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Fig. 1. Location of the study area in
the Lynna River section together
with the track of the Baltoscandian
confacies belts (Jannusson 1976).
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the west (Jaanusson 1973) associated with the devel-
oping Caledonide mountain belt (Bruton & Harper
1988). During the early Ordovician Baltica probably
lay at relatively high latitudes; faunal and sedimen-
tological data together with palaeomagnetic studies
suggest the Baltic craton moved from high to low lati-
tudes, rotating in an anticlockwise direction (Torsvik
et al. 1991; Torsvik 1998). During the Ordovician Pe-
riod the composition and style of carbonate deposi-
tion changed from cool to warm-water carbonates
(Lindstrom 1984), the Volkhov-Kunda stages being
mainly dominated by cool-water limestones and
marls. This interval, however, also marked the devel-
opment of the distinctive Baltic province following
the deeper and cooler-water assemblages of the Bill-
ingen (Egerquist 1999), with Gondwanan links; the
first influxes of Laurentian marginal taxa occurred
later during the Keila-Oandu (upper Middle Ordo-
vician) transition (Harper & Hints 2001).

Stratigraphy and methodology

A complete section from the middle of the Volkhov
regional stage to the top of the Kunda regional stage
is exposed along the Lynna River (Fig. 1), where in
ascending order, the Volkhov (Volkhov Regional
Stage), Lynna, Sillaoru and Obukhovo (Kunda Re-
gional Stage) formations crop out. These rocks have
been correlated with the Arenig and Llanvirn series
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of the British succession. The boundaries between
Lamansky’s stratigraphical units have previously
been recognized and correlated on first occurrence of
Asaphus lepidurus for the base of By and Asaphus
raniceps sensu stricto for the base of B o (see Hansen
& Nielsen 2003). Asaphus expansus, a key taxon for
B0, appears in bed L30A above the B y-B, o bound-
ary (Fig. 2). The lithostratigraphy follows that of
Dronov (1997), Dronov & Holmer (1999) and refer-
ences therein. The bed numbers in the figures follow
those established by Dronov (personal communica-
tion, May 2000; see also Hansen & Nielsen 2003). In
practice Lamansky’s units B 3, B,y and B o corre-
spond to the Jeltjaki and Frizy members of the Volk-
hov Formation and the Lynna Formation, respectively.

A section through the upper part of the Volkhov
Formation into the lowest part of the Lynna Forma-
tion was collected in detail. Over 17,500 brachiopods
have been collected and registered from this section.
The marl beds were investigated at three levels (see
Fig. 6); brachiopods were extracted by washing and
sieving using conventional methods (Hansen 2002)
and collected as three size fractions [>1 mm, between
1 and 0.5 mm, and between 0.5 and 0.063 mm]. Where
possible the specimens have been identified to spe-
cies level and the material will form the basis for a
revision of key taxa of clitambonitoid and orthoid
brachiopods. A detailed range chart of all macrobra-
chiopod species is presented for the first time through
this interval. The most dominant brachiopod genus
Ranorthis has a very chaotic and variable distribution,



and does not apparently follow any of the recognized
assemblages. Because of this variability, its distribu-
tion strongly influenced the calculated percentages
of the other brachiopods. For this reason it was nec-
essary to remove this genus from the dataset before
patterns in the variations of the assemblages could
be discerned. The bed-by-bed data from over 30 hori-
zons were input into PAST (Hammer, Harper & Ryan
2001; see also http:/ /folk.uio.no/ohammer/past) and
the data manipulated and analysed for changing di-
versity patterns through the sequence.

Brachiopod distribution

The detailed sampling of the Lynna River section has
permitted, for the first time, an accurate analysis of
the ranges of all the brachiopod taxa occurring in this
interval. The brachiopod fauna through the Middle
to Upper Volkhov and Lower Kunda regional stages
in the Lynna River section includes at least 27 genera
(Fig. 3). The turnover of genera and species is, never-
theless, remarkably continuous; no abrupt faunal
changes such as regional extinction or origination
events are apparent. The brachiopod fauna is mainly
dominated by Paurorthis parva Pander, Ranorthis spp.,
Apomatella ingrica (Pahlen), Antigonambonites planus
(Pander) and linguloidean spp. Ranorthis is apparently
represented exclusively by Ranorthis norvegica Opik,
but many valves are too poorly preserved to be iden-
tified to species level.

The upper part of the B 3, investigated here, con-
tains two characteristic, but sporadically distributed
species: Productorthis obtusa Pander and Paurorthis
valida Rubel (Rubel 1961). Productorthis obtusa occurs
across the boundary between B 3 and B, y. The oldest
recorded specimen of the clitambonitoid Lacunarites
occurs in the upper bed of B, . Earlier records of the
species suggest it was restricted the B, -y units, es-
sentially the Kundan (Opik 1934; Rubel & Wright
2000). The base of B, yis, however, marked by the first
appearance of Platystrophia cf. putilovoensis Zuykov
and Raunites venusta Opik. Of these Platystrophia cf.
putilovoensis is of the most interest, because it is fre-
quent in the overlying beds. Nothorthis sp. occurs in
B, B at a number of other localities (Egerquist 1999;
Rubel 1961). The genus Raunites is represented by all
four known species, but is mostly confined to the
lower half of By, where it is abundant. Raunites stro-
phomenoides Opik, however, reappears in the upper
Volkhov (Arenig) in Estonia (Rubel & Wright 2000).
The other genera and species, which appear in the
lower part of By are sporadic in their distributions.
They include the strophomenoid Inversella repre-
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Fig. 2. Detailed bed-by-bed stratigraphy of the investigated
part of the Lynna River section. Bed notation is based on the
system employed by Russian researchers (Dronov, personal
communication 2000; see also Hansen & Nielsen 2003).
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Fig. 3. Stratigraphical occurrence of brachiopods through part of the Volkhov-Kunda interval in the River
Lynna section (east of St. Petersburg). Relative abundances of the brachiopods are indicated against the

stratigraphy.

sented by one juvenile ventral valve in B y. This is
the first record of Inversella below the B, units of the
Kunda Stage. The valve, nevertheless, differs from
specimens in B 0. The middle part of B,y is charac-
terised by the first occurrence of Ujukella fastigata
(Rubel) and two successive species of Gonambonites.
The plectambonitoid Ujukella fastigata appears sud-
denly and in great numbers. The two species of

Gonambonites are succeeded by two quite different
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species in B o. Platystrophia cf. putilovoensis disap-
pears in the middle part of By at Lynna. The upper
part of B yis characterised by the first occurrence of
Orthis callactis Dalman, Neumania sp., Clitambonites cf.
adscendens Pander and Tritoechia? sp. The last three
are rare and Clitambonites cf. adscendens is represented
by a single dorsal valve from the interbedded marl.
Neumania sp. resembles the new but un-named spe-
cies from the B B-zone mentioned and figured by Tol-



Fig. 4. The three brachiopod
assemblages from the base to
the top of the section: Apom-
atella ingrica assemblage,
Raunites assemblage and Orthis
callactis assemblage. Bed
numbers are based on the
system employed by Russian
researchers (Dronov, personal
communication 2000; see also
Hansen & Nielsen 2003).
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macheva, Fedorov & Egerquist (2003); both are prob-
ably conspecific. Orthis callactis was originally a key
taxon for the lower part of the Kunda Stage (Rubel
1961), but it is one of the dominant species in the up-
per bed of B, y. Apomatella secunda Opik, which is spo-
radically distributed in the middle part of By, consti-
tutes well below 10% of the representatives of the
genus in the section. The boundary between B, yand
B o is marked by the last occurrences of Antigonam-
bonites planus (Pander), Pseudocrania petropolitana Pan-
der, Eosiphonotreta verrucosa (Eichwald) and a distinc-
tive acrotretoid in this section. Both Pseudocrania
petropolitana [syn.= Pseudocrania antiquissima (Eich-
wald)] and Antigonambonites planus have, neverthe-
less, been recorded from higher strata (Lamansky
1905; Opik 1934). The base of B 0t is associated with
the first appearances of the two characteristic genera
Hemipronites and Nicolella and the characteristic spe-
cies Productorthis eminens (Pander). Hemipronites
imbricata (Opik) is moderately abundant, whereas the
other two occur more sporadically through the sec-
tion. Productorthis parallela (Pander), which has a last
occurrence in the lower bed of B, 0. apparently was
previously restricted to the Volkhov Stage (Rubel
1961).

Porambonites spp. includes mainly P. planus Pan-
der, which occurs through the whole range of the ge-
nus. One valve from L22B is questionably assigned
to Porambonites triangularis Pander, while others are
too fragmentary to classify to species level.

Brachiopod assemblages

The brachiopod fauna at Lynna comprises three sta-
tistically-recognizable assemblages (Fig. 4). The three
assemblages have been identified on the basis of Prin-
cipal Component Analysis (PCA); details of these re-
sults are presented elsewhere (Hansen 2002). The first
two, the Apomatella ingrica and Raunites assemblages,
are by no means mutually exclusive in terms of their
constituent taxa, but differ mainly in the dominance
of key taxa. The Orthis callactis assemblage appears
in the uppermost bed of By, where Asaphus expansus
appears for the first time, and dominates the remain-
ing part of the section. This assemblage is most closely
related to the Raunites assemblage, but occupied a
more nearshore position.

The Apomatella ingrica assemblage, consists of at
least eight species: Antigonambonites planus, Apomatella
ingrica, Gonambonites sp. B, Platystrophia cf. putilovoen-
sis, Productorthis parallela, Paralenorthis orbicularis,
Ingria nefedyevi and Eosiphonotreta verrucosa. The domi-
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nant species in the upper part of the assemblage are
Apomatella ingrica, Antigonambonites planus and Pa-
ralenorthis orbicularis. Paralenorthis orbicularis appar-
ently migrated into the area during the last part of
the first diversity peak and becomes the most domi-
nant species at the second maximum. The Raunites
assemblage consists of mainly linguloideans and Rau-
nites. The Orthis callactis assemblage consisting of
Orthis callactis, Hemipronites imbricata, Gonambonites sp.
C, Nicolella sp. and Productorthis eminens is dominated
by Orthis callactis and Hemipronites imbricata. Lingu-
loideans are abundant again in the Orthis callactis as-
semblage, where the Raunites is, however, absent.
Paurorthis parva and Ranorthis are the two most
abundant brachiopods in the section, but do not fol-
low any recognizable distributional patterns. The
Apomatella ingrica assemblage is most dominant in












