New brachiopods from the Lower–Middle Ordovician
(Billingen–Volkhov stages) of the East Baltic
EVA EGERQUIST
Egerquist, E. 2003. New brachiopods from the Lower–Middle Ordovician (Billingen–Volkhov stages) of the East Baltic.
Acta Palaeontologica Polonica 48 (1): 31–38.
Two new rhynchonelliformean brachiopods, Neumania paucicostata sp. nov. and Leoniorthis robusta gen. et sp. nov., are
described from the Billingen and Volkhov stages (Lower–Middle Ordovician: Arenig) of the Baltic–Ladoga Klint area.
All specimens were washed out from unconsolidated sediments, and were sampled in Tallin, Estonia, and at three locali−
ties in St. Petersburg district, Russia. Numerous specimens were found in a large mud mound, the lower part of which is
within the Baltoniodus triangularis conodont Zone, otherwise usually missing in this area. L. robusta is here assigned to
the family Orthidae.
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Introduction
Brachiopod faunas of the East Baltic have been investigated
and described since the early nineteenth century (e.g., Pander
1830; Eichwald 1860; Lamansky 1905; Öpik 1930, 1932;
Rubel 1961). However, recent studies on faunal dynamics
and spatial variation (Egerquist 1999; Tolmacheva et al.
2001; Tolmacheva, Egerquist, et al. in press) based on de−
tailed bed−by−bed sampling of the soft marl and limestone
layers, as well as investigations of microbially mediated clay
mud mounds in the region (Fedorov and Dronov 1998, Fedo−
rov, Dronov, and Zavarzin 1998; Tolmacheva, Fedorov, and
Egerquist in press) have yielded new brachiopods as well as
samples that have enabled revision of previously poorly
known brachiopods (e.g., Egerquist 1999).
In this paper two new rhynchonelliformean brachiopods
from the Arenig (Billingen–Volkhov stages) of Estonia and
north−western Russia are described: Neumania paucicostata
sp. nov. and Leoniorthis robusta gen. et sp. nov.
Most specimens are from the clay core of a large mud
mound, which is located in the central part of Putilovo Quarry.
Neumania paucicostata, however, is also common in the clays
of the bedded succession outside the mud mound. This succes−
sion is here referred to as the “standard succession”.

Geological setting and distribution
The investigated localities are part of a series of quarries and
exposures distributed along the so−called Baltic−Ladoga
Klint which extends from the north−western coast of Estonia
to the southern shore of Lake Ladoga in Russia (Fig. 1). The
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Klint forms the northern edge of the Ordovician outcrop area
in the East Baltic region (Popov et al. 1989; Dronov et al.
1996), and consists of shallow−water, eastward deepening,
Ordovician shelf deposits.
A few specimens of Leoniorthis robusta were collected
by L. Popov on the western side of Popovka River (locality
716 sample 4). The section here is characterised by quartzose
glauconitic sand, calcareous glauconitic sandstone and clay
in the lowermost part of the Billingen Stage (Mäekula Mem−
ber), whereas the upper part (Vassilkovo and Red Dikari
members) consists of argillaceous glauconitic limestones
with thin intercalations of clay (Rubel and Popov 1994;
Pushkin and Popov 1999). The specimens (PMU In
121–127) were found in purple and light green clay in the
lower part of the Vassilkovo Member, and are associated with
other brachiopods such as Neumania erecta (Pander, 1830),
Panderina tetragona (Pander, 1830), Ranorthis sp., Pauror−
this resima (Rubel, 1961), and Plectella crassa (Pander,
1830) (Rubel and Popov 1994).
Two specimens of Leoniorthis (PMU In 128, 129) were
found at the Suhkrumägi road cut in Tallinn. The sample is
from a green clay layer, within limestone beds, of which the
lower one is greyish green and rich in glauconite grains.
Based on lithology and conodonts, this horizon is considered
to belong to the lower Päite Member (T. Tolmacheva per−
sonal communication). Associated brachiopods are Pauror−
this sp., Panderina sp., Ranorthis? trivia Rubel, 1961, Anti−
gonambonites sp., and Orthidium sp. nov. A few specimens
of Leoniorthis robusta were also found in the lower part of
the standard succession at the Putilovo Quarry. Two of these
specimens are from glauconite rich, greyish green, amalgam−
ated clay, from the lowermost Dikari Member (Oepicodus
evae conodont Zone) (Fig. 2), associated with Paurorthis
http://app.pan.pl/acta48/app48−031.pdf
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Fig. 1. Location of outcrops. 1, Suhkrumägi; 2, Popovka River; 3, Putilovo
Quarry; 4, Lava River.

resima (Rubel, 1961), Ranorthis? trivia Rubel, 1961, and
Panderina sp. Two other specimens were found in the upper
part of the Dikari Member (Baltoniodus navis conodont
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Zone) together with brachiopods such as Paurorthis parva
(Pander, 1830), Ranorthis? trivia Rubel, 1961, Productorthis
aculeata (Pander, 1830), and Antigonambonites sp.
Most of the studied material was collected from the low−
ermost Middle Ordovician (Volkhov Stage) succession in
Putilovo Quarry and from the large mud mound situated in
this exposure. However, some samples containing Neumania
paucicostata are from the Lava River. The Putilovo section
(Fig. 2), as well as the section at Lava River, consists of easily
recognisable units of calcareous packstones and wackestones
with soft clay intercalations and varying content of
glauconite. Most of these units can be recognised over a dis−
tance of nearly 200 kilometres along the Baltic−Ladoga Klint
in Russia and north−western Estonia (Dronov et al. 1998;
Dronov et al. 2000). Neumania paucicostata occurs in clays
from the Paroistodus originalis conodont Zone, associated
with brachiopods such as Paurorthis parva (Pander, 1830),
Ranorthis sp., Nothorthis penetrabilis Rubel, 1961, Produc−
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Fig. 2. The standard section in Putilovo Quarry compared with the mud mound section (after Tolmacheva, Fedorov, and Egerquist in press). Levels with oc−
currences of Neumania paucicostata are marked with squares; levels with Leoniorthis robusta are marked with circles.
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Baltoniodus triangularis Zone, which is otherwise missing in
this outcrop. The upper lens is of Paroistodus originalis
Zone age (Fig. 2) (Tolmacheva, Fedorov, and Egerquist in
press). Both new brachiopods have been found in the clays of
the mud mound, associated with the same brachiopods that
occur in corresponding clays of the standard succession in
the quarry.

A

B

Fig. 3. Neumania paucicostata. A. Dorsal valve interior showing the anteri−
orly lobed muscle scars, drawn from specimen PMU In 107. B. Lateral view
of ventral valve drawn from specimen PMU In 108 (holotype).

torthis aculeata (Pander, 1830), Antigonambonites planus
(Pander, 1830), Apomatella ingrica (Phalen, 1877), and Ingria
nefedyevi (Eichwald, 1860).
The mud mound is a more or less circular, (about 150
metres in diameter), microbial build−up consisting of two
thick clay lenses, of which the lower one sits on top of the dis−
tinct hardground surface (“Steklo”) that marks the boundary
between the Billingen and Volkhov regional stages. The two
lenses are covered by micritic crusts and contain numerous
limestone pebbles. For more detailed description of the mud
mound see Fedorov et al. (1998) and Tolmacheva, Fedorov,
and Egerquist (in press). The lower clay lens is within the
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Systematic palaeontology
All examined material is deposited in the palaeontological
collection of the Museum of Evolution, Uppsala University
(PMU), Sweden.

Family Clitambonitidae Winchell and Schuchert, 1893
Subfamily Atelelasmatinae Cooper, 1956
Genus Neumania Harper, 1981 (in Bruton and
Harper 1981)
Type species: Atelelasma atlanticus Neuman, 1976: 24; from the
Summerford Group (upper Arenig), Newfoundland, Canada.

Neumania paucicostata sp. nov.
Figs. 3, 4.
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Fig. 4. Neumania paucicostata sp. nov. Specimens from Putilovo Quarry. A. Holotype PMU In 108; ventral valve interior (A1), enlargement of the spondylium
showing the muscle attachment area (A2). B. PMU In 113, oblique internal view of ventral valve showing the U−shaped spondylium. Note that this specimen
does not possess rounded muscle scars as in the holotype. C. PMU In 112, enlargement of spondylium on broken ventral valve, slightly oblique view showing
the rough muscle attachment area. D. PMU In 109, ventral view of conjoined specimen. E. Exterior of specimen PMU In 228 in different views. F. PMU In 107,
dorsal interior and exterior. G. PMU In 224; oblique posterior view of cardinalia (G1), dorsal valve interior (G2). Scale bars 1 mm.
http://app.pan.pl/acta48/app48−031.pdf
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Table 1. Neumania paucicostata sp. nov. Dimensions of figured specimens (in mm).
Specimen
PMU In 108, ventral valve, holotype
PMU In 107, dorsal valve
PMU In 109, conjoined
PMU In 112
PMU In 113
PMU In 224
PMU In 228

Maximum
length
3.3
3.2
3.5/3.9
(ventral/dorsal)
3.4
2.3
3.7
2.3

Hinge
width
5.3
4.4
5.2

Maximum
depth
1.7
0.7
1.6

Length
of interarea
2

3.6
3.5
3.5
4

1.7
1
0.8
1

1.8
1.5

1.4

1.8

Number of ribs
along commissure
11
12
13

Number
of lamellae
5
5
5

14
10
10
10

10
4
8
4

Table 2. Leoniorthis robusta gen. et sp. nov. Dimensions of figured specimens (in mm).
Specimen
PMU In 110, dorsal valve, holotype
PMU In 120, dorsal valve
PMU In 111, ventral valve
PMU In 144, ventral valve
PMU In 145, ventral valve
PMU In 121, dorsal valve
PMU In 122, dorsal valve
PMU In 123, ventral valve
PMU In 125, ventral valve

Maximum
length
5.0
6.1
5.8
8
5.3
5.2
4.5
6.2
5

Maximum
width
7.2
8.5
7.9
9
7.0
6.8
6.0
6.5
5.5

Holotype: PMU In 108 (Figs. 3B and 4A), ventral valve from the stan−
dard section in Putilovo Quarry, Zheltjaki Member (local name of bed:
Krasnota), lower P. originalis conodont Zone.
Paratypes: 17 ventral valves, 11 dorsal valves and 1 articulated speci−
men (PMU In 107–109, 112–119, 213–230).

Diagnosis.—Ventribiconvex, subtrapezoidal atelelasmatine
with procline ventral interarea; ornament coarsely costate with
imbricate growth lamellae; spondylium simplex U−shaped.
Description.—Shell up to 4.8 mm long and 7.2 mm wide
with maximum width at hinge line; cardinal angles acute to
slightly alate; lateral margins straight to convex, anterior
margin rounded. Anterior commissure slightly sulcate. Ra−
dial ornament coarsely costate with rounded costae which
only rarely branch; costae of equal size; one to two costae per
mm at the anterolateral margin. Concentric ornament with
fine fila (not visible on all specimens) and irregularly ar−
ranged, imbricate growth lamellae, which vary in number
from three to eight on examined specimens; average number
1.5 per mm valve length.
Ventral valve high, lateral profile with highest point at
apex. Interarea plane, procline, sometimes with faint growth
lines parallel to hinge line, but also with faint striae parallel to
the delthyrial opening; length of interarea on average 35% of
width. Delthyrium about as high as wide, open, on some
specimens bounded by narrow deltidial plates. Interior sur−
face of valve smooth. Hinge teeth small, simple. Elevated,
U−shaped spondylium simplex, supported anteriorly by short
rounded septum. Diductor scars rounded anteriorly, not

Hinge
width
6.0
8.2
7.0
7
6.7
6.5
5.5
5.8
5.3

Maximum
depth
1.3
1.5
1.7
3
1.5
2.0
1.5
3.0
2

Number of ribs
along commissure
25
31
27
29
26
25
21
25
23

readily distinguished on all specimens; adductor scars
weakly impressed.
Dorsal valve moderately convex, with shallow sulcus be−
ginning at umbo, broadening anteriorly. Cardinal extremities
depressed. Interarea short, concave, orthocline. Notothyrium
closed by chilidium; cardinal process developed as low
ridge; dental sockets small. Notothyrial platform almost
flush with interarea, well developed with prominent anterior
border, merging into narrow median ridge which extends as
long as the muscle field. Adductor field impressed, anteriorly
lobed, extending half−length of the shell. Anterior adductor
scars not readily distinguished from the smaller posterior
scars (Fig. 3A). Interior surface of valve smooth, muscle field
flanked by two faint, diverging mantle canals.
Discussion.—This clitambonitid species is referred to Neu−
mania based on the presence of imbricate growth lamellae
and a U−shaped spondylium simplex with impressed muscle
scars, a feature which is taken as diagnostic for the genus by
Rubel and Popov (1994). The muscle scars are not as clearly
distinguished as in the other two species from the East Baltic,
N. erecta (Pander, 1830) and N. costata (Pander, 1830).
There is no obvious adductor scar, but a broad and, in some
specimens, quite rough surface between the diductor scars
probably served as attachment for the adductor muscles. The
other two species also have finer radial ornaments than the
new species (see Rubel and Popov 1994).
Compared with Neumania atlanticus (Neuman, 1976),
the new species has larger, rounded costae, wider spaced
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Fig. 5. Leoniorthis robusta gen. et. sp. nov. A–F. Specimens from Putilovo mud mound. G–J. Specimens from Popovka River. A. Holotype, PMU In 110,
dorsal exterior (A1) and interior (A2). B. PMU In 111, ventral exterior. C. PMU In 145, ventral interior. D. PMU In 144, ventral interior. E. PMU In 120, dor−
sal interior (E1); enlargement of cardinal region (E2). F. PMU In 153, oblique view of hingeline and dorsal valve of conjoined specimen. G. PMU In 121,
dorsal exterior. H. PMU In 122, dorsal interior. I. PMU In 125, ventral exterior. J. PMU In 123, ventral interior. Scale bars 1 mm.

growth lamellae and less prominent internal structures (see
Harper in Bruton and Harper 1981).
The weakly impressed muscle scars somewhat resemble
those of Apomatella Schuchert and Cooper, 1931, another
commonly occurring genus in the area. However, this genus
has a more V−shaped spondylium simplex without visible
muscle scars.
Distribution.—Upper part of the B. triangularis conodont
Zone (lower Dikari Member) to the upper P. originalis Zone
(Zheltjaki Member), found in Putilovo Quarry and at Lava
River.

Superfamily Orthoidea Woodward, 1852
Family Orthidae Woodward, 1852
Genus Leoniorthis gen. nov.
Derivation of name: In honor of brachiopod specialist Dr. Leonid
Popov.
Type and only species: Leoniorthis robusta sp. nov.

Diagnosis.—Small orthoid. Radial ornament coarsely costel−
late with angular ribs; concentric ornament weakly devel−
oped. Shell nonpunctate with smooth internal surface. Ven−
tral mantle canal system saccate with moderately divergent
vascula media. Dorsal muscle field quadripartite, anterior

muscle scar longer than posterior; a thick notothyrial plat−
form continues anteriorly into low median ridge.
Discussion.—This brachiopod is assigned to the family
Orthidae on account of its short, curved apsacline ventral
interarea and anacline dorsal interarea, the poorly differenti−
ated, broad ventral adductor track slightly longer than
diductor scars, and its saccate ventral and pinnate dorsal
mantle canal systems. It also has a ridge−like cardinal pro−
cess, short, stout and moderately divergent brachiophores,
and quadripartite dorsal muscle field with anterior scars lon−
ger than posterior. The weakly developed concentric orna−
ment and simple, ridge−like cardinal process exclude refer−
ence to other possible orthidine families such as the Glyptor−
thidae Schuchert and Cooper, 1931 and Orthidiellidae Ulrich
and Cooper, 1936.
With a recorded maximum width of 9 mm the new
brachiopod is much smaller than the other coarsely ribbed
genera belonging to this family. Orthis Dalman, 1828,
Orthambonites Pander, 1830, and Paralenorthis Havlíček
and Branisa, 1980 are distinguished by having costate radial
ornament with capillae and rounded costae. Orthambonites
as well as Sivorthis Jaanusson and Bassett, 1993 and
Sulevorthis Jaanusson and Bassett, 1993 are strongly filate,
http://app.pan.pl/acta48/app48−031.pdf

ACTA PALAEONTOLOGICA POLONICA 48 (1), 2003

8
6

30
25
20
15

4

10

2
0

35

width interarea [mm]

10

number of ribs

width [mm]

36

5
0

2

6

4

8

0

10

0

2

4

6

maximum depth [mm]

maximum depth [mm]

2.0
1.5
1.0
0.5
0

0

2

4

6

8

length dorsal valve [mm]

10

width [mm]

length [mm]

2.5

8

8
6
4
2
0

0

2

4

6

8

10

maximum width [mm]

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0

0

2

4

6

8

10

length ventral valve [mm]

Fig. 6. Bivariate plots of 51 measured specimens of Leoniorthis robusta. Solid rhombi represent specimens from Putilovo mud mound, open squares repre−
sent specimens from Popovka River, triangles represent specimens from Suhkrumägi road cut.

which is not the case with the new genus. Furthermore,
Sivorthis differs in having a subcordate ventral muscle
field, whilst Sulevorthis has a different shaped cardinal pro−
cess and possesses exopunctae on the sides of the costae.
The Silurian genus Orthokopis Baarli, 1995 from Norway
shows quite close external resemblance to Leoniorthis. How−
ever, internal features such as the lack of a notothyrial plat−
form, different development of the dorsal muscle field, and
the ribs impressed all over the inner surface of the ventral
valve, clearly distinguish Orthokopis from the new genus.
The slightly younger (Arenig–Llanvirn) genus Trondo−
rthis Neuman, 1974 is also similar to Leoniorthis externally,
but also in this case the internal structures such as ventral
adductor scars terminating anteriorly in an elevated ridge and
strongly divergent vascula media distinguish it from the new
genus.

Leoniorthis robusta sp. nov.
Fig. 5.
Holotype: PMU In 110 (Fig. 5A), dorsal valve from the upper clay lens
of the mud mound in Putilovo Quarry, lowermost P. originalis conodont
Zone.
Paratypes: 44 specimens from Putilovo Quarry (22 ventral valves, 14
dorsal valves and 8 conjoined specimens, PMU In 110, 111, 120,

130–132, 134–171), 4 dorsal valves and 3 ventral valves from the
Popovka River (PMU In 121–127), and 1 dorsal and 1 ventral valve
from Tallinn, Estonia (PMU In 128, 129).

Diagnosis.—Moderately ventribiconvex, subrectangular
orthide with weakly sulcate anterior commissure. Ventral
valve 72% as long as wide and 26% as deep as wide. Dorsal
valve 70% as long as wide and 20% as deep as wide. Ventral
muscle field suboval, confined to delthyrial cavity by low
ridge. Cardinal process forms high, sometimes pointed ridge.
Description.—Up to 9 mm wide and 8 mm long, moderately
ventribiconvex and slightly sulcate shell with maximum
width at, or slightly anterior to, hinge line; cardinal extremi−
ties moderately acute to obtuse. Lateral margins straight to
convex, anterior margin rounded. Radial ornament coarsely
costellate with triangular ribs, frequently branching into
smaller costellae, which flank the coarser first one. Number
of ribs per mm shell width varies between 2 and 5, depending
on the branching frequency. Concentric ornament consists of
irregularly spaced growth lamellae and very faint fila, not
visible on all specimens.
Ventral valve on average 72% as long as wide and 26% as
deep as wide. Interarea short, about 90% as wide as maxi−
mum width of shell, moderately concave, apsacline to ortho−
cline, horizontally striated. Hinge teeth small, pointed, with
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crural fossettes, dental plates recessive. Ventral muscle field
suboval, confined to delthyrial cavity by low ridge, individ−
ual muscle scars not readily distinguished, broad adductor
track slightly longer than diductor scars; low rounded median
ridge anterior to the delthyrial cavity present in some speci−
mens. Interior surface of valve smooth; mantle canal system
obscure on most specimens, when visible—saccate with
slightly divergent vascula media.
Dorsal valve on average 70% as long as wide and 20% as
deep as wide. Interarea short, about 85% as wide as maxi−
mum width of shell, planar, anacline, striated horizontally.
Cardinal process forms a high, sometimes pointed ridge;
brachiophores moderately divergent on thick notothyrial
platform, rather short and stout with sharp posterior edges,
upper and anterior surfaces blunt. Dorsal muscle field quadri−
partite, impressed on booth sides of a low, rounded median
ridge which extends as long as muscle field; each half of
muscle field about twice as long as wide, anterior muscle scar
about twice as long as the posterior one (Fig. 5E). Mantle ca−
nal system digitate.
Remarks.—This species occurs in the lower part of the
Vassilkovo Member (Billingen Stage) at Popovka River and
in approximately corresponding layers at the Suhkrumägi
road cut in Tallinn, Estonia (both Oepikodus evae Zone). In
Putilovo Quarry a few specimens are from the O. evae and B.
navis zones in the standard section (Billingen Stage),
whereas the majority are from the B. triangularis and lower
P. originalis zones in the mud mound (Volkhov Stage). The
specimens from the first two localities differ somewhat from
those from Putilovo, mainly in respect to the number of ribs
and depth and thickness of the shell (Fig. 6). The nine speci−
mens from Popovka River and Suhkrumägi have on average
4 ribs per mm width, compared with 3 ribs per mm for the
Putilovo specimens. They also have on average 29 percent
deeper shells than the mud mound specimens. However,
these quite small differences are not sufficient to justify sepa−
ration into two different species; the number of ribs seems to
vary a lot also among the mud mound specimens and the
thickening of the shell might be due to environmental factors.

Acknowledgements
This work has been supported by grants (to Lars Holmer, University
of Uppsala) from the Swedish Natural Science Research Council
(VR), the Royal Swedish Academy of Sciences (KVA), and Magnus
Bergwall's Foundation. I am most grateful to Petr Fedorov (State Uni−
versity of St. Petersburg) and Andrei Dronov (State University of St.
Petersburg) for supplying additional fossil material, and to Leonid
Popov (National Museum and Galleries of Wales) for material and
critical comments on the manuscript. I also thank Lars Holmer and
John S. Peel (University of Uppsala), Michael Basset (National Mu−
seum and Galleries of Wales), and David Harper (Geological Mu−
seum, University of Copenhagen) for critical comments. This paper is
a contribution to the IGCP Project 410 “The Great Ordovician
Biodiversification Event”.

37

References
Baarli, B.G. 1995. Orthacean and strophomenid brachiopods from the
Lower Silurian of the central Oslo region. Fossils & Strata 39: 9–10.
Bruton, D.L. and Harper, D.A.T. 1981. Brachiopods and trilobites of the
Early Ordovician serpentine Otta Conglomerate, south central Norway.
Norsk Geologisk Tidskrift 61: 153–181.
Cooper, G.A. 1956. Chazyan and related brachiopods. Smithsonian Miscel−
laneous Collections 127: 1–1024.
Dalman, J.W. 1828. Upställning och Beskrifning af de i Sverige funne Tere−
bratuliter. Kongliga Vetenskapsakademien Handlingar för År 1827:
85–155.
Dronov, A.V., Savitsky, J.S., Fedorov, P.V., and Tsyganova, E.A. 1996. De−
tailed lithostratigraphy of the Ordovician Lower Volkhov limestone
along the eastern part of the Baltic−Ladoga Glint, northwestern Russia.
GFF 118: 19–24.
Dronov, A.V., Koren, T.N. [Koren', T.N.], Popov, L.E., and Tolmacheva, T.
[Tolmačeva, T.] 1998. Metodika sobytijnoj stratigrafii v obosnovanii
korrelâcii regionalnih stratonov na primere nižnego ordovika Severo−
Zapada Rossii. 88 pp. VSEGEI, Sankt Petersburg.
Dronov, A.V., Meidla, T., Ainsaar, L., and Tinn, O. 2000. The Billingen and
Volkhov Stages in the Northern East Baltic: Detailed stratigraphy and
lithofacies zonation. Proceedings of the Estonian Academy of Science,
Geology 49 (1): 3–16.
Egerquist, E. 1999. Early Ordovician (Billingen–Volkhov stages) Brachi−
opod Faunas from the NW Russia. Quo vadis Ordovician? In: P. Kraft
and O. Fatka (eds.), Short Papers of the 8th International Symposium
on the Ordovician System. Acta Universitatis Carolinae, Geologica
43: 341–343.
Egerquist, E. 1999. Revision of the plectambonitoid brachiopod Ujukella
Andreev and related genera. GFF 121: 325–332.
Eichwald, E. 1860. Lethaea Rossica ou Paléontologie de la Russie, 686–929.
Stuttgart.
Fedorov, P.V. and Dronov, A.V. 1998. Early Ordovician organic buildups from
north−western Russia. I. Hecker−type mud mounds in Putilovo quarry [in
Russian]. Vestnik Sankt Petersburgskogo Universiteta, Seriâ 7: Geologiâ,
Geografiâ 14: 81–87.
Fedorov, P.V., Dronov, A.V., and Zavarzin, I.V. 1998. Early Ordovician organic
buildups from north−western Russia. II. Hecker−type mud mounds in
“Dikari” member of Babino flagstone quarry [in Russian]. Vestnik Sankt
Petersburgskogo Universiteta, Seriâ 7: Geologiâ, Geografiâ 14: 27–36.
Havlíček, V. and Branisa, L. 1980. Ordovician brachiopods of Bolivia (suc−
cession of assemblages, climate control, affinity to Anglo−French and
Bohemian provinces). Rozpravy Československé Akademie věd 90:
1–54.
Jaanusson, V. and Bassett, M.G. 1993. Orthambonites and related Ordovi−
cian brachiopod genera. Palaeontology 36: 21–63.
Lamansky, W. 1905. Die altesten Silurischen Schichten Russlands (Etage
B). Memoires du Comité Géologique. Nouvelle Série 20: 1–203.
Neuman, R.B. 1976. Early Ordovician (Late Arenig) brachiopods from Vir−
gin Arm, New World Island, Newfoundland. Geological Survey of Can−
ada Bulletin 261: 11–61.
Neuman, R.B. and Bruton, D.L. 1974. Early Middle Ordovician fossils from
the Hølunda area, Trondheim region, Norway. Norsk Geologisk
Tidskrift 54: 69–115.
Öpik, A.A. 1930. Brachiopoda Protremata der Estländischen Ordovizischen
Kukruse−Stufe. Acta et Commentationes Universitatis Tartuensis 17:
1–261.
Öpik, A.A. 1932. Über die Plectellinen. Acta et Commentationes Universi−
tatis Tartuensis 23 (39): 1–85.
Pahlen, A. von der 1877. Monographie der Baltisch−Silurischen Arten der
Brachiopodengattung Orthisina. Mémoires de l'Academie Imperiale
des Sciences St. Petersbourg, series 7, 28 (8): 1–52.
Pander, C.H. 1830. Beiträge zur Geognosie des Russischen Reiches. 165 pp.
K. Kray, St. Petersburg.
Popov, L.E., Khazanovitch, K.K. [Hazanovič, K.K.], Borovko, N.G., Serge−
http://app.pan.pl/acta48/app48−031.pdf

38
eva, S.P, and Sobolevskaya, R.F. [Sobolevskaâ, R.F.] 1989. The key
sections and stratigraphy of the Cambrian–Ordovician phos−
phate−bearing obulus beds on the north−eastern Russian platform [in
Russian]. AN SSSR Ministerstvo Geologii SSSR, Mežvedomstvennyj
stratigrafičeskij komitet SSSR. Trudy 18: 1–222.
Pushkin, V.I. and Popov, L.E. 1999 Early Ordovician bryozoans from
north−western Russia. Palaeontology 42 (1): 171–189.
Rubel, M. 1961. Lower Ordovician brachiopods of the superfamilies Orthacea,
Dalmanellacea and Syntrophiacea of Eastern Baltic [in Russian]. ENSV
Teaduste Academia Geologia Instituudi Uurimused VI: 141–224.
Rubel, M. and Popov, L.E. 1994. Brachiopods of the subfamily Atelela−
smatinae (Clitambonitacea) from the Arenig, Ordovician, of the Baltic
Klint Area. Proceedings of the Estonian Academy of Sciences, Geology
43 (4): 192–202.
Schuchert, C. and Cooper, G.A. 1931. Synopsis of the brachiopod genera of
the suborders Orthoidea and Pentameroidea, with notes on the Telo−
tremata. American Journal of Science, series 5, 22: 241–255.
Tolmacheva, T. Egerquist, E, Meidla, T., and Holmer, L. 2001. Spatial varia−

ACTA PALAEONTOLOGICA POLONICA 48 (1), 2003
tions in faunal composition, Middle Ordovician, Volkhov Stage. East
Baltic. GFF 123: 65–72.
Tolmacheva, T., Egerquist, E., Meidla, T., Tinn, O., and Holmer, L. (in press)
Faunal composition and dynamics in unconsolidated sediments: a case
study from the Middle Ordovician of the East Baltic. Geological Maga−
zine.
Tolmacheva, T. Fedorov, P., and Egerquist, E. (in press). Conodonts and
brachiopods from the Middle Ordovician microbial mud mound of
Putilovo Quarry (north−western Russia). Bulletin of the Geological So−
ciety of Denmark.
Ulrich, E.O. and Cooper G.A. 1936. New genera and species of Ozarkian
and Canadian brachiopods. Journal of Paleontology 10: 616–631.
Winchell, N.H. and Schuchert, C. 1893. The Lower Silurian Brachiopoda of
Minnesota. In: L. Lesquereus, A. Woodward, B.W. Thomas, C. Schu−
chert, E.O. Ulrich, and N.H. Winchell (eds.), The Geology of Minne−
sota, vol. 3 (1), 333–474. Geological and Natural History Survey of
Minnesota, Final Report. Harrison & Smith, Minneapolis.
Woodward, S.P. 1851–1856. A Manual of the Mollusca. 488 pp. John Weale,
London.

