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Abstract. Early and early Middle Ordovician chitinozoans are relatively poorly known in Baltoscandia, thus the understanding of the
early diversification of the group, as well as its biostratigraphic utility, is limited. In this paper, we document the distribution of
chitinozoans in the Floian and lower Darriwilian strata of the Baldone drill core from central Latvia, a region from where very limited
data on chitinozoans have hitherto been available. The Baldone section hosts one of the thickest upper Lower to lower Middle
Ordovician sequences in eastern Baltoscandia and is represented by ca 85 m of red-coloured, mottled and less commonly grey marls
and limestones. Chitinozoans were collected from 20 samples, revealing altogether at least 13 genera and 35 species. The lowermost
productive sample, attributed to the lower Floian, represents one of the oldest chitinozoan faunas from Baltica. The upper Floian and
Dapingian redbeds are barren of chitinozoans, but the lower Darriwilian Sakyna and Baldone formations contain a rich and well-
preserved assemblage with range-through taxonomic diversity reaching up to 19 species per sample. The Baldone section provides
new insights into the distribution of the regional biozonal species Cyathochitina regnelli, which is characteristic of the Kunda Regional
Stage in Estonia and Sweden. Several other biostratigraphically significant species of Cyathochitina, Conochitina and Lagenochitina
that are typical of other regions were also recovered. They suggest links with chitinozoan assemblages of other continents during the
early Darriwilian. Based on the rich collection at hand, chitinozoan diversity estimates for early Darriwilian are increased, and four
new chitinozoan species are described: Bursachitina baldonia, Conochitina ulsti, Eremochitina? procera and Sphaerochitina? latviensis.
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INTRODUCTION

Chitinozoans are a common group of organic-walled
marine microfossils in Ordovician to Devonian rocks
(Eisenack 1931; Paris et al. 1999; Servais et al. 2013).
They are widely used in biostratigraphy despite the fact
that their biological origin has remained controversial (see
Miller 1996; Paris & Nolvak 1999; Liang et al. 2019,
2020a for a review). In the Baltic region, Ordovician
chitinozoans have been studied in the pioneering works
of Alfred Eisenack since the 1930s (see Eisenack 1976 for
references) and by many subsequent authors (e.g. Laufeld
1967; Obut 1973; Grahn 1980, 1982a, 1982b; Nolvak
1980, 2010; Wrona 1980; Schallreuter 1981; Obut 1995;
Tammekind et al. 2010; Grahn & Paris 2011; Hints et al.
2011, 2018; Nolvak et al. 2019; Liang et al. 2022). These
studies have resulted in some of the largest collections and

distributional data sets worldwide. On the basis of the
obtained data, regional biozonation has been established
(Nolvak & Grahn 1993; Ndlvak et al. 2006), and the
diversification history of the Ordovician Chitinozoa in
Baltoscandia has been reconstructed (Kaljo et al. 1996;
Paris et al. 2004; Achab & Paris 2007; Hints et al. 2011,
2018). However, the knowledge on Baltic chitinozoans is
not evenly distributed across the region and time scale.
Notably, the Early and early Middle Ordovician strata,
collectively known as the Oland Regional Series in
Baltoscandia, have received relatively less attention thus
far (see Nolvak et al. 2019 for a review). This has resulted
in a bias in our understanding of both the diversity and
biogeographic patterns within Baltica, as well as globally.
The biostratigraphic potential of chitinozoans has yet to
be fully explored in these strata too. This knowledge gap
is partly due to a preservation bias — chitinozoans are not
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present in red-coloured (oxidized) rocks, and in dolomi-
tized or siliciclastic successions their occurrences are
scattered and finds of rich assemblages are rare.

In the eastern part of the Baltoscandian Basin, Olandian
chitinozoans have been reported from the shallow shelf
settings of northern Estonia (Grahn 1984; Hints & Nolvak
2006; Nolvak et al. 2019). From deeper shelf environ-
ments, Ulst et al. (1982, p. 141) quoted some unpublished
chitinozoan data from the Vergale-46 drill core of western
Latvia. However, no first-hand taxonomic or distributional
data sets have been previously published from the Olandian
succession of Latvia. During the screening of micropalae-
ontological samples from several subsurface sections, a
rich chitinozoan assemblage was recovered from the
Baldone-80 drill core of central Latvia (for brevity,
Baldone drill core hereafter). This section hosts some of
the thickest Olandian packages in the East Baltic region,
and it is stratigraphically more complete than the shallow
shelf succession in the outcrop area in northern Estonia.

The aim of this study is to document the taxonomic
composition and diversity of the Olandian chitinozoan
assemblage of central Latvia for the first time. Moreover,
the new rich material allows for a discussion on the
biostratigraphic and biogeographic aspects of the Early
and early Middle Ordovician chitinozoans of Baltica and
description of new species.

GEOLOGICAL SETTINGS AND STRATIGRAPHY

The Baltoscandian Basin covered large parts of Baltica
during the Early and early Middle Ordovician Period.

Widespread carbonate sedimentation commenced in the
basin during the late Early Ordovician. This was con-
nected to the drift of Baltica into lower latitudes (Cocks
& Torsvik 2005, 2021), and supported by the onset of the
Great Ordovician Biodiversification Event, which en-
hanced carbonate production by the shelly faunas. The
Baltoscandian Basin is usually divided into broad facies
zones (cf. Minnil 1966), the so-called confacies belts
of Jaanusson (1976, 1995), with proximal shallow shelf
settings in northern Estonia (the North Estonian Confacies),
deeper shelf environments in southern Estonia, Latvia,
northern Lithuania and Sweden (the Central Balto-
scandian Confacies) and distal slope facies further towards
the west, where the Tornquist Ocean was present (Fig. 1).

The stratigraphic focus of this study is on the Oland
Regional Series, which corresponds to an interval from
the Tremadocian to lower Darriwilian, and embraces the
Pakerort, Varangu, Hunneberg, Billingen, Volkhov and
Kunda regional stages (NGlvak et al. 2006, 2019). The
Olandian succession is generally very condensed all over
Baltoscandia as the deposition took place in a sediment-
starved basin with a relatively small topographic dif-
ferentiation (Ménnil 1966; Lindskog et al. 2020). In
northern Estonia, the Oland Series is only few tens of
metres thick, with the Tremadocian and Floian usually
representing less than 10 m (Hints 2014a, 2014b). In the
distal settings of central Latvia, the net sediment
accumulation rate was higher and stratigraphic hiatuses
were shorter, therefore the same sequence is more than
80 m thick there (Ulst et al. 1982).

The stratigraphic framework of the Lower and lower
Middle Ordovician strata in Latvia is based on litho-

TS . T, d
20°+ .07 e ¥

Sweden

2.,

°
.Halludden?
/0
- 56°

Latvia

100 200km

Lithuania

Baldone-80 drill core

Central Baltoscandian Confacies, deeper shelf
Mostly red-coloured carbonate deposits

North Estonian Confacies, shallow shelf
Grey carbonate deposits

Transitional . Fennoscandian
. + .
facies mainland

Fig. 1. Locality map and palacogeography of the study area during early Darriwilian Kunda time. The configuration of the Baltoscandian

palaeobasin is according to Ménnil (1966).
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stratigraphy, gamma-ray logs and the shelly fossil record,
notably trilobites and ostracods (Ulst et al. 1982 and
references therein). To some extent, conodonts have also
been used, but there are no recent biostratigraphic studies
comparable with the high-resolution data from Sweden
(Bergstrom et al. 2011; Wu et al. 2017) and Estonia
(Lofgren et al. 2005; Nolvak et al. 2006; Viira 2011;
Hints et al. 2012). Tracing both global or regional stage
boundaries in Latvian sections is therefore complicated
and awaits new studies on conodonts. The stage bound-
aries of the Floian, Dapingian and Darriwilian thus remain
tentative at present. However, the conventional Baltic
regional stages (Nolvak et al. 2006) are referred to in the
present study.

The thickness of the Oland Series in the Baldone core
is ca 84 m. The succession contains sandstones of the
Kallavere Formation (Pakerort Regional Stage), mostly
red clays and marls of the Zebre Formation (Varangu,
Hunneberg and Billingen regional stages) and red marls
of the Kriukai Formation (mostly Volkhov Regional
Stage). The last formation is overlain by reddish and
greyish marls with rare limestone interbeds, attributable
to the Sakyna Formation, and the Baldone Formation
(both Kunda Regional Stage) mainly consisting of bio-
clastic, variably nodular limestones, with marly interbeds,
red-coloured spots, and limonitic discontinuity surfaces
in the topmost part. Both the Sakyna and Baldone for-
mations contain rich chitinozoan assemblages that are
described in this study. The Baldone Formation is in turn
overlain by the red-coloured argillaceous limestones of
the Segerstad Formation (Aseri Regional Stage), which is
barren of organic-walled microfossils. The younger part
of the Ordovician System is also well represented and
fossiliferous in the Baldone drill core; however, its char-
acterization is beyond the scope of this study.

MATERIAL AND METHODS

The chitinozoan material comes from samples collected
from the Baldone section in 1972. Altogether 20 samples,
varying from ca 150 to 300 g in size, were studied.
Whereas six of these were barren of organic-walled
microfossils due to unfavourable preservation conditions
and possibly insufficient sample size, the remaining
samples yielded thousands of chitinozoan vesicles.
Additionally, lingulates, conodonts, rare scolecodonts,
graptolite fragments, acritarchs, and some rare groups
such as the mazuelloids (see Aldridge & Armstrong 1981)
and the cryptic, organic-walled Vikisphaera kundana
(Hints et al. 2021) were recorded.

Acid-resistant microfossils were extracted from car-
bonate samples using acetic or hydrochloric acid (HCI).
The siliciclastic samples from the lower part of the suc-

cession were treated with HCI and hydrofluoric acid (HF).
Samples from the clay-rich interbeds were disintegrated
in water, with the addition of hydrogen peroxide. The
residues were washed through a 45- or 63-um sieve to
remove clay. Chitinozoans and other microfossils were
then handpicked, glued to SEM stubs or stored in small
plastic containers with glycerine. The specimens were
observed under a Leica M205 stereo microscope, which
was also used for measurements. All sample residues,
microfossil preparations and figured specimens are de-
posited at the Department of Geology, Tallinn University
of Technology (institutional abbreviation GIT).

RESULTS AND DISCUSSION
Chitinozoan assemblages

Altogether 35 chitinozoan species of 13 genera were
identified in the Olandian part of the Baldone section
(Fig. 2, Table 1), following the chitinozoan classification
of Paris et al. (1999). The oldest productive sample from
the Zebre Formation contains only two species. Up-
section, the number of species per sample reaches 13 in
the lower part of the Baldone Formation, being slightly
lower in the upper part of the formation and in the
subjacent Sakyna Formation. The maximum recorded
range-through species diversity of 19 is observed in the
Baldone Formation. However, the red-coloured strata did
not contain chitinozoans and a few other samples also
turned out to be barren (M-13677 and M-13678; Fig. 2),
probably due to unfavourable preservation conditions.
Taxonomically, the studied chitinozoan assemblage is
broadly similar to those previously described from coeval
strata of Estonia and Sweden (Nolvak et al. 2019 and
references therein). However, a number of taxa are
identified from Baltica for the first time, including the
four new species described in this study: Bursachitina
baldonia, Conochitina ulsti, Eremochitina? procera and
Sphaerochitina? latviensis. Nine species of Angochitina,
Belonechitina, Conochitina, Euconochitina, Lagenochitina
and Rhabdochitina are referred to using open nomen-
clature due to limited material and the need for further
assessment of their variability and distribution, par-
ticularly in other localities in Latvia. All these species are
illustrated in Figs 3—6 and included in the diversity counts.

Biostratigraphy

The assemblage includes one index species, Cyathochitina
regnelli, of the regional chitinozoan biozonation (Nolvak
& Grahn 1993; Nolvak et al. 2006), and several other
species that provide age constraints. The succession can
be broadly divided into three units containing chitinozoans,
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Fig. 2. Stratigraphic background and the distribution of chitinozoans in the Baldone drill core, central Latvia. Stratigraphy modified
from Ulst et al. (1982). Grey sample numbers indicate barren samples.

that is the Zebre, Sakyna and Baldone formations, but also
the barren intervals are briefly commented on.

The Zebre Formation (thickness 13.5 m, interval
967.5-981.0 m) is represented mostly by red-coloured
marls; however, there is a 1.8 m interval (979.2-981.0 m)
of greenish-grey marls containing glauconite grains and
thin (<5 mm) brownish mudstone intercalations in the
lowermost part of the formation. One of the five samples
collected from this interval (each ca 200 g) was productive
for microfossils — in addition to rare graptolite fragments,
flattened specimens of two chitinozoan species, Cono-
chitina raymondii and Clavachitina grandicula were found.

28

Conochitina raymondii (Fig. 5Y-Z) is distinguished
by its large vesicle, around 500-800 pm in length, with a
poorly differentiated flexure, and a chamber widening
towards the flat base. The Baldone specimens constitute
the first record of this species in Baltoscandia and provide
some biostratigraphic information. Originally, C. raymondii
was reported from the lower part of the lower Floian Lévis
Formation in Quebec, Canada (Achab 1980), where it co-
occurs with Clavachitina grandicula. Later, the species
has been identified also from the lower Floian Cow Head
Group in Newfoundland (Achab 1986), the uppermost
Tremadocian Fenghsiang Formation in the Yichang area,
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Table 1. List of chitinozoan species from the Lower and lower Middle Ordovician of the Baldone drill core, central Latvia.
Occurrences are coded by ‘?” in case of uncertain identification

. INHEHEHEHEEHEEHEHEEEE
Stratigraphy (formation) (S |B (|2 |3 |8 (2|2 |3 (2| 2| 2|28
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Species Figures
Angochitina sp. 1 SU +
Belonechitina sp. 1 6H +
Bursachitina baldonia sp. nov. 6A-D, G ? + +
Clavachitina grandicula (Achab, 1980) 3Y + + ?
Clavachitina langei (Combaz & Péniguel, 1972) 3M, N + +
Conochitina exilis Bockelie, 1980 5R, S +
Conochitina minnesotensis (Stauffer, 1933) 6Z-AC +
Conochitina ordinaria Achab, 1980 5V-X + + +
Conochitina raymondii Achab, 1980 5Y,Z +
Conochitina sp. 1 4C,D +
Conochitina sp. 2 5P, Q
Conochitina ulsti sp. nov. 30-X + + +
Cyathochitina calix (Eisenack, 1931) 4M-S + + + + + 2 7
Cyathochitina campanulaeformis (Eisenack, 1931) 41, ] + + +
Cyathochitina hunderumensis Grahn, Nolvak & Paris, 1996 4K, L + + + +
Cyathochitina jagovalensis Schallreuter, 1981 4T-Z + + + 4+ + + +
Cyathochitina regnelli Eisenack, 1955 5G-K ? + +
Desmochitina? erinacea Eisenack, 1931 4E, F +
Desmochitina minor Eisenack, 1931 6E, F + + +
Eremochitina cf. baculata Taugourdeau & de Jekhowsky, 1960 6R-U +
Eremochitina? procera sp. nov. 6V-Y + +
Euconochitina sp. 1 ST + + +
Euconochitina? brevis Taugourdeau & de Jekhowsky, 1960 4A,B, G + +
Lagenochitina cf. combazi Finger, 1982 3D, E + +
Lagenochitina cf. pestovoensis Obut, 1973 3G,H
Lagenochitina megaesthonica Liang, Nolvak & Hints, 2022 31-L + + + +
Lagenochitina ovoidea Benoit & Taugourdeau, 1961 4H
Lagenochitina sp. 1 3F +
Lagenochitina sp. 2 SL,M
Lagenochitina sp. 3 5N, O + +
Lagenochitina combazi Finger, 1982 3A-C +
Rhabdochitina gracilis (Eisenack, 1962) 60-Q + + + +
Rhabdochitina? sp. 1 6K-N +
Sphaerochitina? latviensis sp. nov. SA-F + +
Tanuchitina granbyensis Grahn, Nolvak & Paris, 1996 6L, J +
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Fig. 3. SEM photos of chitinozoans from the Baldone drill core, central Latvia. The scale bar represents 100 um, except in figures
R—X where it represents 500 pm. For sample positions and stratigraphy see Fig. 2. A-C, Lagenochitina combazi; D, E, Lagenochitina
cf. combazi; F, Lagenochitina sp. 1; G, H, Lagenochitina cf. pestovoensis; 1-L, Lagenochitina megaesthonica; M, N, Clavachitina
langei; O—X, Conochitina ulsti sp. nov. (T, holotype); Y, Clavachitina grandicula. A, GIT 854-1, sample M-13674; B, GIT 854-2,
sample M-13679; C, GIT 854-3, sample M-13674; D, GIT 854-4, sample M-13681; E, GIT 854-5, sample M-13674; F, GIT 854-6,
sample M-13675; G, GIT 854-7, sample M-13671; H, GIT 854-8, sample M-13671; I, GIT 854-9, sample M-13674; J, GIT 854-10,
sample M-13682; K, GIT 833-4, paratype of L. megaesthonica in Liang et al. (2021); L, GIT 854-11, sample M-13674; M, GIT 854-12,
sample M-13671; N, GIT 854-13, sample M-13670; O, GIT 854-14, sample M-13675; P, GIT 854-15, sample M-13675;
Q, GIT 854-16, sample M-13675; R, GIT 854-17, sample M-13670; S, GIT 854-18, sample M-13676; T, GIT 854-19, sample
M-13670; U, GIT 854-20, sample M-13670; V, GIT 854-21, sample M-13671; W, GIT 854-22, sample M-13676; X, GIT 854-23,
sample M-13670; Y, GIT 854-24, sample M-13671.
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South China (Zhang & Chen 2009), the uppermost part of
the Hunghuayuan Formation and in the lower part of the
Dawan Formation, lower Floian, in Yichang, China (Chen
et al. 2009). The specimens identified as C. raymondii
from the uppermost Meitan Formation (latest Dapingian
to earliest Darriwilian) at Tongzi, South China (Liang et
al. 2018) share a similar outline to the holotype but have
a somewhat smaller vesicle (length ca 400-500 pm) and
more straight flanks.

Achab (1989) established the C. raymondii—
Lagenochitina esthonica Assemblage Biozone just above
the globally recognized Euconochitina symmetrica Zone,
the base of which has long been taken as coinciding with
the base of the Paratetragraptus approximatus grap-
tolite Zone and the base of the Floian Stage (Achab 1989;
Paris et al. 2004). However, the age of this zone was
recently revised by Achab & Maletz (2021) on the
basis of new graptolite data from Laurentia, suggesting
that the E. symmetrica chitinozoan assemblage is older
than the base of the P. approximatus Zone. It characterizes
the upper Tremadocian Sagenograptus murrayi graptolite
Zone, but its upper part could reach the Floian Stage.
Euconochitina symmetrica has been recovered also from
the upper Tremadocian of South China (Wang et al. 2013;
Liang et al. 2017), Morocco (Nowak et al. 2016) and
northern England (Amberg et al. 2017). The FAD of
C. raymondii within the P. approximatus Zone in Canada
suggests that the basal part of the Zebre Formation in
the Baldone drill core is likely of early Floian age,
corresponding to the upper part of the Hunneberg
Regional Stage. It is thus younger than the supposedly late
Tremadocian assemblages from the Jdgala and Tallinn
sections in northern Estonia (Hints & Nolvak 2006;
Nolvak et al. 2019).

Marly facies continue in the Kriukai Formation
(32 m, interval 935.5-967.5 m, according to Ulst et al.
1982). Red marls are barren of organic-walled microfossils
(for instance, the sample at 938.8 m depth in Fig. 2).
Fragmentary macrofossils such as trilobites and brachiopods
are found in these beds, but conodonts need to be studied
for higher biostratigraphic resolution. Data from other
sections suggest that the base of the Dapingian lies close
to the base of the Kriukai Formation (Viira 2011).

The Sakyna Formation (22 m, interval 913.5-935.5 m,
according to Ulst et al. 1982) is represented mainly by
grey marls with irregular reddish patches or interlayers,
often only a few centimetres thick. The formation has
been correlated with a gap in northern Estonia (Nolvak
1997, table 7; Ainsaar et al. 2020) and eastern Latvia (Ulst
etal. 1982, p. 170), and with the upper Sillaoru Formation
in central and northeastern Estonia (e.g. Pdldsaar et al.
2019). In southern Sweden, the Sakyna Formation can be
correlated with the grey Téljsten bed within the Holen
Limestone (Ainsaar et al. 2020). Conodont biostratigraphy

places the Téljsten interval into the Lenodus variabilis
Zone, lower Darriwilian, Kunda Regional Stage (Lindskog
etal. 2014, 2017), and this is also supported by conodont
data from southern Estonia and Russia (Viira 2011).
Originally, the Kunda age for this interval was proposed
based on rare trilobite finds (Méannil 1963, 1966; Ulst et
al. 1982).

Three productive samples from the Sakyna Formation
in the Baldone section revealed a diverse and char-
acteristic chitinozoan assemblage, unknown from other
Baltic localities so far, notably due to the predominance
of barren redbeds in deeper shelf settings and a gap in
shallow shelf regions (for instance, in the Jigala section
in northern Estonia studied by No&lvak et al. 2019). The
Sakyna chitinozoan assemblage contains 11 genera and
19 species (Fig. 2), including Conochitina minnesotensis,
C. exilis, C. ordinaria, Clavachitina langei, C. grandicula,
Cyathochitina jagovalensis, Eremochitina cf. baculata,
Euconochitina? brevis, Lagenochitina ovoidea, L. mega-
esthonica, L. cf. pestovoensis, Rhabdochitina gracilis,
Tanuchitina granbyensis, and three new species: Eremo-
chitina? procera, Conochitina ulsti and Bursachitina
baldonia.

A characteristic feature of this interval is the oc-
currence of Eremochitina, which is generally rare in
Baltoscandia and previously recorded only form the pre-
Kunda strata (Nolvak & Grahn 1993; Hints & Nolvak
2006). In the Baldone section, the genus is represented by
Eremochitina cf. baculata and the new species E.?
procera. In the Tallinn section, highly variable specimens
of this genus were found from the latest Tremadocian
strata (Hints & Nolvak 2006). In Gondwanan sections,
this genus is known only from the lower part of the
Ordovician (Paris at al. 1999).

Another noteworthy taxon in the Sakyna assemblage
is Bursachitina baldonia. To our knowledge, this is the
oldest record of the genus Bursachitina in Baltica.
Moreover, Clavachitina langei (Fig. 3M—-N) is reported
from Baltoscandia for the first time. It is a rare species in
the Sakyna Formation and probably ranges into the lower
Baldone Formation. It has previously been reported from
the upper Floian to Darriwilian of western Australia
(Combaz & Peniguel 1972; Quintavalle & Playford 2006)
and North America (Achab 1986; Asselin et al. 2004),
middle Floian of northwestern Argentina (de la Puente &
Rubinstein 2013), upper Darriwilian of Tarim (Geng et al.
2000) and middle Floian to lower Darriwilian of South
China (Wang & Chen 1994; Tang et al. 2007; Chen et al.
2009; Liang et al. 2018). The Euconochitina brevis—
Lagenochitina (= Clavachitina) langei Biozone was
established for the middle and upper part of the Canadian
Regional Series, corresponding to the upper Floian to
upper Dapingian in Quebec and western Newfoundland
(Achab 1989). Asselin et al. (2004) have drawn the upper
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boundary of this biozone in the middle Dapingian. The
Clavachitina langei Biozone has been used for the middle
Floian to earliest Dapingian in South China (Chen et al.
2009); however, Liang & Tang (2016) showed that
C. langei ranges into the lower Darriwilian in the region.

This is the case also in the Baldone section, where
C. langei is distributed in the lower Darriwilian.
Cyathochitina jagovalensis (Fig. 4T—Z) was erected
as a subspecies of Cyathochitina calix by Schallreuter
(1981), distinguished by having a smaller and stouter
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vesicle with a more pronounced shoulder (Eisenack 1962,
pl. 14, fig. 3 as C. calix and fig. 4 as C. jagovalensis);
however, transitional forms may occur. In the Sakyna
Formation and lower part of the Baldone Formation,
characteristic C. jagovalensis (Fig. 4U-Z) occurs almost
continuously, but higher in the succession, transitional
forms between C. jagovalensis and C. calix appear
(Fig. 4M, N, T) and distinction between the two species
becomes difficult. A similar succession was observed in
the Jégala section of Estonia, where C. jagovalensis
appears in the Toila Formation, uppermost Dapingian,
followed closely by C. calix (Ndlvak et al. 2019).
Cyathochitina jagovalensis has also been reported from
the mid-Darriwilian Kandle and Vio formations of
northern Estonia (Tammekénd et al. 2010; Hints et al.
2012; Wang et al. 2021), the Furudal and Dreimani
formations, upper Darriwilian to lower Sandbian, of
western Latvia (Goldman et al. 2015) and the lower
Widowo Formation, lower and middle Darriwilian, of
Poland (Modlinski et al. 2002).

Conochitina minnesotensis is found in two samples
from the Sakyna and Baldone formations (Fig. 2), being
represented by peculiar, curved specimens (Fig. 6AB,
AC). It has a long stratigraphic range in Baltoscandia and
is common, but rarely abundant, in Darriwilian to Katian
strata (e.g. Saadre et al. 2004; Grahn & Nolvak 2007a,
2007b, 2010; Goldman et al. 2015). Its oldest record
comes from the Dapingian/Darriwilian Lanna Limestone
in Sweden (Grahn & Nolvak 2007a). Elsewhere it is
reported from the Late Ordovician of Oklahoma (Goldman
et al. 2007), Mohawkian of Minnesota, USA (Stauffer
1933), and Arenigian to Llandeilian of the Canning Basin,
Australia (Combaz & Peniguel 1972). Another strati-
graphically significant species in the Sakyna Formation is
Tanuchitina granbyensis, a species first described from
the lower Darriwilian of Sweden (Grahn et al. 1996).

In northern Estonia, the lower boundary of the Kunda
Stage coincides with the base of the Cyathochitina
regnelli Biozone. In several stratigraphic schemes, such
as that by Nolvak (1997), the Sakyna Formation has been
regarded as belonging to the C. regnelli Zone, which is
supported by scattered data from southern Estonia
(Pdldvere et al. 1998). However, in the Baldone section
the nominal species appears in the Baldone Formation,

suggesting that the age of the base of the C. regnelli Zone
may need reconsidering when data from additional
sections together with conodont biostratigraphy become
available.

The Baldone Formation (16.5 m, interval 897.0—
913.5 m, according to Ulst et al. 1982) has its stratotype
in the Baldone section. The formation yields a relatively
rich assemblage of chitinozoans comprising 23 species,
15 of which appear near its lower boundary (Fig. 2). These
include, for example, Sphaerochitina? latviensis, abundant
Cyathochitina campanulaeformis, C. hunderumensis and
the zonal index species C. regnelli (Fig. 5G—K). This
index species ranges through the Baldone Formation in
the Baldone section and is known from many localities
across Baltoscandia. Cyathochitina regnelli was first reported
from the ‘Expansus Limestone’ (= lower Holen Limestone,
lower Kunda Stage) at Fjacka, south-central Sweden
(Eisenack 1955) and is known from many Estonian
sections, occurring below the FAD of Laufeldochitina
striata (NOlvak 2010 and references therein).

Cyathochitina regnelli is accompanied by Cyatho-
chitina hunderumensis (Fig. 4K-L) in the Baldone core.
A very similar distribution pattern is followed in the Jigala
section, northern Estonia, where both species occur
together and are characteristic of the Kunda Regional
Stage (Nolvak et al. 2019, fig. 3). The type material of
C. hunderumensis comes from the lower Kunda Regional
Stage in the Granby crater, southern Sweden (Grahn et al.
1996). Cyathochitina hunderumensis has been reported
also from the lower Darriwilian of southern Norway
(Grahn & Nolvak 2007b), in northeastern Poland
(Modlinski et al. 2002) and western Estonia (N&lvak 2010;
Hints et al. 2014), sometimes below C. regnelli. In the
Tartu 453 core, southern Estonia, both C. hunderumensis
and C. regnelli occur in the Sakyna Formation (Pdldvere
etal. 1998).

Notes on diversity patterns and biogeography

The early diversification of chitinozoans in the Baltic
region has been discussed in a number of publications, for
instance, Kaljo et al. (1996), Paris et al. (2004) and Hints
et al. (2010, 2011, 2018). More recently, Nolvak et al.
(2019) studied chitinozoans from the Jégala section in

Fig. 4. SEM photos of chitinozoans from the Baldone drill core, central Latvia. The scale bar represents 100 um. For sample positions
and stratigraphy see Fig. 2; the authors of species are listed in Table 1. A, B, G, Euconochitina? brevis; C, D, Conochitina sp. 1; E, F,
Desmochitina? erinacea; H, Lagenochitina ovoidea; 1, J, Cyathochitina campanulaeformis; K, L, Cyathochitina hunderumensis; M-S,
Cyathochitina calix; T-Z, Cyathochitina jagovalensis. A, GIT 854-25, sample M-13672; B, GIT 854-26, sample M-13672; C, GIT 854-
27, sample M-13672; D, GIT 854-28, sample M-13672; E, GIT 854-29, sample M-13683; F, GIT 854-30, sample M-13680; G, GIT
854-31, sample M-13670; H, GIT 854-32, sample M-13676; I, GIT 854-33, sample M-13674; J, GIT 854-34, sample M-13675; K, GIT
854-35, sample M-13675; L, GIT 854-36, sample M-13674; M, GIT 854-37, sample M-13680; N, GIT 854-38, sample M-13679;
0, GIT 854-39, sample M-13679; P, GIT 854-40, sample M-13679; Q, GIT 854-41, sample M-13679; R, GIT 854-42, sample M-13679;
S, GIT 854-43, sample M-13682; T, GIT 854-44, sample M-13675; U, GIT 854-45, sample M-13675; V, GIT 854-46, sample M-13676;
W, GIT 854-47, sample M-13671; X, GIT 854-48, sample M-13671; Y, GIT 854-49, sample M-13679; Z, GIT 854-50, sample M-13676.
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northern Estonia and showed that the regional diver-
sification was more gradual in the Dapingian than
previously thought. The northern Estonian composite
based on the Jagala and Tallinn sections also illustrated a

diversity peak in the late Tremadocian, followed by a
decline in the Floian (Nolvak et al. 2019). A single pro-
ductive sample from the Zebre Formation in the Baldone
section adds two species to the Floian species rich-
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ness, most likely corresponding to the time slice ‘2a’ of
Paris et al. (2004) and stage slice ‘F11° of Bergstrom et al.
(2009). This elevates Floian diversity estimates for the
Baltic region slightly but does not fill the ‘Floian
chitinozoan diversity gap’. It remains to be tested if this
gap marks a true regional faunal crisis or represents
preservation and/or study bias.

Due to barren redbeds, the Baldone section does not
contribute to a better understanding of the Dapingian
diversity, and the taxa reported by Nolvak et al. (2019)
were not recorded in this section. However, the
assemblage from the Sakyna Formation, which most
likely corresponds to the early Darriwilian time slice ‘4a’,
adds a minimum of five, but possibly up to 11 species to
those reported from northern Estonia by Nolvak et al.
(2019). The Baldone Formation, tentatively correlated
with the time slice ‘4b’, also adds several species to the
previous compilation. Collectively these new data suggest
notably higher taxonomic richness of early Darriwilian
chitinozoans in eastern Baltoscandia, clearly exceeding
the regional estimates of previous studies.

The diverse Baldone chitinozoan assemblage con-
tains several species that were previously unknown in
Baltoscandia, but occur in coeval assemblages of North
Gondwana, Laurentia and China (e.g. Conochitina
raymondii, Clavachitina langei). This indicates closer
biogeographic relationships with other palacocontinents
during the early phase of the development of the group in
Baltica than previously thought. Within Baltoscandia, the
Baldone assemblage can be compared with the scattered
records from similar environmental settings within the
basin in southern Sweden and Norway (Grahn 1980;
Grahn & Nolvak 2007a, 2007b, 2010). For instance, in
the Hilludden section, northern Oland (Fig. 1), a rather
similar assemblage is reported from the lower Darriwilian
containing Cyathochitina regnelli, C. calix, C. campanulae-
formis, C. hunderumensis, Conochitina minnesotensis,
Lagenochitina megaesthonica, Lagenochitina ovoidea
(described as Conochitina primitiva by Grahn 1980,
fig. 12G, H) and Rhabdochitina gracilis (Eisenack 1972;
Grahn 1980, 1982b; Grahn & Nolvak 2010, text-fig. 16).
However, whereas species of Desmochitina are more
diverse in Sweden than in the Baldone section, several

species of Conochitina, Eremochitina and Lagenochitina
found in the Baldone assemblage seem to be absent or less
common in Sweden. A relatively low diversity is char-
acteristic of the contemporaneous chitinozoan assem-
blages recovered from the Groétlingbo borehole, Gotland
Island (Grahn & Nolvak 2010, text-fig. 24). Overall, the
less diverse Swedish early Darriwilian chitinozoan assem-
blages may partly be due to smaller average sample sizes.

SYSTEMATIC PALAEONTOLOGY

The systematic framework and terminology are used
according to Paris et al. (1999). The following main
parameters are adopted in this study (note that we use
an asterisk to stress that vesicle flattening is corrected):
vesicle length (L), chamber diameter after correction
(Dp*), neck diameter after correction (Dpn*), and ratios
of the vesicle length/width (L/Dp*), neck length/vesicle
length (Ln/L) and corrected neck diameter/chamber
diameter (Dpn*/Dp*). The correction factor of the
compressed vesicle follows Paris et al. (2015), with
coefficients of 0.8 and 0.7 for the chamber and neck,
respectively.

CHITINOZOA Eisenack, 1931
Order PROSOMATIFERA Eisenack, 1972
Family CONOCHITINIDAE Eisenack, 1931, emend.
Paris, 1981
Subfamily CONOCHITININAE Paris, 1981
Genus Conochitina Eisenack, 1931, emend. Paris et al.,
1999
Conochitina ulsti sp. nov.
Figure 30-X

Etymology. Named in honour of Dr Rita Ulst, an expert
on Ordovician geology of Latvia.

Holotype. Specimen GIT 854-19 (Fig. 3T) from the
sample M-13670, depth 927.0 m.

Type locality. Baldone drill core, central Latvia.

Type horizon. Sakyna Formation, Kunda Regional Stage,
lower Darriwilian.

Fig. 5. SEM photos of chitinozoans from the Baldone drill core, central Latvia. The scale bar represents 100 pum in all images except in
figures R and S, where it corresponds to 200 pum, and in figures B-D where it represents 50 pm. For sample positions and stratigraphy see
Fig. 2; authors of species are listed in Table 1. A—F, Sphaerochitina? latviensis sp. nov. (C, holotype); G-K, Cyathochitina regnelli; L, M,
Lagenochitina sp. 2; N, O, Lagenochitina sp. 3; P, Q, Conochitina sp. 2; R, S, Conochitina exilis; T, Euconochitina sp. 1; U, Angochitina
sp. 1; V=X, Conochitina ordinaria; Y, Z, Conochitina raymondii. A, GIT 854-51, sample M-13680; B, GIT 854-52, sample M-13680;
C, GIT 854-53, sample M-13680; D, GIT 854-54, sample M-13680; E, GIT 854-55, sample M-13680; F, GIT 854-56, sample M-13680;
G, GIT 854-57, sample M-13674; H, GIT 854-58, sample M-13674; I, GIT 854-59, sample M-13680; J, GIT 854-60, sample M-13682;
K, GIT 854-61, sample M-13674; L, GIT 854-62, sample M-13675; M, GIT 854-63, sample M-13675; N, GIT 854-64, sample M-13682;
O, GIT 854-65, sample M-13679; P, GIT 854-66, sample M-13676; Q, GIT 854-67, sample M-13676; R, GIT 854-68, sample M-13672;
S, GIT 854-69, sample M-13672; T, GIT 854-70, sample M-13682; U, GIT 854-71, sample M-13671; V, GIT 854-72, sample M-13674;
W, GIT 854-73, sample M-13674; X, GIT 854-74, sample M-13674; Y, GIT 854-75, sample M-13666; Z, GIT 854-76, sample M-13666.
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Diagnosis. Large to huge Conochitina with an average
test length around 700 um and distinguished by its slim
subcylindrical test.

Material. 160 specimens from the Sakyna and Baldone
formations, samples M-13670 to M-13676.

Description. Vesicle slender and large, ranging from 397
to 1230 pm in length, with a mean value of 709 pm based
on 20 specimens (Table 2). Flexure generally broad and
sometimes distinct due to exceptional preservation
(Fig. 3Q, W). Neck cylindrical, taking 1/3 to 3/5 of the
vesicle in length and 1/2 to 2/3 of the chamber in diameter.
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Table 2. Dimensions of Conochitina ulsti sp. nov. based on 20 specimens two of which are three-dimensionally
preserved. L = vesicle length, Ln = neck length, Dp = chamber diameter, Dpn = neck diameter. Asterisk marks
the application of the correction factors of 0.8 and 0.7 to the chamber and neck, respectively

n=20 L | Ln | Dp | Dp* | Dpn Dpn* L/Dp* Ln/L Dpn*/Dp*
pm
Minimum 397 190 70 70 0 44 5.24 0.35 0.48
Maximum 1230 508 170 136 100 75 10.51 0.59 0.68
Average 706 304 113 93 66 53 7.49 0.44 0.58
Holotype 690 270 114 91 78 55 7.57 0.39 0.60

Collar usually slightly flared. Chamber subcylindrical
with a maximum diameter located at the lower part of the
chamber, where the rounded base margin begins. Flanks
straight, base flat and sometimes with a scar. In the
lower part of its range, the chamber is clearly lustreless —
verrucate under light microscope, compared with gla-
brous or sheen neck of the vesicle, especially in sample
M-13670.

Remarks. Conochitina ulsti sp. nov. can be distinguished
from other chitinozoans by its slim claviform vesicle.
Conochitina grandicula also shares a long and slim
vesicle, around 800 pum in length, but the chamber is more
like an elongated oval with an ogival base. Conochitina
kryos Bockelie, 1980 shares a similar vesicle outline with
C. ulsti, but is smaller (around 450 um) and the neck takes
a smaller proportion of the vesicle. The holotype of
Conochitina clavaherculi Eisenack, 1959, with a vesicle
length of ca 660 pm, also resembles C. ulsti in neck and
chamber morphology but carries a more distinct flexure
and is slimmer than C. ulsti. Conochitina platifundis Obut,
1995 also has a large vesicle, 853—-1173 um long, but
differs from C. wulsti in having a truncate base and an
elongated ovoid-like chamber. Conochitina raymondii,
reported from the type locality in Quebec, ranges from
500 to 800 pum in length and shares a cylindrical neck and
conical to subcylindrical chamber, but the chamber is
swollen in its lowermost part. Both Conochitina exilis
Bockelie, 1980 and Conochitina incerta Eisenack, 1962
have an almost cylindrical vesicle ca 400-500 pm long,
and C. incerta has a sharp margin. Clavachitina langei

also resembles C. ulsti to some extent but has a relatively
short neck and swollen chamber.

Occurrence. Sakyna and Baldone formations, Darriwilian
of Latvia.

Subfamily EREMOCHITININAE Paris, 1981
Genus Eremochitina Taugourdeau & de Jekhowsky,
1960
Eremochitina? procera sp. nov.

Figure 6V-Y

Etymology. Latin ‘procerus’, meaning tall or long and
referring to the extremely long vesicle.

Holotype. Specimen GIT 854-99 (Fig. 6W) from sample
M-13671, depth 923.2 m.

Type locality. Baldone drill core, central Latvia.

Type horizon. Sakyna Formation, Kunda Regional Stage,
lower Darriwilian.

Diagnosis. Extremely long chitinozoan with a char-
acteristic long and wide membrane.

Material. 49 specimens from the Sakyna Formation,
samples M-13670 and M-13671.

Description. Vesicle extraordinarily long and slim, rang-
ing from 1008 to 2237 pm in length and having a
relatively stable width, with a maximum diameter after
correction ca 74 pm (Table 3). The vesicle is almost

Fig. 6. SEM photos of chitinozoans from the Baldone drill core, central Latvia. The scale bar represents 100 um (A—H, r—ac), 200 pm
(I-AC), 50 um (i, j) and 25 pm (m). For sample positions and stratigraphy see Fig. 2; authors of species are listed in Table 1. A-D, G,
Bursachitina baldonia sp. nov. (B, holotype); E, F, Desmochitina minor; H, Belonechitina sp. 1; 1, J, Tanuchitina granbyensis; K-N,
Rhabdochitina? sp. 1; O—Q, Rhabdochitina gracilis; R-U, Eremochitina cf. baculata; V=Y, Eremochitina? procera sp. nov.
(W, holotype); Z-AC, Conochitina minnesotensis. A, GIT 854-77, sample M-13670; B, GIT 854-78, sample M-13670; C, GIT 854-79,
sample M-13671; D, GIT 854-80, sample M-13671; E, GIT 854-81, sample M-13675; F, GIT 854-82, sample M-13680; G, GIT 854-83,
sample M-13682; H, GIT 854-84, sample M-13682; I, GIT 854-85, sample M-13670; J, GIT 854-86, sample M-13670; K, GIT 854-87,
sample M-13679; L, GIT 854-88, sample M-13679; M, GIT 854-89, sample M-13679; N, GIT 854-90, sample M-13679; O, GIT 854-91,
sample M-13676; P, GIT 854-92, sample M-13674; Q, GIT 854-93, sample M-13674; R, GIT 854-94, sample M-13672; S, GIT 854-95,
sample M-13672; T, GIT 854-96, sample M-13672; U, GIT 854-97, sample M-13672; V, GIT 854-98, sample M-13671; W, GIT 854-99,
sample M-13671; X, GIT 854-100, sample M-13671; Y, GIT 854-101, sample M-13671; Z, GIT 854-102, sample M-13670;
AA, GIT 854-103, sample M-13670; AB, GIT 854-104, sample M-13670; AC, GIT 854-105, sample M-13670.
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Table 3. Dimensions of nine flattened specimens of Eremochitina? procera sp. nov. L = vesicle length, Lm = tubular membrane
length, Dp = chamber diameter, Dpn = the narrowest neck diameter. Asterisk marks the application of the correction factors

of 0.8 and 0.7 to the chamber and neck, respectively

n=9 L | Lm | Dp | Dp* | Dpn Dpn* L/Dp* Lm/L Dpn/Dp Dpn*/Dp*
um
Minimum 1008 53 125 70 107 47 14.40 0.03 0.78 0.67
Maximum 2237 113 164 78 133 55 28.68 0.09 1.00 0.71
Average 1580 76 144 74 123 51 21.17 0.05 0.86 0.69
Holotype 1568 93 147 74 129 51 21.18 0.06 0.88 0.69

cylindrical; the ratio of the narrowest diameter to maxi-
mum diameter (Dpn/Dp) ranges from 0.78 to 1.00 before
correction, being ca 0.7 when the correction factors are
applied. Flexure very broad and it is hard to distinguish
the neck and chamber. Flank straight and so is the
aperture. Base margin rounded to inconspicuous. A long
membrane (broad tubular copula) 53 to 113 pm in length
occurs at the base. The morphology of the membrane
varies significantly; from being a straight tube as shown
in Fig. 6X, a carina-like membrane as in Fig. 6W, to a
tapering membrane as in Fig. 6V. The vesicle wall is
smooth and relatively thick.

Remarks. This species is distinguished from all other
chitinozoan species by its extremely long and cylindrical
test with a characteristic, long membrane structure on the
base. In some specimens the membrane looks like a
copula (Fig. 6X-Y) of Eremochitina, or a carina-like
structure of Tanuchitina (Fig. 6W). It also resembles a
sleeve-like morphology of Velatachitina. Here we ten-
tatively assign the species to Eremochitina because the
relatively long and wide membrane has also been ob-
served in Eremochitina baculata Taugourdeau & de
Jekhowsky, 1960.

Eremochitina? procera differs from E. baculata in its
almost cylindrical and very long vesicle, while the latter
has a more claviform and shorter chamber. Some speci-
mens of Eremochitina sp. A. aff. baculata illustrated by
Hints & Nolvak (2006, pl. 4, figs 2, 4) also have an almost
cylindrical test but with a relatively obvious flexure and
smaller size, always being shorter than 1000 pm.

Occurrence. Sakyna and Baldone formations, Darriwilian
of Latvia.

Family LAGENOCHITINIDAE Eisenack, 1931, emend.
Paris, 1981
Subfamily LAGENOCHITININAE Paris, 1981
Genus Sphaerochitina Eisenack, 1955, emend. Paris et al.,
1999
Sphaerochitina? latviensis sp. nov.
Figure SA-F

Etymology. Named after Latvia, the country of the type
locality.

Holotype. Specimen GIT 854-53 (Fig. 5C) from sample
M-13680, depth 903.8 m.

Type locality. Baldone drill core, central Latvia.

Type horizon. Baldone Formation, Kunda Regional Stage,
lower Darriwilian.

Material. 32 specimens from the Baldone Formation,
samples M-13680 and M-13682.

Diagnosis. Small Sphaerochitina? with a long and
cylindrical neck and a nearly spherical chamber carrying
a flat base with a rounded margin.

Description. Vesicle very small, ranging from 78 to
114 pm in length (Table 4). Neck cylindrical, with a
slightly flaring collar and taking about half of the vesicle
length. Flexure distinct, shoulder not developed. Chamber

Table 4. Dimensions of six three-dimensionally preserved specimens of Sphaerochitina? latviensis sp. nov.
L = vesicle length, Ln = neck length, Dp = chamber diameter, Dpn = neck diameter. Asterisk marks the
application of the correction factors of 0.8 and 0.7 to the chamber and neck, respectively

n==6 L | Ln | Dp | Dp* | Dpn Dpn* L/Dp* Ln/L | Dpn*/Dp*
pm
Minimum 78 32 49 49 30 30 1.55 0.40 0.59
Maximum 114 50 56 56 36 36 2.09 0.53 0.69
Average 93 40 52 52 33 33 1.77 0.44 0.63
Holotype 86 35 49 49 30 30 1.73 0.41 0.62
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Table 5. Dimensions of Bursachitina baldonia sp. nov. based on seven flattened
specimens. L = vesicle length, Dp = chamber diameter, Da = aperture diameter. Asterisk
marks the application of the correction factors of 0.8 and 0.7 to the chamber and aperture,

respectively
n=7 L | Dp | Dp* Da | Da* | L/Dp* | Da*Dp*
pm
Minimum 100 92 73 52 36 1.29 0.48
Maximum 131 103 82 63 44 1.78 0.56
Average 114 98 78 58 40 1.47 0.51
Holotype 111 100 80 56 40 1.38 0.49
hemispherical (Fig. 5A, C) to conical (Fig. 5B), base = Diagnosis. Small desmochitinid with a conical to

margin rounded, base flat. Maximum diameter near the
base margin. Neck diameter is about 2/3 of the chamber
diameter. A scar could be present at the apex of the base.
Vesicle surface is smooth.

Remarks. The chamber of the holotype (Fig. 5C) is nearly
spherical; however, in some other specimens it varies from
hemispherical (Fig. 5A) to nearly conical (Fig. 5B)
resembling Euconochitina. Thus, the generic assignment
to Sphaerochitina must be considered tentative. The
vesicle outline and size of S.? latviensis resemble those
of Sphaerochitina mundana Taugourdeau, 1961 (the
latter should be reassigned to Belonechitina mundana
(Taugourdeau, 1961) because the surface is covered by
small spines according to the diagnostic features). There
are similarities also in the shape of the vesicle with that
of Linochitina sp. (Nolvak & Grahn 1993, pl. 6C, and
Nolvak et al. 2019, fig. 6B); however, the latter has
usually a distinct basal margin and a convex base with a
mucron.

Occurrence. Baldone Formation, Darriwilian of Latvia.

Order OPERCULATIFERA Eisenack, 1931
Family DESMOCHITINIDAE Eisenack, 1931, emend.
Paris, 1981
Subfamily DESMOCHITININAE Paris, 1981
Genus Bursachitina Taugourdeau, 1966, restrict. Paris,
1981
Bursachitina baldonia sp. nov.

Figure 6A-D, G

Etymology. Named after the Baldone drill core.

Holotype. Specimen GIT 854-78 (Fig. 6B) from sample
M-13670, depth 927.0 m.

Type locality. Baldone drill core, central Latvia.

Type horizon. Sakyna Formation, Kunda Regional Stage,
lower Darriwilian.

Material. 38 specimens from the Sakyna Formation,
samples M-13670 to M-13671 and possibly M-13682.

subspherical chamber.

Description. Vesicle very small, ranging from 100 to
131 pm in length (Table 5). Neither the neck nor flexure
is developed (Fig. 6B, D), though sometimes a poorly
developed neck-like part could be observed (Fig. 6A, C).
Chamber conical (Fig. 6B-D) to subspherical (Fig. 6A),
with the corrected ratios of the chamber diameter to
vesicle length from 0.66 to 0.77. The aperture diameter
after correction is about half the chamber diameter. The
base has a rounded margin. The vesicle surface is smooth.

Remarks. Bursachitina baldonia is distinguished within
the assemblage by its small conical to subspherical vesicle
without a neck and collar. It is most similar to the lower
Silurian Bursachitina (cf.) nana from the Baltic region
(e.g. Loydell et al. 2003, fig. 16ah; Méannik et al. 2015,
fig. 6ac), being, however, slightly more rounded.
According to Paris et al. (1999), Bursachitina is common
in the Silurian and Devonian strata, but only questionably
identified from the Ordovician so far. More recently,
however, Bursachitina has been identified from the upper
Floian of South China (e.g. Liang et al. 2020b, fig. 4A,
B). The occurrence of B. baldonia in the Darriwilian is
thus not surprising but further analysis is required to
ascertain its affinity with Chinese Lower Ordovician and
Baltic Silurian material.

Occurrence. Sakyna Formation, Darriwilian of Latvia.

CONCLUSIONS

In this paper, a Floian to early Darriwilian chitinozoan
collection from Latvia, characteristic of the deeper shelf
part of the Baltoscandian Basin, is described for the first
time. The studied assemblage from the Baldone drill core
contains altogether 35 species, with up to 13 species per
sample (19 when considering range-through data). It is
broadly similar to the previously known chitinozoan
assemblages from northern and central Estonia and
Sweden. However, four new species are described, and
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four species are identified from the Baltic region for the
first time. In particular, the assemblage of the Sakyna
Formation is distinct in containing new species, the
youngest occurrence of the genus Eremochitina and the
oldest occurrence of Bursachitina in Baltica. The new
data indicate an overall higher regional diversity of
chitinozoans in the early Darriwilian than previous
estimates, and suggest biogeographic ties with other
palaeocontinents, notably Laurentia and South China.
Biostratigraphically important species like Conochitina
raymondii, Cyathochitina regnelli and Tanuchitina
granbyensis help to constrain the age of the studied suc-
cession, but additional deeper shelf sections need to be
studied in order to enhance the biostratigraphic utility of
chitinozoans through the Oland Regional Series.
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Vara- ja Kesk-Ordoviitsiumi kitiinikud Kesk-Litis Baldone puuraugus

Jaak Nolvak, Yan Liang ja Olle Hints

Vara- ja Kesk-Ordoviitsiumi kitiinikud on Baltoskandias vordlemisi halvasti tuntud. See on vdhendanud nende biostrati-
graafilist vadrtust ning raskendanud arengu ja elurikkuse mustrite rekonstrueerimist. Kéesolevas artiklis on dokumen-
teeritud Flo ja Darriwili lademe kitiinikute levikut Baldone puursiidamikus Kesk-Litis, piirkonnas, kust varasem
andmestik praktiliselt puudub. Baldone puuraugu Alam- ja alam Kesk-Ordoviitsiumi kihtide 14bildige on Baltoskandia
idaosas iiks paksemaid ulatudes 85 meetrini, mida esindavad valdavalt punavirvilised ja harvem hallid merglid ning
lubjakivid. 20 uuritud proovist tuvastati kokku 13 perekonda ja 35 liiki kitiinikuid. Vanim kitiinikuid sisaldav proov
Flo lademe alaosast (Hunnebergi regionaal-lade) esindab {iht vanimat kitiinikute kooslust Baltoskandias. Flo lademe
lilaosa ja Dapingi lademe (Billingeni ja Volhovi regionaal-lade) punavarvilised kihid kitiinikuid ei sisalda, kuid Darriwili
lademesse kuuluvad Sakyna ja Baldone kihistu kivimid (Kunda regionaal-lade) sisaldavad rikkalikku ja hésti sailinud
kitiinikute kooslust. Labivat andmestikku arvestav taksonoomiline mitmekesisus ulatub neis kihtides 19 liigini proovi
kohta. Baldone puuraugu andmestik annab uusi teadmisi Eestis ja Rootsis Kunda regionaal-lademele iseloomuliku bio-
tsonaalse liigi Cyathochitina regnelli leviku kohta. Samuti leiti mitmeid teisi biostratigraafiliselt olulisi liike perekon-
dadest Cyathochitina, Conochitina ja Lagenochitina, mis on tiilipilised teistele regioonidele. Need liigid viitavad iihtlasi
Baltika paleokontinendi biogeograafilistele seostele teiste piirkondadega Darriwili eal. Rikkaliku materjali baasil oli
voimalik tdiendada kitiinikute taksonoomilise mitmekesisuse hinnanguid Baltoskandias ning kirjeldada neli uut kitii-
nikuliiki: Bursachitina baldonia, Conochitina ulsti, Eremochitina? procera ja Sphaerochitina? latviensis.
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