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Abstract. Multiproxy correlation is used to address the boundary of the Kukruse and Haljala regional stages across the Estonian
part of the Baltoscandian Ordovician Palaeobasin. New biostratigraphic information on conodonts, chitinozoans and ostracods from
the Peetri outcrop, northwestern Estonia, integrated with micropalaeontological data from five core sections all over Estonia, allows
justification of the position of the stage boundary and correlation between conodont and chitinozoan biozones. In the Peetri outcrop
a marked stratigraphic hiatus was recognized at the Kukruse–Haljala boundary – the Baltoniodus gerdae conodont Subzone and the
Armoricochitina granulifera, Angochitina curvata, Lagenochitina dalbyensis and Belonechitina hirsuta chitinozoan zones are missing
in the section. The lowermost part of the Tatruse Formation in central Estonia and the Adze Formation in southern Estonia are older
than previously thought, and the results show a principal advantage of the multiproxy method over singlegroup studies. The lower
boundary of the Haljala Regional Stage is tied to the interval with gaps that are common all over the stratotype region.
Key words: conodonts, chitinozoans, ostracods, biostratigraphy, Haljala Regional Stage, Upper Ordovician, Estonia.

INTRODUCTION
The Middle and Upper Ordovician outcrop area in
northern Estonia is characterized by shallowwater
carbonate sediments. The succession is incomplete and
yields numerous discontinuities and gaps (Männil 1966;
Jaanusson 1976; Nestor & Einasto 1997). Ostracods,
chitinozoans, conodonts and acritarchs are main fossils
used in stratigraphic work on Estonian sections. Although
different groups have often been used to characterize a
section, the consistency of correlation between zonations
based on them has not always been discussed.
Regional stages are the principal category in the
chronostratigraphy of the Ordovician System in Estonia.
The basic concepts used by Schmidt (1858, 1881) have
further been developed by many authors (Meidla et al.
2014 and references therein). Estonian timestratigraphic
nomenclature is still serving as a proxy for the Middle and
Upper Ordovician of the Baltoscandian region (e.g.
Bergström et al. 2009), although this is becoming a matter
of debate (see Appendix A in Kumpulainen 2017).
The Haljala Regional Stage (RS), introduced by V.
Jaanusson in 1995, is the newest stage in the Ordovician

chronostratigraphic scheme of Estonia. It replaced the
former Idavere and Jõhvi regional stages that are now
treated as substages of the Haljala RS (Jaanusson 1995).
This change was caused by difficulties in distinguishing
the former two stages in sections located outside the North
Estonian outcrop area. The lower boundary of the Haljala
RS is defined as that of the former Idavere RS (Jaanusson
1995) and is marked by a distinct discontinuity surface in
its type area (Jaanusson 1945). Later, the lower boundary
of the Haljala RS was proposed to correspond to the base
of the Armoricochitina granulifera chitinozoan Zone
(Hints et al. 1994). In the conodont succession, the lower
boundary of the Haljala RS corresponds to a level slightly
above the base of the Baltoniodus gerdae conodont
Subzone (Männil 1986). The upper boundary of the
Haljala RS coincides with the base of the Kinnekulle K
bentonite (= upper boundary of the former Jõhvi RS) and
is defined as the base of the overlying Keila RS (Hints &
Nõlvak 1999). No proposals have been made for defining
a stratotype for the base of the Haljala RS.
A gap at the lower boundary of the Haljala RS in
northern Estonia is well known (Rõõmusoks 1970;
Nõlvak 1972; Männil et al. 1986; Põlma et al. 1988; Hints
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& Nõlvak 1990; Nõlvak & Hints 1991, 1996; Hints et al.
1994; Hints 1997a). In numerous outcrops, including also
the Peetri section, it is marked by a considerable change
in macrofossil successions (Rõõmusoks 1970; Põlma et
al. 1988). The reduced thickness of the Idavere Regional
Substage (RSs) in the Peetri section is generally
recognized (see references above) but some papers also
emphasize the difficulties with locating the boundary
between the Idavere and Jõhvi substages in this section
(Hints & Nõlvak 1990).
The present paper addresses the distribution of micro
fossils in the Peetri section and the problems related to both
boundaries: the lower boundary of the Haljala RS and the
boundary between the substages in the section as well as in
the Estonian part of the Ordovician Baltoscandian Palaeo
basin in general. It is noteworthy that in many older papers
the faunal logs are restricted just to limited intervals of the
Peetri section (the Haljala RS or the Kukruse RS – for
example, Öpik 1930; Rõõmusoks 1970; Jaanusson 1976;
Põlma et al. 1988; Hints & Nõlvak 1990; Nõlvak & Hints
1991, 1996) and the expression of the stage boundary in the
distribution of different fossil groups is rarely addressed. A
continuous succession across this boundary in the Peetri
section has not been published before. We carried out a
multiproxy analysis of biostratigraphy (conodonts,
chitinozoans, ostracods, algae) in the Peetri section and
compared the results with the published data on other
representative sections all over Estonia, in order to clarify
the chronostratigraphy in this interval.

GEOLOGICAL SETTING
The Baltoscandian Ordovician Palaeobasin represents a
typical epicontinental basin with a relatively low but
variable rate of subsidence. The nearshore area of the
Baltoscandian Ordovician Palaeobasin (designated as
‘Estonian shelf’ by Harris et al. 2004) was characterized
by discontinuous accumulation of relatively pure shallow
water carbonates, whilst more argillaceous deposits occur
in its deeper parts (Scandinavian and Livonian basins by
Harris et al. 2004) (Fig. 1). The Kukruse RS and the
Haljala RS comprise the lowermost part of the Upper
Ordovician succession in Estonia. The Kukruse RS is also
known as an interval containing the commercially
exploited oil shale (kukersite). The thickness of the stage
varies between 3 m in West Estonia and 20 m in East
Estonia (Hints 1997b). The Haljala RS is overlying the
Kukruse RS and capped by the thick Kinnekulle K
bentonite layer marking the boundary between the Haljala
RS and the Keila RS. The thickness of the Haljala RS in
Estonia varies between 10 and 20 m (Hints 1997a).
The principal kukersitecontaining interval in the
North Estonian succession, starting from the base of the

lowermost commercial oil shale bed, is treated as the
Viivikonna Formation (Fm). The original concept of the
formation (Männil & Rõõmusoks 1984) was wider and
included also part of the underlying Kõrgekallas Fm and
of the overlying Tatruse Fm, but was revised later by
Männil (1986). The Viivikonna Fm is distributed in the
northern, northeastern and central parts of Estonia,
northeast of the line between Osmussaar Island in NW
Estonia and Mehikoorma Village located on the
southwestern coast of Lake Peipsi (Hints 1997b). The
Viivikonna Fm grades westwards into a bioclastic
limestone unit termed as the Pihla Fm and southwards into
a kukersitefree limestone with dark pyritized skeletal
debris – the Dreimani Fm (Hints 1997b). The lower
boundary of the Viivikonna Fm in northern Estonia
coincides by definition with the base of the Kukruse RS,
with the lower boundary of the kukersite bed A that
represents a well recognizable marker horizon in northern
northeastern Estonia (Hints 1997b). The distinction
between the Viivikonna Fm and the overlying Tatruse Fm
is rather problematic. Originally, in the subsurface of
northeastern Estonia the boundary was treated as
corresponding to a distinct marker horizon, to the upper
surface of the kukersite seam X (Männil 1986). Within
and near the outcrop belt, however, the upper part of the
Viivikonna Fm is missing due to a gap in the succession
(Männil 1986). In the areas of the incomplete sedimentary
interval, this sedimentary gap coincides with the boundary
between the Kukruse RS and Haljala RS. This boundary
is usually drawn at a double pyritized discontinuity
surface (characterized by distinctive cavities, 5 cm or
more in diameter and sometimes extending more than
40 cm downwards) or to the lowermost discontinuity
surface of a series of surfaces (Põlma et al. 1988), or to a
level between them in some cases (Nõlvak 1972). The
biostratigraphic evidence for this boundary is rather
limited.
In the latest correlation charts (Männil & Nestor 1987;
Männil & Meidla 1994; Meidla et al. 2014), the Haljala
RS comprises the Tatruse Fm and the lower parts of the
Kahula (in North Estonia) and Adze (in South Estonia)
formations. The Tatruse Fm is known as regularly bedded
hard bioclastic limestone. It was originally (Männil &
Rõõmusoks 1984) established as a member within the
Viivikonna Fm but later on (Männil 1986) raised to the
rank of formation that represents the lower part of the
Haljala RS. The Tatruse Fm can be recognized all over
northern Estonia, the area between Keila and Raasiku
being a likely exception (Rõõmusoks 1983). Argillaceous
limestones of the lower Kahula Fm represent the upper
part of the Haljala RS. The lower part of the Kahula Fm
comprises the Vasavere Member (Mb), usually attributed
to the Idavere RSs of the Haljala RS, which consists of
argillaceous limestones with marl and bentonite
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Fig. 1. Location of the sections discussed or referred to in the text. Legend: 1, core section shown in Fig. 6; 2, outcrop; 3, supple
mentary core sections referred to in the text; 4, profile in Fig. 6; 5, facies boundary; 6, state border.

interlayers. The Adze Fm replaces the Tatruse and Kahula
formations in southern Estonia. It is represented by
strongly argillaceous limestones with thin bentonite layers
and in places with phosphatic ooids (Hints 1997a).
Kbentonites (beds of volcanic ash) are regionally
useful lithostratigraphic marker horizons (Bergström et al.
1995). The Haljala RS contains the absolute majority of
bentonites of the Ordovician succession in Estonia. The
number of Kbentonite beds in this interval reaches up to
18 in Hiiumaa Island, western Estonia (Hints 1997a). The
number of Kbentonites increases further towards Sweden
where they are attributed to the Grefsen and Sinsen
bentonite groups (Bergström et al. 1995). The Vasavere
Mb in eastern and northeastern Estonia contains two K
bentonite beds of the Grefsen bentonite group. The upper
bed, historically designated as the bentonite ‘b’ (by
Jürgenson 1958 as metabentonite b), marks the boundary
between the Idavere RSs and Jõhvi RSs of the Haljala RS
(Männil 1963). Southwards, the number of Kbentonites
decreases and the boundary Kbentonite is difficult to
recognize (Hints 1997a). Additionally, Kbentonites of the
Grefsen group are difficult to distinguish from other
stratigraphically closely located Kbentonites not only
lithologically but also geochemically (Bergström et al.
1995; Kiipli et al. 2014). This suggests that Kbentonites
should be used with precaution as markers of stratigraphic
boundaries within the Haljala RS (see also Nõlvak &
Hints 1996). However, as no significant faunal changes
occur at the boundary between the substages in the Haljala
RS, it is difficult to recognize without applying the
‘bentonite criteria’ (Öpik 1930; Männil 1963; Rõõmusoks
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1970; Jaanusson 1976, 1995; Põlma et al. 1988; Hints &
Nõlvak 1990; Hints et al. 1999).
Among different fossil groups, graptolites have rather
limited value for the correlation of the lower boundary of
the Haljala RS, mainly because of their overall scarcity in
the Ordovician carbonate rocks in Estonia (Meidla et al.
2014). According to Männil (1976), the quantity of
graptolites in the Estonian succession decreases markedly
in this interval. In several correlation charts (Tikhij 1965;
Männil & Nestor 1987; Männil & Meidla 1994), the strata
equivalent to the Haljala RS are tentatively referred to the
Diplograptus foliaceus (D. multidens) graptolite Zone but
this correlation is based on indirect evidence only. The
occurrence of Pseudoclimacograptus cf. scharenbergi
(=Pseudoclimacograptus scharenbergi f. typica: Männil
1976, fig. 4) in the Haljala RS mentioned by Kaljo (1997)
has very limited stratigraphic value: P. scharenbergi
(Lapworth, 1876) ranges from the midDarriwilian up into
the lower Katian in the U.K. (Zalasiewicz et al. 2009).
Amplexograptus baltoscandicus (Jaanusson 1995) (=A.
maxwelli, Goldman et al. 2015) was formerly considered
as a good marker for the base of the Jõhvi RSs (Männil
1976, 1990), but was later recorded also in the Vasavere
Mb in the Peetri section (Hints & Nõlvak 1990).
In the conodont succession, the lower boundary of the
Haljala RS lies within the Amorphognathus tvaerensis
conodont Zone (Bergström 1971) and is tentatively drawn
slightly above the base of the Baltoniodus gerdae conodont
Subzone (Männil 1986, fig. 2.1.1; Meidla et al. 2014 and
references therein). In the chitinozoan succession, the
lower boundary of the Haljala RS was confined to the base
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of the Lagenochitina dalbyensis chitinozoan Zone in older
papers (Tikhij 1965; Männil & Nestor 1987). The
discovery of strata with Armoricochitina granulifera
(=Cyathochitina cf. reticulifera in Männil 1986) and
Angochitina curvata below the first appearance level of L.
dalbyensis in some core sections in central Estonia
changed the concept of the Idavere RSs (Männil 1986;
Nõlvak & Grahn 1993; Männil & Meidla 1994; Nõlvak
1997; Nõlvak et al. 2006). Today, the lower boundary of
the Haljala RS is drawn below the A. granulifera
chitinozoan Zone and is thought to coincide with the top
of the Laufeldochitina stentor chitinozoan Zone (Nõlvak
& Grahn 1993). The illustrations and discussion of
characteristic chitinozoans can be found in Nõlvak et al.
(1999), Grahn & Nõlvak (2010) and Bauert et al. (2014).
There is no characteristic species of macrofossils
useful for the definition of the lower boundary of the
Haljala RS (Hints 1997a). Alternatively, carbon isotope
chemostratigraphy has become an important tool for
regional correlations (Ainsaar et al. 2010) with the Lower
Sandbian Excursion (Bauert et al. 2014), which is also
known as ‘upper Kukruse low’ (Kaljo et al. 2007) and
found to correlate with the upper part of the Kukruse RS.
Constancy of the latter excursion needs further research
inside Baltoscandian successions and is beyond the scope
of this paper.

THE PEETRI OUTCROP
The Peetri outcrop is located in the Saue Parish, Harju
County, west of Tallinn, near the Tallinn–Keila Highway.
It consists of two outcrops: an inclined shaft exposes the
lower part of the succession, and a trench along the eastern
edge of the excavation (59.364869°N, 24.499064°E) in
front of the historical military fortification (59.365461°N,
24.499975°E), termed in former papers as ‘deep trench’
(Hints & Nõlvak 1990), exposes the upper part of the
succession. The overlap between them is shown in Figs 2
and 3. The upper Peetri outcrop (trench) exposes argilla
ceous limestones of the Kahula Fm, with the Vasavere Mb
being represented in a rather limited thickness (0.5–0.6 m)
at its base (Rõõmusoks 1983). The basal part of the
succession contains two Kbentonites of the Grefsen
complex (Bergström et al. 1995; Kiipli 2008). The lower
Peetri outcrop (shaft) exposes the lower part of the Kahula
Fm with the same two Kbentonites exposed in the
uppermost part of the succession. Below the distinct
discontinuity surface, which is regarded as the upper
boundary of the Viivikonna Fm, the section is represented
by argillaceous to bioclastic limestone with kukersiterich
interbeds.
The first reference to the Peetri outcrop by Pogrebov
(1920) reports the thickness of the kukersiterich part of

the section reaching 9 m, and this was confirmed by
Bekker (1921). Rõõmusoks (1970, pp. 132–134) gave one
of the first full descriptions of the Peetri composite
section. His lithological description and macrofaunal data
are still extensively used (Hints & Nõlvak 1990; Nõlvak
& Hints 1991, 1996; Kiipli 2008) and serve as reference
material for the current study (Figs 2, 3).

METHODS
Altogether 15 conodont samples were collected from both
outcrops at Peetri in 2014–2016 (see Table 1). The
sampling was aimed at covering the transition from the
Kukruse RS to the Haljala RS, based on the published
information (Rõõmusoks 1970; Nõlvak & Hints 1996).
The average sample weight was about 3.6 kg. Each
sample was broken down to pieces with diameter up to
10 cm for further processing. The weighed samples were
soaked in acetic acid, to dissolve the limestone, following
the procedure described by Jeppsson et al. (1999). The 7–
8% solution of acetic acid was replaced in every 2 weeks,
when most of the acid had reacted with limestone. Simple
washing with water through a 64 µm sieve was used to
dispose the clay component after the complete dissolution
of a sample. The washed residue was further treated with
formic acid, to get rid of dolomite, and with hydrogen
peroxide, to get rid of organics when needed. The particles
of different density were then separated in heavy liquid
(bromoform) and the light fraction was discarded. The
heavy fraction was inspected and the conodont elements
were picked under the stereo microscope at a magnifi
cation of ×16–25. The sample preparation was carried out
in the Department of Geology, University of Tartu, and
the specimens studied are deposited at the Natural History
Museum, University of Tartu (TUG), under the collection
number TUG 1793.
In addition to the previous collection of chitinozoans
(Hints & Nõlvak 1990), six samples (Table 1) were
collected to cover the transition interval between the
Kukruse and Haljala regional stages. The collected
samples (weight 0.5–0.9 kg) were dissolved using
hydrochloric and acetic acids. Chitinozoan samples and
preparations are deposited at the Department of Geology,
Tallinn University of Technology (institutional repository
code GIT).
To complement the ostracod data from Peetri, six
ostracod samples with a weight of 500–1000 g were
collected in 2016 (Table 1). Coarsely crushed rock
material (fragment size 2–3 cm) was treated using a
standard physical disintegration method of sodium
hyposulphite, repeated heating and cooling cycles (Meidla
1996; Perrier et al. 2012) (about 10–40 cycles, depending
on rock properties, were required). The disintegrated
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80
6WDJH

6DQGELDQ

6HULHV

8SSHU2UGRYLFLDQ
+DOMDOD

.XNUXVH

5HJLRQDO
6WDJH



























P

'HHSWUHQFK

&RQRGRQWV

=RQH
%DOWRQLRGXVDOREDWXV

"

6XE]RQH

+LQWV 1}OYDN

7KLVSDSHU

3UREOHPDWLFLGHQWL¿FDWLRQRIWD[D FID൵"

5HOLDEOHLGHQWL¿FDWLRQRIWD[D

'LVFRQWLQXLW\VXUIDFH

.EHQWRQLWHOD\HU

$UJLOODFHRXVPHGLXPEHGGHGOLPHVWRQH

$UJLOODFHRXVWKLQWRPHGLXPEHGGHGOLPHVWRQH

$UJLOODFHRXVOLPHVWRQHZLWKNXNHUVLWHFRQWHQW

&KLWLQR]RDQV

Fig. 2. Distribution of conodonts, chitinozoans and prasinophyceans in the Peetri section.

,QFOLQHGVKDIWZDOO

%DOWRQLRGXVYDULDELOLV
$PRUSKRJQDWKXVWYDHUHQVLV
3DURLVWRGXVVSS
6FDOSHOORGXVVSS
6HPLDFRQWLRGXVVS
3DQGHURGXVVSS
'UHSDQRLVWRGXVVXEHUHFWXV
(RSODFRJQDWKXVHORQJDWXV
:DOOLVHURGXVVS
&RHORFHURGRQWXVWULJRQLXV
3VHXGRRQHRWRGXVVS
3HULRGRQVS
'HFRULFRQXVVS
%DOWRQLRGXVDOREDWXV

$PRUSKRJQDWKXVWYDHUHQVLV
%DOWRQLRGXVYDULDELOLV

&\DWKRFKLWLQDFDOL[
5KDEGRFKLWLQDPDJQD
&RQRFKLWLQDHOHJDQV
'HVPRFKLWLQDPLQRU
%HORQHFKLWLQDFRPPD
&\DWKRFKLWLQDNXFNHUVLDQD
&RQRFKLWLQDGRORVD
'HVPRFKLWLQDDPSKRUHD
/DXIHOGRFKLWLQDD൵VWULDWD
&\DWKRFKLWLQDFDPSDQXWDHWRUPLV
5KDEGRFKLWLQDVS
(LVHQDFNLWLQDUKHQDQD
'HVPRFKLWLQDHORQJDWD
5KDEGRFKLWLQDJUDFLOLV
3LVWLOODFKLWLQDVSQ
(XFRQRFKLWLQDSULPLWLYD
'HVPRFKLWLQDQRGRVD
&RQRFKLWLQDPLQQHVRWHQVLV
6SLQDFKLWLQDPXOWLUDGLDWD
6SLQDFKLWLQDFHUYLFRUQLV
+HUFRFKLWLQDVS
3UDVLQRSK\WD
/HLRVSKDHULGLDEDOWLFD
7DVPDQLWHVVS

/DXIHOGRFKLWLQDVWHQWRU

6SLQDFKLWLQDFHUYLFRUQLV

"

(LVHQDFNLWLQDUKHQDQD

=RQH
6XE]RQH

Estonian Journal of Earth Sciences, 2020, 69, 2, 76–90

81
6WDJH

6DQGELDQ

6HULHV

8SSHU2UGRYLFLDQ
+DOMDOD

.XNUXVH

5HJLRQDO
6WDJH



























P

,QFOLQHGVKDIWZDOO

'HHSWUHQFK

7KLVSDSHU

6DUYLQ
3}OPDHWDO







$UJLOODFHRXVOLPHVWRQHZLWKNXNHUVLWHFRQWHQW

$UJLOODFHRXVWKLQWRPHGLXPEHGGHGOLPHVWRQH

$UJLOODFHRXVPHGLXPEHGGHGOLPHVWRQH

.EHQWRQLWHOD\HU

'LVFRQWLQXLW\VXUIDFH

Fig. 3. Distribution of ostracods in the Peetri section.

FI
7HWUDGDFISHUSODQD
%DOWLFHOODELQRGLV
5DNYHUHOODVSLQRVD
3HUVSLFLOOXPSHUVSLFLOOXP
%UDGHUXSLDDV\PPHWULFD
6LJPRRSVLVFRUQXWD

2VWUDFRGV

7HWUDGDFDOFHUL
3ULPLWLHOOD"NXFNHUVLDQD"
*HQQVSQ
9RJGHVHOODFIVXERYDWD
3RO\FHUDWHOODNXFNHUVLDQD
7HWUDGDNUDXVHL
3\[LRQDODWXP
&HUDWREROELQDPRQRFHUDWLQD
&\WKHUHOOLQDMRQHVLL
$LULQDDPDELOLV
/RQJLVFXODSDUUHFWLV
+HQQLQJVPRHQLDVSQ
7YDHUHQHOODWXEHUFXODWD
'LVSDULJRQ\DNRJHUPDQL
6LJPREROELQDYDULRODULV
6WHXVOR৽QDUDGLFXORVD
3ODW\EROELQDNDSWH\QL
*HQQVSQ
2EOLTXHV\OWKLVLPDJR
%ROELQDPDMRU
6LJPRRSVLVSODW\FHUDV
8QLVXOFRSOHXUDVS$6LGDUDYLþLHQH
: Sidaravičiene, 1992
&RQFKRSULPLWLDVXOFDWD
3HQWDJRQDSHQWDJRQD
%UHYLEROELQDGRUQEXVFKL
+RPHRNLHVRZLDIULJLGD
3RO\FHUDWHOODDOXYHUHQVLV
.LHVRZLDVFRSXORVD
"
7HWUDGDPHPRUDELOLV

%ROELQDRUQDWD
&RQFKRSULPLWLDVSQ
3LUHWLOLQDMXHSWQHUL
.UDXVHOORLGHVVSQ
5HFWHOODH[JUURPERIRUPLV
6LJPRRSVLVURVWUDWD
*HQQVSQ
/RPDWREROELQDPDPPLOODWD
2EOLTXHV\OWKLVVSQ
/RQJLVFXODDUFXDULV
*HQQVSQ
3VHXGRUD\HOODFIFRQFLQQD
9RJGHVHOODVXERYDWD
8QLVXOFRSOHXUDSXQFWRVXOFDWD
(DVFKPLGWHOODIUDJRVD
&DULQREROELQDFDULQDWD
5HFWHOOD]LFNHUHQVLV
6HYHUREROELQDHOOLSWLFD
6LJPRRSVLVURVWUDWD
3HGRPSKDOHOODMRQHVLL
3\[LRQQLWLGXP
%LFKLOLQDSULPD
6LJPRRSVLVVSQ
+RPHRNLHVRZLDVSQ
+HVSHULGHOODHVWKRQLFD

7DOOLQQHOODUHWLFXODWD
7HWUDGDSHUSODQD

&UDVSHGRS\[LRQFIXQGXORVXP
&WHQRQRWHOODELGHQV
1HRWVLWUHOODORQJDWD

3HGRPSKDOHOODMRQHVLL
%LFKLOLQDSULPD

=RQH

T. Paiste et al.: Lower boundary of the Haljala Regional Stage

Estonian Journal of Earth Sciences, 2020, 69, 2, 76–90
Table 1. List of samples from the Peetri composite section. Sample depths with respect to the top of a complex of discontinuity
surfaces 0.1 m below the lower Kbentonite layer
:;<=>(,+#,&'(#-5#'%FE*)'#5/-F#(6)#$))(/&#>-FE-'&()#')>(&-2"#;%FE*)#3)E(6'#&2#>-FE%/&'-2#(-#(6)#(-E#-5#%#>-FE*)?#-5#3&'>-2(&21&(4#
'1/5%>)'#O"<#F#0)*-.#(6)#*-.)/#]f0)2(-2&()#*%4)/#

W-2-3-2(#
'%FE*)#
W-<#
W-D#
W-=#
W-B#
W-G#
W-H#
W-V#
W-Y#
W-U#
W-<O#
W-<<#
W-<D#
W-<=#
W-<B#
W-<G#

;%FE*)3#&2()/^%*#
MFN#
<"V=#(-#Q<"YY#
O"V=#(-#QO"Y=#
O"==#(-#QO"B=#
O"<B#(-#QO"DB#
O"OH#(-#QO"<O#
QO"B=#(-#QO"BH#
QO"YY#(-#QO"UD#
Q<"DD#(-#Q<"DY#
Q<"=<#(-#Q<"=Y#
Q<"=Y#(-#Q<"BG#
Q<"BG#(-#Q<"GO#
Q<"GY#(-#Q<"HY#
Q="DG#(-#Q="=O#
QG"GO#(-#QG"HG#
QV"GG#(-#QV"UG#

W6&(&-2-J-%2#
'%FE*)#
W6<#
W6D#
W6=#
W6B#
W6G#
W6H#
#
#
#
#
#
#
#
#
#

samples were wet sieved and dried. Ostracods were sub
sequently picked from the dry residue (fractions >2 mm,
0.5–2 mm, 0.25–0.5 mm). We also used published
ostracod data (Sarv in Põlma et al. 1988, fig. 18) from the
upper part of the section. The new collection is stored in
the Natural History Museum, University of Tartu (TUG),
under the collection number TUG 1794.

RESULTS AND DISCUSSION
Updated biostratigraphy of the Peetri section
The Baltoniodus variabilis and B. alobatus subzones of
the Amorphognathus tvaerensis conodont Zone were
identified (Fig. 2). The index species of the A. tvaerensis
(Figs 4A–F, 5A–D) conodont Zone occurs below the top
of a complex of discontinuity surfaces in the majority of
samples studied. Baltoniodus variabilis (Fig. 5E–H) was
found in samples Co9, Co12, Co13, Co15 and B. alobatus
(Fig. 5I–L) in samples Co2–Co5. Several samples in the
section contain only poorly preserved, unidentifiable
elements of Baltoniodus (Fig. 5M, N) (samples Co1, Co6–
Co8, Co10, Co11, Co14). Lack of B. gerdae (Fig. 4G–J)
in the boundary interval of the Kukruse RS and Haljala
RS seems to be specific to the Peetri region and suggests
that the basal part of the Haljala RS is missing due to a
sedimentary hiatus. The specimen of B. gerdae illustrated
from the Peetri section by Viira (1974, p. 61, fig. 57;
identified as Amorphognathus cf. gerdae) is, most
probably, an element of B. alobatus.
82

;%FE*)3#&2()/^%*#
MFN#
O"DO#(-#QO"D<#
O"<B#(-#QO"<V#
O"OH#(-#QO"<O#
QO"DB#(-#QO"DV#
QO"GB#(-#QO"GV#
QO"YY#(-#QO"UD#
#
#
#
#
#
#
#
#
#

d'(/%>-3#
'%FE*)#

;%FE*)3#&2()/^%*#
MFN#

d<#
dD#
d=#
dB#
dG#
dH#
#
#
#
#
#
#
#
#
#

O"<B#(-#QO"DB#
QO"BO#(-#QO"B=#
QO"VO#(-#QO"VB#
Q<"=Y#(-#Q<"BG#
Q<"BG#(-#Q<"GO#
Q="DG#(-#Q="=O#
#
#
#
#
#
#
#
#
#

The Eisenackitina rhenana chitinozoan Subzone and
Spinachitina cervicornis chitinozoan Zone were identified
in the Peetri succession (Fig. 2). The lack of the
Armoricochitina granulifera, Angochitina curvata,
Lagenochitina dalbyensis and Belonechitina hirsuta
chitinozoan zones suggests a gap and lack of most of the
Idavere RSs of the Haljala RS (see also Hints 1997a,
fig. 45). The E. rhenana chitinozoan Subzone was
identified 0.54 m below the top of a complex of
discontinuity surfaces in the section. This is in agreement
with the position of the lower boundary of the Haljala RS
as suggested by the conodont and ostracod record.
The ostracod assemblage in the Peetri section consists
of 64 species. The major change in the ostracod succession
was recorded at 0.14 m above the top of a complex of
discontinuity surfaces (Fig. 3). The new assemblage above
this level contains Bichilina prima and Pedomphalella
jonesii, the index species of the Pedomphalella egregia
(=P. jonesii)–Bichilina prima ostracod Zone (Meidla &
Sarv 1990), together with other key taxa of the ostracod
assemblage in the Haljala–Keila transition (Sigmoopsis
rostrata, Rectella zickerensis, Carinobolbina carinata,
etc.), replacing S. platyceras, Disparigonya kogermani and
Conchoprimitia sulcata known from the underlying strata
only (Sarv in Põlma et al. 1988). The rearrangement within
the ostracod assemblage usually coincides with the change
in macrofauna in North Estonia (Sarv in Põlma et al. 1988).
Many studies (Männil 1966; Nõlvak 1972, 2001,
2010; Nõlvak et al. 1999; Stouge et al. 2016) refer to
abundant appearance of the nearmacroscopic prasino
phycean Leiospheridia baltica across Baltoscandia as an
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Fig. 4. Selected conodonts from the Mehikoorma (421) drill core. Scale bar represents 100 μm. A–F, Amorphognathus tvaerensis
Bergström: A, D, P1 elements, 314.9–315.0 m (Baltoniodus alobatus conodont Subzone) and 315.5–315.7 m (Baltoniodus gerdae
conodont Subzone); B, C, M elements, 314.9–315.0 m (Baltoniodus alobatus conodont Subzone); E, F, M elements, 319.75–319.85 m
(Baltoniodus gerdae conodont Subzone) and 320.8–320.9 m (Baltoniodus variabilis conodont Subzone). G–J, Baltoniodus gerdae
Bergström: G, H, P1 and M elements, 315.5–315.7 m; I, J, P1 elements, 319.75–319.85 m.

additional possible marker for the lower boundary of the
Haljala RS. Also in the Peetri section the first appearance
level of L. baltica coincides with the lower boundary of
the Haljala RS, as suggested by conodonts, chitinozoans
and ostracods. However, only mass appearance of these
easily recognizable palynomorphs could be used as a
secondary biostratigraphical marker of this boundary: in
the Mehikoorma core section the first L. cf. baltica is
found (together with the conodont B. variabilis) within
the upper L. stentor chitinozoan Zone, in the E. rhenana
chitinozoan Subzone (Nõlvak 2005). Similarly, L. baltica
appears in the strata older than the A. granulifera
chitinozoan Zone in the Ruhnu core section (Nõlvak
2003). Evidently, in both sections the first Leiospheridia
appears below the lower boundary of the Haljala RS as
suggested by other biostratigraphic markers.
Correlation of strata in the Kukruse–Haljala
boundary interval
Micropalaeontological data from the Peetri outcrop and
five core sections (Nõlvak 1999, 2001, 2003, 2005, 2010;
Viira & Männik 1999; Männik 2001, 2003, 2010; Männik
& Viira 2005; Hints et al. 2014) from the boundary

interval of the Kukruse RS and Haljala RS were integrated
in order to analyse the available criteria for recognition of
the lower boundary of the Haljala RS across the Estonian
part of the Baltoscandian Palaeobasin (Fig. 6). In the
Ruhnu and Viki core sections the base of the A.
granulifera chitinozoan Zone coincides with the level of
the first appearance of the conodont B. gerdae. In the
Mehikoorma core section, however, B. gerdae appears
already in the topmost part of the L. stentor chitinozoan
Zone (in the uppermost E. rhenana chitinozoan Subzone).
Earlier appearance of B. gerdae, compared to the L.
stentor chitinozoan Zone and the E. rhenana chitinozoan
Subzone, is also observed in the Tartu core section (Stouge
1998). However, the A. granulifera and A. curvata
chitinozoan zones were not recognized in the Mehikoorma
and Tartu core sections, and the appearance of B. gerdae
compared to that of A. granulifera needs further research.
On the other hand, the integrated succession from the
Koigi72 and Laeva core sections (Männil 1986; see
Fig. 1) shows that to the south of the outcrop belt B.
gerdae appears at a level below the lowermost A.
granulifera but above the uppermost E. rhenana (=
Conochitina oelandica in Fig. 2.1.1 of Männil 1986) and
cooccurs together with L. stentor.
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Fig. 5. Selected conodonts from the Peetri outcrop. Scale bar represents 100 μm. A–D, Amorphognathus tvaerensis Bergström: A, P1
element, sample Co6; B–D, M elements, samples Co6, Co14 and Co15. E–H, Baltoniodus variabilis Bergström: E, P1 element, sample
Co9; F, G, P1 and M elements, sample Co12; H, P1 element, sample Co15. I–L, Baltoniodus alobatus Bergström: I, J, P1 and M elements,
sample Co5; K, L, P1 elements, samples Co4 and Co2. M, N, Baltoniodus sp. Lindström: P1 elements, samples Co7 and Co8.

The basal part of the Haljala RS was thought to be
incomplete within and near the outcrop belt in Estonia
(Hints et al. 1994, fig. 4; Hints 1997a, fig. 45) but this
conflicts with the new data on the occurrence of A.
granulifera in the Männamaa367 (Nõlvak 2008), Piilsi
729 and Vasknarva639 sections (Bauert et al. 2014,
fig. 1). Hence, the previous generalized stratigraphic
model of the Kukruse–Haljala boundary interval needs
some revision.
The generally accepted idea that the sections within
the Livonian Basin (Valga, Ruhnu – see Fig. 1) are
biostratigraphically more complete than those in its
peripheral part needs to be revised as well. The synchron
ous first appearance of B. gerdae and A. curvata (see
Fig. 6) and lack of the interval of concurrent ranges of B.
gerdae, L. stentor and E. rhenana (like in the Mehikoorma
and TagaRoostoja sections) suggests gaps in the Valga
and Ruhnu sections.
The comparison of faunal successions in the Kukruse–
Haljala transition interval in the studied sections (Fig. 6)
shows that the Peetri succession is the most incomplete
84

(as already suggested by several earlier authors; e.g.
Männil 1966; Jaanusson 1976; Nestor & Einasto 1997).
The strata corresponding to the Tatruse Fm, and probably
also to the lower part of the Vasavere Mb, are missing in
the Peetri section. The succession missing from the Peetri
section stratigraphic interval is 5.5+ m thick in the Viki
and Ruhnu core sections.
The section in the Peetri shaft (strata 1–13 according to
Rõõmuosoks 1970) is designated as the stratotype for the
Peetri Mb of the Viivikonna Fm (Männil & Rõõmusoks
1984). However, the Kbentonite layer between sedimentary
cycles VI and VII in the upper part of the Viivikonna Fm
sensu Männil (1986; Männil & Bauert 1986) is not recorded
in the Peetri section and the uppermost part of the
Viivikonna Fm here, most probably, exposes only
equivalents of the kukersite beds V or VI, suggesting that
the sedimentary cycles VII–X are missing. In the Imavere
core section (Männil & Bauert 1986, fig. 3.2.1.), the
corresponding stratigraphic interval is up to about 6 m thick.
According to the distribution of the B. alobatus
conodont Subzone and the L. stentor chitinozoan Zone (E.
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et al. 2014; Taga–Roostoja – Nõlvak 1999, Viira & Männik 1999; Mehikoorma – Männik & Viira 2005, Nõlvak 2005; Valga – Männik 2001, Nõlvak 2001; Ruhnu – Männik 2003, Nõlvak
2003. Depth scales in metres.
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rhenana chitinozoan Subzone), corresponding to the
Kukruse RS, south of the outcrop area, the lower part of
the Tatruse Fm in central Estonia (Mehikoorma core
section) and the lower part of the Adze Fm in South
Estonia (Valga and Ruhnu core sections) are clearly of late
Kukruse Age (Fig. 6). This means that the traditional
lithostratigraphic marker, a distinct discontinuity surface,
may work for the lower boundary of the Haljala RS in the
Estonian Shelf area but is of different age (has different
duration) in central and South Estonia (Fig. 7).
The correlation between conodont and chitinozoan
biozones near the lower boundary of the Haljala RS in
Estonia is shown in Fig. 7. As the uppermost specimens
of L. dalbyensis are found together with the lowermost B.
alobatus in the Mehikoorma core section (Männik & Viira
2005; Nõlvak 2005), the position of the lower boundary
of the B. alobatus conodont Zone should be drawn lower
than indicated in the previous correlation schemes
(Nõlvak & Grahn 1993; Nõlvak 1997).
The graptolite Amplexograptus maxwelli (Goldman et
al. 2015) (=A. baltoscandicus, Jaanusson 1995) that has
been used as a boundary marker for the base of the Jõhvi
RSs (Männil 1976) above the Kbentonite ‘b’ (Männil
1986), is recorded in older strata at Peetri, within the B.
alobatus conodont Zone and S. cervicornis chitinozoan
Zone, distinctly below the traditional Kbentonite marker
within the Kahula Fm (Hints & Nõlvak 1990). This makes

the substages rather obsolete. Even though they could be
traced within and near the outcrop belt using the K
bentonite marker, their practical correlation value is
limited in a wider area.
The original definition of the lower boundary of the
Haljala RS was based on sections in the North Estonian
outcrop area characterized by considerable sedimentary
hiatuses (Jaanusson 1995). According to the traditional
view, the boundary corresponds to a discontinuity surface
in North Estonia and the gap at this boundary was filled
gradually towards the centre of the basin (towards the
south; Hints et al. 1994). However, integrated biostrati
graphic analysis shows that the gap marked by a
discontinuity surface is older in central and southern
Estonia and this complicates location of the stage
boundary. The order of the first appearance datums of
conodonts and chitinozoans in the Kukruse–Haljala
boundary interval is as follows: B. gerdae, A. granulifera,
A. curvata, L. dalbyensis, B. alobatus, Belonechitina
hirsuta and Spinachitina cervicornis but a complete
record of conodont and chitinozoan zones based on these
taxa is not available in the same section in Estonia. Based
on the wide distribution and different duration of gaps in
the Kukruse–Haljala boundary interval, the Haljala RS
should be considered a poorly defined (gapbounded) unit,
without particular hope of redefining it on the basis of a
suitable boundary stratotype ‘… in a section representing

Fig. 7. Ordovician stratigraphy of Estonia in the Kukruse–Haljala boundary interval. Correlation of the formations is based on the
Viki core section for western Estonia; Kerguta (Nõlvak & Bauert 2006), Taga–Roostoja, Vasknarva and Piilsi core sections for N–
NE Estonia; Koigi, Tartu and Mehikoorma core sections for central Estonia; Valga and Ruhnu core sections for southern Estonia.
Time Slices are according to Webby et al. (2004) and Stage Slices according to Bergström et al. (2009).
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essentially continuous deposition’ (Murphy & Salvador
1999, p. 269).
The guide for geological nomenclature in Sweden
(Kumpulainen 2017) expresses concerns about the
topostratigraphic nature of the gapbound chronostrati
graphic units applied in Swedish and Estonian
chronostratigraphic classification (but actually across the
entire Baltic Region). It states that such units should be
validated in future as lithostratigraphic units in all cases
where possible and urges for abandoning their topostrati
graphic usage (ibid., Appendix A). The Kukruse RS and
the Haljala RS are in active use in Latvia and Lithuania
(e.g. Paškevičius 1997) but were never properly estab
lished in the Swedish chronostratigraphic classification
because of the problems described above. In this light,
the possibility of exploiting more widely the substantially
detailed Global Stages Slices (Bergström et al. 2009) as
an independent means of correlation deserves to be
investigated in future. Additionally, the proposed Time
Slice 5b (Webby et al. 2004) correlates to the base of the
B. gerdae conodont Zone (Leslie & Bergström 1995) and
can be used as an additional stratigraphic level near the
Kukruse RS and Haljala RS boundary interval.

CONCLUSIONS
The integrated conodont, chitinozoan and ostracod
biostratigraphy allows us to locate a distinct gap in the
Peetri succession at the top of a complex of discontinuity
surfaces 0.1 m below the lower Kbentonite layer. This is
in agreement with previous studies and confirms the lack
of a part in the stratigraphic succession corresponding to
the upper Kukruse and lower Haljala strata (at least the
Baltoniodus gerdae conodont Subzone is missing).
The lowermost parts of the Tatruse and Adze formations
in central and southern Estonia contain conodont and
chitinozoan taxa that allow correlation of these strata with
the upper part of the Kukruse RS.
The lower boundary of the Haljala RS is poorly defined
and its location in many sections (regions) remains problem
atic. The occurrence of gaps all over Estonia in the probable
interval of this boundary shows that there is no particular hope
of finding a suitable section (a boundary stratotype) for
defining it. The order of the first appearance datums of
conodont and chitiozoan species (from oldest to youngest:
Baltoniodus gerdae, Armoricochitina granulifera, Angochitina
curvata, Lagenochitina dalbyensis, Baltoniodus alobatus,
Belonechitina hirsuta, Spinachitina cervicornis) is established
but a complete record of conodont and chitinozoan zones
based on these taxa has not been found in the same section in
Estonia.
The multiproxy correlation of the Kukruse–Haljala
boundary strata across Estonia shows the complexity of

this interval and points at the principal advantage of this
method over singlegroup studies.

Acknowledgements. S. M. Bergström and T. Tolmacheva are
acknowledged for their constructive reviews and improvements
of the manuscript. The publication was financially supported by
project IUT2034 ‘The Phanerozoic journey of Baltica:
sedimentary, geochemical and biotic signatures of changing
environment – PalaeoBaltica’ and PRG836 ‘Tracing the origins
of early Paleozoic stable carbon isotope excursions – global,
regional and local drivers’ from the Estonian Science Agency
and Ministry of Education and Research. This is a contribution
to the International Geoscience Programme (IGCP) Project 653
‘The onset of the Great Ordovician Biodiversification Event’.
The publication costs of this article were partially covered by
the Estonian Academy of Sciences.

REFERENCES
Ainsaar, L., Kaljo, D., Martma, T., Meidla, T., Männik, P.,
Nõlvak, J. & Tinn, O. 2010. Middle and Upper Ordovician
carbon isotope chemostratigraphy in Baltoscandia: a
correlation standard and clues to environmental history.
Palaeogeography, Palaeoclimatology, Palaeoecology,
294, 189–201.
Bauert, G., Nõlvak, J. & Bauert, H. 2014. Chitinozoan
biostratigraphy in the Haljala Regional Stage, Upper
Ordovician: a highresolution approach from NE Estonia.
GFF, 136, 26–29.
Bekker, H. 1921. The Kuckers Stage of the Ordovician rocks of
NE Estonia. Acta et Commentationes Universitatis
Tartuensis, A2, 81–84.
Bergström, S. M. 1971. Conodont biostratigraphy of the Middle
and Upper Ordovician of Europe and eastern North America.
Geological Society of America Memoir, 127, 83–161.
Bergström, S. M., Huff, W. D., Kolata, D. R. & Bauert, H. 1995.
Nomenclature, stratigraphy, chemical fingerprinting, and
areal distribution of some Middle Ordovician Kbentonites
in Baltoscandia. GFF, 117, 1–13.
Bergström, S. M., Chen, X., GutierrezMarco, J. C. & Dronov, A.
2009. The new chronostratigraphic classification of the
Ordovician System and its relations to major regional series
and stages and to δ13C chemostratigraphy. Lethaia, 42, 97–
107.
Goldman, D., Nõlvak, J. & Maletz, J. 2015. Middle to Late
Ordovician graptolite and chitinozoan biostratigraphy of
the Kandava25 drill core in western Latvia. GFF, 137,
197–211.
Grahn, Y. & Nõlvak, J. 2010. Swedish Ordovician Chitinozoa
and biostratigraphy: a review and new data.
Palaeontographica Abteilung B, 283, 5−71.
Harris, M. T., Sheehan, P. M., Ainsaar, L., Hints, L., Männik, P.,
Nõlvak, J. & Rubel, M. 2004. Upper Ordovician sequence
of Western Estonia. Palaeogeography, Palaeoclimatology,
Palaeoecology, 210, 135–148.
Hints, L. 1997a. Sedimentary cover, Ordovician, Viru
Series (Middle Ordovician), Haljala Stage. In Geology

87

Estonian Journal of Earth Sciences, 2020, 69, 2, 76–90
and Mineral Resources of Estonia (Raukas, A. &
Teedumäe, A., eds), pp. 73–74. Estonian Academy
Publishers, Tallinn.
Hints, L. 1997b. Sedimentary cover, Ordovician, Viru Series
(Middle Ordovician), Kukruse Stage. In Geology and
Mineral Resources of Estonia (Raukas, A. & Teedumäe, A.,
eds), pp. 71–72. Estonian Academy Publishers, Tallinn.
Hints, L. & Nõlvak, J. 1990. Excursion guide, Localities, Peetri
Hill. In Field Meeting Estonia 1990: An Excursion
Guidebook (Kaljo, D. & Nestor, H., eds), pp. 128–131.
Estonian Academy of Sciences, Tallinn.
Hints, L., Meidla, T. & Nõlvak, J. 1994. Ordovician sequences of
the East European Platform. Geologija (Vilnius), 17, 58–63.
Hints, L., Sammet, E. & Sarv, L. 1999. Haljala stage – a new
unit in the Ordovician chronostratigraphy of Baltoscandia.
In The Fourth Baltic Stratigraphical Conference:
Problems and Methods of Modern Regional Stratigraphy,
Abstracts (Lukševičs, E., Stinkulis, G. & Kalnina, L., eds),
pp. 28–30. University of Latvia, Riga.
Hints, O. & Nõlvak, J. 1999. Proposal for the lower boundary
stratotype of the Keila Regional Stage (Upper Ordovician).
Proceedings of the Estonian Academy of Sciences,
Geology, 48, 158–165.
Hints, O., Martma, T., Männik, P., Nõlvak, J., Põldvere, A.,
Shen, Y. & Viira, V. 2014. New data on Ordovician stable
isotope record and conodont biostratigraphy from the Viki
reference drill core, Saaremaa Island, western Estonia.
GFF, 136, 100–104.
Jaanusson, V. 1945. Über die Stratigraphie der Viru – resp.
ChasmopsSerie in Estland. GFF, 67, 212–224.
Jaanusson, V. 1976. Faunal dynamics in the MiddleOrdovician
(Viruan) of BaltoScandia. In The Ordovician System:
Proceedings of a Paleontological Association Symposium
(Bassett, M. G., ed.), pp. 301–326. University of Cardiff
Press, Cardiff.
Jaanusson, V. 1995. Confacies differentiation and upper Middle
Ordovician correlation in the Baltoscandian basin.
Proceedings of the Estonian Academy of Sciences,
Geology, 44, 73–86.
Jeppsson, L., Anehus, R. & Fredholm, D. 1999. The optimal
acetate buffered acetic acid technique for extracting
phosphatic fossils. Journal of Paleontology, 73, 964–
972.
Jürgenson, E. 1958. Metabentonity Éstonskoj SSR
[Metabentonites in the Estonian SSR]. Trudy Instituta
Geologii Akademii Nauk ÉSSR, 2, 73–85 [in Russian].
Kaljo, D. 1997. Evolution of life during the Vendian–Devonian:
Graptolites. In Geology and Mineral Resources of Estonia
(Raukas, A. & Teedumäe, A., eds), p. 241. Estonian
Academy Publishers, Tallinn.
Kaljo, D., Martma, T. & Saadre, T. 2007. PostHunnebergian
Ordovician carbon isotope trend in Baltoscandia, its
environmental implications and some similarities with that
of Nevada. Palaeogeography, Palaeoclimatology,
Palaeoecology, 245, 138–155.
Kiipli, T. 2008. Stop A10 – Peetri outcrop. In The Seventh Baltic
Stratigraphical Conference. Abstracts and Field Guide
(Hints, O., Ainsaar, L., Männik, P. & Meidla, T., eds), p.
92. Geological Society of Estonia, Tallinn.

88

Kiipli, T., Kallaste, T., Nielsen, A. T., Schovsbo, N. H. & Siir, S.
2014. Geochemical discrimination of the Upper
Ordovician Kinnekulle Bentonite in the Billegrav2 drill
core section, Bornholm, Denmark. Estonian Journal of
Earth Sciences, 63, 265–270.
Kumpulainen, R. A. 2017. Guide for geological nomenclature
in Sweden. GFF, 139, 3–20.
Lapworth, C. 1876. The Silurian System in the South of
Scotland. In Catalogue of Western Scottish Fossils
(Armstrong, J., Young, J. & Robertson, D., eds), pp. 1–28.
Blackie and Son, Glasgow.
Leslie, S. A. & Bergström, S. M. 1995. Revision of the
North American late Middle Ordovician standard stage
classification and timing of the Trenton transgression
based on Kbentonite bed correlation. In Ordovician
Odyssey: Short Papers for the Seventh International
Symposium on the Ordovician System (Cooper, J. D.,
Droser, M. L. & Finney, S. C., eds), pp. 49–54.
Fullerton, California.
Männik, P. 2001. Distribution of conodonts. In Valga (10) Drill
Core (Põldvere, A., ed.), Estonian Geological Sections, 3,
10–12.
Männik, P. 2003. Distribution of Ordovician and Silurian
conodonts. In Ruhnu (500) Drill Core (Põldvere, A., ed.),
Estonian Geological Sections, 5, 17–23.
Männik, P. 2010. Distribution of Ordovician and Silurian
conodonts. In Viki Drill Core (Põldvere, A., ed.), Estonian
Geological Sections, 10, 21–24.
Männik, P. & Viira, V. 2005. Distribution of Ordovician
conodonts. In Mehikoorma (421) Drill Core (Põldvere, A.,
ed.), Estonian Geological Sections, 6, 16–20.
Männil, R. 1963. Voprosy sopostavleniya ordovikskikh
otlozhenij Éstonii i Leningradskoj oblasti [Problems of
correlation of the Ordovician strata in Estonia and
Leningrad Region]. ENSV Teaduste Akadeemia Geoloogia
Instituudi Uurimused, 13, 3–40 [in Russian].
Männil, R. 1966. Istoriya razvitiya Baltijskogo Basseina v
Ordovike [Evolution of the Baltic Basin During the
Ordovician]. Institute of Geology, Estonian Academy of
Sciences, Tallinn, 200 pp. [in Russian, with English
summary].
Männil, R. 1976. Rasprostranenie graptolojdej v karbonatnykh
otlozheniyakh ordovika Pribaltiki [Distribution of
graptoloids in the Ordovician carbonate rocks of the East
Baltic area]. In Graptolity i stratigrafiya [Graptolites and
Stratigraphy] (Kaljo, D. & Koren, T., eds), pp. 105–118.
Tallinn [in Russian, with English summary].
Männil, R. 1986. Stratigrafiya kukersitonosnykh otlozhenij CIb
CIII [Stratigraphy of the kukersitebearing beds CIb–CIII].
In Stroenie slantsenosnoj tolshchi pribaltijskogo bassejna
goryuchikh slantshev-kukersitov [Geology of the
Kukersite-Bearing Beds of the Baltic Oil Shale Basin]
(Puura, V., ed.), pp. 12–24. Institute of Geology, Academy
of Sciences of the Estonian SSR, Valgus, Tallinn [in
Russian].
Männil, R. 1990. The Ordovician of Estonia. In Field Meeting
Estonia 1990: An Excursion Guidebook (Kaljo, D. &
Nestor, H., eds), pp. 11–20. Estonian Academy of Sciences,
Tallinn.

T. Paiste et al.: Lower boundary of the Haljala Regional Stage
Männil, R. & Bauert, H. 1986. Stroenie kukersitonosnoj tolshchi
[Structure of kukersitebearing strata]. In Stroenie
slantsenosnoj tolshchi pribaltijskogo bassejna goryuchikh
slantsev-kukersitov [Geology of the Kukersite-Bearing
Strata of the Baltic Oil Shale Basin] (Puura, V., ed.), pp.
25–37. Institute of Geology, Academy of Sciences of the
Estonian SSR, Valgus, Tallinn [in Russian].
Männil, R. & Meidla, T. 1994. The Ordovician System of the
East European Platform. IUGS Publication, 28, 1–52.
Männil, R. M. & Nestor, H. E. 1987. Resheniya
mezhvedomstvennogo stratigraficheskogo soveshchaniya
po Ordoviku i Siluru vostochno-evropejskoj platformy, 1984
g. [Resolutions of the Interdepartmental Stratigraphic
Meeting on the Ordovician and Silurian of the East
European Platform, 1984]. VSEGEI, Leningrad, 114 pp.
[in Russian].
Männil, R. & Rõõmusoks, A. 1984. Reviziya litostratigraficheskoj
skhemy raschleneniya ordovika Severnoj Éstonii [Revision of
the lithostratigraphic scheme of subdivision of the Ordovician
in North Estonia]. In Stratigrafiya drevnepaleozojskikh
otlozhenij [Stratigraphy of the Early Palaeozoic Strata in the
East Baltic] (Männil, R. & Mens, K., eds), pp. 52–62. Тallinn
[in Russian].
Männil, R., Bauert, H. & Puura, V. 1986. Zakonomernosti
razmeshcheniya i nakopleniya kukersitov [Patterns of
distribution and accumulation of kukersites]. In Stroenie
slantsenosnoj tolshchi pribaltijskogo bassejna goryuchikh
slantsev-kukersitov [Geology of the Kukersite-Bearing
Strata of the Baltic Oil Shale Basin] (Puura, V., ed.), pp.
48–54. Institute of Geology, Academy of Sciences of the
Estonian SSR, Valgus, Tallinn [in Russian].
Meidla, T. 1996. Late Ordovician Ostracodes of Estonia.
Fossilia Baltica, 2. Tartu University Press, Tartu, 222 pp.
Meidla, T. & Sarv, L. 1990. Ostracodes. In Field Meeting
Estonia 1990: An Excursion Guidebook (Kaljo, D. &
Nestor, H., eds), pp. 68–71. Estonian Academy of
Sciences, Tallinn.
Meidla, T., Ainsaar, L. & Hints, O. 2014. The Ordovician System
in Estonia. In 4th Annual Meeting of IGCP 591: Abstracts
and Field Guide (Bauert, H., Hints, O., Meidla, T. &
Männik, P., eds), pp. 116–122. University of Tartu, Tartu.
Murphy, M. A. & Salvador, A. 1999. International Stratigraphic
Guide – An Abridged Version. International Subcommission
on Stratigraphic Classification of IUGS International
Commission on Stratigraphy. Episodes, 22, 255–272.
Nestor, H. & Einasto, R. 1997. Ordovician and Silurian
carbonate sedimentation basin. In Geology and Mineral
Resources of Estonia (Raukas, A. & Teedumäe, A., eds),
pp. 192–195. Estonian Academy Publishers, Tallinn.
Nõlvak, J. 1972. A characterization of the boundary beds of the
Kukruse and Idavere stages in the Lipu boring. In
Loodusuurijate Seltsi Aastaraamat, 61, 39–59 [in Estonian,
with English summary].
Nõlvak, J. 1997. Ordovician. In Geology and Mineral Resources
of Estonia (Raukas, A. & Teedumäe, A., eds), pp. 52–56.
Estonian Academy Publishers, Tallinn.
Nõlvak, J. 1999. Distribution of chitinozoans. In Taga-Roostoja
(25) Drill Core (Põldvere, A., ed.), Estonian Geological
Sections, 2, 10–12.

Nõlvak, J. 2001. Distribution of chitinozoans. In Valga (10) Drill
Core (Põldvere, A., ed.), Estonian Geological Sections, 3,
8–10.
Nõlvak, J. 2003. Distribution of Ordovician chitinozoans. In
Ruhnu (500) Drill Core (Põldvere, A., ed.), Estonian
Geological Sections, 5, 23–25.
Nõlvak, J. 2005. Distribution of Ordovician chitinozoans. In
Mehikoorma (421) Drill Core (Põldvere, A., ed.), Estonian
Geological Sections, 6, 20–22.
Nõlvak, J. 2008. Distribution of Ordovician chitinozoans. In
Männamaa (F-367) Drill Core (Põldvere, A., ed.),
Estonian Geological Sections, 9, 13–18.
Nõlvak, J. 2010. Distribution of Ordovician chitinozoans. In Viki
Drill Core (Põldvere, A., ed.), Estonian Geological
Sections, 10, 17–18.
Nõlvak, J. & Bauert, G. 2006. Distribution of Ordovician
chitinozoans. In Kerguta (565) Drill Core (Põldvere, A.,
ed.), Estonian Geological Sections, 7, 9–11.
Nõlvak, J. & Grahn, Y. 1993. Ordovician chitinozoan zones from
Baltoscandia. Palaeobotany and Palynology, 79, 245–269.
Nõlvak, J. & Hints, L. 1991. Peetri paljand [Peetri outcrop]. In
Eesti geoloogiline ehitus ja maavarad: ekskursioonijuht
[Geology and Mineral Resources of Estonia: Excursion
Guide] (Puura, V., Kalm, V. & Puura, I., eds), pp. 42–46.
Eesti Geoloogia Selts, Tallinn [in Estonian].
Nõlvak, J. & Hints, L. 1996. Peetri Hillock. In The Third
Baltic Stratigraphical Conference: Abstracts, Field
Guide (Meidla, T., Puura, I., Nemliher, J., Raukas, A. &
Saarse, L., eds), pp. 84–88. Tartu University Press, Tartu.
Nõlvak, J., Grahn, Y. & Sturkell, E. 1999. Chitinozoan
biostratigraphy of the Middle Ordovician Dalby Limestone
in the Fjäcka section, Siljan District, Sweden. Proceedings
of the Estonian Academy of Sciences, Geology, 48, 75–85.
Nõlvak, J., Hints, O. & Männik, P. 2006. Ordovician timescale
in Estonia: recent developments. Proceedings of the
Estonian Academy of Sciences, Geology, 55, 95–108.
Öpik, A. 1930. Brachiopoda Protremata der estländischen
ordovizischen KukruseStufe. Tartu Ülikooli Geoloogia
Instituudi Toimetused, 20, 1–261.
Paškevičius, J. 1997. The Geology of the Baltic Republics.
Vilnius University, Geological Survey of Lithuania,
Vilnius, 387 pp.
Perrier, V., Meidla, T., Tinn, O. & Ainsaar, L. 2012. Biotic
response to explosive volcanism: ostracod recovery after
Ordovician ashfalls. Palaeogeography, Palaeoclimatology,
Palaeoecology, 365–366, 166–183.
Pogrebov, N. F. 1920. Pribaltijskie goryuchie slantsy [Oil shale
of the East Baltic Region]. In Estestvennye proizvoditel´nye
sily Rossii [Natural Productive Forces of Russia], Vol. 4,
pp. 18–21 [in Russian].
Põlma, L., Sarv, L. & Hints, L. 1988. Litologiya i fauna tipovykh
razrezov Karadokskogo yarusa v severnoj Éstonii
[Lithology and Fauna of the Caradoc Series Type Sections
in North Estonia]. Valgus, Tallinn, 101 pp. [in Russian,
with English summary].
Rõõmusoks, A. 1970. Stratigrafiya viruskoj i kharyuskoj serij
(ordovik) severnoj Éstonii I [Stratigraphy of the Viruan and
Harjuan Series (Ordovician) in Northern Estonia I].
Valgus Publishers, Tallinn, 346 pp. [in Russian].

89

Estonian Journal of Earth Sciences, 2020, 69, 2, 76–90
Rõõmusoks, A. 1983. Eesti aluspõhja geoloogia [Bedrock
Geology of Estonia]. Valgus, Tallinn, 224 pp. [in
Estonian].
Schmidt, F. 1858. Untersuchungen über die Silurische
Formation von Ehstland, Nord-Livland und Oesel. Archiv
für die Naturkunde Liv, Ehst and Kurlands, ser. 1, 2,
Dorpat, 248 pp.
Schmidt, F. 1881. Revision der ostbaltischen silurischen
Trilobiten nebst geognostischer Übersicht des ostbaltischen
Silurgebiets. Abt. I. Phacopiden, Cheiruriden und Encrinuriden.
Mémoires de l´Académie Impériale des Sciences de St.Petersbourg, Ser. 7, 30, 1, 1−237.
Sidaravičiene, N. 1992. Ostrakody ordovika Litvy [Ordovician
Ostracodes of Lithuania]. Vilnius, 252 pp. [in Russian].
Stouge, S. 1998. Distribution of conodonts in the Tartu (453)
core. In Tartu (453) Drill Core (Männik, P., ed.), Estonian
Geological Sections, 1, Appendix 12.
Stouge, S., Bauert, G., Bauert, H., Nõlvak, J. & Rasmussen, J. A.
2016. Upper Middle to lower Upper Ordovician
chitinozoans and conodonts from the Bliudziai150 core,
southern Lithuania. Canadian Journal of Earth Sciences,
53, 781−787.

Tikhij, V. N. (ed.). 1965. Resheniya mezhvedomstvennogo
soveshchaniya po razrabotke unifitsirovannykh
stratigraficheskikh skhem verkhnego dokembriya i
paleozoya Russkoj platformy, 1962 g. [Resolutions of the
Interdepartmental Meeting on Establishing Unified Upper
Precambrian and Palaeozoic Stratigraphic Schemes for
the Russian Platform, 1962]. VSEGEI, Leningrad, 79 pp.
[in Russian].
Viira, V. 1974. Konodonty ordovika Pribaltiki [Ordovician
Conodonts of the East Baltic]. Valgus, Tallinn, 140 pp. [in
Russian, with English summary].
Viira, V. & Männik, P. 1999. Distribution of conodonts. In TagaRoostoja (25A) Drill Core (Põldvere, A., ed.), Estonian
Geological Sections, 2, 9−10.
Webby, B. D., Cooper, R. A., Bergström, S. M. & Paris, F. 2004.
Stratigraphic framework and time slices. In The Great
Ordovician Biodiversification Event (Webby, B. D.,
Paris, F., Droser, M. L. & Percival, I. G., eds), pp. 41–47.
Columbia University Press, New York.
Zalasiewicz, J. A., Taylor, L., Rushton, A. W. A., Loydell, D. K.,
Rickards, R. B. & Williams, M. 2009. Graptolites in British
stratigraphy. Geological Magazine, 146, 785–850.

Haljala lademe (Sandby, ÜlemOrdoviitsium) alumine piir Eestis
Tõnn Paiste, Peep Männik, Jaak Nõlvak ja Tõnu Meidla
On käsitletud Haljala lademe alumise piiri kontseptsiooni ja markereid erinevate fossiilirühmade ning muude
geoloogiliste markerite leviku alusel. LoodeEesti andmeid Peetri paljandist võrreldi konodontide, ostrakoodide ja
kitiinikute avaldatud levikuandmetega teistest läbilõigetest. Peetri läbilõiget iseloomustab ulatuslik settekatkestus Haljala
lademe alumisel piiril, mida näitab Baltoniodus gerdae konodonditsooni ja Armoricochitina granulifera, Angochitina
curvata, Lagenochitina dalbyensis’e ning Belonechitina hirsuta kitiinikutsooni puudumine. Konodontide ja kitiinikute
levik LõunaEesti läbilõigetes tõendab, et Tatruse ning Adze kihistu basaalkihid on seniarvatust vanemad. Haljala lade
on püstitatud seni täpselt määratlemata alumise piiri kriteeriumide ühikuna ja puudub piiristratotüüp. Käesoleva töö
tulemused kajastavad ilmekalt erinevate faunagruppide stratigraafilise leviku andmete integreerimisest tekkivat
lisaväärtust.
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