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WIESLAW BEDNARCZYK

Biostratigraphy of the Cambrian deposits
in the- Leba area

ABSTRACT: The sedimentary cover of the East European Platform fin, the f&ba
area (north-western Poland) emcloses a Cambrian sequence that comprises almost
all the equivalenis of the stajges distinguished in the classical section of Secandina-
via, On the basis of macrofossils. anid partly microfossils the following zones and
subzones have been recognized: Mobergella, Holmia, Protolenus (Lower Cambrion),
Eccaparadoxides oelandicus (E. -insularis, E. pinus), . Paradoxides paradoxissimus
(Hypagnostus pairvifromnis), Paradoxides forchhammeri (Middle . Cambrian), Ho-
magnostus obesus & Agnostus pisiformis, Orusia lenficularis, Peltura minor, and
Peltura scarabeoides (Upper Cambrism). The Cambrion sedimentts overlie here the
terrigenic sediments (Smoidzino Formation) of Vendian age.

INTRODUCTION

The paper presents the results of studies over the Cambrian fossils
and sediments recognized in the oil-prospecting boreholes at the Leba
area, and partly in the Gulf of Gdansk (western part of the Peribaltic
Depression), i.e. from the Gardno Lake in the west to Krynica Morska
in the east (see Text-fig. 1). It follows the papers dealing with strati-
graphy of the Precambrian and Cambrian deposits pierced by the Smol-
dzino 1 and %.eba 8 boreholes (Bednarczyk 1972), lithostratigraphy of the
Vendian and Cambrian (Bednarczyk & Turmau-Morawska 1975), Upper
Cambrian conodonfs and ostracodes (Bednarczyk 1978, 1979), as well as
the Cambrian sedimentary environment of the Gulf of Gdafisk (Bednar-
czyk & Przybylowicz 1980).
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LOWER._CAMBRIA.N

The rocks of the Klimontéw stage are the oldest sediments in the Leba
area. This stage comprises the following formations: Kluki, Nowecin, and
partly Leba (Bednarczyk & Turnau-Morawska 1975).

A paleontologic documentation of the Klimontéw Stage in the analy-
zed sections comprises Hyolitha, Angustiochreida, and Acritarcha. The
first are represented by Circotheca ?billingsi (Sysoev), whereas the second
ones by the pipes defined as Anabarites sp. But the mentioned fossils,
several shells of Archaeocopida were assigned as Indiana sp.
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Fig, 1, Sketch-map showing location of investigated boreholes in. the western part
: of the Peribaliiic Depression

The lowermost members of the Kluki Formation should be considered
as older than the Mobergélla Zone and regarded as the equivalent.of the
Platysolenites Zone. The Sediments of the Kluki Formation have been
noted in the Smoldzino I, %.eba 8 and Kodcierzyna IG-1 boreholes
(Table 6). _

The Mobergella Zone has been documented only in the Koscierzyna
IG-1 borehole in ‘which Lendzion (1976) but questionable trilobites (Livia
plana Lendzion and Cassubia infercambriensis Lendzion) -found Mober-
gella cf. radiolata Bengston. Besides, in the easternmost part of the Eeba
area (Prabuty IG-2 borehole), the Mobergella - Zone was distinguished
due to the presence of Mobergella holsti Moberg and M, turgide Bengsbon.

The thickness of the sediments of the Klimontéw Stage can be evalua-
ted in the Koécierzyna IG-1 borehole for 1433 m.

A paleontological documentation of the Holmia and Protolemus sta-
ges was found only in the Prabuty IG-1 and Krynica Morska 2 boreho-
les, In the first one, the Holmia Stage is documented (Lendzion 1978) by
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Strenuella cf. polonica Samsonowicz and Strenuaeva primaeva (Broegger),
whereas in the second by Holmia kjeruifi (Linmarsson).

The Protolenus Stage was recognized in the Prabuty IG-1 borehole
due to the occurrence of Protolenus sp. and Ellipsocephalus hoffi (Schlot-
heim).

The most complete sequence of the Lower Ca:mbman is noted in the
Stupsk IG-1 borehole. The stratigraphic data and paleogeographic analy-
sis are suggestive of a considerable reduction of the Protolenus Stage in
the Leba 8, Smoldzino 1, and Koécierzyna IG-1 boreholes.

- The Lower Cambrian section in the eastern part of the /Peribaltic
Depression suggests a sedimentary continuity, similar to that of the ¥eba
Formation to the east of the Leba area, among others in the Bartoszyce
IG-1 and Olsztyn IG-2 boreholes (Text-fig. 2; and Lendzion 1976, 1977).

A particular attention should be paid to sandstones and siltstones
series with iron oolites. This series ranges from the Hel IG-1 borehole
to the Suwalki IG-1 borehole, and shows lithologic similarities with
iron sandstones of the Lower Cambrian Krasnoborsk Series in the Ka-
liningrad area (Kaplan & al. 1972) or with the Wergal Zone (Areh & al.
1978).

A fossil content of the Lower Cambrian sediments in the Peribaltic
Depression, is not generally of a key type (Torellella holmi Kiaer, Hyolit-
hus, ?Wanneria and Acritarcha: Lendzion 1979). For that reason the
limits of the Holmia Stage are arbitrary in the investigated region and
the presence of the Protolenus Stage is here only suggested by paleogeo-
graphic considerations. The zones distinguished within the Lower Cam-
brian of the Eeba area correlate with respective zones in the Holy Cross
Mts and in the remaining parts of the East European Platform and in
Scandinavia (Table 5).

A lithologic correlation is more complex because of a great var1ab111ty
of the Lower Cambrian sediments in the Peribaltic Depression, the. Leba
area including (Bednarczyk & Turnau-Morawska 1975). Comsiderable
differences with Scandinavia are apparent in a general thickness of the .
Lower Cambrian deposits as well as of its individual members (see
Lindstrém. & Staude 1971). They reflected various sedimentary environ-
menis of the Lower Cambrian within the East European Platform.

A correlation of the Kluki Formation (Smoldzino I borehole) con-
taining a pyroclastic material (Bednarczyk 1972, Bednarczyk & Turnau-
-Morawska 1975) with the upper members of the Zarnowiec Series
(Stupsk IG-1, Darzlubie IG-1 and Koécierzyna IG-1) is possible. Lydka
(1980) regarded sedimentation of this series as contemporaneous with the
yolcanic processes that accompanied sedimentation of the Slawatycze
Series in the Podlasie Depression and at the Lublin slope of the Plat-

- form (Lower Vendian after Aren & al. 1978). However, paleogeographic
analysis as well as a succession in the sequence do not corroborate this

?
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opinion, though a correlative significance of the pyroclastic horizon in the
lowermost Cambrian of the Eeba area should be taken into account.

The volcanic processes were activated at the end of the Precambrian (Vendiany
owing to the Charnjan crogeny, in result of which a complex of laves and tuffs
(Coldecote Volcanic Formation; Brassier & al. 1978) was formed in Central England
g far as Wales, This complex i overlain whth slight angular unconformity by the
Hamishill Formation; in its lower part (Park Hill Member) the latter is composed of
alternate arkioses, thin shales and conglomerabes, with chloritic cement including
also volcanic quartz and pieces of volcanic rocks. A pyroclastic material was noted
in the successive Tuttle Hill Member. The Hartshill Formation represents probably,
basing on the Tommotian-like fauna in its upper members, the Subholmia Stage.
Thus, due to the presenice of a pyroclastic horizon, it seems possible to correlate the
sediments of the Kiuki Formation (upper part of the Zarnowiec Series) with the
lower part of the Hartshill Formation in Great Britain,

MIDDLE CAMBRIAN

In the analyzed sections, the Middle Cambrian contains three zones
with paleontologic documentation: oelandicus, paradoxissimus, and
forchhammeri (see Text-fig. 2 and Tables 1—3 and 6).

ECCAPARADOXIDES OELANDICUS ZONE

The Zone is represented by quartz-glauconitic siltstones (top mem-

" bers of the Leba Formation), black claystones alternative with quartz-

-siltstones of the Sarbsko Formation; and quartz sandstones of the lower

part of the Debki Formation (Bednarezyk & Turnau-Morawska 1975, Bed-

narczyk & Przybylowicz 1980).

- In the section Smoldzino 1 a fossil assemblage is typical of the Ecca-

paradoxides pinus Subzone only. A similar situation appears in the Le-

ba 8 borehole considering a thickness of the sediments as well as a pa-

leontologic documentation of the whole Zone. Further to the east, in the

Bialog6ra 1 borehole, this Zone js represented by the top of the Leba
Formation and by claystones of the Sarbsko Formation. On the ground
of fossils, both the Eccaparadoxides insularis and the E. pinus Subzones

are here documented.

In the Biatogbra 2 borehole the fauna also documents the both subzo-
nes: the E. insularis Subzone is represented by the rocks typical of the
t.eba Formation and the E. pinus Subzone by black claystone of the
Sarbsko Formation, _

Because of a lack fossils in the Zarnowiec 5 borehole, the conclusions
can be based only on lithologic similarities that suggest the presence of
the equivalent of the Eccaparadoxides oelandicus Zone, represented by
the Sarbsko Formation.
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Distribution of Cambrian lithofacies of the Peribaltic Depression
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1 — arkose-conglomerate lithofajcies of the Smioldzino Formation, z—mkm&mmnmmummrmmms_gh—
mmmmmmmmma—mmmﬂm the Sarbsko Formation, § — sandstone lithofacies
of the Debki Formation, 6 — oolite lithofacies, 7 mmmhmmﬁsmmomkmm — glanconitite litho-
facieg of the Bialogéra mms—&mmmmwmumcm(smmmmnmm
10 — diabase veiins, 11 — crystailine mocks of the Precambrian, 12 — supposed faults, 13 — Lower/Middle Cambiian

— zome bounidaries

V — Vendian, Cn — Mobergella Zone, Cn+p — Holmia and Protolenus Zone, E, — Eccaparadoxides oglandicus Zone, P, — Parado-
xides paradoxissimus Zone, P; — Paradoxides forchhammeri Zone, C; — Upper Cambrian
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In the Piasnica 2 borehole the fauna documents the two subzones of
the E. oelandicus Zone. - : '.

In the Wiladystawowo 4 borehole the E. oelandicus Zone is represen-
ted by the top members of the L.eba Formation and by the Sarbsko For-
mation. A rare fauna makes a subdivision into subzones impossible.

Similarly as in the Zarnowiec 5 borehole, the presence of the E. oelan-
dicus Zone in the Krynica Morska 2 borehole is suggested from a litho-
stratigraphic amnalysis. The Zone is represented here by the sandstones
of the Debki Formation, the claystones of the Sarbsko Formation, and by
glauconitic sandstones of the Leba Formation.

Table 1
Tazxa Boreholes
B1 ]32 P w

Obolus sp. +
Lingulella ferruginea Salter + +
Iphidelle? sp. . : +
Linnarssonia? socialis (Seebach) + +
Redlichella granulata (Linnarsson) t + +
Hyolithes oelandicus Holm + + +
Linevitus obscurus (Holm )- + +
Peronopsis? sp. .+
Ellipsocephalus cf. lejostracus {(Angelin) + *
Bailiella emarginata {Linnarsson) +
Eccaparadoxides oelandicus (S.jdgren) + +
E. ex gr. oelandicus (Sjbgren) + + +
E. insularis (Westerghrd) + +
Eccaparadoxides sp. . ’ . +.
Hippop.icharion eos Matthew +

Fauna of thé Eccaparadoxides insularis Subzone in the western part of the Peribal-
BOREHOLES: B, — Bialogéra 1, B, — Bialogéra 2, P — Piagnica 2, W — Wiady-
: slawowo 4

PARADOXIDES PARADOXISSIMUS ZONE

It comprises the top members of the Sarbsko Formation as well as the
deposits of the Debki and the Osiek Formations (Text-fig. 2).

In the Smoldzino 1 and E.eba 8 boreholes the Paradoxides parado-
xissimus Zone is represented by the Debki Formation.
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In the Degbki 2 borehole the Zone is recognized in the sandstones of
the Debki Formation, whereas in the Debki 3 borehole to the P. para-
doxissimus Zone also the siltstones of the Osiek Formation were included.

In the Bialogbra 1 borehole the Zome is recognized in the quartz

sandstones of the Debki Formation and quartz siltstones of the Osiek For-

mation, whereas in the Bialogéra 2 borehole it is done by the sandstones

of the Debki Formation.

Similarly, in the Zarnowiec 5 borehole this Zone is recognized in the

Debki sandstones where the presence of Agnostidae proves an occurrence

of the Hypagnostus parvifrons Subzone.’

Table 2

Tazxsa

Boreholes f

S

L

B

1

32 P

Z W

Lingulella ferruginea Salter
Lingulella sp.‘

Iphidella? sp.

Linnarssonia? socialis (Seebach)
Redlichella granmlata (Linnarsson)
Globorilus globiger (Saito)
Hyolithes oelandicus Holm
Hyolithes cf, obesus Holm
Hyolithes sp. ’

Peronopsis fallax (Linnarsson)
Triplagnostus praescurrens (Westerglrd)
.Ellipsocephalus sp, '
Burlingia sp,

Eccaparadoxides oelandicus (Sj8rzen)

Eccaparadoxides pinus (Holm)
E, of, pinus (Holm)

. E, pomeranicus (Bednarczyk)
E, torelli (Holm)
Eccaparadoxides sp,
Jincella? sp,

Aluta of, flexilis Matthew’
Hipponicharion? sp.

Eccaparadoxides ex gr, oelandilcus(Sj8gren)

+ + 4+ + +

+ + + +

I 2

+

+

+ + + +

Fau:na of ﬂerucapam)doxmdes:pﬁhub S-ubzone_:ln*the westempau‘t.ot the Peribaltic

BOREHOLES: 'S — Smoldzino 1, & — Eeba, 8, By — Bialogbra 1, B, — Bialogéra 2,
P — Piaénica 2, Z — Zarnowiec 5, W Wladystawowo 4




CAMBRIAN BIOSTRATIGRAPHY 101

In the Piasnica 2 borehole this Zone includes the sandstones of the
Debki Formation and sandstone-clayey sediments with carbonates of the
Osiek Formation.

Further to the east, in the Wladystawowo 4 and Krynica Morska 2
boreholes the P. paradoxissimus Zome comprises the sandstones of the
Osick Formation.

PARADOXIDES FORCHHAMMERI. ZONE |

According to the Author’s opinion (Bednarczyk & Turnau-Morawska
1975, Bednarczyk & Przybylow:xa 1980), the P. forchhammeri Zone js
represented at the Yeba area by glauconitic sandstones of the Bialogbra
Formation paleontologicaly documented in the_Hel IG-1 ‘borehole. These
sandstones are not always present in the boreholes, and in most cases
their lack is regarded as the result of submarine erosion during the
Upper Cambrian or before the Lower Ordovician (Bednarczyk 1979).

REGIONAL CORRELATION

. Besides the investigated boreholes, the Middle Cambrian deposits have
been studied in several others located at the southern margin of the .eba
area (Lendzion 1976). Generally, they are represented by the rocks typi-

Table 3
Boreholes
T a x a ]

L D B 1 132 P Z W
Lingilella ferruginea Salter. + * + o+
Lingulella sp. ' : ' + + o+
Linnarssonia? socialis (Seebach) + +
Peronopsis fallax (Linnarsson) + +
Peronopsis pusilla Tullberg +
Triplagnostus gibbus (Linnarsson) . +°
Ellipsocephalus lejostracus (Angelin) +
Paradoxides paradoxissimus (Wahlenberg) +
Paradoxides cf. paradoxissimus .(Wahlenberg) + + + o+
Paradoxides sp. + o+ + 3 o+ O+
Agraulos? sp. +

Fauna of the Paradoxides paradoxissimus Zone in the western part of the,
Peribaltic Depression

BOREHOLES: E — Eeba 8, D — Debki 3, By — Blalogéra 1, B. - Biatogéora 2, P—
" — Pia$nica 2, Z — Zarnowiec 5, W — Wiadyslawowo 4
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cal of the Leba, Sarbsko, and Debki formations, with predominating sandy
or sandy-siltstone rocks of the Debki and Osiek formations. A fossil list,
presented by Lendzion (1976), proves the presence of the E. oelandicus
and P. paradoxissimus Zomes, whereas the P. forchhammeri Zone has
not been recorded or got away but the Zarnowiec IG-1 borehole (Len-
dzion 1976).

In the eastern part of the Peribaltic Depression the Middle Cambrian
is not always fully developed (see Text-fig. 2 anid Table 6).

In the Prabuty IG-1 borehole, the Eccaparadoxides oelandicus Zone
is represented by the glauconitic deposits-of the L.eba Formation, claysto-
nes of the Sarbsko Formation, and the Debki sandstones. A paleontologic
documentation of this Zone is evidenced by the presence i.a. of Ellipso-
cephalus cf. polytomus (Linnarsson) and Eccaparadoxides ex gr. oelandi-
cus (Sjégren). In other boreholes of the Peribaltic' Depression the Middle
Cambrian has been distinguished on the base of lithologic similarities
and only in some cases its presence is proved by Eccaparadoxides éx gr.
oelandicus (Sjogren) (Henrykowo 5 borehole), and Ellipsocephalus cf.
jugoszowi Orlowski (Zelazna Géra 3 borehole; see Lendzion 1973, 1974).

The Middle Cambrian usually represented by the sandstones typical
of the Debki Formation corresponds at the Eeba area and in the Gulf
of Gdansk area mainly with the Paradoxides ”paradoxmsmnus Zone (Len—
dzion 1973, 1974).

The sediments of the Paradoxides forchhammeri Zone have been not
reported up to now from the eastern part of the Peribaltic Depression.

The Middle Cambrian in the neighboring area of Kaliningrad in the
USSR wap distinguished on the base of the Acritarcha assemblages as
the Krasnoborsk -Series (Kaplan & al. 1972) which is composed, of the so-
~called “saccharoid” sandstomes (33 m thick in.the east, 71.5. m in the
west).

In the Warsaw Synclinorium, the Middle Cambrian was partly: re-
cognized as the Paradoxides paradoxissimus Zone (Szczawno 1 borehole;
Bednarczyk 1972). It comprises quartz sandstones (about 18 m-thick) of
the Debki Formation, and the siltstones with claystones of ‘irregular
thickness and trilobite fragments, i. a. Paradoxides paradoxissimus (Wah-
lenberg) being probably a lithologic equivalents of the Osiek Formation.

The Cambrian deposits represented by the Eccaparadoxidés oelandicus
Zone occur in the Podlasie Depression (Lendzion 1974, 19754, ¢) and the
Lublin slope (Bednarczyk & al. 1983), The Zone is developed hére as
sandstones and siltstones, locally with fragments of trilobites, ia. Ecca-
parodorides ex gr. oelandicus (Sjogren), Ellipsocephalus 'polytomus
(Linnarsson), and Strenuella (Comluella) samsonowiczi Orlowski. A trilo-
bite- fragment reported from the Okuniew IG-1. borehole (Lendzmn 1975)
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and determined as Solenopleura sp. may suggest a local occurrence of the
Paradoxides paradoxissimus Zone,

_The whole faunistic assemblage collected in the Middle Cambrian
depomts of the Podlasie Depression is relatively poor in comparison with
that of the Leba area, and it does not enable a more precise subdivision
of the sequence.

The Cambrian of the Holy Cross Mis is very favorable for biostrati-
graphic correlations either if taking into acoount a differentiated faunistic
assemblage that documents separate zones and subzones or/and litholo-
gicaly d1ff=erent1ated sections (Orlowski 1964, 1968, 1975; Bedmnarczyk
1970). :
“In comparison with the Holy Cross Mts a paleontologic documentation
of the Cambrian zones of the Leba area is much poorer but sufficient for
separating the principal zones and subzones and for a hostrat:.gra«phm-
" correlation (Table 5). But a recognition of lithostratigraphic units from
the analyzed area as far as the Holy Cros Mts is not possible because of
a' different deVelopment of the Holy Cross Mts Cambrian (Orlowski 1975).

' In previous papers of the Author (Bednamzyk 1972, 1978, 1979; Bed-
narczyk & Turnau-Morawska 1975; Bednarczyk & Przybylowicz 1980)
the correlations have been done with the Cambrian sections of Scandina-
via, Thege correlations correspond to those presented previously for the
Cambrian sequences of the Holy Cross Mis by Czarmocki (1919, 1927,
1932, 1957) and Samsonowicz (1920, 1934, 1960) who pointed out the
faunistic similarities of both regions, belonging undoubtedly to the same
(the Scandinavia or the North-Atlantic-Baltic) zoogeographic subprovinee.
In this paper the similarities should be once more underlined with
a remark that in spite of the same type of the Middle Cambrian fauna,
~ particularly in the Eccaparadoxides oelandicus Zone, the assemblage that
documents these zones comprises only about 25%e of the species and about
40°/u of the genera known from Scandinavian sections.

UPPER CAMBRIAN

The Upper Cambrian deposits of the Eeba area have been already
described by the Author (Bednarczyk 1972, 1979), But some correctmns
and supplementary data are needed. -

HOMAGNOSTUS OBESUS & AGNOSTUS PISIFORMIS ZONE -

This Zone is represented by the Slowinia Formation (Bednarczyk &
Turnau-Morawska 1975), which comprises dark-gray iron claystones with
inserts and interbeddings of an organogenic limestone. The fauna includes
brachiopods, trilobites, ostracodes and conodonts (Table 4).
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Basing on the data from other boreholes, Lendzion (1976) separated
the Agnostus pisiformis Zone from the Homagnostus obesus Zone, Ho-
wever, neither faunistic composition nor an occurrence of the fossils allow
a subdivision more detailed than presented in ‘this paper:

ORUSIA LENTICULARIS ZONE

This Zone comprises the upper members of the Slowinia (Fm.) clay-.
stones separated from the Pia$nica Formation by an erosion boundary.
The sediments of this Zone subjected to a local washing what is proved
by data from the Debki 2 and the Piagnica 2 horeholes in ‘which the
limestone blocks with Orusig lenticularis and numerous condonts were
noted at the bottom of the Piagnica Formation. An uncomplete ‘coring of
other boreholes enables to expect the presence of the zones distinguished,
basing on the records of a drilling geophysies.

A direct coritact of the claystone of the Homagnostus obesus & Agno-
stus pisiformis Zone with glauconitic. laminated claystone of Are-

- nigian age (Tetragraptus phyllograptoides Zone) proves that the erosion
processes have repeated during the Upper Cambrian and before the
Arenigian.

Table 4

R - Zones and subzones
Taxa 1H.obesus @ A,.pisiformis | 0.lentioularis P.minor P, scarabsoidea
B D P 2 " B D P B Do P BDP 2 & |

Lingulells ferruginea -‘Salter "* *
Orusia lenticularies /Wehlenberg/ .
. | Eomagnostua obesus elt +
Olenus truncatus Sriinmich/ + o+
Sphaercophthalmus alatus /Boeok/ + + o+ . + o+
Parebolina lobata /Broegger,/ . +
Pelture acutidens Brosgger »

P minor eggex/ R +

Peliura scarabeoides /Wahlenberg,/ + +
Cyolotron armatus /Groenwall/ .
€, lapworthi /Groenwall/

Cc, tr

+ [ N »
+
+

+* +

Hesslandona necopina Musller
Coeloosrodontus sp.s.f, *
Furnishine elata Smaniawaki
F, asymmetrice Mualler

F, furnishi Mueller

F. longibasis Bednaroeyk

F, pomerenica Bednarczyk .

¥, quadrata -Muellar J -
Furnishina sp, Bednarozyk .
Capparodus? cf, bisulcatus /Mueller/
Hertzina elongata Hueller
Muellerodus cambricus /Mueller/

M, oelandicus /Mueller, +
Musllerodus pomeranicua /Szaniawskil/ +
Onectodus of, erectus Druce~Jones
Proacodus obliguus Muellexr
Prooneatodus gelatini /Mueller/ :
P. tenuis /Mueller/

Soandodus ‘tortilis Mueller
Westergaardodine amplicave Mueller
W, bicuapidata Mueller +

+44+++ 4

+
++++++
s
+ 4+
)
+*

+* +
+
+ + + 4+ +
+
+
* +

. P+

++ 4
+

W, bohlini Muellex

¥, kleva Mueller

W, moessebergensis Mueller
¥, muellsri No

W, triouspidata Mueller
¥, wimeni Szaniawski

++ 4
+ ¥4+

+ rr et
o+

+

Upper Cambrian fauna in the western part of the Peribaltic Depression
BOREHOLES: B — Bialagéra 1, D — Debki 2, P — Piagnica 2,-Z — Zarnowiec 5,
£ — Z.eba 8
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The Leptoplastus Zone has not been documented in the investigated
boreholes, Lendzion (1976) ‘has not obtained any positive results in this
subject. There are also no data indicative of the Protopeltura praecursor
Zone.

PELTURA SCARABEOIDES ZONE

This Zone comprises claystones and recrystallized black limestones

_ that are included into the Piasmnica Formation (Bednarczyk & Turnau-

-Morawska 1975), the best documented in the feba 8 borehole. Lendzion

(1976) evaluated the thickness of this Zone for about 1.6 m. The Author’s

observations suggest that a separation from the under- and overlying

zones is impossible because of the scarce occurrence of fossils in the
sequence. ' :

ACEROCARE ZONE

This Zone is represented by black limestones without fossils that pass
concordantly into the glauconitic claystones of Tremadocian age (Bed-
narczyk 1979). It was analyzed in a single borehole (Bialogéra 1) as the
others have not been sampled at the Cambrian/Ordovician boundary, or
the Cambrian sequence is separated from the Ordovician one by a dis-
tinct erosion surface (Debki 2 and Debki 3 boreholes).

REGIONAL CORRELATION

An occurrence of the Upper Cambrian sediments in the areas neighbo-
ring to the Leba area was reported by Lendzion -(1976) and Szymanski
(1976). The first author documented the Upper Cambrian deposits in the
Kodcierzyna IG-1 and Miymary 1 boreholes; their thickness is extremely
small (0.8 m and 0.5 m, respectively).

The Upper Cambrian deposits in the Bialogéra 1 borehole are 13.7 m
thick, whereas in the other boreholes they are usually incomplete and
thus of a reduced thickness.

. In the Kaliningrad area, the Upper Cambfnan is represented (Kaplan
& al. 1972) by the Ladushkino sequence of the limestones with Orusia
lenticularis Wahlenberg and Homagnostus sp.. '

In their lithology, the Upper Cambrian deposits of the Feba area are
very similar to those of Scandinavia. Similarly as the island of Bornholm
(V. Poulsen 1966), it is composed of the alum shales and the anthraconi-
tes. Greater thickness of the Upper Cambrian deposits in Bormholm
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Table 5

Correlation of the Cambrian sequences of Scandinavia, the Leba area (the Peribal-
tic Depression including) and other parts of Poland

Spendinavia NE Poland Central Polanal
{aftor ““:1'&:;;‘,?9;3? % end Dezd-: | ;.10 ares anda Peribaltio Depreasi.on tﬁ:ﬁ‘;.:;enz;z:;;:ix (l.{;."l“.:rc:;;:!;l:;
1 1975
Zonas Subzones Zonew Subzones Zones Zones

'Agercoare Aoerocare hiatus Paraboline
P,scarabeoldes P.soarabéoidos Paltura
P minor P, minor |
P.prasoursor hiatus hiatua Protopeltura .
Leptoplastus
P,spinulosa O.lentloulania
H,obasua H,obesus Olenus

4 A,pisiformie A,plsiformis
P forchbammerd ~ Leievisata P, fop {no fissils)

T,lundgreni
G.nnthorati
P doxdsnl P, P, paradoxisaimis C. (no fosails)
H, rons H.parvifrons
T.fiasus N s
P,atavus P,poloniocus
T, gibbus T,gibbus ———
B, pinud
E.oelandious e s B, 0slandious B eia | Deoslandious B, ingularis
Lawcr ’-l.u-z.d-.l.: Unntbrd.m hiatus .

-;r;-u:n-_:-x_. —O:m—:l-.u_allu. Irotolonus Protolenus Px'nh'::laxmp:

Holmin kjerulfi group, .
Calodiscus lobatus Holmie Holmia Holmie
gohmidtipll mi.okwi bl )
o O e 2 Mobergoll Mobergell .
1.1 ergolla obergella
ygﬂhrlnllnitu ;#233:5:1..:. Platysolenites Platysolenites
hyolithids hiatuws Snb-]._l._ldito.l Sabellidltes
Table 6
Stratigraphic subdivision and thickness of the Cambrian deposits-in the Penba1t1c
Depression
Upper Tower T -
Gaubrian Middle Cambrian Cambrian Vandia?. .
Boreholes ) . }
Thickness |Thickness Thickmess of the zones Thickness |Thiokness
F.forochha«~| P.parado~ | B,0elan~ . .
mmerd xissimus| "“dicus
Bartoszyoe IGa1% - 130,7 - - - 100,8 -
Biatogéra 1 13.5 257.9 3.8 83,0 171.5, >84,6 -
Bialogdra 2 20,5 >258.0 | - 97.0 >161,0 T -
Doblki 2 . 8,7 > 78,0 - >78,0 - - -

'} Dolkci. x 2.9 12,0 - »112.,0 - - -
Goldap Ig-i - 41,7 - - -~ 107.9 -
Hel TGwi 4,8 242.6 1.2 86,8 1546 190.1 e
Krynioa Morska 2 0.5 165.5 - - - 3130,0 -
Kodolerzyna IG=1% . - 0,8 322.9 - 129.8 193.1 278,7 117.1
Leba B x 5.0 315.0 - 165,0 150,0 160 o 83,
Olastyn IGu3 0.3 125.8 - - 125,8 129.7 48,2
Piasnica 2 11,6 >281,2 4,2 108.5 >168.5 - -
Prabuty m.i 0,05 179.05 - 62,35 116,% 303.9 -
Siupsk IG=1 - 93.8 - - 95.8 362.9 103.0
Smokdzino 1 20,0 252.5 - 102.5 150,0 255.0 87.6
Wiedystawowo uz- 1,0 - 261.0 - 86,0 175.0 >83.3 -
Zarnowlec IG-1 8.4 274.8 1.2 97.7 175.9 95 1 35.4
Zaamewleo 5 11,0 >142.2 2.3 132.2 >7.7 -

T after Lendzion (1974-1976).
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results from their more complete sedimentation where mo hiatus within
shales is known (see also C. Poulsen 1923). Greater thicknesses (40 to
55 m) of the Upper Cambrian were also observed (Westergérd 1944) of
the boreholes drilled in the south-eastern Scania.

Much smaller thickness of the Upper Cambrian deposits was noted in
the Oeland Island, and in Oster- and Vistergotland (14—14.8 m at
Kinnekulle; Martinsson 1974) 'Where the sequence is reduced due to
numerous sedlmentary gaps.

Outside the E.eba area and the Pm'lbaltlc Depres;lon the Upper
Cambrian deposits in Poland are known only in the Holy Cross Mts
(see Tomczykowa 1968; Orlowski 1968, 1975), where the Wiéni6wka
Sandstone Formation and the Klonéwka Shale Formation are about 400 m
thick each, A rich trilobite fauna enabled to distinguish (Orlowski 1968)
the. four zones (Olenus, Protopeltura, Peltura, and Parabolina) and six
subzones within the latter tfwo. The Upper Cambrian sequence of the
Holy Cross Mts does not comprise the carbonate rocks, so typical of the
Baltic region. The dark shales predominating particularly in the upper
parts of the sequence have been correlated previously with the alum
shales (Samsonowicz 1952; Czarnocki 1919, 1957) but this opinion has not
been supported by later investigations.

FINAL REMARKS

The study of the Cambnan sedl.ments in northerh. Poland enables to
draw the followmg conclusions.

.. The Lower Cambrian shows quite a great lithologic dlffere'ntlatmn in
the Leba area, and a variable thickness of its individual members in the
whole territory of northern Poland. A borehole-core analysis proves that
the sediments are thmmng eastwards what ‘can suggest a direction of
the Lower Cambrian transgression (cf. J aworowski 1979) from ‘the west
or from the south-west eastwards and north-eastwards. - -

"Within the Eccaparadoxides oelandicus Zone of the Mjddle Cambrian
there are two lithofacies types connected with the f.eba and the Gdansk
regions. The first is typical of the predominance of clays and: siltstones
(Sarbsko : Formation), the second one of sands with glaucomte {top
members of the Leba Formation).

" The Paradoxides paradoxissimus Zone usually compnses uniform
sandy lithofacies (Debki Formation) and sandy-siltstone - one with carbo-
nate concretions (Osiek Formation).

. At the end of the Middle Cambrian the sedmnentary basin became
shallow and the equivalents of the Paradoxides forchhammeri Zone are
only several metres thick if preserved in spite of either pre-Upper Cam-
brian or pre-Ordovician erosion.
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In the Upper Cambrian, due to erosive hiatus, only several trilobite
zones known from Scandinavia have been distinguished. The Upper Cam-
- brian sequence comprises a clayey-carbonate lithofacies, quite monoto-
nous due to the development of darkgray claystones with limestoneé
inserts typical of the Stowinia and Piasnica formations. The latter passes
{(Bednarczyk 1979, Topulos 1979) into the lowermost Lower Ordovician,
-At the Cambrian/Ordovician boundary glauconite appears within the
‘claystones. In the eastern part of the Peribaltic Depression the pre-Ordo-
vician erosion reached locally the. sediments of the Eccaparadoxides
oelandicus Zone and for that reason the Upper Cambrian deposits have

been preserved in thin patches.

. Laboratory of Paleozoic Stratigraphy,
Institute of Geological Sciences
-of the Polish Academ'y of Sciences,
Al, Zwirki i Wigury 93,
02-089 Warszawa, Pola'ud
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BIOSTRATYGRAFIA OSADOW KAMBRYJSKICH W PROFILACH WIERCEN
OBSZARU LEBY

(Streszczenie)

Praca przedstawia biostratygrofie osadéw kambryjsidich z 10 wierceti usytuo-
wanych na obszarze zachodniej czeSei obnizenia perybattyckiego, od jeziora Gardno
na zachodzie po Krynice Morska na wschodzie (patrz fig. 1—2). Przy ubtelaniu za-
siegu biozon (putrz tab. 6) mawigzamo do publikacli, w kibrych oméwiono, straty-
grafie osadéw kambryiskich w sgsiednich otworech (Lendzion: 1976, 1978). Podstawy
przyjetego podzialu biostratygraficznege sq giéwnie trylobity, w niektérych przy-
padkach brachiopody i matzoraczki, a w gérnym kambrze takze konodonty (patrz
tab, 1—4 oraz pl. 1—6). Symibetyczny profil stratygreficzny osadéw kambru obszaru
feby skorelowano z Drofilegmi pozostatej czescl obnizenia perybaltyckiego, obmize-
nis podlaskiego, Gér Swigholkrzyskich oraz Skandynawii (patrz tab. 5).
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1 — Bailiella emarginata (Linnarsson); cephalon, X 3; Piaénica 2 (depth 2038-2939 m), E. in-
sularis Subzone

2,5 — Lingulella ferruginea Salter; 2 — ventral valve, X 8; Debki 2 (2663-2664 m), H. obesus
& A. pisiformis Zone; 5 — dorsal valve, X 6; Piaénica 2 (2813-2815 m), E. pinus Subzone

4 — Eccaparadoxides insularis (Westergard); cranidium, X 2] Bialogéra 1 (2904-2905 m),
E. insularis Subzone

6, 9 — Peronopsis fallax (Linnarsson); 6 — pygidium, X 8§ Piasnica 2 (2829-2830 m), E. pinus
Subzone; 9 — cephalon, X 7; Bialogobra 1 (2903—2904 m), E. pinus Subzone

7, 11 and 12 — Triplagnostus praecurrens (Westergard); 7 — cephalon, X 6; Blalogora 1
(2784—2787 m), E. pinus Subzone
8 — Eccaparadoxides sp.; hypostoma, X 8; Bialogéra 1 (2963-2964 m), E. insularis Subzone

10 — Eccaparadoxides cf.pinus (Holm); specimen at a late meraspid stage, X 2; Bialogéra
1 (2355-2858 m), E. pinus Subzone
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1, 3 and 4 — Eccaparadoxides pinus (Holm); 1 — pygidium, X 7; Bialogéra 1
(depth 2903—2904 m), E. pinus Subzone; 3 — cranidium, X 2; Bialogéra 2
(2817—2822 m), E. pinus Subzone; 4 — hypostoma, X 3; Bialogéra 1 (2903—
2904 m), E. pinus Subzone

2 — Eccaparadoxides pomeranicus Bednarczyk; cranidium, X 3; Bialogéra 1
(2874—2877 m), E. pinus Subzone

5 — Eccaparadoxides ex gr. oelandicus (Sjogren); Bialogéra 1 (2874—2877 m),
E. pinus Subzone, X 2.5
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2l i 3 <

1 — Linnarssonig ? socialis (Seebach); Leba 8 (depth 2937—2940 m), E. pinus Subzo-

ne, X 17

2,6 — Lingulella ferruginea Salter; 2 — dorsal valve, X 12; Smoldzino 1 (2953—
2956 m), E. pinus Subzone; 6 — another specimen, X 2; Bialogbra 2 (2721—
2723 m), P. paradoxissimus Zone

3 — Hyolithes oelandicus Holm; Bialogéra I (2832—2835 m), E. pinus Subzone,

1.5

4-5 — Redlichella granulata (Linnarsson); 4 — ventral valve, X 5; Bialogéra 1
(2933—2937), E. insularis Subzone; 5 — dorsal valve, X 5; Bialogéra 1 (2943—
2945 m), E. insularis Subzone
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'

1-2 — Paradoxides paradoxissimus (Wahlenberg); 1 — cranidium, X 3; Bialogoéra 1

w

(depth 2725—2726 m), P. paradoxissimus Zone; 2 — another specimen, X 1;
Bialogéra 1 (2724—2725 m), P. paradoxissimus Zone

— Triplagnostus sp.; Bialogéra 1 (2721—2723 m), P. paradoxissimus Zone, X 7

— Triplagnostus praecurrens (Westergard); Bialogora 2 (2842—2846 m), E. pinus
Subzone, X 6

— Eccaparadoxides ex gr. oelandicus (Sjogren); Bialogéra 1 (2855—2858 m),
E. pinus Subzone, X 8

— Eccaparadoxides insularis (Westergdrd); Bialogéra 1 (2903—2905 m), E. insu-
laris Subzone, X 4

— Peltura minor Brogger; glabella, X 8; Debki 2 (2660—2661 m), Peltura minor
Zone
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1 — Triplagnostus praecurrens (Westergard); pygidium, X 10; Piasnica 2 (depth
2813—2815 m), E. pinus Subzone

2-3 — Eccaparadoxides ex gr. oelandicus (Sjégren); 2 — hypostoma, X 2; Piaénica 2
(2938—2939 m), E. insularis Subzone; 3 — cranidium, X 2; Piasnica 2 (2938—
2939 m), E. insularis Subzone; 3 — cranidium, X 2: Piasnica 2 (2939—2940 m),
E. insularis Subzone

4-5 — Sphaerophthalmus alatus (Boeck); 4 — cranidium, X 5; _Debki 2 (2660—
2661 m), Peltura Zone; 5 — another specimen, X 8; Piasnica 2 (2679—2680 m),
Peltura Zone

6 — Hipponicharion cf. eos Matthew; Bialogéra 1 (2945—2947 m), E. insularis
Subzone, X 30

7 — Orusia lenticularis Wahlenberg; Debki 2 (2660—2661 m), O. lenticularis
Zone, X 5
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1 — Sphaerophthalmus alatus (Boeck); cranidium X 8; Piasnica 2 (depth 2679—
2680 m), Peltura Zone

2,6 —7 and 9 — Olenus truncatus (Briinnich); 2 — cranidium, X 3; Piasnica 2
(2680—2685 m), H. obesus & A. pisiformis Zone; 6 — another specimen, X 7,
7 — pygidium of another specimen, X 7; 9 — cranidium of another speci-
men, X 7

3 — ?Hipponicharion sp.; Bialogora 1 (2943—2947 m), E. insularis Subzone, X 15

4 — Pelturq scarabeoides Wahlenberg; cranidium, X 10; Piasnica 2 (2678—2680 m),

Peltura Zone
5,8 — Homagnostus obesus (Belt); 5 — pygidium, X 10; 8 — cephalon, X 10; Debki
2 (2661—2662 m), H. obesus & A. pisiformis Zone
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