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Stratigraphy and facial development of Middle
and Upper Ordovician deposits in the Eeba
Elevation (NW Poland)

ABSTRACT: A description is here given of the lithological characters of the
Middle and Upper Ordovician deposits on the Eeba Elevation representing the
western part of the Peribaltic Symeclise, Three lithostratigraphic formations and
one member connected with the central formation have been differentiated. Six
biostratigraphic zones and two informal biostratigraphic umits have been dif-
ferentiated on the basis of fossil assemblages varying with the lithofacies. In the
light of the currently accepted division of the Ordovician into chronostratigraphic
units the presence has been documented of Llanvirnian. Llandeilian, Caradocian
and Ashgillian deposits. The facial and paleontological analyses reliably indicate
the sédimentary conditions of the particular formations and the assignment of
‘the area under investigation ‘to the outermost zone of the Ordovician Balto-
-Scandian basin, the so called “Scania—Eeba” zone. Out of the sixty graptolite
species and subspecies identified by the writer and belonging to 17 genera,
a description has been made of stratigraphically important forms, so far not
reported from Poland or interesting from the taxonomic point of view.

INTRODUCTION

The older Paleozoic deposits of the western part of the Peribaltic
Syneclise, including those of the Ordovician, have been investigated
more than once. The presence of the Ordovician within this area was
observed for the first time in the Lebork IG-1 profile (Tomczykowa
1964). The Zarnowiec IG-1 profile, the first one to be fully cored, is
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‘gtill the fixed datum Ordovician profile. It has been investigated by
Modlinski (1971, 1976a), Modlifiski & Topulos (1874), Langier-Kuznia-
rowa (1971a, 1976), Tomezyk (1972), and Topulos (1976). '

New boreholes drilled during the seventies in the western part of
the Peribaltic Syneclise have provided numerous new -data on the
stratigraphy, petrography and paleogeography of the Ordovician in this
region (Modlinski 1973, 1976, 1978; Langier-Kuzniarowa 1976b, c; To-
‘pulos 1973, 1979). The most recent studies of the microfossil remains,
in the first place those of conodonts and Chitinozoa, have often led to
a more precise determination of the stratigraphy of Ordovician deposits
occurring on the Leba Elevation (Bednarczyk 1979, Podhalanska 1978,
1978). :

The present paper has been based on the lithological and paleonto-
logical material collected from the profiles of eight boreholes drilled by
the Oil Research Enterprise of Pila. Going west to east these boreholes
are as follows: Leba 8, Bialogéra 1, Bialogora 2, Zarnowiec 5, Piasni-
ca 2, Debki 2, Debki 3 and Mieroszyno 8 (Fig. 1). The Ordovician has

Q 10 20 30 40 50im

Fig. 1. Sketch showing the locality of the boreholes in the Ieba Elevation
1 — Reba Elevation, 8 — Zeba §, B1 — Bialogéra 1, B2 — Bialogbra 2, Z5 — Zarnowiec 5,
P2 — Plafnica 2, D2 — Debki 2, DI — Dehki 3, M8 — Mieroszyno 8, 2-1G1 — Zarnowiec IG-1

not been fully cored in anyone of these boreholes, hence the lithological
" boundaries in the non-cored sections of the profiles have been determined
on the geophysical measurement analysis.

Similarities, in the facial development of the deposits and in their
stratigraphic succession have been. observed in all the profiles. Macro-
'scopic observations enriched by the microscopic’ examination of several
tens. of thin sections reliably determine the lithostratigraphic division.
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This has been correlated with the biostratigraphic division based chiefly
on graptolites and — in deposits without graptolités — on conodonts,
inarticulate brachiopods and trilobites, The correlation of the profiles
here considered with the universal biostratigraphic classification reaso-
nably indicates their position in the chronostratigraphic division of the
Middle and Upper Ordovician. Moreover an attempt has been made to
reconstruct the varying with time sedimentary conditions prevailing in
the Leba zone of the epicontinental basin. The paleogeographic position
has also been presented of the area under investigation in the Middle
and Upper Ordovician in the background of the whole basin of Balto-
-Scandia. :

The present paper has been prepared in the Stratigraphic Laboratory of the
Institute of Geological Sciences of the Polish Academy of Sciences, in the frame-
work of problem MR.I.16, under the scientific guidance.of Docent Wieslaw’' Bed-
narczyk, to whom the writer conveys her grateful thanks for initiating the
Ordovician studies, for the helpful advicé and discussions during the preparation
of this paper and for the accession to a part of the needed material.

" To Dr. Teresa Przybylowicz sincere thanks are due for the valuable remarks
on the petrographic problems of Ordovician rocks in the LZeba region.

The wriler is also most obliged to Messrs Dr. D. Kaljo, R. Ménnil, V. Viira
and J. Nolvak from the Institute of Geology of the Estonian Academy of Sciences
in Tallinn for their most helpful remarks on the Ordovician stratigraphy of the
Baltic region, as well as for assistance in the solution of several problems con-
cerning the taxonomy of conodonts and Chitinozoa.

Dr. H. Jaeger from the Paleontological Museum of Humboldi University of
Berlin must be very much thanked for the accession to the comparative graptolite
collections from Thuringia, Rugia, Scania and Bornholm.

Mrs. E. Kowalczyk from the Institute of the Geological Sciences of the Polish
Academy of Sciences must be thanked for the pains taken in working out the
graphs in the present paper.

I wish to thank Mrs. K. Boruta from the Institute of Geological Sciences of
the Polish Academy of Sciences as well as to Mr. L. Dwornik from the Museum
of the Earth of the Polish Academy of Sciences for photographing the specimens
of the fossil remains and the thin sections.

The managers of the Oil Research Enterprise in Pila have kindly enabled the
writer to study their borehole and archival materials.

. The lithological samples and the paleontological material are housed in the
Stratigraphic Laboratory of the Institute of Geological Sciences of the Polish
Academy of Sciences.

LITHOSTRATIGRAPHY

The lithostratigraphic units here differentiated are informal in
character because they do not comply with all the requirements set out
in the “Rules for Polish classification, terminology and stratigraphic
nomenclature” (Alexandrowicz & al. 1975), particularly those on the
determination of the stratotypes of some units and boundary stratotypes.
However, when working out the divisions here presented, attempts have
been made as fully as possible to comply with the “Rules” in order
more readily to formalise the here introduced differentiations. Moreover,
with this aim in view, when determining the lithostratigraphic sequence,
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the results were considered of the full-cored Zarnowiec' IG-I (Modlin-
ski 1976a) analysis. This has been compared with the profiles worked
out by the writer and it may be used as a stratotype profile for most
of the differentiated units. On the other hand, index profiles have been
differentiated in the not fully cored profiles on which the present
paper is based. These may be regarded as the hypostratotypes of the
differentiated formations.

Two criterions have been used in the determination of the boundaries
of lithostratigraphic units: distinct changes in lithology and changes in
the character of fossils due to facial factors. Hence, when discussing the
features of the particular lithological formations, an account has been
taken of relatively -comprehensive scope of information on the fiuna
present in_the corresponding lithostratigraphic units.

The pattern presented below displays the. features of a cumulative
profile worked out on the basis of eight fractional profiles, the Zarno-
wiec IG-1 profile described by Modlinski (1976a) having been taken
into consideration.

Three basic lithostratigraphic units — formatlons and one member
have been differentiated in the Middle and Upper Ordovician profile
of the Leba region.

The definite formations on the whole eorres_pdnd to the geophysical
complexes differentiated by Modlinski and Topulos (1974) also Topulos
(1979). The organodetrital limestone formation differentiated by the
writer may correspond to the II geophysical complex; the graptolitic
claystone formation to complex- III, while the -marly formation to
complex IV of the Topulos (1979) division or to the 15th correlation
horizon of Modlinski & Topulos (1974).

The lithostratigraphic units have been descnbed in their stratigraphic
sequence (from the oldest to the youngest). These units correspond to
the observed and readily distinct facial types.

The lithological descriptions are based on macroscopic examinations
of rock samples and mieroscopic examination of 50 thin sections.

The boundaries of units and their thickness in the non-cored parts
of profiles are based on the analysis of geophysical measurements.

ORGANODETRITAL LIMESTONE FORMATION

Definition: Marly-micritic grey limestones abounding in organic detritus,
locally with nodular structure.

Index Profile: In the Piasnica 2 borehole at a depth of 2668.0—2648.6 m.

Occurrence: Owing to incomplete coring no complete sequence of the different-
iated formation has been observed in any of the. profiles worked out by the
writer. The most complete profile is to be noted in borehole Piasnica 2 at a depth
of from 2661.8 to 2048.6 m (Fig. 2) and in Debki 3 at a depth from 26867.6 to



CORDOVICIAN OF THE LEBA ELEVATION 331

2649.2 m (Fig. 4). In the Zarnowiec IG-1 profile this formation occurs at a depth
between 2707.8 and 2689.2 m. In the remaining profiles the coring covered only
small fragments of. this lithostratigraphic unit.
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Lower bounduory: The passage of the limestones to the underlying claystones
has been observed in the Bialogéra 2 profile (Figs 5 and 10) at a depth of
2667.1 m. In the remaining profiles the base of this formation has been determined
on electric logging; in the Xeba 8 profile it has been delimited at the depth
27260 m, in the Bialogéra I profile at 26850 m, in the Zarnowiec 5 profile at
2717.0 m, in Piasnica 2 at 2668.0 m, in Debki 3 at 2670.0 m, in Debki 2 at 2650.0 m,
in the Mieroszyno 8 profile at 2840.0 m. In the cored Zarnowxec IG-1 profile
it has been determined at the depth of 2707.8 m.

Upper boundary: It is assigned by the bottom of the overlying claystone
graptolite bearing formation. This passage may be noted in the Piasnica 2 profile
at the depth of 2648.6 m, in Debki 3 at 2649.2 m depth and in Zamowxec IG-1
profile at the depth of 2689.2 m (Figs 2, 4, 10). .

Thickness: The total thickness of the formation determined on eleciric log-
gings roughly 11.0 m in the Reba 8 profile; 8.0 m in the Bialogéra 1 profile;
13.1 m in Bialog6ra 2; 20.0 m in Zarnowiec 5 profile; 10.4 m in Piadnica 2; 1T.8 m
in Debki 3 profile, 20.0 m in the Debki 2 and Mieroszyno 8 profiles. In the Zarmmo-
wiec IG-1 profile the thickness of this formation is 18.6 m (Fig. 10).

Description: The basic lithological type is represented by light-grey or
greenish marly micrites with numerous bioclasts. The uneven structure of the
rock under investigation is its most characteristic feature expressed by the
presence of more or less marly fragmenis of the sediment (PL 19, Figs 1-—2;
Pi. 20, Fig. 1) often shaped as nodules. These nodules range in size from some
millimetres to a few centimeires. Both, sharp-edged and rounded forms are
encountered. Microscopic examinations have, moreover, allowed to detect wavy

streaks enriched in clayey substance (PL 20, Fig. 1). '
' The limestones comtain abundant pyrite most often occurring as irregular
accumulations, also glauconite grains replacing the decaying organic substance,
for instance in the trochites of crinoids. In the marly-micritic rock mass there
occur irregular accumulations of meomorphic spante most probably a resuit of the
re-crystallisation of micrite matrix.

Bioclasts are the chief grain componenis of the limestones here described
(Figs 2, 4, 7): fragments of trilobites (Pl. 10, Fig. 1), brachiopod shells, smooth
and ornamented (Pl 19, Figs 1—2; Pl 20, Figs 1—2), complete and incomplete
ostracod carapaces, numerous bryozoans (Pl 21, Fig. 2), gastropods (Pl 21, Fig. 2),
trochites of crinoids (Pl. 22, Fig. 2), spines of indeterminate organisms (of trilobites
or brachiopods), conodonts. Traces of borings have also been detected in brachiopod
shells (PL 22, Fig. 1), but it is hardly possible to determine their origin. The organic
remains are often arranged in streaks and strongly crushed (Pl 19, Figs 1—32;
Pl 20, Figs 1—2; Pl 21, Fig. 1).

GRAPTOLITIC CLAYSTONE FORMATION

Definition: Darkgrey, black or greenish, graptolite-bearing claystones abound-
ing in bituminous substance with bentonite and tuffite laminae, locally marly,
rary intercalated by grey limestones.

A marly claystone member has been differentiated 1n the bottom part of
this formation because of the strongly marly nature of the sediment as compared
with the upper parts. The remaining part of the formation is only sporadically
intercalated by thin laminae of marly claystones.

The index profile: It has been located in the Bialogéra I borehole at a depth
from 2677.0 to 2634.3 m.
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Occurrence: A full sequence of the unit here described has not been ohserved
in anyone of the cored parts of the profiles {cf. Fig. 10). The most complete
sequence of the formation here described, its lower part excepted, has bheen
observed in the Bialogéra 1 borehole (Fig. 3) at a depth befween 2676.6 and
26343 m, in Eeba 8 between 27123 and 2667.8 m (Fig. 6) and Bialogéra 2 at
a depth from 2639.2 and 2610.2 m (Fig. 5). These boreholes show the upper part
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of the formation and the passage into the overlying sediments (cf Figs 3, 5—6, 10).
In the Dgbki 3 (depth 2648.2—2636.2 m) and Piagnica 2 (depth 2648.6—2640.0 m)
it has been possible to observe the lower part of the formation and the passage
to the underlying organodetrital limestone formation (Figs 2, 4, 10). The least
known sediments of this unit are those occurring in the Debki 2 profile (Fig. 7) at
a depth of 2620.6—2617.7 m and 2600.0—2595.7 m), Zarnowiec 5 (Fig. 8) at a depth
from 2675.0 to 2668.0 m, and Mieroszyno 8 {(depth 2818.0—2811.0 m) (Fig. 9). In
the Zarnowiec IG-1 profile this formation has been differentiated at a depth
from 2689.2 to 26553 m (Fig. 10).

On the geophysical measurements analysis the graptolitic claystone forma-
tion has been differemntiated in all of the here worked out profiles: in the Eeba §
profile at a depth roughly from 2715.0 to 2667.8 m, in Biatogéra 1 (at 2677.0—
2634.3 m), Bialogéra 2 (2654.0—2610.2 m), Zarnowiec 5 (2697.0—2664.0 m), Piasnica 2
(2648.6—2607.0 m), Debki 3 (2649.2—2598.0 m), Debki 2 (2630.0—2585.7 m), Mieroszy-
no & (2820.0—2790.0 m) {cf. Fig. 10),

Lower boundary: It represents at the same time the lower boundary of the
marly claystone member. It has been determined at the contact with the under-
lying marly-micritic organodetrital limestones. The passage of these two litho-
logical types has been noted in the Piasnica 2 profile at a depth of 2648.6 m and
in Debki 3 at a depth of 2649.2 m {Figs 2, 4, 10).

Upper boundery: The uppermost lamina of the black non-caleareous claystones
bearing. a planctonic type of fauna has been recognised as the upper boundary
of this unit. Practically speaking it cortesponds ‘to the dxsappearance of the
graptolite shale facies.

Thickness: The thickness determined on electric loggings is (Fig. 10): 472 m
in the Zeba 8 profile. 42.7 m in Bialogéra 1, 43.8 m in Bialogéra 2, 33.0 m in Zar-
nowiec 5, 41.6 m in Piasnica 2, 51.2 m in Debki 3, 340 m in Debki 2, 300 m in
Mieroszyno 8. In the fully cored Zarnowiec IG-1 profile the thickness is 33.9 m.

Description: The basic Iithological iype here are the darkgrey and black,
locally marly claystones rary intercalated by grey limestones. Spotty claystones
(Pl 25, Fig. 2) also occur besides the darkgrey and black ones. The microscopic
examinations show that the colouration of the rock depends mainly on its content
of bituminous substance which, after the clayey minerals is the second most
important component of the sediment. A subordinate component is the dispersed
quartz and carbonate pelite, single biotite flakes and pyrite. ‘Pyrite excepted,
rather abundant throughout the formation, the content of the other mineral
components here mentioned is variable and quite subordinate.

The presence of pyroclastic rocks (Figs 3—b5, 7)-has been documented in the
claystone series in the Bialogéra 1 profile at a depth between 2667.9 and 2659.9 m,
Bia!ogb_ra 2 befween 2638.2 and 2635.0 m, Debki 2 between 2620.6 and 2617.7 m, and
De¢bki 3 between 2639.0 and 26362 m, These pyroclastic rocks are developed as
tuffs and bentonites (Langier-KuZniarowa 1976, Przybylowicz 1977, 1930) inter-
calating the claystones as thin layers and laminae. The thickness of the layers
varies ranging from 40.0 to 0. cm. Thin layers of pyroclastic deposits varying in
thickness also occur in the Zarnowiec IG-1 profile (Modlifiski 1876a) in the interval
between 2683.0 and 2661.5 m. These deposits most probably occur throughout the
profiles here considered but their differentiation on the geophysical measurements
analysis is hardly possible.
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" Investigations (Przyby!bwicz 1977,
1978) show that these deposits represent
the acid volcanism probably connected
with magma of the dacite or ryodacite
type. The size of the pyroclastic material
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Profile of the borehole ¥eba 8
For legend and explanations see
Fig. 2

in the tuffs, up to 0.4—0.5 and 12 mm
testifies that their _tran'spocrt from the
volcanic explosion site ' had mnot been
very distant.

Unfossiliferous Lmestone intercalat-
ions ranging from a dozen or so to some
tens centimetres are a subordinate litho-
logical - type oocurrmg in the graptolitic
claystone formation.

Microscopic investigations have led
to the differentiation of various textural
types in the claystone sediments. Rough-
Iy speaking two types of claystones may
be - determined: the nonlaminated of
uniform internal structure with a. hap-
hazard arrangement of the clayey and
‘bituminous. substance and the laminated
claystones with a conspicuously paralle}
texture (PL 25, Fig. 1) stressed by the
colouration of the rock. This latter type

is the predominant one in the formation
here considered. As has been mentioned,
the lamination of the deposit is expres-
sed by the varied hue of the rock due
to the alternation of the laminae with
a variable bituminous sybstance content.
Two ‘lamination, types have been 'distin-
guished by the examination of the thin
sections: in some sections very thin
wavy laminae are. readily detectable
while others the lamination is distinctly
flat, the thickness of the laminae ran-
ging from 0.1 to 2—3 mm (Pl 2, Fig. 1).
Quite often the laminae are wedged out
(PL 25, Figs 1—2); ‘subjected to streaking.

Graptolites and non-articulate bra-
chiopods (Figs 2--8) are the chief fossil
group in the black claystones. Sporadi-

‘cally, mostly in rather marly sediment,

the presence may be noted of ostracod
carapaces (Pl 26, Fig._ 1) complete or
fragmentary, brachiopod shells occasio-
nally conspicuously ornamented (PL 26,
Fig. 2). The organic fossil remains are
cften aranged streak-like, parallel to the
lamination. Forms flaitened by compac-
tion and complete ones, not flattened are

.encountered (PL 27. Fig. 1).



336 TERESA PODHALANSKA

MARLY CLAYSTONE MEMBER

The presence of the complete profile of this member and its passage to the
underlying organodetrital limestone formation has been noted in the Debki 3
and Piasnica 2 (Figs 2, 4, 10) profiles. The lower boundary of the member is at
the same the lower boundary of the whole graptolitic claystone formation. It is
hardly possible to determine the upper boundary of this unit because of the gradual
changes in the calecium carbonate content as well as those of the bentonite fauna.
In the Piasnica 2 profile this upper boundary has been placed at a depth of
26458 m, in the Debki 3 profile at 26440 m, In the Zarnowiec IG-1 profile this
member occurs between 2689.2 and 2687.0 m. Deposits most probably belonging to
the marly claystone member also occur in the Bialogéra 1 profile between 2677.0
and c. 2672.1 m, as well as in ¥eba 8 at a depth from roughly 2715.0 {o 2712.0 m,
Owing, however, to a discontinuation of the coring a direct passage into the
underlying limestones has not been noted. In the remaining boreholes this unit
has been differentiated on the geophysical measurements analysis (Fig. 10).

The bottom part of the claysione complex, separated into the marly claystone
member, is developed as darkgrey marly claystones or non-laminated marls,
variously bituminous, with a high pyrite content occurring dispersed as well as
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T. PODHALANSKA, FIG. 10

Correlation of the Middle and Upper Ordovician profiles in the ¥eba Elevation
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Left of the profiles are given the occurrence depths of the lithostratigraphic units; right of the profiles are the cored paris
In the non-cored parts of the profiles the boundaries of the lithostratigraphic units and their thickness have been determined on geophysical measurements
J

* The bottom of the organadetrital limestone formation after Bednarczyk (1979) .
1 — marly formation, 2 — orgenodetrital limestone formation, 3 — graptolitic claystone formaltion: a 'dlaystones, b marly claystone member, ¢ phosphorites, d

ferrous ooids; 4 — erosional surface, 5 —correlation line of formaftion;, hypothetical where discontinuous, 6 — correlation line of the member, hypothetical where
discontinuous, 7 — thickness of lithostratigraphic formation, 8 — thickness of lithostratigraphic member
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automorphic crystals. The strong pyritisation of the organic remains is very con-
spicuous here. .

Phosphate accumulation (Pl 23, Figs 1-2; PL 24, Figs 1—2) occur in marly
claystones and marls at a depth of from 2648.6 to 2647.3 m in the Piasnica 2 profile
(Figs 2, 10), between 2649.2 and 2648.2 m in Debki 3 (Figs 4, 10), and between 2712.3
and 2712.0 m in the Eeba 8 profile. The presence of iron ooids (Fig. 6; Pl. 24, Fig. 2)
has been observed in the Eeba 8 profile at a depth of 2712.3 m.

In the marly member, along with graptolites and non-articulate brachiopods
there is an abundance of ostracod carapaces, trilobite fossil remains, Chitinozoa,
while bryozoans, conodonts and scclecodomts occur sporadically. It is noteworthy
that, within the member here differentiated, the organic fossil remains content
(the graptolites excepted) is considerably higher than in the upper parts of the
graptolitic claystone formation (cf. Figs 2, 4.

MARLY FORMATION

Definition: In the lower part — marly claystones with an admixture of the
siltstone fraction passing upwards into marls, and marly limestones, in the highest
part into sandy limestones. :

Index Profile: Placed in the Bilalogéra 2 borehole at a depth between 26102
and 2603.8 m. o . :

Occurrence: Deposits of this formation have been noted in the cored parts of
the following profiles: £eba 8-at a depth befween 2667.8 and 2659.5 m (Figs 6, 10),
Bialogéra 1 from 2634.3 and 2629.0 m (Figs 3, 10), Bialogéra 2 from 2610.2 to 2603.8 m
(Figs 5, 10) and in Debki 2 profile between 2595.7 and 2594.7 m (Figs 7, 10).

On the geophysical measurements this formation has been differentiated in the
Zarnowiec 5 profile at a depth between 2664.0 and 2656.0 m, in PiasSnica 2 from
2607.0 to 2603.0 m, in Debki 3 between 2598.0 and 2591.0 m, Debki 2 between 2595.7
and 2592.0 m, and in the Mieroszyno 8 profile at a depth from 2790.0 to 2782.0 m.

In the Zarnowiec IG-1 profile, sediments possibly representing the lithostrati-
graphic unit here described occur at a depth from 2655.3 and 2645.0 m (Fig. 10).

Thickness: A full development of this formation has been observed in profiles
Leba 8, Bialogéra I, Bialogéra 2 with a thickness of 8.3, 63 and 54 m respectively.
The thickness of this formation determined on geophysical data is as follows: in
the Zarnowiec 5 profile 8.0 m, in Piasnica 2 — 4.0 m, Debki 3 — 7.0 m, Debki 2 —
3.7 m, and Mieroszyno 8 — 8.0 m, while in the Zarnowiec IG-1 profile it is 103 m
(Fig. 10). .

Lower boundary: The lower boundary of the formation represents at the same
the top of the underlying graplolite bearing black claystones.

Upper boundary: The passage of the sandy limestones into the overlying grapto-
lite hearing claystones has been directly noted only in the profiles Eeba 8 at a depth
of 2659.5 m, Bialogéra 1 at 2629.0 m and Bialogéra 2 at 2603.8 m (cf. Fig. 10).

Description: The basic lithological type in the lower part of the formation is

represented by grey marly claystones, locally with an admixture of siltstone ma-
terial, also marls to the top passing into marly limestones. Marly limestones to the
top passing into sandy limestones predominate in the higher part of the litho-
stratigraphic unit here considered.
- In addition to the lithological features such as a relatively high calcium
carbonate content in the deposit and its colouration this formation differs from
the surrounding rocks by the presence of benthonic organisms, especially trilobites
and articulate brachiopods.
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In the marls and marly limestones, various sized accumulations of neomorphic
sparite are detectable due to the recrystallisation of micritic matrix. These rocks
are characterised by a poorly pronounced. flat parallel lamination expressed in the
succession of more or less marly laminae. Poorly sorted and mostly fragmental
bioclasts are the chief grain components represented by fragmentary brachiopod
valves and trilobite carapaces (Figs 3, 5, 7). The presence has also been noted of
rare calcisferes and indeterminate organic detritus. A macroscopic examination
shows these rocks to contain a poorly - differentiated faunal assemblage made upr
of articulate brachiopods and fragmentary trilobites.

Besides the components already mentioned the deposits here described also
contain detrital quartz, single glauconite grains, feldspars and automorphic” barite
and dolomite crystals. The sandy material content in the marly claystones, marls
and marly-micritic limestones is low, the quartz grains are small, sharp-edged or
poorly rounded, haphazardly arranged. A gradual increase in the growth content
towards the top of the profile has been observed by microscopic examination. Its
content in the upper parts is so high as to ass1gn these deposits to the sandy
limestones.

The matrix of the sandy limestones is made up of carbonate claystone matenal.
Single pyrite and glauconite crystals occur along with’ extremely numerous ‘quartz
grains. The quariz grains are poorly sorted, their size ranges from 0.1 to 2.0 mm.
The roundmg of the particular grains varies; the larger ones being mostly well or
poorly rounded whﬂe most of the smaller ones are sharp-edged. As a rule the
laminae- enriched in quartz grains are separated by, claystone-carbonate laminae
with a trace quartz content (PL 27, F&g 2). This may reasonably suggest a chang-
eable supply of terrigenous matenal to the sedimentary basm.

- The organic fossil content in the sandy limestones is very low .indeed and
is hmited to single fragmentary shells of brachiopods and trilobites and other
indeterminate calcite remains.

- BIOSTRATIGRAPHY

The biostratigraphic analysis aimed at the age: determination of
the differentiated lithostratigraphic units. Because of the’ changmg of
the fossil assemblages along with the changing lithology the strati-
graphxc succession has been based not on one but on several faunal
groups, namely the graptolite, conodont, trilobite and articulate brachio-
pod groups.

In view of the facial-paleontological relations with the Ordovician
profiles in other areas of Baltoscandia the writer has used ‘the curréntly
there accepted division of the Ordovmlan system into three chronostrati-
graphic units: the Lower Ordovxcmn (Oelandian), the Middle Ordovician
(Viruan) and the. Upper Ordovician (Harjuan). This division was for
the first time introduced into Estonia by Kaljo, Rodmusoks & Minnil
(1958). According to this division the Oelandian includes the Tremadoc-
ian, the Aremgxan and the IJower Llanvirnian; ‘the Viruan comprises the
Upper Llanvirnian, the Llandeilian and the Caradocxan without the
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Table 1

Bio- and chronostratigraphical subdivision of standard sections of Middle and
Upper Ordovician of Great Britain and Baltoscandia
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uppermost part while the Harjuan contains the Upper Caradocian and
the Ashgillian (cf. Table 1). :

The tripartite division of the Ordovician system also has its long
traditions in the Polish literature. Detailed pertinent data are given
in a paper of Tomeczykowa (1964). In the Ordovician of the East Euro-
‘pean Platform within Poland that author has differentiated the following
strata: those of Bialowieza corresponding to the Tremadocian and the
Arenigian; those of Pomerania covering the Llanvirnian, the Llandeilian
and the Caradocian, and the Masurian strata representing the Ashgillian,
This division roughly corresponds to the Estonian one (see above).
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The twopartite division first adopted by Lapworth (1879) in the
Ordovician system, is on the other bhand, currently used in Great
Britain, the boundary between the Lower and the Upper Ordovician
being placed in the bottom of the Caradocian. The twopartite division
of the Ordovician in the Holy Cross Mts has likewise been used by
Bednarczyk (1971).

Since the present investigations cover the rocks of the Middle and
Upper Ordovician, the biostratigraphic description only is given of the
top-Upper Llanvirnian part of the organodetrital limestone formation.
The remaining part of this unit belonging to the Lower Llanvirnian and
the Arenigian has been worked out by Bednarczyk (1979).

In the biostratigraphic analysis the division of the Middle and Upper
Ordovician mostly used is that into the graptolite zones differentiated
within Scania and Bornholm. These zones fit more or less into the
British zones. The range of the graptolite zones in relation to the
boundaries of the Ordovician stages, as determined and currently used
in Great Britain and in Baltoscandia i.a. by Williams & al. (1972),
Ingham & Wright (1970), also Bergstrém (1971b, 1973) is shown in
Table 1. :

- The biostratigraphy of deposits without graptolites has been based
on conodonts or trilobites and articulate brachiopods.

The lower boundary of Middle Ordovician has been accepted in the
bottom of the Viruan (Bergstrom 1971a) differentiated within Balto-
scandia. The lower boundary of these two units is indicated by the
bottom of the Didymograptus murchisoni zone (Jaanusson 1960), and
in the division on conodonts by the bottom of the Eoplacognathus
suecicus subzone (Bergstrém 1971 a,b).

BIOSTRATIGRAPHIC ZONES

On the ground of various fossil groups, occurring in the particular
lithostratigraphic formations, several biostratigraphic units ranked as
zones have been differentiated in the ordovician profiles of the Leba
region. Since the vertical range of the particular taxons do not probably
coincide with their full range the boundaries of the differentiated zones
and their correlation with the standard zones can be but approximately
determined. -

UPPER LLANVIRNIAN
EOPLACOGNATHUS SUECICUS ZONE

This zone has been differentiated on the basis of a conodont assemblage
occurring in an organodetrital limestone formation.



ORDOVICIAN OF THE LEBA ELEVATION 941

_ In the Piasnica 2 profile, at a depth between 2656.0 and 2648.6 m, the presence
has been observed of single conodonis of minor stratigraphi¢ importance (Table 2)

. . Table 2
Stratigraphy and vertical ranges of fauna in the Piasnica 2 profiles
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and of numerous fragments of Prioniodus (Baltoniodus) prevariabilis medius Drzik,
Eoplacognathus suecicus Bergstrom, Periodon aculeatus aculeatus Hadding and
Phragmodus sp. Firstly on the basis of the index species and also on the presence
of Prioniodus (B.) prevariabilis medius Dzik these sediments have been referred
to the Eoplacognathus suecicus Zone. A more comprehensive description of
conodonts from the Piaénica 2 profile has been given separately (Podhalafiska 1978).

In the Debki 3 profile the conodont assemblage is much poorer (Table 3).
In the interval between 2655.0 and 26514 m the presence has been observed of
fragments belonging to the Prioniodus (B,) preveriabilis medius Dzik species also
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to Scolopodus cornuformis Sergeeva. Typically Lower Ordovician forms occur

beginning with the depth of 2861.6 m.
Because of the taxons occurring in common the zone here differentinted may

be correlated with the subzone Eoplacognathus suecicus (Tables 10—11) (Berg-
str8m 1071a). In the graptolitic classification it is correlated with the lower part
of the Didymograptus murchisoni Zone (Bergstrém 1971 a,b; 1973) (Table 1).

In the chronostratigraphic classification it- corresponds to the stage Aseri
(Bergstrom op. cit.) differentiated in the Baltic area. According to Léfgren (1978)
the stratigraphic range of the Eoplacognathus suecicus Zone is slightly greater
comprising also the upper part to the Kunda stage (Lower Lilanvirnian).

UPPER LLANVIRNIAN, CARADOCIAN
GLYPTOGRAPTUS TERETTUSCULUS AND NEMAGRAFTUS GRACILIS ZONES

In the lower part of the graptolitic claystone formation there occurs. a grapto-
lite assemblage characteristic of both the Glyptograptus tferetiusculus and the
Nemagraptus gracilis Zones. Hence it is hardly possible undoubtedly to determine
the age of deposits containing these species. ’

Table 3
Stratigraphy and vertical range of fauna in the Debki 3 profile
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In the Piasnica 2 profile rocks corresponding fo the Zones Glyptograptus
teretiusculus and Nemagraptus gracilis occur at a depth hetween 2648.6 and
2640.3 m (Table 2). In the lower part of this interval, at a depth from 2648.6 and
2646.3 m, the marly rocks of the marly claystone member have been observed
to contain ia.: Climacograptus antiquus antiquus Lapworth, C. bekkeri (Upik),
Climacograptus sp. 2, Glyptograptus teretiusculus (Hisinger), Pseudoclimacograptus
{Pseudoclimacograptus) scharenbergi scharenbergi (Lapworth). Most of these occur
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both in the Glyptograptus teretiusculus and the Nemagraptus gracilis Zones. Some
taxons have been' encountered on the Xeba Elevation even. in younger deposits.

At a depth between 2647.3 and 2646.3 m (Table 2) the presence has been
observed of Glyptograptus cernuus Jaanusson, known from the limestones of
Furudal in Sweden. These limestones have been correlated with sediments from
the Glyptograptus teretiusculus Zone (Jaanusson 1960).

At a depth from 2846.3 and 2640.3 m there occurs a graptolite assemblage
dominated by representatives of the species Dicellograptus sextans Hall, Amplexo-
graptus arctus Elles & Wood, A. perexcavatus (Lapworth), Orthograptus whitfieldi
(Hall), O, apiculatus (Elles & Wood), O, calcaratus acutus Elles & Wood, Climaco-
graptus brevis Elles & Wood, Pseudoclimacograptus (Pseudoclimacograptus) scha-
renbergi scharenbergi (Lapworth). Together with the accompanying fewer repre-
sentatives of Hallograptus mucronatus mucronatus (Hall) and Nemagraptus cf.
gracilis gracilis (Hall) this assemblage is regarded as a characteristic one of the
Zone Nemagraptus gracilis (Bergstrom, Riva & Kay 1974, Elles & Wood 1904—
1908, Helwig 1969, Ruedemann 1947).

Moreover, in the interval from 2646.3 to 26443 m the presence has been
observed of a rather abundant assemblage of Chitinozoa (Table 2). Since the
stratigraphic range of Cyathochiting stentor (Eisenack) is, through Estonia and
Sweden in the Baltic area, limited to the Kukruse Stage (Laufeld 1967), this .
stage corresponding in the graptolite facies to the Zone Nemagraptus gracilis
(Bergstrém 1971b, Jaanusson 1960, Ménnil 1966, Modlinski 1873), it is reasonable
to suppose that deposits from the interval 2646.3 to 2640.3 m probably represent
the Nemagraptus gracilis Zone. The age of rocks lying lower down between
2648.3 and 2646.3 m, is, however, questionable since they may correspond to both,
the Glyptograptus teretiusculus and the Nemagraptus gracilis Zones. Some light
is shed by the fact that the phosphate bearing zone reported from the Piasnica 2
profile at a depth from 2648.6 fo c. 2647.3 m, as well as from the Debki 3 profile
between 2649.2 and 2648.2 m is likewise known from the Fiigelséing area in Scania.
The phosphates there ocecur in the top of the Glyptograptus teretiusculus Zone
(Bergstrom & Nilsson 1974). Hence, it may be supposed that in the f.eba Elevatmn
the phosphates occupy a similar stratigraphic position.

In the Debki 3 profile, at a depth from 2649.2 to 2641.8 m, (Table 3) numerous
graptolites have been found, i.a.: Dictyorema 8p., Dendrograptidae gen. et sp. indet.,
Dicellograptus sextans (Hall), Amplexograptus perexcavatus (Lapworth), Climaco-
graptus antiguus antiguus Lapworth, C. brevis Elles & Wood, Glyptograptus te-
retiusculus (Higinger), Orthograptus whitfieldi (Hall), - Pseudoclimacograptus (P.)
scharenbergi scha'renbergz (Lapworth), and higher up (at a depth from 2642,8 and
2641.8 m) also Lasiograptus costatus Lapworth. Among the taxons here mentioned
only Lasiograptus costatus Lapworth is an index form for depogits younger -than
the Glyptograptus teretiusculus Zone, its stratigraphic range being limited to the
Zones Nemagrapius gracilis — chranograptus clingani. The remaining species
occur both in the Glyptograptus teretiusculus and the Nemagraptus gracilis Zones.
It might be stressed that, analogously as in the Piasnica 2 profile and in the
profile here discussed, at a depth from 2648.2 and 2645.0 m, fossil remains of
Chitinozoa with Cyathochiting stentor (Fisemack) have been observed. Hence it is
reasonable to suppose that deposits occurrmg from at least the depth of 2648.2 m
represent the Nemagraptus gracilis Zone,

- In the Bialogéra 1 profile, dark claystones occurring between 2676.6 and
2669.9 m contdin a graptolite assemblage characteristic of both the Glyptograptus
teretiusculus and the Nemagrapius gracilis' (Table 4) Zones. HMence, the presence is
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Stratigraphy and vertical range of fauna in'the Bialogéra 1 profile
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* In connection with the subject of the present paper the distribution has been shown
only of the Ordovician fossil remains. The occurrence of graptolites documenting the
Llandoverien age of the deposits 1§ ghown in the text-ehapter ‘‘Riostratigraphy”.

noted of: Dicellograptus vagus Hadding, so far known from the Glyptograptus
teretiusculus Zone of Norway and Sweden (Bergsirém 1973, Berry 1964, Hadding
1913), Nanograptus cf. lapworthi Hadding and N. cf. phylloides Elles & Wood,
whose typical specimens were cited from the Nemagraptus gracilis Zone of Scania
(Hadding 19215b), Climacograptus bekkeri (Opik) occurring in the deposxts of the
Kukruse Stage in Estonia and, as has been here mentioned, corresponding to the
Nemagraptus gracilis Zone. The remaining taxons occur both in the Glyptograpius
teretiusculus and the Nemagraptus gracxhs Zones.

In the Zarnowiec 5 profile (Table 5), in deposits occurring between 2674.0
and 2668.0 m, the presence has been observed of Glossograptus cf. hincksii hincksii
(Hopkinson), Amplexograptus cf. perexcavatus (Lapworth), Climacograptus kucker-
sianus Wiman and Pseudocumacog'raptus -sp. In the . opinion of Bergstrém (1978)
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Table 5
Stratigraphy and vertical range of fauna in the Zarnowiec 5 profile
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Glossograptus hincksii hincksii (Hopkinson) is one of the diagnostic taxons of
the Glyptograptus teretiusculus Zone. In the classic Moffat area of Scotlang,
however, the stratigraphic range of this species is much greater, comprising the
so called Glenkiln Shales as well as the lower part the Hartfell Shales which
includes the Climacograptus wilsoni Zone (Lapworth 1878), This species has also
been reported from the Didymograptus murchisoni Zone of Scania. (Ekstrom 1837).

The species Climacograptus kuckersianus Wiman, observed in that part of
the Zarnowiec 5 profile here discussed, has so far been known from deposits of
the Kukruse Stage of Estonia (Jaanusson 1960). In connection with the abave data
it is bhardly possible undoubtedly to determine the stratigraphic position of
deposits in the interval under consideration. They may represent both the Glypto-
graptus teretiusculus as well as the Nemagraptus gracilis Zones. '

In profile Mieroszyno 8, at a depth from 2813.0 to 2811.0 m there occurs
a rather strongly differentiated graptolite assemblage (Table 6), out of which
Glossograptus hincksii hincksit (Hopkinson) is the only one to have been found
also in deposits older than the Nemagraptus gracilis Zone. Dicranogreptus ziczac
(Lapworth), Dicellograptus divaricatus salopiensis Elles & Wood, Amplexograptus
berexcavalus (Lapworth) are, however, a graptolite assemblage characteristic of
the Nemagraptus gracilis Zone.

+-In the lower part of the cored fragment of profile Eeba 8 (Table. 7), at a depth
between 27123 and 2707.5 m, in black claystones intercalated by iron ooids, the
presence has been noted of Nemagraptus cf. grecilis gracilis (Hall), Dicellograptus .
sextans Hall and Glyptograptus teretiusculus (Hisinger), also of fragmentary fossil
remains of Dichograptidae (?Didymograptus sp.). None of these taxons, however,
are characteristic only of the Nemagraptus gracilis or the Glyptograptus tere-
tiusculus Zores. )

The graptolite assemblages of the Glyptograptus teretiusculus and Nemagrap-
tus gracilis Zones, occurring in the Eeba Elevation, differ from the fossil assem-
blage encountered in the next graptolite zone. The graptolite assemblage cha-
racterised above .may be noted by the presence of several species not found in
younger deposits in the Ieba region. Among them are representatives of the
.genera Nanogrgptus, Glossograptus, and firstly of Nemagreptus and Dictyonema.
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Tahle 6
Stratigraphy and vertical range of fauna in the Mieroszyno 8§ profile
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Moreover, there also ‘occur fragmentary rhabdosomes referable to the family of
Dendrograptidae and Dichograptidae. The fossil assemblage is also characterised
by fairly great numbers of the representatives of the genera Dicellograptus and
Dicranograptus.

DIPLOGHAPTUS MULTIDENS ZONE

According to the classification accepted in the present paper this zone com-
prises deposits between the fauna-bearing deposits of the Zones Glyptograptus
teretiusculus and Nemagraptus gracilis or Nemagraptus gracilis.and the graptolite
assemblage of the Dicranograptus clingani Zone.

The presence of the Diplograptus multidens Zone has been documented in the
profiles of Blalogéra 1, Bialogéra 2, ¥.eba 8 and Debki 3. It is developed as dark-
-grey and black claystones containing graptolites and non-articulate . brachiopods,
with intercalations of greenish claystones bearing scanty fossil remains. In the
latter a microscopic analysiz has led to the differentiation of several thin inter-
calations of bentonites and tuffs (Przybylowicz 1977, 1980).

Graptolites of the species Corynoides cf. calicularis Nicholson, Diplograptus
multidens Elles & Wood, Amplexograpius perexcavatus (Lapworth), Climacograptus
wilsoni Lapworth and Orthograptus calcaratus acutus Elles & Wood, are those
most - characteristic of the zore here discussed. A characteristic feature of the
grapbolite assemblage heré differentiated is to be noted in the sporadical oceur-
rence of the representatives of the genera Dicellograptus and Dicranograptus or
in their absence. : ’ '

In the profile Bialogéra I (Table 4), in the interval from 2660.9 and 2667.9 m
the presence has been observed of Diplograpius multidens Elles & Wood, Climaco-
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Table 7
Stratigraphy and vertical range of fauna in the Leba 8 profile
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graptus wilsoni Lapworth, Orthograptus ealcaratus geutus Elles & Wood, Pseudo-
climacograptus aff. vestrogothicus Jaanusson & Skoglund, Climacograptus sp. 1.
They are accompanied by Climacograptus aentiquus antiquug: Lapworth and
Amplexograptus arctus Elles & Wood. Above the depth of 2667.00 m as far as
28577 m no determinate graptolite fossil remains have been found. But there
occur some few non-articulate brachiopods of the species Hisingerella nitens Hi-
singer and Paterula bohemica Barrande. .

At a depth of 2657.7 to 2656.7 m the presence has again been observed of
Diplograptus multidens Elles & Wood and of Glyptograptus sp. 1. The here quoted
graptolite assemblage reasonably suggesiz the correlation of the sediments yield-
ing them with the Zone Diplograptus muliidens. .

Graptolites documenting the Zone Diplograptus multidens also occur in the
profile Bialogéra 2 in the interval from 2626.5 to 2622.3 m (Table 8). This assem-
blage is, however, specifically and numerically less strongly differentiated. Co-
rynoides cf. calicularis Nicholson, Diplograptus multidens Elles & Wood, Ortho-
graptus calcaratus vulgatus Elles & Wood and Lasiograptus harknessi (Nicholson)
have been here found, associated with non-articulate brachiopods (Table 8). No
determinate fossil graptolite remains have been cobserved below: the interval
mentioned above. Chitinozoa (Table 8) occur at a depth from 2634.0 to 2633.0 m;
all the species here quoted, however, are characterized by a wide stratigravhic
range. '

The uppermost part of the dark claystones containing graptolites and non-
-articulate brachiopods in ‘the profile Debki 3 (a depth from 2641.8' to '2640.8 m)
may be a correspondent of the Diplograptus multidens Zone because of the
presence there of the index taxon Diplograptus multidens Elles & Wood associated
with Corynoides cf. "calicularis (Nicholson) and . Amplewograptus - perexcavatus
(Lapworth) (Table 3). Below the depth of 2640.8 m there occurs in a cored section
of the profile a paleontologically unfossiliferous claystone series intercalated by
pyroclastic rocks. '
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Stratigraphy and vertieal range of fauna in the Bialogéra 2 profile
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The fossil graptolite remains of Diplograptus multidens Elles & Wood; occur-
ring in the Leba 8 profile at a depth of 2707.5—2706.5 m in a lithologically uniform
black claystone -complex, may reasonably suggest these deposits as being a . strati-
graphicaily corresponding to the Diplograptus multidens Zone differentiated in
other profiles .on the Zeba Elevation. It is, however, hardly. possible exactly to
determine the stratigraphic position of deposits lying higher up, at a depth from
2706.5 to 2671.8 m because. they comtain a poor and non-diagnostic assemblage of -
graptolites and non-articulate brachiopods (Table 7).

On the basis of the material available to the writer it has not been possible -
ta differentiate the Zonmes Diplograptus molestus and Climacograptus wilsond {cf.
Table 11) identified by Modlifiski (1973) as equivalents of the Zone Diplograptus
multidens. -

DICRANOGRAPTUS CLINGANI ZONE

The next gtaptolite assemblage, possibly an equivalent of the Dicranograptus
clingani Zone is characterised by a taxonomic:composition differing - from >that
of the graptolite assemblage discussed above. The differences are on both generic
and specific ‘level. The new and at the same time ‘younger assemblage is -again
characterised by the numerous and differentiated occurrence of the genera Dicello-
graptus and Dicranograptus as well as' by the’ predomxnance of orthograptids
from the “truncatus” ‘group.

On the presence of such taxons as: Dicranograptus clingani Carruthers, Dicello-
grapius caduceus (Lapworth), D. pumilus (Lapworth), Climacograptus - bicornis bi-
cornis (Hall), C. minimus Carruthers and Orthograptus truncatus truncatus -{Lap-
worth) ‘this dssemblage may reasonably be regarded as characteristic of the
Dicranograptus clingani Zone. The taxons mentioned above, the species  Dicello-
graptus pumilus (Lapworth) excepted, have been accepted by Lapworth (1878) as
diagnostic for -the Dicranograptus clingani Zone identified in the classical Moffat
profiles. Dicellograptus pumilus (Lapworth) from the Moffat area is characteristic
rather of the Pleurograptus linearis Zone (Lapworth op. cit), it occurs, however,
also in the Dicranograptus clingani Zone (Elles & Wood 1904).

The graptolite assemblage mentioned above may be encountered in the profiles.
of Bialogéra 1, Bialogéra 2 and Zeba 8 (Tables 4, 7—8).

In the Bialogéra 1 profile specimens belonging to the species .Dicranograptus
clingeni Carruthers have been found at a depth between 2647.6 and 26426 m
(Table 4). It is associated with Orthogreptus calcaratus (Lapworth), Diplograptus
compactus Elles & Wood and Diplograptus cf. pristis (Hisinger). Together with
the non-articulate brachiopods (Table 4) they occur in the higher part of the
graptolitic claystone formation.

The presence of -an abundant graptfolite assemblage of the Dicranograptus
clingani Zone has been observed in analogous deposits from the Bialogéra 2
profile at"a depth from 26223 to 26142 m (Table 8). Besides the index species
there have been idenfified here Diplograptus compactus Elles & Wood, Climaco-
graptus bicornis bicornis (Hall), C. minimus (Carruthers) and, in the upper part
of.the above interval,. C. spiniferus Ruedemann, Orthograptus calcaratus calca-
ratus (Lapworth), O. calcaratus vulgatus Elles & Wood, O. truncatus truncatus
(Lapworth) and. O. truncatus pauperatus Elles. & Wood. The occurrenee of .the
associated non-articulate brachippods is.shown in Table 8. .

.. The upper part of the graptolitic claystone formation in the Eeba 8 profile
is paleontolpgmally poorly documented, The interval from 2671.8 to 2669.8 m has
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yielded the graptolite species - Dicranograptus clingani Carruthers -together with
Dicellograptus pumilus Lapworth and D. caduceus Lapworth (Table 7). Hence,
it is reasonable supposed that-deposits occurring at this depth represent the Dicra-
nograptus - clingani Zone. '

At a depth between 2669.8 and 2668.3 there occur Orthograptus truncatus inter-
medius Elles & Wood and O. truncatus pauperatus Elles & Wood. The Iatter is
known from the Zone Pleurograptus linearis or its equivalents (Modiifiski 1073,
Toghill 1970); but it is also markedly characteristic of the Dicranograptus clingani
{Elles & Wood 1907) Zone. Orthograptus truncatus intermedius Elles & Wood has
not so far been reported from deposits younger. than the Dicranograptus clingani
Zone., Hence it may be supposed that also deposits from ‘a depth between 2669.8
and 2668.8 represent the Dicranograptus clingani Zone. The grey clayey deposits
encountered in the top of the graptolitic claystone formation (at a depth from
2668.8 to 2667.8 m) are without graptolites, therefore, it is difﬂcult to determine
their age.

CLIMACOGRAPTUS STYLOIDEUS 'ZONE

In the top of the hlack .claystone graptolite-bearing complex above the Dicra-
nograptus:clingani Zone there occurs a fossil assemblage characterising the Clima-
cograptus styloideus Zone which is a stratigraphic equivalent .of the Pleuro-
graptus linearis Zone in the classical profiles of Great Britain (Haddhag 1915a;
Modlinski 1973 1978).

The presence of the.graptolite assemblage characteristic of the Climacograptus
styloideus Zone has been documented in the profiles of Bialogéra I (Table 4), Bia-
logéra 2 (Table 8) and Debki 2 (Table 9). Deposits of this age may perhaps occur
in the Leba 8 profile (Table 7), above the Dicranograptus clingani Zone, but they
are riot documented by the presence of index graptolites.: :

The fauna of the Climacograptus styloldeus Zone is characterized chiefly by
the presence of graptolites from the. genera Climacograptus, Dicellograptus and:
Orthograptus. On the other hand, the genus Pleurograptus, so characteristic of the.
British fauna, as well as — to a smaller. extent — Leptograptus’ and Amphi~
graptus are absent, or. extrémely raré in the Scandinavian area and within
Poland.

In the dark claystones and marly claystones from the Bialogéra 2 profile,
at a depth from 26142 to 2610.2 m, .above the deposits of the Dicranograptus.
clingani Zone, the presence has been observed of Dicellograptus johnstrupi Had-
ding described by Hadding (1915a) from deposits of the Climacograptus styloideus
Zone of Bornholm, It is accompanied by Climacograptus.angustus (Perner), C. cf.
caudatus Lapworth, C. minimus (Carruthers), Orthograptus. truncatus truncaius
(Lapworth) and O. truncatus pauperatus Elles & Wood. Dicellograptus johnstrupi
Hadding and Climacograptus angustus {Perner) have so far been known only from
the Climacograptus styloideus Zone or from its straligraphic equivalents.

The graptolite assemblage characteristic of the Climacograptus styloideus Zone
also occurs in the cored fragmeént of the Debki 2 profile (Table 9) at a depth
from 2598.7 to 2595.7 m. Besides the index species the presence here has been
noted of several fragments of Leptograptus sp., numercus Dicellograptus john-
strupi Hadding, Orthograptus truncatus truncatus (Lapworth), O. truncetus paupe-
ratus Elles & Wood as well as the -youngest species of the genus Pseudoclimaco-
graptus-Pscl. clevenszs Skoglund. This has, so far, been known only from the
Pleurograptus linearis Zone differentiated in deposits of the Fjicka formation in
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Table 9

‘Stratigraphy and vertical range of fauna in the De¢biki 2 profile
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the Vﬁsterg&tland area of Sweden (Skoglund 1963). A rich assemblage of non-
-articulate brachmpods is represented ia. by Hisinaerena nitens (Hisinger), Pate-
rula portlocki (Geinitz), (PL 18, Figs 4, 10), Obolus ornatus Hadding (PL 18, Fig, 8)
and Orbiculoidea sp. Their distribution in the Debki 2 profile is shown in Table 9.

In the Bialogéra I profile (depbh from 2639.6 to 2638.5 m) the occurrence has
been observed of the index species C. stylmdeus Elles & Wood, also of C. wilsom
Lapw may reasonably document the bxostratlgraphic zone here discussed.

The assemblage of the youngest graptolites from the deposits here considered,
documented by the Bialogéra I, Bialogéra 2 and Debki 2 profiles, very  closely
resembles the assemblage occurring in the black shales of the Fjicka formation
differentiated in Sweden (¢f. Skogiund 1963). The graptohtes present in the de-
posits of this formation have been recognised as dlagnostxc for ‘the Zone Pleuro-
graptus linearis (Henningsmoen 1948, Skoglund 1963, Thorslund 1940), The occur-
rence in the deposits under consideration of an almost 1dmt1cal assemblage of
fossil remains réasonably suggests that they represent an equivalent of the Zone
Pleurograptus linearis differentiated in Sweden.

ASHGILLEAN

’Iﬂledma(ppeam.ceotmegmmlwmemum in the bop of the graptolitic clay-
stone formation does not allow precisely to determine the Caradocian/Ashgillian



boundary. The age of the youngest Ordovician deposits on the Leba elevation has
been documented on trilobites and articulate brachiopods found in the marly
formation. This scanty and often fragmentary fauha did not lead to the differen-
tiation of formal biostratigraphic zones of the Ashgillian. The upper Ordovician
boundary has been recognised at the bottom of the Akidograptus ascensus Zone
in the Llandoverian. )

In the Bialogéra ! profile (Table 4) Ashgillian deposits have been documented
at a depth from 26343 to 2629.0 m, Scanty trilobite remains belonging to the
species Mucronaspis mucronsta (Brongniart) and, slightly lower. down, fragments
of (7)Phillipsinelle sp. have been found in grey marls, marly claystones and
micritic marly limestones at a depth from 26322 to 26290 -m. Eostropheodonta
hirnantensis (M'Coy) (Pl. 16, Fig. 1) and Orbiculoidea sp. have been identified
among the brachiopods. Above the brachiopod-trilobite assemblage . there appear
. graptolites of the Akidograptus ascensus Llandoverian Zone with Akidograptus
ascensus Nicholson, Climacograptus scalaris miserabilis Elles & Wood Diplograptus
modestus Lapworth and Diplograptus ? rarus Rickards.

In the Bialogéra 2 proﬁle at a depth from 2608.5 to 26045 m- -the presence has
heen observed of articulate ‘brachiopods -and trilobites indicating the Ashgillian
age of the deposits (Table 8), The brachiopods identified here are: Eostropheodonta
hirnantensis (M'Coy), Hirnantia sagittifera (Davidson) (Pl 18, Fig. 2), Plectothyrella
sp. and the trilobites: Mucronaspis cf. mucronaia (Brongniart) (PL 16, Fig. 4; PL
17, Fig. 3) and (?)thtpsineua parabola (Barrande) (Pl 17, Fig. 2), With the excep-
tion of (?)thu;psmella parabola (Barrande) the above quoted association of
brachiopods and trilobites represents a characteristic assemblage of the so called
“Hirnantia” fauna. Underlying them at a depth from 2610.2 to 2608.5 m occurs
a serles of marly claystones and marls, lacking paleontological documentation,
possibly deposits of Ashgillian age, too. -

In connéction with the discussions still continued relating to the determination
of the Ordovician/Silurian boumndary the siratigraphic position of deposits bearing
the “Himantia" fauna. has not been mzquestxonably indicated. In the siratotype
proﬁle of Bala in Wales, the “Hirnantia” fauna and the Hi.manﬂ:ian Stage- dif-
ferentiated thereon is the youngest stratigraphic Ashgillian member {(Bancroft
1833, Ingham & anht 1970), while the upper boundary .of the Hirnantian at
the same time indicates the. top of the Ordovmmm. In some parts of the world
(cf. Podhalafiska 1977) the “Hirmantia” ‘fauna is '.noted ‘to. occur together wlth
graptolites of the Glyptograptus persculptus Zone, in the stratotype proﬁle ‘of
Dobb’s Linn near Moffat regarded as the oldest bilostratigraphic zone of the Silu-
rian (Cocks, Toghill & Ziegler 19870). Hence the “Hirnantia” fauna is sometimes-
regarded .as a Lower Silurian assemblage (Alikhova 1975; Jaeger, Havlidek &
Schinlaub 1975; Lespérance 1874).. There are also opinions (Cocks & Price 1976)
suggesting diachronism of the. SHirnantia” fauna connected with the adaptation
of the parhcular assemblage ‘to the environmental conditions changing with time
and space. Thus the stratigraphic range of the “Hirnantia” fauna would not
coincide with the age limit of the Hirnantlan. However, in Great Britain and
Scandinavia as wel as in Czechoslovakia -snd Poland . the above mentioned
* brachiopod-trilobite assemblage is currently regarded as the youngest organic
assemblage known from the Upper Ordovician. In this connection, deposits occur-
ring on the Eeba Elevation and bearing elements the “Hirnanifa” fauna ‘may
reasonably be regarded as the youngest Ordovician deposits and correlated with
the Hirnantian Stage of Great Britain, deposits .of the Kosov formation in' Cze-
choslovakia - (Havlitek &  Marek - 1973), with the Tommarpian Stage of Sweden
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(Bergstrom 1871b, Jaanusson 1963), the Dalmatina mucronata Zone of the Holy
Cross Mts -(Bednarczyk..1871, Kielan 1956, Temple 1965). The correlation .of the
“Hirnantia” bearing deposits- occurring in profiles of the Zeba Eleva_t'ion with
some of the just mentioned stratigraphic units has been shown in Table 11.

In the Bialogéra 2 profile here discussed, at a depth of 2603.8 ‘m black' clay
rocks yielding Lower Silurian graptolites make their appearance (Table 8), Hence
the Ordovician/Silurian boundary is -determined in the interval from 26045 to
2603.3 m. C : . '

In the Debki 2 profile (Table 9) in the interval from 25957 to 25047 m
Calliops sp. cf. C. callicephalus Hadding (Pl. 17, Fig. 4), ?Opsimasaphus sp. (PL 16,
Fig. 6) and several fragments of Tretaspis sp. (PlL. 17, Fig. 5), have been found
in the grey-green marly limestones occurring above the black graptolite-bedring
claystones. The presence of the above trilobites is characteristic of Ashgillian
deposits older than the strata with Mucronaspis mucronata (Brongniart) of Poland,
Czechoslovakia and Sweden. (Kielan 1959, Modliaski 1973), Hence, the marly-
-micrite limestones encountered in the Dgbki 2 profile may possibly represent the
Lower Ashgillian. Because of the lack of coring above the depth of 25847 m
the presence of deposits of the upper part of the Ashgillian has not been shown
in this profile. ' ' _ ) :

It is bardly possible to determine the age of the grey marly claystones, marls
and of the sirongly marly limestones occurring in the Eeba 8 profile (Table 7
at a depth betvween 2667.8 to 2659.5 m because the preserved core fragments are
practically. unfossiliferous. Overlying these deposits, at a depth of c. 2659.5 m,
" black -claystones make their appearance containing graptolites of the Akidograptus
ascensus Zone with Akidograptus ascensus Nicholson, Climacograptus medius Torn-
quist, Climacograptus normalis Lapworth, C, scalaris miserabilis Elles & Wood and
Diplograptus(?) rarus Rickards. Therefore, the marly rocks which have yielded
no fossil remains may represent Ashgillian deposits. because of the lithological
resemblance with paleontologically documented - - Ashgillian- - deposits in other
profiles of the Eeba region. .

AGE AND BOUNDARY DATING OF LITHOSTRATIGRAPHIC UNITS

In connection with the absence of a fossil group in common for all
the formations and -because of the difficulties presented  above in-the
differentiation of separate biostratigraphic zones the exact boundary
dating of lithostratigraphic units and, consequently their age, may be
but approximately determined (Table 10, Fig. 10).

The conodonts encountered in the organidetrital limestone forma-
tion of the Piasnica 2 and Dgbki 3 profiles indicate Zone Eoplacognathus
suecicus, correlated’ with the lower part of the Didymograptus mur-
chisoni Zone (Table 1). Since the oldest Middle Ordovician graptolites
present in tlie graptolitic claystone formation belong to ‘the Glypto-
graptus teretiusculus Zone the lack is reasonably supposed of paleonto-
logical -documentation in the profiles that have been investigated to
confirm’ the presence of deposits of the upper part of the Didymograptus
murchisoni Zone (cf. Tablé 1). In the light of available facts it is hardly
possible to take the decision whether the lack of paléontological docu-
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Table 10

Correlation of litho- and biostratigraphic units of the Middle and Upper. Ordo-
vician of the feba Elevation
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mentation of these deposits is due to a stratigraphic lacuna or to in-
adequate data resulting from insufficient coring of deposits in this
interval. Neither can an error be excluded due to difficulties in the
correlation of the graptolite and conodont division. Yet, because of the
unimportant and variable thickness of Ordovician deposits on the Leba
Elevation the existence of a stratigraphic lacuna between the graptolitic
claystone formation and that of organodetrital limestone formation
seems quite probable (Table 10). This is, moreover, supported. by the
presence of phosphates as well as by the mass agglomeration of organic
remains in the lower part of the marly claystone member indicating
a strong slowing down of the sed1mentary rate, possibly even a break
in deposition.

.. Deposits occurring in the Piasnica 2 profile at.a depth between
2646.3 and 2640.0 m, also in the Debki 3 profile between 2648.2 and
2641.8 m, may, in the light of the writer’s previous considerations, be
accepted as corresponding to the Nemagraptus gracilis Zone. Thus, the
upper boundary of the marly claystone member in the Piasnica 2
profile at a depth of c. 2645.8 m and that of 2644.0 m in the Debki 3
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profile, would be determined within the biostratigraphic zone mentioned
above (cf. Table 10). '

The top part of the graptolitic claystone formation is documented
by the presence of graptolites from the Climacograptus styloideus Zone.
As has been previously mentioned, an exact determination of the upper
boundary of this unit in the deposits here considered is hardly “possible
owing to the disappearance of the graptolite facies.

The oldest fossil remains in the marly formation probably document
the lower Ashgillian age, while elements of the “Hirnantia” fauna,
encountered in the Bialogéra 1 and Bialogéra 2 profiles prove the
presence of the youngest Ashgillian and, at the same time, the youngest
Ordovician deposits on the Leba Elevation. The upper boundary- of the
marly formation on the Leba Elevation is accurately indicated by the
defined bottom of the Akidograptus ascensus Zone of the Llandoverian.

In the light of the most recent opinions on the division of the Ordo-
vician into chronostratigraphic units (Table 1), the part of the organo-
detrital limestone formation investigated by the writer would represent
Llanvirnian deposits without its upper part; -the graptolitic claystone
formation would include the Llandeilian and the Caradocian, probably
also the Uppermost Llanvirnian, the marly formation — the Ashgillian
(Table 10).. _ ' :

The lithostratigraphic correlation of the worked out profiles of the
Middle and Upper Ordovician of the Leba Elevation, including the
Zarnowiec IG-1 profile and the hypothetical dating of the: particular
lithostratigraphic units have been shown in Fig. 10. -

FACIAL DEVELOPMENT AND SEDIMENTARY ‘CONDITIONS
IN THE MIDDLE AND UPPER ORDOVICIAN
OF THE LEBA ELEVATION

An analysis of the differentiated lithostratigraphic units and the
character of the fossil assemblages they contain reasonably indicate
that the Middle and Upper Ordovician deposits occuring in the Eeba
Elevation are of a platform type and were formed in a shelf sea
environment. In all the examined profiles the thickness of the Ordo-
vician was rather small ranging around 80 m and suggesting a slow rate
of sedimentation. A certain variability has also been observed in the
thickness of deposits occurring in the particular profiles of the Eeba
region. In the . organodetrital limestones formation the. thickness in-
creases eastward ranging from c. 8.0 m in the Bialogéra 1 profile to
about 20.0 m in the Debki 2 and Mieroszyno 8 profiles (Fig. 10). No
regularity in the changes of thickness has, however, been observed in
the graptolitic claystone formation or in the marly formation, though



356 TERESA PODHALANSKA

even there some sglight differences in thickness have been noted in
the particular profiles. Namely, the thickness of the graptolitic claystone
formation changes from a. 30.0 m in the Miercszyno 8 profile to c.
51.2 m in the Debki 3 profile while that of the -marly formation ranges
from c. 3.7 m in the Debki 2 profile to 10.3 m in the Zarnowiee IG-1
profile (cf. Fig. 10).

Changes in the thickness of deposits may be referred to lack of
uniformity in the supply of material or to the erosional action of
currents and waves.

On the basis of information given above three main lithological
types may be distinguished in the Middle and Upper Ordovician
deposits. These types contain definite faunal ‘assemblages representing.
definite environmental types at that time prevailing in the Leba Eleva-
tion area.-

LIMESTONE FACIES

.A great abundance of the fossil remains of trilobites, brachiopods, bryozoans,
crinoids, gastropods, ostracods and conodonts has been observed in the marly
micrites of the organodetrital limestone formation (Figs 2, 4, 7). This suggests
conditions favourable to the development of benthonic organisms in well-oxygen-
ated and rich in food waters near to the sea bottom. The organic fossil remains
are in most cases strongly fragmentary, sometimes with a streaky arrangement,
reasonably indicating that this area of the marine bntiom probably existed above
the wave base.

The latest opinions (Barnes & Fahraeus 1975, Fihraeus & Barnes 1975) postulate
that the taxonomic composition of the conodont assemblage in a given deposit may
also be made responsible for the environment of sedimentation. A connection has,
namely, been noted -of certain conodont taxons with definite rocks formed in
a definite zone of the marine basin.

With a preterence for the necto-benthonic regime of life of most conodonts
Fahracus and Barnes have differentiated in the Ordovician of the North-Atlantic
province several conodont hiofacies changing in dependence from the off-shore
distance and on the depth of the sea basin. Among samples from the investigated
protiles -of the Eeba region none has yielded a conodont: assemblage characteristic
of one biofacies. Still, the Eoplacognathus-Baltoniodus Llanvirnian assemblage
indicates a shallower part of the sublittoral zone (Fhhraeus 1966) while the
observed elements of the Periodon-Microozarcoding assemblage are characteristic
of a somewhat deeper part of the sublittoral zone farther removed from the shore.

It is hardly. possible to account for the origin of the nodular siructure en-
countered here and there in the complex of the organodetrital limestones because
various, simultaneously acting factors may contribute to the formation of this
type of limestones. The action of the sea-boitom waters seems quite probable;
it leads to the formation of soft pebbles, resulting from the scouring of not fully
consolidated calcareous layers. The scouring of freshly laid down deposit similarly
as the presence of strongly fragmentary organic fossil remains would reasonably
suggest sedimentation in an environment above the wave base. The action of
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a mechanic agent may also be reasomably suggested by traces of the corresion
of organic remains (brachiopod shells and fragments of trilobite carapaces) en-
countered on the boundary. of some nodules and marly streaks (PL 1, Fig. 2;
PL 20, Fxg. 1).

In summing up the above information it may be observed that in the Llan-
virnien the sedimentation of deposits of the organodetnital limestone formation
in the Leba Elevation occurred in a sublittoral environment, within a relatively
ghallow mobile basin, above the wave base, in well oxygenated and rich in food
waters. This is supported by the abundance of organic remains, chiefly those of
benthos (cf. Figs 2, 4, 7; PL 19, Figs 1—2; PL 20, Figs 1—2; PlL 21, Figs 1—2;
Pl 22, Figs 1—2). However, an analysis of the deposits has not provided adequate
data to determine the absolute values, expressed in metres, of the depth at which
they had beén formed.

GRAPTOLITE BLACK SHALE FAQUES

The deposits of the next differentiated formation decidedly differ from the
underlying deposits of the carbonate facies. Claystones, marly in the bottom, with
rare thin intercalations of limestones and mariy claystones higher up the complex
(cf. Figs 2—8) replace the organodetrital limestones with features of a deposit
formed in a mobile environment. Along with the change in character the deposit
-also' change its colour from a light-grey into. dark-grey practically black.

The sudden change in the character of the deposit does motf, by any means,
indicate a sudden change in the environment of sed.hnmtation.__A-_s has already
been suggested the accumulation of deposits of the organodetrital limestone
formation and that of the graptolitic claystone formation 1'5 probably separated
by break in sedimentation or at. least a time of strongly retarded deposition
resulting in the condensation of the deposit. A strong slowing down of the rate
of sedimentation in the uppermost Llanvirnian and Lower Llandeilian (cf. Table 10)
is indicated by the presence of phosphates observed in the profiles Piasnica 2,
Debki 3 and Leba 8 within the marly claystone member (Figs 2, 4, 6, 10; PL 23,
Figs 1—2; PL 24, Fig. 2) as well as by the great accumulation of fossil remains
in these deposits.

The change in lithofacies at the boundary of the two formations is correlated
with a distinct change in the biofacies. Namely, in the graptolitic claystone
formation the ‘main fossil group is represented by planktonic forms (Figs 2—9),
while benthonic and nectonic organisms are but of minor importance in the
composition of the taphocoenosis.

PLANKTON

Graptolites belonging to the order of Grapicloidea are the dominant group
among the planktonic organisms. According to the latest opinions the Grapto-
loidea — throughout their life or at a certain period of astogenetic development —
.led a non-active mode of life as plankton or pseudoplankton, or perhaps as an
autoplankton actwely mobhile  in the sea waves (Bulman 1964; Erdtmann 1973,
1976a; Kirk 1969).

While marine zones lying on the edge of a shelf and the continental slopes
(hemipelagic and pelagic zones) are the optimal life environment for graptolites,
" -black clay shales being the depogits of the occurrence of the most abundant and



358 TERESA PODHALANSKA .

strongly differentiated of their assemblages, they-are encountered also-in other,.
practically all the known lithologxcal types.

‘Similarly as in the case of some bentbonic organisms a dependence has beén
noted — within a definite zoogeographic province — of certain Graptoloidea
taxons on definite facies, and, on the other hand, the independent active move-
ments of at least some wof the species. These characters have become a basis for
speculations on the possible adaptability of certain graptolite assemblages to
definite environments, differing in their distance from the sea shore and in
bathymetric conditions (Berry 1977, Erdtmann 1976a). Our state to knowledge on,
the distribution of the Graptoloidea suggests that at least some graptolites were
closely cormected with definite water masses or with waters above the specific
types of environmental sedimentation. Such suggestions interpret the presence
or absence of certain graptolites within certain areas or within definite faunal
associations. Thus, for instance, representatives of the genera Dicellograptus and
Dicranograptus are known foremost from deposits whose formatxon probably
occurred on the edge of a shelf or of a continental slope.

Erdimann (1976a) was one of the first fo attempt the presentation of the

- dependénce of various graptolite assemblages on definite sedimentary environments.

He has differentiated three -graptolite biofacies in the Ordovician, dependent on

the depth of water in the sedimentary basin. Erdtmann’s model is analogous with

that worked out for conodonts, accepting their planktonic mode of life (Pruce

1973; Seddon & Sweet 1971). Both of them are based on the adaptation of definite
taxons to certain bathymetric zones in the ocean. ’

The bathymetric model worked out for the plankionic graptolites is only
‘a hypothetical attempt at interpreting the uneven distribution in the deposits of
the various graptolite taxons and it may arouse uncertainties with regard, for
example, to the nutrient sources for graptolite assemblages existing in deeper
ecological niches.

SCAMIA
BCRMHOLA
LEBA ELEVATKON

3.

Fig. 11, The hypothetical model of the- vertical distribution of the graptolitic

biofacles in the Ordovician of Baltoscandia (on Erdtmann’s 1976a, Fig. 1, bathy-

metric pattern for planktonic graptolites, supplemented by the wnter), showing

the interdependence of definite biocoenoses, their taphocoenoses and the particular
zones of the sea basin

The model présented by Erdimann (Fig. 11) suggests that the composition
of the taphocoenosis is decidedly dependent on the zone of: the sea hottom where
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the sedimentation occurred simultaneously with the burying by the deposit of

" the extinct graptolific rhabdosomes.

An analysis of the graptolite assemblage observed in the Llandelhan and
Caradocian deposits on the Leba Elevation and a comparison of their composition
with the taxonomic composmon of the taphocoenoses differentiated by Erdtmann
show the occurrence in the investigated deposits of the “A/BC” type of ‘tapho-
coenosis. Hence, in accordance with Erdtmann’s hypothesis, the Middle and Upper
Ordovician graptolitic deposits of the Ieba region seem fo have formed on the
edge of the shelf or on its slope (cf. Fig. 11). It seems, however, that no conclusive
and doubtless suppositions may be advanced on the paleontological analysis
relative to the sedimentary environment of these claystones. That this is so is
supported by the existence — especially in the mobile environment of the post-
-mortem transport of rhabdosomes — of certain events, also by the uneven chances
for complete burial of certain biocoenoses in the deposits (the surface-water
community “A” has the smallest chance, because of the destructmn by currents,
waves and bacterial or detritus-feeding activities).

In some areas, however, it is possible to observe the seguence of bathy-
metrically controlled biofacies in the Ordovician deposits. For example, in Great
Britain, from eastern England across Wales to the Lake District and south Scot-
land there occurs a change in the sedimentary environments from shallow-water

" ones to eugeosynclinal. A similar sequence is observable in the Baltoscandia area
where — from the island of Oland across Vistergétland as far as Oslo, Scania
and Bornholm — the deposits assume a gradually more and more pelagic character
with a consequent change in the graptolite assemblages (Erdimann 1976a).

A comparison of the taxonomic composition of graptolites from the Eeba
Elevation with that from other areas of the Baltoscandia reasonably suggests that
it bears the strongest resemblance to the graptolite assemblages in Scania (Figel-
siing) and Bornholm (Vésagiird) (cf. Bergstrém & Nilsson 1974; Berry 1964; Glim-
berg 1961; Hadding 1913, 1915b; Hede 1951; Lindstrém-' 1953; Nilgson 1953, 1960).
- Some taxons, however, occurring in the Eeba region, such as Climacograptus
kuckersianus Wiman, Glyptograptus cernuus Jaanusson have, so far, been known
only from the shallow-water limestones of Estonia and Sweden (Jaanusson 1960).
The graptolite assemblage from the Eeba Elevation also shows a great taxonomic
likeness with assemblages known from Wales and Scotland (cf. Elles & Wood
1903—1807; Toghill 1970). Outside of Europe, the greatest number of species in
common with those from the Leba area occur in the Caradocian assemblage from
the central part of New Foundland (Erdtmann 1978) within the area of the Basin
Ranges in the state of Nevada and California (Ross & Berry 1963), from the area
of Kazakhstan (Tsai 1976) and Taimyr (Obut & Sobolevskaya 1964). It should be
noted that in all regions here mentioned graptolites occur in a similar type of
deposits, namely in black shales or claystones,

The second characteristic fossil group occurring together with graptolites ig
represented by minute, thin-shelled non-articulate brachiopods (Pl. 18, Figs 1—13).
Their distribution in the particular profiles is shown in Tables 2—9, This fauna
is usually associated with the Ordovician and Silurian graptolites in the typical
black shales facies. The side-by-side occurrence suggests similarity in the mode
of life and adaptation to the same environment. Most probably these brachiopods
led an epiplanktonic mode of life, floating automatically on the water surface
attached to sea weeds (Bergstrém 1968; Havli®ek 1967; Spjeldnmes 1967). .

Another opinion postulates that these brachxopods led a benthonic mode of life

(Sheehan 1977).,
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BENTHOS

The benthonic organisms are of a minimum importahee in the composition
of the fauna ocourring in the graptolitic claystone formation suggesting condi-
tions unfavourable to their development. Their greatest number has been en-
countered in the marly claystone member differentiated in the lower part of the
formation (cf. Figs 2, 4. Ostracods are here the dominant group, along with some
few articulate brachi.opods. In the residuum after the solution of the rock in
hydrofluoric acid some few trilobites have been found {possibly the remains of
planktonic trilobites), also single gastropods, bryozoans and conodonts which are
now currently regarded as nectobenthonic organisms (Barnes & Fihraeus 1975).

In the black non-calcareous claystones of the higher part of the formation,
however, the number of benthenic organisms is quite sub-ordinate. Microscopic
observations have . shown- the presence of single ostracods and articulate brachio-
pods (PL 26, Fig 2). Representatives of the genus Lingula are more numerous;
the lNngulids of to-day are known for their adaptability to low-oxygen environ-
ments (Paine 1970). :

The characteristic features of the faunal assemblage present in the deposits
-of the graptolitic claystone formation and the lithological characters presented
above reasonably suggest a number of conclusions regarding the .conditions of
_ their sedimentation.

The presence of marly claystones and of marls with a poorly dilferentiated
but -undoubted benthonic fauna in the bottom part of ilié graptolitic claystone
formation indicates the continuation into the Llanvirnian and Lower Llandeilian
of conditions favouring the existence of sessile organisms. The black colouration
of the deposit, however, indicates a great oxygen deficiency in the near-to-the-
-bottom zone as compared with the conditions of sedimentation of the organo-
detrital limestones in the lower part of the Llanvirnian. :

The prevalence during the sedimentation of these claystones of abiotic con-
ditions near to the bottom of the sedimentary basin is suggested by the following
1acts: absence in the non-calcareous claystones of a rich in numbers and well
differentiated assemblage of benthonic organisms, the absence of any traces
of bioturbation resulting in the preservation of the primary micro-textures (£i. of
parallel flat lamination, PL 25, Fig. 1); first of all the presence of planktonic
organisms. The dark colouration of the deposit due to non-oXidised organic sub-
stance reasonably indicates that the life. conditions unfavourable to organisms
were most probably conmecte@ with the oxygen deficiency of the near-to-the-
-bottom zone of the sedimentary basin. This is likewise indicated by the presence
of lingulids today adapted to low-oxygen envirénments.

Anoxic conditions near to the bottom and below the surface of deposits may
perhaps be connected with the lack of free water circulation, both vertically and
horizontally. This would hinder the mixing of the well oxygenated surface waters
with the poorly oxygenated or anoxic boitom waters. In Byer’s opinion (1977,
1979) the existence of morphological barriers in the ocean and the density stratifi-
cation of waters produced by a salinity gradient provide conditions favouring the
formation of stagnant basins. However, anoxic conditions in the near-to-the-bottom
zone and in the deposit may occur without isolation of the sedimentary basin or
limited water circulation if the quantity of oxygen dissolved in water is not
sufficient for oxidation of organic matter accumulated on the sea floor. A study
of the present basins characterized by oxygen deficiency has showmn that the
0.1 ml/1 or smaller oxygzen content will be responsible for abiotic conditions in
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the near-to-the-boltom zone {Rhoads & Morse 1971). Neither is the development
of benthonic fauna favoured by abundant residuum in water above the bottom
of the basin. _

The absence or scarcity of benthonic organisms as observed in the dark clay-
‘stones reflect the specific chemical conditions prevailing during the accumulation
of these deposits but do not permit the drawing of any conclusions whatever as
to the depth of the sedimentary basin.

The thin intercalations of marly claystones and limestones with the scanty

benthonic fauna, occurring in the higher parts of the. graptolitic claystone for-
mation may suggest a brief pulse of oxygenated water. The result of such a flow
might be short-living, very poorly differentiated benthic communities. The life-
-source of the single benthonic forms observed in laminated, non-calcareous
claystones may be sought for in well aerated bottom. zones, abounding in food
and inhabited by benthonic organisms, Because of the satisffactory state of pre-
servation of these fossils (absence of abrasion, complete shells and absence of any
traces of roundness; Pl ‘26, Fig. 2) it may reasonably be supposed that these
zones were most probably situated not far from the burial site ‘of the fossil
remains here considered. . - .
. The tuff and. bentonite intercalations observed in the graptolitic claystone
formation indicate intemsified volcanic activity in the adjacent areas. The position
of volcanoes as well as their distance from the site of deposition of volcanic.
dusts, bave not, so far been undoubtedly determined.

-According to.the most recent opinions it has been acmpkd that_ t-he aliinenta-
tion area of the piroclastic rocks may have been situated in the area of the
Protoatlantic Ocean (Bergstrém & Nilsson 1974).

MARLY FACIES

"The transition from the black claystones with a pelagic fauna to the grey-
clay-carbonate deposits with a benthonic fauna was gradual; nevertheless it
probably indicates a slow shallowing of the sedimentary basin (Tomczykowa
& Tomczyk 1970) and, foremost, an important change in the chemical conditions
within its part here considered, consisiing in the disappearance of anexic condi-
tions in the near-to-the-bottom zone. Yet, the absence of the traces of wave
_action and of the activity of currents in theh marly formation reasonably suggests
.the persistance of a calm sedimentation within the zone below the wave base,
similarly as during the accumulation of graptolite yielding claystones.

The benthonic fauna occurring in marls, marly claystones and marly micrites
is represented by a rather monotonous assemblage of articulate brachiopods and
trilobites. In this assemblage there ‘occur numerous species in common with the
“Hirnantia® fauna. The latter is regarded as a shallow-water assemblage because
of the frequent association with typically littoral deposits, such as oolitic or reef
limestones (Wright 1968), . o ] :

The presence in the higher part of the marly formation of single grains of
detrital quartz and feldspars indicates the supply into the sedimentary basin of
terrigenous material. The gradual increase to the top of the profile of the detrital
Quartz content may suggest the growing intensity of erosion during the Upper
"Ashgillian, The sandy and clayey-micritic laminae L 27, Fig. 2), interdigitating
and mutually pinching out, so often encountered in the top of the formation,
indicate peridds of increased terrigenous material supply separated by times of
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calmier :sedimentation. The poorly sorted. grains and their wvarious roundness
(rounded or poorly rounded grains oceurring along wifh an abundance of angular
ones) may perhaps suggest transport from not too distant a site.

. The presence of sandy material in the top’ of the Ordovician reflects erosion
in the alimentary field connected with the Taconian phase of Caledoniai orogeny
(Tomezykowa & Tomozyk 1976).

The occurrence above the marly or sandy limestone of black clayey  deposits
with a Silurian pelagic fauna indicates the return of anoxic-conditions of sedi-
mentation, probably in a. deeper marinme basin.

THE PALEOGEOGRAPHIC POSITION IN THE ORDOVICIAN
OF THE INVESTIGATED AREA

During the Ordovician the area of the Leba Elevation was part of
an epicontinental basin covering a broad area to the east and south
east of the Scandinavian branch of the Caledonian geosyncline (Jaanus-
son. 1973, 1976).- To the east this basin was most probably connected
with the Moscow basin (Alikhova 1969). To the south the sediments laid’
down within the same epicontinental basin are known from the north-
-eastern part of Poland. Thin, most likely littoral, Ordovician deposits
are encountered in Podolia and Moldavia (Sokolov 1961; Tsegeln;uk
1969).

Variously developed deposits of the sublittoral and littoral facies
zones are known from Sweden, Lithuania and Estonia. The northern
and eastern boundaries of the occurrence of Ordovician deposits-on the
East-European Platform are erosional. In this connection a reconstruc-
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Fig 12 Map showing approximate boundaries of the Ozrdoviclan confacies belts
in"the Baltoscandian region (after Jaanusson 1976, . modxﬁed)
1 — Eeba Elevation, 2 — Bornholm, 3 — Scania
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tion of the range of the .epicontinental -Ordovician " sea in this area
presénts major difficulties, : -

A number of sub-meridionally’ directed confacies belts (Fig. 12) has
been differentiated in this basin, characterised by litho- and biofacies
peculiar for the particular belt. They reflect the specific sedimentary
conditions dependent on paleogeographic factors, the distance from the
shore.and their thickness. -

An analysis of the-litho- and biofacies in- the Middle and Upper
Ordovician strata of ‘the Eeba Elevation indicates strong  similarities
between the development of this region -and that of Scania and
Bornholm. A similar type of sediments, namely a’ distinct predominance
of the clay deposits over the carbonate ones, as well as the resemblance
in paleontology, reasonably suggest that in the areas of the Eeba
Elevation, Scania and Bornholm sedimentation occurred under similar
conditions in the same Scania-Eeba confacies belt of an epicontinental
marine basin. This belt corresponding to a deep-neritic part of the sea,
was characterised by important quantities of terrigenous material in
the sediments as compared with those confacies belts of the epicon-
tinental sea lying farther east (Fig. 12).

The small thickness of the Ordovician sediments within the Scania-
-Leba confacies belt, ranging from a. 120.0 m in Scania, 8. 200 m in
Bornholm ‘and a. 80.0 within the area of the Eeb Elevation, suggests
a-slow rate of sedimentation.

On the other hand, the Ordovician deposits accunfulating at a small
distance from the Scania-E.eba confacies belt to the west and north-west
are characterized by considerably greater thickness and by the pre-
dominance of siltstones, greywackes and conglomerates typical of the
geosynclinal part of the marine basin (Fig. 12). .This type of sediments
has, ia, been observed in Rugia (Jaeger 1967), and in the Koszalin-
-Chojnice region (Bednarczyk 1974, Modlinski 1968). - '

An increase in the clastic deposits and in their thickness westward
of the Leba region suggest that the alimentation area of the terrigenous
material lay west of the Scania-Leba also of the Koszalin-Chojnice and
Rugia regions. Areas lying ixea:er@ to the site of erosion were a sedi-
mentation zone of conglomerates, greywackes and siltstones, while the
most - finely grained material represented by clay sediments was
deposited in regions farther east.

A .part of the basin lying east and south-east of the Scanija-Eeba
confacies belt was characterized chiefly by the sedimentation of
carbonate deposits developed as limestones bearing an abundance of
benthonic fossil remains. This part of the sea, known as the “central
Baltoscandian confacies belt” (Jaanusson 1976), corresponding to the
Swedish-Latvian facies zone sensu Minnil (1966), odcupied most of the
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mainland of Sweden (Jaanusson 1973), the north-eastern part of Poland
{Modlinski 1973) and stretched farther east across Lithuania and southern
Estonia (Minnil 1964, 1966) (Fig. 12). The type of sediments and the
character of the fauna suggest that this belt -represented a shallow-
-neritic part of the marine basin. To the north, the east and the south
of the central Baltoscandian confacies the sediments are typical of the
littoral part of the marine basin with a predominance of organodetrital
and organogenous limestones and frequent oolithic deposits.

A comparison of the development of the middle and upper Ordovician
in the Leba region with those i.a. described by Tomezyk (1957, 1959),
Tomezyk & Turnau-Morawska (1964, 1967), and by Bednarczyk (1971)
deposits of the same age occurring in the Holy Cross Mts shows many
snnﬂantxes in the type  of sedimentation and compomtxon of fauna.

Table 11

Correlation of Middle and Upper Ordovician sequences in the Scama-!.e-ba cqnfacies
" belt with other regions of Baltoscandia and Holy Cross Mts .
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Remarkably noticeable resemblance is observable in the facial develop-
ment of the middle and upper Ordovician of the Leba Elevation and
that in the Lysogéry region and the Brzeziny and Zbrza areas of the
Holy Cross Mts. Black claystones with graptolites formed there during
the Llandeilian and the Caradocian allowing their correlation with the
sediments of the Scania-f.eba confacies co-equal in age. The strati-
graphy of the Middle and Upper Ordovician deposits within the Scania-
-Leba confacies and their correlation with selected areas of the central
Baltoscandian confacies and of the Holy Cross Mts is shown in Table 11.

As is shown by investigations within the Scania-Leba confacies
certain differences are observable in the development of the Ordovician
deposits (cf. Table 11). In Scania the Llanvirnian is represented by
clay, graptolite-bearing deposits, referable to the so &alled Upper
Didymograptus Shale. Siiultaneously, at the Eeba Elevation there
formed carbonate deposits with abundant organic detritus, analogously
as in the central Baltoscandian confacies.

As compared with the continuous Ordovician profile of Scania, in
the Upper Llanvirnian deposits of the Leba Elevation there probably
occurs a stratigraphic lacuna observed in some profiles of this area and
including the upper part of the Didymograptus murchisoni Zone.
A broader stratigraphic lacuna has been observed in Bornholm (Poulsen
1966) including the Llanvirnian and Llandeilian strata (as far as the
Nemagraptus gracilis Zone, cf. Table 11),

Thus, during the Ordovician the Leba area was a region intermediate
between the Scania area, the most stabile one and characterised by
continuity of sedimentation, and Bornholm which represented a zone
of the marine basin affected by the strongest uplifting movements.

FINAL CONCLUSIONS

1. A similar facial development of the Middle and Upper Ordovician
deposits has been observed in all the profiles of the Leba Elevation
here discussed.

2. Facial development resemblance has permitted the differentiation
of three basal lithostratigraphic units: the organodetrital limestone for-
mation, the graptolitic claystone formation and the marly formation.
These units represent the three chief deposit types containing their
corresponding faunal assemblages.

3. A detailed analysis of the differentiated lithostratigraphic units
and faunal assemblages has led to the reconstruction of the -environ-
ments of sedimentation prevailing during the Middle and Upper
Ordovician in that part of the sea basin. ‘

a. The available lithological and paleontological data suggest that
sedimentation of the organodetrital limestone formation occurred. in
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a sublittoral environment, in-a relatively shallow and mobile basm above
the wave base.

‘b. The sedimentation of the graptolitic claystone formation, differing
in lithology and paleontology, separated from the foregoing formation
by a stratigraphic break or by a time of marked slowing down of the
sedimentary rate,. occurred in a zone below the wave base under
anoxic conditiohs prevailing near to the bottom and below the surface
“of the deposit.

c. The features of the marly formation reasonably suggest the
continuation of calm sedimentation within the zone below the wave
base but within the well oxygenated zone. The sandy character of
the deposit observed in the top of the formation indicates intensified
vertical movements within the alimentation area referable to the
Taconian phasée of the Caledonian orogeny.

4. The biostratigraphic analysis was the basis for determining the
age of the differentiated lithostratigraphic units and for a more precise
division of the Middle and the Upper Ordovician represented by the
following eight zones: Eoplacognathus suecicus, Glyptograptus tferetiu-
sculus, Nemagraptus gracilis,” Diplograptus multidens, Dicranograptus -
clingani, Climacograptus styloideus, also Tretaspis and Hirnantia. '

5. The correlation of the investigated Ordovician profiles of NW
Poland with similarly developed deposits of Scania and Bornholm has
allowed to determine the genetic connections of the above areas resulting
from a resemblance in developmént of the Scania-Eeba confac1es belt
stretching along the edge of the shelf.

6. Because of the high content of the clay lithofacies in the Middle
and Upper Ordovician profiles from the Leba region graptolites are
most important in the stratigraphy of these profiles. Their paleonto-
logical descriptions and photographic documentation in the present paper
are the first to be presented in Poland.

It might also be stressed that a considerable number from among
the 60 graptolite species and subspecies here differentiated have not
so far been reported in the Polish geological literature,

PALEONTOLOGY
MATERIAL, PROCEDURE, TERMINOLOGY

The paleontological part of this paper contains -descriptions - of
selécted graptolites differentiated in the profiles under investigation
within the Leba Elevation. Because of their great importance for the
stratigraphy of the Ordovician:deposits in this region.- all of the dif-
ferentiated taxons have been figured- (Pl. 1—15). Sixty species and
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subspecies belonging to 17 genera have been differentiated from among
the c. 2,000 specimens selected for investigation. Species so far not
known from Poland, stratigraphically important taxons or_ those in-
téresting from the taxonmomic point of view are being described. In
the’ case of commonly known species the descriptions are limited to
synonymics, remarks and comperisons with other taxons or no descrip-
tions are given. : : R

'~ Within'’ the L.eba Elevation graptolites occur in darkgrey, black and
greenish claystones and marly claystones. Most of the specimens are
compressed and have a preserved periderm. Not compressed or preserved
in semi-relief graptolites' have been encountered but such findings are
very rare indeed. , : _

- Fusellar structure may sometimes be seen on the compressed
specimens. Unflattened rhabdosomes are usually impregnated by pyrite;
such forms have resulted from the infilling of the empty places of the
graptolite colony by a clayey deposit with a high content of sulphides
which had erystallised before the compression of the rhabdosome. The
crystallising process caused the exclusion of the periderm the rhabdo-
some of this kind being preserved as an interior cast, -

A part of the specimens is complete, more often, however, the forms -
represent various fragments of the rhabdosome. Such a preservation of
the graptolites limits a detailed analysis of their morphology.

The taxonomic classification and the terminology used in the
descriptions of graptolites is that commonly accepted in the paleonto-
logical descriptions of this group (Bulman 1970).

In order fully to characterise the faunal assemblage, most of the
trilobites and articulate and non-articulate brachiopods occurring in the
Middle and Upper Ordovician deposits here, considered have been in-
dicated: and figured in plates 16—18. The paleontological descriptions
and photographs of conodonts and Chitinozoa have been given in the
writer’s previous papers (Podhalanska 1978, 1979). The stratigraphic
range of all the species figured in the present paper are shown on the
tables. _ :

DESCRIPTION OF GRAPTOLITES

Genus DICRANOGRAPTUS Hé]l, 1865

Dicranograptus ziczac Lapworth, 1876
(Pl 3, Fig. 6; Pl. 4, Fig. 3)

18%. Dicranograptus ziczac sp. nov.: Lapworth, Pl 3, Fig. 77. .

1904. Dicranocgreptus ziczac Lapworth; Elles & Wood, p. 1T7—179, Fig. 13, Pl 25 Fig. sg—d.
1938, Dicrenograptus ziczae; Harris & Thomes, p. 72, Pl 3, Fig. 85. .
1884. Dieramograptus ziczac Lapworth; Obui & Sobolevskaya, p. 47—48, Pl 8, Figs 3-8,
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Material. —c. 50 rhabdosome fragments, all flattened: .
Description. — Rhabdosome consists of a wvery short biserial part and two

characteristically bent uniserial branches. Length of bisemial part 2.0—3.0 mm,
width 0.7—0.9 mm. Shape of thecae poorly visible: in biserial part free venftral

walls of thecae bearing thin thecal spines (Pl. 4, Fig. 3); proximal end rounded,
terminating in a thin virgella 0.3 mm long. Course of the uniserial parts of.
rhabdosome greatly varied, dependent on course of compression, but always very
characteristic. First two uniserial parts of rhabdosome branch at an angle of
160—180°, to change their course at a4 few mm from the point of branching
mutually approaching again (Pl 4, Fig. 3). Width of uniserdal parts comstant amd
even all along the length 0.65 mm.

Remarks. — The figured specimens do not differ from the typical representa-
tives of the species Dicranograptus ziczac Lapw. The characteristic curving of the
uniserial parts of the rhabdosome is most usually repeated two or three times.

Occurrence. — Lower Caradocian, Nemagraptus gracilis — Climacograptus pel-
tifer Zones of Great Britain (Elles & Wood 1904, Lapworth 1876, 1878), North
America (Ruedemann 1947), Australia (Harris & Thomas 19838; Thomas 1860),
USSR — Tajmyr (Obut & Sobolevskaya 1964). So far this species had not been
kriown in Poland. The EIeba Elevation: Mieroszyno 8 profile (depth 2813.0—
2812.0 m); Nemagraptus gracilis Zone.

Genus DICELLOGRAPTUS Hopkinson, 1871

Dicellograptus caduceus Lapworth, 1876
(Pl. 3, Fig. 4)
1804, Dicellograptus caduceus Lapworth; Elles & Wood, p. 1§1—363, Fig. 102a—ec, Pl 33,

Fig. da-—c.

1984, Dicellograptus caduceus Lapworth; Obut & sm:olevskaya, p. 3, Pl 4, Figs 4-3.

Material. — One flattened specimen.

Remarks. —In the shape of the thabdosome, and particularly in the charac-
teristically .bent stipes Dicellograptus caduceus Lapw. resembles Dicellograpius
intortus Lapw. These two species differ, however, in the shape of thecae. Namely
in Dicellograptus intortus Lapw. the thecae are with straight free ventral walls,
while in Dicelograptus caduceus Lapw. the analogous walls are consicuously
curved and apertures markedly introverted and introtorted.

The specitmen described from the Leba Elevation is characterized by its
dimensions being smaller than the forms cited by Elles & Wood (1904) and by
Obut & Sabolevskaya (1964).

Occurrence. — Lower Hartfell Shales!Dxcranograptus clingani Zone of Great

. Britain (Elles & Wood 1804); Middle and Upper Caradocian of Australia and
eastern Tajmyr {Obuit & Sobolevskaya 1964). The Eeba Elevation — REeba & profile
(depth 2671.8—2670.8 m); Dicranograptus clingani Zone.

Dicellograptus divaricatus salopiensis Elles & Wood, 1904
(Pl. 2, Fig. 4; Pl 6, Fig. 5) ’

1804, Dicellograptus divaricetus var. salopiensis, var. nov.; Elles & Wood, p. 115148, Fig,
80a—b, PL 20, Fig. %Ta—c.

1847. Dicellograptus divaricotus var. salopiensis Elles & Wmd, Buedemann, p. 30, PL &,
Fige 2-3.

1963. Dicellograptus divaricaius var. salopiensis Elles & Wood; Ross & Berry: p. 104165,
Pl 6 Figs 21, o

1984, Dicellograpius salopiensis (Elles & Waod); Obut & Sobolevskaya, p. 41, Pi 8, Fig T.

1976, Dicellograptus salopiensia (Elles & Wood); Tsai, p. 19, PL 1, Pig. 12
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Material. —2 specimens.

Remarks. — The rhabdosomes known from the feba Elevation are analogous
with those described as Dicellograptus salopiensis Elles & Wood oecurring in
Kazakhstan (Tsai 1976) and Tajmyr (Obut & Sobolevskaya 1964). Because of the
slight morphological differences between Dicellograptus divaricatus divaricatus
(Hall) and Dicellograptus salopiensis Elles & Wood {sensu Obut & Sobolevskaya
1964), in the present paper the latter taxon has been recognised as not being
a separate species but, following the original taxonomic classification (cf. Elles
& Wood 1904) it is the Dicellograptus. divericatus divaricatus (Hall) subspecies.

Occurrence. — The species Dicellograptus divaricatus salopiensis Elles & Wood
occurs in the Lower Caradocian deposits (the Nemagraptus gracilis and Climaco-
graptus peltifer Zones in Great Britain, Elles & Wood 1804), In North America
it was cited from the N. gracilis and C. bicornis Zones (Berry 1960). In the USSR
it occurs in the N. gracilis Zone of Tajmyr and in the Erkebidaik Stage (Lower
Caradocian) of Kazakhstan (Tsai 1976). Within the Zeba Elevation it has been
found in the Piasnica 2 profile (depth 2645.3—2644.3 m), in the Nemagraptus
gracilis Zone. : ’ '

Dicellograptus johnstrupi Hadding, 1915
(Pl 3, Figs 2, 3, 5)
152, Dicellograptus johnstrupi n. sp.; Hadding, p. M, PL 3, Figs 1318,
1948, Dicellograpius johnsirupi Hadding: Henningsmoen, p. 401—402; Fig. 2.
1%63. Dicellograptus johnstrupi Hadding; Skoglund, p. 32-33, Pl 1, Figgs 4+-9.

Material. — A dozen or so of flattened specimens, a few preserved as exterior
casts; 8 fragmentary rhabdosomes preserved in semi-relief,

Description. — Both, distal and proximal parts of the rhabdosome, often with.
the sicula extinct, found in the material here investigated. In the figured specimen
(Pl 3, Fig. 5) the sicula is 1.5 mm long. Free ventral walls proximally slightly
sinugsoidal, apertural excavations semi-circular, introverted. Thecae 1%-12 with
short thecal spines, slightly below the’ apertures. Free ventral walls of distal
thecae more straight with apertural margin not so introverted; 9—10 thecae ir
10.0 mm. Free ventral walls of proximal thecae roughly 0.8 mm in height, that
of distal thecae 0.9—1.0 mm.

Remarks, —The above species resembles Dicellograptus complanatus Lap-.
worth; it has been accepted as the direct ancestor of Dicellograptus complanatus
Lapworth (Skoglund 1063). Morphological differences mostly conspicuous in the
distal part. D. johnstrupi Hadding is namely with more convex free ventral walls
of distal thecae. The inter-stipe angle is likewise higher in D. johnstrupi Hadding
than in D. complanatus Lapworth. )

Occurrence. — The Upper Caradocian — in the . Fjiicka Formation of the
Véstergbtland region (Sweden), the Pleurograptus linearis Zene of Bornholm
(Skoglund 1983), Dicellograptus cf. johnstrupi is likewise cited from deposits of
the Climacograptus styloideus Zone in Northern Poland (Modlifiski 1971).

-The Leba Elevation: Bialogéra 2 profile (depth 2614.2—-2612.2 m), Debki 2
profilé (depth 2597.2—2595.7 m); Upper Caradocian — the Climacograptus styloi-
deus Zone. . |

Dicellograptus vagus Hadding, 1913
(PL 2, Fig. 6)

1913, Dicellograptus vagus sp. nov.; Hadding, p. 83535 PL 4, Figs 15--19,
1864, Dicellograptus vagus Hadding; Berry, p. 120122, PL 10, Figs 3--4.
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Material. —1 specimen.

Déscrzptton — Rhabdosome small, stipes 1.3 mm long, with width equal to
0.7 mm. This width is constant throughout the ‘rhabdosome length. Proxxmally (to
the level of 55?2 thecae) ‘the stipes enclose a 35-degree angle then to grow
higher’ dp to 85 degrees. Thecae with slightly convex free ventral walls 0.72 mm
in height. Apertural margin somewhat concave, apertures inside pouch shaped
éxcavations; ‘the thecae number 11 in 10 mm. Sicula not extinect.- Virgella short,
0.5 mm in length. Thecae 11 and 12 bearing short thecal spines.

Remarks. — The figured specimen shows many features 'in common with
feprésentatives of this species known from Sweden (Hadding 1913) and Norway
(Berry 1984). The species Dicellograptus vagus Hadding resembles Dicellograptus
smithi Ruedemann; differing in somewhat fewer thecae in 10 mm there being
10—11/10 mm in D. vagus and 14/10 mm in D. smithi. Distally in D. vagus the
stipes enclose a higher angle, too. '

Occurrence. — The Llandeilian — Glyptograpbus teretiusculus Zone of Norway
and Sweden (Hadding 1013, Berry 1964). The Leba Elevation: Biatogéra 1 profile
(depth 2673.1—2672.1 m); the Nemagraptus gracilis + Glyptograptus teretiusculus
Zones.

Genus NANOCGRAPTUS Hadding, 1915

Nanograptus cf. lapworthi Hadding, 1915
(PL 5, Figs 5—6, 9)

Material. — 30 specimens representing various ontogenetic stages.

Remarks. — The figured specimens strongly resemble representatives of the-
species Nanograptus lepworthi Hadding described and figured by Hadding (1915b).
The specimen figured in PL 5, Fig. 6 represents the juvenile stadium of onto-
genetic development {c¢f. Hadding, Pl 6. Figs 4—5); the specimens figured in
PL 5 Figs 5 9 represent the passage and mature stadia respectively of onto-
genetic. development (cf. Hadding, Fl. 6, Figs 6—9).

Occurrence., — Lower Caradocian (Hadding 1915h). The ELeba Elevat:on' Bia-
logéra 1 profile (depth 2675.6—2673.1 m); the Glyptograptus tferetiusculus + Ne-
magraptus gracilis Zones.

Nanograptus cf. phylloides (Elles & Wood, 1908)
(Pl. 5, Fig. 4)

‘Material. — Several fragmental flattened rhabdosomes.

Description. — Species containing small specimens, rounded in shape. The
specimen figured here is 2.0 mm long and 1.9 mm wide. The complete rhabdosome
consists of 5 pairs of thecae. The apertures of two first thecae dipping downward,
the remaining ones gradually taking on a horizontal course, the distal thecae
(51—5% being directed upwards. Sicula very long, virgella well pronounced.

. Remarks. — The specimens encountered in the Eeba region have many features
in common with representatives of this species described by Elles and Wood (1908),
also by Hadding (1915b). They differ from Nanograptus lapworthi Hadding in
being roundly shaped.

Occurrence. — The Nemagrapius graclhs Zone of Great Britain (Elles & Wood
1908, Hadding 1915b). The feha Elevation: Bialogéra 1 profile (depth 2675.6—
2673.1 m); the Glyptograptus teretiusculus 4+ Nemagraptus gracilis Zones.
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Genus DIPLOGRAPTUS M'Coy, 1850

Diplograptus multidens Elles & Wood, 1907
(PL 6, Fig. 3; PL 11, Fig. 1)

1907. Diplograptus (Mesograptus) multidens sp. nov.; Eles & Wood, p. 1—$63, PL 3,
Fig. %a—d, Fig. 17s, '

1860. Diplograptus multidens Elles & Wood; Berry, p. 85, PL 16, Fig, 3; Pl 19, Fig. 8.

196¢. Diplograptus multidens Elles & Wood; Obut & Sobolevakaya, p, 82—68, Pl 12, Figs 11—15.
Material. — 15 flattened rhabdosomes, with the predominance of forms re-

presenting the juvenile stadjum of ontogenic development. .

Remarks. — The specimens here examined do not differ from the typical
representatives of the species Diplograptus multidens Elles & Wood described
from Great Britain by Elles and Wood (1907) or from the American fonins (Berry
1860). From Diplograptus preamultidens Obut & Sobolevskaya they differ in
greater number of thecae (18—14 in 100 mm in D. muitidens end 11—I0 in
10.0 mm in D. praemultidens) also in greater width of the rhabdosome and a stron-
ger outward declination of thecal walls from the rhabdosome axis, ’

Occurrence. — This species is widely distributed in deposits of the lower part
of the Caradocian in various regions of the globe: it is known in the Climaco-
graptus pellifer and Climacograptus wilsoni Zones iof Great Britain (Elles & Wood
1907), in the Climacograptus bicornis Zone of North America (Berry 1960), in the
Gisbornian Series (Llandeilian, Lower Caradocian) of Australia (Thomas 1960),
in the USSR — in the Climacograptus peltifer Zone of Tajmyr (Obut & Sobolev-
skaya 1964). In Poland it occurs in the Diplograptus_ muliidens Zone of the Holy
Cross Mts (Bednarczyk 1971, Tomezyk 1957, 1962, 1963, Tomezyk & Turnau-Mo-
rawska 1967). In the following profiles of the E.eba Elevation: _Bialogéra 1 (depth
2668.9—2667.9 m and 2657.7-—2656.7 m), Bialogéra 2 (depth 2623.3—2622.3 m), Debki 3
(depth 2641.8—2640.8 m), also Zeba 8 (depth 2707.5—2706.5 m) in the Diplograptus
 multidens Zone, o

Diplograptus cf. pristié'(Hisinger, 1837)
(PL 7, Fig. 8)

Material. —10 flattened specimens. ,

Deseription. — The largest specimen (P 7, Fig. 8) attaing '28.0 mm in’ length.
Width of rhabdosome proximally (at the level of apertures of thecae 2! and 29)
equal to-1.3 mm, at the level.of thecae 5452 it is 1.6 mm; distally — 2.1 mm,
Rhabdosome _“birorm":_ in proximal part of rhabdosome thecae of the glyptograpid
type with the geniculum poorly pronouncéd; in the distal direction the ventral
walls of thecae tend to straighten out with the thecae taking on an orthograptid
character. Apertural margins of thecae roughly perpendiculsr to the rhabdosome
.axis. Thecae number. 12 in 10.0 mm proximally and 10 in 10.0 mm distally. Sicula-
not visible, virgella distinct, 1.05 mm long. ‘Length of virgula 11.0 mm.

Remarks. — Specimens from the Leba reglon strongly resemble forms descriped
by Skoglund (1963) from the- Ostergétland ares (Sweden). The Diplograptus pristis

of .stig:h sb_ines.- Other _féatﬁr.es such as: differen_t character of the p'ioximal-'fheéae'
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from the distal thecae, size and shape of the rhabdosome, number of thecae per
length unit all agrvee with the disgnostic features of the species D. pristis (Hi-
singer).

Occurrence, — Pleurograptus linearis Zome (Fijidcka Shales of Sweden, Skog-
iund 1963). In the Eeba Elevation: Bialogéra 1 profile (depth 2643.6—2642.8 m);
Dicranograptus clingani Zone.

Diplograptus sp.
(PL. 7, Figs 5—86)

Material. — 10 ffagmental rhabdosomes, two of them complete. All specimens
flattened.

Description. — Largest rhabdosome fragment attains 550 mm in length The
ﬁgured specimen (Pl 7, Figs 5—6) is slightly smaller, its total length being
-45.0 'mm, proximal width 114 mm, medial width 2.39 mm, distal width 2.71 mm.
Thecae change in character along with the growth of the rhabdosome. Proximally
thecae intermediate between the climacograptid and the amplexograptid type;
medially thecae with a slightly rounded geniculum, distally the free ventral walls
tend to straighten out the thecae taking on an orthograptid character. Height of
free ventral wall of theca 2! is 0.46 mm, that of theca 101 — 0.76 mm. Thecae
number 7.5 in 5 mm proximally (14/10 mm), and 10 thecae/i0 mm medially and
distally. Proximal end rounded terminating in a virgella 3.8 mm long. Thecae 1!
and 12 bearing short thecal spines originating below the apertural margin; 0.3 mm
in length. Median septum complete.

Remarks. — The specimens here described resemble Diplograptus pristis (Hi-
singer), but differ from representatives of that species in smaller ‘width of the
rhabdosome, greater number of thecae in a length unit (thecae more closely
packed) and a longer virgella.

Occurrence. — The Leba Elevation Bialogéra 2 profile (depth 2624.5-2622.3 m);
Diplograptus multiderss Zone.

Genus AMPLEXOGRAPTUS Elles & Wood, 1907

Amplexograptus cf. fallex Bulman, 1962
(Pl 7, Fig. 7)
1863. Amplexogrepius cf. fallax Bulman; Jaanusson & Skoglund - m—m, Figs 2f, 3

Material,—8 poorly preserved specimens.

Descﬂptmn.-——Rhabdosomes short, gradually widening out. Largest specimen
250 mm in length, proximally (at the level of thecae 1%—12 apertures) the width
is 0.7 mm; gradually increasing to attain 1.0 mm at the level of thecae -33—32
Maximum width {at the height of thecae 15!—15%) not exceeding 1.7 mm. Thecae
number 758 in 5 .mm proximally, 6—7 in 5 mm distally. Thecae. alternating,
proximally overlapping one third their length; distally one half the length of the
next theca. Straight of slightly convex free ventral walls of thecae, particularly
so in the proximal part. Apertural margins nearly straight. Proximal end. bearing
a short virgella, Theca 1! with a short spine originating slightly below the aper-
ture. Median septum not conspicuous.

- Remarks. — The specimens here described are with most inadequately pre-
served prozimal parts hindering the examination of these parts of the rhabdosome:
The specimens described by Jaanusson and Skoglund (1963} as A. cf. ‘fallaxz bear
2 apertural spines of sicula, spine of theca 1! and the short virgella. Because of
the poor preservation of the specimens.in our collection the presenee or absence
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of the two sicular processes can basdly be conclusively ascertained. Our specimens
resemble representatives of the species A. arctus Elles & Wood, but the latter
are with a virgella some millimetres long while in our specimens the virgella is
extremely short. Forms from the Eeba region also resemble Amplerograptus
vasae Tullberg. The rhabdosomes of this species, however,” widening out more
quickly and the apertural excavatiens being not so deep. The number of thecae
in 10 mm of the rhabdosome is also smaller in A. vasae Tullberg than that in
A. cf. fallax Bulman. .

Occurrence. —Lower and Middle Caradocian of Great.Britain (Lower Hartfell
and Upper Glenkiln Shales, Bulman 1962), Jéhvi Stage of Estonia (Jaanusson. &
Skoglund 1963), Erkebidaik Stage (Lower Caradocian of Kazakhstan, Tsai 1876).
In. the Eeba Elevation: Piasnica profile (depth 2644.3—2640.0 m); the Nemagrap-
tus gracilis Zone, :

Genus CLIMACOGRAPTUS Hall, 1865

Climacograptus bekkeri (Opik, 1927)
(Pl 11, Fig. 2)

1825, Diplograptus bekkeri n. sp.; Opik, p. 28, Pl 6, Flgs 1—15.
1832. Climacograptus haljalensis n. sp.; Bulman, p. 10, Figs 4—4, P, 3, Figs 1—34,
1880. Climacograptus bekkeri (Upik); Strachan, p. 5354, Fig. .

Material. — 15 flattened specimens, _ , o

Description. — Largest rhabdosome 300 mm long. Width of proximal end
(at the height of thecae 1—1% 1.5 mm, that of the distal end — 1.9 mm. Thecae
number 7 in 5 mm proximally, 6 in 5 mm distally. Virgella short, well pro-
nounced, 0.15 mm long. Apertural excavations semi-circular, taking up one fourth
.ol the rhabdosome width, proximally extraverted. Thecae bearing short genicular
spines, more conspicuous proximally being there curved downiward.

Remarks, —In characteristic genicular spines the species Climacograptus bek-~
keri (Upik) differs from other representatives of the genus Climacograptus.

- Occurrence. — Lower Caradocian (the Ludibundus Beds of the Tvaren area in
-Sweden, Strachan 1960); Estonia (Opik 1927). In the Eeba Elevation: Bialogéra 1
profile (depth 2673.1—2672.1 m) and Piasnica 2 (depth 2648.3—2647.3 m); Glypto-
graptus teretiusculus + Nemagraptus gracilis Zones. '

Climacograptus brevis cf. mutebilis Strachan, 1960
(Pl 7, Fig. 3)- )
1860. Climacograptus brevis var. mutadilis nov.; Strachan; p. 84—80, Fige 4—9, 9a, P13, Figs

610, PL 2, Figs 2—4.

1863. Climacograpius brevis cf. mutadbilis Sirachan; Skoglund, p. 42, Pl 5, Figs 34,

Material. —2 flattened poorly preserved specimens, '

Description. — Rhabdosome small, 45 mm long. At first proximal part 0.8 mm
in width but increasing to attain 1.0 mm in the distal part of the rhabdosome.
Six thecae in 4 mm both proximally and distally. Thecae alternating, of the cli-
macograptid type with well pronounced geniculum (PL 7, Fig. 3). Free ventiral
walls of thecae straight or slightly rounded, Apertural margins horizontal, aper-
tural excavations occupy roughly one third of the rhabdosome widith. Median
septum complete, sicula not visible, virgella short, well preserved.

Remarks, — The specimens found in the profiles of the. Eeba Elevation show
many features in common with those of the forms described by Skoglund (1963)
from the V#stergitland area in Sweden. The species Climacograptus brevis cf.
mutabilis Strachan resembles Climacograptus angustus (Perner);- differing ' from
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it in a wider rhabdosome and more closely packed thecae in 10 mm of the rhabdo-
some. length. -

Occurrence. — Strachan (1960) mentions this ‘species from the Ludibundus
Beds (Lower Caradocian) of the Tviren area in Sweden. Skoglund (1963) ‘mentions
its presence in déposits of the Fjiicka Formation (Upper Caradocian) of the Vister-
gotland area in Sweden." Within the Leba Elevation it has been identified’in the
Bialogbéra 1 profile (depth 2839.6—2638.5 m) in the Climacograptus styloideus. ane.

_ Climacograptus cf. caudatus- Lapworth; 1876
" (Pl. 10, Fig. 4)

Material. —Two flattened . specimens, one of them wlth the proximal part
preserved.

Description. — The preserved rhabdosome fragment is 150 mum long (thhout
the virgella), widening out gradually from 0.7 mm proximally to 1.7 mm distally.
Thecae number 11—12 in 10 mm. Free ventiral walls of thecae siraight, slightly
inclined away from the vertical axis of the rhabdosome; apertural margin hori-
zontal or slightly introverted. The proximal end in this species markedly charac-
teristic, terminating with a long virgella (this being 7.0 mm long in the specimen
here described) partly surrounded by the membrane (over a length of 0.3 mm).
Median septum complete.

 Remarks. — Specimens from the Eeba Elevation differ from those described
by Elles and Wood (1906) in markedly smaller dimensions of the rhabdosome.
The British specimens are 20.0—60.0 mm long, 2.0—25 mm wide; the virgella
10,0—30.0 mm long surrounded by the membrane over 3.0—13.0 mm. The distal
thecae in C. caudatus Lapw. change in shape from a climacograptid to the diplo-
graptid type. They become more rounded, the geniculum is less pronounced, their
free ventral walls inclined away from the rhabdosome axis. The distal part not .
being preserved in-the specimen here considered it is not possible to determine
the shape of thecae in this part of the rhabdosome. Our specimens may possibly
resemble Climacograpius antiquus antiquus Lapworth differing, however, by the
absence of thecal spines in the two first thecae and in a less rounded proximal end.

Occurrence. — The species Climacograptus caudatus Lapworth is encountered
in the Dicranograptus clingani Zone of Great Britain (Elles & Wood 1908), in the
Middle and Lower Caradocian of North America (Erdtmann 1976, Ross & Berry
1963). Also in the Estonian Series (Upper Caradocian) of Victoria in Australia
(Harris & Thomas 1955), in the Upper Caradocian (the Climacograptus styloideus
Zone) of the Leba Elevation — Bialogéra 2 profile (depth 2614.2—2613.2 m).

Climacograptus kuckersianus Wiman, 1896
(PL 7, Fig. 1)
lm cuﬁacograptus kuckersianug Wiman; Jaanusson, p. 333334, Pl, 4, Figs 1112,

Material. — 10 £ragmental rthabdosomes; all flattened with a poorly preserved
proximal part.

Description. — Rhabdosome minute and narrow. The largest of the preserved
fragments is 7.0 mm long. The figured specimen (Pl 7, Fig. 1) 5.0 mm in length,
proximal width (thecae 1:—12) -0.53 mm, distal width 0.76 mm. Thecae of the
climacograptid - type, free ventral walls perpendicular to the rhabdosome axis,
their constant height throughout the rhabdosome length being 0.57 mm. Apertural
excavations narrow and shallow, apertural margin straight, perpendicular to the
rhabdosome axis, .
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Remarks. — The Eeba region specimens do not differ from representatives of
this species described by Jaanusson (1960) from Estonia. C. kuckersianus Wiman
somewhat resembles Climacograptus brevis mutabilis Strachan differing in slightly
smaller dimensions of the rhabdosome. -

Occurrence. — Kukruse Stage of Estonia (Jaanusson 1960). In the Eeba Ele-
vation: Zarnowiec 5 profile {(depth 2869,0-—2668.0 m, also 2674.0—2672.0 m); the
Glyptograptus teretiusculus -+ Nemagraptus gracilis Zones.

Climacograptus spiniferus Ruedemann, 1912
. ' (Pl 8, Figs 1, 7)

1832 Climdcograptus diplacanthus; Bulman, p. 1318, Figs 78, PL 3, Figs 1—30.

1963, Climacograptus spiniferus Rudemann; Ross & Berry, p. 130, PL 8, Fig. 12 .

1974. Climacograptus spiniferus Ruedemann; Riva, p. 11-17, Fign 3-4, Pl. 1, Figs 4, 8

1974. Ciimhacograptus cf. -spiniferus Ruedemann; Strachan, p. 100—102, Fig. 2d, PL 8, Figs
3-3, 6. ) ’

1978. Cuchogmptm spiniferus: Ruedemann; Erdtmann, p. 100—-101, PL 7, Figs B (3a), B (6a),
B (6b), B (8c), G (2a), M (2a), M (8a). . . -
Material. — Several tens of poorly preserved flattened . specimens, a few as

external casts. Five specimens -with well preserved proximal part.

Description. — Largest of the available rhabdosome fragments is 150 mm
long. Most of the rhabdosomes are, however, smaller, with few thecae representing
the juvenile stadium. Specimen figured in Pl, 8, Fig. 1 is. 48 mm long. Its proximal
width (at the level of thecae 1:—13) equal to 0.8 mm: at that of thecae 6—62
increasing to 1.2 mam. There are 6.5 thecae in 5.0 mm. The apertural excavations
are rather deep and wide, about one-quarter to one-third the width of the
rhabdosome. The infragenicular walls are straight or slightly curved. Theca 1!
bearing a thecal spine together with the virgella forming a dichotornous bran-
ching at the proximal end. The virgella often symmetric to the thecal spine of
theca 11 but as a rule is longer. More often, however, the two proximal spines are
asymmetrically arranged arcund the proximal end. In young individuals both the
virgella and the thecal spines are short and narrow (cf. PL 8, Fig. 1). Median
septum originating at the level of thecae 2192 o :

" Remarks. — Specimens from. the Eeba Elevation represent the juvenile rhab-
dosomes of the species Climacogreptus spiniferus Ruedemann. They are mostly
small specimens not exceeding 10.0 mm in length, consisting of several thecae.
The preserved rhabdosome fragments possibly resemble the species Climacograp-
tus pygmaeus Ruedemann both in size and shape of the rhabdosome, the thecae
and in the character of the proximal end, especially so in the asymmetrically
placed proximal spines of the representatives of the species Climacograptus spi-
niferus Ruedemann. The two. here mentioned species differ in the number of
thecae in 10.0 mm, as there are 11—12 thecae in C. spiniferus and 14—16 thecae
in C. pygpmaeus.

Occurrence.— Upper Caradocian, the Climacograptus spiniferus Zone of the
NE part of North America (Riva 1974), the Orthograptus intermedius Zone in
Texas (Berry 1960) and in the western part of the USA (Ross & Berry 1863), the
Upper Caradocian of Newfoundland (Erdtmann "1876);  the ‘Girvan and Moffat
areas -of Great Britain (Riva 1974); Middle Caradocian — the Diplograptus  ingens
wellingtonensis Zone in the NE part of USSR. Within' the Zeba Elevation area
this species has been identified in the Bialogéra 2 profile (depth 2616.2—2615.2 m)
and Debki 2 profile (depth 2597.7—2506.7 m) in the Dicranograptus clingani and
the Climacograptus styloideus Zones. B :

4+
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Climacograptus sp. 1
- (Pl 13, Fig. 3)
Material. — One flattened specimén with an incompletely preserved distal part.
Description. — Rhabdosome small and narrow. The preserved fragment is
10.0 mm long. At the height of apertures of thecde 11 and 1? width of proximal
end 0.76 mm to increase to 1.25 mm at the height of thecae 5'—5% and thus to
remain constant to the end of the preserved rhabdosome. Thecae closely packed,
there being 8 thecae in 5 mm proximally and 7 thecae distally. Free veniral walls
of thecae straight or very slightly convex. Apertural excavations deep and broad,
taking up one-third of the rhabdosome width; apertural margin straight and nearly
perpendicular to the rhabdosome axis. Proximal end rounded, with a short but
well pronounced virgella and two fine thecal spines originating below the aper-
tures of thecae 1112 (PL 13, Fig. 3). Median septum siraight, visible from the
level of thecae 6! and 62
- Remarks. — The specimen described above does not resemble any of the known
species of Climacograpius. The Eeba Elevation: Bjalogéra 1 prolee {depth 2668.9—
2667.9 m), the .Diplograptus multidens Zone,

- Climacograptus sp 2
(PlL. 10, Fig. 3)

Material. — 16 flattened rhabdqsome fragments without proximal ends.

Description. — The largest rhabdosome fragment (Pl. 10, Fig. 3) 26.0 mm long.
Width at the height of apertures of thecae 11-12 0.98 mm, of thecae 5'—52
1,52 mm, distal width 2.6 mm. Thecae of the climacograptid type, their free
ventral walls straight, parallel to the rhabdosome axis; proximally thecal height
0.57 mm, distally 0.76 mm. Apertural excavations deep, oblique to the rhabdosome
axis (¢f. PL 10, Fig. 3), with a dorsalo-proximal course. There are 6 thecae/s mm
in the proximal part. 5 thecae/5 mm in the distal part. Proximal thecae cons-
picuously alternating, overlapping one half their length. Distally less conspmuously :
alternating.

Remariks.— A description of the proximal part can hardly bhe given because
of its poor state of preservation. In shape of thecae and particularly in the dorsalo-
-proximal course of the apertural excavations the specimens here described
resemble Pseudoclimacograptus wvestrogothicus Jaanusson & . Skoglund, though
differing in dimensions. From Climacograptus antiquus antiguus Lapw. they differ
in shape of thecae and of the aperiural excavations. In Climacograptus sp, 2
the course of these excavations being more distmctly dorsalo-proxunal than in
Climacograptus antiquus ant:quus Lapw.

Occurrence. — In the Leba Elevation: Piasnica 2 profile (depth 2648.3—2646.3 m);
the Glyptograptus teretiusculus -+ ? Nemagraptus gracilis Zone.

Genus GLYPTOGRAFTUS Lapworth, 1873

Glyptog'raptus cernuus Jaanusson, 1980
(Pl 12, Fig. 3)

1850. Glyptogmptus cernuus n. sp.; Jaanusson, p. 324—825, Fig. éa, Pl 3, Fig. 9.

Material. — One complete flattened specimen, several fragmental rhabdosomes
. Description. — Rhabdosome small; the specimen figured in Pl 12, Fig, 3 is
8.0 mm long. Proximal width (thecae 21—2? 1.1 mm; distal width 1.9 mm, Prox-
.imally there are 6 thecae/5 mm, distally 5.5 thecae/s mm of the rhabdosome length.
Thecae of the glyptograptid type, free ventral walls sinusoidal, apertural margins
of thecae slightly concave, thecae distinctly alternating both proximally and
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distally. Thecae 1! and 12 bearing short spines originating slightly below the
apertures. Spines asymmetrically arranged on either side of the rhabdosome.
Virgela short 0.6 mm - in length, virgula not visible.
" _Remarks.—In small dimensions of .the rhabdosome Gl. cernuus Jaanusson
differs. from. other representatives of the genus Glyptograptus. In contradistinction .
to Gl. vikarbyensis Jaanusson whose thecal arrangement on either side of the
rhabdosome is subsymmetrical, Gl. cernuus Jaanusson is characterized by a well
pronounced alternating arrangement of thecae all along the rhabdosome length.
From Gl. uplandicus (Wiman), by Strachan assigned (1960) to the genus Ortho-
graptus, the species Gl. cernuus Jaanusson differs in the absence of the two
apertural spines of the sicula, present in Gl uplendicus (Wiman), in smaller
dimensions of the rhabdosome; more closely packed thecae and more strongly
curved ventral walls of thecae.

Occurrence.— Sweden — the Uhaku Stage (Furudal L:mestone, Jaanusson
1860). In the Leba Elevation — Piagnica 2 profile (depth 2647.3—2646.3 m); the
Glyptograptus teretiusculus + ? Nemagraptus gracilis Zone.

Glyptograptus teretiusculus (Hisinger, 1840)
(PL. 10, Fig. 2; Pl 12, Fig. 1; PL 13, Fig. 4)

1907. Diplograptus (Glyptograptius) teraﬂusculua (Huinger). Elleg & Wood, p. 250252, Fig.
- .. 1Ma—d, Pl 31, Fig. la—e.

1813, Diplograptus teretiusculus His.; Hadding, p 4!—45 PL 2, Fig. 15-20.

1980. Glyptograptus cf. teretiusculus (Hisinger, 1840); Jaanusson, p. 322, Fl. 3, Figs 1011,
- 1976." Glyptograptus teretiusculus (Hisinger, 1840); Tsai p. 45—46, Pl 6, Figs. 6—7, 10—13.

Material. — One hundred rhabdosomes, some tens of them comple'te specimens.
All flattened.

" Remarks. —-Specxmens of this spec:les ‘occurring in the Eeba Elevation area
‘have numerous features in common with the British forms (cf. Elles & Wood
1907). They differ from them, however, in somewhat larger dimensions and
a smaller number of thecae in 10.0 mm of the rhabdosome length. From the
North American specimens (Berry 1964, Ruedemann 1947) and from those -of USSR
described from the Tajmyr region (Obut & Sobolevskaya 1964) and from Kazakh-
stan (Tsai 1976) they differ in greater length of the rhabdosome. From the closely
related species Gl euglyphus (Lapworth) they differ in the presence of hasal
spines and greater rhabdosome width. The presence of a well pronounced virgella,
in the part adjacent o the thecae sorrounded by the membrane, characterizes only
the mature specimens; the juvenile stadia of this species being with a very fine
virgella free throughout its length.

Occurrence..— This species- is widely spread in the Llandeman and Caradocian
deposits of Great Britain'(Elles ‘& Wood 1807), ‘North America (Berry 1960, 1964;
Ruedemann 1947); USSR (Keller 1956, Keller & Lisogor 1954, Obut & Sobolevskaya
1964, Tsai 1876), South America (Turner 1960), Australia (Thomas 1960), China
(Lee 1963), Sweden (Jaanusson 1960), In Poland the range of this species is much
the same (Bednarczyk 1871, 1974; Modliiski 1968, 1873; Tomczyk 1962; Tomcezyk
& Turnau-Morawska 1967). In the Eeba Elevation: Piagnica 2 profile, depth 2648.3—
26443 m), Bjalogéra 1 (2674.1—2672.1 m), Debki 3 {2649, 2—-2847.2 m) and Leba 8
(2709.5—2707.5 m); the Glyptograpms teretiusculus and Nemagraptus gracilis Zones.

Glyptograptus sp. 1
(Pl 10 Fig. b)
Material. —1 tomplete specimén.

Descnptzon. - Rhahdosome small, '11.0 mm. long {without the virgella and the
virgula). Proxm:al width (at the height of thecae 1*—1? 0.95 mm, megdian width
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(at thecae 9%—9%) — 1.71 mm, distal width 1.7 mm; showing a constant width over
the greater part of the rhabdosome length. Thecae of.the glyptograptid type,
with sinusoidal free veniral walls. The apertural marging. perpendicular .to the
rhabdosome- axis, straight, proximal slightly directed outward (cf. PL 10, Fig. 5);
proximally 8 thecae in-5 mm, distally 7 thecae in 5 mm. Virgella well pronounced,
‘1.6 mm long; thecae 11 and 12 bearing thecal spines directed downward. Sicula
0.83 mm long. Median septum complete.

Remarks. —The specimen here described-resembles Glyptograptus cf. G, lor-
rainensis (Ruedemann) cited by Jackson (1973) from Manitoba (USA). The dimens-
ions, general shape of the rhabdosome and the character of thecae are similar
it these two forms but -they differ in a differently developed proximal ‘end.
Namely, Gl. cf. G. lorrainensis (Ruedemann) bears two spines origmatmg from
theca 12 Glyptograptus sp. 1 bearing but 1 thecal spine of theca 1%

Occurrence. — Biatogéra 1 profile (depth 2657.7—2656.7 m); the Diplograptus
‘multidens Zone,

Glyptograptus sp. 2
(Pl. 11, Fig. 6)

Material. — 1 flattened specimen.

Description. — The incomplete length (the distal end being absent) of the fxgured
specimen is 18.0 mm (without the virgella). Width of proximal end, at the height
of thecae 1’~—12 1.52 mm, in the median part (thecae 61—§2 — 1.9 mm, distally
2.0 mm. Thecae of the glyptograptid type proximally (theca 2 0.98 mumn: long, in
the median pari 1.14 mm (thecae 6%). Thecae number 8in 5nmprox1mally,5in5mm
distally. Free ventral walls of thecae sinusoidal, apertural excavations deep, directed
dorsalo-proximally (cf. Pl. 11, Fig. 6). Proximal end broad, terminating in a virgella
2.28 mm long, in ils part adjacent to the thecae surrounded over a short distance
by the membrane. Sicula not visible, sicular aperture bearing two .apertural spines
0.76 mm long. Thecae 1! and 12 also bearing apertural or subapertural spines
(the subapertural ones originating just below the apertural margin); the exact
position of the spines indeterminate; the spines 0.46 mm long.

Remarks. — The figured specimen (Pl 11, Fig. 6) resembles Orthograptus
uplandicus (Wiman), by Strachan (1960) assigned to the genus Orthograptus because
of its typically orthograptid type of distal thecae. Wiman (1895) and Bulman in
Thorslund (1940) referred this species to the genus Diplograptus (?Glyptograptus).
Because of the shape of thecae this specimen from the Eeba region has heen
reffered to genus Glyptograptus, but the shape of the rhabdosome, dimensions
and character of the proximal end (2 apertural spines of the sicula) bring Glypto-
graptus sp. 2 to Orthograptus uplandicus (Wiman).

Occurrence. —In the Z%eba Elevation: Pmémm 2 protile (depth 2645.3—
2644.3 m); the Nemagraptus gracilis Zone.

Genus ORTHOGRAPTUS Lapworth, 1873

Orthogmptus truncatus truncatus (Lapworth, 1877)
(PL 11, Fig. 7; Pl 12, Fig. 5)

1907. Diplograptus (Orthograptus) trunca.tus Lapwurth. Elles & Wood, p. 283—385,-Fig.. 184a—b,
Pl, 29, Fig. 3a—e.

1948. Diplograptus (Orthograptus) cf. trumcatus Lapworth, Henningsmoen, p. 42—403.

1963.. Orthograptus truncatus (Lapworth); Ross & Berry, p. 14149, PL 11, Fig. 25.

1970. Orthograptus truncatus truncetus (Lapworth); Toghill, p. 23, Pl 16, Figs l.

1974, - Orthogruptus amplexicauliz (Hall); Riva, p. 293, Fig. 9, Pl 2, Figs 70
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Material. — 50 flattened rhabdosomes, representing juvenile as well as mature
stadia. Some specimens with well preserved proximal parts. .

Description. — Rhabdosome length variable — ranging from 100 mm (in -the
juvenile specimen in PL 12, Fig..5) to 28.0 mm in a mature form in PL 11, Fig, 7.
Proximal width (at-the height of apertures of thecae 1412 of a -juvenile specimen)
1.03. mm, gradually broadening to achieve a rhabdosome length of 2.09 mm at the
height of apertures of thecae 11112 Maximum width: of the largest specimen
is -3.0 mm, Greatest increase in rhabdosome width -occurring proximally to attain
its . maximum value at a distance of 10.0 mm from the proximal end. Some
rhabdosomes. tending to constrict distally. Thecae alternating; 12—i4 in 10.0 mm
proximally, 10—12 distally. In the flattened specimens shape of thecae depends on
- the course and strength of compression. Often the free .ventral walls of thecae
sinusoidal, the thecae taking on a climacograptid character (PL 12, Fig. 5). This
is less conspicuous in the specimen figured in PL 11, Fig. 7. The free ventral
walls of this specimen nearly straight, at an angle of 35—40° from the rhabdosome
aﬁs, the aperiures straight, rarely perpendicular to the rhabdosome axis, more
often inclined away from the axis of the rhabdosome. Proximal end terminating
in a short virgeila. Theca 1! bearing a short subapertural spine; the second
proximal spine represented by a sicular spine ‘is not visible in the specimens here:
examined with a probable length of 2.5 mm as given by Riva (1974).

Remarks.— Riva’s (1974) comparison of the material of O. truncatus truncatus
(Lapworth) from the collection of Elles and Wood with the flattened specimens
of O. amplexicaulis (Hall) from the Canajoharie Shales in the eastern North
American areas has shown the identical morphology of these two forms (Riva
1974). O. amplexicaulis Hall, previously described (Hall 1847) is therefore the older
synonim of O. truncatus truncatus (Lapwor_th). According, however, to article
23(b) of the International Code of Zoology (Mayr 1974, p. 331) a name -used for
at least 50 years may not, after 1961, be replaced by on older synonim.

Occurrence. — Lower Caradocian — the Corynoides americanus — Climaco.
‘graptus spiniferus Zones of North America. Sporadically it also occurs in some-
what younger deposits, including the’ Cl. manitoulinensis Zone {upper part of the
Pleurograptus linearis Zone of the British classification (Riva 1974). Great Britain;:
the Dicranograptus clingani Zone and less often P. linearis (Toghill 1970, Elles
& Wood 1907). Poland: the Climacograptus styloideus Zone of the Holy Cross Mis
(Bednarczyk 1971, Kielan 1956, Tomczyk 1957, 1962) and the Peribaltic Synecligse
(Modlifiski 1873). The Leba Elevation: Bialogéra 2 profile (depth 2619.3—2618.3 and
2614.2—2610.2 m) also Debkl 2 profile (depth 2507.7—2596.7 m); the Dicranograptus
clingani and -Climacograptus styloideus zones.

Genus PSEUDOCLIMACOGRAPTUS Pribyl, 1947

Subgenus PSEUDOCLIMACOGRAPTUS (PSEUDOCLIMACOGRAPTUS)
Pribyl, 1947

Pseudoclimacograptus (P.) clevensis Skoglund, 1963
(Pl 15, Fig. 6)
1963. Pseudoclimacograptus clevensis Skoglund, p. 3788, Pl 2, Figs 5-8.
Material. — One poorly preserved flattened specimen without the distal part.
Dea_:cription.—Rhabdos_ome_ minute, 40 mm long, proximal width 0.7 mm,
distal width 1.2 mm. Five thecae in 40 mm. Free ventral walls straight, some
_slightly convex, height 0.5 mm. Apertural margin straight, perpendicular to
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rhabdosome, axis Virgella well pronounced, 0.3 mm long, thecae 1! and 1* without
thecal spines. Median septum zigzag in form.

Remarks. — The species belonging to the. subgenus P. (Pseudoclimacograptus)
Piibyl are with convex free ventral walls, low arnd deep apertural excavations
and the median septum zigzag throughout the rhabdosome length. ‘The. species-
here described is characteristic by its small rhabdosome dimensions; .the length
of the specimens not exceeding 9.0 mm (Skoglund 1963). The figured specimen does
not differ from the typical representatives of the species Pscl..(P.) clevensis Skog--
lund. This species was found by Skoglund (1863) in association with  graptolites
from the Pleurograptus linearis Zone. Other species belonging to the subgenus:
Pseudoclimacograptus (Pseudoclimacograptus) are krnown only from older.deposits,.
hence Pscl. (P.) clevensis Skoglund is the youngest representative of this subgenus.
Within the Zeba Elevation this specles was found in association with Dicellograp-
tus johnstrupi Hadding; Orthograptus truncatus pouperatus Elles & Wood; ?Lep-
tograptus sp. The above assemblage is characteristic of the Uppermost Caradocian
deposits.

- Occurrence. — The  Pleurograptus linearis Zone (Fjicka Formation, Sweden,
Skoglund 1963). The Eeba Elevation: Debki 2 proﬂle {depth 2596.7—2595.7 m);
Climacograptus styloideus Zone

Pseudoclzmacog'raptus (P.) scharenbergi stenostoma (Bulman, 1947)
(PL 1, Fig. 4)
1947. Climacogreptus scharenbergi var. sienostoma Bulman, p. W, PL %, Figs 11-12, PL 8,

Figs 24, 9.

1974 Pai?;ldocumacompms scharenbergi stenostoma (Bulman); Bl.va, p. 26—-:7. Fig. 8.
1978. Pnudocumcomptus stenostoma (Bulman) Tsal, p. 39--40, PL § Figs 15—17.

Material —2 specimens, one of them complete

Description. — Rhabdosome small —. 82 mm without the virgella and the
virgula. Proximal width, at the height of the apertures of thecae 1%~-1* 0.8 mm;
distal width (thecae 9—9%) — 1.1 mm; 8 thecae in 5.0 mm of the rhabdosome
length. Free ventral walls of thecae convex, apertures of thecae introverted.
Thecal excavations narrow, slitlike. Proximal end round with a short but well
pronounced virgella 0.4 mm in length. Thecae 1! and 12 bearing short thecal
spines. Septum zigzag in form.

Remarks. —In smaller dimensions .of the rhabdosome, especially its smaller.
width, and the narrow slitlike apertural excavations, the subspecies Pseudoclima- .
cograptus (P.) scharenberg stenostoma (Bulman) differs from Ps. (P.) scharenberpi .
scharenbergi (Lapworth). The specimens identified .by the writer markedly re- .
semble the forms shown by Riva (1874) from the east part of North America.

Occurrence. — Lower Caradocian of Great PBritain, the Nemagra'tus gracilis
and Climacograptus bicornis Zones of the Marathon region, Texas, Berry 1960);
the Llandeilian and Lower 'Caradocia__n (Tselinograd and Erkebidaik Stages of
Kazakhstan, Tsai 1976). The Eeba Elevation: Bialogéra I profile (depth 2676.6—
2674.1 m); the Glyptograptus teretiusculus -+ Nemagraptus gracilis Zone.

Pseudoclimacograptus aff. vestrogothicus Jaanusson & Skoglund, 1963
(PL 9; Fig. 7)
Material. —2 flattened -specimens, one of them complete.
Description. — Rhabdosom small, 8.0 mm long. Proximal width (at ‘the height_

of apertures of thecae 1! and 1% 1.14 mm; distal ‘width (at the’ height of thecae
81-8? 1.25 mm; proximally 5 thecae in‘5 mm; distally 55 thecae in 5 mm, Free
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ventral walls' of thecae slightly convex, ‘their height 0.45—0.55 mm. Apertural
excavations deep and fairly broad, proximally semicircular, distally growing more
markedly slitiike. In the proximal part apertures perpendicular to the rhabdosome
axis or even directed outward, higher up somewhat dorsalo-proximally inclined -
(cf. PL 9, Fig, 7). Proximal end rounded with a shor{ virgella 0.3 mm in length.
Theca 1! bearing a short thecal spine originating somewhat below the apertural
margin. Another spine poorly visible, representing the spine of theca 12 or the
sicula. Median septum straight or slightly undulate, readily detectable from the
level of thecae 4%—42

Remarks. — The specimens here described i many aspects resemble Pscl, ves-
trogothicus Jaamusson & Skoglund, but also differ in a number of characters
.from the last mentioned species. Width of the figured specimen practically .con-
stant throughout the rhabdosome length (fmom 1.14 to 1.25 mm). In Pscl. vestro-
gothicus Jaanusson & Skoglund the difference in the width of the rhabdosome
greater, being 1.15—1.30 proximally and 1.8 mm distally. Number of thecae in the’
same unit of length differs too in these two forms. The maximum number of
thecae in the Zeba region specimens is 6 in 5 mm that in the Swedish specimens
being 8.5—T7 thecae proximally (in 5 mm) and 55— thecae in 5 mm distally.
The representatives of the species Pscl. vestrogothicus described by Jaanusson
and Skoglund (1963) are with a rather well pronouniced median septum wzigzag
proximally. On the other hand our specimen is with a poorly conspicuous septum
not suggesting anything as to its shape. The rhabdosome length, shape and
dimensions of thecae are, however, identical in the two forms.

Occurrence. — Bialogéra 1 profile, Diplograptus multidens Zone (depth 2668.9—
" 2667.9 m). Species Pscl. vestrogothicus Jaanusson & Skoglund occur in the Middle
Ordovician deposits (Dalby Formation — N. gracilis — D, multidens Zones). of the
Vistergdtland area (Sweden, Jaanusson & Skoglund 1963).

Pseudoclimacograptus sp.
(Pl. 8, Fig. 6)

Material, — 2 rhabdosomes, both flattened and poorly preserved.

Description, — The figured rhabdosome fragment (PL 8, Fig. 6) is 3.0 mm
long, its width at the height of thecae 14—12 — 0,68 mm; at that of thecae 5—5%.—
. 0.85 mm. The complete rhabdosome consisting of 5 pairs of thecae with slightly
convex free ventral walls, apertural excavations shallow, rounded. Median septum
zigzag in form, virgeHa 0.26 mm long, the virgula 152 mm,

Remarks.— The small dimensions of the rhabdosome bring the specimens
here described close to Pscl. (P.) scharenbergi stenostomga (Bulman) but in the
presence in our forms of rounded apertural excavations as against the narrow
slitiike omes in Pscl. (P) ‘scharenbergi stenostoma (Bulman) these two taxons
differ one from the other (cf. PL 8, Fig. 6 and PL 7, Fig. 4). ’ ,

Occurrence. —In the ¥eba Elevation: Zarnowiec 5 profile {depth 2660,0-
2668.0 m); the Glyptograptus’ teretiusculus + Nemagraptus gracilis Zone, '

Genus LASIOGRAPTUS Lapworth, 1873

Lasiograptus costatus Lapworth, 1873
(PL 14, Fig. 1)

1873. Lasiograptus costatus sp. nov.: Lapworth; p. 559.
1908. - Lasiograptus (Thysanograptus) Harknessi var. costatus (Lapworth); Elles & Wood, p. 37, -
Fig. 215a—g, FL 34, Fig. 2a-—d. ’
1963. Lasiograptus costatus Lapworth; Geh. p. -255, Fig. 136, PL 5, Figs 2427,
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Material. — 10 well preserved flatiened specimens, 4 of them complete.

Description. — Largest rhabdosome 7.0 mm in length. In width 0.57 mm at
the ‘height of apertures of thecae 113 distal width (thecae 6'—6% — 1.9 mm.
Thecae of the lasiograptid type with a well pronounced geniculum, free ventral
walls straight (PL 14, Fig. 1), low — with height of 0.26 mm. Apertural excava-
tions ‘deep, rounded. 7 thecae in 5.0 mm. Thecae bearmg long, double genicular
spines,’ with “mean length of 0.57 mm. Virgella welllprornoimced, 0.5 mm long.
Virgula 2.0 mm long.

Remarks. — The double genicular spines are rarely seen {cf. Pl 14, Fig. 1).
In most casés one long spine is wmble'representmg the elor'ngated geniculum of
every theca ‘'This excepted the specxmens here examined do not differ from the .
typical re'presentahves of the species L. costatus Lapworth. The latter species
resembles L. harknessi (Nich.) but differs from it in somewhat larger dimensions
(the length of L. costatus sometimes being 150 mm with width of 3.0 mm).

Occurrence. — Species Lasiograptus - costatus  Lapworth is -known from the
N. gracllis — Cl. wilsoni Zones of Great Britain (Elles & Wood 1908), China (Geh’
1963), USSR (Tsai 1976), Argentine (Bulman 1931; Turner 1960). In the Eeba
Elevation: Mieroszyno 8 profile (depth 2813.0--2812.0 m), Debki 3 profile (2642.8—
2641.8 m); the Nemagraptus gracilis Zone.

Genus HALLOGRAPTUS Lapworth, 1876

.Hallograptus sp.
(PL. 15, Fig. 5)

Matetial. —T complete flattened specimen. _

Description. — Rhabdosome short and broad. Length 150 mm, width 1.14 mm
at the height of thecae i—12. Proximally the rhabdosome width gradually in-
creasing. to attaint its maximum and thereon constant width to the end of the
rhabdosome of 4.0 mm at the helght of thecae 10*—102 (a distance of 0.6 mm from
the proximal end). 13 thecae in 10.0 mm of the rhabdosome length, (proximally
7 thecae in 5.0° mm). Proximal end poorly. preserved. Thecae 1t and 12 bearmg
short thecal spines, virgella not preserved, Medlan septum runhing along the
rhabdosome, most conspicuous from thé level of thecae 442 Virgula well pro-
nowziced, 0.3 mm long. Thecae of the lasiograptid type with strongly pronounced
geniculum and maximally shortened introverted free ventral walls. Apertural
excavations deép and rounded. Every theca bearing 1 ‘or 2 genicular spines (cf.
Pl. 15, Fig. 5).

Remarks -—On the general shape of the rhabdosome, the shape of thecae and
the presence of genicular spines the specimen here described is reasonably
referable to the genus Hallograptus though in the considerable width of the rhab-
dosome, particula.rly 80 in the distal part, also in the very short genicular spines
it differs from other representatives of this genus.

Occurrence. —In the - Eeba Elevation: Piafnica 2 profile (depth 26463—
2645.3 m); the Nemagraptus graclhs Zone.

Institute of Geological Sciences,
Laboratory of Stratigraphy,
Polisk Academy of Sciences,

Al. Zwirki i Wigury 93,
02-089 Warszawa, Poland
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TERESA PODHALANSKA

ST'R.ATYGRAFIA I ROZWOJ FACJALNY SRODKOWEGO I GORNEGO
ORDOWIKU WYNIESIENIA LEBY (NW POLSKA)

(Streszczenie)

W opracowaniu przedstawiono rezuliaty badafh osadéw Srodkowego i gérnego
ordowiku z obszaru wyniesienia Leby, stanowiacego zachodnia czeié syneklizy
perybaltyciiej.

Podstawe opracowania stanowily materialy litologiczne i paleontologiczne ze-
brane z profiléw oimiu wiercen wykonanych przez Przedsiehiorstwo Poszukiwah
Nafty i Gazu w Pile. Sg to nastepujace wiercenia: Eeba 8, Bialogéra 1, Biatog6-
ra 2, Zarnowiec 5, Piaénica 2, Debki 2, Debki 3 oraz Mierbszyno 8 (fig. 1).

We wszystkich tych profilach stwierdzono podobny rozwéj facjalny osadéw
ordowiku, Faki ten umozliwil wyréinienie trzech podstawowych jednostek lito-
stratygraficznych: formacji wapieni organodetrytycznych, formacji ilowcéw grap-
tolitowych i formacji marglistej oraz jednego ogniwa zwigzanego z formacja
Srodkowa, '

Zmieniajgce sie wraz z litofacjy zespoly skamienialofci spowodowaly, Ze na-
stepstwo stratygraficzne ustalono na podstawie réinych grup: konodontéw, trylo-
bitéw, brachiopodéw a przede wszystkim graptolitbw, sposréd ktérych oznaczono
60 gatunkéw 1 podgatunkéw naleigceych do 17 rodzajéw. Na podstawie tej fauny
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udokumentowano obecnodé osadéw.od lanwirnu gérnego do aszgilu:wlgeznie.

Pionowe zasiegi taksondéw w poszczegbélnych profilach przedstawiono w tabe-
Jach od 2 do 9. Na planszach (1 do 18) zilustrowano wszystkie zebrane i oznaczone
graplolity, brachiopody. oraz irylobity. Ponadto przedstawiono opisy grapiolitow
nie znanych -do tej pory- w Polsce Iub posiadajqcych zasadnicze. znaczenie dla
stratygratii badanych osadéw. .

Analiza wyréimionych jednostek litostratygraficznych oraz zespoléw skamie-
nialodci pozwolila na rekonstrukcje Srodowisk sedymentacyjnych .panujacych
w lebgkiej strefie ordowidkiege rbiornika epikoniynentalnego. -

Przedstawiono takZe rozwodj facjalno-paleogeograficzny sSrodkowego i gérnego
ordowiku w mejonie %eby. Korelacja opracowanych profiléw ordowiku pbinoc-
no-zachodniej Polski z podobnie wyksztalconymi osadami Skanii i Bornholmu
wylkazata genetyczne zwiazki miedzy tymi obszarami, wynikajace z podobnego
rozwoju skansko-lebskiej strefy zbiornika morskiego rozciggajacej sie wadluz
krawedzi szelfu. (por. tab. 11, fig.:13).
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?Leptograptus sp.; Dgbkl 2, 2586.7—2595.7 m, Xd.
— Nemagraptus cf. gracilis graciils (Hall); Plasnica 2, 2646.3--2845.3 m. Xa&.

Dichograptidae Lapw. (?Didymograptus sp.); Leba &, IT709.5—2708.5 m,
Dendrograptidac Roemer gen. et sp. indel.; Blalogéra 1, 2678.6—2674.1,

T. PODHALANSKA PL.

X 1.8
X2
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1 — Corynotdes cf. calicularis Nich.; Debki 3, 2641.8—28408 m, XT.

2 —~ Corynoldes cf. calicularis Nlich.; Blalogora 2, 2626526235 m, X7

3 — Dendrograptidae Roemer gen. et sp. indet.; Debkl 3, 2648.2—2647.2 m, X6.

4 — Dlcallograptus divaricatus salopiensis Elles & Wood, proximal part; Planica 2, 2645.3—
~2644.3 M, X3J.

§ — Dictyonema sp.; Debkl 2, 2648.2—2647.2 m, X2.

8 — Dicellograptus vagus Hadding; Blalogéra 1, 2673.1--2672.1 m, X8
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1 — Dicellograplus pumilus Lapw.; Leba 8, 2871.8—2670.8 m, X8,

2—3 — Dicellograptus johnstrup! Hadding: Blalogora 2, 2811.2—2812.2 m; 2 X4, 3 XIlo.
4 — Dicellograptus caducous Lapw.; Leba 8, 2671.8—-28708 m, X8.

8 — Dicellograptus johnstrupl Hadding; Blalogéra 2, 1814.2—2013.2 m, X12.

8 — Dicranograptus ziczac Lapw.; Mleroszyno 8, 2813.0—~2812.0 m, X10.
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1—2, 4 — Dlcellograptus sextans Hall; 1 — Debkl 3, 2645.0—28440 m, X#6; 2 — Pladnica 2,
2847.3—26486.3 m, X4, 4 — Leba &, 2703.5—2707.3 m, XA4.
3 — Dicranograptus ziczac Lapw.; Mieroszyno 8, 2813.0—2812.0 m, X10.
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1 — Zarnowlec 5§, 2673.0—2672.0 m,

hincksil Hopkinson;
X10; 7 — Mieroszyno £, 2813.0—28120 m, X10; 8§ — Zarnowiec 3, 2060.0—2668.0 m, X10.

2—3 — Dicranograptus ciingani Carruthers; 2 — Leba §, 2671.8—260.8 m, X23; 3 — Eialogoras 2,
2619.3—2618.2 m, X215,

4 — Nanograptus cf. phyllioides (Elles & Wood); Bialogbra 1, 2675.6—2674.1 m, X1

88, 9 — Nanograptus cf. lapworthi Hadding; Blalogora 1, 2675.(—2674.1 m, X12; 5 — mature
stage, § — juvenile stage, § — 2674.1—2873.1 m.

1, T7—8 — Glossograptus cf. hincksii
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1 — Dicranograptus brewvicaulis Elles & Wood: Pladnica 2, 2646.3—2845.3 m, X2.

2 — Climacograptus antiquus antiquus Lapw.; Debkl 3, 2642.8—2841.8 m, *3.5.

3 — Diplograptus multidens Elles & Wood; Bialogéra 2, 2621.3—2622.3 m, XI10.

4 — Diplograptus compactus Elles & Wood; Blatogora 1, 2847.6—2646.6 m, X3.

3 — Dicellograptus divaricatus salopiensis Elles & Wood; proximal part, Bislogdra 1, 2673.1—
2672.1 m, X10.
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1 — Climacograptus kuckersianus Wiman; Zarnowlec 5, 2673.0—267T2.0 m, X]10.

2 — Climacograptus brevis Elles & Wood; Biatogors 1, 2674,1—2673.1 m, XT7.

J — Climacograptus brevis cf. mutabllis Strachan; Blelogéra 1, 2639.6—2638.3 m, XIl12,

4 — Psaudoclimacograptus (P.) scharenbergl stenostoma (Bulman); Bialogéra 1, 2874.1—2673.1 m,
X8,

3-8 — Diplograptus sp. 1, Blalogora 2, 262).3—2622.3 m; 5 X4, § — proximal part, XT.

7 — Amplexograptus cf. fallar Bulman; Pladnica 2, 2644.3--2643.3 m, X4.

8 — Diplograptus cf. pristis (Hisinger); Blslogbéra I, 2643.86—2642.8 m, XJ.
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1, 7 — Climacograptus spiniferus Ruedemann; ! — Bilalogéra 2, 12816.2-—2615.2 m, X112, 7 —

Debkl 2, 2507.7—1596.7 m, X8.
2—3 — Amplexograptus arctus Elles & Wood; Bislogéra 1, 2670.0—2689.9 m, XB8.

{ — Amplerograptus perercavatus (Lapworth); Pladnica 2, 2645.3—26443 m, X5.
§ — Climacograptus angustus (Perner); Blalogéra 2, 2614.2—2613.2 m, X12.
8 — Pseudoclimacograptus sp.; Zarnowlec §, 2669.0—2668.0 m, X10,
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1—2 — Climacograptus antiguus antiquus Lapworth; 1 - Debkl 3, 2645.0—2844.0 m, X@; 2 —
Bialogbra 1, 2673.6—2674.1 m, X8§.

3 — Climacograptus brevis Elles & Wood; Debki 3, 2640228472 m, X5

4 — Climacograptus styloideus Elles & Wood; Debki 2, 2567.7—-2596.7 m, X2

5--6 — Climacograptus bicornis bicornis (Hall); 5 — Bialogora 2, 2614.2—2613.2 m, X% 6 —
Blalogéra 2, 2619.3—2618.2 m, XI12.

7 — Pseudoclimacograptus aff. vestrogothicus Jasnusson & Skoglund; Blalogbra 1, 2668.9—
26678 m, XIl10.



ACTA GEOLOGICA POLONICA T. PODHALARSKA PL. 10

1 — Climacograptus wilsonl Lapworth; Blalogora 1, 2869.9—2588.9 m, X §.

2 — Glyptograptus taeretiusculus (His.); Blalogéra 1, 2674.1—2673.1 m, X4

3 — Climacograptus sp. 2; Piadnica 2, 2648.6—2847.3 m, XS§.

4 — Cllmacograptus cf. caudatus Lapw.; Blalogira 2, 2614.2—2813.2 m, X35.

8§ — Glyptograptus sp. 1; Blslogdra 1, 2857.7—2658.7 m, X&€.

6—7 — Climacograptus minimus Carrulhers; 6 — Leba 8, 12671.8—2670.8 m, X4; 7 — Leba 8,
2688,8—2665.8 m, XA4.



ACTA GEOLOGICA POLONICA T. PODHALANSKA PL. 11

1 — Diplograptus multidens Elles & Wood; Leba 8§, 2707.5—2706.5 m, X4

2 — Climacograptus bekkeri (Opik); Bialogbéra 1, 2673.1—2672.1 m, X35.

3 — Orthograptus calcaratus vulgatus Elles & Wood; Bialogéra 2, 2622.3—2621.3 m, X4

4 — Climacograptus antiquus antiquus Lapw.; Biatogbéra 1, 2670.1—2669.9 m, X3.5.

5, 8 — Pseudoclimacograptus (P.) scharenbergi scharenbergi (Lapw.); § — Pia$nica 2,
2645.3 m, X3; 8 — Bialogora 1, 2674.1—2673.1 m, XT.

6 — Glyptograptus sp. 2; Piasnica 2, 2645.3—2644.3 m, X4,

7 — Orthograptus truncatus truncatus (Lapw.); mature stage, 2597.7—2596.7 m, X3.

2646.3—
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1—2 — Glyptograptus teretiusculus (His.); Piaénica 2, 2646.3—26453 m; 1 X3; 2 XA4.

3 — Glyptograptus cernuus Jaanusson; Plasnica 2, 2647.3—2646.3 m, X10.

4, 6 — Orthograptus whitfleldi (Hall); Bialogbéra 1, 2674.1—2673.1 m; 4 — proximal part, X6;
6 X2.5.

§ — Orthograptus truncatus truncatus (Lapw.); juvenile stage, Bialogéra 2, 2614.2—2613.2 m, X7.
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pauperatus Elles & Wood; Leba 8, 2669.86—2668.8 m, X3,
2 — Orthograptus calcaratus vulgatus Elles & Wood; Bialogéra 2, 2617.2—2616.2 m, X2.

1; Blalogéra 1, 2668.9—2667.9 m, X10.
Bialogéra 1, 2674.1—2673.1 m, X2.

® — Lasiograptus harknessi (Nich.); Bialogora 2, 2621.3—2620.3 m, X10,

1 — Orthograptus truncatus

3 — Climacograptus sp.
4 — Glyptograptus teretiusculus (His.);
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1 — Lasiograptus costatus Lapw.; Mieroszyno 8, 2813.0—~2812.0 m, X10.

2—4 — Orthograptus calcaratus calcaratus (Lapw.); 2, 4 — Blalogbéra 2, 2622,3—2621.3 m, 2 X3,
4 — proximal part, X6; 3 — Bialogbéra 1, 2647.6—2646.6 m, X4.

5 — Orthograptus calcaratus acutus Elles & Wood; Bialogbra 1, 2668.9—2667.9 m, X4,

6 — Orthograptus truncatus intermedius Elles & Wood; Leba 8§, 2669.8—2668.8 m, X3.

7 — Lasiograptus cf. costatus Lapw.; Debki 3, 2642,8—2641.8 m, XT7.
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1—-2 Orthograptus apiculatus (Elles & Wood); 1 — Plaénica 2, 2046326453 m, X6; 2 -~
Leba 5, 2700.5-27085 m, X6.
34 — Orthograptus quadrimucronatus Quadrimucronatus (Hall); 3 —~ Debki 2, 2997729967 m,

X4, ¢ — Blalogéra 2, 2614.2-2013.2 m, X§
§ — Hallograptus sp.; Pladnica 2, 20483 20453 m, X8
8 — Pseudoclimacograptus (P.) clevensis Skoglund; Debkl 2, 2506725057 m, X110
7-8 — Hallograptus mucronatus Mmucronatus (Hall); Pladnica 2, 2040320453 m, 7 X4 8§ X4
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Bialogéra 1, 2630.3—2629.0, X3.
2605.5—2604.5 m, X2.

2658.7—2657.7 m, X8,
Bialogéra 2, 2608.5—2607.5 m, X8.

Plaénica 2, 2648.3—2647.3 m, XT.
6 — ?Opsimasaphus Sp.; Debki 2, 2595.7—2594.7 m, X12.

1 — Ecstropheodonta hirnantensis (M'Coy);
2 — Hirnantia sagittifera (M'Coy); Bialogéra 2,
3 — ?Sowerbyella sericea (Sowerby); Bialogora 1,
4 — Mucronaspis cf. mucronata (Brongniart); cephalon,
5 — Sowerbyella rosetana Henningsmoen;
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1 — Lingula sp.; Piadnica 2, 2645.3—2644.3 m, X8,

2 — ?Phillipsinella parabola (Barrande); Bialogéra 2, 2608.5—2607.5 m, X8.
3 — Mucronaspis mucronata (Brongniart); Bialogbéra 2, 2606.5—2605.5 m, X6.
4 — Calliops sp. cf. callicephalus (Had); Debki 2, 2506.7—2595.7 m, XS5.

5 — Tretaspis sp.; Degbki 2, 2595.7—2594.7 m, X6,

6 — Orthoceras sp.; Bialogbéra 1, 2662.9—2661.9 m, X3.
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1 — Obolus elatus Hadd.; Debki 3, 2645.0—2644.0 m, X10.

2 — Obolus sp.; Blalogéra 1, 2675.6—26741 m, X10.

3 — Lingulella dicellograptorum Hadd.; Debkl 2, 2597.7—2586.2 m, X10.

4, 10 — Paterula portlocki (Geinitz); Debki 2, 2597.7—2596.7 m, X10.

5—6 — Hisingerella nitens (His.); Plaénica 2, X15; 5 — 2645.3—2644.3 m; 6 — 2648.6—2647.3

7 — Paterula bohemica Barrande; Piasnica 2, 2646.3—2645.3 m, X10.

8 — Obolus ornatus Hadd.; Debki 2, 2597.7—2596.7 m, X10.

9, 11 — Obolus kiaeri Hadd.; X10; 9 — Debki 3, 2646.2—2645.0 m; 11 — Bialogbéra 1, 2669,
2668.9 m.

12—13 — Lingula sp.; 12 — Blalogéra 2, 2634.0—2633.0 m, X4; 13 — Plaénica 2, 2645.3—2644.3
X3.

. 18
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Organodetrital Limestone Formation
limestone with nodular structure;
of trilobites and ostracods, and shells of brachiopods visible among the bioclasts; Debki

1 — Marly-micritic organodetrital fragmental carapaces

3, 2657.4—2656.4 m, X4.5.
2 — Marly-micritic organodetrital limestone showing streaks enriched in claystonc substance;

Plaénica 2, 2651.3—26%0.3 m, XG6.5.
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Organodetrital Limestone Formation

1 — Marly-micritic organodetrital limestone showing corrosion of organic fossil remains on
the boundary of strongly marly streaks; Debki 3, 2654.4—2653.4 m, X10.5.

2 — Accumulation of badly crushed bioclasts: trilobite, brachiopod, bryozoan and crinoid
remains; Dg¢bki 2, 2636.1—2635.1 m, X12.
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T.

ACTA GEOLOGICA POLONICA

tone Formation

tal Limes

i

I — Marly-micritic organodetrital limestone showing a nodular structure

Organodetr

2655.4—

Debki 3,

X4.5.

2655.0 m,
2 — Section through a gastropod and a bryozoan colony; marly

-micritic organodetrital

limestone; Debki 2, 2636.1—2635.1 m, X60.
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Organodetrital Limestone Formation

1 — Organic fossil remains in marly-micritic limes:one; note burrowings in a trilobite cara-
pace; Dgbki 3, 2657.4—2656.4 m, X80.
2 — Cross section of a crinoidal trochite; Piaénica 2, 2651.3—2650.3 m, X90.
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1—2 — Graptolitic Claystone Formation; Marly Claystone Member; phosphorite
concretions, Debki 3, 2649.2—2648.2 m, X4.5
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Graptolitic Claystone Formation, Marly Claystone Member
1 — Fragmental organic remains in a phosphorite concretion; Dg¢bki 3, 2649.2—2648.2 1, XI16.
2 — Lamiae with ferrous ocolds, lower down phosphorite concretion; Leba 8, 2712.3—2712.0 m,
X6.5.
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Graptolitic Claystone Formation

1 — Parallel flat lamination in claystone with occasionally detectable streaking; Dgbki 2,
2597.7—2596.7T m, X4.5.

2 — Spotted claystone with variable bituminuous substance content; Blalogéra 1, 2656.7—
2655.7 m, X4.5.
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S

Graptolitic Claystone Formation
1 — Non-laminated marly claystone with rare ostracod remains; Debki 3, 2642.8—2641.8 m,
X86.5.
2 — Claystone with probably re-deposited organic remains; absence of abrasion in the
brachiopod shells indicates near transport; Bialogora 2, 2633.0—2632.0 m, X4.5.
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1 — Graptolitic Claystone Formation; marly claystone, section through complete ostracod
carapace; Debki 3, 2645.0 m—2644.0 m, X 130.

2 — Marly Formation; alternating laminae of sandy and marly-micritic limestone; Debki 2,
2595.7—2594.7 m, X4.5.
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