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the Depository of Manuscript Reports of the Geologi- 
cal Survey of Estonia (GSE), Kadaka tee 82, Tallinn.

Detailed restudy of selected high-quality drill cores The results of earlier oil shale exploration (Kattai & 
started at the Geological Survey of Estonia in Reinsalu 1991; Bauert & Kattai 1997; Kattai 2000) and 

1995. Sixissues of the journal Estonian Geological See- micropalaeontological, mineralogical and Chemical 
tions have been published until now, each dealing with investigations (Männil 1986; Männil & Saadre 1987; 
one drill core. The bedrock sueeession studied ranges Sturesson & Bauert 1994; Bauert & Bauert 1996) are 
from the Proterozoic (Palaeoproterozoic-Neoprotero- used in this work together with recently obtained 
zoie) to Palaeozoic (Cambrian-Devonian). The strati- data. 
graphic subdivision of the seetions has been improved 
on the basis of new data on the distribution of chiti- 
nozoans, conodonts and ostracods in the Ordovician 
and Silurian, and acanthodians in the Devonian. Rock 
composition has been speeified by thin seetions, and 
different Chemical and mineralogical analyses. Stable 
isotope data of Ordovician and Silurian rocks were 
first included in the 2003 issue.

PREFACE

was

INTRODUCTION

The Kerguta (565) drill hoie (59° 07' 40” N, 26° 00' 
45” E) is loeated in the NW part of the East European 
Platform, to the south of the town of Tapa, near the 
Kerguta village (Fig. 1). The 192.9 m deep drill hoie 
penetrates the Ordovician (178.5 m) and Silurian (7.4 m) 
sedimentary rocks and 7.0 m thick loose Quaternary 
deposits (Fig. 2).

More than 70 people have contributed to the publi- 
cation of the journal, including 41 authors from eight 
geological institutions of the USA, Denmark, Lithuania 
and Estonia. A large set of data has been compiled as а 
result of long-term collaboration between the authors, er Par* of the Ordovician (up to the Kukruse Stage) 
and thus the journal can be considered as a kind of was compiled by Tõnis Saadre (GSE). Anne Põldvere 
Estonian geological heritage from older generation to (GSE) provided the lithology of the upper strata (from

Haljala to Juuru stages), using as supplementary mate- 
rial the deseription by Tiina Haas. The deseription of 
the core was improved using the results of laboratory

The macrolithological characterization of the low-

younger.
The present issue of Estonian Geological Seetions con- 

centrates on the Kerguta (565) core (also known by the 
name of Tamsalu). The Kerguta drill hoie in northern 
Estonia was made in the course of complex geological 
-hydrogeological mapping (at a seale of 1:50 000) of the Kerguta (565) seetion, Ordovician sediments were 
phosphorite-bearing sediments of Rakvere district additionally sampled for microfossils. Chitinozoans

from the interval of 135.25-181.44 m were identi-

studies.
To speeify the stratigraphic subdivision of the

(Saadre et ai. 1984). The core is housed at Särghaua 
field station of the Institute of Geology at Tallinn Uni- fied by Garmen Bauert and Heikki Bauert (both from 
versity of Technology (IGTUT). The souree material IGTUT) in 1996. In 2005, Jaak Nõlvak (IGTUT) took 
for the present study is available in unpublished re- 52 new samples from the interval of 89.0-136.2 m and 
ports (Saadre et ai. 1984; Põldvere & Saadre) stored in examined both the oid and new collections (193 sam-

Fig. 1. Location of the Kerguta (565) drill hoie

,
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Forty-five thin sections were made from the Ordo- 
vician and Silurian samples collected by Alla Shogen- 
ova. The thin sections were described by Jaanika Lääts 
(IGTUT) and Anne Põldvere (GSE) under the guid- 
ance of Asta Oraspõld (IGTUT).

Photos of the core and selected intervals were taken 
by Gennadi Baranov (IGTUT). Ranek Rohtla (GSE) 
and Elar Põldvere (Institute of Geography, University 
of Tartu) provided technical assistance.

Useful comments by Juho Kirs (Institute of Geol- 
ogy, University of Tartu), Jaak Nõlvak, Asta Oraspõld, 
Dimitri Kaljo (all from the IGTUT) and Jaan Kivisilla 
(GSE) were of great help in finalizing the report.
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The description of the Kerguta (565) core is pre- 
sented in the form of a table (Appendix 1) including 
the main lithological features of the rock. The mate- 
rial studied comprises 131 Chemical (103 XRF, and 
28 CaO, MgO and insoluble residue analyses) and 13 
XRD analyses, 82 semiquantitative emission spectral 
analyses, 84 physical properties analyses and 45 thin 
sections. Chitinozoans (193 samples) and conodonts 
(75 samples) were used for age specification in the 
Ordovician part of the section. Additionally, 90 Ordo- 
vician and lowermost Silurian carbon isotope (ö13C) 

ples) for this work. Ordovician conodonts (75 samples) samples were analysed. 
were identified by Viive Viira (IGTUT), Anita Löfgren 
and Lisa Sjöstrand (both from the Department of Ge- determined during field work using 3% hydrochloric 
ology, Lund University, Sweden). acid, whereas the content of clay was estimated visu-

Tõnu Martma (IGTUT) provided carbon isotope ally. The rocks were referred to as slightly argillaceous 
(613C) data of the Ordovician and lowermost Silurian (insoluble residue 10-15%), medium argillaceous 
rocks based on the analysis of 90 whole-rock samples. (15-20%) and highly argillaceous (20-25%) (Oraspõld

1975). Different contents of calcite in marlstones are 
denoted by terms “calcareous” (CaC03 < 25%) or 
“calcitic” (> 25%). Dolomitic limestone contains 10- 
50% mineral dolomite.

i i KUKRUSE
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Fig. 2. Generalized stratigraphy of the Kerguta (565) core. 
О - Ordovician; S - Silurian; Q - Quaternary.

The degree of dolomitization of carbonate rocks was

Alla Shogenova (IGTUT) supplied results of wet sili- 
cate Chemical (90 samples), X-ray fluorescence (XRF) 
spectrometry (90) analyses and measurements of 
physical properties (84; under the supervision of Fa- 
bio Donadini, University of Helsinki) of Ordovician The descriptions of the textures of carbonate rocks 
and Silurian sediments. XRD and XRF analyses of are based on the traditional Estonian classification by 
13 Ordovician volcanic ash beds were made by Toivo Vingisaar et ai. (1965), Loog & Oraspõld (1982) and 
Kallaste (IGTUT) and Kiira Orlova (GSE). The con- Nestor (1990), where the relative amounts of clastic 
tents of CaO, MgO and insoluble residue of 28 Ordo- and micritic components are crucial to identification 
vician samples, and the results of 82 semiquantitative of the textures. The content of carbonaceous clasts (in- 
arc emission spectral analyses of Ordovician and Silu- cluding bioclasts) is given in most cases in per cent. 
rian sediments obtained during complex geological- The partides with the diameter > 0.05 mm are de- 
hydrogeological mapping of the phosphorite-bearing scribed as grains. Skeletal remnants of organisms or 
sediments of the Rakvere district were taken from their fragments (bioclasts) are mainly <1 mm in dia- 
Saadre et ai. (1984). meter. The size of chemogenic or biochemogenic
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ooliths is usually < 1 mm, while the size of carbonate southeastern and Southern Estonia they are replaced 
intraclasts is > 1 mm. For the major part of the core, by other lithostratigraphical bodies (Nõlvak 1997). 
the amount of grains was determined with the mag- The Kerguta (565) drill core terminates in the low- 
nifying glass on the slabbed surfaces of the core. The grmost part of the Hunneberg Stage (Joa Member of 
micritic component consists of partides < 0.05 mm in peetse Formation).
diameter. The terms used for textures are explained in 
Appendix 1. Depending upon the degree of recrystal- 
lization, several transitional textures can be observed 
(secondary textures occurring as patches or spots). In 
case of mixed texture, the word marking the dominant 
component is given last, while those marking less im- 
portant components are placed before the basic word.
The same principles were followed in descriptive 
terms for other characteristics of the rock as well.

The textures recorded are illustrated in photographs of 
thin sections of the Kerguta (565) core in Appendix 2 (on 
the CD-ROM).

The Middle Ordovician (interval 163.5-191.5 m; 
Appendix 1, sheets 7, 8; Appendix 3, D-4...7; Appen
dix 4) is represented by the dolostones and limestones 
of the Toila, Sillaoru, Loobu, Napa, Aseri (Männil & 
Meidla 1994), Väo and Kõrgekallas formations cor- 
responding to the Volkhov, Kunda, Aseri, Lasnamägi 
and Uhaku stages. The dolostones of the lower part 
(Saka Member) of the Middle Ordovician are vio- 
letish-red and yellow mottled. Some red- or yellow- 
coloured mottled interbeds are found in the Sillaoru, 
Loobu, Napa and Aseri formations. The rest of the 
Middle Ordovician comprises grey limestones and 
dolostones. The lower boundary of the Middle Ordo
vician at a depth of 191.5 m is märked by a widespread 
distinct smooth discontinuity surface with “amphora- 
like” borings (depth of borings up to 6 cm in Estonian 
sections).

Several sedimentary structures are described in the 
style used in the previous issues of the bulletin (see 
Põldvere 2001). The relationships between different 
parts of rock are given in Appendix 1. The variation of 
these structures in the Kerguta (565) core is illustrated 
in Appendixes 3 and 4 (on the CD-ROM). A selection 
of split core specimens collected by Heikki Bauert and 
storedat the Institute of Geologyat Tallinn University Volkhov Stage) contain scattered glauconite grains, 
of Technology is presented in Appendix 3 (with the mainly 3-30% (Appendix 2, T-43). Rare glauconite 
prefix GIT). The numeration and levels of all speci- grains are also found in the Nõmmeveski Member of 
mens (GIT-1... 72) are shown in Appendix 4.

The dolostones of the Toila Formation (in part of the

the Loobu Formation.
Discontinuity surfaces are numerous in the whole 

of the Middle Ordovician, except oolith-bearing and 
vuggy dolostone intervals. In the Saka Member the 
surfaces are limonitized and uneven. Usually distinct 
limonitized and pyritized discontinuity surfaces al- 
ternate in the upper part of the Napa Formation. In- 
distinct phosphatized discontinuity surfaces, between 
which limestone is often burrowed (borings filled with 
clayey material), occur in the Väo and Kõrgekallas for
mations. In the uppermost part of the Middle Ordovi
cian the surfaces (hardgrounds) are not impregnated.

Iron ooliths are found in the Sillaoru, Napa and 
Aseri formations. The limestone lenses and interbeds

GENERAL GEOLOGICAL SETTING 
AND STRATIGRAPHY

The bedrock succession of the Kerguta (565) core 
indudes Ordovician (Lower, Middle, Upper) and Silu- 
rian (Llandovery) rocks (Fig. 2; Appendixes 1, 4-7), 
overlain by the Quaternary cover. The stratigraphy of 
the section is based on the correlation charts for the
Ordovician of Estonia by Nõlvak (1997, p. 54, table 7) 
and for the Silurian by Nestor (1997, p. 90, table 8).
Systematic data on Ordovician conodonts and chiti- 
nozoans are used for the biostratigraphical subdivi- 
sion of the section (see Viira et ai. and Nõlvak in this (1-5 cm thick) of the Sillaoru Formation contain up

to 50% ooliths. Scattered ooliths in the limestones ofvõlume).
The Lower Ordovician (interval 191.5-192.9 m; the Napa Formation are present; the richest interval is

at 181.9-182.45 m. The dolomitized limestones of the 
Aseri Formation indude less than 10%, in some lenses

Appendix 1, sheet 8) is represented by the Leetse 
(glauconitic quartz sandstone of the Joa Member and 
glauconitic limestone of the Mäeküla Member) and UP to 30% ooliths and oolitic coatings on carbonate 
lowermost Toila formations (dolostones with scattered skeletal fragments or quartz grains (oval, quadran-

gular, rounded, elongated, ete.; 0.03-0.7 mm in dia-glauconite grains and glauconite layers of the Päite 
Member; Appendix 2, T-44 and T-45) correspond- meter; Appendix 2, T-39). Rare carbonate ooliths are 
ing to the Hunneberg and Billingen stages. The for- found on the lower boundary of the Väo Formation 
mations are widely distributed in northern Estonia. In (177.3 m).
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Kerogenous interbeds occur in the uppermost Mid- 
dle Ordovician limestones. These are described by 
A. Põldvere and T. Saadre in a separate chapter of this 
võlume.

The Kerguta (565) section represents the northern 
marginal area of the North Estonian Confacies Belt 
(Fig. 3). Lower and Middle Ordovician sediments 
have formed in shoal and open shelf environment, 
where the deposition was very slow and with many 
breaks (Nestor & Einasto 1997).

ferent contents of organic matter, carbonate and ter- 
rigenous material (Appendix 3, D-1...3). These beds 
alternate with slightly to highly argillaceous, in places 
kerogenous limestone intervals (thickness 0.1-0.8 m), 
which are often burrowed, pyrite mottled and contain 
marlstone interbeds. The rocks of the Viivikonna For- 
mation are rich in fine and coarse bioclasts (on average 
10-30%, locally up to 50% of the rock). In the kuker- 
site beds pyritized bioclasts (echinoderms, trilobites, 
brachiopods, bryozoans, ostracods, gastropods, ete.) 
are often oriented subparallel to bedding (Appendix 2, 
T-32...35). Many discontinuity surfaees (mainly pyri
tized and distinet) of the Viivikonna Formation can 
be followed throughout the Baltic Oil Shale Basin and 
can be used as boundary markers in the section (Bau- 
ert & Kattai 1997).

In northern Estonia the argillaceous bioclast-rich 
(10-40%; Appendix 2, T-26...31) limestones of the Ra
hula Formation are overlain by marlstones of the Hirmuse 
Formation of the Oandu Stage (Appendix 1, sheet 5). The 
lower boundary of the Hirmuse Formation is märked 
by an uneven distinet pyritized discontinuity surfaee 
(depth of impregnation 25 cm) with borings infilled 
with the overlying marlstone. This speeifie surfaee is 
present in seetions over a wide area and is used as а 
boundary marker in northern Estonia.

In the Kerguta (565) core, the limestones of the Räga
vere Formation (interval 106.8-122.2 m; Appendix 1, 
sheet 5) have been divided into the Tõrremägi, Piilse and 
Tudu members. The Tõrremägi Member belongs to the 
Oandu Stage and Piilse and Tudu members form the 
Rakvere Stage. The boundary of these stages is märked 
by a distinet pyritized discontinuity surfaee.

In general, the Rägavere Formation is represented 
by finely crystalline and very finely crystalline lime
stones containing crypto- and microcrystalline inter
beds (Appendix 2, T-24 and T-25). The average bio- 
clast content is less than 10%. Calcite-filled primary 
and seeondary veins are found. The members of the 
formation differ in several aspeets (Põlma & Haas 
1987; Nõlvak 1987). The rocks of the lower Tõrremägi 
Member are slightly to medium argillaceous and con
tain usually pyrite grains and pyritized bioclasts (up to 
20% of rock). Small blaek pyrite mottles are observed 
throughout the Piilse Member and discontinuity sur
faees are rare. The limestones of the Tudu Member 
are characterized by wavy and smooth pyritized dis
continuity surfaees (Appendix 4). Rock impregnation 
of varying intensity reaehes 1-5 cm, rarely 10 cm be- 
low the surfaees. The lower part of the Tudu Mem
ber indudes interlayers of calcareous algae Vermiporella 
(20-30% of rock; interval 114.6-117.4 m). In the middle 
and upper parts of the member thin kerogen-bearing

Fig. 3. Baltic Ordovician confacies belts (after Jaanusson 1995, 
modifiedfrom Nõlvak 1997).

Upper Ordovician (interval 14.4-163.5 m; Appen
dix 1, sheets 1-7; Appendix 4) is represented by the 
limestones and rare marlstones of the Viivikonna, 
Tatruse, Rahula, Hirmuse, Rägavere, Paekna, Saunja, 
Kõrgessaare, Moe, Adila and Ärina formations corre- 
sponding to the Kukruse, Haljala, Keila, Oandu, Rak
vere, Nabala, Vormsi, Pirgu and Porkuni stages.

An altered K-bentonite bed is present in the up
permost part of the Viivikonna Formation (146.50- 
146.55 m; Appendix 1, sheet 6; see Kiipli et ai. in this 
võlume). The limestones of the lowermost part of 
the Kahula Formation intercalate with three 3-6 cm 
thick beds with minor volcanic component (see also 
Appendix 4). K-bentonite, widespread in Estonian 
seetions at the lower boundary of the Keila Stage, lies 
at 136.2-136.4 m in the Kerguta (565) core. This clay- 
ey interbed indudes biotite flakes and silt grains. А 
K-bentonite bed has been identified also 3.2 m high- 
er (at 133.0 m) in the Kahula Formation of the Keila 
Stage and in the Moe Formation at a depth of 46.6 m 
(contains some biotite flakes) in the middle of the Pir
gu Stage (Appendix 1, sheet 3).

The limestones of the Viivikonna Formation have 
been divided into the Kiviõli, Maidla and Peetri mem
bers. They contain 0.05-2.30 m thick kukersite oil 
shale beds (indexed from A to VII; Appendix 1, sheets 
6, 7; see Põldvere & Saadre in this võlume), with dif-
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interbeds are present, particularly in the uppermost distinguished in the Ärina Formation (from below): 
part close to the lithostratigraphical boundary of Röa (argillaceous limestones; thickness 1.5 m), Vo- 
the Rägavere and Paekna formations in northeastern hilaid (bituminous, bioclast-rich limestones; 1.5 m), 
Estonia. Usually the argillaceous rocks of the Paekna Siuge (bituminous, argillaceous limestones and cal- 
Formation appear 0.1-0.7 m higher (Nõlvak 1987). citic marlstones; 3.6 m), Tõrevere (limestones, bio- 
The biostratigraphical boundary of the Rakvere and hermal limestones and calcitic marlstones; 0.9 m) and 
Nabala stages in the lowermost part of the Paekna Kamariku (limestones with sandy interbeds; 0.1 m). 
Formation (depth 105.0 m) is determined by chitino- Except for the uppermost part of the section, lime- 
zoans (see Nõlvak in this võlume). stones are dolomitized. Due to lithological differences 

the upper boundary of the Ordovician is distinct. TheThe lithostratigraphy of the overlying sediments in 
the interval of 22.0-106.8 m (Appendix 1, sheets 2-5) 4uartz sand-rich limestones of the Kamariku Member
is based on the intercalation of variously argillaceous (uppermost Ordovician) are overlain by micro- and
limestones and the frequency of marlstone interbeds. very finely crystalline limestones of the Koigi Member
The Paekna, Kõrgessaare and Adila formations are (lowermost Silurian).
represented by slightly to medium, rarely highly argil
laceous, very finely crystalline limestones (bioclasts in area have formed in the conditions of gradually deep-
places up to 35%; Appendix 2, T-4.. .6, T-15... 18, T-22 ening or shallowing open shelf while the Baltica palaeo-
and T-23). In all formations marlstone beds (0.2-3 cm, continent drifted northwards closer to the equator
rarely 7-10 cm thick) account for 5-20%, rarely 40% (Nestor & Einasto 1997). Lithofacies characteristics
and nodular intervals are present. Contacts between and carbon cycling studies (see also Martma in this
marlstone and argillaceous limestone are usually indis- võlume) show the influence of humid and ärid climate
tinct. Most of the pyritized discontinuity surfaces are 
found in the Adila Formation (Appendix 4). Rock im- 
pregnation is of various intensity, reaching 1-5 cm be- da, Kukruse, Keila, Oandu, Nabala, Vormsi, Pirgu and 
low the surfaces; depth of borings is up to 1-2 cm.

The Upper Ordovician sediments in the Kerguta

on sedimentation (Kaljo 2004). Lithological changes 
and local hiatuses are considerable at the end of Kun-

Porkuni times in the Kerguta (565) section. A hiatus 
on the Ordovician-Silurian boundary resulting from 
the pre-Silurian shallowing is connected with the 
Gondwana glaciation (Brenchley et ai. 2003). The 
non-deposition period was followed by Early Llando- 
very glacio-eustatic rise of the sea level and deposition 
of pure lime mud (Nestor & Einasto 1997).

The Saunja and Moe formations Iie between the 
above mentioned argillaceous limestone units (Ap
pendix 1, sheets 2-4). Pure micro- and cryptocrystal- 
line, in places very finely crystalline limestones of the 
Saunja Formation (Appendix 2, T-20 and T-21) con- 
tain calcitic marlstone films, rare interbeds (thickness

Llandovery (Silurian; interval 7.0-14.4 m; Appendix 1,0.2-2 cm) and pockets less than 2% of the section.
Contacts between mari- and limestone are distinct. sheet 1; Appendix 4) limestones with marlstone interbeds 
Thick- to thin-bedded rocks are pyrite mottled or im- are represented by the Varbola Formation correspond- 
pregnated, in places burrowed and dolomitized. ing to the Juuru Stage. The lowermost limestones belong 

to the Koigi Member (interval 14.0-14.4 m) at the base 
of the Varbola Formation. This whitish-grey, usually

The limestones of the Moe Formation (Appendix 1 
sheets 2, 3) are mainly finely crystalline and very fine
ly crystalline (Appendix 2, T-7... 14). Marlstone films, 
interbeds (thickness 0.2-3, rarely 4-5 cm) and nod- 
ules make up 5% of the section. Pyritized discontinu
ity surfaces (depth of impregnation 1 cm) are found.
Fragments of calcareous algae Palaeoporella and Ver- 
miporella are abundant especially in the lower part of finely crystalline limestones (bioclasts 5-25%; Appen- 
the formation. Calcite-filled primary and secondary dix 2, T-l) with calcitic marlstone interbeds (Varbola 
veins are characteristic of both the Saunja and Moe Formation) are covered by Quaternary sediments.

The Quaternary cover in the Kerguta (565) core is 
The Upper Ordovician section of Estonia ends in the AO m thick (Appendix 1, sheet 1). Tills of the last gla- 

Kerguta (565) core with the Ärina Formation (interval ciation of Estonia (Raukas & Kajak 1997) formed in 
14.4-22.0 m)ofthe Porkuni Stage (Hints & Meidla 1997). ^e Upper Pleistocene (Järva Formation, Võrtsjärve 
The thickness and succession of different lithostrati- Subformation).

very finely crystalline to cryptocrystalline limestone 
bed poor in bioclasts (< 3%; Appendix 2, T-2) on the 
Ordovician rocks is widespread in northern Estonia 
(Nestor 1997).

The overlying nodular, very finely crystalline to

formations.

graphic units of the Porkuni Stage are variable (Nestor 
1987; Hints et ai. 2004). In the Kerguta (565) section 
(Appendix 1, sheets 1, 2) five successive members are
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DISTRIBUTION OF ORDOVICIAN 

CHITINOZOANS
The boundary between the Aseri and Lasnamägi 

stages can be followed easily by lithological features 
(see Appendix 1, sheet 7). This level is not fixed in 
chitinozoan zonation, however, the short range (see 
Bauert & Bauert 1996) of Tanuchitina tallinnensis 
characterizes well these boundary beds as in the Rapla 
section (unpublished data by J. Nõlvak). A very inter- 
esting association was found in the interval of 175.5- 
176.0 m where among others there occurs Baltochitina 
nolvaki (earlier Sagenachitina sp.). This interval can be 
correlated with the Pae Member (dolomitized part of 
the Väo Formation) in North Estonian sections. These 
beds contain interesting forms of Linochitina sp. aff. 
pissotensis with a specific thick brownish secondary(?) 
cover, similar to those recorded in the Taga-Roostoja 
(25A) section at a depth of 104.4 m (Nõlvak 1999a, 
app. 6). Paris (1981) described this species approxi- 
mately at the same stratigraphical level in Portugal, 
where it was a zonal form together with the graptolite 
Gymnograptus linnarssoni (Moberg).

The stratigraphically important graptolite Gym
nograptus linnarssoni was not found in the interval of 
172.5-175.0 m (lowermost Uhaku Stage; Appendix 9). 
However, it is present in many sections (Männil 1976; 
Nõlvak 2001) and its appearance level can be used as 
the main criterion for the base of the Uhaku Stage.

The next Conochitina tuberculata Subzone is repre- 
sented by very abundant specimens, which appear at 
a depth of 172.0 m. The number of type specimens is 
larger in the northern sections closer to the stratotype 
area (e.g. Taga-Roostoja (25A) core, Nõlvak 1999a; see 
also Männil 1986, fig. 2.2.1) than in South Estonian 
sections (e.g. Valga (10) and Ruhnu (500); see Nõlvak 
2001, 2003).

The boundary between Laufeldochitina striata and 
L. stentor lies within the uppermost part of the Uhaku 
Stage in most of the investigated sections. This level 
coincides roughly with the lower boundary of the Erra 
Member (argillaceous limestones with kukersite oil 
shale interbeds in the uppermost Kõrgekallas Forma
tion of the Uhaku Stage, North Estonia; Männil 1966, 
1986).

The succeeding Eisenackitina rhenana Subzone can 
be clearly followed. The index species appears about 
1.5 m higher than the base of the kukersite oil shale 
layer A, together with Conochitina sp. 1 (Appendix 9). 
The latter species occurs only in early Kukruse time, 
when the main kukersite-bearing beds were formed 
in northeastern Estonia. Such an order of changes in 
chitinozoan assemblages can be used to deflne the 
lower boundary of the Kukruse Stage in Estonian (e.g. 
Ruhnu (500) and Mehikoorma (421) cores; see Nõl-

As many as of 193 samples from the Middle and Up- 
per Ordovician of the Kerguta (565) core (interval of 
89.0-181.4 m) were processed and studied for chitino- 
zoans (Appendixes 8, 9; Plates 1-4). The work was car- 
ried out at the Institute of Geology at Tallinn University 
of Technology (IGTUT), and financially supported by 
the Estonian Science Foundation (grant No. 5922).

Chitinozoans (stored at IGTUT) were collected in 
two sets. The samples provided by Heikki Bauert in 
the 1980s varied in size from 0.2 to 0.5 kg, and those 
collected by Jaak Nõlvak in 2004, from 0.3 to 0.6 kg. 
The vertical range of the samples was, respectively, 
10-20 and 5-10 cm. All productive samples yielded а 
relatively rich assemblage of acid-resistant microfos- 
sils including poorly to excellently (mainly from the 
Keila to Nabala stages) preserved chitinozoans. In to- 
tal, 80 chitinozoan taxa were distinguished. Their dis- 
tribution is given in Appendix 9, where the taxa un- 
der open nomenclature (designated with members) are 
identical with those found from the Tartu (453) (Bauert 
& Bauert 1998), Taga-Roostoja (25A), Valga (10), Ruh
nu (500) and Mehikoorma (421) sections (see Nõlvak 
1999a, app. 6; Nõlvak 2001, app. 8; Nõlvak 2003, app. 23; 
Nõlvak 2005, app. 27). Almost all biostratigraphically 
important chitinozoan zones introduced by Nõlvak & 
Grahn (1993) and revised by Nõlvak (1999b, 2002a) 
were established in the Kerguta (565) section. Due to 
secondary dolomitization organic-walled microfossils 
in the beds below 165.0 m are poorly preserved: dolo- 
mite crystals have partly destroyed walls of chitino
zoans, sometimes growing out of vesicles. It is inter
esting to note that black, a few microns thick organic 
walls of vesicles are destroyed irregularly, without any 
visible direction or order.

The lowermost part of the section is represented 
by the uppermost Cyathochitina regnelli Zone corre- 
sponding to the latest Kunda time.

The zonal species C. regnelli was not found above 
the base of the Aseri Stage at a depth of 181.05 m. At 
that level Cyathochitina campanulaeformis (ranges 
up to the Silurian) appears for the First time together 
with Belonechitina crinita, Lagenochitina turnida and 
Belonechitina sp. 1 among others, exactly as in the Rap
la (North Estonia, 60 km south of Tallinn; unpublished 
data by J. Nõlvak) and Taga-Roostoja (25A) (Nõlvak 
1999a, app. 6) sections. The zonal form Laufeldochi
tina striata appears about 1 m above the base of the 
Aseri Stage, and the base of the Cyathochitina sebyen- 
sis Subzone lies in the middle part of the Aseri beds at 
a depth of 178.5 m.
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vak 2003, p. 23; Nõlvak 2005, app. 27) and Swedish the Kinnekulle bed was determined at 136.2-136.4 m
(Appendix 1, sheet 6; see also Kiipli et ai. in this võl
ume) and the well-known but very brief Angochitina 
multiplex Subzone was identified above this level (to- 
gether with Hercochitina lindstroemi). So, the correla- 
tion in terms of chitinozoans is precise, although both

(Vandenbroucke 2004) sections.
The most remarkable find among graptolites in the 

Kerguta (565) section is that of Nemagraptus cf. graci- 
lis (Hall) at a depth of 147.75-147.92 m, in the upper- 
most beds of the Kukruse Stage. The appearance level
of this species marks the global lower boundary of species are often relatively poorly represented. 

the Upper Ordovician Series (Bergström et ai. 2000), 
which coincides with the lower boundary of time species of the Fungochitina fungiformis Zone compli- 
slice 5a by Webby et ai. (2004, fig. 2.1), and the upper cate the use of this zone, as noticed already in the Val- 
boundary of the global Darriwilian Stage. According ga (10) and Mehikoorma (421) sections (Nõlvak 2001, 
to our latest finds and identifications of N. gracilis in 2005). Nõlvak & Grahn (1993) defined this 
the East Baltic sections (Nõlvak & Goldman 2004), its the total range of F. fungiformis but later the name of the 
appearance level can be drawn within the upper part zone was changed to F. spinifera (see Nõlvak et ai. 2006). 
of the Kukruse Stage, below kukersite beds III (Peetri Moreover, according to the new data from the Mehi- 
Member; Appendix 1, sheet 6). This level shows also koorma (421) and Viljandi (Kaljo et ai. 2004, fig. 4) sec- 
substantial similarities in changes of chitinozoan as- tions, Saharochitina fungiformis appears earlier than 
semblages in the East Baltic and Scania (Sweden; see typical spiny F. spinifera, which was proved also in the 
Vandenbroucke 2004) and provides a clear signature Kerguta (565) section (Appendix 9). 
for correlations with the Fägelsäng stratotype section, For the top of the Keila Stage detailed data are avail- 
recently selected as the GSSP for the base of the Upper able from many sections of the North Estonian Con- 
Ordovician (Bergström et ai. 2000).

In the Kerguta (565) section the base of the Haljala microfossil distribution, and the well-known gap in the 
Stage (Idavere Substage) cannot be determined pre- boundary beds of the Keila and Oandustages interpret- 
cisely by chitinozoans but is well defined lithological- ed as an extinction event (Kaljo et ai. 1996). However, 
ly. Both Laufeldochitina stentor and Eisenackitina the gap known from North Estonian sections is filled 
rhenana disappear already below the lithological with new layers in the south. Chitinozoan assemblages 
boundary at a depth of 145.8 m. Additional data (sam- 
ples) are needed from the topmost layers of the litho- tion (Nõlvak 2005) than in the Rapla (Kaljo et ai. 1996) 
logically clear Kukruse Stage to determine the exact and Kerguta (565) sections, where a very distinct level 
age of these condensed beds. However, the sampling of change can be defined (see Appendix 9). 
of the topmost beds in drill cores is often complicated A distinct new and extremely well-preserved chiti- 
due to specific well-developed discontinuity surfaces nozoan fauna appears in very finely to cryptocrystal- 
with wide conspicuous borings and pockets, some- Une limestones of the Rägavere Formation above the 
times more than 0.3 m deep, and mixing of fauna.

All species of the well-known Armoricochitina gra- Hirmuse Formation, where the beds of the Ancyrochi- 
nulifera, Angochitina curvata and Lagenochitina dalby- tina sp. n. 1 chitinozoan Subzone are absent (for 
ensis zones were not found, although the lower Haljala parison see Nõlvak 2005). This fauna represents the 
layers were sampled almost completely (Appendix 9). E spinifera Zone and is relatively stable.
This indicates a gap in the lowermost Haljala beds that The appearance of Armoricochitina reticulifera, to- 
belong mainly to the lower Idavere Substage. The Be- gether with specific variable forms of the Cyathochiti- 
lonechitina hirsuta Zone occurs as a very condensed na group, marks the most important biostratigraphical 
part of the Idavere Substage, in the interval of 144.64- level between 104.2 m and 105.3 m. This level corre-
144.83 m (two samples), just below the appearance of lates with the lower boundary of the Nabala Stage in
the Spinachitina cervicornis Zone. However, the sub- the East Baltic sections over a wide area, not depend-
division of the Haljala Stage into substages in terms ing on the lithology of the layers above. It shows again
of chitinozoan zonation is stiil complicated in most of that the lithological change could be gradual in the in- 
the studied North Estonian sections, because no clear terval of 104.5-106.8 m in the Kerguta (565) section 
changes or differences are observed in the distribution (Appendix 9; see also Põldvere et ai. in this võlume), 
of acid-resistant microfossils.

The problems concerning the systematics of the key

zone as

facies Belt. These show a clear change in lithology,

change more gradually in the Mehikoorma (421) sec-

very condensed (thickness 0.2 m) marlstones of the

com-

To surn up, it could be stressed that very dense sampl- 
The base of the Keila Stage in Estonian sections is ing of every interval is not necessary, at least of beds 

märked by the widely distributed Kinnekulle K-ben- where acid-resistant microfossils are poorly preserved 
tonite bed (Hints & Nõlvak 1999). In the present study (e.g. in the middle of the Uhaku Stage; see Appendix 9).
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In the future repeated sampling seems prospective. 
However, the chitinozoan zonation in the Kerguta 
(565) core serves as a good tool for subdivision of that 
section and for further correlations.

It was proved once again that significant gaps oc- 
curred at the lower boundaries of some stages (e.g. 
Aseri, Haljala, Oandu) in the sections of the North Es
tonian Confacies Belt.

eal column the seeond sample (191.3 m) is assigned 
to the Saka Member of the Toila Formation, which is 
in contradiction with the generally aeeepted Billingen 
age for the O. evae Zone. It might have been caused by 
invalid depth Identification.

The 0. evae Zone has been identified in two of the 
six drill core sections published in the series of Estoni
an Geological Sections during 1998-2005. In the Taga- 
Roostoja (25A) core this zone is represented by two 
samples from the upper part of the Leetse Formation 
and in the Mehikoorma (421) section by one sample 
from the Zebre Formation of Billingen age (Viira & 
Männik 1999; Männik & Viira 2005).

DISTRIBUTION OF 

ORDOVICIAN CONODONTS

From the Kerguta (565) core (also known as the 
Tamsalu core) 75 samples (pius two from unknown 
depth) were studied for conodonts (Appendixes 10, 
11). Of these, 17 samples were proeessed at Lund Uni- 
versity, Sweden, 60 samples from the beds between 
144.83 and 181.34 m were provided by Garmen Bau- 
ert. The conodonts of the first set of samples, from 
the interval of 183.20-191.70 m, were studied by Lisa 
Sjöstrand for her graduation work at Lund University, 
under supervision of Anita Löfgren. Seven samples 
representing the Eoplacognathus pseudoplanus Zone 
were used for general comparison by Löfgren (2004).

The preservation of conodonts is good and all cono- 
dont elements have a CAI (colour alteration index) 
value less than 1.5. The number of taxa and speeimens 
in samples deereases rapidly from great abundance in 
the lower part (up to 6052 speeimens counted at a depth 
of 190.7 m) to few elements in the upper part of the sec
tion. The studied collection is housed at the Institute of 
Geology at Tallinn University of Technology.

The conodont distribution from the Oepikodus evae 
to Eoplacognathus pseudoplanus zones is given ac- 
cording to Sjöstrand (2003).

The Baltoniodus navis Zone (sample from 190.7 m, 
6052 speeimens) is represented by the most abundant 
speeies Microzarkodina flabellum (34.5%) and D. for- 
eeps (31.9%). Baltoniodus navis (14.2%), Protopan- 
derodus redus (4.5%) and Trapezognathus quadrangu- 
lum (4.5%) are also rather numerous. The sample with 
conodonts of this zone comes from the Saka Member 
of the Toila Formation. In the Mehikoorma (421) and 
Tartu (453) sections single samples from the lower- 
most part of the Kriukai Formation of Volkhov age 
yielded the index speeies B. navis (Männik & Viira 
2005; Põldvere et ai. 1998)

The Paroistodus originalis Zone (sample from 
190.2 m) was First defmed by Lindström (1971) by 
abundant occurrence of the index speeies, and dis- 
cussed in detail by Löfgren (1995). The 1093 elements 
in this sample represent 10 different speeies. Paroist
odus originalis, which was found in an earlier sample, 
reappears here in fair abundance (13%). Two other 
important conodonts for this zone are Triangulodus 
brevibasis (12.8%) and Drepanoistodus basiovalis 
(41.6%). Baltoniodus navis (21.5%) is quite numerous. 
The sample with conodonts of this zone comes from 
the level of the Telinõmme Member of the Toila For
mation. Two samples with P. originalis from the Taga- 
Roostoja (25A) section come also from the level of the 
Toila Formation (Volkhov age). In the Tartu (453) and 
Mehikoorma (421) sections the P. originalis Zone is 
equivalent to the middle part of the Kriukai Forma
tion of Volkhov age (Põldvere et ai. 1998; Männik & 
Viira 2005).

The Oepikodus evae Zone (samples from 191.70 
and 191.30 m, 1210 and 1950 speeimens, respectively) 
is represented by 15 speeies (Appendix 11), including 
redeposited Prioniodus elegans and Tripodus sp. The 
index speeies O. evae is represented by 50 speeimens 
in the lower sample (4.1%). Drepanoistodus foreeps is 
the most abundant speeies (55.1 and 59.6%, respec
tively, in the lower and upper samples), Oistodus lan- 
ceolatus (7.4 and 5.2%), Scolopodus striatus (8.1 and 
8.5%), Drepanodus arcuatus (5.6 and 1.8%) and Pro- 
topanderodus redus (4.6 and 2.2%) are common. Peri- 
odon flabellum (4.1 and 12.8%) is typical of the upper 
part of the O. evae Zone in Estonia (Viira et ai. 2001; 
Männik & Viira 2005). Two new speeies, Parapaltodus 
n. sp. A and Texania n. sp. A, were found (Sjöstrand 
2003, fig. 7B-D, fig. 8A-C). On the lithostratigraphi-

The Baltoniodus norrlandicus Zone (sample from 
189.7 m, 2769 speeimens) is represented by the zonal 
speeies (43.2%) and D. basiovalis (39.9%), Microzarko
dina parva (5.0%) and Scalpellodus latus (2.8%). Semi- 
acontiodus cornuformis (2.6%) makes its first appear- 
ance in this sample. The presence of Trapezognathus
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quadrangulum (0.1%) denotes the lower subzone in the sample from 186.4 m (8.1%). According to the 
of this zone. This species, together with P. originalis absence of Polonodus and only sparse occurrence of 
(0.7%), T. brevibasis (0.04%), and some others dis- Protopanderodus, the E. pseudoplanus interval in the 
appear at this level. In the Kerguta (565) section the Kerguta (565) core represents a shallower deposition- 
lower part of the zone is of Volkhov age and forms ai environment in comparison with Swedish sections 
an interval in the Kalvi Member of the Toila Forma- (Löfgren 2003, 2004). 
tion. The upper part of the zone, the Lenodus antivari-
abilis Subzone, is not found in the Kerguta (565) drill The Microzarkodina hagetiana Subzone is rep- 
core, but has been identified as L. cf. antivariabilis in resented by samples from 186.8 m (950 specimens), 
the Sillaoru Formation of Volkhov age in the Taga- 186.4 m (1831) and 185.7 m (1471). The dominat- 
Roostoja (25A) section (Viira & Männik 1999). In the ing species is B. medius (52.8-71.7%), followed by 
Tartu (453) and Mehikoorma (421) core sections the S. cornuformis (7.7-14.9%) and D. basiovalis (8.6- 
B. norrlandicus Zone is equivalent to the upper part of 13.1%). The relative abundance of the index species 
the Kriukai Formation of Volkhov age (Põldvere et ai. M. hagetiana is 1.1, 0.8 and 1.6% per sample. Semiac-

ontiodus davidi (0.2-10.1%) First appears in the mid- 
dle part of this subzone and continues into the basal

1998; Männik & Viira 2005).

The Lenodus variabilis Zone is represented by a part of the upper subzone. 
sample from 188.2 m (383 specimens), where Balto- 
niodus medius (49.9%) is the most abundant species 
and S. cornuformis is also quite numerous (25.8%). resented by samples from 184.7 m (573 specimens), 
Apart from the zonal species L. variabilis (9.7%), 184.3 m (999), 183.7 m (638) and 183.2 m (1094).
Scalpellodusgracilis (2.9%) and Drepanoistodus venustus The relative abundance of the subzonal species, 
(2.6%) First appear in this sample. This zone comprises m. ozarkodella, is respectively 0.9,4.55,0.55 and 3.2%. 
an interval in the Nõmmeveski Member of the Loo- The dominant species is stiil B. medius (69.4-84.5%); 
bu Formation. Besides the Kerguta (565) core, the qUite numerous are also S. cornuformis (4.1-12.1%) 
L. variabilis Zone has been identified only in the Taga- and D. basiovalis (2.0-5.2%). Drepanodus arcuatus oc- 
Roostoja (25A) section, in the Loobu Formation of curs sporadically in both subzones.
Kunda age (Viira & Männik 1999).

The Microzarkodina ozarkodella Subzone is rep-

Kerguta (565) is the only core section where both 
subzones of the E. pseudoplanus Zone are represent
ed. The lower, M. hagetiana Subzone, corresponds to 
the upper part of the Nõmmeveski Member and the 
upper, M. ozarkodella Subzone, to the Valgejõgi Mem
ber of the Loobu Formation. The upper subzone is 
also found in the Taga-Roostoja (25A) core, where it is 
equivalent to the lower part of the Kandle Formation 
(Kunda and Aseri age), and in the Mehikoorma (421) 
section, where it comprises a short interval in the 
Baldone and Segerstad formations of Kunda age 
(Viira & Männik 1999; Männik & Viira 2005).

Sjöstrand (2003) mentions two more samples without 
depth Identification in а 3.6 m thick interval above the 
last sample from the M. ozarkodella Subzone (183.2 m), 
where M. ozarkodella (5.6 and 1.8%) is represented to
gether with Eoplacognathus suecicus (respectively 1.1 
and 3.2%). But three samples from the upper part of 
this interval with depths identified (180.11-180.19 m, 
180.85-180.90 m and 181.27-181.34 m) contain the 
specimens of E. pseudoplanus, which may represent 
transitional forms to E. suecicus (Appendix 11).

The Yangtzeplacognathus crassus Zone was deFined 
by Zhang (1998) for south-central China, and has also 
been recognized in Öland (Löfgren 2000), Västergöt- 
land and Dalarna (Löfgren 2003) in Sweden. In Estonia 
this zone was first established in the Kerguta (565) core 
(Appendix 11), in samples from 187.7 m (710 speci
mens) and 187.2 m (620 specimens). The index spe
cies Y. crassus is relatively abundant in these two sam
ples (3.1% and 6.3%, respectively). Baltoniodus medius 
(49.9 and 55.4%) is stiil dominating together with 
S. cornuformis (16.3 and 10.8%). Dapsilodus viruensis 
(0.3%) First appears and M. parva (3.2%) disappears in 
the upper sample. The two samples of this zone come 
from the Nõmmeveski Member of the Loobu Forma
tion (Kunda age).

The Eoplacognathus pseudoplanus Zone is sub- 
divided into two subzones, the lower one character- 
ized by Microzarkodina hagetiana and the upper one 
byM. ozarkodella (Zhang 1998; Löfgren 2004). Zhang 
(1998) introduced the E. pseudoplanus Zone in its 
present scope, although earlier Viira (1974) proposed 
the zonal species as an index for the upper part of the 
Kunda Stage. In the Kerguta (565) core 
tion of E. pseudoplanus is above 1%, with a maximum In this zone B. medius is replaced by B. prevariabilis

The Eoplacognathus suecicus Zone was identiFied by 
the propor- typical specimens in the sample from 179.78-179.87 m.



KERGUTA (565) DRILL CORE 13

(Appendix 11). Few specimens of Protopanderodus cf. The B. rohustus Subzone is found besides the Kerguta 
P. graeai and P. cf. P. varicostatus occur in this zone. The (565) core (Vao Formation, Uhaku age) also in the Tar- 
first specimens of Panderodus sp. were found at a depth tu (453) (Väo Formation, läte Lasnamägi and Uhaku 
of 179.52-179.59 m. In four samples of this zone Amor- age) and Ruhnu (500) (Taurupe Formation, Uhaku age) 
phognathus cf. A. kielcensis was identified. This species sections (Põldvere et ai. 1998; Männik 2003). 
is known in the Mõjcza section of Poland, in the inter-
val from the M. ozarkodella Subzone to Pygodus anseri- The Yangtzeplacognathus protoramosus Subzone
nus Zone (Dzik 1994>-In Estonia this sPecies has been was determined by finds of the index species in the 
found in the Taga-Roostoja (25A) core together with sample from l73A8_m27 m of the Väo Formation. 
E. suecicus (Aseri age), and in the Mehikoorma (421),
Valga (10) and Ruhnu (500) cores (all Uhaku age) to
gether with E. lindstroemi and Pygodus anserinus (Viira 
& Männik 1999; Männik & Viira 2005; Männik 2001,
2003). Following Dzik (1994), in all mentioned 
sections A. kielcensis has been identified as belonging 
to the genus Sagittodontina. We prefer the original de- 
scription of the species as of the genus Amorphognath- 
odus (Dzik 1976).

The zonal species E. suecicus is also found in the 
Taga-Roostoja (25A) (upper part of the Kandle For
mation, Aseri age) and Mehikoorma (421) (boundary 
beds of the Segerstad and Stirnas formations, Aseri age) 
core sections (Viira & Männik 1999; Männik & Viira 
2005).

The zonal species was determined also in the Taga- 
Roostoja (25A) (Väo Formation), Mehikoorma (421) 
(Väo Formation) and Valga (10) (Taurupe Formation) 
core sections (all Uhaku age; Viira & Männik 1999; 
Männik & Viira 2005; Männik 2001).core

The Eoplacognathus lindstroemi Subzone com- 
prises the interval of 170.68-172.96 m Semiacontiodus 
cornuformis is replaced by S. carinatus in this subzone 
(Appendix 11). The zonal species has been identified 
besides the Kerguta (565) core (upper part of the Väo 
Formation) also in the Mehikoorma (421) (upper part 
of the Väo and lowermost Kõrgekallas formations), 
Tartu (453) and Taga-Roostoja (25A) (lower part of the 
Kõrgekallas Formation), and Valga (10) and Ruhnu 
(500) (middle part of the Taurupe Formation) cores 

The Pygodus serra Zone is represented by the index (ац uhaku age; Männik & Viira 2005; Põldvere et ai. 
species only in the sample from 172.86-172.96 m. Nev- i998; ylira & Männik 1999; Männik 2001, 2003). 
ertheless, the interval between 170.68 and 177.89 m
may be subdivided into five subzones, where the lower 
Yangtzeplacognathus foliaceus Subzone of the 
P. serra Zone is missing (Appendix 11).

Upwards in the Kerguta (565) core section, only 
long-ranging conodont species of the genera Semi
acontiodus, Baltioniodus, Panderodus and Drepanois- 
todus occur (Appendix 11). In a few samples they may 
be even rather numerous. The appearance of Baltoni- 
odus variabilis is rather difficult to follow because of 
the absence of complete Pa elements, and many fragile 
specimens are hardly distinguishable from the same 
element of B. prevariabilis. The gradual boundary be
tween these two species is drawn on the level of about 
164.0 m.

The Baltoplacognathus reclinatus Subzone was
identified by findings of the index species in five 
samples from 177.05-177.12 to 175.11-175.19 m. 
Typical complete specimens occur in the sample from 
176.12-176.18 m. Oslodus semisymmetricus makes its 
first appearance close to the lower boundary of this 
subzone (Appendix 11). Вaltoniodus prevariabilis and 
S. cornuformis are rather numerous.

The B. reclinatus Subzone comprises a certain inter
val in the lower part of the Väo Formation (Lasnamä
gi age) in the Kerguta (565) and Tartu (453) sections 
(Põldvere et ai. 1998). In the Ruhnu (500) section this 
subzone indudes the Stirnas and lowermost part of the 
Taurupe formations (Lasnamägi age; Männik 2003).

The Baltoplacognathus rohustus Subzone is well 
enough represented by the index species in the inter
val of 173.49-174.86 m. Protopanderodus cf. P. varicos
tatus appears for the second time in the Kerguta (565) 
core, and disappears finally in this subzone. From the 
lower boundary of this subzone upwards, Panderodus 
sp. is identified in almost all samples.
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Our research is based on the whole-rock sampling 
method, with consideration of the stratigraphic con- 
text (lithology, unit thickness, positions of unit bound- 
aries). The quality of the carbon isotope data obtained 
from whole-rock analyses has been discussed in sev- 
eral papers (Brenchley et ai. 1994, 2003; Kaljo et ai. 
1997, 1998; Martma 2003). Detailed study of isotope 
signals in the Upper Ordovician rocks of Estonia has 
shown that major changes in isotope values reflect the 
primary composition of sediments.

The methodology of carbon isotope analysis used in 
the isotope palaeoclimatology laboratory of the Insti- 
tute of Geology at Tallinn University of Technology is

ORDOVICIAN AND LOWERMOST 

SILURIAN CARBON ISOTOPES

A total of 90 samples from the Lower to Upper Or
dovician and the lowermost Silurian rocks of the Ker- 
guta (565) core (Appendix 1, sheets 1-8) were analysed 
for stable isotopes. The entire Ordovician sequence 
was sampled, but the interval from 15.20 to 106.80 m 
is not yet analysed (Appendix 12). Samples for whole 
rock analyses were taken at more or less regular inter- 
vals of 1 m, not depending on the possibility of find- 
ing any bioclasts (Martma 2003). For isotope analysis 
about 1 g of rock material was collected.
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explained in detail in Kaljo et ai. (1997, 1998). Неге 1.6%o), which seems to have a wider distribution than 
only some comments are made on essential details of only the Kerguta (565) and Mehikoorma (421) 
the study. The whole-rock samples were powdered (5) The Hirnantian event, the study of which is stiil 
to а <10 pm grain size, 30 mg of powder was reacted jn pr0gress. The falling limb is located in the very top
wit 100% phosphoric acid at 100 °C for 15 min and 0f tiie Ordovician Porkuni rocks just below the Juuru
analysed with a Finnigan MAT “Delta E” mass spec- Stage (Silurian). The limb is rather steep and points to 
trometer. The results are presented in the usual 6 no- 
tation, as per mil deviation from the VPDB standard.
The reproducibility of the results is better than 0.1%o.

A full set of analytical data on the carbon isotopes 
obtained from bulk rock samples of the Kerguta (565) 
drill core will be published in a forthcoming paper 
(Kaljo et ai. submitted).

The application of carbon isotopes as a tool in strati- 
graphic correlation and dating of rock sequences is in 
principle a simple method. The reliability of the results 
depends on how detailed and complete is the database 
available for comparison. A more or less complete car
bon isotope trend for the Middle and Läte Ordovician of 
Baltica and Laurentia has been ascertained on the basis 
of studies by Ainsaar et ai. (1999, 2004a, 2004b), Kaljo 
et ai. (1999, 2001, 2004) and Meidla et ai. (2004). Con- 
sidering the earlier data and analyses included in Fig. 4, 
the following main carbon isotöpic events and specific 
intervals of the 513C temporal variation through the Or
dovician of the Kerguta (565) core could be listed:

cores.

a possibility that a part of the uppermost Porkuni sec- 
tion is missing here.

The study was partly supported by the Estonian Sci
ence Foundation (grant No. 6127). This report is а 
contribution to IGCP project No. 503.

UPPER ORDOVICIAN 

VOLCANIC ASH BEDS

Thirteen argillaceous beds of suspected volcano- 
genic origin were sampled from the Kukruse, Hal
jala, Keila and Pirgu stages of the Kerguta (565) core 
(Appendix 1, sheets 3 and 6). The methods applied in 
the study are described in detail in Kiipli & Kallaste 
(2005). The bulk sediment Chemical composition and 
trace elements were analysed by XRF (Appendix 13). 
The Na content of sanidine was established by XRD 

(1) The Mid-Darriwilian isotopic event or positive (Table 1). Bulk sediment diffractograms showing the 
excursion was described by Ainsaar et ai. (2004b) from presence of illite-smectite, and high authigenic feld- 
the Segerstad Formation in the Jurmala and Ruhnu spar and low quartz contents were considered to be 
(500) cores (ÖI3C values reach close to 2%o). Our data 
from the Kerguta (565) and Mehikoorma (421) cores 
(Martma 2005) show a relatively rapid rise in 513C 
values from 0.5%o in the Baldone Formation (Kun
da Stage) through the Segerstad Formation to a peak 
value of 1.7%o in the Stirnas Formation of the Aseri

Л14.0

ж
12.0

ЖЖ Ck

о o+4 + '■10.0Stage. The falling limb of the excursion is located in 
the Väo Formation of the Lasnamägi and Uhaku stag- ? 8 0 
es. New data from the Mehikoorma (421) and Kergu- о 
ta (565) cores show that the excursion is considerably ^ 6.0 
wider than thought earlier - it begins in läte Kunda 
time and ends in Lasnamägi time.

(2) The mid-Caradoc excursion is missing in the 
Kerguta (565) core due to a gap in the Central Belt of 
Estonia (Ainsaar et ai. 2004a).
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(3) The Ist läte Caradoc isotopic event (peak value 
reaching 1.5%o) is confined to the Rägavere Forma
tion (Rakvere Stage) and is much better represented 
than in the Mehikoorma (421) core, where this forma-

0.0 10.0 20.0 30.0
ai2o3 (%)

Fig. 5. Comparison of Kp and Aip3 contents of K-bentonites and 
common sedimentary rocks of the Kerguta (565) and other Estoni- 

tion is very thin and also confined to a discontinuity an and Latvian sections. Black dots - limestones, marlstones and 
surface. shales, crosses - volcanogenic K-bentonites (illite-smectite domina- 

. . . . ted), triangles - volcanogenicfeldspathites (potassium feldspar domi-
(4) A wide negative excursion at the Darriwilian/ nated), grey quadrangles - volcanogenic tonsteins (kaolinite domi-

Caradoc transition (maximum negative 613C values - nated), stars - mixed volcanogenic-terrigenous-calcareous samples,
circles - Kerguta (565) samples.
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Table 1: XRD data ofthe sedimentary rocks and volcanic ash beds ofthe Kerguta (565) core

s.
S

c NaAlSi308 in 
sanidine*(mol%), 

shape of the 201 reflection

Sample
depth I S■S di

Regional
stage

Origin of sampled rockMain and trace minerals
(m) 'O<U

CQ

Terrigenous-calcareousIllite, quartz, dolomite, K-feld- 
spar, chlorite, calcite

Pirgu 0.523.00

Calcareous-terrigenousIllite, quartz, calcite, dolomite, 
K-feldspar, chlorite

0.5Pirgu26.10

Mixed volcanogenic- 
terrigenous-calcareous

Weak reflectionIllite, quartz, K-feldspar, dolo
mite, calcite, chlorite

0.5Pirgu46.60

Terrigenous-calcareousIllite, quartz, K-feldspar, cal
cite, dolomite, chlorite

Pirgu 0.557.00

Calcareous-terrigenousCalcite, illite, chlorite, quartz,
K-feldspar_______________
Illite/smectite, K-feldspar, 
biotite

Keila 0.5133.00

Volcanogenic K-bentonite24.3
Sharp reflection

Keila 20.0136.30

Volcanogenic K-bentoniteWeak reflectionIllite/smectite, K-feldsparHaljala 6.0142.80

Mixed volcanogenic-terrig- 
enous-calcareous

Weak reflectionIllite, quartz, K-feldspar, calcite, 
chlorite, dolomite, pyrite, biotite

Haljala 0.5143.10

Volcanogenic K-bentoniteWeak reflectionIllite/smectite, K-feldspar,Haljala 6.0143.30
gypsum

Mixed volcanogenic- 
terrigenous-calcareous

Weak reflectionIllite, quartz, K-feldspar, cal
cite, dolomite, chlorite

Haljala 0.5143.35

Mixed volcanogenic- 
terrigenous-calcareous

Weak reflectionIllite, quartz, K-feldspar, calcite, 
chlorite, pyrite

Haljala 1.5144.10

Mixed volcanogenic- 
terrigenous-calcareous

Weak reflectionIllite, quartz, K-feldspar, calcite, 
chlorite, pyrite

Haljala 3.0144.60

Mixed volcanogenic- 
terrigenous-calcareous

Illite, quartz, K-feldspar, cal- 
cite, dolomite, pyrite

40.0
Wide reflection

Kukruse 5.0146.50

*K-Na sanidine 201 reflection was studied using the two-component model, only the main component is included in the table.

indicative of volcanogenic material. On the basis of (0.04-0.1 mm) revealed a wide sanidine 201 reflection, 
the low content of CaO and relatively high contents of yielding the calculated average NaAlSi3Oa content in 
K20 and A1203, three pure volcanogenic K-bentonites the sanidine main component around 40 mol%. The 
and six mixed volcanogenic-terrigenous-calcareous wide reflection indicates variable composition of sani- 
interbeds were recognized (Fig. 5; Table 1). Four sam- dine. The bluish-grey interbed in the upper part ofthe 
ples revealed only common sedimentary terrigenous- Kukruse Stage has already been interpreted by Nõlvak 
calcareous signs. In addition to XRD data, conclusions (2002b) as volcanogenic in many drill cores from the 
about sample genesis (Table 1) were made through Southern part of the North Estonian Confacies Belt 
comparison with K20, A1203 and CaO contents in (Jaanusson 1995; Nõlvak 1997). 
about 250 sedimentary clay-, mari- and limestones
and 200 volcanogenic samples from the authors’ data- Volcanic ash bed of the Haljala Stage

The Idavere Substage of the Haljala Stage contains 
two yellow-coloured pure bentonite beds (sample 
depths 142.8 and 143.3 m) and four mixed volcano- 

A bluish-grey bioturbated interbed (thickness 5 cm) genic-terrigenous-calcareous beds (sample depths 
with carbonate-filled borings was found at a depth of 143.1, 143.35, 144.1 and 144.6 m; see Table 1). Mixed 
146.5 m. The high content of authigenic potassium beds are grey, contain little biotite and cannot be visu- 
K-feldspar and a relatively high K20 content in the ally distinguished from common sedimentary marl- 
Kerguta (565) sample confirm mixed volcanogenic- stone interbeds. However, laboratory analyses revealed
terrigenous-calcareous origin of the bed (Table 1; Ap- 
pendix 13). XRD measurement of the coarse fraction Measurements of coarse fractions (0.04-0.1 mm) of

base of XRF analyses (Fig. 5).

Volcanic ash bed of the Kukruse Stage

a clear volcanogenic component in these interbeds.
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Fig. 6. Correlation of the Upper Ordovician volcanic ash beds shown in schematic columns of the Soovälja (K-l), Kerguta (565), Mehikoor
ma (421) and Kuressaare (K-3) cores (see Kiipli & Kallaste 2002, 2005for details) and location of the drill holes. The Grefsen K-bentonite 
complex and the Sinsen, Kinnekulle and Grimstorp K-bentonite beds are indicated after Bergström et ai. (1995).
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relates with the volcanogenic bed at 628.05 m in the 
lower part of the Jonstorp Formation in the Ruhnu 
(500) section (Kiipli & Kallaste 2003). The bentonite 
in the Ruhnu (500) core reveals a wide sanidine reflec- 
tion with an average NaAlSi3Og content of 25.3 mol%.

these interbeds showed only weak sanidine reflec- 
tions not allowing reliable correlations. Anyway, these 
measurements proved that the K-bentonite at a depth 
of 142.8 m is not the uppermost Grefsen K-bentonite 
(Fig. 6), which revealed a well measurable distinct sa
nidine reflection in the Soovälja (K-l), Mehikoorma 
(421) and Kuressaare (K-3) sections (Kiipli & Kallaste 
2005, table 1). Most probably this bentonite correlates 
with those at 177.62 m in the Soovälja (K-l), 311.0 m 
in the Mehikoorma (421) and 370.7 m in the Kures
saare (K-3) sections (Fig. 6). Relatively high Zr and 
low Ti02 contents characterize this bed in all sections, 
except for Mehikoorma (421), where large amounts 
of terrigenous admixture cause rise in Ti02. Gener- 
ally, many volcanic ash beds from the upper part of 
the Idavere Substage have a similar geochemical fin- 
gerprint - high Zr and low Ti02 contents, while lower 
bentonites of the substage, on the contrary, contain 
little Zr and much TiO,. Using Zr and ТЮ2 for corre
lations, we must take into account the effect of terrig
enous material on their concentration. Highly reliable 
correlations can be achieved by the study of more rep- 
resentative sections and support from other methods.

KUKERSITE OIL SHALE BEDS

The Kerguta (565) borehole is located in the Cen
tral part of the Tapa oil shale deposit (area 1150 km2). 
The deposit was discovered south of the town of Tapa 
in 1967-1968 (Fig. 7) and the exploration of oil shale 
was conducted in 1978-1981. The estimated resourc- 
es of the prospective Tapa deposit are 2.6 X 109 tonnes 
(Bauert & Kattai 1997).

Kinnekulle K-bentonite
A light grey K-bentonite bed containing green- 

ish-yellow pockets and biotite flakes lies on the lower 
boundary of the Keila Stage at a depth of 136.2-136.4 m 
(Appendix 1, sheet 6; Appendix 4). Bulk analysis of 
the sample from 136.3 m showed pure bentonite com- 
position and the measured sanidine 201 reflection gave 
the calculated value of 24.3 mol% NaAlSi3Og in sani
dine (Table 1). This composition corresponds to the 
sanidine compositions measured from the Kinnekulle 
bentonite in other localities and confirms the correla- 
tion (Fig. 6). The other sample taken at 133.0 m from 
the Keila Stage revealed no signs of the volcanogenic 
component.

Fig. 7. Location of oil shale deposits in the Baltic Oil Shale Basin 
(after Bauert & Kattai 1997). 1 - recent erosiortal boundary of 
kukersite oil shale; 2 - mined-out areas andfields ofactive mines.

The Tapa deposit is based on kukersite seam III in 
the upper part of the Viivikonna Formation, while 
in the easterly Estonia oil shale deposit the commer- 
cial kukersite seams are A-F (Bauert & Kattai 1997). 
Kukersite layer III in the Kerguta (565) core is 2.3 m 
thick (in the deposit area ranging from 1.6 to 2.3 m; 
Table 2) and lies at a depth of 149.5-151.8 m (in the 
deposit area at 50-160 m).

The kukersite oil shale beds in the Kerguta (565) core 
are lithostratigraphically confined to the Kõrgekallas 
(thickness 6.9 m) and Viivikonna formations (thick- 
ness 17.7 m) (Table 2; Appendix 1, sheets 6, 7; Appen
dix 3, D-1...3; Appendix 4). A uniform stratigraphic 
nomenclature of kukersite beds has been accepted for 
the Viivikonna Formation (Bauert & Kattai 1997; see 
also Taga-Roostoja (25A) section in Põldvere 1999), 
Where Capital letters and Roman numerals are used to 
designate separate beds (Table 2). The succession of 
kukersite beds (usually indexed with lowercase letters; 
Kattai 2000, table 4.3) in the Kõrgekallas Formation, 
gradually thinning westwards, is not clear. In Table 2 
only nine 5-18 cm thick unindexed kerogenous lime- 
stone beds and rare argillaceous kukersite-containing

Volcanic ash bed of the Pirgu Stage
Four samples of argillaceous interbeds were studied 

from the Pirgu Stage (Table 1). Three of these showed 
no signs of the volcanogenic component (Fig. 5). The 
volcanic ash bed at 46.6 m was recorded by Tiina Lang 
(Geological Survey of Estonia) in 1983. The high con
tent of authigenic potassium feldspar indicates the 
presence of some volcanogenic material. Measure- 
ment of the coarse fraction revealed only a weak sani
dine 201 reflection not allowing reliable correlations. 
Most probably this bentonite cannot be correlated 
with sanidine-containing volcanic ash beds identified 
at 251.8 m in the Pirgu Stage of the Mehikoorma (421) 
core (Kiipli & Kallaste 2005). Possibly this bed cor-
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marlstone intervals are presented (see Appendix 4). 
Correlation of these layers with the 20 indexed beds, 
widespread in the eastern sections, is not known with 
certainty.

The indexed oil-shale-bearing beds of the Viivikon
na Formation in the Kerguta (565) core consist of ker- 
ogenous limestone and kukersite, intercalating with 
argillaceous limestone and calcitic marlstone. Fine 
and coarse bioclasts account locally up to 50%. The 
rock structure varies from nodular to wavy bedding. 
Discontinuity surfaces and burrows are present (Ap
pendix 4).

In the lower, Kiviõli Member of the Viivikonna 
Formation the kukersite oil shale bed is composed 
of individual 0.05-0.45 m thick kukersite seams A-K 
(Table 2). Seams B+C and E+F1+F2 are the richest in 
yellowish-brown kukersite (content 50-70%), while 
the other seams contain lenses and nodules of lime

stone. The kukersite seams alternate with light grey or 
beigish-grey limestone intervals of variable thickness 
(0.1-0.5 m), which may be pyrite mottled, burrowed, 
argillaceous, nodular or wavy bedded with thin marl
stone interbeds (Appendix 4).

Kukersite seams L-IIb with a thickness of 0.40-1.35 m 
are distinguished in the middle, Maidla Member of 
the Viivikonna Formation (Table 2). The content of 
kukersite is here 20-60%, being the highest in seam 
II. Limestone intervals (thickness 0.15-0.80 m) of the 
member are in places argillaceous, nodular and wavy 
bedded with thin calcitic marlstone interbeds (Ap
pendix 4).

The Peetri Member in the upper part of the Vii
vikonna Formation shows an increase in kukersite. 
Flere 0.17-2.30 m thick seams III—VII are distin
guished, with kukersite content ranging from 10 to 
75%. The thickest is the potential commercial oil shale 
bed III (Table 2; Appendix 3, D-l; Appendix 4), where 
the content of kukersite is up to 70-75%. Thick- to 
medium-bedded and thick- to medium-nodular yel
lowish-brown and brown, in places splitting kuker
site contains small lenses of limestone, beigish-grey 
kerogenous limestone nodules and abundant skeletal 
fragments.

Limestone nodules make up 25-60% of the total võl
ume of commercial bed III in the Tapa deposit area. 
The main mineral composition of the bed is as fol- 
lows: OM content 10-25%, carbonates 60-70%, clay 
minerals 14-20%. The calorific value of oil shale in 
kukersite seam III is 6-8 MJ/kg and oil yield 9-13% 
(Bauert & Kattai 1997), both decreasing considerably 
towards the lower- and uppermost parts of the bed 
and the periphery of the deposit area (Kattai 2000).

Mining activities in the Tapa deposit are not re- 
garded feasible at present because of several inhibiting 
factors, such as rather low-grade oil shale, thick over- 
burden (50-160 m) and environmental restrictions 
(Kattai & Reinsalu 1991).

Table 2. Kukersite oil shale beds of the Kõrgekallas and Viivikonna 
formations in the Kerguta (565) core

Kukersite bedsc
<u.9

-D
9 Index Interval ThicknessВ <us (m) (m)cc

VII 145.80-146.47 0.67
VI 146.70-146.87 0.17'£ v 147.50-147.95о

о 0.45
cc

IV 148.10-148.70 0.60
III 149.50-151.80 2.30
Ilb 151.95-152.55 0.60
Ila 152.90-153.60 0.70
II 153.80-154.35 0.55
I 155.15-155.75 0.60ISa3s pc 156.00-156.40 0.40

c N+O 156.90-158.25 1.353
:> M 158.40-158.80 0.40
> L 159.25-159.85 0.60

К 159.95-160.35 0.40
J 160.85-161.30 0.45
H 161.40-161.60 0.20
G 161.75-161.85 0.10t§

> L. 162.10-162.20 0.10

L. 162.35-162.40 0.05
CHEMICAL COMPOSITION 

AND PHYSICAL PROPERTIES 

OF THEROCK

E+F,+F, 162.50-162.90 0.40
B+C 163.10-163.30 0.20

А 163.45-163.50 0.05
163.60-163.78 0.18
164.27-164.30 0.03

A total of 90 rock samples from the Ordovician 
(Lower, Middle, Upper) and Silurian (only 3 samples 
from the Llandovery) from the Kerguta (565) drill 
core were studied by geochemical methods (Appen
dix 7). Of those, 84 samples were additionally studied 
by petrophysical methods (Appendix 14). Thin sec
tions were made from 45 samples to determine rela-

164.37-164.50 0.13СЙ-
164.70-164.80 0.10iš

iž 164.85-164.90 0.05EP
165.40-165.50 0.10■:

165.60-165.70 0.10
166.10-166.20 0.10
166.70-166.75 0.05
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tionships between minerals, skeletal and nonskeletal Composition of rock samples 
rock-forming grains, cements, fabric, porosity and The IR, MgO and CaO contents found by wet chem- 
diagenetic alteration of rocks (Appendix 2). The in- ical analysis, and other Chemical parameters meas- 
vestigated core section (Appendix 1) is represented ured by XRF analysis were used to determine the rock 
mainlyby primary carbonate (limestones, argillaceous lithology (Fig. 8, Appendix 7). Rock types were dis- 
limestones, calcitic marlstones) and dolomitized rocks tinguished based on the classification of carbonate 
(dolomitic limestones, dolomitic argillaceous lime- rocks used in Estonia (Vingisaar et ai. 1965; Nestor 
stones, dolostones, dolomitic marlstones). 1990; Kleesment & Shogenova 2005) and on Interna

tional classifications (Mount 1985; Jackson 1997; Mi-
all 2000; Selley 2000). The rocks were subdivided into 

The bulk Chemical composition of the rocks was de- nine lithological types based on the following limits 
termined by XRF spectrometry in the laboratories of of the calculated and measured Chemical components 
the All-Russian Geological Institute (VSEGEI), St. Pe- (Fig. 8): (1) “pure” limestone (IR < 10%, CaMg(C03)2 
tersburg. The insoluble residue (IR), MgO and CaO < 10%), (2) dolomitic limestone (IR < 10%, 10 < 
contents were additionally measured by wet Chemical CaMg(C03)2 < 50%), (3) argillaceous limestone (10 < 
analysis in the Institute of Geology at Tallinn Univer- IR < 25%, CaMg(C03)2 < 10%), (4) argillaceous dolo

mitic limestone (10 < IR < 25%, 10 < CaMg(C03)2 < 
45%), (5) calcitic marlstone (25 < IR < 50%, CaC03 >

Methods

sity of Technology (IG TUT).
Physical properties of the rock were analysed on 

cylinders, 25.4 mm in diameter and 27-28 mm high, CaMg(C03)2), (6) dolostone, argillaceous dolostone
(IR < 25%, CaMg(C03)2 > 65%), (7) dolomitic marl
stone (25 < IR < 50%, CaC03 < CaMg(C03)2), (8) 
mixed carbonate-siliciclastic rock (50 < IR < 70%), (9)

at room temperature and pressure in the Solid Earth 
Geophysics Laboratory of the University of Helsinki. 
Chemical and physical parameters were interpreted 
together using correlation analysis. The examined 
thin sections were prepared in the IG TUT.

siliciclastic rock (IR > 70%). The First four rock types 
are represented by 76 samples from pure to variously

For density measurements samples were dried at а 
temperature of 100 °C and the weight of dry samples д 
(PJ was determined. Then the samples were saturat- 70 
ed with water in vacuum for 24 hours and after that 60
weighed in air (PJ. From the obtained measurements 50
the following parameters were calculated: dry density о 40 
Sd = Pd/V, where V represents sample võlume calcu- 30 
lated from sample size; wet density 6 = Pw/V; effec- 
tive porosity ep = (Pw - Pd)/V and effective density q 
6e = Pd/(V x (100 - cp)/100), which is close to grain 
density = Pd/Vg, where Vg represents grain võlume.

The P-wave velocity was calculated from the tran- 
sit time (dt) of electrical puises through the sample.
The travel time is determined using two identical P- 
wave transducers as transmitter and as receiver. The 
transmitter generates a continuous train of electric 
puises, which will travel through the sample and will ^ 
be picked up by the receiver depending on how fast 10 
the P-wave can travel trough the sample. Hence, the P- 
wave velocity (Vp) was determined using the formula 5 5
Vp = 1000 x ((Lj + L2)/2)/dt, where Lj and L2 represent 
two independent measurements of the sample length.

To compare transit time dt in the samples of differ- 
ent size, it was calculated as dt = 1/Vp

The magnetic susceptibility of rock samples was de
termined with an AGICO KLY-3A kappabridge.
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Fig. 8. (A) CaMg(COf)2 calculated from MgO versus insoluble 
residue, both measured by wet Chemical analysis.
(B) MgO content versus insoluble residue measured by wet Chemical 
analysis.
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argillaceous and dolomitized limestones. “Pure” lime- д 
stones are represented by 33 (see Appendix 7), dolom- 
itic limestones by 6, argillaceous limestones by 25 and 
argillaceous dolomitic limestones by 12 samples. All 
samples are from the Ordovician, except for one. Calcit- -g
ic marlstones are represented by only one Silurian (Ap- *F>
pendix 2, T-l) and three Ordovician samples (Kahula ^ 
Formation), two of which were destroyed during cut- ll 
ting and petrophysical measurements. Dolostones are 
represented by seven Ordovician samples (Toila, Loobu 
and Ärina formations; Appendix 2, T-41, T-42, T-43). 
Dolomitic marlstones are represented by only one sam- 
ple from the Silurian (Varbola Formation), which 
destroyed during cutting and thus physical properties 
were not measured. The mixed carbonate-siliciclastic 
rock type is represented by sand- and silt-containing 
glauconitic dolomitic marlstone of the Lower Ordovi
cian Billingen Stage (Toila Formation; Appendix 2, T- 
45), and the siliciclastic rock type is represented by one c 
glauconitic sandstone sample from the Lower Ordovi- ^ 
cian Hunneberg Stage (Leetse Formation).
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The total iron (Fe203 total) content of most of the 
studied pure and argillaceous limestones correlates 
with the clay content, and their Fe203 total/A1203 ratio 
is in the range of 0.4-1 (Fig. 9; Appendix 7). Three
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Fig. 9. (A) Total iron content versus Alfi3 content measured by XRF 
dolomitic limestone samples from the Väo and Saun- analysis. Correlation coefficient R = 0.77 for all samples except for 
ja, two limestones from the Rägavere and Saunja, one the dolostones.
argillaceous limestone from the Viivikonna and dolo- (B)M»° content versus total iron content measured by XRF analysis.
stones from the Toila and Loobu formations have the Cof“tton coefficient R = 0.85,for all samplesR = 0.48for primary

rocks (limestones, argillaceous limestones and calcitic marlstones),
R = 0.87 for dolomitized rocks (dolostones, dolomitic limestones,Fe203 total/A1203 ratio higher than one. The dolostones 

of the Toila (Volkhov Stage) and Loobu formations argillaceous dolomitic limestones and dolomitic marlstones). 
(Kunda Stage) including glauconite grain impurities 
showed the highest iron content (6.50-8.43%) among 
all carbonate rocks (Figs 9, 10; Appendix 2, T-42.. .44).
This is higher than the iron content of the dolostones 
of the Kriukai Formation (Volkhov Stage) in the Mehi
koorma (421) core, but close to that of the dolostones

carbonate rocks (Figs 9B, 10). The MnO content was 
lowest in the dolomitic argillaceous limestone and do
lostone of the Moe, Adila and Ärina formations. It is
higher in the rocks of the Kõrgessaare Formation and 
the highest in the lower Ordovician Toila to Aseri for
mations, with the peak in the dolostones of the Toila 

The correlation coefficient (R) of Fe203 total with Formation. The MnO content of the sand- and silt- 
A1203 as an indicator of clay is 0.77 for all rocks ex
cept for dolostones (Fig. 9A). This value is similar to 
the correlation coefficient in the Ruhnu (500) core 
(0.78; Shogenova et ai. 2003), but lower than that for 
limestones and calcitic marlstones of the Mehikoorma

of the Kriukai Formation (Volkhov Stage) in the Ruhnu 
(500) core (Shogenova et ai. 2003, 2005).

containing glauconitic dolomitic marlstone of the 
same formation is lower than that of dolostones. The 
lowest MnO content was recorded in the glauconite 
sandstone of the Leetse Formation (Figs 9B, 10; Ap
pendix 7).

(421) core (0.92; Shogenova et ai. 2005). In general, 
pure, dolomitic and argillaceous dolomitic limestones 
have the lowest total iron content (0.18-1.35%); it is 
higher in argillaceous limestones (0.50-2.79%) and 
marlstones (1.6-2.4%) and the highest in dolostones 
(0.67-8.43%) (Figs 9, 10; Appendix 7).

The MnO content in general correlates with total correlation line (Shogenova & Puura 1998; Shogenova 
iron content (R = 0.85) and increases with depth in et ai. 2003, 2005). The same relation was observed in

Porosity and density
Lithological discrimination of the primary and 

dolomitized carbonate rocks is usually revealed on the 
porosity-wet density plot. The density of dolostones 
is the highest for the given porosity and forms its own
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Similar to most of Estonian carbonate rocks (Shog- 
enova & Puura 1998; Shogenova et ai. 2003), carbon
ate rocks of the Kerguta (565) core show a significant 
positive correlation of porosity with the A1203 con- 
tent, an indicator of the presence of clay (Fig. 11B). 
The samples with positive porosity-Al203 correlation 
are characterized by primary porosity associated with 
sedimentation processes. The porosity, which does not 
correlate with clay content, could be called second- 

зд ary and is associated with diagenetic processes. Some 
Ordovician dolostones (Loobu and Ärina formations), 
two dolomitic limestones (Saunja Formation), some 

— argillaceous dolomitic limestones (Adila and Ärina 
formations) and two limestones (Moe and Varbola for
mations) have secondary porosity up to 20% (Figs 11B, 
12; Appendix 2, T-2, T-3, T-20). Open porosity was 
also underestimated (11.6%) in the dolostone of the 
Loobu Formation (Appendix 2, T-41). This rock sam- 
ple contains open vugs and caverns (up to 5-10 mm), 
partly filled with dolomite crystals, and should have а 

_J higher porosity than could be measured by the water 
8 saturation method.

° Limestone
• Dolomitic limestone
о Argillaceous limestone
♦ Argillaceous dolomitic

limestone
д Calcitic marlstcne 
■ Dolostone
* Mixed carbonale- 

siliciclastic rock

oo 0° о • ■

о fg •
♦ 8

8 0 IФ
5 2.3

0 5 10 15
Porosity (%)

В 20

^ 15

Ž* Ю %
0 <* 0

° °л 
ооо^ о о ♦ ш”,?Ло 0

сссо т ФО

(Я о
О
О 5 

CL 0
о о

о
О 1 2 3 4 5 6 7

А1203 (%)
Fig. 11. (А) Wet density versus porosity. Correlation coefficient R P-wave velocity 
= -0.80 for primary rocks (limestones, argillaceous limestones and 
calcitic marlstones), R = -0.87 for dolomitized rocks (dolostones, 
dolomitic limestones, argillaceous dolomitic limestones and dolomitic 
marlstones).
(B) Porosity versus Al,0} content measured by XRF analysis.

The relationship between P-wave velocity (or equiv- 
alently transit time) and porosity is different for lime
stones and dolostones of Estonia. The velocity of dolo
mitized rocks is higher and transit time usually lower 
for the given porosity (Fabricius & Shogenova 1998). 
The same relationships were observed in the Kerguta 
(565) core (Fig. 13A, B). The densest rocks of the Rä
gavere, Paekna and Saunja formations with the lowest 
porosity had the highest velocity (Fig. 12; Appendix 2, 
T-21, T-23, T-24). Low velocity and high transit time 
were measured in the rocks of the Viivikonna Forma-

the Kerguta (565) core (Fig. 11). The density of dolo
mitic limestone is generally higher than that of lime
stones with the same porosity. The limestones and ar
gillaceous limestones of the Viivikonna Formation have 
the highest porosity and the lowest density among pri
mary rocks, which can be explained by the lowest grain t'on porosity and low grain and bulk density
density of kerogen (Fig. 12;Appendix 14). Samples with (Figs 12> Appendix 2, T-32...35). The lowest ve- 
kerogen impurities are in the lower part of the graph l°chy (2400 m/s) is not shown in the figures because 
and form their own correlation line. The highest po- underestimated porosity of the kerogen-bear-
rosity (11.6%) among the samples of the Viivikonna ing samPle that was РагйУ destroyed during measure- 
Formation was measured in a sample with kerogen ments (Appendix 2, T-32; Appendix 14). The lowest 
layers (depth 147.9 m; Appendix 14; Appendix 2, T-32). velocity shown in the figures was measured in the 
However, this sample was excluded from Figs 11-13, mixed rock (glauconitic dolomitic marlstone) of the 
because it was partly destroyed before final weigh- ^oila Formation (Figs 12, 13; Appendix 2, T-45). 
ing with full water saturation. It is the lightest sample
studied from the Viivikonna Formation and its po- Magnetic susceptibility 
rosity was probably higher than 11.6%. Low-field magnetic susceptibility in the studied 

rock sequence correlates with the total iron content 
(Fig. 14A) and increases from diamagnetic and para- 
magnetic to ferromagnetic minerals as in all Estonian 
sedimentary rocks (Shogenova 1999; Shogenova et ai. 
2003, 2005). The correlation coefficient is 0.96 for all 
rock samples from the Kerguta (565) core. Dolostones

The limestones of the Rägavere, Saunja and Moe 
formations (Fig. 12; Appendix 14; Appendix 2. T-13, 
T-14, T-21, T-24) have the lowest porosity among the 
studied rocks. Two dolostones from the Toila Forma
tion (part of the Volkhov Stage) have the highest den
sity and low porosity (Appendix 2, T-43).
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with glauconite impurities of the Loobu and Toila for- has higher magnetic susceptibility owing to pyrite aggre- 
mations have relatively high magnetic susceptibility gates and pyritization of microfossils (Appendix 2, T-40). 
(21.5 x 10~5 to 42.6 x 10"5 Sl) and a high total iron con- Increase in magnetic susceptibility of some other sam- 
tent (4.3—8.4%; Fig. 14A). The silt- and sand-contain- ples is caused mainly by pyrite impurities found in the
ing glauconitic dolomitic marlstone of the Toila For- rock matrix (Fig. 12; Appendix 2).
mation had the highest magnetic susceptibility (Fig. 14;
Appendix 2, T-45). Conclusions

The predominantly Middle and Upper OrdovicianIn general, magnetic susceptibility correlates with 
iron minerals occurring in the clay fraction of the sequence studied in the Kerguta (565) core is repre- 
rock. The dolostones of the Toila to Loobu formations sented mainly by argillaceous and variously dolomi- 
have higher magnetic susceptibility for the given clay tized carbonate rocks. Some of them contain impuri- 
content (Fig. 14B), associated with glauconite impuri- ties of glauconite, kerogen and pyrite. The main factors 
ties (see Appendix 1, sheet 8). Two dolostones from influencing rock properties in the studied core section 
the Adila Formation have low iron content and mag- are primary and secondary porosity, dolomitization, 
netic susceptibility (Appendix 7; Figs 9, 10, 12, 14). impurities of iron-bearing minerals and kukersite oil 
The limestone of the Aseri Formation also has higher shale layers. 
magnetic susceptibility for the given clay content ow
ing to goethite-limonite oolitic coatings (Appendix 2, 2003), the MnO content associates with iron minerals.
T-39). The dolomitic limestone of the Loobu Formation

Similar to the Ruhnu (500) core (Shogenova et ai.

The density-porosity and velocity-porosity plots 
showed discrimination of primary carbonate and 
dolomitized carbonate rocks revealed in other cores 
(Fabricius & Shogenova 1998; Shogenova et ai. 2003). 
Magnetic susceptibility correlates with total iron con
tent in all rocks, and with clay content, except for the 
dolostones of the Toila and Loobu formations.
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The section of building stones (beds 16-56) is well 
exposed in the Tondi-Väo quarry (Väo deposit) near 
Tallinn. The Väo Paas (1) drill hoie, penetrating beds 
15-56 (Table 3) and terminating in the carbonate rocks 
of the Volkhov Stage (depth 14.8 m), is located to the 
southeast of the quarry. The Väo Formation, overlain by 
Quaternary sediments, is well represented and the core 
section is used as the type section of the formation.

The building stone sequence of medium- to thick- 
bedded limestones with numerous discontinuity 
surfaces in northern Estonia was first thoroughly 
described by Jaansoon-Orviku (1927). The same suc- 
cession and lithological variation of beds in combina- 
tion with characteristic discontinuity surfaces can be 
observed over a wide area (Orviku 1940). Неге we try 
to follow the bed-by-bed stratification of the build
ing stone known from the Väo deposit (Fig. 15) in the 
Kerguta (565) section at a distance of about 75 km. 
The parts of the Väo Formation described in the Väo 
Paas (1) core at a depth of 3.67-10.80 m and in the Ker
guta (565) core at 170.4-176.1 m (Table 3; Appendixes 
15,16) are considered in more detail and compared.

Light grey, medium- to thick-bedded, very finely 
crystalline and finely crystalline limestones with rare 
marlstone films and interbeds (thickness 0.2-0.5 cm) 
contain 25-50% bioclasts (Appendix 1, sheet 7), abun- 
dant discontinuity surfaces, dolomitized intervals in 
the lower part of the Väo Formation and pyrite impu- 
rities. Generally, the intervals rich in marlstone inter
beds are notably thinner in the Kerguta (565) core than 
in northwestern sections, particularly in two parts of 
the core: (1) near the boundary of the Lasnamägi and 
Uhaku stages (beds 44-53), where the limestone sec
tion is dolomitized and in places rich in pyrite; these 
beds are 0.38 m thick in the Kerguta (565) core and 
1.40 m thick in the Väo Paas (1) core; (2) in the up- 
per part of the Väo Formation (beds 15-33), where 
the limestone section is 0.55 m thinner in the Kerguta 
(565) core.

Sixty-three distinct phosphatized discontinuity sur
faces were recognized in the Väo Formation of the 
Kerguta (565) section (Appendix 4) and about 55 in 
the Väo Paas (1) core. Pyritized discontinuity surfaces 
number, respectively, 4 and 10, and are all related to 
transgressive sediments.

The following main characteristics were considered 
in the comparison of the sections:

1. The underlying limestones of the Aseri Stage con
tain iron ooliths. Rare carbonate ooliths are found on 
the lower boundary of the Lasnamägi Stage (distinct 
phosphatized discontinuity surface (see Appendix 1, 
sheet 7).

The highest porosity and the lowest density and P- 
wave velocity among primary rocks were recorded 
in the rocks of the Viivikonna Formation (Kukruse 
Stage) with kerogen impurities. The limestones of the 
Rägavere, Paekna and Saunja formations had the low
est porosity and the highest density and velocity.

The highest porosity and lowest density among 
dolomitized rocks were measured in the dolostones of 
the Ärina Formation (Porkuni Stage). These rocks had 
the lowest total iron content and magnetic susceptibil- 
ity among studied dolostones. The dolostones of the 
Toila Formation had the lowest density but the highest 
total iron content and magnetic susceptibility.

Magnetic susceptibility correlates with total iron 
and clay content in all rocks except for the dolostones 
of the Toila and Loobu formations.

BED-BY-BED COMPARISON OF THE 
VÄO PAAS (1) BUILDING STONE 

WITH THE KERGUTA (565) SECTION

Ordovician carbonate rocks of Estonia Iie under а 
thin Quaternary cover and are thus easy to access. 
These rocks, remarkable for unrivalled durability 
and great variety, have been widely used for building 
(strongholds, castles, churches, town houses, bridges, 
fireplaces, ete.), making sculptures, road-building and 
paving, lime and eement produetion, glass and paper 
industry, also for export, since the 13th century.

The quarries operated in northern Estonia, where 
the Ordovician building stone crops out as a contin- 
uous belt in average thickness of 8.0-8.6 m, thinning 
gradually from the surroundings of Tallinn towards 
Osmussaar Island and to the Southwest (Fig. 15). 
Lõng traditions of stone-masonry have provided а 
detailed bed-by-bed stratification of the quarried 
rocks (Table 3), based on their properties, composi- 
tion, colour, textural features and usage possibilities. 
Altogether, 58 beds (Vilbaste 1954; Einasto 2002), 
ranging from the lower part of the Väo Formation 
(Lasnamägi Stage) to the lower part of the Kõrgekallas 
Formation (Uhaku Stage), have been distinguished.

Ä Tallil
'VÄO PAAS (1)Osmussaar

KERGUTA (565)
100 km

i

Fig. 15. Location oftheVäo Paas (1) and Kerguta (565) drill holes 
in North Estonia.
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Table 3. Bed-by-bed correlation ofthe Kerguta (565) and Väo Paas (1) sections, and characteristics ofthe building stone

Depth of the 
lower boundary

<U(m) o
£& = Local bed name Traditional applications / remarksВ

ir>
VO
un C

C/5
О.273 <g 73 Itd OQO.3).2 £ IQJIh

И Рч

? - / crumbles easilyNutu1
? Hakantkirju2 Masonry / argillaceous, with a PDS
? Topeltkirju Masonry / argillaceous3
? Kollane lõug Masonry / argillaceous, on the PhDS kukersite-containing4
? Ratsatäkk Masonry / argillaceous, with a hard middle interbed5
? Papa Masonry / argillaceous6

<3 ? 7 Mamma Masonry, indoor steps / argillaceous, with a hard middle interbed
=3 ? Tussualune

(Mapa)
Masonry / argillaceous, with a hard middle interbed8■3go

>o
? Tõusandus Masonry, indoor steps / argillaceous, with a hard middle interbed9
? Karvakord Masonry, internal wall cladding / with a distinct rugged PDS10
? Reinukord Indoor steps in a light traffic area / -11
? Seitsmetolline Indoor steps in a light traffic area / -12
? Laksupealne Indoor steps in a light traffic area / -13

Laksu? Indoor steps / with a distinct PDS, very picturesque3.58 14
Nah akord Internal wall cladding / with two PDSs, very picturesque170.40 3.67 15
Tulikord Outdoor paving in a heavy traffic area / dark170.75 3.85 16
Nahakord170.80 - / crumbles easily3.90 17
Mädakord - / crumbles easily170.83 4.00 18

? ? Nõtku Masonry / brittle19
Rabandus Outdoor steps in a heavy traffic area / -171.05 4.25 20
Lõhkumine Outdoor steps in a heavy traffic area / -171.15 4.38 21
Paks hall Outdoor steps in a heavy traffic area / outermost beds crumble easily171.40 4.58 22
Kirjukord Outdoor steps in a heavy traffic area / -171.55 4.88 23«3

171.75 Trepp Masonry, indoor steps in a heavy traffic area / with a distinct PDS?, very 
picturesque
Masonry, outdoor paving in a heavy traffic area / with a distinct PDS?
Masonry, outdoor paving in a heavy traffic area / with a distinct PDS?

5.13 24

171.89 5.29 25 Viiene
Neljane171.97 5.40 26
Pealmine naha- 
kord (arssin)

Internal masonry / -172.05 5.47 27

172.24 5.63 28 Tige seitsmene Wall cladding and flooring / with a hard middle interbed and a PDS in 
the middle, very picturesqueI Alumine nahakord172.34 5.67 29 Masonry, outdoor wall cladding / -

Pealmine muld- 
valge

Suitable for all outdoor building applications / thick-bedded172.65 5.95 30

Suitable for all outdoor building applications / thick-bedded? Alumine muld- 
valge

6.25 31

? Kassikord Outdoor wall roofing tile and steps / split into three, with a hard 
middle interbed

6.55 32

172.98 - / crumbles easily6.80 33 Lutt
Laksu-punane Outdoor usage in severe exposure areas, steps in a heavy traffic area / 

peculiar vertical sedimentary structures, very picturesque___________
Suitable for severe exposure areas / peculiar vertical sedimentary 
structures, two distinct PDSs, very picturesque____________________
Outdoor steps in a heavy traffic area, wall cladding and flooring / 
with two hard interbeds, set upside down

173.09 7.00 34

Kirjukärn173.35 7.21 35

Trepp-kalk173.65 7.42 36

Sauekord Internal masonry / -7.64173.80 37
Hall arssin Outdoor usage, flooring in a heavy traffic area, wall cladding / 

very picturesque_________________________________________
173.88 7.75 38
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Depth of the 
lower boundary

<U(m)
£<u

я1 tn s Local bed name Traditional applications / remarksVD 
LГ) cя G S.

73 '■O
о.s75 Я c3

CLh7C PQ
.9 E IÖO

£
Valge arssin Outdoor usage, paving in a heavy traffic area / -173.99 7.84 39
Nahakord
(Sajakordne)

- / crumbles easily174.35 8.20 40

Tulikord Indoor steps in a heavy traffic area / crystal size is larger 
than 0,05 mm, contains pyrite

174.55 8.36 41J
73

5 Outdoor paving / the upper interbeds harder than lower, pyrite-rich174.65 8.47 42 Poriarssin
Poriarssina alune Masonry / brittle, pyrite-rich174.80 8.60 43
Ristikord Memorials and carving (sculpture), outdoor usage / -174.92 8.75 44
Nahakord - / crumbles easily? 8.81 45
Raudsüda
(Üheksane)

Outdoor usage, wall cladding and flooring / split into three, the 
middle interbed harder than outer, flexibility values of the bed high

175.15 9.08 46

Kuuetolline Memorials and carving (sculpture) / homogeneous9.24 47
Seitsmetolline Memorials and carving / the lower interbed harder than upper, 

heterogeneous with a PDS in the upper part
9.40 48I

Neljane Outdoor paving / -9.57 49
Outdoor paving / -? 9.67 50 Viiene

$ Pealmine põhja- 
valge

Masonry / in the uppermost part a PDS? 9.85 51£
Я

s
73 ? Alumine põhja- 

valge
Masonry / pyrite-rich, with marlstone films10.00 52

Põhjatrepp Masonry, outdoor steps / contains pyrite, often dolomitized175.30 10.15 53
Pealmine põhja- 
punane

Masonry, outdoor steps / hard, porous, dark brown175.55 10.40 54

Alumine põhja- 
punane

Masonry, outdoor steps / hard, porous, dark brown175.85 10.55 55

Pukisarv Masonry / split into three176.10 5610.80

PDS -pyritized discontinuity surface; PhDS - phosphatized discontinuity surface; - bed missing; ?- boundary of the bed not recognized. See 
also description ofthin sections (Appendix2) and Chemical composition (XRF; CaO, MgO, C02 and insoluble residue) ofrocks (Appendix 5, 
7). The boundary of the stages (at 175.0 m) in the Kerguta (565) core was determined on the basis of the distribution of chitinozoans.

2. The overlying limestones of the Kõrgekallas For- 4. Specific discontinuity surfaces (in the Kerguta (565) 
mation are more argillaceous and sedimentary struc- core at depths of 172.85,173.1, 173.9 and 174.3 m) and 
tures are thinner, for example above the complex of complexes of discontinuity surfaces (171.4-171.9 and 
discontinuity surfaces at a depth of 170.40-170.56 m 174.7-175.0 m) widespread in northern sections and

related to lithological changes in limestones (Appen-in the Kerguta (565) core (see Appendix 4).
3. Some distinctive layers are followed over a wide area, dixes 4, 15, 16). 

for example, dolomitized limestone (175.3-176.1 m) in 
the lower part and thick-bedded limestones in the 
middle part (172.65-172.98 m) of the Väo Formation 
in the Kerguta (565) section (Appendixes 15, 16);
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APPENDIX 1

Description of the Kerguta (565) core

The description is given in a standardized form. The table is divided into nine columns based on the type of 
information.

STANDARD UNITS — Chronostratigraphic and geological time units.

LOCAL STRATIGRAPHIC UNITS — Stages, substages, formations and members.

CORE BOX NO./FIGURES — Numbers of boxes, location of the intervals of core illustrated on compact 
disc in read-only memory (detailed core photos märked as D-1...7, thin sections as T-1...45, and Ordovician 
(Lower, Middle, Upper) and Silurian (Llandovery) photo-log in Appendix 4).

DEPTH/SAMPLES — Depth of the boundaries and sample levels: C, conodonts; Ch, chitinozoans; F, X-ray 
fluorescence samples; Is, stable isotope analyses (ö13C); K, Chemical samples; Ph, physical properties; S, spectral 
analyses; T, thin sections; X, X-ray diffractometry.

LITHOLOGY — For legend see the next page. The core section is given alternately at scales of 1:200 and 1:100.

SEDIMENTARY STRUCTURES — Accordingto thickness ofbeds: micro- (< 0.2 cm), thin- (0.2-2.0 cm), me- 
dium- (2-10 cm) andthick-bedded (10-50 cm);massive- visiblebeddingis missing. Accordingto sizeofnodules: 
thin-nodular (vertical diameter of nodules < 0.2 cm), medium-nodular (2-5 cm) and thick-nodular (> 5 cm).

MARLSTONE BEDS — The most frequent thicknesses of the marlstone beds; in parentheses infrequent 
thicknesses. Contacts between marlstone and other types of rock may be distinct (D) or indistinct (IND). Col- 
ours were identified on damp core.

MARLSTONE PERCENTAGE — The content of marlstone beds in the described interval was estimated 
visually.

SHORT DESCRIPTION — Main types of rocks are in boid. The colour of rocks was identified on damp core; the 
dominant size of limestone crystals (in italics) was estimated visually: cryptocrystalline (< 0.005 mm), microcrystal- 
üne (0.005-0.01 mm), very fmely crystalline (0.01-0.05 mm), finely crystalline (0.05-0.1 mm) and medium- 
crystalline (0.1-1.0 mm). The percentage of allochems (mainly bioclasts and clastic material) is also indicated. 
Clastic fractions (size of partides; in italics) are described as follows: clay (< 0.005 mm), silt (0.005-0.05 mm), 
sand (0.05-2.0 mm), gravel (2-10 mm), pebbles (10-100 mm) and cobbles (> 100 mm).
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Appendix 1 continued
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UJAPPENDIX 1, SHEET 1DESCRIPTION OF THE KERGUTA (565) CORE
Location: 59° 07' 40" N, 26° 00' 45" E. Length of the core 192.9 m. Elevation of the top 110.0 m above sea level.
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Dirty greenish-grey, slightly to highly argillaceous, very finely crystalline 
limestone (grains 10-25%, some bioclasts up to 3 cm in diameter) with 

marlstone (bioclasts 10%) interbeds
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bioclasts 10-25%, up to 2 mm in diameter) interbeds and pockets. 
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Discontinuity surfaces are pyritized
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At 96.8-96.9 and 97.2-97.5 m crypto- and microcrystalline limestone 
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discontinuity surface is pyritized and phosphatized

s < 0.2, 0.2-0.5 (3) cm; 
D and IND■3 I ChPhFIs

<5I £ I grcyz I ChS T—T21__ IChPhTF Is 
ChIsS

= 106.8 gftls

ee cz;wwT-23 H
ОI
X

>—I

WAV
s

>
PhFIs Light grey with brown shad q, finely crystalline and very finely crystalline 

limestone (grains in places 10-25%) with rare marlstone interbeds. 
Discontinuity surfaces are pyritized, rock impregnation reaches 

in places 5-10 cm below the surface

А X
Indistinctly medium- 

bedded, in places thin- 
and thick-bedded

22 <0.2, 0.2-0.5 (1) cm;Chs c1-2D tr
Cgrey7 7Ch
t~PhF ^ЛЛ

/WVW CChiss 
chPhF Is 

ChlsS

О О >—(S> g 'g& lj i il
Light grey with brown shade, finely to very finely crystalline and crypto- 

to microcrystalline limestone (grains < 10%, rarely 30%) with rare calcitic 
marlstone interbeds. Calcite-filled primary and secondary veins are found

Light grey with small pyrite mottles (missing in the uppermost 40 cm), 
crypto- to microcrystalline and very finely crystalline limestone (grains 

< 10%, in places 30%) with rare marlstone interbeds. Calcite-filled 
veins are present. Discontinuity surfaces are pyritized 

Light grey with green shade, slightly to medium argillaceous, very finely 
crystalline limestone (grains < 10%, in the lowermost 4 cm pyritized 
grains < 20%) with marlstone interbeds and pockets. Calcite-filled 

veins occur. The discontinuity surface is pyritized 
Dark greenish-grey marlstone with interbeds and nodules of argillaceous 

limestone (grains < 25%). Bioclasts (shells, ete.) under the pyritized 
discontinuity surface (depth of impregnation 30 cm) are not oriented 

Light to dark greenish-grey, medium to highly argillaceous, very finely 
crystalline limestone (grain content inereases upwards up to 25%; shell 

fragments 0.3-1 cm aeross) with marlstone interbeds and pockets 
Light greenish-grey, mostly slightly to medium argillaceous, very finely 

crystalline limestone (grains in places 10-30%; rare bioclasts up to 3 cm 
aeross) with marlstone interbeds. The discontinuity surface is pyritized

§
23 4 I:§ ~ 

4 4u cd

ПT >I
ö

cx

X “ 114.6 Phl^sо s f~uT~^rTu~l zzz £Ö В Indistinctly medium- 
(thin-) bedded 

(Core yield 70%)

rr" < 0.2,0.2-0.5,1-2 cm; <2.45_

£ Ch ПИ.Sf DChIs s 
PhTF H

I—I
T-2405 dark grey

О.п.и" 117.4 сь24 и XIss Wavy, indistinctly 
thin- and medium- 
bedded, uppermost 

0.5 cm thick-bedded

<3 < 0.2, 0.2-0.5 (1) cm;n 1-2 oo1
<D TnTnT D- ChIs 

PhFS
Ch Is

- Ch IsS
r121.8ch,J| 
= 122.2cW|s
- 122.4 СЦ“

ChphpS

dark greyГ n
ии П n

I П
£ < 0.2, 0.2-3 cm;

IND and D 
dark greenish-grey 
Up to 4 cm; IND 

dark greenish-grey

<2

H .wwv

T-25 Indistinctly 
medium-bedded 

■. indistinctly bedded 
Indistinctly medium- 
to thick-bedded, with 

micro- and thin-bedded 
intervals (thiekness 

uptolOcm) 
Indistinctly medium- to 

thick-bedded, 
with micro- and thin- 

bedded intervals 
tthiekness 5—20 cmi

__ АriTj-b-
PhTI

25 и--- ут и-----
пг

>50— Tn:/
Ö

< 0.2, 0.2-0.5 cm; IND 
dark greenish-grey

-124.6 Ch
Is 5-10и ~

lg
«1 Uh

~u~ /WVW
/Ch26 ЖPhTF S

I 2 T-26 i I. — rr < 0.2, 0.2-0.5 cm; 
IND (D) 
dark grey

i* I / <5<•>Ch Jg
PhFS 

128.8 Ch

21ui
27 ~7T

Oa*- Oandu Stage; Hi*- Hirmuse Formation; Tõ*- Tõrremägi Member
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- 128.8 Light grey and grey, with green shade, highly (20-30% of rock) to medium 
argillaceous, in the middle part in some layers slightly argillaceous, very finely 

crystalline limestone (grains in lenses and pockets < 30%) with marlstone 
(bioclasts < 25%) interbeds. At 132.9, 133.0 and 133.4 m Iie kerogenous 

marlstone interbeds, in places ferriferous. On the lower boundary lies 
a light grey, with greenish-yellow pockets, biotite flakes and 

silt-containing K-bentonite bed (thickness 20 cm)

WM

■©4T-27 ChlsS
PhTFCh27

//
Wavy, indistinctly medium- 
bedded, with thin-bedded 
and indistinctly nodular 

intervals (thickness 2-20 cm)

ChS HL < 0.2, 0.2-1 cm; 
IND

dark greenish-grey

N
<u
00 5-103PhFChs 

XF Ch.
5 IOO ллI T-28 ЛЛ v

mu*
zHL //28 PhTF

* § S■Я-
71ZI //Ch —Ё 'O qfs

4 Ch’s
■Indistinctly medium-bedded, 

with thin-bedded and 
thin-nodular intervals 
(thickness 10-15 cm) 

Wavy, medium-bedded, with 
indistinctly micro-bedded 
and thin- to thick-nodular 

intervals (thickness 30-40 cm) 
Wavy, thick- to medium- 

bedded, with micro- to thin- 
bedded intervals 

(thickness 5-25 cm)

Light greenish-grey, slightly to medium (40% of rock) argillaceous, in the 
lowermost part dolomitized, very finely crystalline limestone (grains in places 

10-30%, rare bioclasts 3 mm across) with marlstone interbeds 
Greenish-grey, slightly to highly (40% of rock) argillaceous, finely to very 

finely crystalline limestone (grains in places 20-30%, rare bioclasts 0.5 mm 
across; carbonate clasts < 10%, up to 1 mm across) with marlstone interbeds
Light greenish-grey, slightly to highly (10% of rock) argillaceous, very finely 

crystalline limestone (grains in places 20%, rare bioclasts 0.5 mm across; 
carbonate clasts < 10%, up to 1 mm across) with marlstone interbeds

Light greenish-grey, micro- to very finely crystalline limestone (bioclasts in 
places < 40%) with marlstone and K-bentonite (thickness 3-6 cm) interbeds 

Light grey, in places slightly argillaceous, micro- to very finely crystalline 
limestone (grains in places 20%) with marlstone interbeds. Discontinuity 

surfaces are pyritized
Light greenish-, beigish- and brownish-grey, slightly to medium (highly) 

argillaceous, in places kerogenous, very finely crystalline limestone (grains 
10-25%, in places < 50%) with marlstone and brown kukersite (thickness 
2-10 cm) interbeds (indexed oil-shale-bearing beds* see below). Burrowed 

intervals are present. A dark bluish-grey burrowed altered K-bentonite 
bed occurs at 146.50-146.55 m. Discontinuity surfaces are pyritized 

Intercalation of light greenish-, beigish- and brownish-grey, slightly to medium 
(highly) argillaceous, in places kerogenous, very finely crystalline limestone 

(grains 10-25%, in places < 50%), marlstone (in places kerogenous) and 
brown kukersite (thickness 1 cm) interbeds and nodules (indexed oil-shale- 

bearing beds* see below). The discontinuity surfaee is pyritized

VAVV£ < 0.2, 0.2-2 cm;О
C- //

О- 136.4 xFcs 
Ch S 

Ch PhTF Is
Ch lg 
Ch s 

ChphF 
-140.0 ClUs

СЦ 5IND------я -Wv^
■ ÕÄ’’ 
. (D.W

< cI dark greenish-greyJ29 -— / i/
2 137.6T-29 >< 0.2, 1-2 cm;ZE — //

>5IND uiOO3ZEoi О'-dark greenish-greyJ?I
СО ю

Ui
7T

о ö3 < 0.2, 0.2-0.5 cm;Ch vww
ш<у,1у
nw
v*v.

435 'trо о -а •9
30 <5ЧchPhTFs 77

I—If i
T7 В»

IND5T-30 Ch dark greenish-greyб | Is I ZI, « 3Ch’s

- 142-8xfxfXFÄtXF

- 15?’’ ChS«“f/phTF, 
_ 144.6 cIs

8 Ch's r.ir s- 145.8 l!U
PhFls

t '
■ ii i iilö В iiiMi < 0.2, 0.2-4.0 cm;

IND and D 
dark greenishrgrey
< 0.2, 0.2-3.0 cm;

IND and D 
dark greenish-grey

I I& nI I I-

■ ф /у Wavy, medium-bedded
5.0.W......................................

О53 I I IТ-31 77xfL 31 1-1—1U 31
^ J Wavy, medium-bedded 

viil
-w— J 1 1 1._3vj-9 VE

mШ I 1-2
r-4и 7м лCh-TU

А I / — ЛCh XF Л l /ac ZI
kPÄBv]Ch K 

- g,rhTFISK
ChPhF.

c chIsK

T-32 л I // — / Indistinctly thick- 
^-v\\vv iv] and medium-nodular, 

in places 
medium-bedded, 

kukersite thick-bedded 
and nodular

В // <0.2-5 cm; 
IND andD 

dark greenish-grey 
and brownish-grey

I/s 32 3^2ZI
D-l§1 

u -t: P 
я S®
Й g
ü Ui 
СЛ

10-30F~ WAVCh
IIIC

Ch

-151.8 ch
ChpbTFbK

|

Па] nodular and wavy, 
ii] medium-bedded

CtJ-------

sl T-33 0.2-5 cm;
IND andD 

dark greenish-grey 
and brownish-grey

'— о
Thin- to medium-33X 44 “c

Ch PhTF
//H T-34 5-45

/71
cC\*7

4^Indexed oil-shale-bearing beds* (kerogenous limestone, kukersite (oil-shale) and argillaceous limestone) according to currently aeeepted stratigraphic nomenclature: bed VII, 145.80-146.47 m; bed VI, 146.70-146.87 m; 
bed V, 147.50-147.95 m; bed IV, 148.10-148.70 m; bed III, 149.50-151.80 m; bed Ilb, 151.95-152.55 m; bed Ila, 152.9-153.6 m; bed II, 153.80-154.35 m.
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59 2к Eššн

и
кs

GO
Оoo cx
U

c01
Ch

cCMskk
ChPhTF

л* ■] 
Лли p]

follow upö z —7Г:X)
£ 34 ■ zn

7 — ža
оgs лT-35 ~> |// O+N>11 

oo о 5й
o> lx ^ 
сл —

Ch Л:§ . Intercalation of light greenish-, beigish- and brownish-grey, slightly to 
medium (highly) argillaceous, in places kerogenous, very finely crystalline 

limestone (grains 10-25%, in places < 50%), marlstone and brown 
kukersite (thickness up to 3 cm, in the lowermost part 8 cm) interbeds 

and nodules (indexed oil-shale-bearing beds* see below). Burrowed 
intervals are present. Discontinuity surfaces are not impregnated

(160.15 and 162.40 m) and pyritized (163,5 m)......................
Light greenish- and beigish-grey, slightly to medium argillaceous, in 
places dolomitized and kerogenous (thickness of interbeds 5-15 cm), 
finely to microcrystalline, mainly very finely crystalline limestone 

(grains < 25%, mainly fme bioclasts) with calcitic marlstone interbeds

Light grey, in places slightly argillaceous, microcrystalline and very finely 
crystalline limestone (grains < 25%, in places < 50%; mainly fme 

bioclasts, in the lowermost part pyritized coarse bioclasts) with marlstone 
interbeds, Discontinuity surfaces are. phosphatized..................

CbphFIs^K
ChK

-159.9 n,1* 
c'c>
r Ch Pb F

Chrb 
rChK

Ch ,IsIs

cPhTF

6 Ch’s 
Ch Is

Ch ChCK 
C ch vK

- Ch№FK

“ 166.75 Ccfh
4 Ch’s

о .2 1 1 АЛ M] 
£.....L]о а CA1 š-hi

//D-2 HЬ У- U77 л Й35 О5-15//CX

2 Indistinctly thin- to 
medium-nodular, 

and wavy, 
medium-bedded

0.2-3 cm;
IND and D 

dark greenish-grey 
and brownish-grey

Ä AJt
A...Btg. 
-U—A n
-u-Л w

11 nw
-v- Ш 
~w~5

fy— 3 Vvv\

z
‘—I50>Ш ZL >>
Z2 D-3 I _ 5-15
О- 163.5

Indistinctly thin- to 
medium-nodular, 
and wavy, thin- to 
medium-bedded

T-36 M< 0.2, 0.2-2 cm;
IND and D 

dark greenish-grey

J7 О36 5-30а 7L Г4D-4
£ О
£ О *—«Is~T ZE

I =Я CtJ
w •*

nI
T-37 >3Z <0.2, 0.2-0.5 (l)cm;Indistinctly (thin-) 

medium- to 
thick-bcdded

PhTF? 
5 Ch’s Is 

C Ch

7 Ch s C 
PhFr _.K

СГ 170.4 “
=r= - ™.Ch4? VChcCIsK

3 <5p 00 
rt Ю

37 D
ZL cz;greenish-grey5 rz7T

/ J nD-5
Is "cT^zr H

H—<:§ _ v оI E•S > о g
<Z> —5

=3 в

H //D-6 //g TE EL z38 * Light grey, in places dolomitized, microcrystalline to very finely crystalline 
and finely crystalline limestone (grains 25-50%; mainly coarse bioclasts, 

in places pyritized) with rare marlstone interbeds. Most of the 
discontinuity surfaces are phosphatized. Rare calcareous 

ooliths are found on the lower boundary

7//а £ Ph FIs

CpCh ^
CChK 

rCCh
CCChCCh

ccf ^PhTF-v<isK
- - CChK

rm,cch 
CChcch

Ц// Horizontal, indistinctly 
medium- to 

thick-bedded

СЛ< 0.2 (0.2-0.5) cm; 1-2CChe 4."J D»\'r3 £ cCCh // //U
£X U 4

greyт =У=2

=a=l ■и— ■
_u_ -VyVW Q

firWcjV

p, I //I //< //
>

T-38 “c // j i //// //

3t
39 I IL-77JTrr //

=H=1 nv
T20"

D-7 31I- 177.3 Light grey with green shade, in places slightly argillaceous and 
dolomitized, very finely crystalline and finely crystalline limestone 

(grains 10—50%; in places limonitized) with rare marlstone interbeds. 
Discontinuity surfaces are limonitized, the lowermost one also 

pyritized. Lenses with iron ooliths (< 10%, in places up to 30%) are found

Is
Horizontal, indistinctly 

thick- to medium- 
bedded, in places 

thin-bedded intervals

!S1Is n < 0.2 (0.2-0.5) cm;CCh ©2P p от I
'8 1 
< <

3 Ch’s cPhF
- CCh rh.. Pls

TL rr D 1-2ZE40 "'T® ■ dark grey7 Ch’s С к 
Г 4 C's Ь I пТ-39 ЖPhTF

181.05 ссь
и U LT

Indexed oil-shale-bearing beds* (kerogenous limestone, kukersite (oil-shale) and argillaceous limestone) according to currently accepted stratigraphic nomenclature: bed I, 155.15-155.75 m; bed P, 156.00-156.40 m; 
bedO+N, 156.90-158.25 m; bed M, 158.40-158.80 m; bed L, 159.25-159.85 m; bedK, 159.95-160.35 m; bed J, 160.85-161.30 m; bed H, 161.40-161.60 m; bed G, 161.75-161.85 m; bed F4, 162.10-162.20 m; 
bed F3,162.35-162.40 m; bed F,_,+E, 162.50-162.90 m; bed B+C, 163.10-163.30 m; bed A, 163.45-163.50 m.

Is"
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Same as the previous complex. Ooliths are missing, carbonate clasts pyritized. 
Discontinuity. surfaces are mainly limonitized, phosphatized and/pr pyritized

Light greenish-grey, with limonitized spots, medium argillaceous, very 
finely crystailine and finely crystailine limestone (grains <10%) with 

marlstone interbeds. Iron ooliths (in places 10-20%) are found

о и оD-7l
40 I

181.05 Horizontal, indistinctly 
medium-bedded^9

-u—......
< 0.3 cm; D 
darkgrey.acch 1-2ИT —ГТТГg

3 __,rtf- 181.7 Is
E I ?G_ / < 0.3 cm;Wavy, indistinctly 

meditun- to 
thin-bedded

l°©£ <5DIs03

S- o dark grey21z Is .0.I-183.2 c Ш. 2J
Is E41 TZ 7\c Wavy, indistinctly 

thin- to
medium-bedded, 

in places indistinctly 
nodular

w ■HZ Grey, with green shade, slightly argillaceous, microcrystalline to finely 
crystalline limestone (grains in places 10-50%, in places pyritized) with 

marlstone interbeds. Carbonate clasts are phosphatized and pyritized, 
discontinuity surfaces are phosphatized

-VT-40 №E EE 7~TPhTFls < 0.2, 0.3-1.5 cm; 2^8> S
S Ho
СО Ю

•а о м

* ö 
■g E

// <10Dг 4 О9//C dark grey ca ! ----//T ~šf\s S IZ >7/
1 c Is= 185.9

~T//
23Eo //// asIs Dark grey, in places slightly argillaceous, medium- to finely crystalline 

dolostone (grains in places 25-50%) with dolomitic marlstone interbeds
%"■il" Wavy, indistinctly 

thin- to
medium-bedded

< 0.2,0.3-1.0 cm; onT-41 1 <5// INDЯ PhFT
о n* аm§ C Is dark greyЩ

■—i

/ V
О

•-2 c Zttио 42 Г-//Ь Grey (in the lower part with violetish-brown spots), slightly argillaceous, 
in places dolomitized,/i«e/y crystalline limestone (grains in places <10%) 
with marlstone interbeds. Iron ooliths (up to 50%) containing interbeds 

(thiekness 1-5 cm) are found. Discontinuity surfaces are pyritized 
Greenish-grey, finely crystalline glauconitic doiostone with rare

dolomitic marlstone interbeds.. piscontinuity surfaces are.limpnitized.....
Greenish-grey, finely crystalline dolostone with rare glaueonite grains 

and dolomitic marlstone interbeds
. Greenish-grey, with yellow spots, medium- to finely crystalline dolostone 

with glaueonite grains. Discontinuity surfaces are limonitized
. Violetish-brown and yellow mottled, medium- to finely crystalline dolostone 

with glaueonite grains. Most of the discontinuity surfaces are limonitized
The same, but with dolomitic marlstone interbeds. Glaueonite grains < 80% 

Dark greyish-green, dolomitized glauconitic limestone 
Dark greyish-green, weakly and medium-eemented glauconitic quartz sand- and 
marlstone with glauconitic limestone interbeds (thiekness 2-3 cm) and nodules

r-IEC IsT-42 I | ’w« nPhTF

- 188.7
_ r Is
- 189.2 Is

I //
\>Ю оz III 2=I Indistinctly thin- to

......medium-bedded
Medium- to 
thick-bedded

<0.2, 0.2-3.0 cm; D 
............dark grey.........

< 0.2, 0.2-1.0 cm; D 
and IND dark grey

< 0.3 cmj IND darkgrey

< 0.2 cm; D dark grey

< 0.2 (1) cm; D 
dark grey

iÖ" V 
^.O

---
__Й__

| -gL
l tl 

Ž II
__H OO

ж-f
.
x II

rz<5
■I 2r~ni d *’g 5 5Ц <2CX
CX = 189.9 Cis 

- 190.3

X< N - Ж Medium-bedded
Thicic-

<25CIs
-Ц-3 OQI

II 5 || g-сз UY (medium-). bedded 
Medium- to 

’ . .... thick-bedded
541 l1^ --2 ?Ло Medium-beddedu—=lT=c—•. >■.. .1. .-.v...................
4CŽ>

IIsT-43 П3 <2

<2
cphTFIs

- 190.943 IHIs£ T-44 - 9JwFPhFfi
_ 191 gPhTFIs
- 191.9

ü <5cli _r_
T-45О

F
' ПО ' Thick-bedded'c 192.9

4-
Hun*- Hunneberg Stage; B*- Billingen Stage; Leetse*- Leetse Formation; Sil*- Sillaoru Formation; Joa*- Joa Member; M*- Mäeküla Member; P*- Päite Member; T*- Telinõmme Member; Kai*- Kalvi Member W
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