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The Silurian biostratigraphy of Poland
based on graptolites

ABSTRACT: The present state of knowledge of deposits of the Silurian system in
Poland is reported, mainly on borehole data, while the'r biostratigraphy is based

on graptolites, The descriptions of the Silurian deposits follow the regional subdi-
vision of Poland into the particular structural units. The rich graptolite fauna they
contain permits the whole Silurian system of Poland to be subdivided into zones.
These have been defined according to the binding rules. A total number of 42 zones
has been distinguished in the Polish Silurian. Out of these 12 belong to the Valentian,
the youngest of them being separated into two subzones; 8 zones characterize the
Wenlockian; 13 the Ludlovian, 4 of them forming one index horizon; 9 the Post-
ludlovian, with one horizon which can be more accurately defined after its graptolite
fauna has been worked out in greater detail. The standard subdivision of the
Silurian system, including the Ludlovian, used in the present paper, follows the
international rules. Deposits younger than the Ludlovian but older than the Gedin-
nian, without an officially recognized stratotype or mname, are here referred to
under the name of Postludlovian. The correlation of the Polish Silurian deposits
with other, but only neighbouring areas, shows that the [Polish profiles contain
a complete stratigraphic sequence, particularly in the graptolite facies. Here and
there it even passes into the Lower Devonian (Gedinnian) and this makes Poland
a region of paramount importance in the study of the evolution of graptolite faunas.

INTRODUCTION

The increasingly extended prospecting undertaken by the Polish
Geological Survey during the last decade has helped to clear up a number
of problems in the field of structural geology concerning the deep sub-
stratum. Numerous boreholes have yielded rich material; its full descrip-
tion is, however, a timeabsorbing and strenuous task. This material
contains ‘Silurian profiles of deposits which are undoubtedly of great
value. Even preliminary investigations have shown that this system is
developed in Poland in a complete stratigraphic sequence, while ‘its
graptolite fauna is exceptionally abundant and allows a detailed subdi-
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vision. A number of new problems has also come forward concerning the
paleogeography, stratigraphy, tectomics and fac1a1 conditions in the Silu-
rian system of Poland and elsewhere.

The state of knowledge of the Silurian system in Poland, as pre-
sented by the writer, dates back to the middle of 1968. The data here
given are based on the results of his own research studies, continued for
over ten years, as well as on papers already published by himself or other
authors, supplemented by archival material. ’

The biostratigraphy is based exclusively on the graptolite fauna
whose analysis has led to the distinction of graptolite zones in agreement
with the gemerally binding gules, The other fauna, also known from the
various Silurian profiles of Poland, has )been dnsregamded since, so far,
it is very fragmenftarily worked dut.

The standard subdivision of the Silurian system in Poland, used
in the present paper, follows the intermational rules so as to facilitate
more accurate correlation which has been carried out from the samse
aspect in relation to the adjacent areas.

The facial development and the paleogeography wof the Stlurian
system in Poland are briefly discussed and the problem of the Sllumarn/

Devonian boundary ‘in Poland is presented.
‘ All these problems could not be satisfactorily dealt with" W1ﬁhou\t
the assistance and friendly co-operation .of a number of persons.. .

The writer’s most sincere thanks are due to Professor Dr. E. Pas-
sendorfer dfor the helpful suggestions comcerning the lay out of the whole
paper; Doc. Dr. A. Urbanek for the kind permission to make ' use of his
still unpublished results of investigations of the Upper Luidlovian fauna,
as well as for most helpful discussions on the graptolite fatma, Dr. K.
Kore;rwo for successful co-operation in ‘the elaboration of new materials
and frequent discussions on the problems here considered; the Directors
of ‘the Geological Institute in Warsaw for the access to their archival
materials; the Directors and geology staff of the 10il Research Survey
for entrusting him with the elaboration of materials from some recent
boreholes. ‘ ‘

This paper has been prepared in the Stratigraphic Laboratory,
Institute of Geological Sciences of the Polish Academy of Sciences, War-
saw Mr S. Tyborowski, a dratfsman on' its starﬁf must be ﬁhamlked for the
care he took in ‘doing the ‘graphms ' T

HISTORICAL SKETCH OF SILURIAN INVESTIGATIONS IN POLAND
The history of the Silurian ‘investigations in-Poland may be split

up into three periods. The first period covers the-years between 1868
and 1913, i.e. from the discovery of this systemin the Holy Cross Mts. by
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Zejszner (1868), to the publication of a pertinent work by Czarnocki &
Samsonowicz (1913). During that period, side by side with papers by
Zejszner (1869), those by Giirich (1896, 1899), Siemiradzki (1886) and
Sobolev (1900, 1911} supplied dfresh evidence that added to the knowledge
of 'the Silurian. This period, in principle consisting of pioneering .explo-
ration, is now omnly wof historical imjportance, since the concept of the
Silurian. system was mot then well defined, and some authors included
into it also the Ordowvician.

The second period, closely associated with the research work of
Czarnocki and 'Samsonowicz, covers the years from 1913 to 1939. These
two explorers have worked out not only the fundamental stratigraphy of
the Silurian system but also the stratigraphy of the (Paleozoic era in the
Holy Cross Mts. In a mumber of publications (e.g. 'Czarnocki 1919a, b,
1927, 1936, 1938; Samsonowicz 1918, 1923, 1926, 1934) a synthesis was
given of the stratigraphy and the tectonics of that area, while the Pa-
leozoic strata of the Holy Cross Mts. were correlated with other European
regions. Not much can now be added to the basic conclusions of these
authors. Papers concerned with the neighbouring regions (Koztowski 1929,
Samsonowicz 1939) are ‘also important for the knowledge.of the Silurian
stratigraphy.

The third period marks a growth in the research work of the Silu-
rian. It started after the end of the second World War and still continues.
Up to 1956, the investigations carried out by Czarmocki and Samsonowicz
were also centred in the Holy Cross Mts. area. A paper by Czarnocki
(1950) and a chapter in the Handbook on the Geology of Poland by Sam-
sonowicz (1952) are important synthetic works on the Paleozoic of that
region.

Since 1953 other writers are attracted fby ithe Silurian deposits of
the Holy Cross Mts.; among those most noteworthy are Tomczyk (1954,
1956, 1962a, b, c), Tocrnczy[kowa (1957, 1958, 1959, 1962a), Filonowicz (1963),
Kowalczewski (1963, 1968a,b), Teller (1955), Dulski & Zagoérski (1962).
Their publications contain interesting information which mhore clearly
define the Silurian sbratlgra[phy and previous conclusions of Czarnocki
and Samsonowicz.

Investigations on the stratigraphy and development of the Silurian
deposits took a new turn as a program promoting the study wof the sub-
surface structures in the Polish Lowlands was being realized. The first
borehole (Chelm IG-1), drilled in 1956, revealed a 400 m deep profile of
Upper Silurian deposits bearing a rich graptolite fauna. A preliminary
report on the results of this boring was given by Tomeczyk and Teller
(1956), wihile a detailed description of that fauna was completed between
1956 and 1961 (Teller 1964a, Korejwo & Teller 1964). [Since then up to
now, Silurian deposits have been encountered in more than 90 boreholes
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and they have not, as yet, been completely worked out. The following
authors have dealt with the stratigraphy, fauna and lithology of the
Silurian system outside of the Holy Cross Mts.: Hajlasz (1967, 1968), Ja-
worowski (1964, 1965, 1966), Jaworowski & Modlifiski (1968), Teller (1960a,
1962a,c, 1964a,b, 1965, 1966, 1967, 1968a,b), Korejwo & Teller (1968);
Teller & Korejwo (1968a, b, cd, €), Tomezyk (e.g. 1960a, 1962a; 1963a, b,
1964a, b, 1968a,b,c), Urbanek (1960, 1963, 1966), Witwicka (1967) and

A number of [Silurian outcrops occur in the Sudetes which lie within
the territory returmed to Poland in 1945. Research work carried out by
Malinowska (1955), Oberc (1953, 1957, 1966) and Teller (1959, 1960b, c,
1962b) in the Bardo Mts. supplied evidence in some cases directly con-
trary to the views advanced by the German geologists. The same applies
to the Kaczawa Mits. area (Kornas§ 1963; Jerzmanski 1955, 1965, 1968),
and to the Central Sudetes (Gunia & Wojciechowska 1964).

Boreholes in southern: Poland i(the Carpathian doredeep and the
marginal area of the Silesia-Cracow basin) have also yielded interesting
data concerning the stratigraphy and facial development of Silurian de-
posits there (Siedlecki 1962, Roszek & Siedlecki 1963, Tomczyk 1963a).

‘The above brief review of the post-war works shows the tremendous
development of the investigations of the Silurian system in Poland. This
is due mainly to the great abundance of mew materials which attract the
attention of many geologists.

THE SUBDIVISION OF THE SILURTAN SYSTEM IN POLAND

In order to present the subdivision of the Silurian system in Poland
and its correlation with other European areas, it is mecessary to give
a brief review of the evolution of opinions on this problem in the course
of the last ten years. '

- During that time a great number of European geologists were parti~
cularly attracted by the problem of the subdivision of Ludlovian deposits
and of the Silurian/Devonian boundary. This interest may be put down
to the great abundance of new material and the re-interpretation of ear-
lier information. The subdivision of the Valentian and the Wenlockian
seems to be the least or even not at all discussed. In result of the increa-
singly extended studies aiming at the correct subdivision of the Ludlo-
vian and the Silurian/Devonian boundary, a number of papers, some of
them containing controversial opinions, were published between 1958 and
1968. These problems were also broadly discussed at five intermational
conferences held over the same lapse of time (Prague 1958, Bonn 1960,
Rennes 1964, Calgary 1967 and Leningrad 1968).

There is lack of consistency among the various authors in their
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interpretation of the subdivisions of the Siluriam, particularly of the
Upper Silurian, in Poland. Consequentially this may lead to misinterpre-
tations of the development of that system in Poland. The subdivision
here presented is based on the rules and suggestions of the Interna-
tional Subcommission on Stratigraphic Terminology (1961). Its primary
purpose is bo draw up a set of generally binding rules for the subdivision
of the Silurian system in Poland.

The Silurian, as the equivalent of the system in the chronostrati-
graphic classification, is being subdivided into two series, the lower and
the upper. The lower series embraces two stages: the Valentian and the
Wenlockian; the upper one the Ludlovian and the Postludlovian. The
Ludlovian and Postludlovian stages are additionally divided into sub-
stages. :

The smallest units characterizing the Silurian deposits are based on
paleontological data. They are the graptolite zones which fit into the
biostratigraphic classification. In most cases their subdivision follows
the binding rules. A complete Silurian profile with its respective zones
can be distinguished only on a compilation of fragmentary profiles from
various boreholes situated in the epicontinental area.

Within the Holy Cross Mts. there are no graptolites in the upper part
of the Ludlovian and throughout the Postludlovian. Hence, two series
have been differentiated here. The term series is mot used here in its
current meaning in chronostratigraphy but refers to a complex of specifi-
cally developed strata. In lithostratigraphic classification, member would
be its corresponding term as it is superior in rank to a bed.

The names of stages, the Postludlovian excepted, are used according
to ithe rules of priority.

Valentian Stage

The Valentian was introduced by Lapworth (vide Jones 1921) for
a clayey graptolite-bearing complex in southern Scotland. It is a counter
name for Llandovery which is used by Murchison (vide Johes 1921) for
a clay-sandy complex inn Wales. Jones (1921) applies the name of Valen-
tian exclusively to the graptolite facies of Scotland, that of Llandovery
to the geosynclinal area of 'Wales.

In the Lower Silurian of Poland, the graptolite fac1es is predominant
and Valentian is the correct name to be used for the lowermost stage of
that system in Poland. The graptolite zones of Poland are correlated
with those in Scotland where they have first been identified.

The Valentian stage thus understood is subdivided in Poland into
12 graptolite zones, one of them with two subzones. Akidograptus ascen-
sus in the oldest zone, Spirograptus spiralis the youngest one.
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Wenlockian Stage

In Elles’” meaning i(1900) the ‘Wenlockian has its full equivalent in
the Silurian of Poland and its differemtiation is doubtless. It is characte-
rized by eight graptolite zomes, the base indicated by the Cyrtograptus
insectus zone ‘and the top by the Cyrtograptus lundgreni zone.

Ludlovian Stage

This was differentiated by Murchison (1833, 1835) chiefly on litholo-
gical data from profiles in the shelf facies of Wales. Up to 1959 the di-
vision of this stage into smaller lithostratigraphic umits varied greatly
with the different British authors. Since Wales had been recognized as the
type area for Ludlovian deposits, the continental profiles were correlated
to that area, though this was not always fully justifiable.

Holland, Lawson & Walmsley {(1959) published a mew subdivisior
of the Ludlovian deposits of England. The pertinent details were publi-
shed by them in 1963. This’ subdivision is based on biostratigraphic data
and follows the rules of the American Code of Stratigraphic Nomencla-
ture (1961). The Ludlovian was raised to the rank of a series and subdi-
vided into 4 stages (Eltonian, Bringewoodian, Leintwardinian and Whit-
cliffian) which were, in turn, subdivided into beds. This subdivision has.
been correlated with the basin facies of Wales for which Allender’s et al.
(1960) and Holland’s i(1962) division has been accepted. Doubtless, this new
classification fits excellently into the shelly facies of south Wales. It is
not, however, always possible to accept and use it for continental profiles
because of the strong differences in the lithology and the development
of fauna as compared with England.

In most of the Ludlovian profiles of the Continent, in Poland par-
ticularly so, the predominant facies is clayey-marly, containing a grapto-
lite fauna, while other animal groups are subordinate. These profiles bear
closer affinities with the basin facies than with the shelly facies of En-
gland, and 'this should be kept in mind when correlating them. Obviously,
the above does not apply to continental profiles that are characterized
by different facial development (for instance the Barrandian area, Po-
dolia, the shelly facies of the East-European platform). Moreover, in
a number of continental profiles the presence has been observed of Silu-
rian graptolites which are absent above the Ludlovian in the type profile
of England. A continuity of sedimentation to the Lower Devonian is also
observable on the Continent. Neither has the characteristic Ludlow Bone
Bed been ever found in the continental profiles. In Wales the Ludlow -
Bone Bed is regarded as the index Silurian/Devonian boundary horizon
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above which there is a change of facies .into a terrestrial or lagoonal
one. : _ .
Because of the difficulties encountered in the correlation of the
Ludlovian deposits with. the English type. profile, regional subdivisions
with local names were introduced on the Continent, thus increasing the
intricacy of the problem. )

- The opinions of Polish stratigraphers concerning the division of the
Upper Silurian have been gradually modified, too.

Czarnocki (1950) uses the tripartite division of the Ludlovian, inclu-
ding into the uppermost part of the Upper Ludlovian the Bostéw beds
from the Holy Cross Mts., whose Gedinnian age is today quite idoubtless.
Samsonowicz (1952) distinguished the Lower and the. Upper Ludlovian.
A part of the Downtonian was by him included mbo “ohe Uppem Ludlo~
vian, another part into the Gedinnian.

The Tomczyks (1956—1962) also use theé tripartite xdlmsmom both -
for the Holy Cross Mts. and the eplcontmen’oal region. Tomezyk (1962a)
has distinguished — not - ornly 'wtuthm the Ludlovian — a number of beds
which he correlated with the English |d11v1s1on (Holland, Lawson & Walm-
sley 1959) interpreted after his own c'orncegpt His argumentation to justify
the above separation of beds is, d.a., based on thé lack in Europe of
exactly defined boundaries between deposits of the Lower and the Upper
Devonian, the Devonian and the Silurian, as well as between the Lower,
Middle and Upper Ludlovian, moreover, on the lack of more accurate
correlation of the British armd Rhemsh Silurian Wl'th the Bohemian Silu-
rian.

Tomezyk thinks that the introduction of a’ Polish stratigraphic ter-
minology for the Ordovician and the Silurien of ‘Poland would be very
helpful in subdividing these deposits aind Would permut closer correlation
with the classic European profiles.

" It is doubtful whether the introduction of a Polish terminology is
justifiable. Moreover, Tomeczyk’s statement that accurate boundaries are
lacking in the Eurnopean profiles and that the Polish stratigraphic termi-
nology will allow correctly to correlate different sections, seems incon-
gruous.

‘The abowve authors nduvlsmn (’I\omczyk 19162a) was based chiefly on
lithological data. It does not follow the generally binding rules, ito say
. mothing of a number of unclarified points and unjustifiable subdivisions
as well as the incorrect use of the term bed. ‘With this in-mind, the present
writer does not use here Tomczyk’s subdivision of (the Polish Silurian.

A different subdivision of the.Polish [Silurian, including the Ludlo-
vian, was proposed by Tomczyk in 1968b. Silurian is divided into two
series, the lower and the upper. Into the lower series he placed the Lland-
ovenian and Wenlockian stages and also the Lower Ludlovian substage.
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The last named subdivision is supposed to be the equivalent of the Elton~
iam, Bringewoodian and ﬁhe lower part of the Leintwardinian stages (Hol-
land, Lawson & Walmsley 1959).

T‘omczy'k’s upper series of the Silurian system embraces the upper
substage of the Ludlovian arnd a new Podlasie stage. The upper part of
the Leintwardinian, the Whitcliffian and the Ludlow Bone Bed corres-
pond to Tomezyk’s Upper Ludlovian substage, while the Downtonian is
regarded as the equivalent of the Podlasie stage. That author does not
Jjustify his subdivisions, hence, we do mot know the criteria he used for
the subdivision of the Ludlovian into two substages and for the inclusion
-of the Lower Ludlovian into the lower series.

Teller (1964a) included the Ludlovian stage into the Upper Silurian
series, subdividing the former into a lower and am upper substage. The
lower substage embraces the whole Ludlovian in its original meaning,
while the upper correspornids to the Dowmntonian.

In result of mew malterials the writer has revised his views conceirn-
ing the division df the [Upper Silurian series (Teller 1964b).

At present the writer believes that the equivalent of the Ludlovian
stage (whose base is represented by the Eltonian in the shelly facies and
by the Lower Ludlow Graptolite Shales in the basin facies, while its top
by the Whitcliffian and the Upper Ludlow Shelly Siltstones respectively)
is represented in Poland by that part of the Upper Silurian series enclosed
between the base of the Gothograptus nassa zone and the ttop of the Neo-
cucullograptus kozlowskii zone. The top of the Ludlovian approximately
also coincides with the appearance of Monoclimacis ultimus (Perner) and
Monograptus formosus Boutek. The Ludlovian stage thus understood con-
tains in Poland 13 grapitolite zones, four of which jointly form one index
horizon. This stage is, moreover, split up into 2 substages separated by
the top of the Saetograptus leintwandinensis zone.

Postludlovian Stage

At the Prague Conference in 1958 (Prager Arbeitstagung 1960) the
subdivision of the Upper Silurian was for the first time discussed in grea-
ter detail with the object of preventing the introduction of regional divi-
sions and standardizing the subdivision itself. A bipartite subdivision was
suggested for the Silurian of the mixed-Hercynian facies. The lower part,
comprising the Valentian and the Wenlockian remained unmodified,
while two nmew stages, the Budnan and the Lochkov, were proposed for
the upper part. Their stratotypes were chosen in the Barrandian area.
These two new stages were supposed to be the equivalent of the British
Ludlovian and Downtonian. This would, however, contradict the Bristish
division which regards the Downbonian as Lower Devonian. It was pro-
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posed to submit the above suggestions to the International Subcommission
on Stratigraphic Terminology at tthe Copenhagen ‘Congress in 1960,

In 1960, however, at another conference held in Bonn [(Intern. Arbeit-
stagung 1962), new materials were presented showing that the proposed
new Lochkov stage undoubtedly corresponded mot to the Upper Silurian
but to the Gedinnian. A number of paleontological arguments were also
advanced in support of this theory.

An analysis of the brachiopod fauna of Podolia and Belgium led
Boucot (1960) and Boucot & Pankiwskyj (1962) to conclude that ‘the true
Ludlovian is separated from the Gedinnian by a complex of deposits
still showing a predominance of {ypically Silurian brachiopods but where
the Gedinnian and younger forms are already present. Boucot called this
complex the Skala, stressing that it is most certainly Postludlovian, i.e.
Downtonian but still pre~Gedinnian.

Jaeger (1962) believed that Monograptus hercynicus Perner, which
indicated the top zone of ‘the Lochkov stage, might possibly reach the
Siegeniamn.

Conodont (Walliser 1962) and trilobite (Alberti 1962) studies have
also confirmed that the Liochkov ought to be associated not with the Silu-
rian but with the Lower Devionian (Gedinnian). Solle ((1964) on the other
hand, confirmed the earlier suppositions of Schriel (1929) and Gaertner
(1959) that brachiopods typical of the Lower Devonian occurred together
with Monograptus hercynicus Perner.

A different concept was advanced by Nikiforova and Obut (1960)
who suggested to include the Borshchov and the Chortkov Beds of Podo-
lia into a separate stage which they called the Tywer. They looked on
the Tywer as the youngest stage of the Silurian and correlated it with
the Bohemian Liochkov, accepting ‘the existence of a gap between the
Ludlovian and the Downtonian of Great Britain. This concept was rejec-
ted by Ushatinskaya .(1966), indeed, its authors now regard the Tywer as
an equivalent of the Gedinnian (Nikiforova: 1968). '

At the Leningrad Conference in 1968, opinions, as to how to deter-
mine the top of the Silurian, were greatly convergent; the Lochkov was
accepted as the time-equivalent of the Gedinnian; the division of the
Upper Silurian series was not discussed.

Hence, the division of the Upper Silurian itself still remains an
open question because the complex of deposits undoubtedly younger than
the Ludlovian but older than the Gedinnian, already kmown on the
Continent, cannot be correlated with the Upper Silurian of England unless
the Downtonian be recognized as its 'time-equivalent. Tf, however, accor-
ding to the faunal suggestions, this complex is older than the Gedinnian,
it should be included into the Silurian.

In this case, the above complex of deposits should be separated into
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a new stage, equivalent of ‘the Bohemian Budnan, the British Downtonian
and only partly to Boucot’s Skala.

In 1964, on the basis of Polish mate1r1a1s the writer advanced his

conception of a new stage which would embrace the sediments here dis-
cussed. The name of the stage was left an open; question: but its inclusiomn
into the Silurian system was plainly stressed. The more important Euro-
pean profiles were also correlated (Teller 1964b) on ‘the ground .of this
concept. .
Amnother new stage that calle'd Poldl'as1e was lmtmduced into the
Polish literature by Tomczyk (1964a). For its stratotype he chose the
Silurian profile from borehole ‘Chelm IG-1, which has been worked out
by the present writer (Teller 1960a, 1964a). This stage is recognized by
Tomezyk as younger than the Luldlorvmm In what the graptolite zones are
concerned it is more closely related 1o the Barrandian P¥idol Beds than
any other European profiles. Its correlation with some of the European
* profiles makes Tomezyk suppose that in Podolia the Borshchov beds, or
the so called Borshchov homizon, may be an equivalent of the Podlasie
stage. The Jira, possibly the Tilze horizon, will be its equivalent in
Lithuania. Nothing is said by that author about its equivalents in other
European profiles.

The Podlasie stage, created by Tomeczyk, is, hndwever umcceptable
because of two important reasons:

a) the stratotype, ie. the profile from borehole Chelm - IlG-l did not
exist at the time Tomezyk indicated it, because it had been. completely
broken up and only some very small fragments are still available;

b) mo borehole may represent a stratotype since it does not comp*ly
with mecessary requirements.- - ‘ '

ISince the existence of a complex of deposits younger than the
Ludlovian is a fact confirmed not only in (Poland, their tentative defini-
tion should warrant uncontroversial interpretation and correlation. In
the present paper these deposits have been classified” as Postludlovian
which, in the chronostratigraphic classification, could correspond to up-
permost Silurian stage. The subdivision wof this unit in Poland is' based
on the graptolite fauna found in a score of boreholes. The lower boundary
" is indicated by the top of the Neocucullograptus kozlowskii zone, the top
of the Monograptus angustidens. zone being accepted as its upper boun-
dary. A complete profile of these deposits was obtained in Poland. by
compiling the fragmentary profiles from several boreholes. Hence, the
choice of a stratotype is mot possible in.Poland, but such a stratotype,
based on a natural profile, may ‘be established in another region. The
Canadian- profile of the Royal Creek, in the Youcon territory (Lenz 1966,
1967; Lenz & Jackson 1964) seems to be interesting from this point of
view. S s
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Evidently this may alter the proposed name of Postludlovian which
is mow ‘only tentatively introduced by the writer since the final decision
in this matter does mot rest within his competence but that of the Inter-
national Stratigraphical Commission.

_Within the Postludlovian,of Bolamsd 10 graptdhlte zones have so far
been distinguished, but it is mot excluded that ‘their number will increase,

Chart 1
"The subdivision of-the Silurian system in"Poland
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because the lower part of the deposits from the top ‘of the Neocucullo-
graptus kozlowskii zone to the base of the Pristiograptus bugensius zone
has not yet been wiorked out and has, therefore, been tentatively created
into a horizon. The top of 'this horizon separates the: Postluldlo'vuan into
a lower and an upper substage.

" The subdivision of the Sﬂunan system lln Poland, as followed in
‘this paper, is shown on chart 1. :
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SILURIAN AREAS IN POLAND
AND THEIR LITHOLOGICAL-STRATIGRAPHIC CHARACTERISTICS

To presert as clear as possible a picture of the lithology and strati-
graphy of the Silurian system in Poland it seems recommendable to make
a few concise remarks about the main tectomic units of Poland since
they have had an important bearing on the formation and development
of the Silurian deposits (fig. 1).
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Fig. 1

Sketch map showing localization of boreholes in the structural units of Poland

1 probable tectonic boundary between the Precambrian and the Paleozoic platforms, 2 boun-
daries of structural units, 3 margin of the 'Carpathian overthrust, 4 boreholes specified in
chart 2, 5 boreholes not localized owing to technical reasons but specified in chart 2, I Eeba
elevation, II Peribaltic depression, III Mdzury-Suwatki elevation, IV Podlasie depression, V
Stawatycze horst, VI Bug depression, VII Paleozoic platform, VIII the Holy Cross Mts. IX
Carpathian foredeep, X Silesian-Cracow basin, XI the Sudetes and fore-Sudetic monocline
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NE of a line roughly drawn from Kioszalin across Bydgoszcz, S of
Warsaw and NE of Lublin, as far as Rawa Ruska, we are dealing with
a stabile unit of the Precambrian platform. It is an area which has not
been folded by any Paleozoic or younger movements, but where these
movements are registered as sedimentary lacunae or accumulated depo—
sits of great thickness amld specific facies. The old Paleozoic deposits here
lie horizontally ‘and their local dislocations may be connected with the
fault tectonics which are reasonalbly referable to vertical movements that .
occurred either within the platform or:.along. its marginal zone. The mark-
ed differences in the thickness of deposits of the particular systems or
even stages of the older Paleozoic depend on ithe depth at which the
crystalline substratum occurred, also on its morphology as well as the
intensity of ‘the. vertical movements on the Platform itself and in its
marginal zone. The same factors are largely responsible fior the facial dis-
tribution in marine basins of this part of Poland.

The biostratigraphic and lithostratigraphic value of the sedimen-
tary rocks on 'the Precambrian platform is very important, since it so-
metimes proves of the greatest help. in tracing the full development cycle
of deposits of a particular system or stage, as well as in correctly deter-
mining the biostratigraphy and evolution of the organic world.

South-west of the above mentioned line we encounter another
structural unit, -second in size, namely the Paleozoic platform. It was
consolidated and jointed along a tectonic line to the Precambrian plat-
form, during the Ca’lendomian orogeny, and it consists of two structural
stages.

. Silurian deposits are assoc¢iated only with the lower stage whﬂe the
upper one represents the ‘younger cover of ‘the deposits. Besides conside- .
rable differences in thickness and lithological variability they are rather
strongly tectonically disturbed and locally even metamorphosed. The frag-
mentary character of profiles that are, as a rule, obtained at great depths,
hamper stratigraphic accuracy and correlation. The facial distribution of
the Silurian deposits-here was affected both by the development of the
Caledonian geosyncline and the movements ‘taking place in it.

These two structural umnits, extremely different in their dewvelop-
ment, cover more than 80 per cemt of Poland’s territory. The present
state of knowledge concerning Silurian deposits in these units varies; it
may be estimated by the number of boreholes where these deposits
have been found until the middle of 1968. On the Precambrian platform
there are 65 boreholes while on the Paleozoic platform only twenty (chart
2). If, moreover, the quality of the obtained material be also taken into
account, differences in the extent of. knowledge of the Silurian system
in the two structural units will be readily seen. Obviously, this does not
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apply to the ‘Holy: 1Cross:; Md:s amd- to the lSmdetes whene Sllurlan: ldepo-
sits dre: emscaum“bened in mami-al 4w~teraps AT

In’ Vl€'W of thie faet that both in tthe- Ppéeam[bnan aLnd in fthe uPaleo--
Zoic: pla'tform most* gevographmal ‘regions areinterlocked; the writer has
based his 'stru¢tural ‘division; ‘of ‘Polarvd after that: of ' Znosko: (1966) and
of Znosko & Pajchlowa (1968} In"his opinion this division is-perfeetly
logical, -clearly expounded-and’ ‘adequdltely documented, at least in- what
concerns the development ‘of the Silurian system. = -

PozarySkm (1963) division seems more useful in the descnptmn of
deposm:s from the Paleozoic platform, cover than-in that of the Paleozom
platform itself.

The subdivision of the S:Llurlan is vbased on a standard classification
code as has been discussed more at large in the preceding chapter.

Neither does it seem necessary o mention in detail the papers pre-
viously published on that problem, since the lithostratigraphic characteri-
stic of the Silurian are required only for the more general consideration.
Nonetheless, however, some type profiles must be taken into account and
discussed. 1n ‘greater detaﬂ against the background of a given smaller umt
{chart 3).

The Silurian in the East-European Precambrian platform

 This vast structural unit is made up of a number of smaller umts
They are (cf. fig. 1): :

1) the Leba elevation situated in the north—west and represemtmg
the southern slope of the Baltic shield, _

2) 'the Peribaltic depression, stretching equatorially,

3) the Mazury-Suwalki elevation, occupying the eastern part of the
Precambrian platform within Polish territory,

4) the Podlasie dapressmn bordering in the south on the Mazury—
=-Suwaiki elevation,

5) the Stawatycze horst, partly separating the depression of. PodlaF
sie from the Bug depression, ‘

6) the Bug depression, situated in the 'SE penphery 'o«f thle Pre-cam—
brian platform.

The [Mazuu"y-JSuwallkﬂ elervaltmun and ‘the Slawatycze harst are the
only two among the above units where the presence of ‘Silurian depqsﬁs
has not as yet been observed. ‘

'They are represented. inn all. the: other: umts ade the-lr 11thostrat1,gra«-..
phic descriptions are given below. . . .. . -5
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The Leba elevation

The Silurian deposits here were the first to be found in a borehole
situated on the magnetic anomaly discovered in '1927/1928 by the German
geologists (Dahlgrin: & Seitz 1944).

During his visit to Berlin in 1958, the writer wanted to examine in
the Museum of the Geologische Kommission ‘the material preserved from
that borehole. Samples from various depths contained Monograptus ex
gr. formosus Boucek, which indicated that the whole complex could
represent only the Upper Ludlovian. This conclusion was reached by the
writer jointly with Tomeczyk.

Tomezyk (1960b, table 2) shows, however, that the Silurian in bore-
hole Eieba 1 corresponds to the Pristiograptus bugensius — Monograptus
angustidens zones and he correlates this profile with that reached in
Chelm TG-1, referring them both to the Middle Ludlovian.

After inspecting the material preserved from *.eba 1, Jaeger (1962)
discovered at a depth of 715—746 m the presence of Monograptus cf.
bouceki Pribyl, at 767.6 m that of Monograptus cf. similis Piibyl and at
831.8 m that of Monograptus aff. formosus Boucek. The last named form
abounds between 1,267.7—1,273.4 metres. In his conclusions Jaeger states
that the graptolites do not permit accurately ito determine the age of the
lower parts of the profile from that borehole, and that most. probably
the deposits reached there were not Ludloviar: but younger in age.

In 1961, the writer paid another visit to East Germany, during
which, after a reexamination of the preserved material he was able to
conclude (Teller 1962c) that Silurian deposits from borehole E.eba 1 are
an equivalent of a part of the series from boreholes Lebork IG-1 and
Zebrak IG-1, encountered between the Saetograptus leintwardinensis and
the Monograptus formosus zones. '

The present state of knowledge of the Silurian in this area permits
accurately to determine the stratigraphic position of the Silurian from
borehole Eeba 1. It can be conclusively postulated that these deposits
correspond to the lower part of the Postludlovian 1, i.e. to the M. formo-
sus horizon.

Between 1961 and 1968, 34 boreholes were drilled on the keba ele-
vation (fig. .1, chart 2). Silurian deposits, ranging in thickness from a few
to several hundred metres, invariably underlie the Zechstein.

Most of these boreholes are in the eastern part of 'the Eeba elevation
(Cetniewo IG-1, 3, 4; Chiapowo IG-1, 3, 4; Czarny Miyn IG-1, 2; Debki
1G-1; Jastarnia IG-1; Jastrzebia Gora IG-1; Karwia IG<1; Klanino IG-1;
Mieroszymno 1G-2, 3, 4, 5, 6; 'Opalino IG-1; Ostrowo IG-1; Radoszewo IG-1,

1 The ostracod rﬁaxuna from this borehole has been worked out by Masrtmsson
(1964) but without conclusive stratigraphic references.

2
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2, 3; Salino IG-1; Skupowo IG-1; Wejherowo IG-1; Wiadystawowo IG-1),
a few are in its cenfral region \(Zeba 1, 2, 3, 4, 6, 7; Zarnowiec IG-1) while
only one (Eeba 5) is in the western part.

There is a lithological predominance of grey-greenish calcareous
mudstones, with intercalations of marls and marly limestones, locally
organodetrital. The dominant fossils are non-graptolithic, mainly brachio-
pods, pelecypods, gastropods, trilobites and ostracods. Graptolites are rare,
but they are fairly good age-markers. The forms identified here (Teller
1966) are Monograptus formosus Boucelk, M. lebanensis Teller, Monograp-
tus balticus Teller, Linograptus posthumus (Richter) and Pristiograptus du-
bius dubius (Suess). Stratigraphically these deposits are most likely
younger than Ludlovien and, similarly as in borehole fieba 1, they
represent the Postludlovian. No lower members of 'the Silurian have, so
far, been reached in the Leba elevation 2, :

The character of the deposits and the fauna ‘they contain suggest
that, during the Upper Silurian, the Eeba elevation had been covered by
sea, none oo deep and with rather strongly differentiated sedimentary
conditions of the meritic type. A regime of this kind will cause strong
facial variability, even within a very small area, so it is not likely for
a -definite facies to have prevailed over a longer period and thus permit
it to be traced over large areas 3.

The Peribaltic depression

The Silurian deposits, reached in a number of boreholes in the
Peribaltic depression, have been investigated in some detail. The eastern
part of this depression I(in the Polish literature referred to as the Polish-
-Lithuanian depression or the Polish-Lithuanian symeclise) is raised in
relation to the westerm part, while drillings on its southern slope, imme-
diately under the Rothliegende pierced the Lower Silurian deposits in
boreholes Jezioro-Okragle IG-1, Ketrzyn IG-1 (Tomczyk 1968b), Lan-
kiejmy 1 and 2, Zawada 1, Klewno 1 (Teller 1967) and reached the
Ordovician (Modlinski 1967, Bednarczyk 1968).

Upper Silurian (Ludlovian) deposits occur in the axial part of the
depression — as is shown in boreholes Bartoszyce IG-1 and Pastek IG-1

2 In 1968 a new borehole (Zarnowiec IG-1) pierced the Silurian which ooccurs
there at a depth frmom 829 to 2,645 m, being thus 1,814 m thick. This borehole is still
being drilled and the exact results are not yet known. Tt may, however, be reasonably
supposed that the complete Silurian profile is represented here (oral communication
from Dr. A. Witkowski of the Geological Institute).

3 Tomecezyk (1968b) differentiated in this area a number of litho- and biofacies
which have not, however, been observed by the present writer during his analysis

of the available material.
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(Tomczyk 1962a), Korsze 1 (Teller 1967), Olsztyn I1G-2, even ithose of the
Postludlovian — in boreholes Goldap IG-1, Paslek IG-1 (fig. 1, chart 2).

Lithologically the Silurian is fairly well differentiated. In boreholes
Lankiejmy 1, 2, Korsze 1, Zawada 1, Klewno 1 (Teller 1967), Olsztyn IG-1,
Ketrzyn IG-1, Bartoszyce 1G-1 (Jaworowski & Modlinski 1968) the Lower
Valentian is developed as modular limestones of a pale-yellow, brownish
colour. A dark-grey marly-clayey substance is found among the modules.
The fauna is extremely scarce. Encrinurus ex gr. kiltziensis Rosenst. and
Leonaspis cf. olini Troeds. are reported by Jaworowski & Modliniski (1968)
from borehole Ketrzyn IG-1, while poorly preserved graptolite fragments
have been detected by Professor R. Kozlowski in the material supplied
to him by the writer from borehole Lankiejmy 1.

The limestones are overlaid by marly green mundstones with inter-
calations of black shales. The graptolites in the black shales indicate their
Upper Valentian age — from the [Pristiograptus cyphus zone to the
Spirograptus spiralis zome (Tomczyk 1964a, 1968b; Teller 1967). The
thickness of the Vialentian deposits manges from 12 ‘to 45 metres.

The Wenlockian is very monotonously dewveloped. It is represented
by gray, locally calcareous, mudstones bearing a graptolite fauna from
the Cyrtograptus insectus to the C. lundgreni zone (Tomczyk 1964a, Ja-
wonowski 1965, Teller 1967). The Wenlockian deposits are up ‘to 120' m
thick.

The Ludlovian deposits are characterized by rather strong litholo-,
gical variability. Side-by side with the grey mudstones there occur inter-
calations of siltstones, also of calcareous mudstones and lenses of marly
limestones. The graptolite fauna is abundant and represents zones from
the Gothograptus nassa to the Neocucullograptus kozlowskii (Tomczyk
1964a, Teller 1967).

The Postludlovian consists mainly of marly mudstones with calca-
reous intercalations. Besides graptolites, chiefly Monograptus ex gr.
formosus Boucek, other fossils are encountered, too.

The somewhat intricate block tectonics of the substratum, embracing
the metwork of equatorial and meridional faults, are responsible for the
fact that pre-Zechstein erosion had affected the various Silurian members.

" In the western part of the Peribaltic depression, the most complete
Silurian profile has been reached, so far, in horehole Lebork IG-1, but
Silurian deposits have also been :found in boreholes Bytéw IG-1 ((Tomezyk
1964a), Dartowo 1, 2, 3 (Teller 1965) and quite recently in borehole Dar-
lowo 4 (Teller 1968Db).

The profile from borehole Lebork IG-1 is doubtless a typical one
for 'this part of the depression, though that obtained recently from bore-
hole Dartowo 4 is mot without importance, in spite of the very inadequate
coring, taken every 100 metres.

In borehole Lebork IG-1, the Valentian developed as black and



410 LECH TELL.ER

dark-grey mon-calcareous mudstones bearing fine dispersed pyrite and
a graptolite fauna. The zones identified here are from the Akidograptus
ascensus ‘to ‘the Spirograptus spiralis zome. The thickness of this stage is
up to 25 metres. It seems, however, that the above figure does not give
the actual thickness of Valentian deposits in this part of the depression.
Fragments of Spirograptus sp. have been found in borehole Dartowo 4 at
a depth from 3,249 to 3,265 m, also between 3,294 and 3,255 metres. Even
these intervals stretch over 51 m and, moreover, neither the top nor the
base of 'the Valentian can be accurately determined owing to the lack
of data (Teller 1968b).

The Wenlockian deposits are represented by dark-grey, locally
black, mudstones, with fine dispersed mica. The graptolite fauna is fairly
abundant and well defines the zones of Cyrtograptus insectus to Cyrto-
graptus lundgreni. In borehole Lebork IG-1 the thickness of the Wenloc-
kian is up to 148 m |(Tomeczyk '1964a), while in borehole Dartowo 4 it may
be even 200 m |(Teller 1968b).

The Tudlovian is developed as grey and light-grey mudstones. These
are' interbedded with grey siltstones and intercalated — chiefly in the
upper part — with fine-grained sandstones up to & score or so centimetres
thick. In the upper parts there are also intercalations of grey marly
limestones. Mica is dispersed in great abundance among the siltsbones and
sandstones. Horizontal and cross lamination is quite distinct in some
places. The fauna is fairly numerous though its state of preservation so-
metimes handicaps closer identification. All the zones are, however, re-
presented, from the Gothograptus massa to the Neocucullograptus kozlo-
wskii, The latter was reached in borehole Dartowo 4 at a depth from
1,329.3 to 1,334.3 metres (Teller 1968b). According to Tomczyk (1964a)
the thickness of this complex in borehole Lebork IG-1 is up to 1,907.3 m,
but in the writer’s opinion it is only about 1,200 m and does not exceed
1,700 m in the profile from borehole Darlowo 4.

The Postludlovian is represented by ldark-grey muidstones, lami-
nated with siltstones, and by siltstone and calcareous intercalations, while
steel-grey silky intercalations of mudstones are fairly frequent in the top
(borehole Dartowo 4). The graptolite fauna is abundant but not ubiqui-
tous. Among the index forms are Monograptus ex gr. formosus Boucek,
M. formosus Bouctek and Pristiograptus ex gr. dubius (Suess), also Lino-
graptus sp. It should be moted that calcareous intercalations, bearing
a fauna of pelecypods, brachiopods, ostracods and sporadical trilobites,
grow more numerous upwards.

In borehole Bytéw IG-1 (Tomezyk 1962a) Upper Silurian deposits
were not pierced down to a depth of 2,569.7 m, while stratigraphically
their top represen'ts the Postludlovian, and their lower part the Upper
Ludlovian. In lithology they coincide with deposits from borehole Le-
bork IG-1. .
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In the westernmost part of the depression, the Silurian has been
found in boreholes Dartowo 1, 2, 3 and 4 (Teller 1965, 1968b). The Silurian
deposits, 65 m 'thick, reached in borehole Dartowo 1 resemble in lithology
those found in boreholes of the Leba elevation. They are developed as
grey-greenish calcareous mudstones, with thin inercalations of marly
limestones. The fauna is represented by Pristiograptus ex gr. dubius
(Suess), also by fragmentary brachiopods, pelecypods and trilobites,
probably referable to the Postludlowvian.

In borehole Dartowo 2 only 12.5 m of grey and variegated (secon-
dary colour) unfossiliferous mudstones were reached. They are strati-
graphically indeterminate. A much thicker complex of gray-greenish
siltstone-mudstone deposits was reached in the profile from borehole
Dartowo 3. Its thickness is 150.5 m, while on the presence of Bohemo-
graptus bohemicus bohemicus (Barr.) and Pristiograptus ex gr. dubius
(Suess) they may be reasonably assigned to the upper part of the Ludlo~
vian.

In borehole Dartowo 4, completed in 1968, the Silurian had not been
pierced at a depth of 3,300.2 metres. The coring there was inadequate,
hence the results obtained from that borehole are of little stratigraphic
value. The lithology of the Silurian deposits here does not differ from
those occurring in borehole Lebork IG-1, stratigraphically they represent
the Upper Valentian, the Wenclockian, the Ludlovian and the Postludlo-
vian. The boundaries between these stages and their thickness can hardly
be determined even if geophysical measurements be taken into account.

The above description: of the Silurian deposits from the western
part of the Pernibaltic depression clearly shows not only an increase in the
thickness as compared with that, in the eastern part, but differences in
lithology, ‘too. A high per cent content of sandy material, horizontal and
cross lamination, and large amoumnts of mica, reasonably suggest sedi-
mentation in a shallow basin. The increase in thickness of the deposits
and changes in character set in, roughly speaking, from the Saetograptus
leintwardinensis zone. This is undoubtedly closely connected with events
during the Caledonian orogeny whose presence has been confirmed in
boreholes drilled along the (NW margin of the Precambrian platform
(Teller & Korejwo 1968b).

The Podlasie depression

In this unit Va'rilqu:s members of the Silurian have been found in the
following boreholes: Okuniew IG-1, Ttuszcz IG-1, Kolbiel 1, Radzymin 1%
Debe Wielkie 14, Kock 44, Biata Podlaska 14 Dobre 1, Gozdzik 14, Sokoléw

. ¢ The Silurian from these boreholes has not yet been throughly investigated
as some of the boreholes arte still being worked. )
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Podlaski 1, Zebrak IG-1, Mielnik IG-1, Knzyze IG-1 (fig. 1, chart 2). The
descriptions of a mumber of boreholes have not yet been worked out,
hence the picture of the facial development and stratigraphy of the Silu-
rian system in this part of ‘the Precambrian platform is far from complete.
Such boreholes, however, as Zebrak IG-1 and Mielnik IG-1 provide suf-
ficiently reliable lithological and stratigraphic information |(Tomezyk
1958a, 1962a):

In borehole Zebrak IG-1, the lower pant of the Valentian, resting
on the Ashgillian, is developed as black graptolite-bearing mudstones.
These grade upwards into dolomitic-calcareous mudstones intercalated by
black shales. The Pristiograptus gregarius zone is 'the lowermost one
reached here. Hence, several lowermost Valentian zomes are missing.
The thickness of the black shales does mot exceed 14.2 metres. Overlying
the well paleontologically defined Spirograptus spiralis zome there is a
70 m thick complex of grey, locally calcareous, mudstones bearing
a fauna ‘typical of the Wenlockian. The zones identified here are from
the Cyrtograptus insectus through the Cyrtograptus lundgreni.

The lithological development of the Ludlovian to the (Saetograptus
leintwardinensis zone does mot substantially differ from that of the
underlying deposits. The deposits lying higher up, in addition to grey
mudstones also contain siltstone and calcareous intercalations. Horizontal
and cross lamination is very distinct and fairly abundant mica occurs on
the bedding planes. Bohemograptus bohemicus bohemicus (Barr.) is the
predominant graptolite here. In the writer’s opinion, the thickness of the
Ludlovian attains in ‘the Zebrak IG-1 borehole about 275 metres.

The Postludlovian in the Zebrak IG-1 borehole does not differ in
its lithological character from the lower part of the Ludlovian; it is about
650 m thick. IOf the graptolite fauna Monograptus formosus Boucek
occurs abundantly in the lower part, while zones first identified in
borehole Chelm IG-1 (Teller 1964a) are said to be represented in the
higher part. However, both, Monograptus angustidens Pfibyl and M.
uniformis Piibyl are absent (Tomczyk 11968c), Pristiograptus transgre-
diens Ptibyl being the youngest form present here.

On ‘the Silurian whose 'total thickness is 997.3 m conformably rest
the Carboniferous deposits.

In the western part of the Podlasie depression (borehole Gozdzik 1),
horizontally lying Silurian mudstones have not been pierced; the Ludlo-
vian? underlies the Carboniferous at a depth of 2,195 m (borehole not
yet completely described).

In borehole Kotbiel, a 232.2 m thick complex of grey-green mudsto-
nes, containing a rich non-graptolite fauna, was reached also below the
Carboniferous. This complex is disturbed, the dips range from 15° in the
top ‘to 36° at the base. Acconding to the Tomezyks (vide Karnkowski 1965)
this profile is referable to the lowest stages of the Downtonian.
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Borehole Okuniew IG-1, below the Zechstein (Aren 1967) reached
a 1,293 m 'thick siltstone-mudstone complex with black shales intercalated
by limestones at the bottom. All the ‘Silurian: stages are represented here,
from the Valentian, 48 m in thickness, to the ‘Wenlockian, 70 m, and the
Ludlovian 1,175 m.

In borehole Ttuszcz IG-1 (Aren 1967), the Silurian, which underlies
the Zechstein: from a depth of 1,668 m 'to 1,963.8 m 1(295.8 m), is developed
as graptolite-bearing mudstones. The complete profile of these deposits
has been observed here. The Valentian, 34.8 m thick (Tomczyk 1962a) is
that most completely developed. The Wenlockian represents all the
graptolite zones, too, (85 m), while ‘the Ludlovian (176 m) is well defined
including the Saetograptus leintwardinensis zone.

In: borehole Dobre ‘1 (Teller & Korejwo 1968d) the Silurian (900 m)
was pierced below the Rothliegende. It is developed as dark-grey mund-
stones with siltstone and calcareous intercalations in the top. The pre-
sence has been observed of the Upper Valentian, the Wenlockian, the
Ludlovian, and the Postludlovian. It is, however, hardly possible more
accurately to establish the thicknesses of the particular stages because of
inadequate coring.

Diabases have been observed too in the above profile. Neither the
top nor the base of these diabases has been detected in the cores, hence
their age cannot be more closely defined without additional studies.

In borehole ‘Sokotéw Podlaski 1 ((Teller & Korejwo 1968e), the
Silurian deposits occur between 1,249.2 and 1,715.3 m. Their lithology is
identical with that of the deposits reached in other boreholes within this
area. Stratigraphically, however, the Upper Valentian, the 'Wenlockian
and the Ludlovian are all represented here. The top part of mudstones
shows contact changes caused by the intrusion of the overlying magmatic
rocks (diabases?) on which rests the Zechstein, faunistically well defined.
The uppermost Ludlovian is probably absent from this profile; it may
have been eroded as far as the top of the diabases. In this case the diabases
may correspond to those observed in borehole Dobre IG-1.

In the eastern part of the Podlasie depression, [Silurian deposits
have been identified in borehole Mielnik IG-1 and Krzyze IG-4 (Tomeczyk
1962a). In borehole Mielnik IG-1, light-grey, locally greenish, calcareous
mudstones and marls, bearing a rich graptolite fauna, rest directly on
the Ashgillian. The Valentian is absent while the Wenlockian, 40 m in
thickmess, starts from the Cyrtograptus insectus zone and ends with the
Cyrtograptus lundgreni zone. The Ludlovian, which is over 230 m thick,
contains a rich graptolite fauna. It was this very fauna which allowed
Urbanek (1966, 1970) correctly to subdivide these deposits, also to distin-
guish a number of new zones. The uppermost part of the Silurian deposits
here, over 250 m thick, is referable to the Postludlovian.
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The lithology of the Silurian profile in borehole Krzyze 1G-4 differs
from all those described above. A 100 m thick complex of marly limes-
tones, in places modular-limestone-like, underlying the Jurassic, bears
no fauna which could be regarded as a reliable age marker. Tomczyk
(1962a) referred them to the Ludlovian, but in the writer’s opinion it is
not excluded that 'they may represent older members, i.e. the Wenlockian
or even part of the Valentian.

The Silurian deposits, so far recorded from the Podlasie depression,
clearly show that the thickness of the particular stages, specially of the
Ludlovian and the Postludlovian, increases to the west. The same is
observable in the eastern part of the Peribaltic depression lying on the
north side of 'the Mazury4Suwalki elevation. In this respect the two
tectonic units coincide very closely.

The stratigraphic lacunae wobserved at the base of the Silurian
deposits and their occurrence on the various Ordovician members sug-
gests the presence of the Taconian phase. On the other hand, the occur-
rence of vardous stratigraphic members of the Silurian below the Carbo-
niferous, Permian and even Jurassic deposits, indicates that erosion had
affected a part of the Upper 'Silurian, hence, a complete Silurian profile
can hardly be expected in this region.

The Bug depression

_ The Silurian deposits in this unit were discovered in 1955 in bore-
hole Chelm IG-1 (Tomczyk & Teller 1956, Teller 1960a) (fig. 1, chart 2).
In this borehole, the Carboniferous is underlain by 400 m thick, horizon-
tally lying, dark-grey calcareous muidstones with calcareous concretions
and an 80 cm ‘thick intercalation of dark organogenic limestone in the
top part (between 1,257.0 and 1, 257.8 m). Thanks to the rich graptolite
(Teller 1964a) and non-graptolite (Korejwo & Teller 1964) fauna there it
was possible to differentiate not only several zones previously recorded
from the Barrandian area only, but also some new zones. According to
the information then available on the Silurian system of Europe, the
whole section from this borehole was assigned to the Upper Ludlovian.
Now, however, it should be regarded as Postludlovian in age, while its
uppermost part, beginning at a depth of 1,211.8 m, may even be referred
to the Lower 'Gedinnian because of the presence of Acastelle cf. tiro
Richter, a typically Gedinnian form (Korejwo & Teller 1964), side-by-side
with Monograptus uniformis Piibyl.

In borehole Kaplonosy IG-1 (Tomeczyk 1962a), Silurian sediments
272 m thick, developed as light-grey calcareous mudstones with concre-
tions and intercalation of marly limestones, underlie the Lower Carbo-~
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niferous and rest on ‘the Ordovician. The graptolite fauna there made it
possible to differentiate the 'Wenlockian from the Cyrtograptus insectus
to the C. lundgreni zone, as well as the Ludlovian from the Gothograptus
nassa to the Saetograptus leintwardinensis zone.

In borehole Sawin IG-1, only 76 m of grey calcareous mudstones
probably Postludlovian in age, were reached. This age is suggested by
the presence of Monograptus formosus Boutek. The whole profile is
disturbed and the dips range from 20° to 55°, hence its true thickness
probably does not exceed 50 metres.

Parczew IG-1 is the next borehole where Silurian sediments were
encountered below the ‘Carboniferous. They are wepresented by some
40 m.of grey calcareous mudstones bearing a Wenlockian fauna. The
lowermost ‘Wenlockian horizons have not, however, been encountered.

The fragmentary Silurian profiles, reached in the four above bore-
holes, do not present a complete development of this system within this
part of the Precambrian platform. It seems, however, that Valentian
sedimen'ts are altogether absent here, and that the Silurian profile begins
with the Wenlockian and ends with the Postludlovian, showing also
continuity of sedimentation to the lowermost Devonian (Lower Gedin-
nian). This would then be the only such occurrence in the Precambrian
platform.

The Silurian in the Paleozoic platform

This vast structural unit borders from the INE on the Precambrian
platform, from the south on the Carpathian foredeep, the Carpathians and
the iSilesian-Cracow hbasin, firom the SW on the Sudetes. It covers a large
part of the Polish territory and is inadequately known, particularly in
its central and westerm parts. _

The ‘Silurian deposits, so far found only in a dozen or soof boreholes
(fig. 1, chart 2), are characterized not only by ‘their development differing
from 'that of the Precambrian platform but also by their strong tectonic
disturbance, and 'the intensity of ‘their folding. The Silurian was first
identified in the SE part, in borehole Ruda Lubycka 1 where black clay
shales, apparently 850 m in thickness, show strong tectomic disturbance
and dips ranging from '10° to 80°. The actual thickness can hardly be
established but most probably it does not exceed 400—500 metres. The
picture is complicated by numerous slickensides and compressions. The
mudstones have yielded a relatively abundant graptolite fauna together
with a few pelecypods and columnals of crinoids. Tomezyk (1962a) report
the occurrence in ‘the above borehole of zones from the Pristiograptus
ultimus to the Monograptus angustidens, though Tomeczyk (1963a) does
not mention the last zone but only Pristiograptus transgrediens Pfibyl.
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The graptolites from that borehole, worked out in 1961 (Teller
1964a), indicate some graptolite zones amnalogous with those found in
borehole Chetm IG-1. The youngest zone here is the Pristiograptus admi-
rabilis, while Monograptus formosus zone is the oldest one. All these
forms indicate the Postludlovian.

In borehole Kock IG-1, situated in the Lublin depression, 200 m
grey-greenish, slightly calcareous' mudstones, showing strong tectonic
disturbances, have been found under the Jurassic (Tomczykowa 1962b).
The dips there range from 50° to 80°. In the top part, at a depth of 814 m,
this author has observed the presence of Acastella heberti elsana Richter,
also fragments of other trilobite genera, as well as brachiopods, pelecy-
pods and ostracods. No graptolites were found down ‘to the bottom of the
borehole. According to Tomezykowa the top part is reférable to the
Tower Gedinnian, hence the lower parts might represent the Silurian,
though there is no paleontological evidemce o prove it.

Strongly tectonically disturbed Silurian deposits also occur in
borehole [Ciepieléw IG-1 (Tomiczyk 1968a). The M. angustidens zone was
found there under the Gedinnian, at a depth from 2,598.3 'to 2,677.9
metres. An. angular unconformity occurs below this zone between 2,677.9
and 2,778.7 metres. Pristiograptus ultimus (Perner) and Monograptus ex
gr. formosus Boulek are reported from a depth between 2,778.7 and
3,000 metres. All that complex from the above borehole, between 2,598.3
and 3,000 m is referable to the Postludlovian, but zones present both in
Chelm and Ruda Lubycka with the exception of the M. angustidens are
absent. They would fit into the part of the section of tectonic unconfor-
mity whose character has not yet been-cleared mp. A more detailed
deseription of that borehole may elucidate a number of doubtiful problems.

‘Within the NW part of the Paleozoic platform, folded Silurian
depesits have been observed in five boreholes in the region of Chojnice
(Teller & Korejwo 1968a, b, ¢). In four of them (Stobno i1, 2, 3 and Choj-
nice 3) the occurrence is moted of strongly crushed, slickensided and
folded black mudstones. A fauna of graptolites and brachiopods, found
in these mudstones, assigns them to the Lower Ludlovian ((probably the
Neodiversograptus nilssoni zone). In borehole Stobno 1 mudstones were
found under horizontal Permian deposits and in the other boreholes they
occur under horizontal (Middle or Upper Devonian deposits.

Amnother Siluriann member, much older and showing a different
lithological dewvelopment, was identified in borehole Lutom 1 (Teller &
Korejwo 1968a). Alternating black mudstones and light-grey, mica-
bearing siltstones unconformably underlie the Permian between 2,463
and 3,016 metres. Horizontal and cross lamination is frequent in- the
siltstones. The dips ramge from 30° to 90°., The graptolite fauna there
reliably indicates the Middle Valentian age of these deposits. Only three
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zones have been defined: Spirograptus turriculatus, Rastrites linnaei and
the top of Monograptus sedgwicki. It is hardly possible to determine the
exact thickness of these deposits because of their strong tectonic distur-
bance, it does not seem, however, to be more than 200 metres.

In borehole Goécino IG-1 (Czerminski 1967) farther NW from the
region of 'Chojnice, horizontal, faunally documented Devonian deposits
are underlain by dark-grey, in places nearly black, phyllites, whose age
has not been accurately determined, though Czerminski (1967) suggests
the Lower Paleozoic (Silurian?) 5.

In the southern part of the Paleozoic platform, Silurian deposits
occur in borehole Jaronowice IG-1, Strozyska-5, also in the N and NE
margins of the Silesia~Cracow basin.

In borehole Jaronowice IG-1 (Jaworowski, Jurkiewicz & Kowal-
czewski 1967), at a ldepth between 2,068.5 and 2,274.9 m, dark grey partly
siliceous mudstones — . towards the base finaly intercalated by lydites
and limestones, and containing calcareous laminae of siltstone — underlie
deposits of indeterminate age (Lower Devonian? — Silurian?). The latter
occur between sediments undoubtedly Lower Dewvonian and Silurian in
age. The dips 'there range from 10° to 15°, and between 15° and 20° only
at the base. The graptolite fauna of the bottom part of the deposits
suggests the Lower Valentian, that of the higher part the Wenlockian.
The only paleontologically defined .zones are, however, Monograptus
flexilis, Cyrtograptus radians and Cyrtograptus lundgreni. The Silurian
deposits here rest on the Upper Tremadociamn.

Black calcareous mudstones, apparently 182.7 m thick, bearing a
graptolite fauna, have been reached in borehole Strozyska 5 (Bednarczyk,
Korejwo, f.obanowski & Teller 1968) under the Liower Devonian and
above the Upper Ashgillian. The dips here are between 10° and 20°. The
graptolithic assemblage assigns the mudstones to the Lower Ludlovian —
the Neodiversograptus nilssoni zone.

The Silurian deposits, occurring in the N and NE margin of the
Silesia-Cracow basin, were the latest to be identified (Siedlecki 1962). In .
boreholes Mrzygtod TG-1, 6, 8 and 9, also Kotowice IG-1 and Beblo IG-1,
drilled in the fifties, @ complex of grey uncalcareous, clayey-siliceous
shales, with intercalation of dark-grey and black siltstones, was reached
at a relatively small depth below the Triassic or the Carboniferous. The
whole complex is rather strongly silicified, contains mumerous crystals

5 In 'this phyllite Dr. K. Lendzion found a tentaculite which Hajtasz (1967)
identified as Tentaculites sp., without, however, any closer age determination.

The present writer is indlined to agree with Czerminski, because in Fisher’s .
(1962) opinion the family Tentaculitidae idoes not make its appearamce before the
Lower Silurian Waﬂenrblvan) and becomes extinct in the Frasnian. Since the Devonian
age of the phyllite is unacceptable, it can be mo other than Silurian.
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of pyrite and is intersected by intrusions of diabases and of quartz
ponphyries. The dips range from 40° to 60°, ,

Initially, on the plant remains found in borehole Mrzygt6d IG-8
(Ekiert 1957), the above complex had been referred to the Upper Carbo-
niferous. The graptolites in borehole Mrzygtéd IG-9, found by Siedlecki
(1962) in the top part of these deposits between 162 and 175 m, reliably
suggest the Lower Ludlovian age (upper part of the Neodiversograptus
nilssoni zone). Lower down, under the diabase and quartz-porphyry in-
trusions, the deposits, though unfossiliferous, are supposed by Siedlecki
to be the equivalent of the lowermost Ludlovian or even the Wenlockian.

In other boreholes of that region (Mrzygléd IG-1 and Kotowice
IG-1) a complex of deposits consisting of light-grey-greenish, sericitic-
~chloritic, phyllite-like shales was differentiated by Siedlecki (1962). They
contain intercalations of sandstones and greywackes. The whole complex
is uncalcareous and intersected by veins of quartz or calcite, while con-
tact changes are observable at the boundaries of the intrusions. On
analogies with the Holy Cross Mts. and with the 'Sudetes, Siedlecki is
inclined to regard these deposits as equivalents of the Middle or Upper
Ludlovian.

In borehole Beblo IG-1 (Siedlecki 1962), probably under the
Carboniferous, there are strongly silicified dark-grey and black mudsto-
nes and shales which may possibly represent the Wenlockian or even
the Valenitiam. .

In the light thrown by that undoubtedly important discovery a
revision has.been made of the analysis of deposits occurring between
322—395 m in the pre-war borehole Krakéw-Dgbie where olive-green
sericite shales (phyllites) were found wunder the Jurassic. All these
sediments are unfossiliferous, they dip at an angle of 25°. Rutkowski
(1930) believed them ‘to be Carboniferous while Rézycki (1953) was the
first correctly to suggest their Silurian age. On the basis of new material,
obtained from boreholes Mrzygléd IG-1, 6, 8, 9, Bebto IG-1 and Kotowice
IG-1, it seems reasonable to accept their Silurian age, as has already
been stressed by Siedlecki (1962).

The clastic sediments from boreholes L.apczyca 2, Batowice 1, Miklu-
szowice 1 and Wola Kalinowska 1, not faunally defined, have, likewise,
been recognized as Lower Ludlovian (Lydka, Siedlecki & Tomczyk 1963,
Roszek & iSiedlecki 1963). These authors based their assignment chiefly
on the lithological resemblance with deposits, faunally well defined,
from borehole Kleczanéw in the eastern part of the Holy Cross Mts. This
led the above authors ‘to far-fetched tectonic conclusions. In the present
_ writer’s opinion it is hardly possible to judge if these conclusions are

quite correct and whether the age of the sediments under consideration
coincides with that of deposits from borehole Kleczandéw. These doubts
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may be justified by the great distance separating the two regions as well
as by the intricate structure of the Paleozoic platform in this part of
Poland. '

The fragmentary Silurian profiles, not always well faunally defined,
so far observed in the various parts of the Paleozoic platform, show off
the obstacles encountered in correlating and intenpreting the development
of this system over so vast an area. It seems beyond doubt that the
sedimentary cycle of the Silurian deposits was connected here with the
range and development of the Caledonian geosyncline and that this had
an all important bearing both on the character of the sediments and the
extent of their tectonic disturbance.

The Silurian in the substratum of the Carpathian foredeep

The presence of Silurian deposits in this foredeep was first recorded
in 1958 and since then they have been reached in the following horeholes:
Doliny 1, Uszkiowce 1, Medrzechéw 1, Czarna-Pilzno 3 and Niwki 3 (fig. 1,
chart 2).

The . most. complete Silurian profile was obtained in borehole Do~
liny 1 (Tomezyk 1962a, 1968a) where, below the Jurassic, between 1,050
and 1,253 m, a complex of black, muddy-siliceous shales, a. 200 m thick,
has been pierced. It contains a graptolite fauna reliably indicating the
presence of the lowermost Valentian, from the Akidograptus ascensus
to the Pristiograptus cyphus zone. Higher up there occur greenish dolo-
mitic-calcareous mudstones, interbedded by black shales which contain
graptolites from the Demirastrites convolutus to the Spirograptus spiralis
zone of the Upper Valentian.

The ‘Wenlockian is represented by dark-grey laminated mudstones
containing the index graptolite forms from the zones Cyrtograptus insec-
tus, C. rigidus, C. radians and C. lundgreni. In view, however, of incom-
plete coring, it may be reasonably supposed that the remaining zones of
that stage are present,; too.

The top of the Silurian is developed as grey, partly calcareous
mudstones bearing a fiauna which indicates the presence of zones from
the Pristiograptus vulgaris to the lower part of the Lobograptus scanicus
parascanicus of the Lower Ludlovian. ‘

The dips of the deposits range from 10° to 20°, hence the observed
thickness is an apparent one and the true thickness may be approximately
150170 metres. ‘

In borehole Uszkowce 1 (Tomezyk 1962d, 1963a), below the Jurassic
and above the Upper Ordovician, at a depth between 1,088.4 and 1,096.4 m,
only 8 m of dark-grey mudstones was reached. They contain a fauna
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reliably indicating the Cyrtograptus insectus zone of the Lower Wenloc-
kian. The dips here vary strongly and range from 15° to 40° 6.

In the profile of borehole Medrzechéw, the '‘Silurian occurs below
the Carboniferous and above the Aremigian, at a depth from 1,550 to
1,811 m (Tomezyk 1958b, 1963a). It consists of grey calcareous mudstones
containing a few marly limestone intercalations. In the top part of the
profile, at a depth from 1,550.2 to 1,566.5 m, the presence has been noted
of silty-sandy calcareous deposits bearing analogies 'to the bottom parts
of the greywacke-shale senies in the Ludlovian from the Holy Cross Mtbs.

The graptolite fauna encountered in the above profile supplies
evidence for the presence of the Wenlockian, from the Cyrtograptus in-
sectus to the Cyrtograptus lundgreni zone, and also of the Lower Lud-
lovian — from the Gothograptus nassa to the Neodiversograptus milssoni
zone. The whole is strongly disturbed and contains mumerous tectonic
slickensides and compressions, with dips varying from 20° to 40°.

In borehole Niwki 3, at a depth from 2,792.4 to 2,818.2 m disturbed
complex of dark-grey, nearly black mudstones, with dips up to 40°, was
found under the Lower Devonian and above the supposed Ordovician
(Korejwo & Teller 1968). The graptolite fauna there indicates the Neodi-
versograptus milssoni and the Lobograptus scanicus parascanicus zones
of the Lower Ludlovian.

Czarna-Pilzno 3 is one of the last boreholes where the Silurian has
so far been found in ‘the substratum of the Canpathian foredeep. Dark-~
-grey and black mudstones have been reached there under the Carboni-
ferous at a depth of 2,860 metres. The meagre graptolite fauna they
contain does mot date them more accurately except for suggesting the
* Wenlockian and the Lower Ludlovian age. The mudstones are disturbed
and their dips range from 20° to 40°.

The above characteristics of 1Silurian deposits, so far observed in
the substratum of the Carpathian: foredeep, show that they represent only
tragmentary profiles relatively unifornm developed. The most complete
profile occurs in ‘the south-eastern part, in borehole Doliny 1 where the
presence of Valentian, 'Wenlockian and Lower Ludlovian deposits has.
been noted. In the other boreholes the Silurian deposits rest on various
member of the Ordovician, indicating a major sedimentary lacuna con-
nected with the Taconian phase of the Caledonian- orogeny. The folding
of the Silurian deposits including those of the Lower Ludlovian, shows

¢ Moryc (1961) states that the Silurian also occurs in profile II (borehole
Uszkowce 4 — the writer’s note) where, in a grey marly limestone intercalation,
found among mudstones, Pachucki (in Moryc 1961) had identified Monograptus
testis Barr., Encrinurus punctatus Wahl.,, Chonetes striatella Dalm., Plectodonta cf.
mariae Kozt and Sowerbyella cf. transversalis Dalm. In that author’s opinion the
above fauna suggests the uppermost Wenlockian, Tomczyk ((1962a) however, doubts
that fact believing that the Silurian is absent from that borehole and that the
Tertiary lis underlain directly by 'the Lower Ashgillian.
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that they were atfifected by the Caledonian orogeny. The long-lasting post-
-Silurian erosion — locally reaching as far as Jurassic (Karmkowski &
Glowacki 1961) had probably removed a large part of these deposits.
Hence, even the profile in borehole Doliny 1 does not fully reflect the
thickness and the sedimentary conditions prevailing in the Upper Silurian
basin.

The Silurian on the surface
The Holy Cross Mts.

The Silurian deposits that occur on the surface in the Holy Cross
Mts. have always been and still continue to be attractive to a large group
of specialists.

The stratigraphic foundations of that system, laid down by Czar-
nocki (1919a, b, 1936, 1942, 1950) and Samsonowicz (1916, 1934, 1952),
have been confirmed thanks to the recent detailed studies (Tomczyk 1954,
1956, 1962a, b, ¢; Teller 1955; Tomeczykowa 1957, 1958, 1959, 1962a,b, c;
Ryka 1957; Pawlowska 1961; Dulski & Zagoérski 1962; Filonowicz 1963;
Kowalczewski 1963, 1968a, b; Teller & Kowalczewski 1968).

The stratigraphy of the Silurian in the Holy Cross Mts., established
after long years of research work, constitutes a basis for the study of
other areas in Poland, and has been confirmed in mumerous boreholes.
Regretfully, no monographs of the fauna from the Holy Cross Mts. have
so far been published, and this leaves many of problems unsolved, espe-
cially in what the upper part of the Silurian is concerned. Investigations
in this field, started by the writer and Dr. K. Korejwo, had to be inter-
rupted so that the rich, partly elaborated, material is still awaiting des-
cription. :

According to Czarmocki (1950) the geology of the Holy Cross Mts.
is strongly differentiated. Distinct differences in the facial and tectonic
development, particularly of ‘the old Paleozoic sediments, have suggested
to Czarnocki the separation «of this area into two regions, each displaying
a different evolution. They are the Lysogéry geosynclinal region in the
north, and the Kielce anticlinal region in the south. The boundary be-
tween them, on the whole runs south of the Lysogéry fold and it is tec-
tonic in character.

Lysogéry region (northern)

The Silurian here occurs on the northern side of the main fold
within the extensive Wilkéw syncline. The full profile of these deposits
is’ paleontologically defined showing their continuous tramsition into the
Gedinnfian.
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The Valentian is developed as black graptolite shales with a fauna
that suggests the presence of the Akidograptus ascensus to the Spirograp-
tus gpiralis zones. -

In the Lower Valentian stratigraphic gaps have been noted in some
places, and also the absence of the lowermost graptolite zones, sometimes
up to the Orthograptus vesiculosus zone. Liocal changes in facies have also
been observed. Black shales are replaced by greenish siltstones and mud-
stones with fine intercalations of black graptolite shales. This indicates
the presence of the Taconian phase. The total thickness of the Valentian
does not probably exceed 60 metres.

The Wenlockian and Lower Ludlovian are characterized by the uni-
form sedimentation of grey, sometimes calcareous, mudstones with syn-~
genetic calcareous concretions, mostly in the top. Their rich graptolite
fauna maide it possible to distinguish ‘the Wenlockian zones from the
Cyrtograptus insectus including the Cyrtograptus lundgreni. In the Lower
Ludlovian, the paleontologically defined zones are those drom Gothogra-
ptus nassa to Saetograptus leintwardinensis. The thickness of that series
attalins a. 250 metres.

Above the Saetograptus leintwardinensis zone there is-a distinct
change in the mode of sedimentation. Graptolite-bearing mudstones are
replaced by a complex of olive-green and pale brown siltstones and
greywackes. This complex, containing a meagre and poorly preserved
fauna, particularly so at the base, has been called the Wydrzyszéw series 7
by Czarnocki (1942). Ifs stratigraphic position is mot faunally mrell idefined,
since the sporadic graptolite fauna it yielded is so poorly preserved that
it does mot allow specific identification, while the other rare fossil repre-
sents gpecies. having a wide vertical range. Nevertheless, the Wydrzyszow
series undoubtedly represents the Upper Ludlovian. Its thickness may
be only approximately determined, but it is fairly great anid attains
a. 1000 metres.

On this series conformably rests a rock complex with a strongly dif-
ferentiated lithology which Czamnocki (1942) calls the Rzepin series. It
is developed as olive, sometimes cherry-coloured and greenish shales,
calcareous greywackes, also as grey limestones mepresented by lenses
with fauna. At the top there even occur light-cherry-coloured limestones,
up to 2.5 m thick. The fauna is relatively rich and has been encountered
in all lithological types. It contains corals (Rozkowska 1962), pelecypods,
gastropods, brachiopods, ostracods, trilobites etc. This series is younger
than Ludlovian but older tham Gedinnian and ought to be regarded as
an equivalent of the Postludlovian. It is difficult to establish the boun-

7 In the Polish literature it is a current practice to refer to the Wydrzyszéw
and the Razepin series as beds; the present writer does not think this name to be
correct but believes that the earlier name of series given by Czarnocki (1942, 1950)
should be used.
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dary of the Wydrzyszéw/Rzepin series, hence ithe top part of the former
and the base of the latter may be either Ludlovian or Postludlovian. The
thickness of the Rzepin series does not probably exceed 500 m. The Ge-
dinnian, containing a typical fauna of frilobites, brachiopods and other
fossils, conformably rests on the Rzeplin series.

Our present knowledge of the Silurian from the Lysogéry region
suggests that the deposits there have a monoclinal northward dip (35° to
40°) and that they had mot been folded until the Variscan orogeny. '

Kielce region (southern)

The Kielce region consists of twio principal elements: the Kielce-£a-~
géw synclinorium and the Checiny-Klimontéw anticlinorium, both of
which embrace several minor elements and, as a ‘whole, present a rather
complicated picture.

The Stlurian deposits here are not distributed over so large an area
as in the Lysogory region and their occurrence areas are of rather limited
size. The most complete development has been traced in the Bardo syn-
cline (profile of the Pragowiec ravine) which lies in the central part of
the Checiny-Klimontéw anticlinorium.

The Valentian consists at the base of muddy-siliceous shales with
thin intercalations of black lydites, grading upwanrds into mudstones and
siltstones with sandy intercalations, while black graptolite-bearing shales
occur still higher uwp. The Akidograptus ascensus zone, also some Lower
and Upper Valentian zones are paleontologically idefined. Lithological
variability and the absence of some zones indicate the Taconian phase.
The Valentian deposits here are a. 2530 m in thickmess.

The Wenlockian is represented by black calcareous graptolite-bear-
ing shales with calcareous concretions in the top part. All the Wenlockian
zones have been found here, from the Cyrtograptus insectus to C. lund-
greni (Tomczyk 1962a), with a total thickness of a. 70 metres.

In the Lower Ludlovian the type of sedimentation resembles that
in the Wenlockian; the graptolite fauna reliably indicates the presence
of zones from the Gothograptus nassa throught the Saetograptus leint-
wardinensis (Tomczyk 1962a, Teller & Kowalczewski 1968). At the base
of the Ludlovian there occur olive—coloured calcareous mudstones conta-
ining trilobites, pelecypods and brachiopods (Tomeczykowa 1958). The total
thickness of the Lower Ludlovian complex is a. 160—180 metres.

An abrupt change in the sediments sets in above the mudstone com-
plex: a greywacke-silty series makes its appearance and develops as
a thick complex, by Czarnocki (1919a) called the Niewachléw greywackes.
In their lower part they are conglomeratic or coarse-grained, while up-

3
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wards they grade into finer-grained deposits with shale intercalations.
In the conglomeratic part, fragments of other sedimentary rocks as well
as the detritus of extrusive rocks are fairly common. The fauna here is
very meagre and poorly preserved. The thickness of the series ranges
from 300 to 1,300 m; stratigraphically it corresponds to a-large part of
the Wyldrzyszow series in the morthern region.

In the Bando syncline, diabases intersecting various graptolite zo~
mes occur at the boundary of the graptolithic mudstones and the Niewach-
léw greywackes. They have been traced. in both limbs of the Bardo syn-
cline; their thickness ranges from 12—25 m (Ryka 1957, Kowalczewski
1968a). At some points we are even dealing with two veins separated by
shales — the lower one is thicker tham the upper. Clastic Lower Devonian
(?Siegenian or Emsian) deposits rest unconformably on the greywackes.

The base of the Silurfian in the Kielce region idoes not always repre—
sent the Valentian, only here and there it begins with the Wenlockian.
As a rule it rests on various members of the Ordovician. In some places.
the Silurian deposits wedge into Cambrian or Ordovician sediments and
form thrust folds (Czamocki 1950). It is also noteworthy that, in the we~
stern part of the Kielce region, the Silurian is represented by more frag-
mentary profiles and its total thlickness is considerably less than in the
east. This is applicable in a large measure ot the greywacke complex.

In the Kielce region the Silurian deposits are characterized mot only
by greater diversity of the development and bigger stratigraphic lacunae
than those in the Lysogéry region but they are markedly more disturbed,
too, and moreover, unconformably underlie the Lower Devonian. This
would indicate differences in their evolution and stronger tectomic acti-
vity as compared with the region of Lysogéry. The development of the
Lower Valentian deposits in the Kielce region was strongly affected by
the Taconian phase while the whole of the Shilurian was fiolded during
the Ardennian phase of the Caledonian orogeny. This is indirectly reflect-
ed in the Wydrzyszéw and Rzepin series farther north.

Outside of the Holy Cross Mts. four Silurian. occurrence areas are
known in the north and the south. In the north they have been found in
the Bronkowtice and Wydrzyszéw folds, at the locality Czerwona Gora,
while in the south they have been encountered in the Zbrza fold.

The hiighest parts of the Wydrzyszéw series, partly also the Rzepin
series, crop out in the Bronkowice fold. \An abundant fauna has been
yielded by these two series.

In the Wydrzyszow fold there are the same stratigraphic members
with an equally abundant fauna. Moreover, the two folds are characteriz-
ed by rather complicated ‘tectonics expressed by numerous faults and
compressions. .

At Czerwona 'Goéra, the uppermost members of ‘the Rzepin series as
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well as fragments of the Gedinnian, emerge within the Triassic. The tec-
tonics there have mot as yet been accurately worked out.

In the south, the Silurian deposits are mot the only ones found in
the Zbrza fold, where black siliceous shales with clay intercalations occur
nearer to the base. The graptolite fauna reasonably suggests the presence
of zones from the Akidograptus acuminatus to the Pristiograptus gre-
garius. On ‘these, in tectonic contact, rest graptolithic shales of the upper-
most Valentian and mearly all the zones of the Wenlockian. Ludlovian
deposits have not been found. The whole Silurian is stromgly disturbed
and intersected by numerous faults. Compressions and refoldings are
noted, too.

The Sudetes Mts.

" In the Sudetes, Silurian deposits are known since long ago, anid they
have attracted the attention of nmumerous geologists (Dathe 1904; Bederke
1924; Dahlgrin & Finckh 1924; Finckh 1932; Finckh, Meister, Fischer &
Bed'e-rke 1942; Oberc 1953, 1957; Malinowska 1955; Teller 1960b, c, 1962b).
In the Bardo Mts., the Silurian belongs to those members of the older
Paleozoic rocks which have not undergone metamorphic changes and,
therefore, contain a fauma that is an excellent and reliable age marker.
In the Kaczawa Mts., on the other hand, the Silurian is metamonphosed
and 'the fossils it yields are usually very poorly preserved, impeding the
correct determination of the sequence of beds.

The Bardo Mts.,

Silurian deposits occur here only in a very few outcrops and are
strongly disturbed. The two best outcrops are the Zdanéw profile and
that in Mt. Eopianka mear Wilcza. At Zdanéw, Valentian, Wenlockian
and Ludlovian deposits are well paleontologically defined; at Mt. .opian~-
ka only the Valentian and the Wenlockian (Malinowska '1955; Teller 1960b,

1962b). In the other profiles only ﬁragments of the various members of
this system are observable.

The Valentian is developed at the base as a basic conglomerate a.
0.5 m thick, on which rest variegated clay shales grading upwards into
black lydites with layers up to 40 cm ‘thick. These layers thin out to the
top and are finely intercalated by black clay shales bearing a very badly
preserved graptolite fauna. The lydites are overlain by siliceous shales
interbedded with clay shales, and thin lydite laminae. Phosphorite con-
cretions are frequent. Zones from the Monograptus sedgwicki to the Spi-
rograptus spiralis are well defined. It is hardly possible to determine
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the true thickness of the Valentian because the profiles are strongly tec-
tonically disturbed, but probably it varies from 17 to 25 metres.

‘The Wenlockian is represented chiefly by black clay shales, inter-
bedded with black-siliceous shales. Green siliceous unfossiliferous shales
are subordinate and so are the intercalations of brown tuffites, from a few
to some 35 cm in thickness. The graptolite fauna here indicates the
presence of zones from the Cyrtograptus murchisoni to C. lundgreni. The
total thickmess of the Wenlockian does not exceed 20 metres.

The Ludlovian exhibits stronger lithological differentiation. It is
developed as green, ‘yellow or black, often siliceous, shales. The fauna
is rather meagre and defines only the lower zones including the Liobo-
graptus scanicus parascanicus zone, Unlike the lower members, the stra-
tigraphy of the Ludlovian has not been fully clarltﬁled lamgely owing
to the intricate tectonics in 'this area.

Other graptolites have also been obtained from ‘the Bardo Mts. umitil
recently they have been regarded as the youngest ones and indicating
the top of the Silurian. They are Monograptus praehercynicus Jaeger,
Monograptus microdon silesicus Jaeger i(cf. Jaeger 1959), M. cf. hemiodon
‘Jaeger and M. hercynicus Perner (cf. Teller 1960c). At present these forms
have been referred to the Gedinnian and this has additionally complicated
the stratigraphy of the Upper ISilurian in this region.

The Kaczawa Mts.

In this area the Silurian is strongly folded and displays rather
high metamorphism caused by orogemic processes. The fauna, mainly gra-
ptolithic, is inadequately preserved. It is known from a very few sites
only, reported in papers by Jerzmanski (1955) and Komas (1963) but 1t
has allowed to define the Lower and the Upper Silurian.

The Valentian 'is developed as lydites and siliceous shales containing.
subordinate intercalations of clay shales. The zones identified here are
those from the Demirastritegs convolutus to the Spirograptus spiralis (Kor-
na$ 1963). The lowest Silurian zones have mnot so far been defined but
it is reasonable to suppose here the presence of deposits representing the
lowest Valentiam.

The ‘Wenlockian is similarly characterized by siliceous and siliceous-
-clay shales bearing a graptolite fauna -which indicates the presence of
all the Wenlockian zones. The thicknesses of the Valentian and Wenloc- -
kian here have not been determined owing to the fragmentary mature
of the profiles and the strong folding of beds.

The youngest Silurian members probably occur in the western part
of the Kaczawa Mts., but only the Neodiversograptus nilssoni zone (Jae-
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ger '1964a, b) has so far been identified here. In lithology the Ludlovian
deposits do not differ from the underlying Wenlockian one.

Monograptus hercynicus Perner which, as has already been mentio-
ned, represents the Gedinnian, was found by Jaeger (1964a, b) 8.

Both the lower and the upper parts of Silurian deposits from the
Bardo and the Kaczawa Mts. resemble closely in lithology, differing dis-
tinctly from other Polish regions already described. In its small thickness,
not exceeding 100 m and in a specific type of development, the Silurian
depositis here seem 'to resemble more closely some areas outside of Poland
than any region in Polish territory.

THE POLISH SILURIAN GRAPTOLITE ZONES
General remarks

The biostratigraphy of Silurian deposits is based chiefly on grapto-
lites. This group of fossils shows a strong specific and generic differentia-
tiom, occurs in great masses in the rocks, and has a wide geographical dis-
tribution. These are all conditions favourable to correlation with other
profiles.

The first standard classification, based only on the above group of
fossils, was drawn up by Elles (1900) for the Ludlovian, by Wood (1900)
for the Wenlockian and by both these authors for the whole Silurian
(Elles & Wood 1913). In the latter work, 21 graptolite.zones were dis-
tinguished in the Silurian. Out of these 10 characterize the Valentian, 6
the Wenlockian, 5 the Ludlovian. This subdivision has been aceepted.by
the majority of stratigraphers dealing with the iSilurian 'bio‘stra!tilgraphy;

As studies progressed, the above classification was extended to inclu-
de a much greater number of graptolite zones, particularly so in the
Ludlovian. One of the reasons is the fact that in Great Britain the
graptolite facies erids mith the Saetograptus leintwardinensis zone while
on the Continent it persisted much longer, in places reaching even to the
Lower Devonian.

Studies on the Silurian graptolite faunas on the Continent kept pace
with those in Great Britain, but their deévelopment varied in the different
countries. They developed first and foremost in Czechoslovakia thanks. to
the works of Barrande [(1850) and Perner (1897), also Perner & Kodym
(1919), in ‘the thirties continued by Boucek and Pfibyl. The two last na-

———

8 Jaeger has revised some old materal, probably found by Peck in 1865 and
which is now preserved in the collections of the Natural History Museum at Gorlitz.
They come from the railway cut near Luban. ’
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med authors have presented in their publications (e.g. Bou¢ek 1931a, b, c,
1932, 1933, 1953, 19604, b; Piibyl 1940a,b, 1941a,b, 1942a, b, 1943, 1948,
1957) a much more comprehensive stratigraphic division of the Silurian
from the Barrandian area into graptolite zones than that worked out in
Great Britain. :

Ptibyl differentiated 15 zones in the Valentian but he does mot dis-
tinguish the three lowest ones, ie. Akidograptus ascensus, \A. acuminatus
and Orthograptus vesiculosus. A more complete description is given by
Boucek (1953) who distingulishes 15 Valentian zones as well as a number
of subzomes and beds. He justifies this subdivision by the presence either
of new species or by ‘the concentration of one form in a definite strati-
graphic position. Moreover, that author ascribes a great importance to
the evolutionary stages of the Valentian graptolite fauna (Boucek 1960Db).
The difference between the subdivision of Phibyl (1948) and that of
Boucek (1953) consists in that the latter author distinguishes three lower-
most zones. If this is taken into account in Pfibyl’s (1948) subdivision,
the number of his zones will increase to eighteen.

Within the Wenlockian deposits Boudek (1933) distinguishes 11 zo-
nes, most of them based on cyrtograptids, but his papers published fin
1953. and 1960b mention 12 zones. The same number is mentioned by
Ptibyl (1948) and it increases to 13 when Homny ((1962) places the Gotho-
graptus massa zone in the Wenlockiian.

Since graptolites younger than the Saetograptus leintwardinensis
zone have been identified in the Barrandian area, the Ludlovian stage is
very accurately subdivided by Pribyl (1941a, b) and Boucek (1960b), also
by Horny (1962). In the Barrandian area ‘these authors distinguish as
many as 14 zones, out of which the 3 youngest ones now certainly repre-
sent the Gedinnian. The division of the Ludlovian from ‘the Barrandian
area into zones has not as yet been fully clarified, so that further modifi-
cations are not excluded, as may i.a. be supposed from the Polish profiles.
The question arises whether the whole division of the iSilurian, varying
with the Czechoslovakian authors, is correct and whether the zones that
have been distinguished by them are really index horizons as is currently
accepted. '

The progress of studies on the stratigraphy and graptolite fauna in
Poland started some ten years ago. Regretfully, a full description of the
Silurian fauna,particularly of the Valentian and the Wenlockian, has not
as yet been worked out in spite of the great abundance of materials.
Studies on the Ludlovian and Postludlovian deposits are slightly more
advanced but likewise mot yet fully completed.

With a few exceptions Tomczyk (e.g. 1962a, 1968c) distinguishes in
the Polish Siluran the same zones as those of the Czechoslovakian
authors; for the Ludlovian he mentioned as many as 19 zones, i.e. consi-
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derably more. Papers by that author, however, lack a more complete
justification of his subdivisions, moreover, the interpretation®of the wva-
Tious zones seems somewhat arbitrary, sometimes even inaccurate.

The Silurian graptolite fauna, so far identified in Poland, is discus-
sed in the present chapter. Sufficient evidence is yielded by it to distin-
guish well defined graptolite zones, while those which the writer does
not regard as perfectly certain are eliminated, though they had been pre=
viously introduced into the literature. Material from outcrops or boreholes
investigated by the writer, as well as data from the literature, in some
cases even unpublished information were used as a basis in analysing this
problem. The zones distinguished in Poland have been compared Wlth
those -established in Czechoslovakia and Great Britain.

Other European profiles have been disregarded in view of their
mostly incomplete development. Neither have profiles outside of Europe
been considered, because of their great distance and owing to the presence
of numerous endemic species which would obscure the picture here
presented.

The distinction of the Silurian graptolite zones was based first and
foremost on the generally binding rules, established by the International
Subcommission on Stratigraphic Terminology (1961). In that meaning
this is the first comprehensive concept of a biostratigraphic division of
the ‘Silurian in Poland, based on graptolites.

A complete specification of the [Silurian graptolite fauna of Poland,
so far identified, showing its vertical range and the defined zones, is
given in charts, separately for every stage.

Valentian (Llandovery)

By far the greatest part of the Valentian deposits, both on the Pre-
cambrian and the Paleozoic platforms, as well as in the Holy Cross Mts.
are clayey; subordinately clayey-siliceous, marly or calcareous. The last
named type is confined to 'the Lower Valentian and it is associated with
the neritic zone of the Mazury-Suwalki elevation. On the other hand,
the predominance of the clayey-siliceous sediments is characteristic of
the Sudetes. In their lower part there is a fairly thick series of lydites
which grade upwards into siliceous shales interbedded by clays. Marly
and clastic deposits have been found sporadically in some profiles and
they occur only as rather thin intercalations. Graptolites are the predo-
minant, in principle, the only fauna. The few brachiopods, trilobites and
pelecypods, are of small stratigraphic value. An analysis of the graptolite
fauna has led to the distinction of the following zones (chart 4).
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Akidograptus ascensus Zone

This zone complies with the requirements for an acrozone and it
should be treated as the lowermost one, beginning the Silurian profile
in Poland. The following forms occur in the faunal assemblage here: Aki-
dograptus ascensus ([Nich.), Diplograptus modestus modestus Lapw., D.
modestus diminutus Elles & Wood, Glyptograptus persculptus (Salt.),
Climacograptus medius Térnq., C. scalaris norrhalis Lapw., C. scalaris
miserabilis Elles & Wood.

‘All the above forms have also been found in ‘the Barrandian area
(Boucek 1953) and in Great Britain (Davies 1929). This zone is, therefore
well paleontologically defined, and permits extensive correlation.

Tomezyk (1962a, 1968c) recognizes that Glyptograptus persculptus
(Salt.), found in the profile of borehole Lebork IG-1 is characteristic of
the lowermost Silurian zone of Poland. In his opinion this form occurs
together with Climacograptus scalaris normalis Lapw. and C. scalaris mi-
.serabilis Elles & ‘Wood. The differentiation of this zone does not, however
seem justifiable because Glyptograptus persculptus (Salt.) is kmown from
the uppermost Ordovician (Dicellograptus anceps zone) and it occurs in
Poland as well as in Great Britain (Davies 1929), together with Akido-
graptus ascensus (Nich.) which does not pass from ‘the Ordovician. Glyp-
tograptus persculptus (Salt.) is cited by Elles and ‘Wood (1913) also from
the Akidograptus acuminatus zone, and with an interrogation mark even
from the Orthograptus vesiculosus zone. Thus it is a form with a relati-
vely great vertical ramge (from the Upper Ordovician to at least the
Akidograptus acuminatus zone) and it can hardly be regarded as an index
form of an independent lowermost Silurian zome. The Glyptograptus per-
sculptus zone is not known in Czechoslovakia, while Davies (1929) distin-
guishes it in Great Britain.

Akidograptus acuminatus Zone

This is a zone faunally well defined in Poland and readily distin-
guishable, moreover, it may be regarded as the equivalent of an acrozone.
A typical assemblage is indicated by the following. forms: Akidograptus
acuminatus (Nich.), Diplograptus modestus modestus Lapw., D. modestus
diminutus Elles & Wood, Orthograptus mutabilis (Elles & Wood), Clima-
cograptus innotatus Nich., C. medius Torng., C. scalaris normalis Lapw.,
C. scalaris miserabilis Elles & Wood, Pseudoclimacograptus cf. hughesi
(Nich.). All these forms are likewise known from an analogous zone in
the Barrandian area (Boudek 1953), while tin Great Britain (Elles & Wood
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1913) there woccur, moreover, Dimorphograptus confertus swantsont
(Lapw.), D. elongatus Lapw. and D. erectus Elles & Wood.

‘The Akidograptus acuminatus zone may be readily correlated with:
other European profiles.

Orthograptus vesiculosus Zone

: This zone has been distinguished in Poland on the basis of the
following assemblage: Diplograptus modestus modestus Lapw., D. mode~
stus diminutus Elles & Wood, Orthograptus mutabilis (Elles & Wood),
O. vesiculosus (Nichol.), Cystograptus penna (Hopk.), Climacograptus in-
notatus {(Nichol.), C. medius Torng., C. rectangularis (Mc Coy), C. scalaris
normalis Lapw., C. scalaris miserabilis Elles & Wood, Pseudoclimacograp-
tus hughesi (Nichol.), P. retroversus (Bulman & Rickards), Dimorphograp-~.
tus confertus confertus (Nichol.), D. confertus swantsoni (Lapw.), Rhapido-
graptus toernquisti (Elles & Wood), Peérnerograptus revolutus (Kurck).

‘The above assemblage is likewise characteristic of an analogous zone
in the Barrandian area (Bouc¢ek 1953) and in ‘Great Britain (Elles & Wood
1913). As presented above it should be treated as the acrozone of Ortho-
graptus vesiculosus (Nichol.). ’

Between the zone Akidograptus acuminatus and Orthograptus vesi-
culosus, Tomezyk (1962a, 1968c) places the Diplograptus modestus sub-
. zone. This form is known in Poland and in the Barrandian area (Bouéek
. 1953) from the Akidograptus ascensus to the Orthograptus vesiculosus
zone; in Great Britain (Elles & Wood 1913) from the Akidograptus ascen-
sus to the Pristiograptus cyphus zone. In the Barrandian area this subzone
is not distinguished by Boucek (1953) or Horny ((1962), while in England
it was differentiated as an independent subzone and placed above Akido-
graptus acuminatus by Jones (1921). On the other hand, Elles and Wood
(1913) regard as one zone the Orthograptus vesiculosus and -Diplograptus
modestus zones. In the division of Curtis (1961) the zone Diplograptus
modestus is repldced by the Monograptus atavus zone, the Orthograptus
vesiculosus zone by the Monograptus acinaces zone. In what rules are
concermed, the Diplograptus modestus subzone does mot compley with
any requirements warranting its differentiation, hence, the present writer
does not distinguish it in the Polish Valentian profile.

Pristiograptus cyphus Zone

In Poland this zone belongs to those faumally well defined. It is
characterized by numerous forms common to the Barrandian- area (Bou-
cek 1953) and to Great Britain (Elles & Wood 1913, Jones 1921) where it
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is knowmn, too. Its index assemblage contains: Cystograptus penna (Hopk.),
Climacograptus innotatus Nichol., C. medius T6rnqg., C. rectangularis (Mc
Coy), C. scalaris normalis Lapw., C. scalaris miserabilis Elles & Wood,
Pseudoclimacograptus hughesi |(Nichol.), P. retroversus (Bulman & Ric-
kards), Rhapidograptus toernquisti (Elles & Wood), Pernerograptus revo-
lutus revolutus (Kurck), P. revolutus austerus (T6mq.), Pristiograptus
acinaces (Térng.), P. atavus (Jones), P. concinnus (Lapw.), P. cyphus
(Lapw.), P. sandersoni Lapw. Its characteristic feature is the appearance
of the first pristiograptids among which Pristiograptus cyphus (Lapw.) is
an index form complying with the requirements for an acrozone.

Pristiograptus gregarius Zone

In Poland this zone may be distinguished on its index form as well
as on the whole assemblage, but its separation into subzones, as was done
by Elles & Wood (1913), is hardly possible. Tomeczyk (1962a, 1968c) postu-
lates the presence of two subzones,, i.e. Demirastrites fimbriatus and
Demirastrites triangulatus. Above these he places Pristiograptus gre-
garius as an independent zone. Such an interpretation does not, however,
seem correct, because these two subzones are embraced by the Pristio-
graptus gregarius zone and do not constitute independent underlying
subzones.

In Czechoslovakia, Pfibyl (1948) replaces the subzones !by three
zones: Demirastrites pectinatus (according to Pfibyl & Miinch, 1942, De-
mirastrites pectinatus Richter is a synonym of Graptolites fimbriatus
Nicholson), Demirastrites triangulatus and Rastrites approximatus, wit-
hout distinguishing the Pristiograptus gregarius zone. On the other hand,
Boucek (1953) mentions the Demirastrites pectinatus and the Demira-
strites pribyli zones. At the base of the former he places the Demirastri-
tes triangulatus (Hark.) bed. In a brief diagnosis of the species Demira-
strites pribyli, Boutek (1953, p. 14) states that it closely resembles D.
triangulatus (Hark.), the only observable difference being a more arcuate
rhabdosome and more widely spaced thecae which never coalesce at the
base. Even these slight diﬁ.eu'e‘nces, however, must raise doubts as to the
correctness of the creation of a new species and its use as an index form
of a zone which is supposed to replace the D. triangulatus subzone. On
the other hand, Boucek (1953) cites the presence of numerous represen-
tatives of Demirastrites triangulatus (Hark.) from the Pristiograptus
gregarius zone. '

In a later paper (Boucek '1960b), the bed containing D. triangulatus
{Hark.) is raised to the rank of a zone, while the P. gregarius zone is not
distinguished, similarly as in Pfibyl (1948).
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Curtis (1961) replaces the P. gregarius zone by the Monograptus
triangulatus, Diplograptus magnus and Monograptus leptotheca zomes.
Thus the problem of the Pristiograptus gregarius zone is not yet
accurately defined either in the Polish profile or elsewhere. The writer’s
analysis of materials (Teller 1967) from several boreholes in ‘the eastern
part of the Peribaltic depression has reliably indicated that the Pristio-
graptus gregarius zone itself is easily distinguishable. Moreover, the
presence of two lower subzones: Demirastrites fimbriatus and Demira--
strites triangulatus may be reasonably supposed. At present, however,
their separation lacks accuracy, although both these forms are characte-
rized by an extremely narrow vertical range. In view of the uncertain
position in the Polish profile of index forms of the subzones, it seems
safer to distinmguiish only the Pristiograptus gregarius zome, without
separating it into subzones.

The following assemblage has been distinguished in Poland: Glypto-
graptus tamariscus (Nichol.), Petalograptus minor Elles, P. ovatoelongatus
(Kurck), P. palmeus {(Barr.), Climacograptus rectangularis (Mc Coy), C.
scalaris normalis Lapw., C. scalaris miserabilis Elles & 'Wood, Pseudocli-
macograptus hughesi (Nichol.), P. retroversus (Bulman & Rickards), Rha-
pidograptus toernquisti (Elles & Wood), Monograptus communis Lapw.,
* M. clingani (Carruth.), Diversograptus capillaris (Carruth.), Rastrites
approxrimatus geinitzi Tomg., R. longispinus Perner, R. peregrinus Barr.,
Demirastrites denticulatus (T6érng.), D. fimbriatus (Nichol.), D. pectinatus
(Richter), D. triangulatus (Hark.), Pristiograptus concinnus (Lapw.), P.
gregarius (Lapw.), P. sandersoni (Lapw.).

Demirastrites convolutus Zone

In the Silurian profile of Poland this zone is not well defined beca-
use its index species has not as yet been found.

In the Barrandian area (Boucek 1953, 1960b; Pribyl 1948), similarly
as in Great Britain (Elles & Wiood 1913), this zone is well developed. Bou-
Celk (1958) has even distinguished at its base a bed with Monograptus
millepeda (Mc 'Coy) and two overlying subzones: Pristiograptus leptotheca
and Petalograptus folium. In 1960b, however, that author mentions only
two subzones. In Great Britain (Elles & Wiood 1913) in 'the top of the
Demirastrites convolutus zone, there is a bed with Cephalograptus cometa
(Geinitz). )
To the species Cephalograptus cometa (Geinitz) Tomczyk (1962a,
1968c) assigns the rank of an index form of the zone bearing that name.
This species actually occurs in the top of a non-graptolite layer between
the Pristiograptus gregarius and Monograptus sedgwicki zones (borehole
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Zawada 1), i.e. of a layer which is the stratigraphic equlvalemt of the
Demirastrites convolutus zone.

In Great Britain, Cephalograptus cometa (Geinitz) characterizes also
the top of that zone and in this respect it resembles the Polish profile.
In ‘Czechoslovakia the C. cometa zone is unkmown because this form is
included in the index assemblage of the Demirastrites convolutus zone.

In the wriiter’s opinion the absence in Poland of Demirastrites
convolutus (Kurck) should not impede the distinction of the zone, beca-
use in the Polish profiles there occurs a layer which is its stratigraphic
equivalent and in whose top C. cometa {(Gelinitz) is present. On the other
hand, the separation by Tomczyk of the C. cometa zone does not seem
justifiable because in other profiles this form as a rule characterizes the
top part of the Demirastrites convolutus zone.

‘The assemblage so far reported from the Polish D. convolutus zone
is very meagre. It contains the following forms: Cephalograptus cometa
(Geinitz), Petalograptus palmeus (Barr.), Pseudoclimacograptus hughesi
(Nichol.), Monograptus cf. leptotheca Lapw., Rastrites approximatus
Perner, R. distans Lapw., R. fugax Barr., R. peregrinus Barr., Pristio-
graptus jaculum (Lapw.), P. nudus (Lapw.). :

Monograptus sedgwicki Zone

This is one of ‘the well defined zones in Poland and ‘it may be
reganded as the equivalent of the acrozone of the index form whose
vertical range is restricted to that zone. Moreover, it can be readily
correlated both with ICzechoslovakia (Boucek 19563, 1960b), Great Britain
(Elles & Wood 1913, Jones 1921) and other regions. The ‘great abundance
of the genus Rastrites does not facilitate its differentiation. The charac-
teristic assemblage of this zone is as follows: Petalograptus palmeus
(Barr.), P. tenuis (Barr.), Pseudoclimacograptus hughesi (Nichol.), Mono-
graptus marri Perner, M. sedgwicki (Portl.), Rastrites approximatus
Perner, R. distans Lapw., R. fugax Barr., R. linnaei Barr., R. maximus
(Carruth.), R. peregrinus Barr., Pristiograptus jaculum (Lapw.), P. nudus

(Lapw.).

.Rastrites linnaei Zone .

In the Silurian profile of [Poland this zone is distinguished with
some difficulty. By Tomeczyk (1962a) it is distinguished only within the
eastern: part of the Peribaltic depression, while in his last paper (1968c)
he suggests that Rastrites maximus (Carruth.) is its characteristic form,
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too. Boudek (1953) distinguishes two subzones within the Rastrites linnaei
zone: Petalograptus palmeus as the lower and [Petalograptus hispanicus
as the upper one. In 1960, only one zone, that of Rastrites linnaei, is dif-
ferentiated by the above author. Horny’s (1962) differentiation is analo-
gous and thus the two authors go back to Pribyl’s concept ((1948).

Elles and Wood (1913) do not mention that zone at all, though its
characteristic form is known in (Great Britain already from the M. sed-
gwicki zone. Jones (1921) on the other hand, suggests the zone Monograp-
tus halli as an equivalent of the Rastrites linnaei zone. Curtis (1961)
accepts Jones proposition but above the M. halli (Barr)) zone he distin~
guishes and independent Rastrites maximus zone.

In Poland, Rastrites maximus {(Carruth.) and R. linnaei Barr. have
been encountered together but in the lower Monograptus sedgwicki zome
as well as in ‘the upper Spirograptus turriculatus zone. Other species
present in 'the assemblage of the R. linnaei zone also occur in the Spiro-
graptus turriculatus zone or pass from the underlying zone. There are
others, however, which appear for the first time in the Spinograptus
turriculatus zone, Among these are: Monograptus pandus Lapw., M. prio-
don (Bronn), M. veles (Richter), M. exiguus (Nichol.), M. nodifer (Tornq.),
M. runcinatus (Lapw.). Hence that part of ‘the profile where R. linnaei
Barr. and R. maximus (Carruth.) occur together in great mumbers.but
where the forms mentioned above as well as Monograptus sedgwicki
(Portl) and Spirograptus turriculatus turriculatus (Barr.) are missing,
may be regarded as equivalent of the R. linnaei zone. Not in every profile,
however, are the prevailing conditions so favourable, and then an exact
definition of the R. linnaei zone may be impeded. Tt should be stressed
too, that the index species does mot fulfill all the conditions required to
regard this zome as an acrozone. This very species-does, however, attain
its epibole within the accepted interval.

The index assemblage here is: Petalograptus altissimus (Elles &
Wood), P. palmeus (Barr.), P. tenuis (Barr.), Pseudoclimacograptus hug-
hesi (Nichol.), P. undulatus (Kurck), Pseudoplegmatograptus obesus
(Lapw.), Monograptus becki (Barr.), M. halli (Barr.), M. marri Perner,
Spirograptus planus (Barr.), S. turriculatus minor (Barr.), Rastrites
distans Lapw., R. fugax Barr., R. linnaei Barr., R. maximus (Carruth.),
Pristiograptus jaculum (Lapw.), P. nudus (Lapw.), P. variabilis (Perner).

Spirograptus turriculatus Zone

This zone is restricted to the vertical range of the index form and
it can be readily defined in Poland. Neither are any difficulties enco-
untered in its correlation with other European profiles, because of the
close similarity in their assemblage.
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Two subzones have been distinguished here by Bouéek (1953). The
lower one is indicated by the index form, the upper one by Monograptus
runcinatus (Lapw.). In a later paper (Boucek 1960b), however only the
zone is mentioned by that author, similarly as was done by Hommy |(1962).
From the base of the S. turriculatus zone, Elles & Wood (1913) mention
a bed with Rastrites maximus (Carruth.). But this opinion fis not shared
either by Jones (1921) mor by Curtig (1961) who distinguish only the
S. turriculatus zone.

The following species occur within the characteristic assemblage of
this zone: Petalograptus altissimus (Elles & Wiood), P. palmeus (Barr.),
P. tenuis (Barr.), Pseudoclimacograptus undulatus. (Kurck), Pseudopleg-
matograptus obesus (Lapw.), Monograptus exiguus (Nichol.), M. marri
(Perner), M. nodifer (T6rmq.), M. pandus Lapw., M. priodon (Bronmn),
M. runcinatus (Lapw.), M. veles (Richter), Spirograptus flagellaris
(Térng.), S. planus (Barr.), S. proteus (Barr.), S. turriculatus turriculatus
(Barr.), S. turriculatus minor (Barr.), Rastrites distans Lapw., R. fuga:x:'
Barr., R. linnaei Barr.,, R. maximus (Carruth.), Pristiograptus nudus
(Lapw.), P. variabilis (Perner).

Monograptus crispus Zone

This zone is undoubtedly defined in Poland by its index form. It is
also reliably defined in profiles of the Barrandian area {(Boutek 1953)
and of Great Britain (Elles & Wiood 1913, Jones 1921, Curtis 1961). A most
characteristic feature of this zone is the complete absence of the genus
Rastrites, whose last representatives occur in the underlying zone. The
typical assemblage contains: Petalograptus altissimus (Elles & Wiood),
P. tenuis (Barr.), Pseudoplegmatograptus obesus \(Liapw.), Monograptus
crispus (Lapw.), M. exiguus (Nichol.), M. marri Perner, M. nodifer (Térnq.),
M. pandus Lapw., M. priodon (Bronn), M. veles (Richter), Spirograptus
planus (Barr.), S. proteus (Barr.), Pristiograptus nudus (Lapw.). '

Momnoclimacis griestoniensis Zone

This zone, similarly as the underlying one, is readily distinguishable
in the Upper Valentian profile of Poland, being indicated by ‘the vertical
range of the index speciies. It is also well defined in the Barrandian area
(Boutek 1953, 1960b; Homy 1962) and in Great Britain (Elles & Wood
1913, Jomes 1921, Curtis 1961). The graptolite assemblage is relatively
poor but genus Petalograptus is missing altogether while two new genera
make -their appearance: Retiolites and Monoclimacis, facilitating its
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definition. The typical assemblage contains i.a.: Pseudoplegmatograptus
obesus {Lapw.), Retiolites geinitzianus geinitzianus Barr., R. geinitzianus
angustidens Elles & Wood, Monograptus marri Perner, M. nodifer
Perner, M. priodon (Bronn), M. veles (Richter), Monoclimacis griesto-
niensis (Nicol), Spirograptus flagellaris (T6rng.), S. planus (Barr. ), S.
spiralis (Geinitz), Pristiograptus nudus (Lapw.).

Spirograptus spiralis Zone

This zone should be reganrded as the youngest one in the deposits of
the Polish Valentian. It may be separated into two subzones: the lower,
Momnoclimacis crenulata and the upper, Stomatograptus grandis. In ‘the
uppermost Valentian of Poland the three following zones are distingu-
ished by Tomeczyk (1962a, 1968c) from the bottom upwards: Monoclimacis
crenulata, Spirograptus spiralis and Stomatograptus grandis. This division
is analogous with that of Bohemia introduced by Boucek (1953). In the
top part of the Monoclimacis crenulata zone this author has also distin-
guished a lbed with Spirograptus curvus (Manck) and three subzones in
the Spirograptus spiralis zome. From the bottom upwards they are:
Monograptus parapriodon, M. anguinus and Monoclimacis geinitzi. At
the base of the Stomatograptus grandis zone, moreover, he distinguishes
a bed with Monograptus probosciformis Boucek. In a paper published in
1960b Boucek retained only the three subzomes of the S. spiralis zone,
while Horny (1962) mentions the zomes only, omitting the subzones.

In Great Britain (Elles & Wood 1913) the Valentian deposits end
with the Monoclimacis crenulata zone, though S. Spiralis (Geinitz) and an
assemblage resembling that in ‘Czechoslovakia and Poland have been
rocognized in several profiles. Stomatograptus grandis (Suess) does mot
occur in 'Great Britain. 'The M. crenulata zone is treated by Jones (1921)
as well as by Curtis (1961) as the youngest one of the Valentian.

An analysis of the occurrence of 'the particular species within the
three zones of Czechoslovakia and Poland as well as within the profile
of Great Britain reasonably suggests that the vertical range of such forms
as Retiolites geinitzianus geinitzianus Barr., R. geinitzianus angustidens
Elles & 'Wood, Monograptus marri Perner, M. parapriodon Boucek, M.
priodon (Bronn), M. veles (Richter), Monoclimacis vomerinus (Nichol.),
Spirograptus planus (Barr.), S. spiralis (Geinitz), and S. tullbergi (Boucek)
embraces all the three zomes so far distinguished by Tomczyk (1962a,
1968c). Hence, the presence of only one of the mentioned species, or even
of all of them, impedes the correct determination of one of the three
currently accepted zomes; the S. spiralis zone excepted. At present,
a correct definitionff the Monoclimacis crenulata zone or of the Stomato-~
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graptus grandis zone calls for the identification not only of these two
index species but likewise of several other forms which occur exclusively
in one of these two zones and are encountered in the S. spiralis zone. In
the absence from the profile of index species, and the presence of other
forms characterizing as assemblage typical of the three currently accepted
zones, a correct. definition of one of them is hardly possible. Therefore,
the distinction of only one Spirograptus spiralis zone with two subzones:
Monoclimacis crenulata and Stomatograptus grandis, seems more justi-
fiable, Such a division would, on the one hand, eliminate possible mis-
interpretations, especially in fragmentary. profiles, on the other hand it
‘would facilitate correlation with other European profiles where the
situation is very much the same. This concept of the IS. spiralis zone in
the Upper Valentian profile of Poland may autherize its recognition as
the equivalent of an acrozone, even though the index form itself appears
already in the top part of the M. griestoniensis zone but disappears in
‘the 8. grandis subzone.

The graptolite assemblage typical of the ISpirograptus spiralis zone
is as follows: Retiolites geinitzianus geinitzianus Barr., R. geinitzianus
angustidens Elles & Wood, Monograptus marri Permer, M. nodifer
(Térng.), M. parapriodon Boudek, M. priodon (Bronn), M. sartorius
(Térng.), Monoclimacis vomerinus (Nichol.), Spirograptus planus (Barr.),
S. spiralis (Geinitz), S. tullbergi (Boucek).

Besides those just mentioned, forms typical of the Monoclimacis
-orenulata subzone are: Monoclimacis crenulata (Térnq.), Diversograptus
capillaris pergracilis (Boucek), Pristiograptus initialis Kirste. For the
Stomatograptus grandis subzone the typical forms are: Stomatograptus
grandis grandis (Suess), S. grandis maior Boutek, Monograptus probos-
ciformis Boutek, M. speciosus (Tullb.), Monoclimacis geinitzi (Boudek),
M. linnarssoni (Tullb.), Cyrtograptus lapworthi Tullb., Barrandeograptus
pulchellus (Tullb.), and Pristiograptus largus (Perner).

The division of the Valentian deposits of Poland, here presented, is
based mainly on fauna, so far identified. Its elaboration has mot as yet
been undertaken, therefore, future modifications of the division are not
excluded. The particular zones have, however, been discussed according
to the gemerally binding rules. Hence, each one has been amalogously
-defined and based on the same criteria. The zones, so far distinguished
by Tomczyk (1962a, 1968c) were not always adequately defined, and did
not always comply with the requirements of the biostratigraphical
«classification, therefore, some of them will either have to be integrated
or eliminated.



THE SILURIAN BIOSTRATIGRAPHY OF POLAND 439

Wenlockian

The deposits of this stage are characterized in the Polish profiles
by fairly. uniform’ development and are represented chiefly by a clayey
complex.. ICalcareorus intercalations occur ‘enly in the top part. A some-
what dﬁferent fac1es is encountered in the ‘Sudetes. Shales predominate
there, mbeulbedlded by siliceous shales with tuffite intercalations.

An extfemely rich graptolite fauna permits a fairly accurate sub-
division of this stage into zoriés and its correlation with other European
profiles, espec1ally those of . Czechoslovvakm and Great Britain (chart 5).
' The non-graptolite fauna occurs chleﬂy in the hqp layers and it is without
any great. fblostratl.graphlc value ,

Cyrtograptus insectus Zone , = |-

This zone may be regarded as the oldest one in the Wenlockian
deposits of Poland. It is well faunally..defihed; Tomezyk (1960b) distin-
guished i, too, Inx his later | pa[pefrs—that vauth»or (Tomczyk 1962a) consi-
ders Cyrtograptus murchisoni te be the lowermost zone. In Great Britain
it is curremntly accepted (([Elles & - Wood 19183, Prm.gle & George 1948,
Evans 1961, Warren 1964) that C. murchzsom ‘Carruth. Tépresents the base
of ‘the Wenlockian. Strachan. (19:64‘) mentions that Cyrtograptus insectus
Boucek and Cyrtogmptus cen;tmfugus ‘Boutek have been found together

ini the south’ of Scotland and in-.the. Lake District, but he makes mio
suggestmans to differentiate ‘a. C msecbuls zone in Great Br:tann Rickards
(1967) is the first to dlsmmgm% t‘he C. eembmfu:gus zone as the lowermost
one, at the same .time s’catm;g that C. iinsectus Boutek reaches to the
middle of the C. murchisoni zone.-From the C. centrlrfugus zone of Great
Britain, Rickards (1967} deScribes a’ mumfber of mew forms, mot one of
which has so far been reported from the Polish: profiles.

In Czechoslovakia, the C. muwhlsom zone has been currently recog-
nized as the lowermost Werrﬂoc{k1am zone:(Ptibyl 1948) and zones charac-
terized by such forms as C.. centmfugus Boutek and C. insectus Boudek
were supposed 'to overlie the: C. murchisoni zone. Boudek (1953, 1960b)
established the correct sequence |by fplacmg these tW~O zones below C.
murchisoni. -

In Poland (Teller 1967) C. msectus ‘Boudek occurs together with
C. centrifugus Boudek, but the latter :Eorrm m’terloc{lcs with C. murchisoni.
Carruth. in the base of the zone; while C insectus Bouctek is reported
only from the base of Wenlockian- depos1ts C: insectus Boucek, being a
species limited in its vertlcal ‘range, may be regarded as an index form
of the Cyrtograptus msectus acromome‘ Thls requfnrememt is not fulfilled
by C. centrifugus Bou&ek. ; ’ ’ :

4
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Wenlockian graptolites
of Poland

Zanes

Species

Cytograptus insectus
¥ {Cyrtagraphs murchisoni

Monograptus riccartonensis
Cyrtograptus lundgreni

Cyrtograpius rigidus
Monograpius flexilis

Cyrtograpius _ellesi

Cyrtograptus radians

Refiites geinizianus Bare - 7,
R. densereficulatus: Boufek
[Gothograptus nassa (Hoim)
Monograptus antenularius (Meneghini)
M.cultellus Torng.

M. fiemingi fiemingi (Salter)

M. flemingi primus Elles ¢Wood

M. flexilis Elles

. fiexuasus (Tullb.)

M. kolihai Boutek

M. Tatus Mc Coy

M. priodon (Bronn)

M. pseudocultelius Boutek

lﬁ M. riccartonensis Lapi.
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‘™ retrafiexus (Tullb)

16 [M. subflexilis Pribyl

17 [Testograptus tesfis tostis (Barr)
18 [T. testis bartoszycensis(]awor)
19T testis disciformis{Boutek)

T. testis inomatus (Elles)
Monoclimacis flumendbsae (Gortani)
M.gracilis (Elles & Wond)

M. hemipristis (Meneghini)

M. vamerina vomering (g ichet)

M. vomerina Subgracilis Pribuyl
Curfograpfus. centrfugus Boutek
C. eliesi Gorfanl

N
O

Pl

C. hamatus (Bajly)

C.insettus. Boutek: _

L lundgreni lundgreni Tullb.

C.lundgreni gracilis Boutek
_mancki Boufek

33|C. murchisoni murchisoni Carruthers

33|C morchisoni bohemicus Boutek

35|C muffiramis Torng.
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36|C. pernerl BouCek

37|C. radians Tarnq.

38|C remosus Boufek

39|C rigidus TUllD.

40]C. trilleri Eisel
41 |Barrandeograptus puicheflus (Tul

47 |Pristingrapfus  dubius dutius (Suess)

P dubus lafus Boutek

44 [P Iodenicensis Indenicensis PHDY

a3
43
45[P lodenicensis peribalticus_Jawor.
[46[P. meneghini_(Boriani)

P. praedubius (Boutek)
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To the characteristic assemblage here belong: Retiolites geinitzia-
nus Barr., R. densereticulatus Bougek, Monograptus cultellus Térng., M.
kolihai Boucek, M, priodon (Bronn), M. pseudocultellus Boucek, Monocli-
macis gracilis Elles & Wood, M. vomerina (Nichol.), Cyrtograptus centri-
fugus Boudek; C. insectus Boucek, C. murchisoni bohemicus Boudek, Bar-
randeograptus pulchellus (Tullb.), Pnstwgraptus dubius dubius (Suess)
and P. praedubius (Boucek).

Cyrtograptus murchisoni Zone

This is a zone wéll faunally defined and readily distinguishable in
Poland (Teller 1967). It is also easily correlated with other European
profiles where it is without hesitation interpreted as the acrozone of
C. murchisoni murchisoni Carruth. This applies to Great Britain (Elles
& Wiood 1913, Evans 1961, Warren 1964, Rickards 1967) as well as to
Czechoslovakia (Boutek 1953, 1960b; Horny 1962). The assemblage
characterizing the C. murchisoni zone in Poland consists of: Retiolites
geinitzianus Barr., Monograptus flexuosus (Tullb.), M. kolihai Boudcek,
M. latus Mc Coy, M. priodon (Bronm), Monoclimacis gracilis (([Elles &
Wood), M. hemipristis (Menegh.), M. vomerina (Nichol.), M. subgracilis
Pribyl, Cyrtograptus centrifugus Boucek, C. murchisont murchisoni
Carruth., C. murchisoni bohemicus Bouctek, Barrandeograptus pulchellus
(Tullb.) and Pristiograptus dubius dubius (Suess).

In Czechoslovakia, Boutek (1931b,c, 1932) distinguished above the
C. murchisoni zone the Monograptus firmus zone whose differentiation
is based only on this s:lngle species which apparently occurs en masse in
a one metre thick layer 'The assemblage listed by that author does mot
in any way differ from that typical of the lower zone. In the Polish
profile, in spite of the complete development of the Wenlockian deposits,
the writer (Teller. 1967) did not succeed: to find M. firmus Boutek though
he did identify several typically Bohemian species both in the underly-
ing and the overlying zome. It seems that the zone differentiated by
Boucek (1931b, ¢, 1953, 1960), is only of a local value and that at present
it is hardly possible to distinguish it in the Polish profile.

Monograptus riccartonensis Zone

This zone is indicated by the vertical range of the index form mot
only in the Wenlockian profile of Poland but also in those of other
European countries. In Poland it has been distinguished by Tomczyk
(1962a, 1968c); in Czechoslovakia by Pribyl (1948), Boutek (1958, 1960b),
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Horny (1962); in Great Britain by Elles-(1900), Elles & Wood (1913),
Pringle & Geéorge (1948), Evans (1961), Wamren (1964) and Rickards (1967).

" The, typical assemblage «of that zone (Teller 1967) is as follows:
Momgraptus antenularius ([Mene.ghml), M.. flexuosus. (Tullb.), M. latus
.Mc Cory ‘M. p'rzodon t(‘Bronm), M. nccarto'nenszs -Lapw., .Monocliniacis
hemzpnstzs (Meneg‘hmm), M. vomerina .([N1ch01 ), Przstwgmptus dubius
dubius (Suess) and P. dubius latus Boudek.

. 1Above the M. riccartonensis zone Tomczyk (1‘96.8c) dmtmgulshes the
Pristiograptus dubius latus subzone, without, stating within which zone
it occurs. This subzone is omitted in that author’s earlier paper of 1962a.
Its differentiation is based omnly on four species: M. antenularius (Me-
negh.), Monoclimacis hemipristis. (Menegh.), Pristiograptus dubius dubius
(Suess) and P. dubius latus Boucek. Each of them is found both in the
overlying and underlying deposits.’ This applies also to the index form.
Obviously, the above is no conclusive evidence even for determining a
subzone, and the present wr1ter s mvestlgatmns do mot confirm Tomezyk’s
supposition. Inan acnalogous stra’mga‘aphlc posutnorn Bowcek (1953, 1960b)
also distinguished the Pmshograptus dubm:s dubius zone, but he does not
define it in-any of his papers.

. The species Pmstlogra;ptus uduibms (Suess) is am extremely conser-
vative form; it js characterized by an unusually great vertical range and
has not, as yet, been aldequately studned An'en masse appearance of this
species “has been observed in_ various gtrapbohte -zones from the Middle
Wenlockian through the Postluldlovu—in mot only in the Polish profiles
but also in those of other areas. Were everyone of these occurrences taken
as conclusive evidence for an independent zone or subzane, there would
be ground for the differentiation of several of them.

.Hence, Tomczyk’s (1960a; 1962a, 19'6|8|c) differentiation of the inde-
pendent. P. dubius latus zone w1thmn the Wenlock.lan profile of Poland
does not seem: ]ustlﬁable

For the same reasons, Rickard’s (1967) differentiation in the profile
of North England of the M antenulamws zone (said to correspond to the
P. dubius. latus zone. of Poland and fo the P. dubius dubius zone of
CzechosloVa[k1a) is likewise thought msu(ﬂflcu—:«ntly grounded. The form
M. antenularius (Mengh.) passes from the M. rmcawtanemsns zone reaching .
as far as the C. linnarssoni zone, while the associated species are known
from the overlying as well as the underlying deposits.

Cyrtograptus rigidus Zone

This zone is well defined on its index form and on the whole typical
assemblage. Within the” Wénlockian profile of Poland it 1s d1stmgunshred
by Tomczyk 1(1916'2a 1968c) as 12.he Cyrbograptuns symmetncus zone. Thls
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is.not correct because as early as in 1922 Gortani clairns that this spec1es
described by Elles 01900) is conspecific with C.: 'rzgzdus Tullfb ‘described
by Tullberg (1883) This hais also been con:fmmed by Boucek (1933). .

. The C. rigidus zone is also differentiated in Czechoslvorvalkm (Ptibyl
1948; Boudek 1931a, 1933, 1953 1960b; Homy 19:612), Whlle in -Great
Britain it is cited under the old name ‘by Pringle & George (1948) and
Warren (1964). Evans (1961), however, calls it by the correct name, while
Rickards (1967) has established a new local zone for the North of England
only, i.e. the Monograptus flexilis belephorus zone, !supposed to be an
equivalent of the C. rigidus zone.

The graptolite assemblage in the 'Pohsh plrofﬂe [(‘Teller 1967) is as
follows: Monograptus antenularius (Meneghini), M. flemingi primus
Elles & Wootd M. retroflexus. n(Tullb), Monoclimacis- ﬂumendosae (Gor=
tani), M. hemipristis (Meneghini), Cyﬂogmptus rigidus Tullb., Pristio-
graptus dubius dubius (Suess), P. dubius. latus Boucelk It allows good
correlation W1th other European |procE11es

Monograptus flexilis Zone ™

This is in Poland the equivalent 'of the Emnglish Cyrtograptus
linnarssoni zone. The-species Cyrtograptus linnarssoni Tullberg has not
as yet been recorded fpom Poland; but the graptolite assemblage with
Monograptus flexis Elles is ‘practically identical w1rth the English zone.
The M. flexilis zomé was flTSt distinguished by Bougek (1933) because the
form on which it is defmeud in Great Britain ‘haLs .mnot so far been found
in Ozechoslovakia. The assemblage found, in Poland consists of bhe
following species: Monograptus antenularzus l(iMemeg‘hml), M. flemmgz
flemingi (Salter), M. flemingi primus Eltes & Wood, M. flexilis Elles, M.
retroflexus (Tullb.), Monoclimacis: flumendosae (Gortam) M. hemzpmstzs
(Meneghini), Cyrtograptus -ellesi G»ortam Pnstzograptus dubius dubius
(Suess), P. meneghzm (Gortani). -

Cyrtograptus ellesi Zone

This ds an equlvaleqn*t of the Cyrbograp’cus rwlldus zon€ as currently
accepted in the old British class:flcatmnn The species. .descnbed by Elles
(1900) and Elles & Wood (1913) as Cyrtograptus rigidus Tull’b was rewsed
by, Gortani (1922), who . showved that it differed from Tullfbengs cﬁcmm
(1‘8&3) and gave it the new name ellesi. In ‘the earher papers of Br,msh
authors this zone is still called C. ngldus l(lBrmgle & Genorge 1948 Warretn
1964), but Evans (1961) and Rickards (1067) call it by the correct ‘name.
Tomezyk (1962a) distinguished this zone under its correct name, but in
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1968¢c he mentions the old specific name. The Cyrtograptus ellesi zone is
not known in Czechoslovakia. The graptolite assemblage found in the
Polish profiles (Teller 1967) is nearly analogous with that of England. Tt
is re[presentetd by: Momograptus flemingi flemingi (Salter), M. flemingi
primus Elles & Wood, M. retroflezus (Tullb.), Monoclimacis flumendosae
(Gortani), M. hemipristis (Meneghini), Cyrtograptus ellesi Gortani, Pris- -
tiograptus dubius dubius (Suess).

Cyrtograptus radians Zone

In the Wenlockian profile of Poland, two additional -zones: Cyrto~
graptus perneri and C. radians are distinguished by Tomeczyk (1962a) abo-
ve the C. ellesi zone but below the C. lundgreni zone. In 1968c this
author characterizes both of them by two species. The lower zone is said
to be indicated by Cyrtograptus perneri Boucek and C. ramosus Boucek,
the upper zone by Cyrtograptus radians Tornq. and Cyrtograptus multi-
ramis Térng. This would reasonably swggest that they are both regarded
by Tomezyk as cenozones.

The above zones were first differentiated in the Barrandian area by
Boudek {(1938) and placed by him in the following order, going from the
bottom: Cyrtograptus ramosus, C. perneri and C, radians.

Bouéek and Piibyl (1953) when discussing the occurrence of Cyrto-
graptus ramosus Boucek state that within the profile of Male Chuchle in
the Barrandian area this form was associated with numerous Cyrtograp-
tus perneri Boucek, Monograptus flemingi flemingi (Salter), Monoclima-
cis flumendosae (Gortani), M. hemipristis (Meneghini) and Pristiograptus
pseudodubius Boudek. Since in this profile C. perneri Boutek has been
found in great abundance, the above authors do not distinguish here an
independent C. ramosus zone, but ‘a 'C. ramosus-C. perneri zone. In the
Tmané profile of the Barrandian area, the species C. ramosus Boucek is
said to occur together with Monograptus retroflexus (Tullb.), Monoclima-
cis flumendosae (Gortani), Monograptus flemingi flemingi (Salter), Pristio-
graptus pseudodubius Boucek and also Cyrtograptus perneri Boucek. This
latter form, is, however, less frequent, which made Bouéek & Piibyl
(1953) to differentiate here only the C. ramosus zone. At the end they
mention, however, that the differences between the species C. ramosus
Bouéek and C. multiramis Térnq. are not great, hence, they may be relat-
ed, while C. ramosus Boutek may even be a subspecies of C. multiramis
Tomgq. Obviously, the distinction itself of the C. ramosus zone arouses
doubts which grow in importance with the knowledge that the definition
of the index species is not very accurate.

Neither has the question of the Cyrtograptus perneri zone been
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cleared up. Boucek (1933) reports the presence of that form from several
profiles and states.that its vertical range is considerable, It appears just
above Meunograptus ﬂea:zlzs Elles and persu;hs as.far as the upper parts of
the C. radians zone. In the Male Chuchle prmﬁle of the Barrandian area
(Boucek & Pribyl 1953) this form was found in the follownmg assemblage:
Cyﬂograptus ramosus JBouc»e-k Monagmptus flemingi flemingi (Salter),
Monoclimacis hemzpnstzs {Meneghini), Pristiograptus pseudodubius Bou-
&ek. A little higher up in this profile and less-often it ds associated with
Cyrtograptus radians Torng., C. multiramis Tomq C. lundgreni tundgre-
i Tullb., C. lundgreni gracilis Boucek, Pristiograptus pseudodubius Bou-
¢ek and P. dubius dubius (Suess). If it is accepted that the C. permeri
zone is the equivalent of an acrozone then it may be regarded as well
defined, but if so, there will be-no space left for the C. ramosus and C.
radians zones. On the other hand, if that part of the profile between the
C. ellesi and C. lundgreni zone were discussed as a cenozone, not one of
the three zones distinguished by Czechoslovakian authors would prove
acceptable. If the term zome would have an ambrtra-ry meaning, i.e. the
index species plus the assemblage, then Cyrtograptus perneri may be
regarded as the index form for a given fragment of the profile, even if it
interlocks with other species. Difficulties will, however, be always enco-
untered in the accurate definition of the 'C. perneri zone. The assemblage
is hardly typical and ana]:ogous with the overlying C. ra:d1a|ns zune, while
several forms even pass from the underlying zone. ' cd

The writer’s investigations and observations of this fragment of
the Wenlockian profile from the Holy Cross Mts. (Zbrza anticline, Bardo-
-Stawy) and -from the (Sudetes, also borehole matenal particularly from
the eastern part of the Peribaltic depression, all reasonably suggest that
such a detailed subdivision as that of Tomczyk (1962a, 1968c) is scarcely
possible. The whole graptolite assemblage overlying the Cyrtograptus el-
lesi- zone is uniform and Cyrtograptus perneri Boucek, as a rule, occurs
together with Cyrtograptus radians Torng. On the other -hand, such spe-
cies as Cyrtograptus multiramis Térng. and Cyrtograptus ramosus Bou-.
ek, are without value because of their inadequate description which
needs to be revised and worked out. In the writer’s opinion that part of
the Wenlockian profile enclosed between the Cyrtograptus ellesi and Cyr-
_tograptus lundgreni zones can be most readily defined on the basis of
the Cyrtograptus radians Térng. This-species is namely so characteristic
that it is readily identifiable and arouses no doubts. Moreover, its verti-
cal range is limited to that interval and, therefore the C. radians zone may
be regarded as an acrozone. The g'rapnohte assemblage, which characteri-
zes the C. radians zdi-gg in Poland, Jsfas‘ follows: Monograptus flemingi fle-
mingi (Salter), M. flemingi primiis Elles & Wood, Monoclimacis flumen-
dosae {Gortani), M. hemipristis (Meneghini), Cyrtograptus ellesi Gortani
— in the bottom part only — Cyrtograptus lundgreni gracilis Bouéek,
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C of. multiramis Torrnq ., C. cf. 'ramosus Boucelk Cyrtogmptus radians
Témq., C. cf. trilleri Eisel, C pernert IBouce'k P'rzstzogmptus dubzus du-
bius (Suess). :

_The Polish C. radians zone oorresponds to the C. ‘rantosus, 'C. perneri
and C. “radians zones of Czechoslovakia; Correlation with Great Britain
is extremely difficult because not one of these three zones is known there,
It is noteworthy that, in the U.S.S.R. Obut, Sobolevskaya & Bondarev
(1965), also Obut ¢! 960) distinguish omly the 'C. radians zone arnld correlate
1"t with the Cyrbograpt‘us e11e1s1 zone of lGrrea’(: Bmtaim

,Cyrtograptus lundgreni.Zone

This zone is well defined it the Wenlockian profile -of Poland. It
is- distinguished by Tomeczyk (1962a, 1968c) while Jaworowski (1965) has
worked it out in greater detail on the basis of material from two bereho-
les: Bartoszyce IG-1 and Goldap IG-1, situated in the eastern part of
the Peribaltic depression. Jaworowski’s results very slightly dewviate:from
those obtained by the writer (Teller 19@7) -from -a- comgplete profﬂe in
borehole Zawada: 1. s

- A most striking observation is ‘the extinction in the top part of
this zone of nearly all the graptolites so far predominant in the 'Wenloc-
kian. This is a very common symptom and it -has mot, as yet, been clari-
fied. The only forms that persist into the Ludlovian is Pristiograptus du~ .
bius dubius (Suess), a very conservative species, also Gothograptus nassa
(Holm) which makes its first appearance in the top of the Cyrtograptus
lundgreni zone and ‘occurs en masse in the base of the Ludlovian.

- The typical assemblage found in a number of Wenlockian profiles
of Poland is as.follows: Gothograptus nassa (Holm), Monograptus flemingi
flemingi (Salter), M.. flemingi primus Elles & Wood, M. subflexilis Ptibyl,
Testograptus testis testis (Barr.), T.- testis bartoszycensis (Jaw.), T. testis
disciformis (Bouéek), T. testis inornatus (Elles), Monoclimacis - flumendo-
sae (Gortani), M. hemipristis (Meneghini), Cyrtograptus hamatus (Baily),
C. lundgreni lundgreni Tullb., C. lundgreni gracilis Boucek, C. mancki
Bouceik C. cf. trilleri Eis., C. perneri Bougek.and: P'nstzograptus dubius
dubius (Suess). -

The writer mecognizes the . Cyrbograptus lumndgrem zone, as the youn-
gest one for the Wenlockian deposits, and in its top he places the Wen-
lockian/Ludlovian boundary. This. interpretation coincides with that of
Jaworowski (1965) and of the English authors (Elles 1900, Wood 1900,
Elles & Wood 1913, Pringle & George .1948, Evans 1961, Warren 1964,
Rickards 1967), but differs from the concept of Tomeczyk (1962a,. 1968c)
and of Bouc¢ek (1953, 1960b). These two authors accept the Testograptus
testis zone as the youngest one. Judging from the index value which Tom-



THE SILURIAN BIOSTRATIGRAPHY OF POLAND 44T

czyk and Boucek assigned to Testogmptuk testis test:is'u(Ba;rr.) its vertical
range must be greater than that of Cyrtograptus lyndgreni lundgreni
Tullb. This is not, however, the case in the Polish profiles, as was cor-
rectly observed by J awmwsﬂn [(1965) and as conflrmed by the writer’s in-
vestugatlbm;s I(Teller 1967)., In the pmﬁ.le of borehole Zawada 1, Testograp-
tus testis testis I(Bafm') :makes its. appearance at a depth .of 1,562.m:and it
is associated with Cy'rtog'raptus lundgrem lundgrem Tullb. as far. as the
top.of the Wemloeklan .i.e.:1,833 m. In other.— mnot continuously cored
boreholes I(Sdkolow P*odlaskl 1, Korsze 1, Ddbre 1)y — these two . forms
were alrwa,ys found toge'ther 'Hefnce this occunrence lS not lo-oal but usual
arnd in obeyance to the binding frules, it is safer to dlstmgmsh the C..lund~
greni zone, neaganded as the acrozone of . th1s iorm than to differemtiate
a zone mon complying with the bmdmg can'dntmns

The T. testis zone may olbv10usly be tpeated as am, acrozcme but then
the Cyrrtograpbus luingrem zone loses 1bs plI‘lQ{mty Both. _Species comply
with the Ireqmrements for a cenozone but then the zone must be indicated
on the basis of both species. |

If the two. _Species are to be dlscussed from the pomt of v-1-evw of
the1r maximum develapn:nen't and occurrence in the sbratlgraphlc profﬂe
(. e. their epplboleu), it is seen that the evolutionary maxima overlap, too.
Hence a dual mame should Ibe used again, but then the bottom as well
as the top of the C. Iurmdglrem zone would be’ chalractenzed by other
forms. )

On the basis of vaestlgalmms carried orut in the Sllrunan p'rocfﬂes
of Thuringia, Jaeger (1959) mcferned thart in the top .paurt of the Wenloc-
kian, there occur in prmcnple only bwo specles Pmstzograptus dubius du-
bius (Suess) and Gothog’raptus nassa’ (Holm), and that - Przstwgraptus
vulgaris (Wood) is the first typlcally Ludlov1an form. P. dubius du.bzus
(Suess) occurs together with it, mnarenorver at the base the pneSemce is
also noted of G. nassa I(III-olm) as well as of other :retmhtes and of Mono-
graptus deubeli Jaeger. The mass’ occwxmetnce of the species P. dubius
dubius (Suessy and’ G. nassa (Holm) was called by Jaeger (1959) the du-
bius-nassa Interrégnum and was included into the Wémil'odkiém. He does
not assign to the term Interregnum the rank of a zome, as ‘is occurrently
used, but places the 'Wenlockian/Ludlovian boundary in the top of this
layet' In support of his coné¢ept Jaeger also discusses ‘other European pro-
files (in Poland, Great Britain and ‘Czechoslovakia), and gives his results
obtained from erratic boulders, affirming that such an Interregnum may
be differentiated everywhere. In another paper (Jaeger 1964c), besides.
retaining his term dubius-nassa Interregnum he also distinguishes the
Monograptus.deubeli zone at whose base he places the Wetnlocklam/Lwdlo-
vian boundary. The above zone is formed by reducing the top of Inter-
regnum. and the base of ‘the vulgaris zone, In support.of this view he men-
tions several facts from other profiles, in. al. from Poland and states
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that he had observed the presence both of the dubius-nassa Interregnum
and of M. deubeli Jaeger within the profile of the Pragowiec ravine in
the Holy Cross Mts.

The present writer, however, never succeeded to find this characte-
Tistic forgn M. deubeli Jaeger, in spite-of his repeated and careful sear- .
ching in the bottom of the Pragowiec profile. In 1964 and 1965 the rgck
material from the base of that profile was again very thoroughly exanin-
ed but M. deubeli Jaeger was not encountered. This led to the conclusion
that Jaeger’s dubius-nassa Interregnum corresponds to the ‘Gothograptus:
nassa zone by the present writer referred to the Lower Ludlovian. The
last species is encountered from the top of the Wenlockian, but its mass
occurrence is noted in the olive-green calcareous mudstones associated
with Pristiograptus dubius dubius (Suess). Pristiograptus vulgaris (Wood)
malkes its appearance already in the top parts of the zone.

A re-interpretation of this situation, on the ground of the binding
rules, would show that the Gothograptus nassa zone indicates the epibole
of this species, while its assignhment to the Ludlovian may be based even
on the complete absence of Wenlockian species among the associated
forms. After this concept the 'Wenlockian/Ludlovian boundary should oc-
cur below the observed maximum occurrence of Gothograptus nassa
{Holm). Thls would meam the extinction of C. Zundgrem lundgrem (Tullb.)
and of T. testis testis (Barr.).

Hormy (1962) tdlstmgm.shes the C. lundgreni, T. testis arnd G. nassa
zomes in 'the uppermost Wenlockian of the Barrandian area. This is a per-
- fectly new concept as compared mot only with the works of other suthors
(Boutek '1960b, Piibyl 1948), but also with his own papers. In order to
" justify the inclusion of the 'G. nassa zone into the Wenlockian, Horny
(1962, p. 892) mentions the lack of new elements among the graptolite
fauna and the typically Wenloekian character of-the other fauna, particu-
larly of the trilobites, However, only a few lines farther down, but again
on pages 901—903, Horny states that new trilobite forms make their ap-
pearance in the uppermost Wenlockian (T. testis and ‘G. massa zones) while
several older forms die out and other degenerate. We are dealing here
with a slight inconsequence, hence the inclusion of the G. nassa zome
into the Wenlockian is not persuasive.

Ludlovian

The deposits of this stage show a distinctly dual type of develop-
ment. In its lower part they occur as graptolite mudstones here and there
calcareous and containing limestone concretions. Marly mudstones ‘domi-
nate only in the more shallow-water parts of the Silurian basin, along
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with an increase in the caleium carbonate content. The clayey facies, on
the whole monotonous, changes abruptly in the top of the Lower Ludlo-
vian and is replaced by a muddy-siltstone one, accompanied by an increa-
se in the thickmess. The last named type of -sediments dominate on the -
Precambrian platform, in the western part of the Peribaltic depression
and the western part of the Podlasie depression. Analogous facial changes
are also traceable in the Holy Cross Mts., where graptolite mudstones
~ are replaced by greywackes.

On the other hand, in the Ludlovian profile of the Sudetes, the
predominant facies continues to be clayey with subordinate siliceous in-
tercalations. A distinct change in the facies does mot set in before the
Lower Devonian.

Facial changes caused by tectonic etvents are responsible for the
complete disappearance of graptolites from certain areas, e.g. Great Bri-
tain, the Holy Cross Mts., while in other regions (Czechoslovakia, the
Polish Lowland) they seem to thrive though the conditions must have
deteriorated. Hence, it is not surprising that the subdivision of the Lud-
lovian of 'the various countries into graptolite zomes differs in details
and that agenerally acceptable classr_flcatlon has not as yet been
established. =

The standard classification of the Ludlovian deposits of Great Bri-
tain into graptolite zomes, as established by Wood (1900), has not under-
gone any candinal modifications. The first recent attempts to re-interpret
this subdivision suggest that its bottom part, i.e. the Pristiograptus:vul>
garis zone, may still represent the Wenlockian and mot the Ludlovian
(Bassett & Shergold 1967, Holland et al. 1967), while Strachan (1964) even
includes this zone into the Wenlockian. The English literature does mot
contain any works giving a more comprehensive analysis of the Ludlo-
vian - graptolite faura of Great Britain or of the graptolite zomnes establi-
shed by 'Wood (1900).

On the Continent this problem is somewhat different and its grow-
ing attractiveness started but a few years ago. The English diwvision, ac-
cepted during so many years, has proved to lack precision and arouses
more and more doubts. For example, during a long time, the Czechoslo-
vakian authors did not separate the Neodiversograptus milssoni zone from

the Lobograptus scanicus zone (Piibyl 1943, Boudek 1936), wlrille the Pri-
stiograptus tumescens zone was placed by them above the Saetograptus
leintwandinensis primus zone. Neither was the Prlsnoug:naptus vulgaris
zone distinguished there (Boudek 1936; Piibyl 1942a, 1948) latet on Homy
(1955) and Boucek (1960b) were the first to sqpa:rate the Neodiversograp-
tus milssoni zone from the Lobograptus scamicus zone, while Boucek
(1960b) and Homny (1962) also introduce the Pristiograptus vulgaris zone
as the oldest one for the Ludlovian deposits. There is no change, however,
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in. the position of' the ([Pristiograptus tlimescehs zone: which is.placed
above the Saetograptus leintwardinensis ‘primus zone: both ° by PnbyI.
(1948) and by Boucek (1960b), Horny; (1: 9'62) was the first to advance ano-
ther interpretation. by - rsuggestmg the preserice in.thé Czéchoslovakian:
profile of a stratigraphic gap between the Saebongraptus fr1t9chz1 Imearls
and the Pristiograptus ultimus zones. : g3

Opinions différed concerning the d1ws1on of the. Ludloman delposﬂbs
in Germany where Eisel (1899—1900, 1903), regarded his 20-th zone, out
of all those he créated, as'the equivalent of nearly all (five) zomes of
Great Britain, ‘The correct sequence is given by Jaeger (1959). It agrees
with that of Great Britain as-far as the Labograptus scanicus Zone, above
which occurs the Saetograptus fritschi linearis zone overlain by the Pri-
stlogragptus dubius ludlowensis zone. :In his revision of the Thuringian
profile, Jaeger |(1964c) differentiates in' the- bottom of the Ludlvo'v1arn a new
Monograptus deubeli zone, above which occur,in the -order here stated,
the Pr:stnqga’aptus ~vulgaris; Nedudlversografptuus nilssoni, Lobograptus
scanicus, Saetograptus leintwardinensis, - Saetograptus fritschi linearis
and Pristiograptus dubius thurmglcus zones. Moreover, that author also
suggests to replace the Neodiversograptus nilssoni zone by the Colonogra-
ptus colonus zone, and the Lobograptus scanicus and Pmshqgrapms tume-
scens zones )by the Saetograptus ch:lmera zone, _

Jaeger’s.(1964c) concept was discussed by, Urbanek |(196'6) who- show-
' ed that Jaeger's arguments are but partly_ justifiable and do mnot provide
a full: solution to the problem of. dividing' the Ludlovian into zomes. It
can namely, be seen on faunal evidence from. borehole Mielnik IG-1 that
the iSaetograptinae group, 'said to.replace ‘the well studied Cucullograp-
tinae group, is not adequately known and that its evolutionary stages are
far more complicated than as they are presented by Jaeger. Urbanek
also discusses with Jaeger the formm Pristiograptus. turmescens (Wood).

“The present writer’s opinion concerning Urbanek’s (1966) sugges-
tions is stated elsewhere. In what Jaeger’s propositions are concerned it
seems that his intentions were primarily of a practical nature, i.e. that
first and foremost he strove to maké thé mewly suggested subdivision of
the Ludlovian suitable to biostratigraphy, -while .evolutionary criteria
were second in importance: If this was that Jaeger had actually in wind,
it must be .reganded as correct because every biostratigraphic division
should - be based on readily identifiable species characterized by a given
vertical rarmge. The group selected by Jaeger; -is, howevesr madequ.a‘tely
known, and this is plainly stressed-by Urbanek. . @+ -

On the other hand, when dealing with the pmblem concerning the
role of Pristiograptus tumescens (Wood) as.an index form for.the zone,
it is noted -that Jaeger’s obiservatioms are confirmed only by the earlier
investigations of other authors. The establishment of zones, based on
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the very poorly dubius group, is certainly to no purpose. This is admitted
by Jaeger, too, but in spite of this view point he acts incohsequentially
when differentiating in the Thuringian profile, above the Saetograptus
fritschi linearis zone, the Pristiograptus dubius: thuringicus zone. This is
niot ‘said in the text ocE h1s paper but it'is shown in a‘table {(J: a.eger 1964c
p- 28) )

A|n arnalytsm of" the LuldLovvuan sulbdlwsmon mto grapbohte ZONES On
the basis of the Polish profiles, and our present knowledge of “‘their
fauna, lead to an infeéremce that the problems there by involved ‘are more
complicated than it is supposed. Tomezyk (1956) mentions five Ludlovian
zonés identical with those. of ‘Great Britain, the lowermost one being
distinguished by him as Gothograptus nassa-Pristiograptus vulgaris. The
present writer (Teller 1964a) likewise distinguishes- only five English
zones; accepting the Pristiograptus vulgaris zone as the lowermost one.
Tomczyk (1962a) mentions a greater mumber of zonesin the ordet here
followéd, from bottom to top: IGothograptus iiassa, Pristiograptus vulgaris,
Pristiograptus \dubius; -Pristiograptus gotlandicus, Neodiversograptus nil-
ssoni, Liobograptus scanicus, Pristiograptus tumescens;:Saetograptus lein~
twardinensis dnd. Pﬂst‘llogrhphus ultimus; He also gives an analogous in-
terpretation in later papers ‘but modifies it. {(Tomiczyk .1968b, chart 2) on
the ground of results. obtained by Urbanek (1966). The: Lower- Ludlo-
vian, regarded by him as the equivalent of ‘the Eltonian, Bringéwoodian,
partly the Leintwardinian, is supposed to be characterized by the follow-
ing ‘zones.and subzonés: G.dthog‘raptus' nassa, Pristiograptus vulgaris, Pri-
stiograptus. dubius (subzone), Pristiograptus gotlandleus Neodiversograp-
tus milssoni,” Lobograptus.progenitor, Imbograptus scanicus parascamicus,
Cucullograptus pazdroi (subzone), Cucullograptiss héemiaversus and Sae-
tograptus’ leintwardiriensis. The new zones were introduced here by Ur-
banek (1966), with the reservation, however, that- their distinction for
stratﬂgwaphm reasons, in practice may prove very inconvenient. Some dif-
flculmes can, namely, be encountered in mdentufymg Jindex ‘species in
a compressed state of preservation, moreover, the newly established zo-
hes may be regional in character, and be different enough to serve for
standard stratigraphy. Another subdivision,. based on saetograptids, was
simultaneously suggested by Urbanek. In:present writer’s. opinion, howe-
ver, that concept ought to be treated rather ‘as an.argument for discussion
with Jaeger than as'a proposition. Urbanek, mamely distinctly stresses
our inadequate kmowledge of that graptolite group and thmks that in
the future new evolutionary data will be obtained. -

Without going into details (cf. Urbanek 1966) it seems. that the pro-
posed new zones are based on reliable paléontological evidence and on
a profile with ‘a complete sequence’ of beds. Hence, these zones Tnay be
accepted without hesitation; their practical use, however, for standard
biostratigraphy, would be greatly handicapped by the extreme scarcity:
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of material well enough preserved to offer a clear picture of all the de-
tails needed for a correct definition of the species and. subspecaes describ-
ed by Urbanek.

The above division must, moreover, be confirmed in profiles from
other boreholes in order to warrant correctness in the established sequen-
ce of zones, and to prove that the division is not regional, this not being
excluded by the author himself. o

Omn the other hand, Urbanek’s statements concerning the strong dif-
ferentiation of the Ludlovian graptolite fauna, and its madequate kmow-
ledge, are of real value. This has, namely an indirect bearing on the pre-
sent dﬁﬁeulhes cvonnected with the correct dlvasmn of the Ludlovian into
zomes.

Though the knowledge of the graptolite fauna of Poland is far more
advanced than that of any other region, yet it is most difficult to define
the middle part of the Ludlovian profile embracing — according to the
current classification — the Lobograptus scanicus, Pristiograptus tumes-
cens and Saetograptus leintwardinensis zones. The maximum develop-
ment and differentiation of the Cucullograptinae may be noted in that
interval. Since this part of the profile is well paleontologically defined
and since Urbanek’s distinction of the zones follows the binding rules, his
classification seems reasomably acceptable. Practically, however, as has
aiready been mentioned, it cannot serve its purpose. The practical solu-
tion of this problem calls, therefore, for a settlement by compromise.

The present writer suggests as a clue to that solution the fusion,
under the name of the Cucullograptinae horizon, of Urbanek’s (1966) zo-
nes Lobograptus progenitor, L. scanicus parascamicus, L. invertus and
Cucullograptus hemiaversus. This does not coincide with the full vertical
range of the above subfaniily, hence it does not correspond with Urba-
nek’s Cucullograptinae range zone. This concept seems justifiable on other
grounds, too, In the profile of borehole Mielnik IG-1, between the L. sca-
nicus parascanicus and L. invertus zones there is a 15 m gap from-which
both these species are absent and only L. expectatus Urbanek and (at the
base) C. pazdroi Urbanek have been found. Another gap, even though of
5 m only, occurs between the Liobograptus invertus and Cucullograptus
hemiaversus zones, and still another one, of 10 m, between the Cucullo-
graptus hemiaversus and the Cucullograptus aversus zones. The lack of
continuity in the sequence of Urbamek’s zones does mot, by any means,
render their differentiation less plausible. This problem should, evidently,
be cleared up because, in the Silurian, species traditionally acceptable as
index forms interlock at the base with the index species of the preceding
zome and at the top with the index species of the mext zone.

. The present Saetograptus leintwardinensis zone, based on a species
known from many profiles, hence readily correlated, might be retained
instead of Urbanek’s Cucullograptus aversus zone and C. aversus rostratus



THE SILURIAN BIOSTRATIGRAPHY OF POLAND 453

subzone, As is currently accepted, the presence of Saetograptus leint-
wardinensis (Hopk.) is limited to the interval which roughly coincides
with the Cucullograptus aversus zone and the C. aversus rostratus
subzone, though, in borehole Mielnik IG-1, the two last species reach
somewhat higher up (Urbanek 1966). The en masse occurrence of Bohemo-
graptus bohemicus bohemicus (Barr.) alove the S. leintwardinensis zone
provides adnd.rmomal reliable evidence. S

The base of the S. leintwardinensis ‘zone may be established in the
top "of the Lobograptus cirrifer Urb., i.¢. of a Torm readily identifiable
even in a comrpressed state of preservatmn

The above concept of the Saetograptus leintwardinensis zone should
‘be tentatively accepting pending the elaboration of the Saetograptinae.
It is, namely, not excluded that this group, if mot completely at least
partly, will serve biostratigraphic purposes better than some Cucullo-
graptinae species on which Urbanek had based his division.

As has been more at lange discussed in the chapter on the division
of the Silurian system, the present writer does not end the Ludlovian
stage with the S. leintwardinensis zone but includes therein the five new
zones distinguished by Urbamek (1970). They are the Bohemograptus
bohemicus, -B. cornutus, Neolobograptus auriculatus, Neocucullograptus
inexpectatus and Neocucullograptus kozlowskii zones. The new zones
are far more readily distinguishable than the lower ones, based on the
Cucullograptinae, and data available from the literature suggest that
they occur not only within the Polish profiles.

Neocucullograptus inexpectatus (Boucek) has been described from
the Barrandian area by Bouéek (1932) but its position in the profile was
incorreéctly intejpreted. This species had even been accepted by Piibyl
(1948) as a |synno|nym of Lobograptus scanicus |(Tullb.). The identification
of this species by Urbanek in a definite stratigraphic position, and its
" recognition as“the zone index -fossil reasonably suggest its. occurrénce in
an analogous horizon of the Barrandian area. The problem of the Bohe-
mograptinae is very much the same; a number of specimens was collected
by the writer in 1962, during a trip with Profesor B. Boutek from the
Certove Schody profile in the Barrandian area. Most regretfully the
accurate stratigraphic position of these forms has mot as yet been
definitely established by the Czech explorers.

The confirmed occurrence of the mew zones in some Polish bore-
holes, as well as the presence of some zones in the Bohemian profile, have
allowed their better definition than that of the lower zones, so that they
are acceptable on safer grounds.

With reference to the problems discussed above, the following
grapbohte zones are distinguished by the writer in the Ludlovian proflle
of Poland {chart 6).
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Gothograptus nassa Zone

'Thls zone occurs m the bdttom part of the qulowam amd it is
charactemzed, 'by an extremely mea4gne assemblage consisting of the
followmg forms: Gothogmptus nassa l(Holm), Pmstzograptus dubius dubius
(Suess}, in rl:lhe top also Pmstzograptus 'vulgarzs :(’Wood) The index species
makes its appearam.ce already in the Upper Wenlodlnam nbut its epibole
becomes distinct not earher than above the rCyrbograptws lutntdgreml zone.,
‘The G'oﬁhoagraptus nassa zone is rnot knowm in the *Sﬂumatn profile of
Great Br11:am while in the ZBohemLam area .(fHomy 19'612) and the German
(Jaeger 1959, 19|64c) [pmfﬂes 1t is placeud in ‘I:he Wenloc{lnan t(comgpare the
C. lundgrerm zone)

Pristiograptus bulgd_ﬁs Z’o‘n.e' L e
Slmllalﬂy as thle lowe'r -one,. 1;th zane oonntams an extremely poor
assembla.ge represented by: Spmog’raptus spmosus (lWood) Plectogmptus‘
_ maciléntus [(Tonnq), ,,Retwlztes” - wimani Ens P’mstzog'raptus dubius
dubius (Suess), P. vulgaris l(W ood) in the wp!per part also P. gotlandicus
(Perner). It is mfferamtlated in the. Brltlsh (Wood 1900) as well as. in the .
Bchemian c(Hnorrny 196‘2) pnocflles and can be readily correlated. Above
the P. vulgaris zone, Tomczy#k l(‘ll9!6‘2a 19|6!8c) distinguishes the Pristio-
graptus dubius subzone amd the Pristiograptus gotlandicus zone. Both
these forms Joelocng to ‘the dubms group_which is inadequately studied
and, therefore, cannot serve. as mdex f»orms m the _differentiation of.
mdepenadent zones l(comp p 4412) )

Neodiversograptus nilssoni Zone.

This zone is.excellently defined in all the Ludlovian profiles of
Poland and may: be regarded as the acrozone of this species. Its most
typical assemblage ‘is: reépresented by: Spinograptus clathrospinosus Eis.,
Spin. spinosus (Wood), Plectograptus.macilentus (Térng.); Holoretiolites
erraticus (Eis.), H. muenchi Eis., Monograptus uncinatus Tullb., Bohemo-
graptus bohemicus- bohemzcus (Barr.),- Pristiograptus: dubius dubius
(Suess), P..gotlandicus: (Perner), Colonograptus colonus (Barr. ), C. roe-
meri (Barr.), Neodiversograptus nilssoni (Lapw.). -

Colonograptus colonus (Barr.) .and Monogmptus uncmatus Thillb.
belong to the characteristic forms of this zone. a

A similar assemblage -defines this zone in the profiles~ of Bohémian
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area (Bouéek 1936; Pribyl 1940a, 1942a, 1943, 1948) also in that of Great
Britain (Wiood 1900; Elles & Wood 1913; Rickards 1966, 1967), as well
as in several other profiles of Europe and outside of Europe. Hence, this
is an acrozone of paramount importance in correlation.

Cucullograptinae horizon

It contains the four following graptolite zomes distinguished by
Urbanek (1966) from bottom upwards: Lobograptus progenitor, L. sca-
nicus parascanicus, L. invertus and Cucullograpus hemiaversus whose
descriptions are given below.

Lobograptus progenitor Zone

This zone defines the lower part of the horizon. The index species
belongs to the oldest, today kmown, representatives of the subfamily
Cucullograptinae and begins its evolutionary line. Other associated forms
are: Spinograptus spinosus (Wood), Plectograptus macilentus (Toérng.),
Holoretiolites balticus Eis., H. erraticus Eis., H. mancki (Miinch), Mono-
climacis micropoma (Jaekel), Bohemograptus bohemicus bohemicus
(Barr.), Pristiograptus dubius dubius (Suess), Colonograptus colonus
(Barr.), Saetograptus chimaera cervicornis Urbanek, Lobograptus proge-
nitor Urbanek, L. simplex Urbanek and ,,Barrandeograptus” operculatus
(Miinch). ‘

Lobograptus scanicus parascanicus Zone

It is conspicuous among the other Ludlovian zones by its very rich
assemblage containing: Plectograptus macilentus (T6rng.), Holoretiolites
erraticus Eis., H. mancki (Miinch), H. simplex Eis., Monoclimacis haupti
(Kiihne), M. micropoma micropoma (Jaekel), M. micropoma nannopoma
(Jaeger), Bohemograptus bohemicus bohemicus (Barr.), Pristiograptus
dubius dubius (Suess), P. dubius frequens (Jaekel), P. dubius tumescens
(Wood), Saetograptus chimaera chimaerd (Barr.), Saetograptus chimaera
cervicornis Urbanek, Neodiversograptus beklemishevi Urbanek, Lobo-
graptus expectatus Urbanek, L. imitator Urbanek, L. progenitor Urbanek,
L. scanicus scanicus (Tullb.), L. scanicus parascanicus (Kiihne) and Cucul-
lograptus pazdroi Urbanek. '

L]
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Lobograptus invertus Zone

In the profile of borehole Mielnik IG-1 (Urbanek 1966) this zone is
delimited from the underlying one by a gap of 15 m and by another gap
of 5 m from the overlying zone. It is, so to say, suspended in a profile
with a mormal sequence, and future investigations will probably show
whether this species interlocks with zone index forms at the base as well
as at the top. Tts assemblage contains: Holoretiolites mancki (Miinch),
Monoclimacis haupti (Kithne), Bohemograptus bohemicus bohemicus
(Barr.), Pristiograptus dubius dubius ((Suess), P. dubius frequens. (Jaekel),
P. dubius tumescens (Wiood), Saetograptus chimaera chimaera (Barr.), S.
chimaera cervicornis Urbanek, S. chimaera salweyi (Hopkin.), S. fritschi
(Pemmer), Neodiversograptus beklemishevi Urbanek, Lobograptus expec-
tatus Urbanek, L. imitator Urbanek, L. invertus Urbanek, L. scanicus
amphirostris Urbanek.

Cucullograptus hemiaversus Zone

This zone is arbitrarily accepted as the top of the Cucullograptinae
horizon. The top of the zone is indicated by Lobagraptus cirrifer Urbanek.
The following forms characterize the zone: Holeretiolites mancki (Minch),
Monoclimacis haupti (Kiithne), Bohemograptus bohemicus bohemicus
(Barr.), Pristiograptus dubius dubius [(Suess), P. dubius frequens (Jaekel),
P. dubius tumescens (Wood), Saetograptus chimaera salweyi (Hopkinson),
S. fritschi (Perner), Neodiversograptus beklemishevi Urbanek, Linograp-
tus posthumus (Richter), Lobograptus cirrifer Urbanek, L. expectatus
expectatus Urbanek, L. expectatus bicornis Urbanek, L. scanicus amphi-
rostris Urbanek, Cucullograptus hemiaversus Urbanek.

The four graptolite zones, discussed above, which indicate the
Cucullograptinae horizon, are based in Poland on the fauna found in the
profile of borehole Mielnik TG-1 (Urbanek 1966). This horizon which, in
its old broad concept, embraces a part of the top of the Neodiversograptus
nilssoni zone, the L. scanicus and the Pristiograptus tumescens zones, is
readily traceable in nearly all the profiles of Poland. The question mow
arises whether the concept here presented will be confirmed in the other
European profiles (Barnrandian area, Great Britain, Germany) whose
re-examination in ‘this respect is thought mnecessary in the writer’s
opinion. On the presence in the European profiles of genera and species
which also occur in the assemblage of the Polish zones, it may be reaso- .
nably supposed that also the Cucullograptinae are subject to changes
resembling those observed by Urbanek.
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Saetograptus leintwardinensis Zone -

The definition of this zone and the pumposefulness of its tentative
retainment have been discussed on p. 452. The following forms occur in
its assemblage: Monoclimacis haupti (Kiihne), Bohemograptus bohemicus
bohemicus {(Barr.), B. bohemicus tenuis (Bouc.), Pristiograptus dubius
dubius (Suess), P. dubius frequens (Jackel), P. dubius tumescens (Wood),
Saetograptus fritschi fritschi (Perner), Saetograptus fritschi linearis
(Boud.), S. leintwardinensis (Hopk.), Linograptus posthumus ((Richter),
Cucullograptus aversus aversus (Eisenack), C. aversus rostratus Urbanek,
C. hemiaversus Urbanek. S

Bohemograptus bohemicus Zone

According to Urbanek (1970) this zone is indicated by the epibole
of the index species which makes its first appearance already in the
N. milssoni zone and becomes finally extinct in the top of the Neocucul-
lograptus kozlowskii zone, i.e. in the top of the Ludlovian. Beginning
from the S. leintwardinensis zone a variability is observable within the
species B. bohemicus bohemicus (Barr.), producing several characteristic
subspecies. In the zone here considered, the index form occurs en masse,
though this has not been moted throughout the vertical range of ‘this
species. According to Urbanek, the following forms are encountered in
the assemblage characterizing -this zone: Monoclimacis haupti (Kiihne),
Bohemograptus bohemicus bohemicus (Barr.), B. bohemicus tenuis (Boudc.),
Pristiograptus dubius dubius (Suess), P. dubius frequens (Jaekel), P. du-
bius tumescens (Wood), Linograptus posthumus (Richter), Cucullograptus
aversus cf. aversus (Eisenack), C. aversus rostratus Urbanek.

Bohemograptus cornutus Zone

Urbanek (1970) separates this zone into two subzones: the lower,
B. cornutus praecornutus and the upper, B.- cornutus cornutus subzone.
In the writer’s opinion such a subdivision is not- really necessary because
the two subzones are based on one and the same species and are,
moreover, characterized by the.same assemblage. According to the above
concept this zone is treated as the acrozone of the species cornutus. The
absence of Cucullograptinae is ome of the typical features, while the
assemblage is analogous with that present in the underlying zone. Accord-
ing to Urbanek it consists of: Monoclimacis. haupti (Kithne), Bohemograp-
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tus bohemicus bohemicus (Barr.), B. bohemicus tenuis (Boucek), B. cor-
nutus cornutus Urbanek, B. cornutus praecornutus Urbanek, Pristiograp-
tus dubius dubius (Suess), P. dubius frequens (Jaekel), P. dubius tumes-
cens (Wood), Linograptus posthumus (Richter).

Neolobograptus auriculatus Zone

This zone may be regarded as an equivalent of the acrozone of the
index species. According to Urbamek (1970), the characteristic assemblage,
which strongly resembles the underlying one, is represented by: Mono-
climacis haupti (Kiithne), Bohemograptus bohemicus bohemicus (Barr.),
B, bohemicus tenuis i(Boué.), Pristiograptus dubius dubius {Suess),
P. dubius frequens (Jaekel), P. dubius tumescens (Wood), Neolobograptus
auriculatus Urbanek and Linograptus posthumus (Richter).

Neocucullograptus inexpectatus Zone.

It complies with the requirements for an acrozone; its assemblage
according to Urbanek (1970) consists of: Monoclimacis haupti (Kihme),
Bohemograptus bohemicus bohemicus (Barr.), B. bohemicus tenuis (Bouc.),
Pristiograptus dubius dubius (Suess), P. dubius frequens (Jaekel), P. du-
bius tumescens (Wood), Neocucullograptus inexpectatus (Boucek) and
Linograptus posthumus (Richter). Moreover, TUrbanek (1970), has
distinguished some varieties within the species Neocucullograptus inex-
pectatus (Boucek) and Linograptus posthumus (Richter).

Neocucullograptus kozlowskii Zone

In the writer’s opinion, this zone ought to be regarded as the
youngest one in the Ludlovian stage. Its assemblage displays distinct
impoverishment; according to Urbanek it is represented by Monoclimacis
haupti (Kithne), Bohemograptus bohemicus tenuis (Boucek), Pristiograp-
tus dubius dubius (Suess), P. dubius frequens (Jaekel), Neocucullograptus
kozlowskii Urbanek and Linograptus posthumus (Richter).

The top of the above zone is accepted by the writer as an arbitrary
Ludlovian/Postludlovian boundary. This supposition is based on the
following data:’

a) distinet impoverishment of the fauna, similar to that observable
on the Wenlockian/Ludlovian boundary,
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b) complete disappearance of the genus Bohemograptus, a very
characteristic Ludlovian form,

c) extinction of the Cucullograptinae; N. kozlowskii Urbanek being
probably their last representative,

.d) the persistance above the Ludlovian of thcree species only: P.
dwbzus frequens (Jaekel), Monoclimacis haupti (Kithne) and Linograptus
posthumus (Richter). Out of these P. dubius frequens (Jaekel) retains its
conservative characters, M. haupti (Kihne) probably initiates a mew
species ,,Monoclimacis” ultimus (Perner), while L. posthumus (Richter)
persists, without substantial changes, as far as 'the Lower Devonian,

e) the appearance above N. kozlowskii Urbanek of new Mono~
graptidae species i.a. of several mutations of Monograptus formosus Bou-
¢ek, which have not, as yet, been fully worked out.

The above facts are easily traceable in Poland within every profile
fully developed in the graptolite facies.

The youngest Ludlovian zones and their characteristic assemblages
here considered, occurring above the leintwardinensis zone, allow the first
accurate division of this fragment of the Silurian system in Poland.
Although the presence of these zones in other profiles (Barrandian area)
is not excluded, their correlation is now hardly possible.

Postludlovian

At their base the deposits of this stage are developed as mudstones
interbedded by siltstones. Marly limestone intercalations are fairly com-
mon in the shallower parts of the basin. Towards the top sedimentation
grows more -uniform with the predominance of mudstones, partly
calcareous. Concretions of marly limestones as well as intercalation of
organogenic limestones are frequent, too. Graptolites are 'the dominant
fauna; they are recorded in great abundance from several boreholes
(Teller 1960a, 1964a, 1966). Side by side, especially in the calcareous
intercalations, the presence has been noted of trilobites, ostracods, pele-
cypods, gastropods, cephalopods, conodonts and tbrachiopods (Korejwo &
Teller 1964, Witwicka 1967).

A variegated complex comsisting of mudstones, intercalated by
calcareous greywackes, is well developed in the Holy Cross Mts. Calcare-
ous concretions are present, too, with limestone intercalations in the top
parts. A rich non-graptolite fauna is encountered throughout that
complex. '

The Postludlovian biostratigraphy is based on graptolites, borehole
Chelm IG-1 being the basic profile in the top part. Its lower fpart has
not as yet been fully worked out (chart 7).
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Postiudlovian graptolites
of Poland

Zones
Species

Monograptus formosus horizan
Pristingraptus bugensius
Pristiograptus chelmiensis
Pristingraptus samsonowiczi
Monograptus bouceki
Pristingraptus admirabilis
Pristingraptus perbravis
Pristiograptus transgrediens

| Monograptus angustidens

Monograptus perneri

Monograptus angustidens PFibyl
M.balticus Teller .
M.bouceki Pribyl =
M.formosus (Boutek)

M.ex gr. formosus (BouCek)
M.lebanensis Teller
M.perneri Boucek —
Pristingraptus admirahilis Teller,, . ot
P.aduncus Teller -
10 [P.bugensius Teller H.
11 [P.chelmignsis Teller F=T
12|P.ex gr. dubius (Suess) |
13 (P.perbrevis. Teller : —
14(P.rarus Taller .
15 [P. samsanowiczi Teller e
16 |P. separahiis Teller -’
[17 [P. transgrediens (Perner) ' e
18 [ Monaclimacis” ulfimus (Perner) —
19 [Linograptus posthumus (Richfar)
20(Abiesgraptus sp. -
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The subdivision of that stage (from bottom to top) is as follows:
Monograptus formosus Horizon

This horizon is confined to the wvertical range of the species M.
formosus Bouéek, and its base indicates the Ludlovian/Postludlovian
boundary. Its top, on the other hand, overlaps with the bottom of the
Pristiograptus bugensius zone.

The presence, besides M. formosus Boutek, of several new species,
so far mot yet worked out but which may in future prove very helpful
in detailed classification, reasonably suggests to recognize the lower part
of the Postludlovian as a horizon. On the other hand, the distinction of
a zone acceptable as the acrozone of M. formosus BoucCek would hardly
give a true picture of the present situation. ,

The following forms have been hereto recorded from the above
horizon: Monograptus balticus Teller, M. formosus Boucek, M. ex gr.
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formosus Boucek, M. lebanensis Teller, Pristiograptus ex gr. dubius
(Suess), P. rarus Teller, ,Monoclimacis” ultimus (Pemner), Linograptus
posthumus (Richter). . )

M. formosus Boucek was described from the Barrandian area; it
occurs there in the Pristiograptus ultimus zone which indicates the base
of the Piidoli beds (Pfibyl 1941a). In the Polish profiles ,,M.” ultimus
(Permer) is associated with M. formosus Boudek but throughout its vertical
range. There seems, however, to be no plausible reason to distinguish in
Poland the ,,M.” ultimus zone; this zone in the Barrandian area represents
only a very small fragment of the Polish M. formosus horizon (Teller
1964a).’

Monograptus formosus Boulek is, moreover, known from some
boreholes in Lithuania, located in the easterm part of the Peribaltic
depression (Paskevi¢ius 1968), also in Volhynia (Krandievsky et al. 1968),
Bulgaria [(Spassov 1960), Kazakhstan (Apollonov et al. 1968), Central Asia
(Obut et al. 1968), Morocco (Willefert 1963) and Normandy (Jaeger, Doré
& Philippot 1965). Quite recently, Jackson (written communication) has
reported a similar form in an analogous stratigraphic position in Canada
(Royal Creek profile).

Tomeczyks (1961) and Tomezyk (1962a, p. 65 et al.) state that among
the forms encountered at the bottom of the vertical range of M. formosus
Boucek, he has identified: Monograptus microdon silesicus Jaeger, M.
microdon Richter, also species from the ,,uncinatus” group — Monograp-
tus uniformis Piibyl, M. praehercynicus Jaeger and M. hercynicus Perner.

\All the above species are, however, kmown from wother profiles of
Europe or outside Europe, also from Poland, but in considerably younger
layers, above the Monograptus angustidens zone.

Tomezyk claims that in Poland as well as in other parts of the
globe, Linograptus posthumus ([Richter) is the only species occurring
above the Monograptus angustidens zone, other graptolites being absent.
This led Tomezyk (1962a) to incorrect stratigraphic conclusions.

Jaeger (1962), Boucek & Horny i(1964), also Teller (1964b) all disagree
with the above concept.

Nevertheless, Tomeczyk (1968a, p. 141—142) adheres to his original
interpretation and justifies it by mew arguments based on the Silurian
profile from borehole Ciepieléw 1G-1. His arguments contradict, however,
the results obtained mot only by ‘the writer (Teller 1960a, 1964a, b; Ko~
rejwo & Teller 1964) but also those of many other authors (Ptibyl 1941a;
Boucek 1966; Jaeger 1959, 1962; Hollard & Willefert 1961; Willefert 1962,
1963; Koren 1967, 1968; Lenz 1966; Boulek et al. 1967; Berry 1967,
Philip 1967; Nikiforova et al. 1967). Since, moreover, Tomczyk’s arguments
are not based on any reliable evidence, the present writer must again
express his opinion on ‘this problem.

1) Tomezyk (1962a, 1968a) has mot as yet figured or dmcnbed any
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of species he has identified as Monograptus uniformis Ptibyl, M. pracher-
cynicus Jaeger, M. hercynicus Perner, M. microdon microdon Richter and
M. microdon silesicus Jaeger. Neither did he publish any other facts in
support of his supposition respecting the absence of the here named
species above the M. anmgustidens zone. He confined himself to very
general speculations concerning the evolution of graptolites (Tomczyk
1962a), at the same time depreciating the arguments advanced by other
authors. _

2) Tomczyk (1968a) denies the correctness of the identification of
M. uniformis Piibyl from borehole Chelm IG-1 (Korejwo & Teller 1964)
postulating that it is Monograptus angustidens Pribyl. He assigns great
importance to differences in the state of preservation of graptolites from
mudstones as compared with those from limestones. The rhabdosome
figured in pl. XXI, fig. 3a,b, by Korejwo & Teller (1964) is mormally
compressed and not preserved in half relief. Moreover, it does not come-
from a limestone, as is suggested by Tomczyk, but from a calcareous
mudstone. ’

3) Tomczyk (1968a) claims that the absence of M. uniformis Piibyl
in a 1435 m thick fragment of core above the M. angustidens zone in
borehole Ciepieléw TG-1 provides reliable evidence to exclude the occur-
rence of the former above the latter. The question here arises whether
the M. angustidens zone is really well defined in borehole Ciepieléw IG-1
and whether the index species is correctly identified by Tomczyk, beca-
use his paper does not contain amny documentation. Moreover, from the
profile of the above borehole, Tomczyk (1968a, p. 141) mentions two
intervals with M. angustidens Ptibyl. One at a depth of 2,648—2,675 m
(27 m) from which he reports M. cf. angustidens Piibyl; the other at
2,606—2,615 m (10 m) with M. angustidens Piibyl, said to occur en masse.
These two intervals are separated by 33 m of deposits containing only
Linograptus sp. Even if M. angustidens PIibyl had "been correctly iden-
tified in both cases, the absence of M. uniformis Piibyl from borehole
Ciepielow IG-1, above the M. angustidens zone, cannot evidently prove
its absence in general above the last named zone throughout Poland, and
still more so throughout the world. The limited diameter of all boreholes,
apparently not taken heed of by Tomczyk, may be quoted to illustrate his
argumentation.

4) The results from borehole Nl in the Sahara desert, worked out
by Willefert (1962, 1963), are accepted by Tomczyk as evidence for the
presence of Monograptus formosus Boucek together with M. uniformis
Piibyl as well as younger forms which he I(1962a, 1968a) calls the ,uni-
formis” groulp.

The present writer took his opportunity to have this problem cleared
up. The ,uniformis” group, as understood by Dr. Willefert, does mot
coincide with the concept of M. uniformis Piibyl. The latter occurs in
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borehole Nl; between 2,702.5 and 2,732 m in association with M. hercy-
nicus Perner and M. praehercynicus Jae«ger-,' while a form resembling
M. uniformis Pfibyl (which Dr. Willefert does not identify with M. uni-
formis Pfibyl but possibly with the ,,uniformis” group) occurs lower
down in borehole INI3, together with M. formosus Boucek. Except for its
outer appearance, this form has nothing in common with the typical form.
from which it is much older.

5) Tomczyk postulates (1968a) that Acastella tiro R. & E. Richter
from borehole Chelm 1G-1 represents the young stage of a new species of
the genus Acastella, said to occur in borehole Ciepielow IG-1, above as
well as below the M. angustidens zone. This prove might be acceptable if
Tomcezyk had given both a description of the new species and had figured
its successive evolutionary stages. The correctness of the identification of
the specimen from borehole Chetm IG-1 (Korejwo & Teller 1964) as
Acastella tiro R. & E. Richter has been confirmed by Dr. Alberti during
a discussion with the present writer, when Dr. Alberti emphasized that
the specimen here considered is very typical.

6) Tomezyk’s concept (1968a) that the base of the M. uniformis zone
is not acceptable as an index horizon in the correlation of Silurian
deposits in Europe obviously contradicts the opinions of all European
and non-European explorers, Tomeczyk excepted. This was stressed at the
1967 ‘Conference at Calgary and again in 1968 at Leningrad.

According to the present knowledge of the Upper Silurian graptolite
fauna in Poland, it may be reasonably accepted that, within the vertical
range of the species Monograptus formosus Boucek, there are wother
genera and species, outwardly resembling the forms M. uniformis Piibyl

_or M. microdon Richter, but which cannot be identified with species
occurring much higher up in the stratigraphic sequence. Most likely,
these are mew species, possibly even new genera, as was correctly sug-
gested by Tomezyk (1962a). Such species, however, as M. uniformis Pfibyl,
M. microdon silesicus Jaeger, M. praehercynicus Jaeger, M. hercynicus
Pemner, and also Pristiograptus atopus Boucek, Monograptus yukonensis
Jackson & Lenz, are mot Silurian but already belong to representatives
of the Lower Devonian, and occur above the M. angustidens zone.

Tomezyk’s conclusions (1962a, 1968a) drawn on: mis-identified fauna,
suggest lack of documentation and, therefore, authorize the present writer
to neglect them in the study of the Upper Silurian stratigraphy of Poland.

Pristiograptus bugensius Zone

This zone is the. acrozone of the index form. It is characterized by
an extremely meagre assemblage represented by Pristiograptus aduncus
Teller, P. bugensius Teller, Linograptus posthumus (Richter) and
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Abiesgraptus sp. It has been recognized in several Polish boreholes. Obut
et al. (1968) have recorded it from Central Asia, while quite recently it
is reported by Jackson ((written communication) from, Canada.

Pristiograptus chelmiensis Zone

This zone should be recognized as an acrozone. Its characteristic
assemblage contains besides Linograptus posthumus (Richter) also Pristio-
graptus bugensius Teller at the base, as well as P. chelmiensis Teller and
P. samsonowiczi Teller in the top. It has been recognized in several Polish
boreholes; Obut et al. (1968) have recorded it from Central Asia, while
Jackson (written communication) reports it from Canada.

Pristiograptus samsonowiczi Zone

This js an acrozone of the index species. The only forms found here
are Pristiograptus chelmiensis Teller — encountered at the base only —
P. samsonowiczi Teller and Linograptus posthumus (Richter). This zone
has been recognized in several Polish boreholes.

Monograptus bouceki Zone

This is a zone that may be readily defined and should be recognized
as the acrozone of Monograptus bouceki Ptibyl which occurs here in -
association with Linograptus posthumus (Richter) only. It has been found
in several boreholes.

Ptibyl (1941a) was the first to define it in the Barrandian area.
Jaeger, Doré & Philippot (1965) report it from Normandy, while Obut
et al. (1968) found it in Central Asia.

Monograptus perneri Zone

It is an acrozone, similarly as the underlying one. Linograptus
posthumus (Richter) is the only other form found there besides the index
species Monograptus perneri Boutek. In the Barrandian area, it was
distinguished by Pfibyl (194la) from the Pfidoli beds. Tomczyk (1962a
et al.) mentions the two last zones in a reversed order, while in his paper
published in 1968b they are fused into one binominal zone. The correct
sequence of these zones has been more at large discussed previously by
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the present writer (Teller 1964a). The Monograptus perneri zone is also
known from Kazakhstan (Apollonov et al. 1968) and from Central Asia
(Obut et al. 119|6*8)

Pristiograptus admirabilis Zone

This zone has been defined on the vertical range of the index form.
Its assemblage contains Pristiograptus separabilis Teller, Pristiograptus
admirabilis Teller and Linograptus posthumus (Richter), as well as
Pristiograptus perbrevis Teller in the top part. So far, besides in the
profile from borehole Chelm IG-1 this zone has also been found in the
profile of borehole Ruda Lubycka (Teller 1964a).

Pristiograptus perbrevis Zone

‘So far, this zone has been distinguished in no other boreholes except
Chetm IG-1. Its meagre assemblage consists of Pristiograptus perbrevis
Teller, P. separabilis Teller, P. transgrediens {Perner) in the top, and
Linograptus posthumus (Richter).

Pristiograptus transgrediens Zone

This is an acrozone and besides P. transgrediens (Perner) it contains
only Linograptus posthumus (Richter). Ptibyl (1941a) was the first to
distinguish it in the Barrandian area. More recently it has been recorded
from Thuringia (Jaeger 1964c), Normandy i(Jaeger, Doré & Philippot 1965)
while quite lately Jackson (written communication) has reported it from
Camada.

Monogrdptus angustidens Zone

'This is the last graptolite zone of the Silurian system in Poland.
Its top also indicates the Silurian/Devonian boundary. It is an acrozone
and besides M. angustidens Piibyl, the only other form it contains is
Linograptus posthumus (Richter). The index form was for the first time
distinguished by Ptibyl (1941a). in the Barrandian area, but recently also
in Podolia and the Ural (Koren 1967, 1968).

The graptolite horizon and the graptolite zones of the 'Pohsh Post-
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Judlovian represent today the most complete Upper Silurian sequence of
Cemtral Europe. Until recemntly it was kmown only from the Barrandian
area and was regarded as the type profile. The research studies under-
taken in Poland have, however, resulted in a more detailed subdivision
of the Postludlovian and, what is still more important, some of the new
Polish zones have also been recently distinguished in Canada and Central
Asia. This corroborates the writer’s (Teller 1964a) supposition about the
existence of stratigraphic gaps in the Barrandian area. Therefore, a re-
-examination of both, the Kopaniny beds and the Pfidoli beds, now seems
indispensible for the clearing up of the above problem. The need for such
studies is stressed by the discovery by Boudek (1966) — even though in
much younger layers — of Monograptus yukonensis Jackson & Lenz,
a form described from Canada from a profile where Jackson has lately
found some Polish Postludlovian zones. Hence, it does not seem excluded
that some Polish zones are also present in the Barrandian area.

Other faunas, recently encountered in Poland within the zomes P.
bugensius — M. angustidens, are mearly identical with those kmown
from the Barrandian area (Korejwo & Teller 1964). These finds have
considerably helped in the correlation of the Rzepin series which contain
no graptolites.

' Younger graptolites, until lately referred to the Silurian, have been
found in Poland above the M. angustidens zome, i.e. Monograptus unifor-
mis Pfibyl in borehole Chelm IG-1 (Korejwo & Teller 1964), in the Su-
detes Monograptus hercynicus (Perner), M. hemiodon Jaeger (Teller 1962)
and Momograptus microdon silesicus Jaeger (Jaeger 1959). Today these
forms have been assigned already to the Gedinnian.

THE CORRELATION OF THE POLISH SILURIAN
WITH ADJACENT AREAS BASED ON GRAPTOLITES

The Silurian deposits of Poland, subdivided on the basis of recog-
nized and defined graptolite zones, may be readily correlated with such
profiles from adjacent areas (Scania, Latwvia, Lithuania, the Barrandian
area, Thuringia) where the division of the Silurian system is likewise
‘based on graptolites. As a rule, no essential diffficulties are encountered
during the work of correlation, as far-as the Saetograptus leintwardinensis
zone, in the Barrandian area and in Thuringia even including the Post-
ludlovian. Above this zone a change of facies is moted in most of the
European profiles; the graptolites cease to be the index forms and grow
less frequent. Such facial changes are observable in Poland, too. A com-~
plete absence of the graptolite fauna above the 1S. leintwardinensis zone
has been noted only in the Holy Cross Mts., both in the Wydrzyszéw and
the Rzepin series. Within the Precambrian platform, also in the SE part
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of the Paleozoic platform, the graptolite fauna still predominates and in
some places it has persisted up to the Lower Devonian inclusively.

The Polish graptolite zones have been compared either with analo-
gous zones or with deposits which are their time eqivalents in the various
profiles. The Silurian profile of Podolia has also been correlated because
of its importance for Middle Europe, even though its lithological equiva-
lents are missing in Poland. Indirect stratigraphic connections are,
however, traceable. The correlation of the Silurian deposits of Poland
with amalogous sediments of Great Britain has for its primary purpose
to prove the close connections of the latter not only with the Polish area
but also with the European areas here discussed (chart 8).

Valentian (Llandovery)

Both, the deposits and the fauna of this stage show close connections
with Scania, Latvia, Lithuania, ‘the Barrandian area, |Great Britain and
Thuringia.

In Scania (Regnéll & Hede 1960) the Valentian is represented by
the Rastrites shales and the lower part of the Cyrtograptus shales.
Akidograptus acuminatus is the lowermost zone noted there. It cor-
responds ‘to an analogous zone in the Polish profile. The Rastrites extenu-
atus zone is the equivalent of the IOrthograptus vesiculosus zone, while
the Monograptus revolutus zone should be accepted as the equivalent of
the Pristiograptus cyphus zone in Poland.

The Monograptus triangulatus zone corresponds to the Polish
Pristiograptus gregarius zone, while the Petalograptus folium and
Cephalograptus cometa zones are to be correlated with Demirastrites
convolutus. The Rastrites linnaei, Monograptus crispus and Monoclimacis
griestoniensis zones have not been distinguished in ‘Scania. They are
replaced by the Monograptus turriculatus and Monograptus discus zones.
The top of the Valentian is indicated, as in Poland, by the Spirograptus
spiralis zone which is included in Scania into the base of the Cyrtograptus
shales.

In Latvia (Ulst 1964; Gailite 1964; Gailite, Rybnikova & Ulst 1967)
the base of the Valentian, as far as the Pristiograptus cyphus zone, while
in Lithuania as far as the Pristiograptus gregarius zone (Paskevitius 1963,
1965) is developed as limestones and marls without a graptolite fauna.
Moreover, in some places, there is a minor sedimentary gap between: the
Ordovician and the Silurian. An analogous. situation has been observed
in some Polish boreholes in the eastern part of the Peribaltic depression.
Hence, it may be reasonably accepted that these deposits are synchro-
neous and correspond with the zones from Akidograptus ascensus to
Pristiograptus cyphus or even Pristiograptus gregarius. Higher up, the
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limestone complex is replaced in Poland as well as in Latvia and Lithu-
ania by greenfish mudstones intercalated with black shales.

In Latvia the zones Rastrites linnaei and Monoclimacis griesto-
niensis have not been defined.

In Lithuania, on the other hand, zones from P. gregan'lus to S. spi-
ralis are included into the.Svencionys horizon. The Demirastrites con-
volutus and R. linnaei zones are not here paleontologically defined.

The Valentian deposits of Latvia and Lithuania closely resemble
those in the eastern part of the Peribaltic depression in Poland where
the presence of the D.-convolutus zone is indicated only by Cephalo-
graptus cometa ((Geinitz) while R. linnaei Barr. is missing.

The Valentian deposits of Poland may be most closely correlated
with those of the Barrandian area (Boucek {1953, 1960b; Horny 1962),
Thuringia (Jaeger '1964c) as well as with the British profiles (Elles &
Wiood 1913, Jones 1921, Curtis 1961). Zones amalogous with those of
Poland occur in the above profiles; the slight differences consist in that
some of the zones aredefined on the ground of other species.

In Czechoslovakia this applies particularly to the zone P. gregarius
which is separatéd there into three zomes characterized by the species
Demirastrites triangulatus (Hark.), D. pectinatus (Richter) and D. pribyli
Boucek. The top of the Valentian in Czechoslovakia is likewise divided
into three separate zones, while in Poland they embrace only one, ‘the
Spirograptus spiralis zone, with two subzones.

In Thuringia all the zones have been defined analogously as in
Poland, with the exception of the lowermost Akidograptus acuminatus
zone; in details they resemble closely those in Poland.

i The Valentian graptolite zones of ‘Great Britain, listed by Curtis
(1961) represent the complete profile of deposits. Some of them, are,
however, based on different index species than in Poland, but even then
they may be satisfactorily correlated with the time equivalents of the
Polish Valentian. The oldest Polish zone has its correspondent in ‘the
English Glyptograptus persculptus zone. The Polish Orthograptus vesicu-
losus zone corresponds to two English Monograptus atavus and Monograp-
tus acinaces zones. Some difficulties are encountered with the Pristio-
graptus gregarius zone to which may correspond the three English zones:
Momnograptus triangulatus, Diplograptus magnus and Monograptus lepto-
theca. Out of these three index forms only D. triangulatus (Hark.) occurs
in ‘Poland, strictly within the ‘P. gregarius zone. D. magnus Lapw. has
not, so far been weported from Poland while M. leptotheca {(L.apw.) has
been found together with Cephalograptus cometa (Geinitz). The index
species of the Demirastrites convolutus zone has mot as yet been found
in Poland but one part iof the profile is its time-equivalent.
- No doubts arise in the correlation of the Monograptus sedgwicki
zone; the Monograptus halli and Rastrites maximus zones, overlying it
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the Emglish profile, correspond to the Polish Rastrites linnaei zone.
he top of the Valentian deposits in Great Britain is characterized by the
Monoclimacis c¢renulata zone whose Polish correspondent is the Spiro-
graptus spiralis zone.

In the tripartite division of the Valentian in southern Scotland into
the Lower and Upper Birkhill and the 'Gala Group we are dealing with
another problem. The subdivision of the Birkhill which has been based
on the separation of the zones, is merely arbitrary. Jones (1921) divides
the Birkhill even into three parts. On the other hand, the separation of
the Gala Group is better grounded because it is based not only on grap-
tolites but also-on lithological differences. Except for some minor litho-
logical differences in its lower part, the Polish Valentian profile is repre~
sented mainly by black mudsbtones. I'cs subdivision cannot coincide with:
that in South Scotland.

The tripartite division of the Llandovery of Wales is justified by
unconformities, though this is also merely an arbitrary problem. Such
unconformities are missing in the Valentian of Poland, although their
existence within the Caledonian miogeosyncline on the as yet poorly
known Paleozoic platform (profile of borehole Lutom 1) is not excluded.

In Podolia, the base of the Silurian system is represented by the
Kitaigorod horizon. Nikiforova (1968) compares this horizon with the
standand graptolite sequence of the US.S.R. and supposes that it corres-
ponds to the zones from Pristiograptus gregarius through Spirograptus
spiralis. Hence, the equivalents of the lowermost zones are missing here,
similarly as has heecn observed in the easterm part of the Polish Peribaltic
depression.

Graptolites of the Valentian and of younger Silurian members have
been found also in boreholes of western Volhynia (Krandievsky 1962,
1968; Krandievsky, Ishchenko & Kiryanov 1968). The descriptions of that
fauna, so far published, are so vague and lacking in clarity that they
can hardly be used for correlation.

Wenlockian

The Wenlockian deposits of Poland and of the correlated areas are
characterized by the most stabile sedimentary conditions within the Silu-
rian - profile.

In Scamnia (Regnéll & Hede 1960) the Wenlockian is represented by
the Cyrtograptus shales whose base consists of the Retiolites beds. These
are overlain by the Flemingi beds. The bottom part of the Retiolites beds
still belong to the Valentian, while their top is indicated by the Cyrto-
graptus murchisoni zone corresponding to the Polish zone. The lower-
most Cyrtograptus insectus zone is mot distinguished here. The . Flemingi
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beds are characterized by three zones of which Monograptus riccarton.
sis. is the lowermost, while Cyrtograptus carruthersi? and Testograptu
testis indicate the top. The lowermost zone is an equivalent of the Polish
zone, while the top zones may be regarded as correspondents to the
Cyrtograptus lundgreni and Cyrtograptus radians zones of Poland. The
Cyrtograptus rigidus zone, indicating the middle part 'Qf' the Flemingi
beds,. probably embraces not only the Polish Cyrtograptus rigidus zone,
but also the Monograptus flexilis and Cyrtograptus ellesi zones ([Nilsson
1946, Regnéll & Hede 1960).

In Latvia (Ulst 1964; Gailite 1964; Gailite, Rybnikova & Ulst 1967)
the Cyrtograptus insectus zone is mot known from the base of the Wen-
lockian. The higher Cyrtograptus murchisoni and Monograptus riccarto-
nensis zones have been recognized there, as in Poland. Neither is the
Cyrtograptus rigidus zone distinguished there, but this form is present in
the assemblage of the youmger Monograptus flexilis zone which corres-
ponds to the same zone in Poland. Tt is believed to be overlaid by the
Cyrtograptus perneri and Testograptus testis zomes. In Latvia the latter
one is divided into two subzones, Cyrtograptus radians and ‘C. lundgreni.
Regretfully there is no reliable evidence to prove that the Cyrtograptus
ellesi zone of Poland is an equivalent of the Cyrtograptus permeri zone
of Latvia, while the T. testis zone of Latvia corresponds to the two youn-
gest zones of Poland. This incomplete correlation of the Wenlockian zones
of Latvia with those of Poland is not due to the absence of a complete
profile within the area under consideration, but may be caused by a mar-
‘ked impoverishment of the graptolite fauma.

A very similar situation is observed when correlating the Polish
‘Wenlockian profiles with those of Lithuania (Paskevi&ius 1963, 1965). The
‘Wenlockian deposits are-included into the Paprieniai horizon and the
only differences from the Latvian profile is the lack of the Cyrtograptus
perneri zone and the separation of the Cyrtograptus radians and Testo-
graptus testis zones into independent one.

The Polish Wenlockian zones are most readily correlated with the
Barrandian area and with the British profile. In the Barrandian area
(Boucek 1960b, Horny 1962) there occur all the equivalents of the Polish
zones as well as several others mot confirmed in the Polish profile. The
interpretation of the Wenlockian/Ludlovian boundary, however, differs
markedly; in the Barrandiam area (Horny 1962) the Gothograptus nassa
zone characterizes the top of the Wenlockian, while in Poland it begins
the Ludlovian.

‘All the zones distinguished in the British profile (Wood 1900,
Evans 1961, Rickards 1967) have their equivalents in Poland, the only

9 According to Boucek (1933) the spécies Cyrthograptus carruthersi Perner

is synonymous with C. perneri Boutek which occurs within the Cyrtograptus radians
zone of the Polish profile.
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differences being the presence in England of the Cyrtograptus linnarssoni
zone instead of the Monograptus flexilis zone of Poland, and in the
absence of the ‘Cyrtograptus radians zone. The base of the Wenlockian is
indicated by the Cyrtograptus cehtrifugus zone, while the top, similarly
as in Poland, by the Cyrtograptus lundgreni zone.

Correlation with Thuringia (Jaeger 1964c) is but fpartly possible
because of the absence there of a number of zones recognized in Poland.
The top of the Wenlockian, indicated by the dubius-nassa Interregnum,
correponds to the Polish Gothograptus massa zone included into the
Ludlovian.

In the Podolian profile, Nikiforova (1968) regards the Muksha and
Ustie horizons as equivalents of the Cyrtograptus murchisoni — Testo-
graptus testis zones. This coincides fully with the Polish profile, except
that the base of the Wenlockian in Poland is indicated by the Cyrtograptus
insectus zone which is unknown in the standard graptolite sequence of
the U.S.S.R.

Ludlovian-

The Ludlovian deposits in Poland represent today the most complete
and most satisfactorily subdivided profile of that stage on a world-wide
scale. Its recognized zones allow a relatively exact correlation with the
adjacent regions, including the Saetograptus leintwardinensis zone.

In Scania (Regnéll & Hede 1960) the Polish Ludlovian zones have
their equivalents in the Colonus shales where only the Neodiversograptus
nilssoni and the Lobograptus scanicus zones have been defined. The last
one, as well as the Pristiograptus tumescens zome, is correlated by the
present writer in all the profiles here discussed with the Cucullograptinae
horizon. The upper part of the Colonus shales is not, however, well
defined and it is mot certain whether they are of the same age with the
zones from Saetograptus leintwardinensis to Neocucullograptus kozlowskii,
though this cannot be altogether excluded.

In Latvia (Ulst 1964; Gailite 1964; Gailite, Rybnikova & Ulst 1967)
all the zones, Gothograptus nassa excepted, may be correlated with the
Polish profile imcluding the Cucullograptinae horizon. Above this the
Pagégiai horizon has been distinguished; it may be the equivalent of the
Polish zones from Saetograptus leintwardinensis through Neocucullo-
graptus kozlowskii.

The Ludlovian/Postludlovian boundary may be established in the
top of the above horizon.

Correlation with Lithuania (Paskevi¢ius 1963, 1965) is very much
the same; the Lithuanian zones G. nassa?-Lobograptus scanicus are clo-
sely comparable with analogous zones .in Poland. They are placed there
in the BirStonas and Verkmé horizons, while the Neris horizon, occurring

6
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higher up, may he already the equivalent of the Polish S. leintwardinen--
sis zone. The uppermost Pagégiai horizon occupies an analogous strati-
graphic position in relation o the Polish profile as it does.in Latvia.
. In the Barrandian area (Boucek '1960b, Horny 1962), the profile of
the Polish Ludlovian has its equivalent in the Kopanina beds which can
be readily correlated including the S. leintwardinensis zone. Higher up,
however, the occurrence of stratigraphic gaps is possible but not absolu-
tely certain (Horny 1962), because the Neocucullograptus inexpectatus
zone is present there. : '

. 'The lower part of the Lutdlov1an profile of Thuringia (Jaeger 1964c)
is represented by the upper part of the lower graptolite shales with the
zones from dubius-nassa Interregnum through S. leintwardinensis. This
part is a full equivalent of the Polish zones. Above the S. leintwardinensis
zone, the ochre limestone is present and the Ludlovian/Postludloviarmn
boundary occurs within it. The change of the clay facies into a limestone
one in Thuringia coincides with analogous changes in Poland which are
observable above the same graptolite zone.

In the shelly facies of Wales (Holland, Lawson & Walmsley 1959,
1963) the Eltonian, Bringewoodian and Leintwardinian are the equiva-
lents of the Polish zones from G. massa to 'S. leintwardinensis while the
Whitcliffian may be correlated with the zones from Bohemograptus:
bohemicus to Neocucullograptus kozlowskii.

In the basin facies of Wales, the Polish zones from G. nassa to S.
leintwardinensis have their equivalents in the Lower Ludlow graptolithic
shales, Lower Ludlow shelly siltstones, Leintwardinensis and Lauensis
beds while the Upper Ludlow shelly siltstones are the equivalents of the-
upper Polish zones. The top of the Ludlow Bone Bed horizon probably
indicates the Ludlovian/Postludlovian boundary.

Owing to a revision of the fauna and the discovery of Monograptus
uniformis Pribyl at the base of the Barshchov horizon (Kioreri 1967, 1968)
the biostratigraphical subdivision of the |Podolian profile has recently -
undergone substantial changes. According to the mew concept (Nikiforova
1968) the Malinovtsy and Skala horizons represent the Ludlovian. When
comparing this area with the Polish profile it may be supposed that only-
the Malinovtsy horizon corresponds to the whole Ludlovian, while the
Skala horizon is younger.

Postludlovian

This stage is represented in Poland by a complete profile of deposits
and its greater part has been accurately subdivided (Teller 1964a) on
graptolites. Its lower part, included by the present writer into the Mono-
graptus formosus horizon, is the only one not yet completely worked out.
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The deposits of "this stage also occur in the areas here discussed but: their
correlation on graptolite zomes is possible only in the Barrandian area.
For some regions (Latvia, Lithuania), however, the Monograptus fermo-
sus horizon is of great value. In Scania (Regnéll & Hede 1960) the Oved
Ramsésa Group corresponds to a certain — now indeterminate — part
of the Postludlovian. Within Division 1, distinguished there, the presence
has been noted of graptolites whose state of preservation does not permit
closer identification. The uppermost part of the deposits from this group
- has been eroded while the Lower Devonian is completely missing. Hence,
a closer correlation with the Polish profile is not possible.

In Latvia (Ulst 1964; Gailite 1964; Gailite, Rybnikova & Ulst 1967)
and in Lithuania (Paskevic¢ius 1963, 1965) the Minija horizon, containing
Monograptus formosus Boucek, may reasonably be correlated with the
Polish Monograptus formosus horizon. In Latvia and Lithuania, the Jiira
horizon .corresponds to. the middle part of the Postludiovian, while in
Lithuanja the Tilze horizon corresponds o the upper part of the Post-
ludlovian. In Latvia, there are no deposits above the Jira horizon, while
in Lithuania the TilZe horizon is overlaid by the Lower Devonian deposits.

In the Barrandian area (Pfibyl 1941a, Bouéek 1960b, Horny 1962)
the equivalents of the Postludlovian are the Pfidoli beds from which are
known only some equivalents of the [Polish zones (comp. p. 461). The
bottom part of these deposits is indicated by the ,,M.” ultimus zone. This
zone is mot differentiated in Poland because of the great vertical range
of this species and its occurrence together with Monograptus formosus
Boucek. The ,,M.” ultimus zone may only have a local character and it
only partly corresponds to the Polish M. formosus horizon. On the other
hand, such zones as M. bouceki, M. perneri,- P. transgrediens and M.
angustidens are fully confirmed tn the Polish profile. The top of the
Postludlovian corrésponding ‘to the top of the Silurian system, is indicated
by the base of the Mmqgraptus umfornns zone 'in Poland as well as in
the Barrandian area.

In' Thuringia, a great part of the ochre limestones as well as the-
lower part of the upper graptolite shales contain the Pristiograptus
transgrediens zone (Jaeger 1964c). Similarly as ‘in ‘the Barrandian area
and in Poland the top of the Postludlovian tis indicated by the base of the
M. uniformis zone.

In Great Britain the Postludlowam is represented by the Downtonian
whose age varies with the different English authors (Boucot 1960; Straw
1962; Walmsley 1962; Holland, Lawson & Walmsley 1963; Tarlo 1964;
Holland 1965; Earp 1967; Potter 1968).

In Podolia, however, because of the presence at the base of the
Borshchov horizon (Koren 1967, 1968) of the Monograptus uniformis zone
which indicates the Lower Gedinnian, the underlying Skala horizon ought
to be referred to the Postludlovian.
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The correlation of the graptolite zones of Poland with those in the
adjacent areas shows that the deposits of the Valentian, Wenlockian and
Ludlovian, including the S. leintwardinensis zone, display close affinities
and have their full equivalents. The difficulties that impede correlation
of the upper parts of the Ludlovian and the Postludlovian result from an
abrupt change in the sedimentary conditions which set in during the
Upper Silurian, and for which the mountain-building movements of the
Caledonian orogeny are fully responsible.

PALEOGEOGRAPHY AND FACIAL ZONES IN THE SILURIAN BASIN
OF POLAND

During the Silurian, the Polish territory was occupied by a marine
basin which had persisted since the ‘Ordovician. This basin, consisting of
two distinct zomes, the epicontinemtal and the geosynclinal, had con~
venient communication routes with Western and Eastern Europe.

The epicontinental zone covered the whole Precambrian platform,;
within the Polish territory it passed into the geosymclinal zone, roughly
along a line from Koszalin in the NW to Rawa Ruska iin the SE. This line
probably also indicates the present boundary of the Precambrian platform
within the Polish territory (cf. fig. 1).

In what concerns the stratigraphy and the develqpment of the
Silurian deposits, the epicontinental zone is mow that more adequately
known. Fhe Ordovician sedimentary cycle, characterized throughout the
epicontinental zone by the [predominance of sandy-marly-calcareous
deposits, is shallow-neritic in character. A similar character of sedimen-
tation persisted in some regions of Poland (the Leba elevation, the
Mazury-Suwatki elevation) until the lowermost Silurian, somewhere up
to the Pristiograptus cyphus or Pristiograptus gregarius zone. The cal-
careous sediments laid down in the above regions were more shallow-
-water in character than those of the Upper Owrdovician. They are
represented almost exclusively by modular limestones, up to 25 m thick.

In the axial parts of the depressions (western parts of the Peribaltic
and the Podlasie depressions), the basin deepens and the facies changes
into a more clayey one, while the sea floor slightly oscillates, chiefly
above the Pristiograptus cyphus or the (Pristiograptus gregarius zones.
These oscillations are marked by intercalations of green .calcareous
mudstones occurring within black graptolite-bearing shales. Beginning
with the upper part of the Valentian, sedimentation grows umiform and
greenish mudstones conta_mmg chiefly graptolite plamkton predominate.
The Lower Valentian rests conformably on the Orddvician, but wvery
often, especially in the eastern part of the present Peribaltic syneclise,
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there is an erosional unconformity between- the uppermost Ordovician
and the lowermost Valentian. In the eastern parts of the present Podlasie
and Bug depressions, Valentian deposits are missing, while the Lower
Wenlockian rests directly on the Ondoviciamn. '
The Taconian phase of the Caledonian orogeny is probably respon-
sible for the Lower Valentian oscillations, as well as for the erogsional
unconformity between the Ordovician and the Valentian (fig. 2). Sedi~
mentary conditions attain their complete stability during the Wenlockian
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Palecgeographic map of the Lower Valentian

1 probable boundary of the epicontinental and geosynclinal zones, 2 boundary of the observed

range of deposits, 3 Probable boundary of the range of facies, 4 limy-marly facies, 5 clayey

facies, 6 siliceous-clayey facies, 7 deposits on the surface or those under a thin Quaternary
cover, 8 probable boundary of areas mostly denuded, 9 lack of data
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and persist until the Lower Ludlovian, as far as the''Saetograptus leint-
wardinensis zone. Mudstones, bearing a rich " graptolite fauna, are the
only deposits laid down in the gradually deeping basin throughout the
epicontinental zome in Poland. In ‘the shallower parts embracing the
present Mazury-Suwaltki depression as well as the eastern parts of the
Podlasie the Peribaltic and the Bug depressions, the occurrence is noted
of muddy-inarly deposits with calcareous intercalations, while syngenetic
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Paleogeographic map of the Upper Valentian, Wenlockian and Lower Ludlovian

1 probable boundary of the epicontinental and geosynclinal zones, 2 boundary of the observed

range of deposits, 3 probable boundary of the range of facies, 4 limy-marly facies, 5 clayey

facies, 6 siliceous-clayey facies, 7 deposits on the surface or those under a thin Quaternary

cover, 8 prdbable boundary of areas mostly denuded, 9 signs of Caledonlan magmatism, 10
lack of data
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nodules of marly limestones (Langier-Kuzniarowa 1967) are quite’ com-
mon. On the whole, the thickness of the deposits decreases to the east
from ca. 350 m in the western part of the Peribaltic depression to ca.
120 m in its eastern part and ‘to about 15() m in the eastern part of the
Podlasie depression (fig. 3).

‘Withiin the Saetograptus leintwardinensis zone, possibly just above
it, mainly in the deeper parts of the epicontinental zone of Poland, the
mudstone facies changes distinetly into a silty-muddy one and this is
accompanied by an increase in thickmess up to and even more than one
thousand metres. The silty-muddy facies is chiefly confined from! the
Saetograptus leintwardinensis to the Neocucullograptus kozlowskii zones,
but here and there it also overlaps the base of the Monograptus formosus
horizon. The territory occupied by this facies covers the western part of
- the Peribaltic depression, as far as Paslek, and the western part of the
Podlasie depression. "The deposits that are the stratigraphic equivalents
of the eastern parts of the two depressions just mentioned, are developed
in a muddy-marly-limy facies.

The deposition of mudstones and marls is closely connected with the
development of the geosymclinal zone. The period of uniform -sedimen-
tation lasted from the Upper Valentian until the Lower Ludloviam, and
was characterized by lack of orogenic activities. It was followed by
greater intensity of the mountainbuilding movements in the Caledonian
geosyncline existing in the forefield of the Precambrian platform where
the old-Paléeozoic deposits had been folded up to and including the Lower
Ludlovian. These folding resulted in a marrowing of the Silurian. basin
within the geosyncline, but the marrowing affected only the folded amd
uplifted areas. In some parts of the geosyncline, the sedimentation of
Silurian deposits continued through the Gedinnian and their sEol‘d'mg amld
emersion took place in the final phase of the Caledonian orogeny, i.e.
during the Erian phase.

No regression or sedimentary break is observable during the Upper
Ludlovian within the epicontinental zone. The emersed fCaledoman exter-
nides are the alimentary area of their foredeep. This was subsiding rather
rapidly and being filled up with material from the mear-by land. The
period of maximum erosion of the externides and of the accumulatlon
-of sediments in the fonesdleep occurs ‘during the Upper Ludlovian, ;re'sultmg
in a siltstone-mudstone facies (fig. 4). At the close of the Ludlovian, with
decreasing rate of erosion, sedimentation in the adjacent basin becomes
stabilised. In the top of the Silurian deposits of the epicontinental zone,
muddy sediments are again predominant in the deeper parts. An increase
is moted in the carbonate comtent of deposits in the meritic zone which
stretches over the same areas as during the Lower Silurian. The latter
‘type of sedimentation continued within this area up to and mmludmg the
Lower Devonian (Gedinnian). \
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No Silurian deposits, younger than the Monograptus formosus
horizon, have so far been encountered in the keba elevation or in the
Peribaltic depression within the Polish territory. In the Podlasie and the
Bug depressions, the situation is somewhat different, since the presence
has been observed of sediments younger than the Monograptus formosus
horizon. In borehole Zebrak IG-1, the youngest adequately defined zone
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Paleogeographic map of the Upper Ludlovian

1 probable boundary of the epicontinental and geosyclinal zones, 2 boundary of the observed

range of deposits, 3 probable boundary of the range of facies, 4 zone of observed Caledonian

foldings (Ardenian phase), 5 zone o0f probable Caledonian foldings, 6 limy-marly facies, 7 clayey

facies, 8 silty-clayey facies, 9 clastic-greywacke facies, 10 siliceous-clayey facies, 11 deposits

on the surface or those under a thin Quaternary cover, 12 probable boundary of areas mostly
denuded, 13 signs of Caledonian magmatism, 14 lack of data
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i.e. Pristiograptus transgrediens, occurs below the Carboniferous, in
borehole Mielnik IG-1' it underlies the Zechstein, while in borehole
Chelm IG-1 the Carboniferous is underlaid by the Monograptus uni-
formis zone. This zone characterizes the lowermost Gedinnian and it is
underlain in sedimentary continuity by Monograptus angustidens, i.e.
the youngest Silurian zome. '

The presence within the Podlasie and the Bug depressions of the
uppermost Silurian members, as well as of the (Gedinnian in the mudstone-
facies, reasonably suggest the occurrence of analogous deposits in the NW
part of the Precambrian platform, too. These must have been eroded
because the Zechstein sea directly overflooded the Silurian deposits
(fig. 5). The presence of higher Silurian deposits than those observed in
the area here considered is corroborated by the fauna found in pebbles of
a transgressive Zechstein conglomerate (Kummerov 1944, Krommelbein
'1958, Martinsson 1964).

A sedimentary break of such long duration (Upper Silurian —
Zechstein) is, however, hardly acceptable because it must have led to a.
much deeper erosional incision into the Silurian deposits than that which
has been observed. It rather seems that the Silurian deposits of that part:
of the epicontinental zone here considered must have twice been subjected.
to erosion. The first of these erosienal processes, rather short-lasting,
may have occurred after the Gedinnian as the final effect of the activity
of the Caledonian orogeny. This may have been responsible for a partial
removal only of the Gedinnian sediments, possibly also the uppermost.
Postludlovian. It was followed by the Devomian tramsgression and the
marine regime confinued into the Lower Carboniferous. The second
emersion, lasting until the Lower Permian, may have occurred after the
Lower Carboniferous in result of events conmected with the Variscan
orogeny. And not only the post-Silurian cover was stripped off by this
erosion, but also the Upper Silurian deposits, as far as the Monograptus
formosus horizon.

The present Mazury-Suwalki elevation was overflooded during the
Upper Silurian and also — after a brief emersion — during the Devonian.
and the Carboniferous. It formed one unit with the Peribaltic, the Pod-
lasie and the Bug depressions. The wuplifting of the Mazury-Suwalki
elevation did mot take place until the Lower Carboniferous, and its
morphological picture closely resembled that of today. It was then that
the present Bug depression was separated from the Podlasie depression
by the Stawatycze horst which was partly denuded of its older deposits:
(Lendzion 1962; Suveizdis 1963, 1968; Znosko 1965; Zelichowski 1968).
This event -suggests greater intensity of the wertical movements and
disjunctive tectonics.

The marine basin, then covering the epicontinental zone within the
Polish territory, had convenient connections with the neighbouring areas.
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Paleogeographic map of the Postludlovian

1 probably boundary of ‘the epicontinental and geosyclinal zones, 2 boundary of the observed

range of deposits, 3 probable boundary of the range of facies, 4 zone of observed CCaledonian

foldings (Erian phase), 5 zone of probable Caledonian foldings, 6 limy-marly facies, 7 clayey

facies, 8 clayey-silty-limy facies (Rzepin Series), 9, siliceous-clayey facies, 10 deposits on the

surface or those under a thin Quaternary cover, 11 probable boundary of areas mostly denud-
ed, 12 lack of data

To the north and the north-east it stretched as far as the Baltic shield.
Its range is indicated by the Silurian deposits in the Islands of Bornholm
and Gotland (Hede 1942, Regnéll & Hede 1960), also in Estonia (Kaljo &
Sarv 1966; Kaljo 1967, 1968), Latvia (Gailite 1964; Gailite, Rybnikova
& Ulst 1967) and Lithuania (Paskevitius 1958, 1959, 1960, 1963, 1965), as
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well as by the sediments now covering the Baltic sea bottom (Martinsson
1960). To the east and south-east the epicontinental sea stretched across
Western White Russia (Golubtsov & ‘Makhnach 1961) and Western Vol-
hynia (Krandievsky, Ishchenko & Kiryanov 19!618), as far as-Podolia,
partly invading the Ukrainian shield. .

The greater part of the above basin was :oe];arlflvely shallow, the
neritic type of sedimentation prevailed, only some regions with a distinct
tendency to subsidence were characterized by bathyal sedimentation. The
deepest zones of the basin are in the NW, partly in the SE of Poland,
and throughout the Silurian they tend to immersion. This is refléected by
the great thickmess of the Silurian deposits and their uniform develop-
ment in the mudstone facies. A plausible explanation is here offered by
the tramsition of the epicontinental basin — SW of the line from Koszalin
to Rawa Ruska — into a geosynclinal basin where a changeld re|g1me set
in and the prevailing conditions were different. .

The geosynclinal zone, which covered the remaining area of Poland,
is at present rather inadequately known. Its existence is confirmed by
Siluriant surface deposits in the Holy Cross Mts. and the Sudetes, as well
. as by the fragmentary profiles obtained from boreholes situated in the

geosynclinal zone. The Silurian cycle of sedimentation here was affected
by the varying conditions prevailing in the Caledonian geosyncline.

Along the deeply immersed SW margin of the Precambrian. platform
existed a Caledonian miogeosyncline where sedimentation of the Flysch
type was taking place. Old Paleozoic sediments of gréat thickmess, chiefly
represented by mudstones 'w11:h siltstone ;mtemalatmns were de«puosuted
here..

During the last years, reliably documented- depoiits ‘of the Ordo-
vician as well as of the Lower and Upper Silurian have been obtained
from several boreholes in the Koszalin-Chojnice region. (Dadlez 1967;
Teller & Korejwo 1967, 1968a, b.c; Modlinski 1968), as well as farther
NW ‘outside Poland, i.e. in the Island of Riigen (Franke 1967, Jaeger 1967).
All these deposits are strongly folded and possibly also overthrust onto
the Precambrian platform. Phyllites, probably Silurian ih age (Czer—
minski 1967) underlie even the Devonian south of Koszalin; .

In SE Poland, folded Postludlovian miidstones of great thickness
have been encountered in borehole Ruda Lubycka IG-1 (Tomczyk 1962a,
Teller 1964a) as well as in borehole Rawa Ruska (Sandler & Glushko 1955,
Sandler 1965, Gurevich 1963) just beyond the 'Polish fromntier. Folded
Upper Silurian deposits are, moreover, kniown from borehole Kock 1G-1
(Tomezykowa 1962by and borehole Ciepielow IG-1 (Tomczyk 1968a). The
tectonics in borehole Kock IG-1, is however, rather complicated because
the borehole is situated within a tectonic horst, hence it cannot be . quite
certainly determined whether the disjunctive post-Caledonian tectonics
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or the fold tectonics of the Caledonian orogeny are responsible for the
folding of the Siluriam sediments. Znosko (1965), however, admits only
the latter concept. )

The presence of folded Silurian deposits in this part of Poland
likewise suggests the existence here of a ‘Caledonian miogeosyncline
which had, however, persisted much longer here than in the North-East.
The folding of the Koszalin-Chojnice region did not occur later than
during the Andemnian phase. This is reliably indicated by the change in
the character of the deposits which had been observed in the western
parts of the Peribaltic and the Podlasie depressions, above the Saeto-
graptus leintwardinénsis zone (Znosko 1963, 1964, 1965; Dadlez 1967;
Korejwo & Teller 1968b). Younger members of the Silurian or of the Ge-
dinnian are, however, encountered within the geosynclinal zone of SE
Poland, affected by the final events of the Caledonian orogeny, i.e. the
Enian phase. Hence, it may be inferred that in this part of Poland, simi-
larly as on the Precambrian platform, the Silurian cycle of sedimentation
continued until the Lower Devonian. Neither can the occurrence of Arden-
ian fold movements within this area be altogether excluded. They did
not necessarily cause complete emenrsions, possibly only a short break
in sedimentation, followed again by the deposition of mudstones.

In the Holy Cross Mts., the Siluriam, as far as the Lower Ludlovian,
is developed in the mudstone facies. Only during the Valentian do inter-
calations of siliceous shales occur there, while siltstone and sandy inter-
calations or interbeddings are encountered in the region of Kielce. A
change into a greywacke-shale facies throughout the Holy Cross Mts.,
at the boundary of the Lower and Upper Ludlovian, indicates young
Caledonian diastrophism (Czarnocki 1919a, 1927, 1936, 1950; Samsono-
wicz 1926, 1934, 1952; Tomczyk 1962a; Znosko 1963, 1964, 1965). The
Lower Devonian (Emsian), unconformably resting on the folded Upper
Ludlovian, reasonably suggests the occurrence of the Ardennian phase
in the region of Kielce, .as well as a major sedimentary gap. This is
likewise confirmed by subsequent Upper Silurian magmatism (Kowal-
czewski 1968a). In the Lysogéry region, the greywacke-shale facies grades
upwards into a muddy ome with limy intercalations. We are dealing
here with a complete sequence of the Silurian deposits and a continuous
tramsition into the Gedinnian.

The development of Silurian deposits in the substratum of the
Carpathian foredeep is analogous with that in the region of Kielce. The
occurrence of the particular members of that system below wvarious
younger members (Devonian-Jurassic) suggests a long duration of the
erosional processes that affected the Silurian sediments (Karnkowski &
Glowacki 1961, Tomczyk 19634, Teller & Korejwo 1968b).

A 200 m thick greywacke-conglomerate complex, attained in bore-
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holes Mikluszowice IG-1, Batowice IG-1, Lapczyca IG-2 is by .Lydka,
Siedlecki & Tomcezyk (1963) believed to be a synorogenic sediment of the
Cracovian phase which they distinguished and suppose to be older than
the Ardennian phase. The above named complex indicates a near-by ali-
mentary area in the south and this is confirmed by borehole Rzeszotary 2
{Burtan 1962) and other boreholes from the Bielsko~Andrychéw region
{Konior 1968).

iZnosko (1965) oommecfbs the Silurian from both, the Holy Cross Mts.
and the substratum of the ICarpathiian foredeep with a miogeosynclinal
area, while he detects an eugeosyncline below the overthrust Carpathians.

‘The mudstone deposits of the Lower Ludlovian and the clastic-grey-
wacke sediments of the Upper Ludlovian (Roszek & ‘Siedlecki 1963, Sied-
lecki 1962), encountered in the -eastern and north-easterm margins of the
Silesia-Cracow depression, indicate mot only a change in the facies but
also the presence in this region of young ‘Caledonian foldings.

Both in the Bardo and the Kaczawa (Mts. of the Sudetes, the Silu-
rian deposits display a distinctly geosynclinal character and locally, well
expressed dinlitial volcamism (Oberc 1966). Tectonically they are rather
strongly disturbed and they have all — at various times and to a varying
extent — been affected by the folding movements of the Caledenian oro-
geny. A more accurate reconstruction of these movements as well as of
the Silurian sedimentary cycle is greatly hampered owing to the inter-
locking of younger tectonics wiith the older pattern.

It is hardly possible to make any statements concerning the nature
of the Silurian deposits covered by younger sediments (Devonian~Quater-
nary) of great thickmess, to the NW of the line (Warszawa-Czestochowa,
bacause just mow that region ds inaccessible for technical reasons.

As may be seen from the observations here presented, only a very
inadequate picture can be given of the paleogeography and facial deve-
lopment of the Silurian deposits within the geosynclinal zone. There are
no doubts, however, concerning the folding of the Silunian deposits by
the young Caledonian movements, chiefly during the Ardennian and
the final Erian phase. This is confirmed by the diastrophism and Upper
Silurian volcanism of the Holy Cross Mits., as well as those of the sub-
stratum of the Carpathian foredeep and the diastrophism of the western
parts of the Peribaltic and the Podlasie depressions. According to the data
now available, the Taconian phase was marked by local shallowings or
emersions and it lacked a fold-like character. Although Oberc (1966) ac-
cepts Taconian foldings within the geosyncline of the Klodzko and Bardo
regions, his suppositions do not coincide with the investigations of the
present writer (Teller 1962a).

Today there are mo doubts as to the ex‘l»steunoe of an eastern branch
of the Caledonides which has been suggested by many explores (see
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Zmosko 1963) and which has now been confirmed in several boreholes
in the Keoszalin-Chojnice region (Dadlez 1967, Teller & Korejwo 1968b),
as well as in SE Poland (Czerminski & Znosko 1967).

. SILURIAN/DEVIONIAN BOUNDARY IN POLISH PROFILES

The boundaries delimiting .geological systems .are among the most
controversial problems in the -geological literature. The problem of the
Silurian/Devonian boundary is likewise one of those most widely idiscus-
sed. During the last decade fit-has gradually become of paramount impor-
tance, so much so that five symposiums were organized to ideal with this
subject. The opinions expressed at the first conference in Prague (Prager
Arbeitstagung 1960) suggested to place the-Silurian/Devonian boundary
in the top of the Monograptus hercymicus zone, its index form being then
supposed to,be the last representative of that amjmal group. Views con-~
trary to this concept (Nalivkin, Gaertner — vide Prager Arbeitstagung
1960) were declared ‘as lacking conclusive evidence.

Three concepts concerning the Silurian/Devonian boundary were

advanced at the 1962 Symposium at Bonn; one coincided with that accep-
ted in 'Prague, another one suggested placing this boundary in the top
of the Monograptus ultimus zone, the third one at the base or the top
of the Saetograptus leintwardinensis zome (Interm. Axbeitstagung 1962).
Geologists from Great Britain, who attended the Bonn 'Conference, were
all of the opinion that the top of the Ludlow Bone Bed in the stratotype
profile of Wales should continue to indicate the Silurian/Devonian boumn-
dary (Walmsley, Shiirley, Straw, Holland, Lawson — vide Intern. Arbeits-
tagung 1962). Other view expresses at Bonn (Boucot & Pankiwskyj 1962,
Jaeger 1962, Walliser 1962). suggest that both the brachiopod and the
conodont faunas confirm the Gedinnian or even the Lower Siegenian age
of Monograptus hercynicus Perner.
. The latter concept gains ground with the publication of further
evidence Alberti & Hollard 1963; Berry 1964, 1965; Teller 1964b; Walli-
ser 1964, 1966), while the finds of graptolites younger than M. hercynicus
Perner depreciate the earlier opinions on the vertical range of that group
of fossils (Jackson & Lenz 1963, Legrand 1964, Planchon 1964, Bou-
cek 1966).

Discussions at Rennes (Colloque 1965) were oomfmed to the correla-
tion of the basjc facial regions, no suggestions were made concerning the
Silurian/Devonian: boundary.

At the Symposium at Calgary (Report 1968) the prevailing opinion
was that the Silurian/Devonian boundary ought to be placed at the bottom
of the Monograptus uniformis zone, additional paleontological evidence
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being brought forward in support of this concept (Abushik; Berry; Boucek,
Chlupa¢ & Homny; Lenz; Maximova; Nikiforova, Predtechensky & Abus-
hik; Philip; Stukalina — vide International Symposium 1967).

Amnalogous views were expressed at the 1968 Symposium at Lenin-
grad (Abstracts 1968) where the need ‘was stressed of further more detail-
ed: investigations which would permit 'to define and select a stratotype
profile for the |Silurian/Devonian boundary.

' Among the British authors there is a tendency to have the Silurian/
/Devonian boundary shifted upwards (Allen & Tarlo 1963, Tarlo 1964,
Holland 1965, Earp 1967, Potter 1968).

A mumber of other authors have published their views on this
problem; these either coincide with or closely resemble the concepts ac-
cepted at Leningrad (Boudek, Horny & Chlupaé¢ 1966; Piibyl & Vangk
1968; Sokolov & :Polenova 1968; Halfin 1968). The growing interest, now
being taken in the problem of this Silurian/Devonian boundary, has led
to results that were perhaps initially unexpected but have certainly sug-
gested some clues to-an objective solution.

“In ‘Poland, ‘the problem of the Silurian/Devonian boundary is gain-
ing ground as new materials are obtained while the evolution of opinions
resembles that in other countries (Teller 1959, 1960b, 19644, b, 1968; Tom-
czykowa & Tomeczyk 1961; Tomcezyk 1962a, 1968b).

Tomezyk (1962a, 1962b) is the only one to postulate that graptolites,
the genus Linograptus excepted, do not pass into the Devonian. He places
the Silurian/Devonian boundary in the top of the Monograptus angu-
stidens zone, while such forms as Monograptus uniformis Piibyl and M.
hercynicus Perner are reférred by that author to the Monograptus for-
mosus horizon.

The boundary beds are traceable in very few Polish profiles, namely
in three boreholes: .Chelm IG-1, Ciepieléw IG-1 and Kiock IG-1. 'Of the
two other profiles where these beds are observed, one lis situated in the
Lysogéry region of the Holy Cross Mts., the other one in the Sudetes.

In borehole Chelm IG-1 (Teller 1964a,b, Korejwo & Teller 1964)
there is a continuity of sedimentation from the Silurian to the Devonian,
in the graptolite facies; the boundary is lindicated by the base of the M.
uniformis' zone which is underlain by the Monograptus angustidens zone,
the youngest one in the Silurian system. M. uniformis Pfibyl occurs in
association with Acastella tiro R. & E. Richter. Strictly speaking this is
the only one, paleontologically well define profile, though the boundary
itself may be reganded by some authors with a certain amount of hesita-
tion.

On the basis of materials from Podolia, Koren (1967) suggests that
M. angustidens Piibyl may possibly be a subspecies of M. uniformis Pfi-
byl. In borehole Chelm IG-1, these two forms are readily distinguishable
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and they differ sufficiently to justify their specific separation (Teller
1964a, Korejwo & Teller 1964).

In borehole Ciepielow IG-1 the Silurian/Devonian boundary has
been placed in the top of the M. angustidens zone at a depth of 2,598.3 m,
because higher up the presence of trilobites (Tomeczyk 1968b) and of ten-
taculites (Hajlasz 1968) indicates the Gedinnian age of the deposits. The
situation in this borehole is mot fully cleared up, hence there are some
doubts whether ‘the boundary has been correctly placed (comp. also p. 461).

- Neither has the boundary been accurately established in borehole
Kock IG-1 (Tomczykowa 1962b). No graptolites have been encountered
here, while Acastella heberti elsana R. & E. Richter is the only form sug-
gesting the Gedinnian age of the sediments between the depth of 810 and
814 metres. Owing to the lack of reliable paleontological evidence it is
hardly possible to establish whether the 'wnsdnerly"hng deposits, down to
a depth of 1010 m, represent the uppermost Silurian or still the Gedin-
nian.

In the Holy Cross Mts. the Silurian/Devonian boundary is indicated
by the base of the Bostéw beds which, together with the Rzepin series,
were referred to the Devonian both by Czarnocki (1936) and later on by
Samsonowicz (1952). The Gedinnian age of the Bostéw beds is confirmed
by Tomczykowa (1962b) when she reported a mumber of trilobite species
known from the Huinhghduser beds in the Rhine Province (R. & E. Richter
1954). Owing to the lack of outcrops between the Bostéw beds and the
Rzepin series, it is handly possible to trace the boundary.

We meet with the same difficulties in the Sudetes where the
accessible profiles are strongly tectonically disturbed (Teller 1959, 1960c).
In spite of the lack of paleontological evidence testyfying to the presence
in this area of the uppermost Silurian, a continuity of sedimentatiion from
the Silurian to the Devonian may be reasonably supposed in the grapt-
olite facies. This may be likewise indicated by the occurrence of Mono-
graptus hercynicus Perner observed in the Bardo Mts. (Teller 1960c) and
in the western Sudetes (Jaeger 1964a, b).

The facts here presented throw a light on the difficulties encoun-
tered in the search for a solution of the Silurian/Devonian boundary
problem in Poland. However, the data now available reliably confirm the
current opinion that this boundary should be placed at the base of the
M. uniformis zone (Teller 1968a). Moreover, it may be reasonably expec-
ted that future borehole material will help satsfactorily to solve this
problem in Poland, too.

The Stratigraphic Laboratory
Institute of Geological Sciences -
Polish Academy of Sciences
‘Warszawa 22, Al. Zwirki i Wigury 93
Warsaw, December 1968
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L. TELLER

BIOSTRATYGRAFIA SYLURU POLSKI W OPARCIU O GRAPTOLITY

(Streszczenie)

W pracy oméwtiono dotychczasowy stan znajomoScl osadéw systemu sylur-
skiego w Polsce, gtéwnie na podstawie danych z wiercei oraz przedstawiono ich
biostratygrafie w oparciu o faune graptolitowa. Charakterystyka osadéw sylurskich
ujeta mostala regionalnie, zgodnie z wyréznianymi na obszarze Polski jednostkami
strukturalnymi, dla strefy epikontynentalnej i geosynklinalnej. Bogata fauna grap-
tolitowa pozwala rozpoziomowaé caty system sylurski w Polsce na zony, ktére
zgodnie z przyjetymi regulami zdefinfowane zostaly po raz pierwszy. f.acznie w osa-
dach syluru polskiego wydzielono 42 zony, w tym dla walentu 12, spofréd ktérych
najmlodsza rozbita jest ma dwie podzony; dla wenloku 8; dla lwdlowu 13, w tym
cztery ujete sg w jeden przewodni horyzont; dla postludlowu ‘9 oraz jeden horyzont,
moggcy ulec dokladniejszemu rozpoziomowaniu po szczegblowym opracowaniu fauny
graptolitowej. Przyjety w pracy schemat podziatu systemu sylurskiego az po pietro
ludlow wigcznlie, nawigzuje do ustalen miedzynarodowych. Osady mbtodsze od lud-
lowu a starsze od zedynu, nie posiadajgce formalnie swego stratotypu ani tez nazwy,
ujete zostaly w pracy pod nazwg postludlow. Przeprowadzona korelacja osadéw sy-
lurskich Polski z innymi, lecz tylko blisko potozonymi obszarami wylkazata, Ze profile
polskie charakteryzujg sie pelnym nastepstwem stratygraficznym szezegélnie w fa-
cji graptolitowej. Przechodzi ona nawet miejscami do dolnego dewonu (zedynu), co
stawia Polske w rzedzie waznych regionéw dla studiéw mad rozwojem fauny grap-
tolitowej w Srodkowej Europie. Paleogeografia systemu sylurskiego jak i rozwdj
facji wskazujg mie tylko ma Sciste zwigzki z obszarami przyleglymi, lecz réwmiez
na przebieg zjawisk natury tekionicznej. Przyjeta granica sylur/dewon jest zgodna
z przyjmowang obecnie w literaturze Swiatowe;j.

Pracowmia Stratygrafii
Zaktadu Nauk Geologicznych PAN
Warszawa 22, Al. Zwirki i Wigury 93
Warszawa, w grudniu 1968 .
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