Siedlecki 1963). The continuity is also supported by the same petrographic com­
position of pebbles in the both formations. 

OP ATKOWICE SHALE FORMATION 

NAME OF THE FORMATION 

The name comes from the locality Opatkowice in the, southern part of the Miech6w 
Upland. 

TYPE SECTION 

The type section is established ionI the borehole Opatkowice 1 (depth 
1235.0-2546.5 m). Real thickness of this sequemJCe is about 900 m (Kicula & Wieser 
1970). Similar sediments are known from the boreholes Pus'Zcza 2 (Lydka & Sied-
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lecki .1963) and Puszcza 3 (Stemulak & Jawor 1963). The anticline of Ksi~z Wiel­
ki - Opatkowice is proposed as the type area, distinguished iJn the P!recambrian 
substrate of the southern part of the Miech6w Upland (Jurkiewicz 1975). 

This formation comprises a monotonous sequence of red-versus green colOl'eld 
~iltstone-clay.ey shales with inserts of aI1lroses and arkosic sands-tones, especially 
in the middle part of the profile (Kd.cWa & Wieser 1970). The clayey-siltstone l'OCks 
are composed mainly of hydromicas and hydrochlorite with a changeable content 
of quartz and feldspars, and all are ' slightly metamorphosed, bei.ng enriched i. a. 
in albite, chlorite, and sericite. 

Within these shales there are frequent iJntercalations of arkosic sands tones, 
usually less metamorphosed. Among the principal components ' there are: quartz 
and feldspars making the rocks a "gIr'anlite-like" appearance, associated with 
plutonic (granites, micro~atiJtes, aplites),and metamorphic rocks (gneisses). There 
are also numerous pieces of acid voIcanites and parlicw.arly, of various kind:f of 
porphyries and tuffs. :PieCes of basalts arequdte rare. The volc.ailk:rock:s are 
usually modified by metamorphism and weathering. Among the ' pieces of ' sedi­
mentary rocks there are clayey shales and siltstones. The cement of sandstones is 
compoSed of siltStone-clayey matter with chlorite or haematite. At the depth of 
1974~5 m, in the type section, a oalcareaus arkose was found, which contains a great 
quantity of calcite in the matriXi. 

tIayey-siltstone sediroents are usually fine-laminated, locally graded. More 
coarse-grained sediments are usually . oodly sorted, and their detrital components 
are usually sharp-edged. Diameters . of arkOsic ' grains reach sporadically 4 mm 
(depth 1860.0 m). In the type section there are also (depth 1575.0 tn) the mud balls 
attaining 7 cm in diameter, indicating a redeposition within the sedimentary basliru 

The sequence proves a considerable influence of later tectonic processes. 
Cleavage is quite common, and there appear n~ous rnineral veins ' of ~everai 
generations, and in the type section also lamprophyric dikes. 

WithiJn the Opatkowice Shales a primitive ass'emblage of Acritarcha has been 
found (Jagielska in:Kicu}a & Wieser 1970): Protosphaeridium acis Timofeev, ,Po 
jZexuosum Timofeev, and Pwtosphaeridium sp., Leiosphaeridia sp., and OrllgrruttO ... 
sphaeridium sp. The taxooomical composition of the assemblage suggIeSts Upper 
ProterozOic age of the formation. 

BOUNDARIES OF THE FORMATION 

Boundaries of the formation are unknown. 

KSIAZ WIELKI GREYW ACKE FORMATION 

NAME OF THE FORMATION 

The name is derived from the Ksillt Wielki village located a,bout 15 km to north-east 
of Miech6w. 

TYPE SECTION 

The section of the borehoIe MiIkluszowice 1 (depth 1132.0-1202.0 m, thickness 
about 75 m; Lydka & Siedlecki 1963) is proved, as the hypostratotype section for 
the bottom part of the formation. For the hypostratotype section for the middle 
part of .' the iQrn1ation a seqUen!Ce of .the boIrehole Ksi~z Wielki IG-:l (depth 
1290.0---1940.0 m, thickness about 45Q .. m; Jurkiewicz 1975) can be considered, 
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Stratigraphic subdivision of the Upper Precambrian and the lowest Cambrian ID southern Poland 
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whereas for the upper part -'- the bottom part of the sequence of Precambrian 
sediments in the borehole Potok Maly IG-l(depth 2396.0-2790.0 m, thickness a.bout 
350 m, Jurkiewi~ 1975). 

In the sequence there are maiJnly greeniiSh-grey greywackes with rare inter­
calations of clayey and marly shales of a ,greenish; locally reddish colOil"s. 

The greywack:es contain many fragments of rocks, marinly c,layey a~d siliceous­
-Clayey ones, and associated with those of acid and neutral volcanic, and some 
graDJte-gneisses. 

Quartz is the main: component of the greywackes. Among other mineTai1 
components thecr:e are numerous feldspars but in the vertical section there is no 
regularity in mutual quantitative relation between the potash feIdspars and plagio­
clases. These rocks always contain chlorite; there are also micas among · which 
muscovite is definitely predominatilllg. 

Locally, there are transitions of greywackes into arkosic sandstones. 
Shales contain tuffogenic matteT with quartz, frequently with cOlT06.ive notches 

and relicts of volcanic glass. Within the clayey-sand~ sediments there is also the 
same detrital mattecr: as within the greywadkes. 

The clayey shales contai~ great quantity of quartz pelite, and albite, accom­
panied by chlorite and ilUte. 

The shales are slightly metamorphosed what is expressed macroscopically 
by a weak silky polish and by the abundance of chlorite and albite (anchimeta­
marphism). 

Similru- sediments are known from the basement of the north-eastern margin 
o:f the Upper Silesian Coal Basin (Ekiert 1971) and from the southern part of the 
Miech60w Up1aJnd (Jurkiewicz 1975). 

The thickness of the formation is not easy to, evaluate. The summing up the 
thicknesses of the hypostratotype sections gives a value of at least 1000 m. 

Recorded fossils are Orygmatosphaeridium sp. 1 and Leiosphaeridia sp. 

BOUNDARY OF THE FORMATION 

The lower boundary is unkillow.n. The up~ boundary is . defined at . a depth 
of 2396.0 m in the borehOile Potok Maly IG~l. The ccmta'Ct of the Ksillz Wielki 
Greywackes with the . Potok Maly Conglomerates has, not been coredi and the 
depth was defined by geophysic met:hods. 

PREVIOUS SYNONYMS 

The unit was introduced by Jurklewicz (1975) as the "Beds from KsillZ Wielki". 

POTOK MALY CONGLOMERATE FORMATION 

NAME OF THE FORMATION 

Tile name comes from locality Potok Maly situate.d in the south-eastern part of the 
Mlech6w Upland, between Miech6w and Jlldrzej6w. 

TYPE SECTION 

The type section of the fO'rmation is established in a part of the sequence frqm 
the borehole Potok Maly IG~l (depth 2336.0-2396.0 m). The real thicknes's of the 
formation equals about 30 m (Jurlciewicz. 1975, p. 95). 

The formation is cOmposed of red-browri. congl~erates which include pebbles 
of sedimentary, metamorphic and magmatic rociks, all of similar composition as 

. i 



190 W.R. KOWALSKI 

those from -the Lapczyca Conglomerate Fcxrmation, but of the . smaller size (us~ly 
to 0.5 cm diameter, max·imum up to 1 cm). They are also subrounded and angular, 
without sorting. 

BOUNDARIES OF THE FORMATION 

The boUndaries of the formation have sedimentary character. The upper 
bown:daiy is featuredwtth a quartz vein which was farmed in reSult of mff~t 
tectonic cQlIllpetency of the rock sequences. 

PREVIOUS SYNONYMS 

The described unit was intrpduced by Jurkiewic1; . (1975) aB the "Beds from Potok MaiY.!'. 

BRZEGI · SHALE FORMATION 

NAME OF THE FORMATION 

The name comes from the Br:i:egt village situated abput 10 km to north-east . of Jt;ldrzej6w, 
at the border of the Miech6w Upland and the Holy Cross Mts. 

TYPE SECTION 

The upper part of the section of P~ambrj.an sediments in the borehole P,otok 
Maly IG-l (de,pth 2004.0-2360.0 m; thickness about 200 m) and a .sectiOn . of the 

. ' . • . j- - . . . . 

borehole Brzegi IG-l (depth 1701.2-2555.0 m; thickness. aboUt 425 ~) .are propOsed 
as the hypostratoty!pe sedions . of the fqrmati.on. Thetotal ~hickness of the fO,rm.a­
tion increases .. towardS the eastern part of the Caz1pathiBln Foredeep~I1dit is 
probably greater than in both hypoEtratotypesections. 

Within the formation, grey-greenish c1ayey-siltstone, clayey and marly shales 
predomilnate; Amid the shales there are interbeds o,f greywacke . sands tones and 
siUstones. 

Clayey shales are composed mainly of illite and chlorite with an admixture 
of quartzpeiite, and albite. 

In the bOttom part of the borehole Potok Maly IG-lsequence (vide JurkieWicz 
1975, Fig. 2), there are greywacke intercalatioriswithfragments of sediinimtatj, 
metamorphic and magmatic rocks similar to those in older formatians. 

Intercalations of polymictic sandstones ioll! the upper parts of the formation 
(e. g. the bor6hole, Osiekl; depth 134.7 . m) contain usually. smaller ·variability of 
minerals in relation to the rocks of the bottom part of the formation. The sand­
stones are usually fine-grained and frequently pass into silts tones. 

Rock pieces are ra·re and usually represented by clayey and siliceous-clayey 
shales and by single fragments of quartzites and granite gneisses. The cement of 
polymictic sandstones and sUtstollles is usually of chloritic-UIitic type. 

Within the formatiop. there .arealso rare inserts (5-15 cm thick) o~ breccia 
(exposure at the Slonce Hill, Filonowicz 1961). These rocks have a compo&itioD! 
similar to polymictic sandstones and siltstones described. They consist mamIy! 
sharp-edged fragments of vein quartz, quartzites, cataclasites, mylonites and sand­
stones with calcareous cement. There are alsq trace quantities of volcalIJ.ites of 
feJlisitic matrix, :rnicro-crysrtaUine s:iJliceOlUS roC1k5 aII1Id qruaIitzitic-anusC'orvitic . shales, 

In comparison to the Potok Maly Conglomerates the rocks contain smaller 
quantity of less stable components; ilnstead, their roundness degree is still smaller. 
Rock pieces of breccias are up to 5 mm in diameter. 
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The sediments contain poor assemblage -Qf Acritarcha: Leiosphaeridia sp;and 
Orygmatosphaeridium sp. 1, ' and trace fossils repr~senied by exichndal bulT'OlW 
casts (Gordia sp.)arui epichnial grooves. 

AIn isotopic age for t.he samples of the Brzegi Shale Formation (673, 653 and 
634 million years) prove the middle and upper parts of the Vendian. 

BOUNDARIES OF THE, FORMATION 

The lower boundary was- di'stinguished in. the borehole Potok Maly IG-1 at 
a depth of 2360.0 m. In the sectioo of the 'b<liehole Ostek 141 there is the stra:totype 
of the ' upper -boundary of-the formation; ' there, the ' upper layers of the ' unit ' sh~ 
a color change, probably of weatheriJng nature. Starling froin the ' bottom Of this 
bocehole (2.15.0 m up to a depth of 211.5 m), the! shales are grey-greenish (tYPicai 
color in the whole formation); and there are OIlily rare cherry-red lamilniae. At 
depth interval 204.5-211.5 m there is quantitative balance of the beds of a prinlary 
color and of the cherry-red ones. At ·de.t>thl94.~204.5 m . the cilecrycolor already 
predomiinateswhereas greenish lamme are siporadic.The top beds (185.0-194.0 ni) 
are greeriish:';~y, and upWardS they become more . and more weathered. They are 
overlain by variOU:Sl.y-grained ' and fine-gram~ sandstones of a clayey matrix with 
fine rock ' fragments ' (about 2 mm diameter) of. shales, the latter redepOsited ' from 
the underlying formation. At the cantactthere is also' a cOnsiderable atJgu.la!l" 
unconformity between the Brzegi Shales and the Osiek Sands-tones. -Unfortunatt!ly, 
the core' is not good enough for: proper measurements; But betnea:th, at a depth of 
194-215 m there are dips of about 60° within thle shales whereas abo.ve, at a depth 
of about 168 m. the dip within the sBindstones may be estimated as 20-'--30°. 

PREVIOUS SYNONYMS 
, , 

The sediments of this formation ha.ve been distinguished as the "Rzesz6w Beds" (Po:l:a~ 
r¥Bki & Tomczyk 1968) in the Upper San Anticlinorium and as the, "Beds from; Briz;egl" in 
the Mlech6w 'Q'plarid (Jurkiewicz 1975). Probably, this formation includes, some of the ' be<ls 
considered as the Upper Eocambrian at the border of the Carpathian Foredeep' and the' Holy 
Cross Mts (Pawlowski 1965). 

LITHOSTRATLGRAPHY OF THE HOLY CROSS GROUP 

The unit was introduced by Orlowski (1975b). The two lo,~t formations of 
the Holy Cross Group axe described here, the lower ori.efor the first time. The 
definition ofthe. UlPper unit (Czama Shale Formation) is supplemented basing on 
boreholes from the type area (Text-fig. 4). 

OSIEK SANDSTONE FORMATION 

NAME OF THE FORMATION 

The name is derived from the locality Osiek, south-southwest from $andomierz. 

TYPE SECTION 

The section of the borehole Osiek 141 at a dep,thj iIllterval of 164.4----<185:0 m 
(Text-fig. 2) and an expos·uJ."e sl;!quence close to Kur~ki (PI. 11, Fig. 2; Text­
·fig. 3) are proposed for the hypostratotype areas of the Formation. 
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Theformaticm is -represented by yellow and light-grey qti.artz sandstones 
passialIg upwards into dark-grey quartzitic sandstones. 

In the type sequence the weathered clayey shales and sandstones of the Brzegi 
Shale Formation are overlain (depth 183.0-185.0 m) by smceous-kaolinitic quartzitic 
sandstones of yellow and greycolors, with numerous fragments ofillitic clays tones, 
locally of clayey-silts tone shales, with chlorite. These rock fragments (in 1-2 mm 
diameter) are elongated and roUltlded. Larger sandl grains are oval whereas the 
smaller ones a,re sharp-edged. Locally there also. appea,rs detrital glaucon,ite. At 
a depth of 175.0--,-183.0 m the core recovery was small and the fragments proved 
an occurrence Of quartz a,nid quartzitic sands tones.. Higher up (depth 164.~167.5 m) 
there are siliceous-kaolinitic and chlaritic-ferruginous quartzitic sandstQIl.es. These 
sediments ccmtain abundant cillorites, both in the matrix as well as in the frag­
ments. In the matrix, there is also kaolintte, heavy minerals and detrital glauco.Uite. 
Ferruginizatiori of these rocIks and sporadic carbon~tes are of secondary origin. 
In. the type borehoie the sequence is terminated by the Tertiary eroslion surface. 
Quartzitic sanidstones and sdltstones of the upper part of the formation contain 
mainly quartz grains of varying diameter and changeable roundness. Large~ grains 
are usuallY. better rounded although it isfrequentIy difficult ,to define the round­
ness degree due to recrystallization. The micas are sporadic and fine, with pr€!­
dominance of muscovite. At the bdttom part of the sequence the roCk ,fragments 
redeposited from the Brzegi Shales are the most abundant. Instead, in the whole 
sequence there are s'mall amounts of fragments Of silicoous rock.s and fine., 
~rystalline quartzitic rocks, very resistant to destructive factors. In contra~istinc­
tion to the sediments of the Rzesww Group the rQc.ks contain abundant heavy 
minerals among which zircone and tourmaline dominate locally, and are associated 
with apatite, rutile, epidote and detrital glauconite. 

The formation thickness is not to be evaluated preci.s~y but it does not 
probably exceed 30 m. 

The higher: pad of the forIllati<¥1 in the exposure at Kurozw~ki (Text-fig. 3; 
PL 1, Fig. 2) is composed of ferruginous quartzitk sandstones and siltstones with 
inserts of clayey-Sliltstone shales. The beds of sandstones andsiltstones a·re usually 
4-7 cm thick" rarely up to 27 c~ At the bed surfaces there are flute marks and 
abundant mica plates. There are also trace fossils: Planolites montan'Us Richter, 
P. nemat'Us Kowalski, and Phycodes sp. 

The clayey-siltstone ' shales that form -interbeds contain abundant chlorite, and 
they make up regular laminae 0.1-0.3 mm thick. 

BOUNDARIES OF THE FORMATION 

The lower boundary has been defined in the borehole Osdek 141 (depth'l83.0 m), 
but the upper boundary was not accessible. 

PREVIOUS SYNONYMS 

The described lithostratigraphic unit probably corresponds to some of the sediments 
described by Pawlowski (1965) as the Upper Eocambrian. 

CZARNA SHALE FORMATION 

NAME OF THE FORMATION 

The name comes from the Czarna River (OrloWski 1975b). 

TYPE SECTION 
For the partial type sections the exposures along the Czarnal River (Walczow­

ski 1965),along the southern edge of the Koprzywianka stream, between Baz6w 
and Koprzyw:nica, and in the Ch~ciny anticline have been co.nsidered. 
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The formation consists (Text-fig. 4) Cif siltstone and clayey-silts tone and clayey­
-siltstone shales with single inserts of quartutic and quartz siltstones and fine-
-grained sandstones, locally also of limestones (Zak 1968, l..ydk:a 1979, l..ydk~ & 
OrJowski 1978). 

In the lower part of the formation there are also, amidst shales, inserts of 
fine-grained quartzic grey or greenish-grey sandstones with micas (bo,reholes 
(GwoZdziec 1 and Kotusmw 1). These sandstones have calcareous matrix of 
poikilitic type. In the lower part of the formatLon there are quite abundalnt 
feldspars among which acid plagioclases predominate but there a,re also some 

o , 

Fdg. 3. LOICatiJoo. of bOlI"e'hoiles aJIlId exposUlI"les in the ~otusz6w area 
1-3: LOIW'e:r CalIIl/birlia.n: 1 Osdeik ~ Fm.; 2 CzaII'1l1.a Sha;le FUn., Kotusz6w 
Shale Mem.; 3 UiPPer pamt of ,the CZ8II'IllIa Shale Fm.; 4 LoJwer Dev,OIllIian; 5 Millo~ene; 

6 ailliIuvd.a; 7 bOlrelho.k!S; 8 exposures 

13 
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sericitized potash feldspars. Beside the predominating quartz, the micas are also 
an important rock -component. Usually there are similar amounts of muscovite 
and biotite but locally, muscovite prevails. Among the clay m.i:nerals there occUr 
illite and chlorite. The latter is detrital as well as intergranular. 

In the sequence of the formation there are also horizons_ enriched intuffogenic 
matter with feldspars. TowardSl the top of the sequence a grlildual decrease of 
grain siz.es ami a passing into clayey shales are noted. There is Jalso an increllise 
in carbonate content and there are even silt-containing limestones with micas 
(borehole Korytnica 1, depth 30.0 m). 

In the lower part of the formation (Kotusz6w Shale Member), Acritarcha and 
trace fossils, whereas in the upper _ part also macrofa\.lil.1a and algae, have been 
found. The fossils recorded are: Sabellidites cambriensis Yanischevsky, cf. Para­
sabeZlidites yanischevskyi Sokolov, Platysolenites antiquissimus Eichwald (see Mich­
niak & Rozanov 1969), C.oleoloides sp. (Samsonowicz 1960, 1962), Merostomoidea 
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indet., and in the uppermost part of the formation: SabeZlidites sp., PelagieZla sp., 
Linevitus sp., Trapezovitus sp., HyolitheZZus sp. (Zakowa & Jagielska 1970). There 
are als·o algae of the genexa.: Vendotaenia, Tyrasotaenia, Pilitela, and ThaZlulus. 

The Acrita!1"cha are represented by genera Baltisphaeridium, Leiosphaeridia, 
Leiomarginata, Asperatopsophosphaera;, Granularia, Orygmatosphaeridium, Aste­
riscus, Cymatiosphaera, and Tasmanites (vide also Michniak 1959, 1969; Zakowa 
& J agielska 1970). 

The trace fossils are represented mainly by Planolites. In the studied part cxf 
the section (Sabellidites Zone) there are also problematic forms: ? Bunyerichnus, 
?Monocraterion and ?Palaeophycus. 

The rocks of the formatiOlI1J have been dated by KlAr method (vide Burchart 
1971). The obtained valuescxf 489-557 million Years (the borehole Baz6w) and 
479 million years (the borehole Kotusz6w 1) Seem to be too low as apparent from 
analyses of the whole rock samples .. 

Orlowsiki (1975b) evaluated the thickness of the formati.on for 500..;.....700 m. 

BOUNDARIES OF THE FORMATION 

The lower boundary of the formation is defined by a lithologic change from 
predominating q~rtzitic and quartzitic sandstones and siltstones (Osiek Sandstone 
Formation) into clayey and clayey-silty shales with some inserts of fine-detrital 
rocks. A type section of the lower boundary has not been defined due to lack of 
expoSures and boreholes. 

The upper boundary of the formation is defined (Orlowski 197b) by a UtholoWic 
change of the clay sequence into sandstones and siltstones (OciesElki Sandstone 
Formation). The type section of the upper boundary occurs near Gieraszowice 
(Holy Cross Mts). 

PREVIOUS SYNONYMS 

The Czarna Shale Formation comprises several lithostratigraphic units distinguished 
informally, such as: the Kotusz6w Stage (Samsonowicz 1960), the Kotusz6w Beds (Michniak 
& Orlowski 1963), the Jasien Shales (Samsonowicz 1960), as well as the Jasien Beds and the 
Baz6w Beds (Michniak & Orlowski 1963). 

KOTUSZOW SHALE MEMBER 

The Kotusz6w Shale Member has been distinguished by Orlowski (1975b). The 
rocks of this member are exposed at Kotusz6w (Text-fig. 3 and PI. 12, Fig. 1). They 
consist of clayey-sUtstone shales with a considerable conteri.t of illite and chlorite. 
The rocks contain greater quantity: of quartz grains of siltstone fradion than the 
rocks of the upper part of the member. ,Bes~des the quartz pelite there are 
abundant muscovite and biotite. Feldspars occur usually in smaller quantities, and 
they are mainly represented by albite. Chlorite as well as some albite probably 
originated due to weak metamorphosis (anchimetamorphism). The shales contain 
rare intercalations of quartz and quartzitic sands tones and silstorles. I:ll non 
weathered, the rocks. are greenish, whereas i:ri ex.posures the orig,inal calor is rare 
and they become greenish-cherry and greenish-rusty. The content of the fossils 
comprises OZdhamia antiqua Kinahan (borebole Gwozdziec 1), Planolites nematus 
KowalSoki, and P. ballandus Webby. The Acritarcha are represented by Cymatio­
sphaera, Orygmatosphaeridium and Leiosphaeridia (see Michniak 1959). 

Considerations over thickness of the member are based on the data from the 
boreholes Gwoidziec 1 (Woh'iski & Kw:nkowski 1954) and Kotusz6w 1. In the 
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bo.rehole Gwozdziec 1 (depth 603.6-744.8 m, thickness abo.ut 70 m) there axe, in 
the bottom part, numerous sand:stone beds what suggests that these sediments 
represent the contact with the Osiek Sandstone Formation. Instead, in the borehole 
Kotu&6w 1 ~dE!Pth 10.0-150.0 m, thliok:llJess about 115 m) the sequence is mono­
tonous and there are only rare sandy interbeds. Therefore, the bOll'ehole section 
represents the upper pa'rt of the member. On the gI'IO\lIIl.d qf these prem:iyses the 
thickness of the member can be evaluated as about 150 m. 

PREVIOUS SYNONYMS 

The Kotusz6w Shale Member has been distinguished as the Kotusz6w Stage (Samsono­
wicz 1960) or as the Kotusz6w Beds (Michniak & Orlowski 1963, Michniak 1969), All a formal 
unit it was introduced by Orlowskl (1975b). 

SEDIMENTARY ENVIRONMENT OF THE RZESZOW GROUP 

I.APCZYCA CONGLOMERATE FM. 

At the decline of the Upper Riphaean. the sea retreated fr,om the Cracow 
region, and then, in the earliest vendian in result of the Wieliczk:a phase, the 
substratal blocks were uplifted. These phenomena were accompanied by volcanic 
activity. Considerable morphological differentiation under cold . climatic conditions 
(first Vendian glaciation; eCimp. Chumakov 1974, '1978; Khomentovskii 1976) eaused 
intensive ero.sion on elevati()IlS and deposition of coarse elastica in depressians 
(Text-fig. 5). 

An analysis of the occurrence of conglo.merates, their thickJness and petro­
graphic composition proves varying sedimentary conditions. In the area frQffi 
B~blo to. Bochnia, the co.nglomerates pass frequently into breccias composed of 
badly ro.unded and angular fragments (Turnau-Morawska 1957). Thiokness of these 
sediments is over 200 m (Myszka & Paracho.niak: 1958, Heflik & Ko.nior 1972b). 
These sediments, due to their fraction and lack o.f sorting, resemble fanglomerates 
depo.sited during a vio.lent transport and from the surroundings. The conglomerates 
occur along the north-eastern margin of the Rzeszotary elevation (Fig. 6 in Ko.­
nior 1974). 

Coiltrary to. these rocks, the conglomerates in the Upper Silesian region 
possess a considerably greater structural maturity. The sequence consists almost 
entirely of pebbles o.f sedimentary rocks of the older sedimentary cycle; towards 
the top it passes into typical polymictic conglomerates. The conglomerates are only 
23 m thick (Slllczka 1976). The pebbles are ro.unded in the whole sequence. Usually 
they are discoidal, and then they are imbricated what suggests their water transport. 

OPATKOWICE SHALE FM. 

Sediments of this unit may partly be isochronic with the ~zyca Conglo.­
merate Fm. · Their sedimentation occurred in terrestial or in subaqual environments 
but the action of flowing water was not strong eno.ugh to. differentiate) the co.m­
ponents coarser than clay and silt. Occurrence of arkosic sandstones in the middle 
part o.f the section proves periodical, more intensive water flo.ws. Marine influence 
during sedimentation is proved by the presence of Acritarcha. No. traceSi o.f 
chemical weathering are noted what c!Ulj be explained by; severe climatic con­
ditions (Kicula & Wieser 1970). 
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KSIAZ WIELKI GREYW ACKE FM. 

Sediments of this formation were deposited in a water environment what is 
suggested by the occurrence of filne-graded series within some greywacke beds. 
Occurrence of Acritarcha suggests marine features of the sedimentary basin. Thick 
beds od: the Ksiqz Wielki GreywackeS do not usually present any regular arrange~ 
ment of the components. They . were formed in result of rapid deposition . during 
which no differentiation of the components occurred ('''fluxoturbidites''). A lack 
of re deposition within the sedimentary basin caused slight structural and mineral 
maturity of the sediments, Within the greywackes there are similar mineral and 
rock fragments as within the previously described formations. The alimentary 
area was the same as in the case of the conglomerates and shales, The difference 
is in the fraction of sediment and in the type of sedimentation. 

POTOK MALY CONGLOMERATE FM. 

Sediments of this formation were deposited in an inland environment or in 
a littoral part of a larger water reservoir. The conglomerates are neither tillites 
nor tillite-like rocks, It seems mqre probable that they originated in result of 
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activating the bedrook erosion. An inereased denudation rate could have been 
caused by marine regressiOOl and by lowering of the erosion base during the seeond 
Vendian glaciation. 

BRZEGI SHALE FM. 

At the begilnning of sedimentation. of this formation there must have been 
a transgression onto the previous alimentary cfrea. The marine origin of the deposit 
is proved by the presence of Acritarcha and. trace fossils. The material was trans­
ported from a greater distance. ProbablY the lowermost sed.imentary sequence 
(Upper Riphaean one) as well as the bedrock composed of granites were eroded. 

Concluding from the sediment features, the sedimentation occurred during 
a diastrophic stagnation, slow denudatioo with a probable great participation of 
chemieal weathering. 

A c<ilnsiderable part of the sediments is laminated, but IQCally fine graded­
-:bedded interbeds occur. Organie structures did not take any important part in 
the sediment features. In the uIWe! part of · the format~on there appear fine, 
current ripplemarks. Most sedimentary structures have been( probably blurred due 
to diagenesis and dynamic metamorphosis. 

The sporadically noted breccia beds (see Filono-wicz 1961, 1969) are ot ,fluxo­
turbidite type. 

At the end of Vendian, a marine regression and a break in sedimentatiQn took 
place. This regression resulted from climatic oscillations by the end of the Upper 
Precambrian (e. g. Chumakov 1978). The lowering of sea level was eonnected with 
sediment transport across the previous depositional area to the areas situated at 
lower altitudes. 

Some tee tonic phenomena prove the presence of a tectonic phase (Malopolska 
Phase; vide Poiaryski & Tomczyk 1968) of a block-faulting character. They have 
not however resulted in an uplift of southern Poland and in the development of 
any coarse-detrital sequence. 

SEDIMENTARY ENVIRONMENT OF THE HOLY CROSS GROUP 

OSIEK SANDSTONE FM. 

The violent Lower cambrian transgression inundated weakly differentiated 
vast areas, and all sediments were deposited in a shallOW, sublittOtrai environments. 

As the transgression developed, a supply of sandy matter deereased and ilnter­
beds of siltstone ~d clayey-silts tone shales appeared. Numerous sedimentary 
structures such as diagonal bedding and ripplemat'1ks prove the activity of bottom 
currents. At some levels there appear many traces of organic activity, the' COOl­
centrations of which suggest periodical breaks in accumulation. 

CZARNA SHALE FM. 

The sediments of this formation were deposited in a ZOOle far-distant from 
the influence of littoral processes. Primarily, a clay-silty sediment dominated. 
Periodically, a supply of silts was greater and the ripplemarks have formed. All 
these de;posits are locally disturbed due to unstable density bedding and finet 
faults caused by drainin.g of the sediment. A Hthologic contrast between the silt­
stone-clayey sediments and siltstOOles as well as sandstanes enabled to preserve 
such sedimentary structures as flute casts or fine flow structures suggesting local 
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turbulent flow. Traces of organic activity are quite numerous, ·but their concentra­
tion is not great enough to influence the sediment structure. Above the Kotusz6w 
Shale Member, an increase of clay content enabled preservation of organic remains. 
The remains of the thallophytic algae (see Gllilorvskaja' 1971, 1975; Aseeva 1976) 
of typical marine habita,ts indicate sedimentation within the photic zone. 

BIOSTRATIGRAPHY 

The sediments of Upper Precambrian and Lower Cambrian age 
contain a limited assemblage of OtI"ganic remains which allow to precise 
the biostratigraphic positiOlIl of the studied sequences. 

The macrofauna occurs 'Only in the 'boreholes Korytnica 1 and 2, 
within the Cmrna Sha[e FIn., namely Sabellidites cambriensis Yani..; 
schevski, Sabellidites gp. (cf. ParasabeHidite~ ,- _1.. ~"~kyi Sokolov), and 
Merosiomoidea indet. (Text-fig. 6). The occurrence of S. cambriensis 
proves that the sediments of the lQiWeT part of the formation belong to 
the Sabellidites Zone (see Kiryanov 1969, Solkolov 1972b, Lendzion 1972, 
Aren 1978). The upper part of the! formation belongs (Miclmialk & Ra­
zanov 1969) to the secOlIld zone of the Cambrian with Platysolenites 
antiquissimus Eichwald. 

Within the sediments of the Sabellidites Zone there appear alga,e of 
the Vendofaenides group, represented by Tyrasotaenia podolica Gnilov­
skaja, Pilitela composita Aseeva, Vendotaenia major sp. n., and Thallulus 
carnosus gen. & Bp. n. The g'eIleI'aof macroalgae Vendotaenia and 
Tyrasotaenia are knQlWll both from tihe Upper Vendian (Gnilovskaja 
19'71, 1975, 1976) and from Low€ir Oambrian (Aren & Lendzion 1974, 
Alren & al. 1977). Instead, Pilitela had been noted within the sediment's 
of Upper Vendiian age (Aseeva 1976). The straUgraphic extents of Tyra­
sotaenia podolica GIrllovskaja and Pilitela composita Aseeva include the 
Upper Vendian and the lower part 00 the "Sub-Holmia" Ca:mbrian, and 
thus they are of no stratigJraphic significance for the recognizlation o[ 

the VendianfCam'brian boundalI'Y~ 

AB the investigated deposits contain also Acritwcha (Jagielska 1966). 
Within the Precambrilan sedimentsl only the primitive forms of Leio­
sphaeridia and Orygmatosphaeridium were found. A more differentiated 
assemblage within the sediments of ltihe Sabellidites Zone comprises 
Baltisphaeridium ornatum Volkova, Asperatopsophosphaera bavlensis 
Schepeleva, Tasmanites bobrowskii WraZyilskal, Granularia saccoformis 
gen. & sI". n., Asteriscus irregularis gen. & sp. n., Cymatiosphaera sp. 
div., Leiosphaeridia sp., Orygmatosphaeridium sp. 1, Orygmatosphaeri­
dium sp. 2, and Leiomarginata sp. The occurrence of Baltisphaeridium, 
Tasmanites, Cymatiosphaera and Leiomarginata proves the Cambrian 
age of these sediments. 
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The earliest trace fossils' from the sediments orfthe uppermost 
Vendian (Brzegi Shale Fm.) are represented by exichnial burro,w casts 
(Gordia sp.) and epichnial grooves'. 

A more differentiated trace assemblage was found within the sedi­
ments af_ the 1000er part of the Cambrian. It contains among others 
Phycodes sp.that proves the Cambrian age orf the Osiek Sandstone Fm., 
and Oldhamia antiqua Kmahan, which does the same for the low,eT part 
of the Cmrna Shale Fm. (see Dhonau & Holland 1974, Alpert 1977). 

Within the sediments documented by Sabellidites there appears 
? Bunyerichnus gp. which shows a similarity to Bunyerichnus dalgarnoi 
GJaessner,kno,wn from the Brecambrian sediments of Australia (Glaess­
ner 1969) and oonsiderred · for a' stratigraphic key for the Upper Pre­
cambl'lian (Alpert 1977). 

The sediments that underlie the Cambrian ones possess a much poorer 
biOSJtraUgxaphic d'Ocumenttati{)lJl (Text-fig. 6), and all the microfossils rure 
here represented by the taxa typica[ orfthe Vendian. 

stratigraphic profile subdivision 
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FUg. 6. Bios1lrattiigrajphy 'Of ItIhe U!W)er Ver:!idJi:alIll aIIlId Ithe lJOIwest Cam/b'rdm in the 
Holy Cros~ Mlt5; lithoillogy :tHre satme aIS lin Text-fig. 4 

Based partly on the data presented by: 1 Michniak (1959), 2 Samsonowicz (1960), 3 Michniak 
& Rozanov (1969), 4 Zakowa & Jagielska (1970), 5 Orlowski (1975b) 
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CHRONOSTRATIGRAPHY 

The Venclian is the latest in the systems distinguished wi,thln the 
Upper Precamhrianand more precisely, withini the Riphaean (Sokolov 
1952 fide Keller & Sokolov 1962, Solrolov 1972b, Chumaikov 1974, Keller 
& Semikhatov 1976, AksjenO'V & al. 1978). 

In a classical approach, the Vendian Mi5 lithologicallybipal'ltite. The 
Lower Vendian comprised tillite-like and ·volcanic. rocks (>Volhyn Group) 
whereas the Upper displayoo clastic, ma'tine sediments (Valdai Group). 
They were separnted by a COIl!Sideraiblel gap. But, in the complete sections 
locat€d at the edge of the European Plattfoml (camp. Znosko 1961) besides 
tillites at the bottom of the system, there also occur the sediments iso­
chronic with the second glacial epoch. Each glacial seTiesis o:verlain by 
a huge comple~ of fine-detrital rocks. According to' the conventional 
idea, the boundary between the two Vendian sequences was' placed 
(Khomentovskii 1976) at the top of tillites of the second glaciation. 
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L - Lower, and U - U[OOlel" paiI'ts 0If SiQ!Ille li:thOO'tra'tig:I'aphic units 
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The comparison of the Vendda!Il sequences from vanious areas proves 
that a new definition· of ,the Lower/Upper Vendil8.n boundary is highly 
requested. For practical purposes the bound'alI"Y shoUld be located at the 
bottom of tillites of the second glacial epoch. In such an approach, the 
both parts of many European sections comprise the sedimentary cycles 
of similar lithologic successions. 

The Rzesz6w Group, distinguished in the Precambrian sectJion of 
southeT!U Poland, was considered in a chronostratig,raphic scheme as an 
equiva:lent of the Vendian System. A section of the Rzes'zOw Group 
pre:;ents a great sedimentary anddiastrophic similarity to typical sec­
tiOlllS of the Vendian from :the border zone of the European Platform 
(sensu Baily 1929 fide Holms 1965, :zJ:turavlev 1972). 

The profiles which oomprisethe boundary zone of the VendiJanand 
the Cambrian, have a sedimentary break at the ,contact of both systems. 
The only European profHes in which no breaks have been not~ occur 
in eastern Poland (Text-fig. 7; Aren & Lendzion 1978 -opposite comp. 
Kiryanov '1979) 'a!Ild in the Oslo Trough (Skjeseth 1963). 

The boundary of the R2Jesz6w and the Holy Cross groups is 'con­
corrdam:t with the bounda,ry of the Vend'ian and the Oambri'an systems. 
The Cambrian System starts with the ~ansg,ressive Osiek Sandstone 
Formation. 

The sediments of the lowest Cambrian, devoid of any trllobites,are 
usually distinguished as the Sub-Holmi:a Stage (Sub-Holmia Cambrian, 
Sub-Holmia: zone, Sub-Holmia Beds; Samsonowic'z 1960, Lendzion 1972) 
and comprise three biostratigraphic zones (camp. Aren 1978, Fig. 10). 
In Poland the term "Klimonl1l6W1 Stage" was introduced as the synonym 
of the "Sub-Holmia" Stage (Aren & ' LencizilOn 1974). The sedimem.ts of 
two lower 'zones aredistilngulshed in the Soviet Union as the Baltian 
Stage (Salop 1968). 

STRATI GRAPHIC CONCLUSIONS 

Within the analyzed sequence several lithostratigraphic units were 
distinguished; five of them form the RzeszOw Group whereas the sixth 
one was proposed as the lowermost fonnation of the Holy Cross Group. 
Art thebot'tom of the Rzesz.6w Group, the olde!l" sedimentary cycle 
{"B~bl:o Shales") was :r:ecognized in some' bQlI'leholes, and it probably 
overlies a ,oonsolidated basement ('''RZleszatary Beds'''). 

The RzoeszOw Group is ,limited at the top and at tlhebottom by sedi­
mentary breaks and tectonic phases: the Wiel:i!c2'lka and 1lhe Malopolska 
phase (camp. Poiaryski & Tomczyk 1968). The group is recognized as an 
equivalent of the Vendian system. 

The lower: boundary alf the Upper Vtendran is placed at thie bottom 
of the sediments 'corresponding to the sec'Ond gladal epoch (the bottom 
of the Potok Maly Conglomerate Formation). 
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Correlation of Upper Precambrian and lowest Cambrian 
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The fotrmation of the Osiek Sandstones, introduced into the Holy 
CroS's Group (cf. Orlowski 1975b), is included into the Cambrian on the 
ground O!f typical Cambrian trace fossilis. Also, a lower boundary of the 
Czama Shalle Formation can be precisely defined, as the' pl'lesence of 
Sabellidites cambriensis Yanisahevsky indicates the first hlostratigraphic 
zone of the! Cambrian. The Cambrian age of this formation is also proved 
by the occurrence of Trilobitomorpha, and of div:el1Sifi€d assemJblage of 
Acritarcha, algae and trare fossils. 

A sedimentologic analysis of the sequences iPl1OV:es a teTfligenic origin 
of the t.apczyca Congl'Olllerates. The sediments of this formatiOlIl, simi­
larly as of the Potolk Maly Cooglome:rate Formation, suggest a peri­
glacial e!l1.virtmment of deposition. The sediments of the Opa'tko:wice 
Shale Formation were probably deposited hi inshore enviTonments. The 
sequences of the Ksi~z Wielki Greyrwacke Formation, the Br7Jegi Sha'le 
FormatiOlIl, the Osiek Sandstone Formation, and the Czarna Shale Forina­
tion have been deposited in aquatic, presumably marine environments. 

P ALEONTOLOGIC PART 

Incertae sedis 
Order Sabelliditida sokoiov, 1965 

Family Sabelliditidae Sokolov, 1965 

Genus SABELLIDITES Yan.ischevsky, 1926; emend. SokoloiV, 1972a 
Sabellidites cambriensis Ytamschewky, 1926 

(PI. 2, Figs 1, 3 and 7) 

1926. Sabemdites cambriensis Yanischevsky; Yanischevsky, p. 102, Figs 1-5, 8, 9a,b, 10. 
1940. SabelUdttes cambrtensis Janischevsky; Yanischevslcy, p. 104, Fig. 91, PI. 35, Fig. 13. 
1966. SabelUdttes cambriensis Yanischevsky; Korkutis, pp. 11-15, Figs ~; PI. 1, Figs la~, 

2a-b; PI. 2, Figs 1-3; PI. 3, Figs la~, 2. . 
1967. Sabatlidttes cambrtensts Yan.; Sokolov, p. 202, Figs la-g, 2a-b. 
1968. SabeZltdttes cambrtensts Yanischevsky; Kiryanov, pp. 21-22, PI. 3, Figs 1-2. 
1971. SabeUidites cambriensis Yanischevsky; Korkutis, pp. 50-53, Figs 29-30, PIs 1-13. 
1972a. SabeZUdttes cambrtensis Yanischevsky; Sokolov, p. 81, PI. 1, Fig. la-d. 
1972. SabeZltdites cambriensis Yanischevsky; Lendzion, p. 560, PI. 1, Figs 2-4. 
1974. Sabentdttes cambrtensis Ianisevski; Patrulius & Iordan, pp. 12-13, PI. 1, Fig. 4; PIs 2--13; 

PI. 4, Figs 1-2. 
Material: Several badly preserved specimens from boreholes Korytnica 1 and 2 (see. Text­

-fig. 4). 

Description. - Flattened fragments of black tubes forming narrow bands of 
constant width about 0.9 mm, length up to 40 mm, compo,lsed of organic matter. 

At the surface of best preserved specimens there occur fine ripples. Specimens 
are straight and recurvated. 

Remarks. - In the investigated specimens, two assemblages of different width 
of flattened tubes were nQted; the first one about 0.9 mm wide (Sabellidites cam­
briensis Yan.), and the other about 1.2 mm wide (cf. ParasabelZidites yanischevskyi 
Sol!:.). The wider specimens are badly preserved. Nanqw specimens are preserved 
much better what suggests that they had more solid walls. The possible affiliation 
of wider forms to PaTasabellidites yanischevskyi is indicated by a greater width 
of bands and by a more subtle structure 'in comparison with Sabellidites cam­
briensis. 
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Occurrence. - Lower part of the Czanla Shale Fm., SabelIid:ites Zone, Lower 
Cambrian. The species is known from the lowest Cambrian of the &wiet Union in 
the Baltic area, in the MOISCow Syneclise (Lcmtova Fm.), in the western UkraiIn.e 
(Rovno Beds), in Podolia (Chmielnik Beds), in Moldavia, and, in the Siberian Plat­
form where it occurs in the Nemakit-Daldin Fm. (Luchinina. & a~. 1978). It is 
also reported from north-eastern Romania (Patrulius & llqrdan 1974). In Poland 
the species is known fr:om the Podlasie (Lendzion 1972) and LubLin regions (Aren 
& al. 1977). 

Trilobitomorpha 
Group Trilobitoidea St0rmer, 1959 

Subgroup Merostomoidea St0I'1mer, 1944 
Merootomoidea indet. 

(PI. 4, Figs 1---.4 and PI. 5, Figs 1~) 
Matertat: 'One well preserved specimen, and possibly two other fragments from borehole 
Korytnica 2 (deptb '14.2 m and 104.5 m). 

Description. - Cephalon triangular, strongly bulged. Marginal part flattened 
and separated by, a trough from the bulged central part. At the back there is 
a notch passinig across the flat marginal part at the trough. It reaches the base O'f 
the bulged cephalon centre; its edges are l"aunded (Text-fig. 8). Flattened cephalon 
edge is of varying width. At the head shield there is an elongated bulge (~'gIabella") 
reaching the trough at the front and the notch at the bacik.. This ~'tglabella" is the 
widest ,at the front and gets na:l'!l"OIW backwards. It has the. steepest edges at the 
back and at the frontal end. CephaloD; has . strongly tucked lateral . patches. The 
tucking seems to be or! secondary origin. Proibably, the pririlary lateral cephalon 
patches were steep, similarly as i.n Leanchoilia superZata Walcott, 1912 (vide 
St0rmer 1959, Fig. 20, 2). 
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Preserved dorsal part of the head shield is composed of organic matter. The 
carapace is built of two layers of varym,g thickness and appearance (PI. 4, Fig. 4a). 
Its surface is fine-ornamented with nods, locally arranged in parallel strips. 

Remarks. - The investigated s.pecimens are similar to those described from 
the Burgess Shales (Middle Cambrian) of Canada (Walcott 1912). A slight similarity 
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is revealed in the structure of the head part to the genera Emeraldella Walcott 
and Leanchoilia Walcott, the cephalons of which are strongly bulged and ()If 
triangular shape. 

Occurrence. - Sabeilldites Zone, Lower Cambrian. 

Group Vendotaenides Gnilovskaja, 1971 
Genus VENDOTAENIA Gnilovskaja, 1971 

Vendotaenia major sp. n. 
(PI. 3, Figs 3---<5) 

Holotype: The specimen illustrated in PI. 3, Fig. 3. 
Str4ttgraphtc position: Lower part of the Czarna Shale Fm., Sabellidites Zone, Lower 
Cambrian. 
Type locality: Korytnica near Rak6w (borehole Korytnlca 2: depth 411.00 m). 
Derivation of the name: After Latin major - large. 

Material: Over 10 specimens. 
Diagnosis : Fossils of strip (shap'e, 's-8 mm wide, several centimetres long. 

Description. - Thallus is straight or slightly curved, up to 8 mm wide, with 
distinct and parallel edges. Black 01'f brown in color. On the surface there are 
darker, thread-like strips, mainly of longitudiinal course. 

Remarks. - The investigated specimens differ from Vendotaenia antiqua Gni­
lovskaja by a oonsiderably greater width of thallus and by the presence of thread­
-like elements on. the wall surface. 

Occurrence. - Czanna Shale Fm., Sabellidites Zone, Lower Cambrian. Remains 
of similar algae have been found in sediments of the ~'Sub-Holmia zone" (borehole 
Baz6w IG-l) of the southern Holy Cross Mts (Zakowa & JagielSJka 1970). Similar 
forms have also been noted in the Upper Yudomian ,CIf the Siberian Platform 
(Sokolov 1975). 

Genus TYRASOT AENIA Gnilovskaja, 1971 
Tyrasotaenia podolica Gnilovskaja, 1971 

(PI. 3, Fig. la-b) 
Im. Tyrasotcaenla podolica Gnilovskaja, sp. nov. ; Gnilovska;a, pp. 106-107, Pl. 11, Flgs 1-5. 

Material: 10 specimens. 

Description. - Thallus forms thin straight or curved strips up to several 
centimetres long, about 0.5 mm wide, black or brown in color. 

Occurrence. - Uppermost Vendian and probably lowest Cambrian c~ the 
Ukraine and Moldavia (Gnilovskaja 1971, 1976); in Poland -0 "Sub-Holmia zone", 
Lower. Cambrian (borehole RadzyiJ., Lendzion 1972, AreiJ. & Lendzion 1974), anci 
lower part of the Czarna Shale Fm., Sabellidites Zone, Lower Cambrian, southern 
Holy Cross Mts, Kotusz6w area. 

Genus PILITELA Aseeva, 1976 
Pilitela composita Aseeva, 1976 

(PI. 3, Fig. 2ar-b) 

1976. Pilite!a-eomposita Aseeva, sp. nov. ; Aseeva, p. 58, Pl. 20, Figs 3-5. 

Material: One specimen well preserved and a number of fragments . 

Description. - Shaggy bunch formed of thalluses starting at a common baSE 
Thalluses about 15 mm long, 0.2 mm wide, black in color, alternating one an'other. 
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Occurrence. - Upper Vendian of Pod()lia (Aseeva 1976) and the lower part of 
the Czarna Shale Fm., Sabellidites Zone, Lower Cambdan, south-eastern Holy 
Cross Mts (borehole Korytnica 2). 

Genus THALLULUS gen. n. 
Type species Thallulus carnosus sp. n. 

Derivation of the name: After Latin thallus. 
Dtagnosts: Thallus flat, leaf-shaped, 40-50 mm long, more narrow at the bottom (5 mm) and 
widened towards the top (14 mm) where it is oval-ended; basal part (probably a basal discus) 
slightly widened. 

Remarks. - The :new genus Thallulus differs from the other ge:nera of Vendo ... 
taenides by a thallus habit and its considerable thickness. 

Occurrence. - Sabellidites Zone, Lower Cambria:n. 

Thallulus carnosus sp. n. 
(pl. 3, Figs 6'-<7) 

J!ototype: The specimen presented in Pi. 3, Fig. 6. 
Stratigraphtc posttton: Lower p'art of the Czarna Shale Fm., Sabellidites. Zone, Lower' 
Cambrian .. 
Type tocaHty: Korytnica near Rak6w (borehole Korytnica 2: depth 24.90 m). 
Derivation Of the name: After Latin carnosus - obese. . 
Materiat: Two well preserved specimens. 
Dtagnosts: As for the genus. 

Remarks. - One of thalluses is 'curved in its lower part, at the narrowing 
(PI. 3, Fig. 7). 

Incertae sedis 
Group Acritarcha Evttt, 1963 

Subgroup Acanthomorphitae Downie, Evitt & Sarjeant, 1963 
Genus BALTISPHAERIDIUM Eisenack, 1958; emend. Downie 

&,SalJ.''jeant, 1963 
Baltisphaeridium ornatum Volkova, 1968 

(PI. 7, Fig. 1 al-<b) 

1968. Baltisphaertdium ornatum Volkova, sp. nov.; Volkova, pp. 18-19, PI. 1, Figs 10-14; 
PI. 11, Fig. 1. 

71971. Batttsphaertdtum cf. ornatum Volkova; Fridrichsone, p. 10, Pi. 1., Fig. 7. 
1974a. Balttsphaeridium ornatum Volk.; Volkova, Pi. 1, Fig. 3,. 
Material: Six specimens. 

Description. - The i:nvestigated specimens are oval, yellowish in calor, 
flattened, about 60 ,.."m diameter, with indistinct crumplings. The ce:ntral body 
contains numerous outgrowths' composed of a very thin, colorless membrane. The 
outgrowths are slightly widened towards their ends creating a fldcculosus coat 
around the central body. At the body surface there are fine ·rolls·, 1 to 3 ,.."m long, 
about 0.2 ,.."m wide, chaotically arranged and of straight or wavy course (PI. 7, 
Fig. lb). 

Remarks. - The investigated specimens differ from those described by Volkova 
(1968) by the irregular arrangement of rolls on the central body surface. 

Occurrence. - Upper part of the Lontova Fm., Lower Cambrian (Volkova 
1968, Fridrichsone 1971) and the Czarna Shale Fm., SabeIlidites Zone, Lower Cam~ 
brian, southern Holy Cross Mts (borehole Korytnica 2). 
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Subgroup Sphaeromorphitae Downie, Evitt & Sarjeant, 1963 
Genus LEIOSPHAERIDIA Eisenack, 1958 

Leiosphaeridia sp. div. 
Materia!: Several hundred specimens. 
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Description. - The iIIlvestigated specimens are devoid od' the inner body. They 
are completely or partially flattened, yell<lW, red or brown in color, 40-125 ~m 
diameter. The walls, 1 to 2 ~m thick, are sculptured by folds, the number od' 
which is dependent on the wall thickness. 

Remarks. - Within the genus Leilosphaeridia the species are usually distingu­
ished basing on two features: specimen diameter and wall thickness. In result 
there are many taxa of similar definitions. A subdivision into types A, Band C 
by Volkova (1964, 1973) is also charged with subjectivism. 

Occurrence. - Single specimens occur i:n the Brz.egi Shale Fm. (Upper Vendian) 
and numerous in the Czarna Shale Fm. (SabeUidites Zone, Lower Cambrian). 

2550.0 

KSiqz Wielki IG-l,1543.5 

1935.0 

Fjg. 9. Occumre:nre of Acritan:cha i:n samples 

• 
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Genus LEIOMARGINATA Naumova, 1960 
Leiomarginata sp. 

(PI. 9, Fig. 5) 

Material: About 25 specimens. 

Description. - The investigated specimens are oval or elongated, 37-70 .... m 
(usually about 50 .... m in diameter), light-yellow in color, with a darker narrow 
(4 .... m wide) swell without ornamentation. Crumpled forms have irregular swells 
accompauied by numerous fin~ folds. Central part is composed of. thin membrane 
without ornamentation. 

Remarks. - The specimens Leiomarginata sp. differ from L. simplex by their 
larger dimensions~ Similar forms are also presented by Khizhniakov & Shepeleva 
(1964, Table 4, Figs 5-6). 

Occurrence. - Czarna Shale Fm., Sabellidites Zone, Lower Cambrian, south­
-eastern Holy Cross Mts, KotuszOw area. 

Genus ASPERATOPSOPHOSPHAERA Shepeleva, 1963; emend. 
Type species Asperatopsophosphaera bavlensis Shepeleva, 1963 

Emended diagnosts: Specimens ovally elongated, yelloW; to dark-brown in color; the surface 
featured with numerous holes and depreSSiOns, usually of irregular. contours; dimensions 
vary from 30 to 220 ,.m. 

Remarks. - The genus Archaeopsophosphaera Naumova, 1968, is a synonym 
of Asperatopsophosphaera Shepeleva, 1963. Problems concerning mutual relations 
between genera Asperatopsophosphaera and Orygmatosphaeridium are discussed 
by Aseeva (1976; camp. also Chepikova 1971, Rudavskaja 1974, Piatiletov 1977). 

Occurrence. - Upper Riphaean till Lower Cambrian (Shepeleva 1~63, 1973; 
Naumova 1968, 1974; Chepikova 1971; Iltchenko 1972; Bogomjagkova 1973; Aseeva 
1976). 

Asperatopsophosphaera bavlensis Shepeleva, 1963; emend. 
(PI. 11, Fig. 2) 

1963. Asperatopsophosphaera bavlensts sp. nov.; Shepeleva, p. 15, PI. 2, Figs 7-3. 
1963. Asperatopsophosphaera partialis sp. n.; Shepeleva, p. 15, PI. 2, Fig. 9. 
1964. Asperatopsophosphaera parttalts Shep.; Khizhniakov & Shepeleva, PI. 2, Fig. 3; PI. ,3, 

Figs 3-5. 
1968. Archaeopsophosphaera asperata Naum.; Naumova, p: 37, PI. 2, Fig. 14. 
1971. Archaeopsophosphaera sinuosa Chepikova, sp. ·nov.; Chepikova, pp. 61-32, PI. 1, Figs. 1-3. 
1972. Asperatopsophosphaera bavlensis Shep.; Iltchenko, PI. 2, Fig. 16. 
1972. Asperatopsophosphaera parttaIis Shep. ; Iltchenko, PI. 2, Fig. 21. 
1972. Asperatopsophosphaera magna Shep.; Iltchenko, PI. 2, Figs 22 and 27. 
1976. Asperatopsophosphaera parttalts Shepeleva; Aseeva, p. 51, PI. 7, Figs 1-3. 
1976. Asperatopsophosphaera bavlensis Shepeleva; Aseeva, p. 51, PI. 8, Fig. 1; PI. 9, Fig. 1. 

Material: Several dozen specimens. 
Emended diagnosts: As for the genus. 

Description. - In the optical microscope, investigated specimens display a 
porous-spongy structure, but in the scanning electron microscope they exhibit 
a distinct wall with numerous depressions and irregular holes of oval shape and 
variable size. Specimen thickness is' about 5 If.Lm. The color depends on oxidation 
degree of organic matter, and it changes from yellow to black. 

Remarks. - The other species of the genus (Shepeleva 1963, Khizhniakov & 
Shepeleva 1964, Chepikova1971)were distinguished on the specimen diameter and 
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degree of translucency through the walls. The present studies have revealed con­
tinuous size varieties of specimen!? and a UQified wall structure of specimens of 
varying diameter (cf. Aseeva 1976). 

Occurrence. - Upper Riphaean (Paehelma Group, Naumova 1968, 1974; Khizh­
niakov & Shepeleva 1964), Vendian (Aseeva 1976) and lowestCambrian (BaltlK: 
Group, Rovno Fm.; Naumova 1968, 1974); very numerous in the Czarna Shale Fm., 
Sabellidites Zone, Lower Cambriam, south-eastern Holy Cross Mts, Kotu$z6w a.rea. 

Genus GRANULARIA gen. u. 
Type species Granularia saccoformis sp. D. 

Derivation Of the name: After Latin granula - grain. 
Diagnosl.s: Specimens oval, opaque, 120 J'm. diameter, from yellow to black in colors; ihe 
swells at the surface create a granulated ornamentation resulting from coverage of fine 
glObules (diameter of '1.5 'J'm) by a wall membrane. 

Remarks. - The genus Granularia differs from Zonosphaeridium and Lopho­
ritidodiacrodium by its ornamentation. A eertain similarity, although limited to 
the studies with an optical microscope, is displayed to Asperatopsophosphaera; in 
an electron microscope these genera differdistiJnctly. 

Occurrence.- Sabellidites Zone, Lower Cambrian. 

Granularia saccoformis sp. n. 
(Pl. 6, Fig. laJ-lb) 

Holotype: The specimen presented in PL6, Fig. la-b. 
stratigraphic posttion: Czarna Shale Fm., Sabellidites Zone, Lower Cambrian. 
Type locaHty: Korytnica near Rak6w (borehole Korytnica 2; depth 73.lin). 
Derivation Of the name: After Latin saccus - sack, and forma - shape. 

Material: About 30 specimens. 
Diagnosl.s: As for the genuS. 

Description. - The investigated SlPecimens are oval, (diameter ,from 100 to 
130 .... m), opaque and brown in color. Th~ edge:, zone is moSt flattened what results 
in numerous, narrow ripples parallel to the edge. In the centr.al part; under the 
membrane, there are the globules resistaht to smashing. 

Subgroup Herkomorphitae Downie, Evitt & Sarjeant, 1963 
Genus ORYGMATqSPlIA~P.IDIUMTimofeev, 1959 

Type species Orygmato:sphaetidium' rtiminatum Timofeev. 1959 

Supplemented diagnosis: Micr~fossils from ,yellow to' dark-brown calor, oval (diameter from 
20 to 250 J'm), lentfcularly flattened and of a' spongy; Uniform structure; ' the surface sculptured 
by numerous, irregular hOles', " depresSions, ,and -short -outgrowths; conto'urs' irreguiar, " tatter~. 

~ .. ' -' .:, ~ . . . . 

Remarks. - The genus Orygmatosphaeridium differs frotnAsperatcipsopho­
sphaera by its surface structure and lenticular flattening ofspeclmens. 

The , wall structure malkes a difference between the genernOrygmatosphaeri­
dium and Bavlinella (Vidal 1976; camp. also Shepeleva 1962, Timofeev 1969). The 
genera Spumiosa and S-pumosina introduced by Naumova (1968) are probably the 
synonyms of Orygmatosphaeridium ' (see Chepikova HI71).Rudavskaja (1974) con­
.sidered ..spurniosa for a later sy:nonym of Orygmatosphaeridium, and Spumosina 
far , a ,taxOn'without sufficient documentation. 

Occurrence. - Riphaean till Silurian (Timofeev 1973). 

14 
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Orygmatosphaeridium Bp. 1 
(PI. 9, Fig. 4 and' Pl. '10, Figs 1-2) 

Materiat: Several dozen specimens. 

Description. - The investigated specimens are oval-shaped, seldom slightly 
irregular, with irregular, tattered contours, yellow, 20 to 100 (?) pm in diameter. 
The structure is sponge-like. The. outg1I'owths all the spec.irnen s·urface are from 
1 to about 3 pm 10lIllg. 

Remarks. - Similar specimens have been presented as Orygmawsphaeridium 
by Medvedeva & Kusovleva (1974) from the Bavlin Group, Upper Vendian. 

Occurrence. - Ks~z Wielki Greywacke Fm. and the Brzegi Shale Fm., Vendian, 
basement of the Carpathian Foredeep, and the Czarna Shale Fm., Sabellidites Zcm.e, 
Lower Cambrian, south-eastern Holy Oross Mts. 

Orygmatosphaeridium sp. 2 
(PI. 9, Fig. 2 'and PI. 11, Fig. 1) 

Materiat: Several dozen specimens. 

Description. - The investigated specimens are oval~hBlPed, yellow to brown; in 
color, 40 to 200 ",m in diameter. The structure is sponge-like with ir!regular depres­
sions (2-5 pm) separated by tattered, irregular walls . . Specimenl colntours are 
uneven and tattered. 

Remarks. - The taxon differs from Orygmatosphaeridium sp. 1 by larger 
elements of the structure. 

Occurrence. - Czarna Shale Fm., Sabellidites Zone, Lower Cambrian, south­
-eastern Holy Cross Mts, Kotusrow area. 

Genus ASTERISCUS gen. n. 
Type species Asteriscus irreguZaris sp. n. 

Derivation of the name: After Latin aster - star. 
Diagnosis: Specimens of irregular oval shape, about 60 pm in diameter; radial swells sl?read 
from the centre, connected with a thin membrane in Which there are oblong holes between 
the swells; whole surface covered with numerous fine nodules. 

Occurrence. - Sabellidites Zone, Lower Cambrian. 

Asteriscus . irreguZaris SIp. n. 
(PI. 6, Fig. 2al-.-4b) 

Hototype: The specimen presented in PI. 6, FIg. 211. 
strattgraphtc positton: Czarna Shale Fm., Sabell1d1tes zone, Lower Cambrian. 
Type tocality: Korytnica near Rak6w (borehole Korytnica 11: depth '13.1 m). 
Dertvation of the name: After Latin tTregutam - irregular. 
Materiat: Four specimens. 
Dtagno8ts: As for the genus. 

Description. - The investigated specimens od: irregular oval shape, withj 
distinct swells spreading from their central part, 60 ,...m in diameter. Central part 
od: specimens as well as the radii are dark-yellow. Swells are connected with 
a subtle, yellow membrane. Patches of membrane connect several neighboring 
swells each. In the membrane between the swells there are oblong holes~ up to 
~ "m long and to 2-3 pm wide. Specimen surface is covered with small nodules 
about 2"m in diameter. 
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Remarks. - Numerous radial swells are similar (in the optical microscope, at 
low magnification) to those of Baltisphaeridium compressum Volkova and B. 
ornatum Volkova. 

Genus CYMATIOSPHAERA O.Wetzel, 1933; emend. Deflandre, 1954 
Cymatiosphaera sp. div. 

(PI. 7, Figs 2.'--.:3) 
Material: About 15 specimens . 

. Description. - The specimens are oval-shaped, with out growths fo['ming slats 
that divide the specimen surface into polygOll1al fields; membrane surface in these 
fields is smooth. Specimen color is dark-yellow to brown. 

Occurrence. -Czarna Shale Fm., Sabellidites Zone, Lower Cambrian. 

SUibgirOUp Tasmanititae Starplin, Jansonius & Pococik, 1965 
Genus T ASMANITES Newton, 1875 

Tasmanites bobrowskii Wazynska, 1967 
(PI. 8, Fig. 1a--<b) 

1967. Tasmanites bobrowskit n. sp.; Wazynska, pp. 14-15, PI. 3, Figs 23--27, PL 4, Fig. 28. 
1968. Tasmanites variabUis Voll!:ova, sp. nov.; Volkova, p. 29, PI. 5, Figs 9-12, PI. 11, Fig. 9. 
1974b. Tasmtmites variabttts volkova; Volkova, PI. 9, Fig. 13. 
Material: About 15 specimens. 

Description. - The investigated specimens are oval-shaped, from yellow to 
brown in color, flattened, about 120 ..,.m diameter. At the surface there are large 
folds formed in result of exumpli:ng and numerous fine pores (0.8 ftm in diameter), 
located at a distance of about 5 ftm one from the other. 

Remarks. - The species differs from the other taxa of the genus by distri­
bution of pores and thicknes of walls. 

Occurrence. - Platysolenites and Holmia Zones, Lower Cambrian, eastern 
Poland (WazyilSika 1967), Baltic region of the Soviet Union (Volkova 1968, 1973; 
Jankauskas & P()ISti 1976; Bogomjagkova 1973), and lower part of the Czarna Shale 
Fm., Sabellidites Zone, Lower Cambrian in southern Poland. 

Material: Many specimens. 

Problema ticum 
(PI. 10, Fig. 1a-c) 

Description. - Spherical forms of varying diameter (10-100 "m), blackt in co­
lor. On their surface there appear holes and furrows of varying dimensions. Spe­
cimens composed of fragile matter, <but resistant to hyrlrofluoric acid. 

Occurrence. - Brzegi Shale Fm., Upper Vendian and lower part cif the Czarna 
Shale Fm., Sabellidites Zone, Lower Cambrian. 

TRACE ROSSILS 

In tihe analyred sequence, the trace fossils were found (see Text­
-fig. 6) Wiithinthree formations (Kowalski, in prep.). 

Within the Brzegi Shaile Fm., the exichn.i.al burrow casts (Gordia sp.) 
andepichnial grooves oceur occasionally, mainly in the upper part Qlf 
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the sequence. A trace~fOlSsil assemblage was fOO"med by the animals of 
primi.tive mode of moving and f,eeding. 

The more diversified ichnocoenoses were noted within the Cambrian 
sediments. Within the Qsiek Sandstone Fm., there OOCUl"l such hypichnia 
as: Phycodes sp., Planolites ballandus Webiby, and P. nematus Kowalski. 
Within the overlying Czama· Shale Fm. there appear both the hypichnia 
and epichnia, as forllOlWs: Oldhamia antiqua Kinahan (in the Kotusww 
Shale Member), Planolites ballandus Webby, P. montanus Riahter, ?Pa~ 
laeophycus sp., ?Bunyerichnussp., and ?Monocraterionsp. The presence 
of Phycodes and Oldhamia within the Osiek and Czarna formatioms 
proves their Cambrian age (cf. Glaessner 1969, Cowie & Spencer 1970, 
Orlowski 1975b, Alperl1977, Fedlookin 1977). 
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STRATYGRAFIA OSADOW GORNEGO PREKAMBRU I NAJNIZSZEGO 
KAMBRU POLSKI POŁUDNIOWEJ 

(Streszczenie) 

utwory · wendu występujące w podłożu Polski południowej (patrz fig. 1-2 
oraz tab. 1) przykrywają niezgodnie (faza wielicka) podłoże zbudowane ze skał 

zmetamorfizowanych ("wa'rStwy rzeSZlotarskie", Pożaryski & Tomczyk 1968) i osa­
dowych ("łupki z Bębła"). System wendyjskireprezentowany jest pł"zez urozmaiconą 
sekwencję skalną należącą d{) jednego cyklu sedymentacyjneg·ą (fig. 5). W obTębie 
tej sekwencji wyrózruono 5 f{)rmacji tworzących grupę rzeszowską. Dwie z nich, 
reprezentowane przez zlepieńce, uznano za równowiekowe ze zlodowaceniami wen­
dyjskimi (por. Chumakov 1974, 1978). W stropie sekwencji znaleziono ślady żerowa­
nia prymitywnYCh organizmów,· a • w · niektórych formacjach tej grupy r6wnież nie­
liczne Acritał"cha (patrz fig. 6 ocaz 9). 

Skały grupy rzeszowskiej przytkryte . są z niezgodnością tektonicz:ną (faza ma­
łopolska, Pożaryski & Tomczyk 1968) przez skały grupy świętokrzyskiej (por. 
OrłQwski ,1975b). Grupa ta . uzilpe1mona zosta.ła (}I formację piaskowcówż Osieka! 
(fig. 4),. której kambryjski wiek dokumentują · śl~dydzUiłalności życiowej · organiz­
mów (patrz fig. 6). Obecność skamieniałości w obrębie spągowej części formacji 
łupków Czarnej (patrz fig. 3 oraz pl. 1 i 112) dokumentuje jej przynależność również 
do naj niższego poziomu biostratygraficznego dolnego kambru (fig. 8 oraz pL 2-11). 

Opisaną sekwencję wendu inajnitszego kambru porÓwnano z profilami izo~ 
chronicZnych osadów innych obszarów Polski (fig. 7) oraz Europy (tab. 2). 
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] - Heap of sHty shales anld saa1Jds'toales (Brzegi. Shale Fm.·, U{We'l' VenJdiall1) 
arOUl1ld an ,old :pit at Slonce Hull, n.eal' Ghandelnitk 

2 - ExpoSlUJ'e of sa,ndstoll1es all'1d siJty shales noo[' KurrO:zw~k,i, OsJiek Sari'pSltone 
Fm., Lower Cambrian 
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1 - Sabellidites cambriensis Yan., and cf. ParasabeHidites yanischevskyi Sok.; 
Ko'rytnica 2: 56.3 rn; 2 and 4- 6 - d . P . yanischevskyi Sok.; Korytnica 2: 2 -
61.2 rn, 4 - 56.3 rn, 5 - 60.3 m, 6 - 73.1 m; 3 - S . cambriensis Yan., !('orytnlica 2: 

78 .9 m ; 7 - S . cambriensis Yaln., Korytn:ica 1: 20.0 m ; 
Czam a Shale Fm., SaJbelhdites Zone, Lower Combl'dan; All nat. size, except 

F1lts. 7 ,taken X 4 
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1 - Tymsotaenia podolica GTIJil., 2 - PiliteLa composita ~sleeva, 3- 5 - Vendo­
taenia major sop. n . (3 - h'olotyope), 6- 7 - ThaHuLus carnosus gen. & sp. n.;' 
Oz:an'n,a Shale Fm., Sabell:ildites Zone, Lower Camibrian; K'aryt!l1,ica 2: 1 - 110.3 rn, 
2 - 52.1 rn, 3 - 48.0 rn, 4 - 58.4 rn, 5 - ,137.1 m, 6 - 24.9 w, 7 - 110.6 m~ 

All nait. s~ze, except lb, 2b talken X 2 
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Merostomoidea ·indet. : 1 - cephalon with tucked lateral lobes ; X 10, refl. ligh t; 2 - view 
from underneath (p - print of inner ornamentation , r - r ight lobe) , X 30; 3a - f rontal pan 
of the cephalon, X 30; 3b - ornamentation of carapace, X 100 ; 4a - carapace section, X 1000, 
bottom I(b) and principal (p) layers; 4b - X 3000; Czarna Shale Fm., Sabellidites Zone, Lowel' 

Cambrian; Kor ytnica 2: 74 .2 m ; Figs 2-4 a r e SEM 



ACTA GEOLOGICA POLONICA, V OL. 33 W . R . KOW ALSKI, PLo 5 

Call'ap ace f,ralgmenrt:s iOf MeroSitOlffi()l~dea iiIrlIdeL 1; - X 6, l'-e.ffi.. Hght; 2a, 3a - X 3D, 

SEM; 2b, 3b - 'OiI1rul'lnen:ta.rtdion , X 1000, SEM; Cza:nn.a Shade Fm., SabeUidites Zane 
Lower Camlwia'l1; KO!fytJnica 2: 104.5 m 
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1 - Granularia saccoformis g,el1I. & SiP, n. ; la - X 450, Ib - X 2000. 2 - A ste­
riscus i rregulal'is gen. & siP. n.; 2a X 1000, 2b - X 3000; 

Ozarna Shale Fm., Sabel11d'iltes Zone, Lower Cambria.n; K'O[,y,tl1Ji.ca 2: 73.1 m ; 
. All SEM 
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1 - BaLtisphaericlium omatum V.oa k., K,oIyiuniioo 2: 149.5 rn. 2 - Cymatiosphael'Q 
sp ., Kmytnic-a 2: 73.1 rn. 3 - Cymatiosphael'a ·sp. , Gwoz,d!z,iec 1: 672.5- 697.0 m : 
Czar:na Shale Fm .. Sabe11idites Zone, Lowe:r Cambrialn, 3 - K-atu·s.zow Sha.Je Mem.; 

All .X: 1000, ex·c·e,pt l ib - >( 3000; SEM 
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1 - Tasmanites bobrowskii Wai..; Ja - X 450, lb - X 4500; Korytnica 2: 149.5 m. 
2 - Leiosphaeridia Sjp. Gtype A); X 450, K!O!l'y1m.ica 1: 140.0 m. 3 - Leiosphaeridia 

~'>Ip. (type A) ; 3a A 450, 3b X 2000 ; Kory1lnica 2: 73.1 m; 
(;za:rma hale Fm., SLlbel1!iJda.tes Zione, Lower Cambr,i-3lnl; All SEM 
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1 - Letospltaertdta sp. (type B) , Kory tnica 2: 149.5 m . 2 - Or ygmatospltae rtdlu.m sp. 2, Ko­
rytnica 1.: 149.5 m . 3 - L eiospltaertdta sp. (type Cl , Korytnica 1: 140.0 m. 4 - Orygmato­
sphaeTtdtum sp. 1, Kotusz6w 1: 90.0 m . 5 - L etomlLTgtnata sp., Korytnica 2: 149.5 m . 6 - L eio­
sphaertdta sp. [cf. L . . pelLucidum (Tim.)]. Kotusz6w 1: 90.0 m ; Czarna Sha le Fm., Sa bellidites 

Zone, Lower Cambria n , 4, 6 - KotU5Z6w Shale Mem. ; All X 1000, SEM 
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1 _ Orygmatosphaeridium SIP. 1 aln:d Hwbil€llTIaiicum; la - X 300, lb - X 3.000, 
le - X 10,000 ; SEM; Korytnica 2: 73 .1 m; Czarna Shale Fm., Sab ellidites Zone, 
1JOIWer Cambrtialh. 2 - 01'ygmatoS1Jhaeridium SIP· 1; 2a - X 450, 2b - X 2000; 

SEM; Br.zegi IG-l: 2090.0 m ; Bnzegli Shale Fm., U,wer Vendd.an 



A A GEOLOGICA P OLONICA, VOL. 33 W. }t. I OW ALSKI, PLo 11 

1 - Orygmatosphaer idium sp. 2; l a - X 300, lb - X 3000 .. 2 - Asperatopsopho­
sphaera bav lensis Shep. ; 2a - X 250, 2b - X 900; 

CzalJ.'na Shale F1m.; Sabeilll,iddrt;es ZOIIle, L qwer Calffibrda!Il; Korytnica 2: 73.1 m; 
All SEM 



· ACTA GEOLOGICA POLONICA, VOL. 33 W . H . · KOWALS~I. PLo 12 . 

1 - Expo-sure of s ilty shales at Kotu z6w; Czarna Shale Fm., Kotusz6w Shale 
Mem., Sabe1lriJdi:t-es Zone, LOWieX Callnibrian; 2 - SalIld5ltOlIlte!s beds amor.!g clayey 
IS haleSl, e:x:pOSiux·e on easil;eIr'1n srude of t he C::::::TIIla River valley nea·r Kiotusz6w; 

C2aIflI1a Shale Fm., Plail;ysoll€lI1lites Zone, Lower Cambria.n. 
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