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The Baltic-Ladoga clint area extends over the whole of northern Estonia 
and the Leningrad Region, from the Pakri Islands in the west as far 
a Lake La dog a in the ea t (Fig. l). The numerous good outcrops 
(section ) enabling detailed iudies of the tructure of the boundary 
beds (Fig. 2) are situated on ihe clint and in the river valleys crossing 
it. Seven of the -e section arc figured and discussed below (Fig. 3), 
allhough, of course, all olhers are al o taken into consid ration in the 
uiscu ion. 

Fig. 1. Location map showing sec.lions (black points) given in Fig. 3. 

s a general rule in the East Baltic, the Cambrian-Ordovic ian 
Roundary has been drawn al 1.he base of the so-called Obolus Sandstone 
which overlies Cambrian arenites of different ages; this i the base of 
lhe Pakerort Regional Stage taken as an equivalent o[ the Lower 
Tremadoc in Great Britain and Scandinavia. Such a correlation was 
motivated mo tly by finds of different pecic and subspccic of lhe 
Dictyonema (= Rlwbdinopora) flabelliforme (Eichwald) group of 
graptoliles from the so-called Diclyonema Shale constituting 1.he upper 
part of the Pakcrort Regional S age, a well as from shale interbeds in 
the Obolus Sandstone (in some sections, e. g. ralvi and Aseri, from 
almo t the lowermost beds). The e. tabli hed graptolitc succession shows 
the pre ence of deposits through an interval from lhe D. sociale Subzone 
up to the pper Tremadoc Clonograptu -Didymograplus Zone (KaJJbo, 
l"rtBIIMflr!I, \970, 1976). 

Data obtained recently on t.he micropaleontology of Cambrian-Ordo
\'ician strata (BopOBKO, Ccprcesa 1981; Bo.1Kosa, 1980; XaJa11oa11q H .np., 
1984) have established a problem in attributing a part of ttw Obolus 
Sand tone lo the Cambrian. In 1952 A. Opik already re arded the 
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Jowermo t b d ot the Pakcrort Rcgi nal lag , he Acrotr ta Zon (no\\· 
called he lgasc Formation), a l pper Calll!Jrian. H 11ll. of rtho!o
gical invc ligation . of lbe La t Bailie section (N. B0rovko, 11. Hrm
·a lu, J Khazanovich, I'. \\en ) tog •lhcr with datn nr~ brachi~po?s 
(L. Popo\). conodunt (V. 1iira, S rrcycva) nnLI_ graptolit · (D. _I al Jo. 
R. ob lcv kaya) are aLo ii;:nilic m 11 c<?ntributmg to the _olutwn of 
the gen ral problem of the ambrinn-OrdonciHn ~oundary, , ·h1ch 1. now 
und er cliscu ion in a corr pondin[.! I GS working group. Accord111gly, 
the main ubj t of thi paper arc the succ "'· ion of ~onodont zone. 
and th ir relation· with graplolit zone·, to ther with a concrete 
definition oi thi buundarr in the ct"on of the tudy ar a. 

6raplolile zones 

, <-: B. /Jro e!}ger/ 
'-:~----- -
~ ~ • .D. .. primigenius 
c:,"l::i--- ---
~ c::j C. ssrmentosus 

bf anglicum -
...; lJ. f multit/Jec.1l11m 

Canodonl zoni!s 

flrepenoistodus 
detli/er prisfinus 

C. rolunoalus -
C. angu/;dus 

C lindstro,?mi <,i - ---- --
; "' D. f norYC§ICUm 1----------i 
l>li:,-------

~ ~ 1J. f fla/Je/li/orme s.s 
f:::: D. f sociale ,,, 2 -1-----------; -z 
~ i '? _ -;: _ i _1--_c_. p_ro_a_v_u._s ___ --i ,. 

c::::. .-? _.... . -
C. andres, 

c. int. rmetfivs 

Pr cortotlo.?ft.-, 

U moes.1ebtrge11sis 

W. 1c1,• p1tlat, 

KAllA
VERE 

TOSNA 

Tnblc I. SlrnligrapliicDI scht•IJle of Cmnbrian-Ordovici;rn Boundary beds. 

NtiJt•· 
sl~Jrs 

A gC'nC'ral . tratigrnphical ,chem giwn in Table I, and relation 
betw n the formation. d, lmgui:h d alon" hl clint line arc shown 
in Fig. 2. Bri · i chn1 acteri~ i of the Sl'ciions ar given llcl w. 

LHholo 1_ and litho tratigra hy 

The Pakcrort ncgional Stngc is u11d rlain by un cnlircly terrigr11ou · 
equencc of different-aged arnbrian rncl·., r vcaling th • re urrt'nl :111 ct 

complicat d natur of sedi111c11tation and denudation proce · C' . 
Ti kr e Formation (Lower Cambrian). Thi· did ion i rcpre

. en cl rnainlr '} oligomin r lie . an f •. il ~ nn, : ,t rop out in L to11ia 
and at l'oporre IJigh in he Lcningrn I Region (Fig. 2) {sc t 11c, n11p
pyc, JC 77) Denudation ha· reached down lo lhe Liikati Formation 
( chmidti llu mick ~·itzi Zon ) onl) at the centre of thi dome tru lure. 

a b l In I.. a or m c ion(. lid JI ambria11). he mature iltv nml-
tor:es of lhi_ . formation crop out mostly in the west rn parl · uf the 

Leningrad Region where lh y form [he lop of lh pre-Ordovician rock:. 
On. the b·a is of . carcc find of inartit ulnte brn hiopod . bradoriid. and 
acn_l:u_ ·h ·, the h d are a igned conditionall) to the Pnradoxid pnr:i
dox1 ·• 111rn and P. forchhnmmeri 7.on , 
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Fig. 2. Sequence of the Cambrian-Ordovician Boundary depo·ils in the outcrop of the Ballic-Ladoga clint area. 
Legend: / - Quaternary depo it, 2 - glauconitic andslone, 3 - aleurilic clay, 4 - argillite (Diclyonema Shale). 5 - cross-bedded delrilic 
san !stone, 6 - sandstone or silt tone with argillile int rbed, 7 - clay interbed·, - complete valves (aJ and detritus (b) of brachiopods, 9 -
p) rile concretion~ and len es, JO - anUiraconile concretion , II - lense of amorphous silita, /2 - phosphatic pebble, 13 - discontinuity surf aces, 

N - base or the Cordylodus angulatus - C. rotundalus Zone . 
Indexes of the units: lis - Tiskre Formation; lk - Liikati Form.; sb - · ablino Form.: iii - Olgase Form.; Id - Ladoga Form.; kl - Kallavere 
Form.; los - Tosna Form.; lm - Loma hka Form : lr - Tiiri alu Form.; kp - Koporye Form.; vr - Varangu Form.; ns - aziya Form.; It -

18 Leelse Form. 



·o Jg as e Formation ~Upper Cambri~n) .. T_h~ quarlzo~e s_illstone~, 
locally sandy or wilh clay inlcrlJeds_ of lhts d1v1s1?11 are d1_s(r1bulcd 111 
the Tallinn-Jiigala area. From acrtlarch dala !his formation m_ay be 
correlated mostly with the Olenus Zone (BonKoB~, 1~82). Only tn the 
vicinity of Turjekelder the true Olgase Formation . ts ovcrlatn . b~ a 
short interval (about 2 m), which, allhough litholog1cally very ~1mtlar 
to the underlying deposits, on the basis of conodonts and acntarchs 
evidenily belongs lo the Peliura Zone. Therefore this interva I is pro
visionally treated as a part of the Maardu Member of the Kallavere 
Formation. · 

Lado g a Format ion (Upper Cambrian). These beds represented 
by sandstones of variable grain size with thin clay interb~ds, are 
distributed widely in the eastern part of the study area. Judging from 
conodonts (Bopoa1<0 11 JJ.p., 1984) and acritarchs (Volkova, pers. comm.), 
the top of this formation belongs lo the upper part of the Upper 
Cambrian, beginning with the Peltura Zone. The thickness of the 
formation varies from a few metres up to 10 m. According to prelimi
nary data, a small sandstone lens (thickness about 0.5 m) of the same 
age is also preserved at Saka village in East Estonia. 

Pakerort Regional Stage. In general, the lower part of 
the stage consists mainly of silty sandstones (Obolus Sandstone = I(al
Iavere and Tosna Formations); the upper part is represented by graplo
litic argillites (Dictyonema Shale = Koporye and Ti.irisalu Formations) 
and compact, silty clays (Varangu and Naziya Formations). 

The Ka 11 aver e Formation is represented in the major part 
of the distribution area by light, monomineralic, quartzose, weakly 
cemented sandstones (fine-grained or medium- to fine-grained) and 
siltstones with frequent thin (usually a few mm to 10-15 cm) interbeds 
of argillites, sometimes with graptolites. In places (eastwards from 
Tallinn between Iru and Tsitre and from Kunda to I(ohtla-Jarve, Fig. 2), 
accumulations of phosphate-bearing detritus or complete valves of inar
ticulate brachiopods occur at the base of the sandstone. They form 1 
or 2 (in places also 3) inlerbeds or lenses of the so-called Obolus 
conglomerate, the total thickness of which in the clinl area varies [rom 
about 10 cm to 1.5 m. 

Westwards from Kunda in lhe upper part of the Kallavere Formation 
there is another «detritic bed». The fine- to medium-grained cross-bedded 
quartzose sandstone contains a large amount of fine (2-3 mm) inarti
culate brachiopod detritus. Coarser fragments and complete valves 
have never been found in this bed. 

The total thickness of the Kallavere Formation in the clint sections 
ranges from 2-3 m up to 10-11 m. 

Lomas h k a Formation. These beds comprise 2.2 m of cross
and horizontally-bedded, fine-grained sandstones with rare, thin inler
beds of dark slaty argilliles. The presence of the formation has been 
establ ished with certainty only in the western part of the Leningrad 
Region. 

T.osna_ Formation .. In the west of lhe Leningrad Region (up to 
and mcludmg the Tosna River) the lower part of this formation consists 
of qua.rtzose, medium- to fine-gra_ined and medium-grained cross-bedded 
bro~nish sands_tones (often quite unconsolidated) with valves and 
detritus of brach1opod~. In the upper part the content of detritus increases, 
b_ul complete valves disappear. The size of quartz grains increases, some
times up to gravel grade. In places there are rare lenticular inlerbecls 
of dark argilliles. 

In the eastern P.art of the Leningrad Region (eastwards from the 
Izhora and Tosna Rivers) the Tosna Formation is represented by light, 
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Fig. 3. Tnvesligated sections of the boundary deposits. On the right of the column 
are shown the sampled intervals. The stratigraphical boundari marked by the indexes 

f the units remain to lhe left of the column. The last (capital) letter of the index 
shows the ubdivision of the formation (member), the names of which are not given 
here for purposes of shortness. Por lilhological and paleontological logs of studied 

sections see Fig. 2. 



f ine-gra incd, weakly cemented sandstones with a lesser amount of 
detritus or complete brachiopod valves. 

The total thickne s of lhe Tosna Formation ranges from 0.5 to 7.5 m, 
increasing ea twards. 

T ii r is a 1 u F o r ma t i o n. In West Estonia this formation is repre
sented by compact, homogeneous dark-brown argillites, and in East 
Estonia by argilliles with thin inlerbeds of quarizose ilt lone, anlhraco
nile and pyrite nodules. The argillites are generally graplolitic bul 
not in all sections and not in all their parts. The thickness of the 
formation is greatest in the western part of the area (up to 5 m), but 
eastwards it decreases to 1.5 m at Kunda and 1.hins out not far from 

arva. 
Ko po rye Form a lion. The lower part of the formation occurs 

only in the we t o[ the Leningrad Region (Fig. 2). This division is 
repre ented by alternating fine-grained sandstones and siltstone and 
dark argillites (more rarely by brownish-grey slaty clays), with a con-
iderable prevalence of sandstones and siltstone . The upper part of the 

formation, distributed from t.he Luga River to the Syas River is com
posed of homogeneous dark graptolilic argillites containing anthraconite 
and pyrite nodule in places also with sillstone interbcds. 

The thickness of the Koporye Formation ranges from about 10 cm 
up to 5.4 m. 

Vara n g u Formation. Compact, mostly greenish-grey silty 
clay· with interbeds of glauconite-bearing quarlzose siltstone make up 
the Varangu Formation. In the clint sections, deposits occur spora
dically with a maximum thickness (about 3 m) near Kunda. 

The N a z i y a Formation consists of greyish-green silty glau
conilic clays, with thin inlerbeds of glauconitic-quarizose, fine-grained 
sandstones occurring at the base. The formation occurs in the area of 
the aziya and Lava Rivers, wilh a maximum thickness of 0.4 m. 

Biostratigraphy 

Paleonlologically the boundary bed are not diverse. In the andstones 
and silt lanes inarticulate brachiopods are the most widely di tribuled 
fossil group; in the argillite ' ( hales) graptolites predominate; cono
donts and acritarchs occur in both rock types. O[ the other fossil groups 
from the Obolus bed , hyolithelminthes have been recorded focrether 
with some other form of uncertain systematic position. All those are 
of mall correlative significance. Below we sha11 discuss more tho 
roughly lhe di tribulion of the inarliculate brachiopod , conodonts and 
graptoli cs (most of the species mentioned below are illustrated in Plates 
I-VI). 

In art i c u I ale bra chi op o d s. Recent investigations have 
shown lhat obolid , may well be u ed for the subdivision and intra
regional correlation of the East Baltic Cambra-Ordovician. However, 
lhe endemic character of this fauna and the inadequate state of study 
in many areas make il impo siblc lo use them for wider correlation. The 
di lribution of inarticulate brachiopo<ls shows a clear lateral zonality 
which changes only a little throughout a rather long period: in the 
Middle and Late Cambrian the areas nearest to shore (mostly the areas 
of accumulation of fine- to medium-grained era s-bedded sands) were 
inhabited by the monolypic Obolus Community or in places the Ungula 
Communily.* Seawards (moslly in the area of fine-grained sands) there 

* The aul!1ors have made use of th e nomenclatur of inarticulate brachiopods in 
accordance with revision carried oul by L. Popov. Reinvei;ligalion of the types of 
E. Eichwald and topolypes o[ Ch. Pander has revealed lhe independence of lhc genera 
Oboltis and Ungrtla. Resulls o[ this work will be published separately. 
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occurred communities of differenl specie:; of lhe genus Oepikites, and 
later (beginning with lhe Proconodonlus Zone) those of Schmidtites. 

The offshore facies (mainly areas with silty deposits) were charac
lcrized by more varied communities consisting of acrotretids, siphono
lretids (Schizambon) and obolids (Oepil?iles and Weslonia ?). At a level 
of the C. proavus Zone lhe brachiopod zonalily becomes simpler and 
only lwo communities remain - a neDr'>hore one wiih Obolus apolli11is 
and a more offshore one with a siphonotrclid (Helmersenia Ladogensis) 
predominating. . . . . . 

At present at least four bioslral1gr_a~h1cal levels_ are d1sbngu1sh_ed 
for the Late Cambrian and Early Ordovician of lhe clmt area. Beds w1lh 
Unau/a inomala (= Obolus [riangularis Mickwitz =I= Ungula lrian
gut°aris Pander) and Angulolrela poslapicalis are distinguished at the 
base of lhe Upper Cambrian (Olgase Formation, lowermost beds of lhe 
Ladoga Formation). Beside the index species, the assemblage of inarti
culate brachiopods of these beds also includes Oepikiles sp. nov., 
l'festonia ? sp. nov., Schizambon sp. nov. and Cerafrela latweri 
(Metzger). 

Beds with Ungula co,wexa are distinguished within the upper part 
of the Lacloga Formation. In addition to the index species they have 
yielded «Ungula» ovata Pander, Oepikites sp. nov., Westonia ? sp. nov. 
and l(eyserlingia reuersa (Vern.); a little higher Keyserlingia buchii 
(Vern.) and Schmidtites celalus (Volborth) make their appearance. 
These beds may be correlated with the Westergaardodina moessebergen
sis-Problemaloconites perforata Conodont Zone. 

Beds with Ungula ingrica are distinguished in the lower part of the 
Kallavere formation and its equivalents occurring in some places up 
to the Koporka River in lhe east. The assemblage of inarticulate brachio
pods includes Ungula ingrica (Eichwald), Oepikites oblusus (Mickw.), 
Schmidiiles celalus (Volborth), Keyserlingia buchii (Vern.) and l'feslo
nia ? sp. nov. These beds correspond with the Cordylodus andre:;i Zone 
and possibly partly with the C. proavus Zone. 

Beds with Obolus apollinis and Helmersenia ladogensis are dis
tinguished in the Tosna Formation and in the upper part of the Kalla
,·ere Formation. The assemblage of inarticulate brachiopods includes only 
Lingulella anliquissima (Jerem.) apart from the index species. The beds 
are correlated with lhe conodonl zonalion from the C. proavus Zone 
lo the C. angulalus - C. rotundatus Zone (inclusive). 

Con o don t s occur in the East Baltic from the Upper Cambrian 
onwards. In the Upper Cambrian the \Vestergaardodina Zone has been 
defined conditionally and subdivided inlo three :;ubzones (Table l). 
!he \V: bicuspidala Subzone is Lhc oldest and has been distinguished 
in the Olgase Formation and in the lower part of the Ladoga Formation, 
where in addition to the index species Phakelodus lenuis, Fumislzina 
furnishi, F. alala and Prooneotodus lerashirnai have been identified. 
Conodonts of the two subsequent subzones were sludied in the sections 
eastward!::> from Leningrad (Bopon1w u .np., 1984; 5opOBKO, Cepreeaa, 
1~81, 1985). The W. moes:;ebergensis Subzonc includes the index spe
cies plus W. cf. fossa, \17. wimani, Herlzina americana Problematoconi
les perforala, F. fumishi, Prooneotodus rotunda/us a~d P. terashimai. 
The uppermost Proconodonlus Subzone is characterized by the following 
assem?l~ge: Pr_ocon~dontus primilivus, Prooneotodus rolwuialus, P. aff. 
gallaluu, 1:11'. btcuspidata, \V. fossa, F. farnishi and F. alala. An interval 
of the TufJ~kelder section has been assigned to the same subzone where 
below the f1rsl occurrence of C. andresi a similar assemblage has been 
recorded, but conta~ning a\so Eoconodonlus nolchpeakensis (one spccl· 
men) and phosphatu;: sclerites of Hadimopanella Gcdik, 1977. 
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In higher beds, the Obolus Sandstone is characterized by various 
and in places numerous ,oecimens of Cordylod11s. The following suc
cession of conodont zones has been established here (Table 1) , in many 
aspects resembling the Australian sequence (Druce, Jones, 1971). The 
identified species of Cordylodus have been named according to multi
element taxonomy, except C. prion, which was distinguished sensu 
forrno, as it is useful for correlation in this sense. 

The Cordylodus andresi Zone was established in four outcrops by the 
appearance of the zonal species. This taxon was first described by 
D. Andres (1981) on the basis of material from lenses of the «stink 
limestone» of the Westergaardia Subz.one of the Ac:erocare Zone on the 
bland of Oland, Sweden. The description of the East Baltic material 
is in print (Viira, Sergeyeva). C andrc,i is characterized by a deep basal 
cavitv, a lack of white matter nnd n vari'1ble number of denticles. Some 
specirnens with a single small denticle are reminiscent of Cordylodus 
sp. l (Apollonov et al., 1984). llowever, it is difficult to say whether 
such specimens arc marginal members of ,·ariations of this species or 
whether they represent a new species recorded by S. Dubinina below the 
beds with C proavus in Kazakhstan. In this context it should be noted 
that C. andresi has not been found in Kazakhstan, but in the East Bal
tic it occurs at a level below the typical C proauus. Apart from numerous 
specimens of the index species, the assemblage of the C. andres i Zone 
includes Phalwlod11s lenuis, Eoconodonlus notchpeakensis and different 
paraconodonts ( \'v'eslergaardodina, Furnishina, etc.), first appearing in 
the underlying beds. The full thickness of the inlcr\'al (about 1.5 m) is 
seen al Vihula. 

The C. proavus Zone is of wider distribution, being recorded from 
six outcrops. Specimens of this species are morphologically rather 
variable and do not form large accumulations like C. andresi. In this 
assemblage, among others the most common species is E. notchpeakensis. 
The maximum thickness of the C. proavus Zone (over 8 m) has been 
recorded in sandstones at Vihula. 

Correlation of the C. proavus Zone has been discussed widely in 
recent literature (Miller. 1984; Chen et al., 1983; and others), and 
there is no reason lo expand here these discussions further. 

The C. intcrmedius Zone assemblage has been recorded from the 
Olgase, Toolse and Naziya sections. In the other studied sections this 
species appears together with C. lindslromi, i. e. the index species of 
the following zone. At the three outcrops. the C. intermedius Zone occu
pies a short interval in the Obolus Sandstone, with a maximum thick
ness of up to I m at Toolsc; thl.! nssemblage includes C. proauus and 
E. nolchpeakensis Despite umatisfactory characteristics of lhis zone, 
we distinguish it here for purposes of correlation. The C. intermedius 
Zone has also been established in North China between the C. proavus 
and C. angulatus Zones (Chen et al., 1983). In Australia, C. inter
mcdius defines the lower boundary of the C. oklahomensis - C. lind
stromi Zone (Druce, Jones, 1971); in "Jorth America it appears in the 
Hirsutodontus simpkx Subzonc of the C. proavus Zone (Miller et al., 
1982). 

The C. lindstromi Zone has been established in all the studied 
sections with a t1H1\imum lhkkncss ( I.GO 1.1) at Toolse. Besides lhe index 
species, the zonal assemblage contains C proavus, C. aff. proavus (Syas), 
C. drucei, C. prion. In this zone E. notchpeakensis is replaced by Oneolo
dus altus, the species which J. ,V\iller (1980) includes within the multi
species E. rwtchpealwnsis. Until the description of East Baltic conodonts 
is completed, we consider it expedient to retain the taxon 0. altus sepa
rately. The C. lindstromi Zone has b, en established in Australia (Druce, 
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Jones, 1971), and in Kazakhstan (.lly611tt1rna, 1982), but the species is 
also known in North America from Fauna B (Miller et al., 1982). 

The C. rotundatus- C. angulatus Zone has been recorded from all 
the studied sections and is defined by the first appearance of C. rotun
datus. It is characterized by the presence of a considerable number of 
different species: rare C. proavus co-occur with C. lindstromi, C. inier
medius, C. drucei, C. prion, Japetognalhus sp. and Oneolodus altus. 
Simple conical Acodus firmus and Drepanodus ? sp., conside!·ed . to 
characterize the Ceratopyge Stage (Upper Tremadoc), make their first 
appearance at this level. 

Grap to Ii t e s. Since the papers of E. Eichwald in the 19th century, 
North East Baltic Dictyonema has been of considerable interest for 
researchers. In this paper we do not deal with taxonomic problems, and 
therefore we make use of the most commonly accepted nomenclature 
of 0. M. B. Bulman {1954), leaving aside the views of A. M. Obut (O6yT, 
1953) regarding the species groups f labelliforme and graptolithinum, as 
well as those of B.-D. Erdtmann ( 1982) concerning Rhabdinopora, 
although some of us support the various ideas presented by these authors. 

G raplolites occur throughout the whole section of the Pakerort and 
Ceratopyge Regional Stages of the East Baltic Tremadoc. The most 
common are those in Dictyonema Shale, but they are also fairly abundant 
in clay interbeds within sandstones, but only rare finds come from the 
sandstones themselves. The oldest specimens of Dictyonema sp. (frag
ments only) have been recorded from the Upper Cambrian Olgase 
Formation (collected by K. Khazanovich from Maardu). 

The distribution of Tremadoc graptolites has been discussed by 
D. Kaljo and E. Kivimagi (KaJJhO, K11B11MHr11, 1970, 1976) and the cor
responding zonation is given in Table 1. The sections treated in this 
paper have yielded scarce graptolites (Fig. 3), but they enable cor
relations to be made between the graptolite and conodont zones. A 
generalized distribution of the identified graptolite species given in 
Table 2 was composed on the basis of their relations with conodont 
zones. As graptolites and conodonts have been studied together only 
in a small number of sections, the mutual position of zonal boundaries 
drawn from these groups {Table I) must be considered tentative. 

Especially insufficiently founded is the position of the D. f. sociale 
Zone, whose presence has been established in a number of sections in 
the lowermost beds of the Pakerort Regional Stage (vicinity of Tallinn, 
Orasoja, and elsewhere). Of these sections, conodonts have been studied 
only in the outcrop of Suhkrumagi. D. f. sociale was identified from a 
shale intercalation below the Detritus Bed in the IIundikuristik Section. 
The latter is situated less than one kilometre south of the Suhkrumagi 
outcrop. Together with the other subspecies, D. flabelliforme flabelli
forme occurs throughout the whole section of the Pakerort Regional 
Stage. Therefore it has not been indicated specially in Fig. 3. 

PLATE l 

J-3. U11g11/a i11grica (Eichwald); / outer view of the ventral valve, B 1701, X3.2; 
2 - inner view of the ventral valni, B 1700, X3.2; 3 - inner view of the dorsal valve, 
B 1702, X3.2; Turjekeldcr section, C andresi Zone; .J- 7. Oboltts apollinis Eich 
wald; .; - outer view or the venlrnl valve, B 1705, X3.2; 5 - inner \ iew or the ventral 
valve, B I 703. X3.2; 6 - inner view of the dorsal valve, B 1706, X3.2; 7 - outer view 
of the dorsal valve, B 1704, X3.2; section along the Lava River, Tosna Formation. 
8, 9. Helnwrsenia ladogensis (Ycremeyev); 8 - ouler view or the dorsal valve 
B 1707, X8; 9 - ouler view of the ventral valve, B 1708, X20; Volkhov River,' 
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PLATE l 

2 3 

5 6 

__ 13 14 15 

Tosna Formation, C. proavus Subzone. JO. Marcusodiclyo11 prisc11m Bassler on the 
ventral valve or Schmidlites celatus (Volborth), B Iii I, X6.4; Turjekelder section. 
C. andresi Zone. 11, 12. Schmidliles celatus (Volborlh); // - inner view of the 
H'ntral valve, B t i09, X6.4; 12 - inner view or the dorsal valve, B 1710, X6.4; Turje
kcld,·r section, C. andrcsi Zone. 13-15. Keyserlingia buchii (de Verneuil): 13 -
outer view of the ventral valve, 8 1712; 14 - inner view of the dorsal valve, B 171-1. 
'\!i.1; /,5 - outer view or the dorsal valve, B 1713, X6.4; Turjekeldcr section, C. andresi 

Zom•. 
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20 

All conodonl magniricalions are X55. 
1-6, 9, JO. Cordylodus andresi sp. nov. (Viira, Scrgeyeva, in print): 1-3, 
5, 9 - Cn 1032-1036, Vihula; .J, 6 - Cn 1037, 1038, Toolse, Kallavere 
Formation; JO - Cn 1039, Lomashka, Lomashka Formation. 7, 8. Eocoriodonlus 
nolchpeakensis (Miller): Cn 1040, 1041, Vihu!a, Kallavere Formation. 11-20. Cor
dylodus proavus Miiller: 11-15 - Cn 1042-1046, Vihula; 16, 17, - Cn 1047, 1048, 
Toolse, Kallavere Formation; 18, 20 - Cn 1049, 1051, Syas; 19 - Cn 1050. Naziya, 

Tosna Formation. 



PLATE Ill 

15 16 17 

1. Cortlr1lod11s proavus \\iiller: Cn 1052, Toolse. Kallavere Formation. 2-6. Cordylod11s 
irrlemredius Furnish: Cn 1053-1057, Toolse. Kallavere Formation. 7-11. Corc/ylodus 
limlslromi Druce et Jones: Cn 1058- 1060, Toolse, Kallavere Formalion, 10, JI -
Cn 1001 Cn 1062. Naziya, Tosna Formation. 12, /./, /6. Co,dylodus drucei Miller: /2-
Cn 1063, Too:sc, J.I, 16 - Cn 1065. 1066. Turjekelder. Kallavere rormalion. 13 - /ape
log11alh11s sp.: Cn 1064, Turjekelder, Kallavere Formation. /5. Cordylodus prio11 Lind
strom: Cn 1067, Syas, Tosna Formalion. 17. Cordylodus sp.: Cn 1068, \'ihula, Kalla\·crc 

Formation 



PLATE IV 
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1, 4, 6. Cordylodus angulatus Pander: Cn 1069-1071, Suhkrumiigi, Kallavere Forma
tion. 2 Cordylodus rotunda/us Pander: Cn 1072, Olgase, Kallavere Formation. 3. Cor
dylodus angulalus cf. C. intermedius Furnish: Cn 1073, Turjekelder, Kallavere 
Formation. 5. Cordylodus prion Lindstrom: Cn 1074, Toolse, Kallavere Formation 
7. Cordylodus drucei Miller: Cn 1075, Toolse, Kallavere Formation. 8. \flestergaardo
dina cf rnoessebergensis Muller: Cn 1076, Toolse, Kallavere Formation. 9. Cordylodus 
sp. Cn 1077, Toolse, Kallavere Formation. 10, 11. Torellella sp.: 10 - three specimens 
in silu, Cn 1031, X2; 11 - proximal parts of the tubes and the places of attachment. 

X4; section along the Toolse River, base of the C. andresi Subzone. 



PLATE \ 

2 

1. Diclyonema flabelliforme cf. anglicum Bulman, Va 1024, Naziya, Tosna Formation. 
2, 3. Diclyonema f/abelliforme aff. bryograploides Bulman: 2 - Va 1025; 3 - Va 1026. 
Naziya, Tosna Formation. 4, 5. Diclyonema f/abe/liforme flabel/iforme (Eichw.): 

Va 1027, 1028, Syas, Koporye Formation. 2 - X4.3; 4 - X2, others - X4. 



PI.ATE \ ' I 
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5 

I Diclyonema flabelliforme aft. mullilhecalum Bulman, Va 1029, \'irukiila boring. 
Tiirisalu Formation. 2, 3. Diclyonema flabelliforme norvegicum (Kjerulf): 2 - Va 1030, 
X2,5; 3, - Va 1031, X2.7, Risli boring, depth 183 m, Tiirisalu Formation. 4, 5, 
Diclyonema f/abelliforme rossicum Obul; 4 - Va 1032, X2,6; 5 - Va 1033. X5, Syas, 
Koporye Formation. 6. Diclyonema {labelliforme sociale (Salter): Va I 034. X2,,'i. 
Piiiisaspea boring, depth 38.8 m, Tiirisalu Formation. 7. A11isograpl11s sp: Va 1035, XS, 

Syas River, Koporye Formation. 
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Table 2. 

6eneral11ed tl,slrt/Ju/Jon c/ ,nar/l(;ul,le 
/1ri1tl11op1uls end graplo/tles 

The available material allows us to conclude, though somewhat ten
tatively, that the group of D. [labelli[orme appeared in the East Baltic 
not later than the C. intermedius Zone, but at present we cannot prove 
it for the upper part of the Cordylodus proavus Zone. 

Graplolites arc most common at the level of the C. lindstromi and C. 
rolundalus - C. angulalus Conodont Zones. In the Pakerort Regional 
Stage the most abundant subspecies beside D. f. flabelliforme are 
D. f. aff. mullithecatum and D. f. rossicum; in the west D. f. norvegicum 
also occurs. 

It should be noted that a number of transitional forms occur bet
ween the typical D. f. flabelliforme on one side and D. f. anglicum and 
D f. mullilhecatum on the other side within the upper part of the 
Pakcrort Regional Stage. A revision of the type material of D. rossicum 
described by A. M. Obut (06yT, 1953) (housed at Leningrad State Uni
versity) enables us to consider it a distinct subspecies of the D. fla
belliforme group, and to reveal its wide distribution at the level shown 
(Fig. 3). In its undulating branches, oval meshes and more or less 
regularly placed dissepiments D. f. rossicum is undoubtedly similar to 
D. f. norvegicum, but differs clearly from the latter in its fine dissepi
ments. 

In the Ceratopyge Regional Stage (Clonograptus - Didymograptus 
Zone) the composition of the assemblage changes completely. Dictyonema 
is replaced by Clonograptus and Didymograptus together with Adelo
graptus, Bryograptus and K.iaerograptus. The latter was found recently 
in the Turisalu Formation in the sections south of Tallinn. 
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On the completeness of the boundary interval 

F_i~. 2 shows clearly that the transition from the Can!brian to the Or?o
v1cian in lhe Baltic-Ladona clint area was characterized by allernatmg 
periods of sedimentation hand denudation. Therefore, fai~ly considerab_lc 
hiatuses separate different formnlions or parts of formations. At certa111 
boundaries the hiatuses arc well marked by discontinuity surfaces. These 
distinct hia1 w;es are established at the base of the Kallavcre Formation. 
at the boundary of the Ti.irisalu and Varangu r:ormalions. etc. 1\ detailed 
study of the conodont succession has also made it possible to detect 
some indislind hiatuses within the Obolus Sandstone The latter breaks 
arc here interpreted by the absence of a zonal assemblage (or index 
species) in a section, c. g. the Turjekelder and Lomashka sections lack 
C. proauus and C. inlermedi11s; in the Syas section C. andresi and a 
part of the Proconodontus Zone arc missing. etc. Tahk 2 shows these 
cases of the absence of zonal conodonts as interpreted in two ways: 
a) indistinct hiatuses (vertical shading) in cases \\'here the absence 
of definitive conodonts coincides with lithological evidence of disconti
nuity; b) dubious intervals (vertical dotted lines) in which lithological 
evidence of discontinuity is missing, possibly due to insufficient studies. 
Lack of data is noted by a question mark. 

Table 2 is sufficiently detailed to warrant only a short conclusion 
here: the majority of hiatuses are connected with the interval at the 
base of the Pakerort Regional Stage, which is traditionally considered 
as the Cambrian-Ordovician Boundary in the East Bailie. The least 
complete sequences are those at the level of the Proconoclontus Sub
zone. The C. proavus Zone is better represented but the C. lindstromi 
and C. rotundatus - C. angulatus Zones evidently correspond to the 
transgression maximum of the earliest Ordovician sea in the East Bal
tic. The transgression started somewhat earlier. but in general its level 
coincides with the Black Mountain eustatic event as described by J. Mil
ler ( 1984). 

Conclusions 

1. Despite the shallow-water character of the sandstones at the Camb
rian-Ordovician Boundary interval, and the several local and regional 
hiatuses in the sections (most importantly those at the level of the Pro
conodontus Subzone), we are able to establish a relatively complete 
sequence of conodont. graptolite and also brachiopod zones. 
2. Co-occurrence of the named fossil g roups have made it possible lo 
correlate conodont and graptolite zonations. 

The relations of the lowest graptolilc and conodont zones are not 
very well documented, so that with certainty we can only conclude lh.at 
the Diclyoncma ( = Rhabdinopora) f labelliforme group appears nol 
later than the Cordylodus intermedius Zone. At the level of the C. 
and:·esi Zone we have found no graptolites, but we cannot exclude the 
possibility that the D. f. sociale Subzone may be correlated at least 
partly, with the C. proavus Zone. ' 

A correlation of the D. norvegicum and D anglicum-multithecatum 
-rossicum Subzones v,it.h lh0 Cordylodus linds lromi ~ind parlly C. inter
medius Zones is well documented. 

The lower boundary of the C. rotundatus-angulalus Zone falls within 
the D. anglicum-multithecatum-rossicum Subzone. 

3. East Baltic sections provide interesting data for discussion of the 
Cambrian-Ordovician Boundary, but none of them can be recommended 
for use as a stratotype section. 
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4. Proceeding from the data presented above, there may be al leasl 
two good levels for the definition of the Cambrian-Ordovician Boundary. 
The first one - the base of the C. anrlresi conodont Zone, coinciding 
more or less exactly with the base of the Pakerort Regional Stage, is 
a boundary marked by major hiatuses and therefore easy lo trace in 
the field, but unsuitable for correlations. The second level - the base 
of t il e C. intermedius conodonl Zone - is lithologically difficult to trace 
within the Kal lavere Formation but, according to current information, 
it is nearest to the base of the D. flabelliforme (s. I.) Zone and therefore 
readi ly traceable by conodonts and graploliles. This last condition should 
be regarded as preferable, but the only problem is to ascertain lhe exact 
level of lhe base of lhe D. flabelliforme (s. I.) Zone. 
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D. KAUO, Nelli BOROVKO, Heljo HEINSALU, K. HAZANOV/TS, Kaisa MENS, 
L. POPOV, S. SERGE/EVA, R. SOBOLEVSKAJA, Viive VI/RA 

KAMBRIUMI JA ORDOVIITSIUMI PIIR BALTI-LAADOGA KLINDI PIIRKONNAS 
(POHJA-EESTI JA LENINGRAD! OBLAST, NSV LIIT) 

Seilsmc liibiloike delailse uurimise (vl. lilolooga ,·a fossiilidc lcvik joonisel 3) ja muu 
malerjali alusel viiidetakse, cl Diclyonema flabelli orme \soon (s. 1.) algab mille hiljem 
kui Cordylodus inlermedius'e lase. Selle !sooni algus on iiks sobivaid kambriumi ja 
ordoviitsiumi piiri tasemeid. Tcine voimalus on tradilsiooniline Pakerordi lademe (Kal
laverc kihistu) a Igus (Cortlylodus andres'i lsooni a Igus), mis litoloogiliselt on set
gem (alla jiiiib ka ulatuslikum scllcliink), kuid kaugem graploliitidega miiiiratlctud 
piirisl. 

P,. KAJ!bO, HeJuu 50POBKO, Xe,11>0 XEflHCAJIY, K. XA3AIIOBl/l/, Ka1ica MEHC, 
JI. nonOB, C. CEPrEEBA, P. COEOJIEBCKAf/, Bwiee BYIHPA 

rPAHlHI.A KEM6PIUI l1 OPJJ.OBltKA B PAAOHE 6AJlTHRCKO-JJAJlO)l(CKOro 
rJiltHTA (CEB EPHMI 3CTOHlt.st H JlEHHHrPA)].CKA.st 06JJACTb, CCCP) 

Ha OCIIOBC ,'lCT3.%HO!"O 113y4e111111 CCMII pa3pe30B (JJ!!TOJlOrl!!il II pacnpocTpa11e1111e cpOCCII· 
J111ii CM. puc. 3) u Apyrux MaTep11a.1oa yrnep>KAaeTCll, 4TO 3011a Diclyuriema flabelliforme 
(s. I.) 11a41111acTrn 11e noJ>KC ypoem1 30Hbl Cordylodus i11lermedius. J la4al!o 3Toii JOHbl -
OJl,IHI 113 B03MO>KHl,IX ypoirneil npoBeACllllll rpalllll.lbl KC~16p11R II op)J.OBIIKa. BTOpaR 003-
MO>KIIOCTb - TpaAlll.lllOHH3R nOAOWBa naKepopTCKoro rop113011Ta (KaJJ.,aBepernoii CBIITbl) 
1m ypom1e no;i.owebl 30Hbl Cordylodu'S andresi. J !11TOJ1orn•1ern11 011a 60.1ee •1eTKo a1,1pa

>Kc11a (1111)1-(C YCTallOBJlCH 11a116?.1ee CYUl.CCTBCIIHbliI nepepbiO ocaJl,K011aKon.1et111H), 110 Haxo
Jl,IITC!l )\3JlbWC OT onpe,1.c.1e1111011 no rpanTOJ111T3M rpalllll.lbl. 

108 


	Eesti NSV Teaduste Akadeemia toimetised.�潶⸠⡖楩牡Ⱐ卥牧敹敶愬渠灲楮琩ⴠ䦗㌱霳⁰鈠㝜田㐱㌠䍮‱〳㊗㌶⁖楨畬愻‴Ⱐ㘠䍮‱〳㜬‱〳㠬⁔潯汳攬⁋慬污癥牥‱〠ㄹ㌹㸠䱯浡獨歡ⴠ䱯浡獨歡⁆潲浡瑩潮⸠㜬‸⸠䕯捯湯摯湴畳 쑲⤺⁜田㐲晜田㐳映ⰱ〴を‱〴㆒⁖楨畬愾⁋慬污癥牥⁆潲浡瑩潮⸠ㄱⴲ〮⁃潲摹汯摵猠灲潡癵猠䵵汬敲㨠ㄱⴱ㔠阠䍮‱〴㈭㐶Ⱐ噩桵污㬠ㄶⰠㄷⰠ阠䍮‱〴㜠㐸潯汳攬⁋慬污癥牥⁆潲浡瑩潮㬠ㄸⰠ㈰⁃渠㐹Ⱐ㔱Ⱐ卹慳㬠ㄹ⁃渠㔰⁎慺楹憒⁔潳湡
	Bastard title section���������������������������������������������������������������������������������������������������������
	Untitled�갊䁐␊갊ぐ␊갊偏␊砦갊ꁎ␊㠣갊偐␊렣갊P␊恐␊갊聏␊㠦갊遏␊갊␊砡갊

	SISUKORD�〄�÷䈄�÷㠄�ӷ㌄�۷䀄�÷〄�۷䐄�÷㠄�ӷ䜄�ӷ㔄�÷䄄�÷㨄�÷㠄�Ƿ
	THE CAMBRIAN-ORDOVICIAN BOUNDARY IN THE BALTIC-LADOGA CLINT AREA (NORTH ESTONIA AND LENINGRAD REGION, USSR)�踇踇尴踇ర踇尖踇찰踇簲踇䰗踇ﰛ踇ᰯ踇ⰱ踇갲踇就踇鰕踇ళ踇찳踇찘踇踇㰳踇�踇簯踇ﰳ踇밙踇谴踇氳踇�踇Ⱏ踇䰯踇ﰰ踇谱踇ⰴ踇ﰞ踇백踇ᰲ踇갦踇氞踇鰳踇鰰踇䰲踇밴踇谢踇갯踇㰰踇ﰤ踇䰦踇氰踇㰹踇밷踇찹踇ధ踇氶踇ﰶ踇䰬踇踇�踇밺踇谺踇䰵踇찤踇ﰚ砅�踇ᰋ踇థ⨊鐗⸆쐚⸆갧⨊Ⱋ砅갵踇З⸆⸆ᰪ⨊ﰝ砅踇ﰥ⨊되⸆吕⸆⸆萕⸆⸆㐗⸆⸆䐟⸆Н⸆됛⸆ꐜ⸆氥⨊㐚⸆㰮⨊�砅ⰽ踇氮⨊⸆賬⸊⸆곧⸊琟⸆萞⸆᳧⸊鐝⸆搝⸆鳨⸊ꐟ⸆곭⸊䳭⸊䳪⸊㰝砅簾踇㰿踇퐟⸆賩⸊⳩⸊쐝⸆೫⸊尛砅氿踇␞⸆萛⸆䳧⸊氝砅఼踇�⸊峩⸊吞⸆됞⸆糭⸊谛砅챂踇峲⸊쓛ⴆﳮ⸊찝砅汅踇걄踇볯⸊␛⸆Р⸆泮⸊ﰣ砅�踇㐝⸆㐠⸆쳱⸊ᰢ砅籇踇ೱ⸊泱⸊搠⸆鐠⸆糰⸊ఝ砅ై踇君⸆ᐟ⸆ᳳ⸊Ⱔ砅�踇쳷⸊ﳷ⸊쐠⸆䳡⸊⸆ﳢ⸊䐜⸆葠⼊琜⸆鑟⼊퐜⸆⼊Ц⸆둝⼊鐣⸆呠⼊쐦⸆Ѣ⼊吡⸆푞⼊볣⸊籍踇豏踇᱐踇ᱍ踇걍踇�踇踇걐踇䱇踇갥砅챑踇뱒踇곳⸊У⸆ꐢ⸆곡⸊谤砅鱑踇峣⸊쳥⸊⸆鐦⸆㑾ⴆ䐢⸆萡⸆ᑽⴆ쐣⸆⑼ⴆ⸆瑽ⴆ⸆푽ⴆ됡⸆葼ⴆ㐣⸆ⴆᐢ⸆葿ⴆ琥⸆ѻⴆ摾ⴆ�踇㱝踇챚踇踇ⱕ踇ⱞ踇ⱛ踇ౚ踇屛踇籓踇鰣砅鱚踇᱓踇葦⼊䐥⸆푺ⴆ밤砅ﱝ踇瑺ⴆ⸆⳦⸊琢⸆҄ⴆꐥ⸆퐥⸆吤⸆퐢⸆ⴆᐥ⸆⒂ⴆ搣⸆ᒆⴆ萤⸆钇ⴆ␤⸆咈ⴆ㐦⸆钊ⴆ搦⸆␡⸆ᒃⴆ䒃ⴆ�踇ﱩ踇�踇Ɽ踇㱠踇汩踇걨踇
	Fig. 1. Location map showing sections (black points) given in Fig. 3.�ꐭ奥젭奥奥ီ奥㐮奥堮奥簮奥ꀮ奥쐮奥奥య奥〯奥启奥砯奥鰯奥쀯奥奥࠰奥ⰰ奥倰奥琰奥頰奥배奥奥б奥䰱奥䐼奥格奥谼奥뀼奥퐼奥奥᰽奥䀽奥搽奥蠽奥瀱奥鐱奥렱奥�奥갽奥2奥奥䠲奥氲奥進奥됲奥�ﰲ奥″奥䐳奥栳奥谳奥뀳奥奥᰾奥퐳奥奥ᰴ奥䀴奥퀽奥䀾奥搾奥搴奥蠾奥갾奥蠴奥갴奥퀴奥奥퀾奥奥ᠿ奥㰿奥怿奥萿奥奥찿奥奥ᑀ奥㡀奥局奥聀奥ꑀ奥졀奥奥ᠵ奥၁奥㑁奥塁奥籁奥ꁁ奥쑁奥奥ూ奥あ奥呂奥㰵奥硂奥鱂奥쁂奥奥ࡃ奥ⱃ奥偃奥瑃奥顃奥뱃奥奥ф奥⡄奥䱄奥灄奥鑄奥롄奥�奥E奥⑅奥䡅奥汅奥遅奥둅奥怵奥萵奥꠵奥찵奥奥ᐶ奥㠶奥尶奥耶奥ꐶ奥젶奥奥့奥堷奥簷奥ꀷ奥쐷奥奥స奥〸奥吸奥砸奥鰸奥쀸奥奥࠹奥ⰹ奥倹奥琹奥頹奥밹奥奥к奥⠺奥䰺奥瀺奥鐺奥렺奥㐷奥�奥;奥奥䠻奥氻奥逻奥됻奥�ﰻ奥‼奥䔾ഊ
	Table 1. Stratigraphical scheme of Cambrian-Ordovician Boundary beds.�㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㠰‰⸰〠〮〰‹⸶㐠㈶⸷㈠㘳㈮〰⁔洍ਲ਼⁔爍਼〲搳㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮〷‰⸰〠〮〰‹⸰㜠㌹⸰〠㘳㈮㈸⁔洍ਲ਼⁔爍਼〳〲〲昳〲昶〳〳〲昶㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮㜶‰⸰〠〮〰‹⸰㜠㜰⸰〠㘳㈮㈸⁔洍ਲ਼⁔爍਼〳づ〳〳〲昹〳〶㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ⸰㠠〮〰‰⸰〠㤮㌵‹㜮〰‶㌱⸹㠠呭ഊ㌠呲ഊ㰰㉦搰㉦㌰㌰㉦㘰㌰㉦㤰㉦㉦挰㉦昰㉦㌾⁔樍名ੑഊ焍ੂ名〮〳‰⸰〠〮〰‹⸰㜠ㄵ㠮㜲‶㌱⸹㠠呭ഊ㌠呲ഊ㰰㉦戰㉦㌰㉦㈰㉦昰㉦攰㉦㌰㌰㉦攰㌰㐰㌰显⁔樍名ੑഊ焍ੂ名ਹ⸸〠〮〰‰⸰〠㤮〷′㈷⸴㌠㘳㈮ㄳ⁔洍ਲ਼⁔爍਼〳〷〲昶〲晤〲昶〲晥〳〳〲昱〳〷〲昹〳て㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮㠸‰⸰〠〮〰‹⸳㔠㈹ㄮ〰‶㌱⸹㠠呭ഊ㌠呲ഊ㰰㌰㌰㌰㌰㐰㉦㔰㉦攰㉦显⁔樍名ੑഊh攠䌮湤牥獩⁓畢穯湥⸀奥‼奥㎗㈲

	Picture section���������������������������������������������������������������������������
	Untitled�〄�÷䈄�÷㠄�ӷ㌄�۷䀄�÷〄�۷䐄�÷㠄�ӷ䜄�ӷ㔄�÷䄄�÷㨄�÷㠄�Ƿ

	Chapter�����������������������������������
	Untitled�〄�÷䈄�÷㠄�ӷ㌄�۷䀄�÷〄�۷䐄�÷㠄�ӷ䜄�ӷ㔄�÷䄄�÷㨄�÷㠄�Ƿ
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