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ON THE CORRELATION Of THE TREMADOCIAN 
AND ARENIGIAN BOUNDARY BEDS 

IN THE EAST BALTIC 

In the East Baltic as over the vast area of the East-European Platform 
till' Tremadocian/Arcnigian boundary is connected with the rocks rich in 
�I:Iuconite. There have been different suggestions to dcfine the boundary
i!Ic base or top or samewhere inside glauconitic beds. The present paper 
dcals with the oulcrop sections of the boundary beds in the North-Esto
nia-Ladoga clint area, for comparison we have used the Serebryaniki 
corc from the Moscow district and the Stora Backor section from Sweden 
taccording to Lindström, 1954, 197la and Tjernvik, 1956) (Figs l, 2). 

Fig. 2 shows a general lilhology of the boundary beds in these seetians 
- the Scandinavian and Moscow district ones are represenled by deeper 
\\':!ter fades, the East Baltic ones by shallowcr shelf deposits which are 
kss clayey in composilion and !here occur less frequently graptolites and 
p<�rtly trilobites most often used carlier for correlation. Our study is based 
mai nly on conodonts. 

The seqttence of the main stratigraphic units made use in the paper 
i:; as follows (from top): 
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Fi,:: ·) fnycstigaled seclions and correl�lion of the Trcmadocian/Arcnigian buundary - deposits. 
1 ,.,,,J!0rrical legend: J --· grecnisii grcy argi!litcs (shales); 2 -- d ark brown 
; ·.',., .. �c araillilcs ("Diclvonema SIIalcs"); 3 -- l imesluncs; 4 ·- dolomites; 5 - dolo

::: ,-, ':�,.. Iin1L'Sto��::s; 6 - a lcu.rolites (abuvc) and sands tones (below) ; 7 ·- sands; 8 - aleu
: ·:: ·.� Ii __ cla\'5' JO -- marls; J! -- red colourcd beds; J2 - pebbles; J3- glauconitc; '"'· ' · · ' 14 --· disconlinuitv surfaces ; 15- burrows. 

(,Jt1ndonts: l --· Cordyladus pr i on Lindstr.; 2 - Paraisladus numarcuatus ( Lindstr.); 
3· _ Cordyladus rotundalus Pand .. t -· D_repanoislodu� acun

_
rin_afus (P

_�
nd.); 5 - Cor

,J11iot!us angulatus Pand ; 6 ·-· Drepanotslodus deltqer pnstmus (Vura); 7 - D. d . 
.f;•llti<'r ( L indslr .) ; 8 - Pravof!nal hus aengensis Lindstr. ;  9 - D repanadus arcuatus 
P:llld.: 10- Paraisladus proteus (l .indstr .); lO* -P. alf. profeus; Il_ - Aco�us delta
rus Linåstr. ; Il'' - A aff. dellalus (older form); 12 - Dreparwtsfodus mconstans 
tl.indstr.); 1:3 --- Drepunoislodus {orreps ( Lindstr.); 14 -:- Frianiodus elegans Pand.; 
!.'i _ Gis tadus lanceolalus Pand. ; 16- Gept!wdus evae (Lmdstr .) ; 17 - Stolodus stola 
tl.indstr.); 18 - Prolopantlerotlus reclus ( Lindslr.); 19 - Scolopodus rex Lindstr.; 20 -

/'t'fiudon {labcllulll ( L inds! r.); 21 - Baltonidus lriangularis (Lindstr.) ; 22 - Balto-
niodus nauis (Lind str. ) ; 2:3 - Microzarlwdina fiahelium (Lindstr.). 

lnckxes of lhe regional units: 3 3 - Upper Cambrian; A11 - Pakerort Regional Stage; 

.\11, - lowcr part of Varangu Stage with Drepanoislodus deltifer pristinus Zone; 

.\,1 --- lipper part of Varangu Stage with D. d. deltalus Zone; Bia1 - Iower part of 
llunnl'bcrg Substage with Paroislodus proteus Zone; B1a2 - upper part of Hunneberg 
Substage with Prioniodus elegans Zone; Btbt - lower part of Billingen Substage with 
Ocpilwdus evae Zone; Btb, -- upper part of Billingen Substage with Periodon fiabellam 
and Gistadus lanceolalus; B11u -- lowcr Substage of the Valkhov Stage. A t i-llt tr - Turi
salu Formation ; A,ttVr- Varangu Form�tion ; B,a lt -- Leetse Formation; Btbilt- upper 
part oi the Leetsr Formation (Mäekiila Member); Bib,tl -- lower part of the Toila Formation 
!P;iite Member); Bttfl tl - lower part of the Toila Formation in Volkhov Stage 

(Saka Membcr). 

The lowermost part of the terrigenous glauconite beds studied belongs 
to the Varangu Formation. This is represented by grey clays with glau
conitic interbeds and late Tremadocian graptolites Bryagraptus and 
C/onograptus ( KaJJbO, KHBHI\HirH, 197 4). According to conodonts the re was 
c:;tablished the Drepanaistodus deltifer Zone which may be subdivided 
into two subzones as follows (from bottom): D. deltifer pristinus and 
U. dcltifer deltifer (8HI"1pa et al. , 1970; Szaniawski, 1980). 

H igher in the East Baltic sections there follows a more sandy and 
:;ilty glauconitic Leetse Formation, the major part of which earresponds 
to the Paraisladus prateus Zone. There occur also Paltadus inconstans and 
.-lcodus deltatus (Fig. 2), treated as belonging to the Arenigian. The 
lowcr part of the Formation (Kiooga M ember), especially in NW Estonia, 
co ntains some conodonts (Cardyladus angulatus, D. d. deltifer, etc. ) 
ran g ing from the underlying beds. 

There occur also Thysanatos siluricus (Eichwald) considered as a 
classical Upper Tremadocian species. It seems, however, that Polish and 
Czechoslovakian specimens of the species differ from the Estonian ones. 
This was noted al rea dy by W. Bednarczyk ( 1988), who has distinguished 
T. siluricus sensu lato. The conodont earrelation with Swedish seetians 
:--hows that glauconit ic clayey sands, containing T. siluricus in NW Esto
ni:J. earrespond to the lowermost part of the Hunneberg Substage , to the 
,\lc,�.;istaspis armata Zone. 

P. prateus Zone is more distinct in the east (Lava outcrop, the Lenin-
1-!:fad District), where the thickness of the Leetse Formation decreases 
and the forms, coming from the underlying beds, are scarce. 

In the upper part of the Leetsc Formation there appears at first Pria
niudus elegans and then, at the base of the Mäeki.ila Member, Oepikadus 
C<'uc and Gistadus lancealatus together. 

The thickness of the P. elegans Zone increases eastwards. P. elegans 
ocL·urs tagether with scalapadus rex, which is always more abundant 
!han the zonal form. 

65 



Generally, the P. elegans Zone corrcsponds to the D. balticus grapto
lite Zone which represents the boundary interval between the Hunneberg 
and Billingen Substages (Bergström, 1968; Lindström, 197Ib; Jaanusson, 
1982). We consicler it most convenient to define the b ase of the Billingen 
Substage at the base of the O. evae Zone proeecding from the changes 
in fauna and a gap at this leve!. 

At the base and the upper boundary of the beds with P. elegans we 
can find pebbles (Mäekalda section in Tallinn). In the outcrop area, at 
the leve! of the appearance of P. elegans and especially at the leve! of 
O. evae, the section becomes noticeably more carbonate. 

In the Mäekalda Member the O. evae Zone (thickness predominantly 
less than 0.5 m) is widely distributed. At this leve! articulate brachiopods, 
crinoids, ostracodes, and especially trilobites appear. From the Mäekula 
Member the following trilobites have been identified: Mega/aspides dale
carlicus, M. paliformis, M. norvegica, characterizing Billingen Substage, 
but also the early representatives of Encrinuroides, Cybele, Krattaspis, 
Pliomera, Remopleurides (?), Panderia. 

Conodont species of the Billingen Substage O. lanceolatus and Perio
don fiabeltum range from the Mäekula Member to the abovelying Iime
stones and dolomites of the Päite Member of the succeeding Toila For
mation. 

The lower boundary of the Volkhov Stage is marked by the appearance 
of Microzarkodina flabellum, Ballaniodus triangularis and B. navis in the 
following Saka Member of the Toila Formation. 

The Tremadocian/Arenigian boundary beds in the Baltic-Ladoga clint 
area forms a glauconite-containing sedimentary cycle starting with clays 
of the Varangu Formation (Upper Trernadocian), turns then in to clayey 
silts and sands in Lower Arenigian and more sandy Leetse Formation in 
the Middle Arenigian. All over the East Baltic area facies conditions were 
rnore or less similar, but, due to gaps, the sequences of the lithostrati
graphic units are different. Most cornplete sections are as follows (Fig. 2): 
Varangu Formation in middle North-Estonia, Hunnebergian part of the 
Leetse Formation in NW Estonia, Billingenian part of that formation and 
of the base of the Toila Formation in NE Estonia and the Leningrad 
District. 

The greatest changes in the facies fauna of the studied sections took 
place: l. at the base of the Varangu Formation (base of the D. deltifer 
pristinus Zone), 2. at the base of the Mäekula Mernber (upper part of the 
Leetse Formation, base of the O. evae Zone). The latter marks the begin
ning of the Ordovician and Silurian long-term carbonate sedimentation 
in the East Baltic. 
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BALTIKUMI TREMADOCI JA ARENIGI PIIRIKIHTIDE KORRELATSIOONIST 

On iseloomustatud Tremadoci ja Arcnigi piirikihte Pöhja-Ballikumi avamusala tugi
!;ibilöigctes, kus nad on scolud Varangu ja Leclsc killistute lcrrigeen-glaukoniitsete sete
tq;a. Konodontide ja ka graptoliitidc ll'viku p<->hjal on ncid korrclecritud Stora Backori 
tugil�bilöikega (Skandin<tavia) ja Serebrjaniki puursi.idamikuga (Moskva si.inekliisi 
J,·,unaosa). 

Cu.ll,au MflTH, Bur1Be BHFIPA, XeAue APY 

O KOPPEJUIU,HH norPAHHlfHbiX OTJ10)1(EH IH1 TPEMA)l.OKA 
H APEHHrA nPH6AJ1THKH 

norpaHHlJHble OTJIO>KeHHH TpeMallOI\3 H apeHHra B paHOHC BbiXOil.J Bll.OJ!b 3CTOHCKO
:lall.O>KCKOrO rJJHHTa CBll3aHbl C reppHreHHO-r,layKOHHTOBb!MH OTJIO>KeHHHMH BapaHryCKOH H 
:tC'HCeCKOH CBHT Ha rpaHHUe BeHllO-KeM6pHHCKOfO reppHreHHOrO H OpllOBHKCKO-CHJJypHHCKOrO 
hap60H3THOrO KOMIIJJeKCOB nop011. Do pacnpell.CJICHHIO KOHOJ],OHTOB, a TaK>Ke rpanTO,�HTOB 
11poB01lHTCH HX KoppeJJHUHR c 6oJJee TeppHreHHb!M onopHbiM pa3pC3oM CTypa 5aKop B CKaH
.II!HaBHH H c pa3pe30M CI<B. Cepe6pm!HKH B !O >K Hot"! •taCTH MocKoBCKOi'! CHHCt<JJH3bi (pHc. J, 
2). JlaeTCH nepBOHa4aJJbHblf! CTlHCOK TpH,106HTOB, flORB.�HIOUJ,HXCH B 6a3aJJbHbiX CJIOHX Kap-
6oH3THb!X OTJJO>KeHHH, CBH3aHHbiX c KOHOllOHTOBbiMI! 3oHaMH Prioniodus elegans H Oepiko
dus euae. 
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