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VERTEBRATE ZONES IN THE EAST BALTIC SILURIAN

T. M&rss

Several attempts have been made to subdivide the Silurian and the lowermost part
of the Devonian using various vertebrates: osteostracans (Bdlau, 1949), heterostracans
and osteostracans (White, 1950), and thelodonts/(Gross, 1947, 1967; KaparawTe-Tanumaa,
1968, 1974 (in Trannurte, YnncTt, 1974), 1978; Turner, 1973/. As these zonal schemes were
largely based on the material from outcrops representing only small parts of the con-
tinuous sections the zonations appeared to be insufficient for a detailed correlation
within a paleobasin and/or for an interregional correlation.

Recent study of rich material from 17 borings and 9 outcrops of the East Baltic
area demonstrates the great stratigraphical value of vertebrates. Nine zones (Fig. 1,
2) are established in an interval from the Lower Wenlock (in Estonia) to the Upper
Downton (in Latvia). Here the Downton/Ditton boundary has been used according to
H. W. Ball and D. L. Dineley (1961). The lower limit of a biostratigraphical zone is
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Fig. 1. The tailzones of index-species in borings and outcrops. For indexes of strati-

graphical subdivisions see Table in Preface.
Vertebrates were used for establishing of the lower boundary of the Kuressgaare

Stage, but not those of other ones.
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defined by the earliest occurrence of the index-species (Hedberg, 1976). Usually the
index-species extends into the succeeding zone. The representatives of various verte-
brates (thelodonts, acanthodians, a heterostracan, an osteichthyid) are used as index-
species.

Vertebrate zones

In Estonia the earliest known vertebrates, i.e. thelodont and acanthodian scales
have been discovered from the Late Llandovery Rumba Formation, and from the upper part
of the Early Wenlock Jaani Stage (Fig. 2). The latter contains conodont Ozarkodina sa-
gitta rhenana (Walliser) (Viira, personal communication). The scarcity of vertebrates
has not enabled to distinguish the zones on these levels. Higher up in sections the
vertebrate fossils are more numerous but in the earliest, Logania taiti zone thev are
still rare.

The Logania taiti Zone (Fig. 2) corresponds to the Maasi (except their base) and
Tagavere Beds of the Jaagarahu Stage, the Wenlock of Estonia. Though the scales of

Logania are known from the upper part of the Jaani Stage, they cannot be referred with
certainty to those of L. taZtZi. In view of this, the lower limit is defined by the
earliest appearance of scales which definitely belong to L. taiti. Of the other spe-
cies, Thelodus laevis, Thelodus sp. ind., Osteostraci gen. et sp. ind. and Saarolepis
oeselensis? are represented. The acanthodians of Nostolepis striata -and Gomphonchus
sandelensis type are known from the Vesiku-507 boring, where the zone has a maximum
thickness (22.5m).In the Sakla and Laimjala-515 borings L. taiti ranges above the
upper boundary of the zone (Fig. 1) (to our mind stratigraphy of the Wenlcck part of
these sections needs a revision). The vertebrates of tha L. tazti Zone occur in lagoon,
shoal and open-shelf deposits.

In Scotland the strata with Logania taiti are referred by A. Ritchie (1967) to the
Upper Wenlock or Lower Ludlow. Recently some scales of this thelodont have been found
by the author from the Slite Beds from Nyggrd 1 and Atlingbo localities on Gotland. Lo-
gantia taiti and L. martinssoni have been listed from 9g and 10 beds in Norway (Turner,
Turner, 1974). According to, J. Bockelie (1973) tne greater part of the whole Stage 9
belongs to the Wenlock, the lowermost part of the Stage 10 to the Lower Ludlow, or pos-
sibly to the uppermost Wenlock. The data on the distribution of vertebrates in Esto-
nia seem to confirm the Wenlock age of 99 beds and partly 10 beds, the Sundvollen For-
mation. On Severnaya Zemlya scales of L. taiti have been found from the section of the
Matusevich River in the middle part of the Samoilovich Formation.

The L. taiti Zone corresponds to the upper part of the level with loganids from
the L. scotica group according to V. Karatajité-Talimaa (KaparawTe-Tanumaa, 1978).

The Logania martinssoni Zone (Fig. 2) occupies the Rootsikiila Stage and the Sau-

vere Beds of the Paadla Stage (excluding the uppermost part of these beds). For the
first time the zone was distinguished by V. Karatajité-Talimaa (KapaTawTe-TamiMaa,

1978) for the uppermost Wenlock and Ludlow of the European biogeographical province.
At present, more detailed zonation, the Logania martinssoni Zone is restricted to the
level indicated above. This 2zone was previously named after two species, Thelodus
sehmidti and Logania martinssoni (Mapcc, 1978). As Th. schmidti appears already in the
underlying strata, it is better to avoid the double name. By the way, Th. schmidtt is
considered as a junior synonym Th. laevis. L. martinssoni is accompanied by thelodonts
Th. laevis, Th. cf. marginatus, osteostracans Tremataspis schmidti, T. milleri, Oese-
laspis pustulata, Thyestes verrucosus and anaspid Saarolepis oeselensis. In the Laim-
jala-515 and Sakla borings in the Viita Beds only scales of L. taiti occur. The whole

listed vertebrate assemblage (except L. taiti) ranges into the succeeding zone. The
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maximum thickness of tne strata corresponding to the Logania martinssoni Zone is 44.9 m
in the Ohesaare boring. Facial distribution of L. martinssoni coincides with that of
L. tait<t.

Outside Estonia L. martinssoni is listed from the Halla Beds of Gotland (Martins-
son, 1966; Gross, 1967, 1968a), and from 9g and 10 beds of the Ringerike district, Nor-
way (Turner, Turner, 1974). The identification of L. martinsson? from the beds 9g needs
a revision. From the Mortimer outcrop area, (loc. 3:4 of Silurian Subcommission locali-
ties), the Middle Eltonian of Welsh Borderland have been found both L. martinssoni and
Thelodus laevis. In the Canadian Arctic they occur in the Upper Wenlock and Lower Lud-
low of the Prince of Wales Island (Turner, Dixon, 1971; Dixon, Williams, Turner, 1972),
in North Timan in the Velikoretskaya Formation (Ludlow) (Koccoso#i, KapaTawTe-Tanumaa,
1977), and in the Ust-Spokoinaya Formation, Ludlow of Severnaya Zemlya (author's iden-
tifications).
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Fig. 2. Subdivision of Silurian deposits based on vertebrates. # - finds of single
scales of Thelodus sp. and Gomphonchus sp., %% - the same + Logania sp. DCSF -
Downton Castle Sandstone Formation, TSF - Temeside Shale Formation. Stratigraphy
and (partly) paleontological data after Ball, Dinely, 1961; Turner, 1973; Tur-
ner, Turner, 1974; Kaljo, 1978; Holland, 1980; TannuTe, VnecT, 1974; MeHHep H
op., 1979; NawkeBuuwc, 1979.

The Phlebolepis elegans Zone (Fig. 2) evidently occupies the topmost part of the

Sauvere Beds, Himmiste Beds and lowermost part of the Uduvere Beds of the Paadla Stage.
Ch. Pander (1856) in his description of Phlebolepis elegans gave for type-locality
"Rootsikiille". Numerous samples from stratotype outcrops and from the cores of more
than 10 boreholes representing the same stage, have not revealed a single scale from
the Rootsikiila level. Maximum thickness of the strata corresponding to the Phlebolepis

elegans Zone is 68.0 m in the Ventspils boring. The other thelodonts, osteostracans,
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anaspid and acanthodians coincide with those of the preceding zone. However, Th. margi-
natus has been identified from the P. elegans Zone with certainty (and not with some
doubt as in the preceding zone). Phlebolepis n. sp., and osteostracans Tremataspis mam-
millata and Dartmuthia gemmifera make their first appearance in this zone. Index-
species ranges into the succeeding zone. Facial range of Phlebolepis elegans is some-
what wider than those of L. ta<tZ and L. martinssoni. It has been found in the deposits
of lagoon, shoal, open-shelf and slope belts of the Paleobaltic Silurian basin.

The Phlebolepis elegans Zone has been established in the Paadla Formation (Ludlow)
of Estonia in numerous boring sections, in the Pagégiai Formation of Latvia in the
Kolka-4 (= Lu2ni) boring (see TlannuTe, YnecT, 1974). In the Ventspils boring (at the
depth 484.5-552.5 m) the zone corresponds to the most of the Dubysa Formation ané the
lower part of the Pagégiai Formation. The Kuba Beds in the Mikhailovsk section, western
slope of the Central Urals, and a part of the Ust-Spokoinaya Formation of the October
Revolution Island, Severnaya Zemlya may be equivalent to the Phlebolepis elegans Zone
of the East Baltic area.

The Andreolepis hedei Zone (Fig. 2) has been determined in the Uduvere Beds (excl.

lowermost part) of the Paadla Stage of the Ludlow. The lower boundary of the zone is
defined by the appearance of Andreolepis hedei. The zonal assemblage includes Upper
Wenlock - Lower Ludlow elements, as well as the earliest Downton ones. The core section
of the Ohesaare boring at the interval 98.9-99.5 m contains Thelodus parvidens, Phle-
bolepis elegans, Cyathaspidinae (Archegonaspis?) sp., Nostolepis striata and Andreole-
pis hedei. In Tahula-709 boring two more agnathans: Osteostraci gen. et sp. ind. and
Anaspida n. sp. A. occur. In the Central Baltic the maximum thickness of the strata
corresponding to this zone is 28.5 m (in Ventspils boring). The index-species comes
from the deposits of shoal, open shelf and slope belts.

Andreolepis hedei has been identified by the author from the Ust-Spokoinaya Forma-
tion of the Pioneer Island of Severnaya Zemlya together with Th. marginatus, L. mar-
tinssoni, a heterostracan, an anaspid and an acanthodian of Gomphonchus sandelensis
type, and from the Long Quarry Beds, Capel Horeb Main Quarry, South Wales, together
with Th. parvidens?, Cyathaspididae gen. et sp. ind., Nostolepis striata and Gomphon-
chus sandelensis. W. Gross (1968b) described Andreolepis hedei from the Upper Hemse
Beds of Gotland. According to V. Karatajuté-Talimaa (Koccoso#, KaparawTe-Tanumaa, 1977)
A. hedei occurs in North Timan, together with Th. marginatus, L. martinssoni, P. ele-
gans, etc. in the Velikoretskaya Formation, correlated in recent paper with the upper
part of the Paadla Stage of the East Baltic.

The Thelodus sculptilis Zone (Fig. 2) 1is rather distinct in the Upper Ludlow and

lowermost Downton. The zone occupies the whole Kuressaare Stage, and extends into the
Aigu Beds of the Kaugatuma Stage. V. Karatajité-Talimaa (in Tra#nuTte, YnscTt, 1974) for
the first time distinguished this zone in Latvia in the section of the Kolka-4 boring
at the base of the Minija Beds. Later on, however, she has not mentioned the zone. But,
as Th. sculptilis appears in many borings at the same level and is abundant, it is
worth using this thelodont as an index-species. The maximum thickness of the strata oc-
cupied by the zone is known in the Pavilosta boring, Latvia, (more than 155 m). North-
wards the thickness decreases. In the lower part of the zone the fish assemblage is
very variable and abundant. Almost at the same level with Th. sculptilis appear in Ohe-
saare boring thelodonts Th. traquairi, Logania cuneata and L. ludlowiensis. In the
lowermost part of the zone in the Sakla boring appears Katoporus tricavus, and in Varb-
la-502 boring Logania cuneata. Scales of an acanthodian which may belong either to
Gomphonchus hoppei or Poracanthodes porosus (see Gross, 1971) have been found in many
borings. Somewhat-higher occurs Th. admirabilis. A number of forms, such as Cyathaspi-

dinae (Archegonaspis?) sp., Osteostraci gen. et sp. ind., Nostolepis striata and Gom-
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phonchus sandelensis range into the Thelodus sculptilis Zone from the preceding one.
More characteristic of the zone are Th. sculptilis, Th. admirabilis, L. Ludlowiensis
and the acanthodian of the uncertain systematic position (Gomphonchus hoppei or Pora-
canthodes porosus). The lower boundary of the zone can be defined by the appearance of
these forms (except Th. admirabilis). There is an interval before the succeeding zone
(up to 69.6 m thick in the Pavilosta boring), poor in the characteristic vertebrates.
Th. sculptilis has been found in deposits of all facies belts of the Baltic basin ex-
cept the depression one. It is especially numerous in the first two nearshore belts. In
the other regions of the East Baltic Thelodus sculptilis has been found in the upper
part of the Upper Ludlow Pagégiai Formation and at the base of the Minija Formation,
Downton of Lithuania (Virbalis borinrg, depth 843.6 m), and Latvia (Kolka-4, depth
336.5-338.6 m; Engure, depth 468.5-471.5 m) see Kaparawre-Tanumaa, 1978; it is also
known from borings Sutkai-89, depth 839.7-875.1 m, and Jurbarkas-36, depth 1034.0-
1062.1? m (Karatajité-Talimaa, pers. comm.). The scales of Th. sculptilis have been
discovered by the author also from the Upper Ludlow of the Kunkoiai section (depth
1055.1 m) Lithuania, and from the Demid Beds (Downton) of the Mikhailovsk section, West
Urals. Gross (1967) noted Th. sculptilis from Rams8sa Beds, South Sweden.

V. Karatajuté-Talimaa (KapartawTe-TamumMaa, 1978) distinguished an assemblage with
Logania ludlowiensis for the Early Downton of European biogeographical province. This
assemblage is characteristic of the Lower Downton of Britain. However, the first finds
of Logania ludlowiensis are recorded from the Lower Wenlock (Turner, 1973). Evidently,
in the Wenlock and Ludlow of Welsh Borderland, a number of Logania-species occur (see
Fig. 2). This 1is confirmed by finds of L. martinssoni in the Mortimer Forest outcrop
area, Middle Eltonian (see above) and Logania sp. B in the Sunnyhill Quarry, Upper
Bringewoodian. Scales similar to those of Logania sp. B and L. ifudlowiensis (but not
identical with the latter ones) have been found from the uppermost beds of the Samoilo-
vich Formation or the lowermost beds or the Ust-Spokoinaya Formation of Severnaya Zem-
lya (collections of V. Karatajité-Talimaa). Five scales of Logania ludlowiensis have
been found on Gotland K&llstede locality in the Eke Beds, together with corals. In the
Kuressaare Formation of Estonia, upper part of the Pagégiai Formation of Lithuania and
Latvia, also in boulders of North German lowland L. ludlowiensis is rare, and so it is
difficult to use this thelodont as an index-species.

The Nostolepis gracilis Zone 1is approximately equivalent to the upper half of the

Kaugatuma Stage (Fig. 2). The acanthodians are especially characteristic of the zone.
Rare specimens of Thelodus parvidens occur together with Nostolepis gracilis, N. stria-
ta, and Gomphonchus sandelensis. In the Ohesaare and Ventspils borings Th. traquair<,
Katoporus tricavus, heterostracans Tolypelepis undulata and Strosipherus indentatus ap-
pear at this level. Nostolepis gracilis ranges into the succeeding zones. This acantho-
dian occurs in the first four facial belts.

The vertical distribution of Silurian acanthodians in the North and Central East
Baltic shows, that besides thelodonts some representatives of this group may be well
used for biostratigraphical purposes. They are especially valuable for the lower part
of the Downton where the thelodonts and other vertebrates are rare. W. Gross, V. Kara-
tajité-Talimaa and S. Turner - have indicated in their papers a Downton level rich in
acanthodians. This level, by author, corresponds in Latvia and Lithuania to the upper
part of the Minija and lower part of the Jira Beds, in Britain partly to Eoldgate sand-
stones containing only acanthodians. For the middle part of the Baltic Downton V. Kara-
tajuté-Talimaa (KaparawTe-Tanumaa, 1978) distinguished an assemblage with Katoporus
tricavus. However, finds of K. tricavus are so rare that it is hardly possible to use
this thelodont as a zonal species.
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The Poracanthodes punctctus Zopne (Fig. 2) corresponds to the uppermost beds of the

Kaugatuma and to the greater part of the Ohesaare Stage. The establishment of the lower
boundary of the zone 1is sometimes complicated, as it is not always easy to tell the
difference between Poracanthodes punctatus and che acanthcdian of uncertain systematic
position (Poracanthodes porosus or Gomphonchus hoppei). The strata at the depth of
325.2-276.2 m of the Ventspils boring, and at the depth of 205.9(?)-161.6 m of the
Kolka-54 boring represent the zone entirely. The index-species ranges into the succeed-
ing zone. The zone is characterized by a very variable and rich vertebrate assemblage.
It includes, on the one hand, species, which occur in the Kuressaare Stage, and on the
other hand species, ranging into the Devonian. Thus, beginning with the L&0 time in Es-
tonia, the assemblage with Por. punctatus includes Goniporus alatus, Gomphonchus hop-
pei, Lophosteus superbus. and Tylodus deltoides. In the uppermost part of the zone all
the Thelodus species disappear. Poracanthodes punctatus has been found from the depo-
sits of lagoon, shoal and open shelf facial belts.

The zone evidently corresponds to the upper part of the Katoporus tricavus assem-
blage level distinguished by V. KaratajUté-Talimaa (KapaTawTe-Tanumaa, 1978).

The Katoporus timanicus Zone occurs in the Upper Downton of Latvia (Fig. 2) and

North Timan. It corresponds to the Katoporus lithuanicus Zone of Lithuania, established
by V. Karatajité-Talimaa (KapaTawTe-Tanumaa, 1978). The author of the present paper has
identified scales of K. timanicus from four samples of the Ventspils boring (depth
276.2-269.5 m), and from the Kolka-54 boring (depth 161.6-158.3? m). 2Zcnal assemblage
contains besides the index-species a small number of thelodont scales, fragments of he-
terostracans, numerous acanthodian scales and remains of osteichthyid Lophosteus super-
bus, and sceletal fragments of Tylodus deltoides. They are all known from the preceding
Poracanthodes punctatus Zone. Katoporus timanicus and associated species have been found
from deposits of lagoon, shoal and open-shelf belts.

Vertical distribution of Logania kummerowi, distinguished by W. Gross (1967) as
zonal species for the assemblage lacking Thelodus parvidens, is not fully known. V. Ka-
ratajité-Talimaa (see Tamnute, YnecT, 1974) identified from the Kolka-4 boring together
with Katoporus sp. (? lithuanicus) also Logania kummerowi ? and Traquairaspis sp. ind.
The first one of these three species occurs scmewhat lower in the section. V. Karata-
jité-Talimaa (KapaTawTe-Tanumaa, 1978) changed in the Kolka-4 boring the identification
of the Logania kummerowi ? to L. borealis ? and noted (p. 180) that some scales of Lo-
gania borealis ? in the number and size of lateral spines are reminiscent to the scales
of L. kummerowi. In the Nida and Stoni8kiai borings, Lithuania, L. kummerowi appears
earlier than K. lZthuanicus. According to the data from the Ventspils boring, two types
of Logania scales can also be distinguished, and L. kummerowi occurs higher the mono-
lithic scales of K. timanicus. By S. Turner (1973, p.566) the Goniporus - Katoporus
assemblage, containing L. kummerowi, is distributed in conglomerates of the Upper Red
Downton Group. Higher, in the "Psammosteus" Limestones Group this fauna is associated
with Traquairaspis pococki. Evidently, we are dealing with two species of Logania: (1)
Logania cuneata, which 1is of wide vertical distribution (ranging from the Kuressaare
Stage into the lowermost beds of the Til2é Stage) and (2) Logania kummerowi with a 1li-
mited stratigraphical distribution (from the uppermost beds of the Ohesaare Stage up to
the lowermost beds of the Til2é Stage incl.). As biozones of L. kummerowi, K. timanicus
and K. lithuanicus possibly coincide, but K. timanicus 1is geographically more wide-
spread (North Timan, Latvia, evidently also in Britain, see Turner, 1973, Fig. 7c), the
last has been chosen as an index-species. As to Logania borealis ? indicated by Ka-
ratajité-Talimaa (KapartawTe-Tasumaa, 1978), it must be considered as junior synonym of

L. cuneata.
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The Traquairaspis Zone has been distinguished in the Upper Downton by E. White
(1950) . In the Ventspils boring Traquairaspis sp., Tesseraspis 7 sp. and Turinia paget
are associated with Logania cuneata, L. kummerowi, Goniporus alatus, etc., the Silurian
forms of preceding zone. The Traquairaspis Zone has not been completely studied by the
author so far.

Facies and cyclic distribution of vertebrates

The facies distribution of Silurian vertebrates is rather wide. The majority of
species has veen found from lagoon, shoal and open-shelf deposits, but some of them
/Phlebolepis elegans, Logania sp. ind., Thelodus parvidens, Th. sculptilis, Th. admira-
bilis, Cyathaspidinae (Archegonaspis ?) sp., Nostolepis ctriata, N. gracilis, Gomphon-
chus sandelensis, Andreolepis hedei/ also from the slope facies belt which increases
the correlative value of these vertebrates. It must be taken into account that from the
Late Downton slope facies we have a small number of samples. Thus, data on the distri-
bution of some species are incomplete, e. g. those of the Poracanthodes punctatus Zone.
And so 1is the case with the assemblage of the Andreolepis hedei Zone (lagoon deposits
corresponding to the latter are not known).

The comparison of the environmental changes during the Silurian in Estonia (see
diagram by 3#&HacTto et al., 1978) with the vertical distribution of vertebrates has re-
vealed an interesting coincidence between the appearance of many new genera and species
and transgressions of higher rank. This coincidence is especially clear by the maximum
phase of Ludlow transgression during the Uduvere time when first elements of a new,
Downton vertebrate fauna appear. The next transgression of a higher rank took place in
the Downton in the Kaugatuma time. This transgression is connected with the appearance
of vertebrates ranging into the Devonian. The data from the Wenlock are more limited,
particularly from its lower part. But the appearance of Logania martinssoni in the
Early Viita (Late Werlock) and Phlebolepis elegans in Late Sauvere (Early Ludlow) time
seem to confirm this rule. As to L. taiti, it might appear even during an earlier
transgression in the Late Llandovery or Early Wenlock. It must be kept in mind that it
is not always possible to fix exactly the first appearance of a new vertebrate species
in transgressive deep-water rock where scales are highly scattered (Mspcc,3#tHacTo,
1978). G. Lindberg (Jluumb6epr, 1978, p. 19) writes about the influence of the change of
phases of transgression and regression on the evolution of fish and fish-like animals
as follows: "We have a full right to consider a sudden transgression after a long
lowering of the ocean level as one of possible reasons for the existence of stages in
the development of organic world". Recently it has been demonstrated that extensive
transgressions in the Silurian have been caused by fluctuations of the level of the
world ocean (see AHTOmKkHMHa et al., 1976). Thus, if G. Lindberg's presumption is valid,
the appearance of new contemporary vertebrate genera and species must have taken place
in vast territories.

I thank Dr. E. Kurik for discussions and Dr. V. Viira, M. Pdrnamde and P. Mdnnik
for the specimens of agnathans and fish discovered among conodonts from Estonia and Se-

vernaya Zemlya.

References

Ball, H. W., Dineley, D. L. The 0ld Red Sandstone of Brown Clee Hill and the adjacent
area. I. Stratigraphy. - Bull. Brit. Mus. (Nat. Hist.) Geol., 1961, vol. 5,
p. 175-242.



Bockelie, J. F. The presence of Prunocystites (Cystoidea) in Stage 9e of Ringerike,
Norway. - Norsk Geol. Tidsskrift, 1973, vol. 53, p. 317-321.

Bblau, E. Uber die Verbreitung der Ostrakodermen in der Kaarma - Stufe (K1) von Saare-
maa (Osel). - Apoph. Tartuensis, Stockholm, 1949, S. 428-434.

Dixon, J., Williams, R., Turner, S. Stratigraphical setting of the Silurian thelodonts

from Prince of Wales Island, Northwest Territories. ~- Lethaia, 1972, vol. 5,
p. 281-282.

Gross, W. Die Agnathen und Acanthodier der obersilurischen Beyrichienkalks. - Palaeon-
tolographica, 1947, Bd. 96, Abt. A, 161 S.

Gross, W. Uber Thelodontier - Schuppen. - Palaeontographica, 1967, Bd. 127, Abt. A,
67 S.

Gross, W. Die Agnathen-Fauna der Silurischen Halla-Schichten Gotlands. - Geol. F&ren.
Stockholm F6rh., 1968a, vol. 90, S. 369-400.

Gross, W. Fragliche Actinopterygier-Schuppen aus dem Silur Gotlands. - Lethaia, 1968b,
vol. 1, S. 184-218.

Gross, W. Downtonische und dittonische Acanthodier-Reste des Ostseegebietes. - Palaeon-
tographica, 1971, Bd. 136, Abt. A, 82 S.

Hedberg, H. International Stratigraphic Guide: a guide to stratigraphic classification,
terminology and procedure. John Wiley and Sons, New York, London, Sydney, Toronto,
1976, 200 p.

Holland, C. H. Silurian Series and stages: decisions concerning chronostratigraphy. -
Lethaia, 1980, vol. 13, p. 238.

Kaljo, D. The Downtonian or Pridolian from the point of view of the Baltic Silurian. -~
ENSV TA Toim., Geol., 1978, kd. 27, Nr. 1, lk. 5-10.

Martinsson, A. Beyrichiacean ostracodes associated with the earliest Silurian verte-
Erates from Gotland. - Geol. F&ren. Stockholm F6rh., 1966, vol. 88, p. 327-339.

Pander, C. H. Monographie der fossilen Fische des silurischen Systems der russisch -
baltischen Gouvernements. St-Petersb., 1856, 91 p.

Ritchie, A. Ateleaspis tessellata Traguair, a non-cornuate cephalaspid from the Upper
Silurian of Scotland. - J. Linn. Soc. (Zool.), 1967, vol. 47, No. 311, p. 69-81.

Turner, P., Turner, S. Thelodonts from the Upper Silurian of Ringerike, Norway. -
Norsk. Geol. Tiddskr., 1974, vol. 54, p. 183-192.

Turner, S. Siluro-Devonian thelodonts from the Welsh Borderland. - J. Geol. Soc. Lon-
don, 1973, vol. 129, p. 557-581.

Turner, S., Dixon, J. Lower Silurian thelodonts from Prince of Wales Island, Northwest
Territories. - Lethaia, 1971, vol. 4, p. 385-392.

White, E. I. The vertebrate faunas of the Lower 0Old Red Sandstone of the Welsh Bor-
ders. - Bull. Brit. Mus. (Nat. Hist.) Geology, 1950, vol. 1, No. 3, p. 51-67.
AHTOmKHHA A. H., JlonmymmHckasa T. B., MaTyxuH P. I'. ¥ Op. K HCTOpPHHM CHNYPHUHCKHX GacCCeNnHOB
Cu6upckor U BocTouHO-EBponeickoi miatpopm. - B c6.: MaTepualsu IO JIMTOJIOTHH H Oca-

OOYHEM I[IOJIE3HHM HCKomnmaemuM CH6HMpH. Bmn. 218. HoBocu6upck, 1976, c. 24-40.

TannmuTte JI. K., YaecTt P. X. 3O0OHaNbHHE nogpa3leJlIeHHUs BepXHero Ccujypa B JlaTBHH. - B KH.:
PernoHanpHas reoJjiorus I[pu6anTuxku. Pura, 1974, c. 38-44.

KapaTtawTe-Tanumaa B. H. O cTpaTHurpaduyeCKOM IOJIOKEHHH H KOPPEJIALHH OAYHTOHCKHX OTJIOKEe-
HUM /MHUHMACKHE H lpackue cion/ I[OkxkHON IIpubanTHKH. - B kH.: CTpaTHrpadusa HHXHErO
naneosos [pu6ajITHKH M KOPPeJIAUHA C OPYTHMH DerHoHaMH. BuibHioc, 1968, c. 273-285.

KapaTtawTe-TanuMaa B. H. TeNonoHTH cuilypa H OeBoHa CCCP u lnuub6epreHa. BuiasHioc, 1978,
334 c.

Koccosont . JI. C., KapaTtawTe-Tanumaa B. H. Jlynios ¥ npayHTOH CeBepHoro TumaHa. - HU3B. AH
ccee, reosn., 1977, » 12, c. 55-62.

104



JJuupg6epr I'. V. O6 OOHOM U3 BO3MOXHHX IPHYHMH 3TANnHOCTH B Pa3BHTHH OpPraHHYECKOI'O MHpa. =
B c6.: [IIpo6yieMH 3TanHOCTH Pa3BUTHA OpraHHyYeckoro mmpa. Tp. XVIII ceccuum BIC. Jle-
HUHrpanm, 1978, c. 16-22.

MeHHep B. Bn., MaTtyxuH P. I'., Kypuc B. M., Tanumaa B. H., Camomnosuu 0. I'., Xanu-
nuH A. ®. JluTosoro-daunuarbHHe OCOGEHHOCTH CHJIIYPHHCKO-IEBOHCKHX OTJIOXKEHHN CeBepHOM
3emnu U CeBepo-3anana CHOHpCkON mnaTPopMH. - B c6.: JIMTOJIOTHA M najneoreorpadus Cu-
6upckonr nnarpopmu. HoBocu6upck, 1979, 107 cTp.

Mapcc T. O6 apeaye XU3HH U OGHO30HAX CHJIYPHHCKHX INO3BOHOYHHX IIpuGajTUKH. .- Te3. IOOKIJI.
XXIYV ceccuu BIO. JlenuHrpanm, 1978, c. 53-54.

Mapcc T., 3uHacTto P. 3. PacnpenesyieHHe BepTe6paT B pa3HodaLHaJILHHX OTJIOKEHHSX CHypa Ce-

BepHon Illpub6anTuku. - U3B. AH 3CCP, TI'eon., 1978, 27, ® 1, c. 16-22.
NamwkeBHUYKC H. BuocTpaTurpadus H CPaANTOJMTH cuiaypa JIMTBH. BunpHwoc, 1979, 267 c.

9nHacto P. 3., Kamna 3. A., Maru C. O. 3kckypcus III BCeCOW3HOI'O CeMHHapa IO LHKJIHYHOCTH
U cTpaTurpaduu. 3anagHasa IcToHusa. TaymH, 1978, 29 c.

105



30HH BEPTEBPAT B CHUJIVPE NPUBAJITUKH

T. Msapcc

Ina BHACHEHHA IOCJIeNOBAaTEIBHOCTH H Ipelejla paCnpoOCTpaHeHHs BHIOOB 6ECYEMOCTHHX H
pu6 B CHIype M CHNype - HHWKHeM neBoHe CeBepHOR M lleHTpasnpHOM [Ipu6GasyiTHKH C 6oJsipmiol Oe-
TaJIbHOCTBI0 ONMPOGOBAJIMCHL pa3pe3n 17 6ypOBHX CKBaxHH /puc. 1/. HauMHasA C sarapaxyckoro
TOPU30OHTaA, HHUKHEro BEHJIOKAa OO THJIBXECKOI'O I'OPH30HTa HHXHEro OeBOHa YCTAHOBJIEHO 9 30H
NMO3BOHOYHHX. HHXHHMe r'paHHLH 30H ONpenesyIeHH MO MepBOMYy MNOSBJIEHHI BHO2 - HHIOEKcCA.

Camas HMXHas, 30Ha Logania taiti COOTBETCTBYeT Maa3HCKHM /6e3 OCHOBaHMs/ M Tara-
BEepPeCKHM CJIOAM SI&arapaXyCKOr'O T'OPHM30OHTa DCTOHHHM /puc. 2/. 30Ha Logania martine :o>ni OXBa-
THBa2eT DPOOTCHKIJIACKHH TOPH3OHT M CayBepecKHe CJIOM MMaamlackoro /3a HCKJINUYEHHEM BEepXOB
3Tux cinoeB/. 30Ha Phlebolepie elegans 3aHUMaeT, BEPOSATHO, BEPXH cayBeperKHX, XHUMMHCTeC-—
KUe H HE2H YIOYBEPEeCKHUX CJIOEB MaamlacKoro IOpH3O0HTa. 30Ha Andreo’/epis hedei BuOoesn-
AeTCsA B yOyBepecCKHX CJyosxX /6e3 HH30B/ [aaminacKoro ropusokTa. 3oHa Thelodus sculpiilic
OMBaTHBaeT BeChb KypeccaapeCKH® H 6GOJNEWY YaCThb 3UIYCKHUX CJIOEB KayraTyMacKOr'oO TI'OpPH3OHTa.
30Ha Nostolepis gracilis BHOeJeHa B BepxXaX 3HIYCKuX H B JIHOCKHMX /3a HCKJIOYEHHEM caMux
BEepxoB/ CJIOEB KayraTyMacKoOro ropu3OHTa. 30Ha Poracanthodes punctatus OXBAaTHBAeT BEpXH
KayraTymMackoro u 6OJbWylw 4YacTb OxXecaapeckoro /6e3 BepxoB/ TI'OpH3OHTOB. 30HY Katoporus
timanicus MOXHO BHOENUTH B BEepXaX OXecaapecKoro ICPH3OHTa. . r1giuiraspis sp. /30Ha Tra-
quairaspis sp./ ONpemeseHO B pa3pe3e CKB. BEHTCHNHUJIC B HU3AX THJILXECKOI'O IOPM3OHTa. B
[IOJIHOM OBbEeMe OHa He H3yvanach.

BOJIBLMHCTBO BHIOOB CHJIYPHACKHX BepTe6paT CBS3aHO C JIar'yHHHMH, OTMEJIbHEMY M OTKPHTO-
wenbPOBHMM OTJIOKEHHUAMH. HeKOTOpHe BHIOH HaWOeHH H H3 OTJIOKEHHA CKJIOHOBOW 30HH. OmHako,
HEeO6XOOUMO HMMEeTb B BHAOY, YTO B BepxXHEeM OAayHTOHEe MH He HMeeM OTJIOKEHHMH CKJIOHOBOM 3O0HH, a
B JIyOJIOBE /B ynyBepeCKHX CJIOAX/ - JIalyHHOM 30HH, M NO3TOMY OaHHHe O (pauuILHOM pacnpe-

AOeJIeHHH HEeKOTOPHX BHOOB HEe IIOJIHH .
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