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Abstract. The general distribution of palynomorphs through the Cambrian—Ordovician
boundary interval at Tonismégi allows to establish five acritarch assemblages correspond-
ing to the P. spinolosa, Cordylodus proavus, C. intermedius, C. lindstromi, and C. an-
gulatus—C. rotundatus zones. Two new species are described (?Cymatiogalea procuvillieri
sp. n. and Stelliferidium cortinulamorphum sp. n.).
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INTRODUCTION

Several faunal groups have been studied from the Tonismagi outcrop
to define the Cambrian—Ordovician boundary in the Baltic region (Kaljo
et al., 1988). Unfortunately, the Upper Cambrian and Tremadoc sequence,
characterized by shallow water terrigeneous rocks in the Baltic—Ladoga
klint area and an incomplete discontinuous succession with numerous dis-
conformities, does not suit as key section for a boundary. Previous infor-
mation on the lithology, sedimentology, and fossil records from Tonismagi
is given in Kaljo et al. (1988). The present paper adds some more in-
formation on the distribution of the acritarchs in the same section. The
19 samples studied were collected from two profiles located about 50 m
from each other (see Fig. 1). Most of them, excluding those from the
Tiskre Formation (Lower Cambrian), contain acritarchs, of medium to
good preservation.

Three different levels (Cordylodus proavus, C. intermedius, or C.
lindstromi) have been proposed to be discussed by the International
Working Group on the Cambrian—Ordovician Boundary. However, no
final decision has been made yet. For this reason the lower boundary of
the Tremadoc remains open in this paper.

DISTRIBUTION OF ACRITARCHS

The acritarchs identified from the Tonisméagi section are listed in Fig. 2.
Some selected acritarchs are illustrated on Pls. I—III. Their general dis-
tribution through the study interval allows of the establishment of five
acritarch assemblages, which are numbered formally as A1—A5.
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Fig. 1. The geological succession through the Cambrian-—Ordovician boundary interval

at Tonismégi.

! thin laminated organic-rich argillites; 2 coarse-grain sandstone with detritus; 3 silt-
stone; 4 compact organic-rich argillites; 5 sandstone with interbeds of organic-rich argil-
lites and detritus; 6 intercalation of silt- and claystones; 7 pyrite-rich horizon; 8 “obolus-
coquina”; 9 basal conglomerate; 10 cross-bedding; 11 sample with acritarchs; 72 sample
without acritarchs; /8 the upper boundary of the Tiskre Formation; /4 the upper boundary
of the Ulgase Formation; 15 the approximate lower boundary of Bed 7; * subdivision by
Kaljo et al., 1988; ** subdivision by Norford, 1991.

Fig. 2. The distribution of the acritarchs through the Cambrian—Ordovician boundary
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interval in the Tonismégi section.
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PLATE 1

Fig. 1. Acanthodiacrodium angustum (Downie) Combaz; A-0477. Fig. 2. Acanthodia-
crodium comptulum Rasul; A-0483. Fig. 3. Arbusculidium destombesii Deunff; A-0480.
Figs. 4, 5. Cymatiogalea cuvillieri (Deunff) Deunff; A-0477. Fig. 6. Cymatiogaleq pro-
cuvillieri sp. n. (holotype); A-0478.



PLATE II

Fig. 1. Vulcanisphaera imparilis forma 4 Rasul; A-0485. Fig. 2. Cymatiosphaera sp.;
A-0485. Fig. 3. Priscotheca notata Volkova; A-0483. Figs. 4, 6. ?Leiofusa sp.; Valkla,
Ulgase Fm., sample A-0343. Fig. 5. Priscotheca complanata Deunif; A-0481.



PLATE 111

Fig. 1. ?Baltisphaeridium aff. “spinosum” Rasul; A-0483. Figs. 2, 3, 5. Stelliferidium
cortinulamorphum sp. n. (holotype); A-0478. Fig. 4. Trichosphaeridium hirtum Timofeev;
A-0481. Fig. 6. Stelliferidium cortinulum (Deunff) Deunif et al.: A-0477. Fig. 7. Cyma-
tiogalea procuvillieri sp. n.; A-0478.



The oldest microflora (Al), which contains typical Upper Cambrian
acritarchs (Figs. 1, 2), comes from the Ulgase Formation at Tonismagi
(samples A-0473, A-0474, A-0478, A-0479). The same assemblage has been
studied from different sections in North Estonia. At first it was considered
to be an equivalent of the Tremadoc (flukayckac & IlawksaBuuene, 1972;
Apucrosa, 1976), but later reinterpreted as a typical late Cambrian micro-
flora (Mens et al., 1989; Mens et al., 1993; Boakosa, 1982, 1990; Boakosa
& Mesnc, 1988). Unfortunately, the Ulgase Formation is characterized by
few fossil groups, only phosphatic inarticulate brachiopods Ungula inor-
nata (Mickwitz) and Lingulella sp. were observed in the Tonismégi
locality (Kaljo et al., 1988). The former is considered to be a type species
of Ungula inornata/Angulotreta postapicalis brachiopod Zone in the
Baltic—Ladoga klint area (Puura & Holmer, 1993; Ilonos et al., 1989)
corresponding to the lowermost part of the Upper Cambrian (approxi-
mately A. pisiformis—P. spinulosa trilobite zones). On the basis of
previous acritarch records, the Ulgase Formation was correlated roughly
with Olenus and P. spinulosa zones (Mens et al., 1989; Bouakosa, 1982).
However, this silty lithounit seems to have deposited for a relatively short
time limited with the P. spinulosa Zone. I would like to draw attention to
some other arguments confirming this conclusion.

First, assemblage A-1 contains a peculiar acritarch determined here as
?Leiofusa sp. (Pl. 11, figs. 4, 6). The same species was first described and
illustrated by Potter (unpublished Ph. D. Thesis, 1974) as short-ranging
Leiofusa scalenabullata sp. n. from the P. spinulosa Zone in Wales. In
addition to Britain, a similar species is also found in Newfoundland where
it is related to the lower and middle parts of the P. spinulosa Zone (Dr.
Parsons, pers. comm.). The short-ranging ?Leiofusa sp. should be a good
index acritarch for determining the P. spinulosa Zone in the East-European
Platform as well as Britain and Newfoundland.

Secondly, the Upper Cambrian succession in Scandinavia indicates
that the upper part of the Olenus Zone is usually missing except in
Scania. The new transgression corresponding to the P. spinulosa Zone is
registered elsewhere in Scandinavia, even in the Oslo region (see Mar-
tinsson, 1974, fig. 5). It is unlikely that the Baltic—Ladoga klint area,
where the Upper Cambrian sequence is represented by terrigenous rocks
typical of the shallow water conditions, was an area of sedimentation
during the Olenus time, whereas at the same time a break is documented
everywhere in Scandinavia. Probably, the Ulgase Formation was formed
during the transgression recorded elsewhere in Scandinavia (Martinsson,
1974) and corresponds to the P. spinulosa Zone.

The lowermost part of the Maardu Member (= Beds 3—5) has been
a subject of discussions for a couple of years. Bed 5 was previously cor-
related with the C. proavus Zone (Kaljo et al., 1988), but later reinter-
preted by Norford (1991) and correlated with the base of the C. lindstromi
Zone. Two samples, A-0480 and A-0475 collected from the argillite layer
between the basal conglomerate and “obolus-coquina” (Fig. 1), contained
Acanthodiacrodium angustum (Downie) Combaz, A. sinuosum Rasul,
Acanthodiacrodium sp. 1, Acanthodiacrodium sp. 2, Arbusculidium destom-
besii Deunff, ?Baltisphaeridium capillatum Jardine et al., Cristallinium sp.,
Cymatiogalea cuvillieri (Deunff) Deunff, Cymatiogalea aif. columellifera
(Deunff) Deunff, Cymatiogalea aff. cristata (Downie) Rauscher,
Micrhystridium sp., Priscotheca complanata Deunif, Stelliferidium cor-
tinulum (Deunff) Deunff, Gorka & Rauscher, Stelliferidium sp. Tricho-
sphaeridium hirtum Timofeev, Vulcanisphaera sp. Two samples (A-0481
and A-0476), collected some centimetres above the ‘“obolus-coquina” bed
(= Bed 5), yielded all the above-listed species (except Cristallinium sp.
and Vulcanisphaera sp.), additionally also Acanthodiacrodium comptulum
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Rasul, Arbusculidium striatulum Volkova, and Impluviculus aff. stellus
Rasul. The occurrence of graptolites from the Rhabdinopora flabelliformis
group and of an element of /apetognathus preaengensis on the same level
(= Bed 5) adds confusion into the interpretation of this acritarch assem-
blage. The reason is that the first appearance of Rhabdinopora-type
graptolites is regarded as a significant bioevent defining the lower
boundary of the Tremadoc. This event was nearly contemporaneous with
the appearance of C. lindstromi. This concept has found proof in several
successions (Erdtmann, 1988; Fortey et al., 1991; Landing, 1993) and the
earliest occurrence of Rhabdinopora-type graptolites in Estonia is con-
sidered to be questionable (Norford, 1991). One thing seems to be clear:
A-2 from the base of the Maardu Member is older than A-4 distinguished
from the upper part of the same unit (Figs. 1, 2). The general distribution
of acritarchs within the Maardu Member indicates one or two discon-
formities inside Bed 6 or at the base of Bed 7 at Tonismagi.

A-2 contains several taxa, like A. angustum, A. comptulum, A. destom-
besii, and A. striatulum, which should be important from the biostrati-
graphic point of view. Up to now the last species has been recorded only
in Estonia (Bouakosa, 1988) and it is probably endemic. A. angustum was
proposed by Volkova (Boskosa, 1990) to define the base of the Tremadoc
(sensu C. proavus). This proposal was later discussed and criticized by
Martin (1993). However, the results of several outcrop studies in Estonia
(Boskosa, 1989; BoukoBa & Menc, 1988) confirm that the earliest
specimens of A. angustum are established within the C. proavus Zone and
its appearance may have been coeval with that of the index conodont or
even earlier.

Probably, the earliest A. destombesii was recorded by Welsch (1986)
from the lower part of the Berlogaissa Formation, which shows a typical
acritarch community of the Peltura/Acerocare zones, and by Volkova
(BoakoBa, 1990) from the same level in the Baltic area and in the Moscow
Basin. In eastern Newfoundland the first A. destombesii were documented
from the bottom of the Clarenville Formation (Martin & Dean, 1981). This
level is considered to be a critical one and correspond to the Acerocare
Zone. The same species occurs, for instance in Marocco, in the base
(= acritarch zone 1) of the Fezouata Formation (Elaouad-Debbaj, 1988).
This portion of the formation (NB! with some graptolites determined as
Dictyonema sp.) has been interpreted as the equivalent of the Dictyonema
flabelliforme and Transitional Beds in Britain. The distribution of
acritarchs through the Fezouata Formation indicates that the earliest
acritarch assemblage comparable with acritarchs of the Dictyonema
flabelliforme Beds in Britain (Rasul, 1979; Downie, 1984) could be
assemblages 3 or 4 sensu Elaouad-Debbaj (1988) and in this case the
lowermost part of the formation is older than considered earlier.

Unfortunately, not many successions proceeding through the Cambrian
—Ordovician boundary interval have been studied in detail on acritarchs
and other fossils. An exception is the Digermul section in the northern
part of the East-European Platform where the first graptolites are
documented in the lower part of the Berlogaissa Formation within
acritarch biozone A-5 (Welsch, 1986). The Tremadoc age of assemblage
A-5 was opposed and criticized by Volkova (Bouakosa, 1993). Its com-
parison with the material from the other parts of the East-European
Platiorm shows quite clearly the late Cambrian age. With regard to the
zonation proposed by Volkova (Boskosa, 1990), the lowermost part of the
Berlogaissa Formation (at least profile la—d in Diegermul) is correlative
with Peltura and/or Acerocare zones. However, the first Rhabdinopora
are documented in the middle part of Be-1 (profile 2a—c) above the
acritarch-bearing beds, whereas inside Be-1 at least two levels with ripple
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marks (Welsch, 1986) are recorded. These may be indicative of discon-
formities. The middle (Be-2) and upper (Be-3) parts of the Berlogaissa
Formation are characterized by a relatively low diversity of the acritarch
assemblage without any good index taxa. C. cristala, chosen by Welsch to
define assemblage A-6, has similar forms already in the upper Cambrian
rocks and its biostratigraphic value is rather questionable. Consequently,
A-6 from the Berlogaissa Formation seems to be older than considered by
Welsch (1986).

A-3 is established about 0.6 m above the base of the Maardu Member
(= Bed 6). This part of the section, which is barren of conodonts, yields
acritarchs represented in A-2 and some new taxa (Acanthodiacrodium
papillare Timofeev, Leiosphaeridia tenuissima Eisenack, and Lunulidia
sp.). Over 90% of acritarchs derived from samples A-0482 and A-0477
belong to L. tenuissima and Leiosphaeridia sp. The bloom of the leio-
sphaeriids is well known and typical for instance of the Tiirisalu Forma-
tion. However, the acanthomorphic and galeat acritarchs accompanying
L. tenuissima in A-3 are quite distinctive from those in the Tiirisalu
Formation (Fig. 2). The precise correlation of Bed 6 remains open because
assemblage A-3 has an “intermediate face” between assemblages A-2 and
A-4. Its correlation with the C. intermedius Zone is not excluded.

A-4 comes from the upper part of the Maardu Member and is char-
acterized by several new species (Fig. 2). Kaljo et al. (1988) concluded
that Bed 7 corresponds to the C. infermedius Zone. Norford (1991) and
Landing (1993) reinterpreted previous fossil evidences and assigned this
part of the section to the C. lindstromi Zone.

Several acritarch species represented in A-4 should be good index taxa
for the determination of the C. lindsiromi Zone and maybe also the
Tremadoc boundary. ?Baltisphaeridium aff. “‘spinosum” Rasul, Dasydia-
crodium ornatum Combaz, Cymatiosphaera sp. 1, and Priscotheca notata
Volkova, observed in the Tonismégi section, have good correlation with
C. lindstromi. Also some other taxa not represented at Tonismagi but
documented in other localities (Orasoja and Lamoshka sections, un-
published data of I. Paalits) co-occur with C. lindstromi. These are
Acanthodiacrodium wubuii Martin and the Vulcanisphaera britannica
Rasul—V. imparalis Rasul group. In Shropshire (England) several above-
mentioned species are first recorded in the Dictyonema flabelliforme Beds
corresponding to the C. lindstromi Zone (Rasul, 1979). The assemblage
A-4 has the best correlation and is comparable with acritarchs determined
from the Dictyonema flabelliforme and Transitional Beds in Britain
(Rasul, 1979; Downie, 1984) and with the Fezouata Formation (=acritarch
zones 3 and 4) in Marocco (Elaouad-Debbaj, 1988).

The organic-rich argillites of the Tiirisalu Formation (Bed 9) corre-
sponding to the C. angulatus—C. rotundatus Zone (Kaljo et al., 1988)
contain low-diversity microflora (A-5) with the dominance of L. fenuissima
and Lophosphaeridium zalesskyi (Naumova) Umnova accompanied by
very rare acanthomorphic and galeat acritarchs (Acanthodiacrodium sp. 5,
Acanthodiacrodium sp. 6, Cymatiogalea cristaia, Cymatiosphaera sp. 2,
Leiosphaeridia wvoigti Eisenack, Stelliferidium pseudoornatum Pittau,
S. distinctum (Rasul), and Vulcanisphaera imparilis forma 4). A similar
palynoflora appears to be typical of the deposits of the C. angulatus Zone
in the East-European Platform (Eisenack, 1958; Tongiorgi & Ribecai,
1990; YmHoBa & ®angepduaur, 1971; Ymuosa, 1975).
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SYSTEMATIC DESCRIPTION

Abbreviations: Dv—diameter of vesicle; Lp—total length of process; Lip—
length of furcated part of process; Bp—basal breadth of process; Dpf—
diameter of polygonal field; Dop—diameter of operculum; Np—number of
processes.

ALGAE INCERTAE SEDIS
Group ACRITARCHA Evitt, 1963

Genus Cymatiogalea Deunfi, 1961, emend. Deunfi, 1964, emend. Deunfi,
Gorka et Rauscher, 1974

?Cymatiogalea procuvillieri sp. n.
Pl. Iifig. 6;5pl. Iikufig7

1990 Cymatiogalea aff. C. cuvillieri (Deunff) Deunif, Gorka et Rauscher:
Bouakosa, pl. 8, fig. 5.
1992 Cymatiogalea sp. 1: Paalits, Pl I, fig. 3.

Holotype: Pl. I, fig. 6.

Stratum typicum: Ulgase Formation, Upper Cambrian.
Locus typicus: Tonismdgi section in Tallinn, North Estonia.
Material: more than 20 specimens.

Diagnosis: Vesicle originally globular. The processes are homomorphic
and placed regularly dividing the vesicle into polygonal fields. The process-
es are small, solid, nonfurcated with acwninated or blunted tips. These
have a curved contact with the vesicle and are proximally sometimes
ornamented with a ray-like structure. The processes can be connected with
each other with a fold.

The configuration of the fields is usually pentagonal. The hexagonal
and quadrangular types of fields are rare. The edge of the fields is
bordered by three processes. The formula of the tabulation is 1:6:6:1,
1:5:6:1, or 1:5:2. The surface on the vesicle is smooth or rugulated.

The excystment is represented by a pylom-like structure formed by
separation of the pseudotabulae.

Dimensions: (10 specimens) Dv: 16.5—28.0 (20.1) um; Lp: 1.5—3.0
(2.0) um; Dpf: 6.0—8.5 (7.5) um; Dop: 8.0—11.5 (9.5) pm.

Comparison: ?C. procuvillieri sp. n. differs from C. cuvillieri (Pl. I, figs.
4, 5) in the number of the processes bordering the edge of the polygonal
fields and in the morphology of processes. The holotype of C. cuvillieri
illustrated by Deunff (1961) has four processes on an edge and it bears
a well-developed typical macropylom, which is absent in ?C. procuvillieri
sp. 1.

Remarks: ?C. procuvillieri sp. n. has an excystment mode nontypical but
quite commonly represented in several late Cambrian acritarchs, for
instance Raphesphaera and Cristallinium. 1t is characterized by an un-
clearly developed pylom-like structure without a distinet operculum. The
rupture-like opening of ?C. procuvillieri sp. n. follows the edges of the
pseudotabulae (PL. I, fig. 6). In the extreme case the opening rupture can
occupy more than one pseudotabula (see also Boakosa, 1990, pl. 8, fig. 5).
It is supposed here that acritarchs of ?C. procuvillieri sp. n. type represent
an dancestor lineage of the galeate acritarchs with an archaic excystment
mode.
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Occurrence: Ulgase and Tsitre formations, corresponding to the Parabolina
spinulosa and Leptoplastus zones, Upper Cambrian, North Estonia (Paa-
lits, 1992; Boakosa, 1990).

Genus Stelliferidium Deunff, Gorka et Rauscher, 1974

Stelliferidium cortinulamorphum sp. n.
PL. LI, -figs. 2,73, and 5

1990 Stelliferidium aff. S. cortinulum (Deunff) Deunff, Gorka et Rauscher:
Bouakosa, pl. 2, figs. 17 and 19.

1991 ?Stelliferidium sp. cf. S. cortinulum (Deunif) Deunff, Gorka et
Rauscher: Di Milia, pl. 2, fig. 12.

1992 Stelliferidium sp.: Paalits, Pl. I, fig. 7.

Holotype: PI. III, fig. 5.

Stratum typicum: Ulgase Formation, Upper Cambrian.
Locus typicus: Tonisméagi section in Tallinn, Estonia.
Material: over 200 specimens.

Diagnosis: Vesicle originally globular, with macropylom and covered with
processes. These are heteromorphic and located irregularly on the antapex
and regularly on the apex. The interval between processes varies from 2
to 5 um. The distal parts of the processes are furcated to the first or
second order. The proximal parts of the processes are widened, they have
curved contact with vesicle and are weakly ornamented with ray-like folds.
The interior of processes is solid or hollow (represented by single
trabeculates) without free communication into the vesicle cavity. The
antapex is totally covered with processes. On the apex some processes are
located regularly in rows. Usually four or five rows are formed in a
tabulation-like order. The row consists of two or three processes.

The surface on the vesicle and on the operculum is uniform, rugulated.
The configuration of the pylom and operculum is rounded, subrounded, or
subpolygonal. The pylom is simple without or with a collar and decorated
with knob-like nonfurcated processes.

Dimensions: Dv: 25.0—37.5 (31.6) um; Dop: 5.0—22.0 (17.5) pm; Lp: 3.5—
8.5 (6.5) pm; Bp: 1.7—2.5 (2.3) wm; Lfp: 0.5—4.5 (1.6) wm; Np: 19—58
(37)

Comparison: S. cortinulum appears to be one of the most often cited
acritarch species from the Upper Cambrian—Tremadocian rocks elsewhere
in the world. However, its diagnosis seems to be unclearly defined.
Typical S. cortinulamorphum sp. n. differs from S. cortinulum in the loca-
tion of the processes, which are arranged irregularly on the anapex and
placed regularly on the apex.

S. cortinulamorphum sp. n. may be an intermediate form between
stelliferiids and cymatiogaleas because of common elements in the mor-
phology of both genera. For instance, the ray-like structure on the bases
of processes and their irregular location on the anapex pole is character-
istic of stelliferiids and weakly developed pseudotabulation on the apex is
a typical morphological element of cymatiogaleas.

Occurrence: Very common in the Ulgase and Tsitre formations, Upper
Cambrian, P. spinulosa—Leptoplastus zones, North Estonia; Solanas
Sandstone Formation, Upper Cambrian, Central Sardinia, Italy (Di Milia,
1991). ' :
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AKRITARHID KAMBRIUMI JA ORDOVIITSIUMI PIIRIKIHTIDEST
TONISMAE PALJANDIST TALLINNAS

Ivo PAALITS

Tonismée paljandist on voimalik vélja eraldada vahemalt viis akritarhi-
kompleksi, mis on korreleeritavad P. spinolosa, C. proavus’e, C. inter-
medius’e, C. lindstromi ja C. angulatus’e—C. rotundatus’e tsoonidega.
Graptoliite sisaldava Maardu kihistiku basaalis (kihid 3—5) leidub akri-
tarhe, mis on iseloomulikud C. proavus’e tsoonile. C. lindstromi tsoonile
tatipilised akritarhid on aga méaédratud Maardu kihistiku {ilemisest osast
(kiht 7). Siistemaatilises osas on kirjeldatud kaht uut liiki (?Cymatio-
galea procuvillieri sp. n. ja Stelliferidium cortinulamorphum sp. n.).
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AKPUTAPXU MOTPAHUYHBIX CJIOEB KEMBPHS U OPILOBUKA
U3 PA3PE3A TbBIHUCMATH, TAJJIUHH

HUso TTAAJIUTC

B cBogHOM paspese NOrpaHHYHOrO HHTepBasia KeMODHS H OpJOBHKA,
NpPEeNCTaBJEHHOTO OTJIOKEHHIMH I0Jra3eckoil, KaJjuaBepecKoil H TIOpHcaJy-
CKOH CBHT, yCTAHOBJIEHBl NATH KOMIJIEKCOB akpHTapx. HuXHHH H3 HHX
NIPOHCXOAHUT H3 IOJIra3eCKOil CBHTHI, ABa CJAELYIOUIHX — H3 HHXKHeH 4acTH
MaapAyCKo#l MNayku KaJlJaBepecKod CBHTHI, COOTBETCTBYIOILEH KOHOLOHTO-
Boft 3oHe Cordylodus proavus, yeTBepThiil — H3 oTJ0xeHHi 3oubl C. lind-
stromi u nATHIH — u3 oTyokKeHuH 3ombl C. angulatus—C. rotundatus.

Ianpl onucanuss ABYX HOBbIX BHIOB — ?Cymatiogalea procuvillieri .
sp. n. u Stelliferidium cortinulamorphum sp. n.
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