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Stanistaw ORELOWSKI

Stratigraphy of the Cambrian System in the Holy
Cross Mts

Four areas with Cambrian deposits are recognized in Poland. The most important from the point of
view of the paleontology, sedimentology and stratigraphy (both lithostratigraphy and biostratigraphy)
of the Cambrian System is the area of the Holy Cross Mts situated almost in the center of the country.
The progress in description of trilobites, hyolithids, some other groups of fossils and trace fossils together
with more exact data of the formation thicknesses have given the opportunity to demonstrate in this publi-
cation the synthesis of the stratigraphy of the Cambrian System. Additionally the complete list of trilobites
and list of some other fossils is presented on the background of the detailed stratigraphy. The Cambrian
sequences of the other regions of Poland may be compared with classical section in the Holy Cross Mts.
The other areas are: Kaczawa Mts in the Sudety Mts (SW Poland) with exposed Cambrian rocks, Upper
Silesian Coal Basin (SW Poland) with Cambrian rocks known only from boreholes, and Cambrian
platform deposits (North and East Poland) covering Precambrian basement of the Precambrian East-
-European Platform, known also from boreholes only.

INTRODUCTION

Cambrian rocks were recognized in some regions of Poland (Fig. 1) but they
outcrop only in the Holy Cross Mts and in Sudety Mts. A complete sequence of
Cambrian rocks with common and differenciated fossils is known from the Holy
Cross Mts only (S. Orlowski, 1964, 1968a, b, 19854, b, 1987; S. Ortowski, B. Wak-
smundzki, 1986). Fossils in the Cambrian sequence in Sudety Mts are very scarce
(T. Gunia, 1967), therefore the precision of the stratigraphic subdivisions is very
low. The Cambrian rocks of both areas were deposited in the open marine basin,
which was a part of the Mid-European Caledonian Geosyncline.

In the other areas of Poland the Cambrian rocks were penetrated by boreholes,
mainly in Northern and Eastern Poland. There they cover the cristalline basement
of the Precambrian European Platform at the different depths, up to 5 km. The
Cambrian System in the latter area is rather similar — from the point of view of
fossils and biostratigraphy — to the Cambrian in Scandinavia with some addi-
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Fig. 1. Cambrian deposits in Poland

tional features comparable with Estonia, Lithuania, Latvia, and Western Ukraine
but the thickness of Cambrian series is as a rule much bigger.

The Cambrian rocks were penetrated by borings on the area of the Upper Si-
lesian Coal Basin (SW Poland) under the thick cover of Carboniferous and De-
vonian rocks. Trilobites, very important for Lower Cambrian stratigraphy, were
found in Goczatkowice borehole (S. Ortowski, 1975b).

Trilobites from the Cambrian System in Poland belong to Atlantic zoogeo-
graphic province or — more precisely — to Baltic or Scandinavian subprovince.
Some scarce trilobites from other zoogeographic provinces are also present. They
show that Cambrian seas of Poland were influenced by trilobites from Marokko,
Great Britain, Bohemia, North America and Siberia.

STRATIGRAPHY

Folded Cambrian rocks of the Holy Cross Mts are recognized as a part of the
Matopolska Massif situated in SE Poland. Riphean, Vendian and Paleozoic rocks
of this massif are known from the boreholes only, because they are covered by marine
Miocene deposits. Stratigraphy of the Precambrian rocks of this area is still dispu-
table. New stratigraphic subdivision of the Upper Riphean and Vendian of the
Southern Poland was given by W.R. Kowalski (1983) and K. Lydka, L.J. Filatowa
(1987).

Cambrian sequence of the Holy Cross Mts is recognized as Holy Cross Group
(Fig. 2) reaching from the lowermost Lower Cambrian and including the Lower
Tremadocian (Ordovician) at the top. The Group is limited at the top by the foldings
of the local tectonic Sandomirian Phase, which may be compared with the Grampian
Phase in Scotland and/or Finnmark Phase in Scandinavia.

The Holy Cross Group comprises a thick series of sandstones, siltstones and
clayey and silty shales, at least 2500 to 3500 m thick. The Cambrian sequence is
divided into following lithostratigraphic units aecording to Zasady polskiej klasy-
fikacji, terminologii i nomenklatury stratygraficznej (1975).



b C A M B R ! A N System
2 g
g 2 Lower Middtie Upoer series
® &
o -
< v x|l oz w (] w
g = é »<| 2 |28 jal o 132 » ) < FIse
e @ 8 =l T |22 = = 9 = o, o - © o= 3
- 2 = jeE] & nm 3 s o & 2 213 2 glele &
NN |3zl 227 2 2o lgl & |8 |2 < 2l3e ]
| o P B o | 82 |z =l @ = 5 ®
| FE I e = 2w |° A 3 e w
g v & e @ s
S E e
x =
G E3 »w o - w o nuy v £ Jux
Sy T N N =3 o o 885 » © o o 15 T = o+ E'
* & e S>3 2 EY 32% 83 2 2 53293 B
¥ ~ 2 N3 & ® S 4 a = Qe 532 o
s ® oz 2 = - “® =3 o LS e g 2 E3 5 3
2 S o < x ° 25 8 = 3g x o op
& 3 D FS El 23 3 @& c o, o
E 5 23
B \
3 = o
] [
I 2z
i 0o
- 1 il = 1
B =
g o
< [
- GROUP -
3 [+
-3 2 oa
M T o
< TR
2 <ow
| 3 [
— Sabellidites cambriensis Yanischevsky
— Hyolithes czarnae Ortowski, Waksmundzki
— Allatheca kotuszowi Ortowski, Waksmundzki
Platysolenites antiquissimus Eichwald
= Coleoloides sp.

Holmia marginata Oriowski

H. glabra Oriowski

H. orienta Oriowski

Kjerulfia creing Ortowski
Postfallotaspis spinatus Ortowski
Atops granulatus Oriowski
Sehmidtiellus panowi (Samsonowicz)
5. nodosus Oriowski

Strenuella polonica Samsonowicz

S. sandomirensis (Samsonowicz)

S. zbelutkae Ortowski

Comluella oratrix Oriowski

C. igraycznae Oriowski
Ellipsocephalus simplex Oriowski

E. kiaeri {Samsonowicz)

Zlatius integer Ortowski

Miemacea (A.) klimontowi Oriowski
Strenuaeva orlowinensis Samsonowicz
S. trifida Ortowski

Protolenus (P.} czarnockii Ortowski et Bednarczyk
P. (P.) expectan> Ortowski

P. (L.) glabell.sus Ortowski

Strettonia cobbold. Ortowski et Bednarczyk
Serrodiccus primariue Oriowski

Paleomerus makowskii Ortowski

Prosinuites bornholmiensis Poulsen
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P. eamsonowicai Ortowski
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— P. slowiecensis Orkowski
— P. sociue Oriowski
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Ellipsoccphaius hoffi (Schlotheim)

- .
— E.
— - k. gugoszowr Oriowski
o - E. sandomir? Oritowski

e E. longus Oriowski
Cnd Comlucila sameoncwiczi (Oriowski)
— C. hupet (Oriowski)
p— - C. usarzowi Oriowski
o C. opatowi Ortowski

——— Kingaspis henningsmoeni Oriowski
- Prototenus polonteus Orlowski
= P. bodzanti Bednarczyk
— P. medius Bednarczyk
— Jakutus kielecensis Bednarczyk
—_— Solenopleurina linnarssoni (Brdgger)
— Solenopleura munsteri (Strand)
— S. trapezoides Orlowski

— S. minima Ortowski
R w15, cf. canaliculata (Angelin)

— Kootenia enigmatica Ortowski
mand | Lingulella vistulae (Glrich)
- L. ferruginea (Salter)
— Trematobolus pristinus (Matthew)
-— Hyolithes cf . ocelandicus Holm
- Pelagiella sp.
- ) Velumbrelia czarnockii Stasinska
"Olenus” rarus Ortowski —

Protopeltura olenusorum Ortowski
Sphaerophthalmus alatus (Boeck) ——
Peltura scarabeoides scarabeoides (Wahlenberg) —_—
P. scarabeoides cf. westergaardi Henningsmoen -—
P.? proteopeltorum Ortowski —
Agnostus (H.) pseudobesus Oriowski —_
Beltella irae Ortowski - —
Acerocare? klondwkae Ortowski -
Parabolina bella Oriowski b
P, acanthura {(Angelin)
bukowiana Tomczykowa
latilimbata Tomczykowa
lobata lobata (Brégger)
minima Tomczykowa
. parva Tomczykowa
secreta Tomczykowa
eltella coniuncta Tomczykowa
converxa Tomczykowa
czarnockii Tomczykowa
lata Tomczykowa
. rotundata Tomczykowa
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Orusia cf. lenticularis (Wahlenbergq)——
Aerotreta multa Oriowski —
Latouchella aperta Ortowski
Cambrocrinus regularis Ortowski —
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LOWER CAMBRIAN

Osiek Sandstone Formation was established by W.R. Kowalski
(1983). The formation is thin (Fig. 2) and is known mainly from boreholes, the
outcrops are few and small. It is represented by yellow and light-grey quartz sand-
stones passing upward into dark-grey sandstones. So far, no fossils were found
in sandstones except for some trace fossils as: Planolites montanus, Phycodes sp.
(W.R. Kowalski, 1983) in the upper part of the formation.

Czarna Shale Formation was recognized by S. Ortowski (1975a).
The Formation consists of clayey and silty shales with intercalations of fine-grained
siltstones and sandstones; the sandstone intercalations are more frequent toward
the top of the formation. The thickness of formation may be estimated at 800 m
(S. Ortowski, 1987). Within the formation the skeletal fauna is represented by:
Hyolithes czarnae, Allatheca kotuszowi (S. Ortowski, B. Waksmundzki, 1986), Coleo-
loides sp. (J. Samsonowicz, 1962), Prosinuites bornholmiensis, Aluta sp., Bradoria
sp. (K. Lendzion et al., 1982), Sabellidites cambriensis, Tyrasotenia podolica, Pilitella
composita (W.R. Kowalski, 1983) and Platysolenites antiquissimus (R. Michniak,
A.Y. Rozanow, 1969). Trace fossils are not very common, there were recognized:
Planolites montanus, P. beverleyensis, Diplocraterion parallelum.

Ocieseki Sandstone Formation was established by S. Orlowski
(1975a). 1t consists of fine-grained, thin- to medium-bedded, hard sandstones,
with siltstone and occasional shale intercalations. The greatest thickness of this
formation occurs in the middle part of this area, where it includes also the lower-
most Middle Cambrian; it is estimated at 1200 m; major part of this thickness
reaching 1100 m falls on the Lower Cambrian (S. Ortowski, 19754, 19854, 1987;
W. Mizerski et al., 1986). The body fossils are very common, especially the trilo-
bites (Fig. 2). The Holmia-Schmidtiellus Assemblage Zone within this formation
is characterized by trilobites: Holmia marginata, Kjerulfia orcina, Schmidtiellus
panowi, S. nodosus, Strenuella polonica, Postfallotaspis spinatus, Atops granulatus
(S. Ortowski, 1983, 19854, c).

The Protolenus-Strenuaeva Assemblage Zone of this formation is documented
by trilobites: Ellipsocephalus sanctacrucensis, Strenuaeva orlovinensis, (for complete
list of trilobites see S. Ortowski, 19854 and W. Bednarczyk et al., 1965).

The Insularis Zone of the Middle Cambrian within this formation is evidenced
by: Ellipsocephalus puschi, E. guerichi, Comluella opatowi, C. usarzowi (S. Ortowski,
1985b).

Trace fossils are very common and rich in ichnogenera, the most common and
interesting are: Monocraterion tenticulum, Planolites montanus, P. beverleyensis,
P. annularis, Diplocraterion parallelum, Phycodes palmatum, Rhizocorallium jenense,
Syringomorpha nilssoni, Arcuatichnus wimani, Teichichnus rectus, Cruziana ruso-
formis, Dimorphichnus obliquus, Monomorphichnus lineatus.

Kamieniec Shale Formation was established by S. Ortowski
(1975a). The formation is limited to the eastern part of the area and is represented
by clay and clay-siltstone shales with fine-grained sandstone intercalations. The
thickness of formation is difficult to estimate but it is at least 200 m. The trilobites
are less abundant. The Holmia-Schmidtiellus Assemblage Zone inside this forma-
tion is documented by: Holmia marginata, Kjerulfia orcina, Micmacca klimontowi
(S. Orlowski, 1985a).

The Protolenus-Strenuaeva Assemblage Zone is here very well documened by:
Protolenus expectans, P. glabellosus, Strenuaeva trifida, Serrodiscus primarius
(S. Ortowski, 1985a). Trace fossils are rare, there were noticed: Planolites bever-
leyensis, Phycodes pedum, Bergaueria perata.
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MIDDLE CAMBRIAN

This series is divided into four biostratigraphic zones: Insularis, Pinus, Polo-
nicus, Solenopleura, characteristic by their index fossils (S. Orlowski, 19855).

The Usarzow Sandstone Formation was established by S.
Orlowski (1975a); it is exposed in the eastern part of the area and it comprises
sandstones with subordinate clayey and silty shale intercalations. The thickness
of the formation is about 400 m. Trilobites are very common with: Paradoxides
oelandicus, P. insularis, P. pinus, Ellipsocephalus hoffi, Comluella samsonowiczi
(for complete list of trilobites see S. Orlowski, 1964, 1985b). Trace fossils are scarce
and only Planolites, Arcuatichnus and Cruziana were found.

The Stowiec Sandstone Formation was established by S.
Orlowski (1975q); it is exposed as medium-grained, bedded sandstones and po-
orlysorted, often coarse-grained sandstones, thick bedded, light-grey, light-yellow
or reddish in colour. Trilobites are very common with: Paradoxides polonicus,
P. socius, Ellipsocephalus hoffi, Solenopleura trapezoides, S. minima, Kootenia
enigmatica (S. Orlowski, 1985b). Trace fossils are scarce, some Cruziana were
found. '

The Gé6ry Pieprzowe Shale Formation was established by
S. Orlowski (19754); it is represented by clayey and silty shales and siltstones, black
or dark-grey with thin sandstone intercalations. Its thickness is up to 400 m. The
body fossils are not numerous, there are trilobites: Solenopleurina linnarssoni,
Solenopleura cf. canaliculata, S. munsteri (S. Ortowski, 1964, 1985b). Badly pre-
served agnostids are associated with numerous brachiopod Lingulella vistulae.
Trace fossils are not common, they are: Bergaueria perata, Teichichnus sp.

UPPER CAMBRIAN

Four biostratigraphic zones were recognized: Olenus, Protopeltura, Peltura
and Parabolina, characteristed by the index genera (S. Ortowski, 1975a).

The Wisdnidwka Sandstone Formation was established by
S. Ortowski (1975a) ; it consists of thick-bedded, very hard sandstones and quartzites
from light-grey to blue with intercalations of siltstones and silty and clayey shales.
The sandstone beds display numerous well preserved sedimentary structures ty-
pical to the shallow-water environment, as well as especially rich trilobite ichno-
coenose. The fossils found here include: ,,Olenus” rarus, Protopeltura olenusorum,
Orusia cf. lenticularis (S. Orlowski, 1968a). Trace fossils are very common with
typical: Cruziana semiplicata, Rusophycus polonicus, Bergaueria perata, Diplo-
craterion parallelum, Planolites beverleyensis, Multina magna, Dimorphichnus
obliquus, Monomorphichnus lineatus (S. Ortowski et al., 1970, 1971). The thickness
of the formation varies greatly from about 400 to about 1400 m (W. Mizerski, 1979).

The Klondowka Shale Formation was established by S. Orlow-
ski (1975a); it comprises shales and siltstones with sandstone intercalations, and
is about 400 m thick. Only the lower part of the formation is exposed, the upper
part is known from boreholes. Fossils are fairly numerous but occur in nest-like
associations. The most characteristic trilobites are: Peltura scarabaeoides scara-
baeoides, P. scarabaeoides cf. westergaardi, P. protopeltorum, Beltella irae, Acero-
care? klonowkae, Beltella rotundata, Parabolina acanthura (S. Orlowski, 1968b;
E. Tomczykowa, 1968). In the uppermost part of the formation was found Dic-
tyonema sp. Trace fossils are rather rare and they consist of Cruziana semiplicata,
Rusophycus polonicus, Bergaueria perata, Planolites beverleyensis.



Stratigraphy of the Cambrian System in the Holy Cross Mits 529

The Holy Cross Group was folded in this region in the local tectonic phase —
Sandomirian Phase — which have taken place after the deposition of the Lower
Tremadocian. This phase corresponds with the Grampian or Finnmark Phases
of the Caledonides in the North-West Europe. The Ordovician strata start to ac-
cumulate after a short break in the Upper Tremadocian or Lower Arenigian.
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Stanistaw ORLOWSK1

STRATYGRAFIA KAMBRU W GORACH SWIETOKRZYSKICH

Streszczenie

W Polsce mozna wyr6zni¢ cztery obszary wystgpowania skal kambryjskich: Géry Swietokrzyskie,
Sudety (Géry Kaczawskie), Polske pdéinocng i wschodnig z kambrem typu platformowego oraz Gorny
Slask (fig. 1). Jedynie na dwoch pierwszych obszarach skaly kambru odslaniaja sie na powierzchni,
natomiast na pozostalych zostaly poznane za pomoca otworéw wiertniczych. Najbogatsza dokumentacije
paleontologiczna ma kambr Gér Swigtokrzyskich. Podzialy zaréwno litostratygraficzne, jak i biostraty-
graficzne obejmuja caly profil i sa dokonane zgodnie z Zasadami polskiej klasyfikacji, terminologii i no-
menklatury stratygraficznej (1975).

Utwory kambru Gér Swigtokrzyskich osadzily sie w postaci naprzemianlegtych, grubych formacji
piaskowcow i lupkéw ujetych w grupe $wigtokrzyska; miazszosé skat tej grupy wynosi 2500 — 3500 m
(fig. 2). Utwory osadzily si¢ w otwartym zbiorniku morskim, ktory znajdowal si¢ w obrebie $rod-
europejskiej geosynkliny kaledonskiej. Skaly kambru omawianego obszaru zostaly sfaldowane po dolnym
tremadoku w lokalnej fazie sandomierskiej, ktéra mozna uwaza¢ za odpowiednik fazy grampianskiej
w kaledonidach Szkocji lub fazy Finnmark w kaledonidach Skandynawii.

Swiad organiczny kambru §wigtokrzyskiego stanowia gléwnie trylobity i slady organiczne, a pod-
rzednie ramienionogi, hyolity, §limaki, archeocjaty, meduzy i eokrynoidy; dla celéw stratygraficznych
najwazniejsze sa trylobity. Trylobity z kambru $wigtokrzyskiego, podobnie jak trylobity z innych ob-
szarO6w Polski, naleza do atlantyckiej, trylobitowej prowincji zc')ogeograficznej, a w jej obrebie do pod-
prowincji baltyckiej lub skandynawskiej. Zdecydowana wigkszo§¢ rodzajow, a nawet gatunkow jest
wspOlna z obszarem Norwegii, Szwecji oraz Estonii. Kambryjski zbiornik $wigtokrzyski miat tez otwarte
polaczenia z innymi zbiornikami, czego dowodem sa trylobity wskazujace na pokrewienstwa z obsza-
rami Maroka, Wielkiej Brytanii, Ameryki Péinocnej, Czech oraz Syberii.
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Craunucnas OPNTOBCKU

CTPATUTPA® NA KEMBPUA B.CBEHTOKI.I.IMCKMX ropAX

Pesome

B Monuwe MOXHO BbIAGNUTL YeTbipe obnactu 3aneranus kemBpuiickux nopoa: CeeHTOKLWNCKME
ropst, Cyaersi (Kauasckue ropei), cesep Monswin u ee 10XHAA 4acTs, rae 3anerator kembpuitckue
nopoap! NNAaTGopMEHHOro THNA, a Takxe obnacrts CesepHoii Cnesuu (¢ur. 1). Tonbko B ABYX Nepsbix
obnactax keMbpuitckMe OTNOXKEHUA BbLIXOAAT HA NOBEPXHOCTb, G B OCTAMbHLIX OHM U3YHASIUCHL MO
AdHHbIM Byposbix cksaxuH. Cambit GoraTeili naneoxHTonoruyecknit Matepuan nonyyex no CeexTo-
Kwuckum ropam. Jlutocrparurpaduuecku u buoctparurpaduueckn Beck paspes pacHNeHseTcs B
coorteerctaun. ¢ [Mosbekol cmpamuepapuueckol knaccuduxayueii, mepmunonozueli u HoMeHxnamypoi
(1975).

Ocaxaenune kembpuitckux nopos 8 CBEHTOKLIUCTUX rOPAX NPOUCXOANIIO B BUAE NePeMexatowux-
CA HOCAOEHMIT MOLLHBIX CBUT NECHAHUKOB K CNIGHUER, CBeAeHHbIX B CBEHTOKIWINCKYIO MPyRAMy; MOLHOCTL
nopoa ato# rpynnbl coctasnser 2500—3500 M (dur. 2). DT nopoasl HAKANIMBANUCE B OTKPbITOM
mope, 3aHumaswem LleHTpansuo-Esponeiickyto kaneAoHcKyto reocuHknuuans. Ha atoil Tepputopun
kembBpuitckue OTNOXKEHUs BbiNM CMATBI B HUKHETPEMAAOKCKOE BPEMA B JIOKA/IbHOW CAHAOMEpCKOM
hase, KOTOPYIO MOXHO CHUTATH GHANOroM rpaMnuaHckodt ¢asel B kanesoHuaax Llornanauu unu
dassi PuHHMapk B kanegoxunaax CkaHanHaswuu.

Opranuyeckas *mn3Hb B CBEHTOKLLIMCKOM KeMOpUM NpeAcTaBNeHa NpeuMyilectseHHO Tpunobura-
MM M OCTATKAMW OPraHU3MOB, G TAKXKE NOAYUHEHHO MNNIEHEHOrUMH, XUONUTAMU, FACTPONOAGMM, ApP-
XeouMaTamMu, MeAy3amMu U 30kpuHonaamu. Ons crparurpaduu saxHeiilee 3HAYEHUE UMEIOT TPHUMO-
61 Tbi. TpMNobuUTLI CBEHTOKWUCKOro keMBpUA Tak e Kak M Apyrux obnactei Monswin, oTHOCATCA
K ATNAHTUYECKOW TPUMOBUTOBON 300reorpauyeckoi NPOBMHUMKM, A BHYTPH ee Kk HanTtuiickont unu
CKAHAMHABCKOM noanposuHuny. PewintennHoe 6ONbWNHCTBO POAOB M AQXe BUAOB 3TOW (AyHbI AHA-
NIOrU4HbI TEM, KOTOPble CBOWCTBEHHbI KeMbputo Hopeeruu, seunu u Sctonun. Kembpuiicknin Ceenro-
Kwuckuit Bacceitn coobiianca Takke ¢ APyruMU MOPAMMU, AOKA3ATENLCTBOM Yero ABMAAIOTCA TPUNO-
6uTbl, poacTeeHHble Tpunobutam Mapokko, Benuko6puranuu, CesepHoii Amepuxu, Yexun u Cubupu.





