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(138.3 m) sedimentary rocks are covered by 7.8 m 
thick loose Quaternary deposits (Fig. 2).

Macrolithological characterization of the drill 
core was completed through joint efforts of many 
specialists. Mati Niin (Geological Survey of Esto
nia) described the crystalline basement, Kaisa Mens 
(Institute of Geology at Tallinn Technical Univer- 
sity) the Cambrian sediments. Anne Põldvere (Geo
logical Survey of Estonia) compiled the Ordovician, 
Silurian and Quaternary parts using the description 
by Elmar Kala (Kala et ai. 1973) and as a supplemen- 
tary material for the interval of 267.4-558.5 m, field 
notes of Rein Einasto (Institute of Geology at Tallinn 
Technical University). Anne Kleesment (Institute of 
Geology at Tallinn Technical University) provided 
the lithology of the Devonian strata (description, 28 
mineralogical, grain-size and X-ray diffractometry 
(XRD) analyses). All descriptions were supple- 
mented with the results of thin-section studies and

PREFACE

The present issue of the journal Estonian Geo
logical Sections deals with the Ruhnu (500) drill core 
from the Central part of Ruhnu Island in Liivi Bay, 
southwestem Estonia (Fig. 1). The Ruhnu drill hoie 
was made in the course of geological mapping of 
Saaremaa Island in 1972 (Kala et ai. 1973). One pur- 
pose of drilling а 787.4 m deep hoie reaching the 
crystalline basement was prospecting for oil and 
natural gas in this area, but only Cl-Ca-Na type 
groundwater from Lower and Middle Cambrian sedi
ments with total mineralization of 17 g/l was found.

The core is housed in the depository of the 
Geological Survey of Estonia in the town of Keila, 
North Estonia. The source material for this study is 
available in mapping reports (Kala et ai. 1973) and 
in an unpublished report (Põldvere et ai. 2001) held 
in the Depository of Manuscript Reports, Kadaka 
tee 82, Tallinn. The results of detailed investigations 
and descriptions of stable isotope stratigraphy, 
micropalaeontology, mineralogy, Chemical compo- 
sition and petrophysical properties of sediments have 
been published in numerous papers (Nõlvak 1980; 
Jürgenson 1982; Nõlvak & Grahn 1993; Nestor 1994, 
1997; Brenchley et ai. 1997; Hints & Meidla 1997a; 
Kleesment & Mark-Kurik 1997; Mens & Pirrus 1997a; 
Puura etal. 1997; Heath etal. 1998; Kaljo etal. 1998, 
2001; Hints et ai. 2000; Kaljo & Martma 2000; 
Shogenova et ai. 2003) and are used in the present 
work together with recently obtained data.

various Chemical, mineralogical and grain-size ana
lyses.

То improve the stratigraphic subdivision of the 
Ruhnu (500) section, its Ordovician and Silurian 
parts were additionally sampled for microfossils. All 
previous samples were used and restudied. Jaak 
Nõlvak identified Ordovician chitinozoans (109 
samples), Viiu Nestor the Silurian ones (323 samp
les). Ordovician and Silurian conodonts (292 samp
les) were identified by Peep Männik, graptolites (69 
samples) by Dimitri Kaljo, Silurian agnathan and 
fish microremains (53 samples) by Tiiu Märss (all 
from the Institute of Geology at Tallinn Technical 
University). Ordovician ostracods (69 samples) were 
identified by Tõnu Meidla (Institute of Geology, 
University of Tartu). Data on upper Ashgill-lower 
Wenlock brachiopods (83 samples) were derived 
from the research of Rachel J. Heath (Heath et ai. 
1998) into carbon (õ13C) and oxygen (8I80) stable- 
isotope stratigraphy. Juozas Valiukevicius (Institute

INTRODUCTION

The Ruhnu (500) drill hoie (57° 48,200' N, 23° 
14,609' E), one of the deepest in Estonia, penetrates 
the upper 3.2 m of the Estonian Mesoproterozoic 
crystalline basement. Cambrian (41.4 m), Ordovi
cian (105.8 m), Silurian (454.9 m) and Devonian

°

Fig. 1. Location of the Ruhnu (500) drill hoie.
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RUHNU (500) of Geology and Geography of Lithuania) identified 
Devonian acanthodians.CHRONO-

STRATIGRAPHY CAL 
UNITS

REGIONAL
STAGE Alla Shogenova (Institute of Geology at Tallinn 

Technical University) and Argo Jõeleht (Institute of 
Geology, University of Tartu) provided wet silicate 
Chemical analyses, X-ray fluorescence (XRF) spec- 
trometry and physical measurements of the core (114 
samples from the whole section, except for the 
Mesoproterozoic). Fifty-four thin sections of Palaeo- 
zoic rocks made from these samples were described 
by Kaisa Mens, Asta Oraspõld and Anne Kleesment 
(all from the Institute of Geology at Tallinn Techni
cal University). Mati Niin (Geological Survey of 
Estonia) provided Mesoproterozoic thin sections (3).

Carbon isotopes (8nC) of 161 upper Ashgill- 
lower Wenlock whole-rock samples not containing 
brachiopod shells were analysed by Tõnu Martma 
(Institute of Geology at Tallinn Technical Univer
sity).
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I Toivo Kallaste (Institute of Geology at Tallinn 
Technical University) and Kiira Orlova (Geological 
Survey of Estonia) provided the XRD and XRF data 
of 30 Ordovician and Silurian volcanic interbeds.

i
i

i ROOTSIKÜLAI Kalle Kirsimäe (Institute of Geology, University of 
Tartu) performed XRD analysis of six Lower Cam- 
brian samples.

The contents of CaO, MgO, СО, and insoluble 
residue of the Silurian sediments were analysed in 
the course of geological mapping (Kala et ai. 1973) 
and also by Erika Jürgenson (79 samples) in the 
1970s and 1980s. Additionally, she investigated the 
mineralogical composition of 32 samples out of а 
total of 79. All these data are considered in the de- 
scription of the core.

Photos of the core were taken by Gennadi Bara- 
nov, Tõnis Saadre and Anne Põldvere, and prepared 
for publication by Gennadi Baranov and Elar Põld
vere (Institute of Geography, University of Tartu). 
Ene Pärn (Geological Survey of Estonia) provided 
various technical assistance.

Useful comments by Heldur Nestor, Asta Oras
põld (Institute of Geology at Tallinn Technical Uni
versity), Juho Kirs, Tõnu Meidla (Institute of Geol
ogy, University of Tartu) and Jaan Kivisilla (Geol
ogical Survey of Estonia) were of great help in fi- 
nalizing the report.

The assistance of all these people at different 
stages of the work is gratefully acknowledged.
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Fig. 2. Generalized stratigraphy of the Ruhnu (500) core. 
MP - Mesoproterozoic; C - Cambrian; О - Ordovician; S 
- Silurian; D -Devonian; Q - Quaternary.

The description of the Ruhnu (500) core is pre- 
sented in the form of a table including main litho- 
logical features of the rock (Appendix 1). From the
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Devonian terrigenous sediments 28 samples were 
studied forgrain-size and mineral composition, 5 for 
Chemical composition, and 3 thin sections were 
described. Fromthe Silurian strata 171 Chemical and 
32 mineralogical samples (see also Appendix 2) and 
26 thin sections were investigated. From the Ordo- 
vician sediments 32 Chemical samples and 22 thin 
sections were analysed. Different groups of fauna 
were used for age specifications. Acanthodian scales 
were recovered from 3 samples of Devonian rocks 
as a by-product of mineralogical analyses. A total of 
1013 samples from the Ordovician and Silurian strata 
were studied for brachiopods (Heath et ai. 1998), 
co-nodonts, chitinozoans, graptolites, agnathan and 
fish microremains and ostracods. Six XRD samples 
(Appendix 3) and 3 thin sections of Cambrian se
diments, and 3 thin sections of the Mesoproterozoic 
crystalline rocks were analysed.

То determine the degree of dolomitization of 
carbonate rocks, 3% hydrochloric acid was used 
during field work. The content of clay was estimated 
visually, and the rocks are traditionally referred to 
as slightly argillaceous (insoluble residue 10-15%), 
medium argillaceous (15-20%) and highly argilla
ceous (20-25%) (Oraspõld 1975). Marlstones with 
different contents of calcite are referred to as calca- 
reous (CaC03< 25%) or calcitic (> 25%).

The descriptions of the textures of carbonate 
rocks are based on the traditional Estonian classifi- 
cation of Vingisaar et ai. (1965) and Loog & Oras
põld (1982), where the relative amounts of clastic 
and micritic components are crucial to identifica- 
tion of the textures. The content of carbonaceous 
clasts (including bioclasts) is given, if possible, in

classification (Dunham 1962; Põldvere & Kleesment 
1998) is given, if possible, at the end of the short 
description. The textures identified are illustrated on 
the photographs of thin sections of the core in 
Appendix 4 (on CD-ROM).

Several sedimentary structures are described 
in the way used in previous issues of the bulletin 
(see Põldvere 1999, 2001). The relationships bet- 
ween different parts of rock are given in Appendix 
1. The variation of these structures in the Ruhnu 
(500) core is illustrated in Appendix 5 (on CD-ROM) 
and Pls 1-3.

The classification of sandstones is based on the 
generally used 5-fractional classification of Pettijohn 
et ai. (1987), where the diameter of the finest sand 
partides is 0.05 mm. Fractions and terms for clay, 
silt and sand are described in Appendix 1. Gravel- 
sized fragments (diameter 2-10 mm) are larger than 
coarse sand and finer than pebbles. The term “ter
rigenous” is essentially synonymous with “non-car- 
bonate” (e.g. terrigenous sand vs carbonate sand) 
and is applied to sediments originating from the land 
area and transported mechanically to the basin of 
deposition (Scholle 1978).

The terminology for igneous rocks was derived 
from their genesis and Chemical and mineralogical 
composition.

GENERAL GEOLOGICAL SETTING 
AND STRATIGRAPHY

The bedrock succession in the Ruhnu (500) 
section can generally be divided into four parts: the 
Mesoproterozoic crystalline basement, Cambrian 
terrigenous sediments, Ordovician-Silurian carbon
ate strata and Devonian, predominantly terrigenous 
rocks. The Devonian sediments are overlain by the 
Quatemary cover (Fig. 2; Appendix 1).

The Ruhnu (500) drill hoie on Ruhnu Island 
penetrates for 3.2 m (interval 784.2-787.4 m; Ap
pendix 1, sheet 28) into weathered granite porphyry 
(Pl. 4, fig. 26) in the northeastern part of the huge 
Riga rapakivi batholith in Liivi Bay. The rapakivi- 
anorthosite pluton of the Riga complex embraces 
an area of about 40 000 km2 under the Southern part 
of Saaremaa Island, the Baltic Sea and Kura Penin- 
sula. It is one of the largest rapakivi granite plutons 
of the world and belongs to the Riga-Aland 1600-1540 
Ma rapakivi subprovince in the Fennoscandian 
Shield (Koistinen 1994; Puura & Floden 1996, 
2000).

per cent.
The partides > 0.05 mm in diameter are de

scribed as grains. Skeletal remnants of organisms or 
their fragments (bioclasts), mainly < 1 mm in diame
ter, were systematically recorded. The size of che- 
mogenic or biochemogenic ooliths is usually < 1 mm, 
while the size of carbonate intraclasts exceeds 1 mm.
For the major part of the section, the amount of grains 
was determined with the magnifying glass on slabbed 
surfaces of the core. The micritic component con- 
sists of partides < 0.05 mm in diameter. The terms 
used for textures are explained in Appendix 1. De- 
pending upon the degree of recrystallization, several 
transitional textures can be observed (secondary tex
tures occur as patches or spots). In case of mixed 
texture, the word marking the dominant component 
is given last, while those marking less important com
ponents are placed before the basic word. The same 
principles were followed in descriptive terms for 
other characteristics of the rock as well. The com- 
parision of the Estonian classification with Dunharrfs

The eroded and weathered surface of the crys
talline basement is overlain by 36.2 m thick Lower 
Cambrian sandstones (interval 748.0-784.2 m; Ap
pendix 1, sheets 27, 28; Fig. 2). The sandstones be-
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Lower Ordovician glauconitic sandstones and 
dolostones (interval 705.9-706.8 m; Appendix 1, 
sheets 25) are represented by the Leetse and Zebre 
formations, corresponding to the undivided Hunne- 
berg-Billingen stages (Fig. 3B). The biostratigraphy 
of this interval is based mainly on conodonts stud- 
ied by V. Viira (Mägi et ai. 1989). The stages spread 
over the Estonian territory but are not documented 
from several sections of the West Estonian Archi- 
pelago (Meidla 1997). The thickness of the forma
tions increases towards the east and south. In the 
Ruhnu (500) section the lower boundary of Ordovi
cian rocks is märked by а 0.1 m thick dolomite-ce- 
mented interlayer with inarticulate brachiopods, dark 
green glauconite and well-rounded quartz grains. 
These sediments characterize the beginning of а 
worldwide Arenigian transgression in the Baltic ba- 
sin (Nestor & Einasto 1997). Discontinuity of early 
carbonate sedimentation in the study area is reflected 
as impregnated discontinuity surfaces.

Middle Ordovician (interval 666.8-705.9 m; 
Appendix 1, sheets 24, 25) limestones (in the lower 
part dolostones) are represented by the Kriukai, 
Sakyna, Baldone, Segerstad, Stimas and Taurupe for
mations, corresponding to the Volkhov, Kunda, Ase
ri, Lasnamägi and Uhaku stages (Fig. 3B). In South
ern Estonia these units are poor in fossils and thus 
the age relationships with northem sections are not 
clear. Contacts of the formations are more distinct. 
Therefore correlation of Middle Ordovician sections 
is based on main changes in the lithology of the for
mations (disposition of marlstone interbeds, bedding 
planes, content of grains (as well as bioclasts) and 
clay, variation of colours). The formations known 
from South Estonia are additionally analysed using 
the well-studied core material from northern Latvia 
(Uist et ai. 1982).

Dolostones and limestones of the lower and 
middle parts of the Middle Ordovician are reddish- 
or violetish-brown. The upper part comprises grey 
or greenish-grey ooliths-bearing limestones of the 
Stimas and Taurupe formations. Thicknesses of the 
formations (except for the Segerstad Formation) in- 
crease towards the east and south. These sediments

lõng to the Soela and Irbe formations, corresponding 
to the Vergale Stage that represents the topmost 
Lower Cambrian in Estonia (Mens & Pirrus 1997a). 
Both formations occur on the islands of the West Es
tonian Archipelago and in the westem part of main- 
land Estonia, and are known only from core sections. 
The lower boundary of the Irbe Formation is märked 
by the appearance of claystone interbeds; the upper 
boundary is erosional throughout the distribution area 
of the formation (Mens & Pirrus 1997 a). Sediments 
of the Vergale Age were deposited during the trans
gression of the Aisciai evolutionary stage, when the 
Baltic basin was submerged (Vidal & Moczydlowska 
1996). The presence of ferruginous oolith interbeds, 
appearance of glauconite on bedding planes and no- 
ticeable bioturbation of argillaceous beds in the in- 
vestigated core section indicate slow sedimentation 
or interformational breaks in this area (Mens & Pirrus 
1997b).

Middle Cambrian sandstones (interval 706.8- 
748.0 m; Appendix 1, sheets 25-27) belong to the 
Ruhnu Formation (distributed in the southwestem 
part of Estonia), corresponding to the Deimena Stage 
(see Mens & Pirrus 1997a). These rocks are un- 
fossiliferous and their age is determined according 
to the geological setting between palaeontologically 
characterized Lower and Upper Cambrian rocks 
(Mens & Pirrus 1997a). The Ruhnu (500) core has 
been selected as the type section for the Ruhnu For
mation (Kala et ai. 1984) which shows here the 
maximum registered thickness (41.2 m). The for
mation is underlain by the Irbe Formation containing 
chamosite-cemented sandstone with glauconite, 
quartz and feldspar grains in its uppermost part. Sedi
ments of the Deimena Age have been deposited un- 
der high-energy conditions not far from the shore- 
line during the Deimena transgression of the west- 
erly situated shallow-water basin (Mens & Pin us 
1997b).

During the Ordovician, the present Balto- 
scandian area constituted the northern part of an 
epicontinental marine basin (Fig. ЗА), surrounded 
by the Fennosarmatian land (Männil 1966; Põlma 
1982; Jaanusson 1995; Nestor & Einasto 1997). 
Shallow-water sediments occur in the present-day 
outcrop area in the North Estonian Confacies В eit, 
while those formed in deeper-water environments 
are found in Western Latvia and Sweden (Central 
Baltoscandian Confacies Belt). The Ruhnu (500) 
core log represents the transition between these two 
belts (Fig. ЗА). The present paper makes use of the 
most recent correlation charts for the Ordovician of

have formed at the boundary between the North Es
tonian and Central confacies belts (see Fig. ЗА) in 
variable conditions between the sea level lowstand 
(Šakyna Formation) and highstand (Baldone Forma
tion) (Nestor & Einasto 1997) in the open shelf en- 
vironment (Segerstad, Stirnas and Taurupe forma
tions).

Upper Ordovician limestones with marlstone 
interbeds (interval 601.0-666.8 m; Appendix 1, 
sheets 22-24) belong to the Dreimani, Adze, Blidene,

the East European Platform (Nõlvak 1997, p. 54; 
Table 7; Männil & Meidla 1994).
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represented by uniform micritic cryptocrystalline lime- 
stone with irregular distinct, up to 2 cm thick marlstone 
interbeds. In the Ruhnu (500) core a specific interbed ' 
(632.5-632.7 m, Appendix 1, sheet 23) of limestone 
with bioclasts (25-50%, packstone; mainly 
subrounded echinoderms, diameter > 1 mm), phos- 
phatic ooliths, glauconite, pyrite aggregates and grains 
is documented between the discontinuity surfaces on 
the lower boundary of the formation (Appendix 4, T- 
33; Appendix 5, D-l 1). Limestone is lumpy and voids 
between rough partides are filled with sparry cal- 
cite. The lower part of the interbed contains pebbles 
from the lower complex. The sediments look like 
storm deposits or have possibly been exposed to 
vadose diagenesis. The total thickness of the Saunja 
Formation in the Ruhnu (500) section is 0.9 m, in north- 
em and eastem sections its thickness may be over 
10 m. In case of small thickness, distinct discontinu
ity surfaces and stromatolite crusts occur on the up- 
per boundary of the Saunja Formation (see Tartu (453) 
core, Põldvere & Kleesment 1998; Appendix 1). On 
the Latvian territory towards the Southwest, the Saunja 
level is documented by an erosional break (Uist et 
ai. 1982).

Mossen, Mõntu, Saunja, Fjäcka, Jonstorp, Kuldiga and 
Saldus formations, corresponding to the Kukruse, 
Haljala, Keila, Oandu, Rakvere(?), Nabala, Vormsi, 
Pirgu and Porkuni stages (Fig. 3B). There are no 
clear biostratigraphical criteria for determining the 
presence of the Rakvere Stage and defining the 
boundaries of the Keila and Oandu, and Oandu and 
(probable) Rakvere stages. The data provided by the 
distribution of chitinozoans and conodonts in this part 
of the section differ from ostracod data (see Nõlvak, 
Männik and Meidla in this võlume). The problematic 
stage boundaries are märked with a dotted line in 
Appendix 1, sheet 23. A similar contradiction is ob- 
served also at the boundary of the Pirgu and Porkuni 
stages (Appendix 1, sheet 22).

K-bentonite at the lower boundary of the Keila 
Stage is a reliable marker level in Estonian sections. 
In the Ruhnu (500) section it lies in the interval of 
649.9-650.1 m (observed thickness 20 cm, Appen
dix 1, sheet 23). X-ray diffractometry (see Kiipli & 
Kallaste in this võlume) has revealed the identity of 
this bentonite bed with the widely distributed 
Kinnekulle bed, which is confirmed also by biostra
tigraphical data. Rich fauna of the Upper Ordovi- 
cian units is well investigated and widely employed 
for biostratigraphical correlations. Systematic data 
available on brachiopods (see also Appendix 6), 
chitinozoans, conodonts and ostracods are used also 
for biostratigraphical subdivision of the Ruhnu (500) 
section (see Nõlvak and Männik in this võlume).

The Upper Ordovician part of the Ruhnu (500) 
core differs from other sections of Estonia in many 
respects. The thickness and lithology of the South 
Estonian formations (Nõlvak 1997) indicate specific 
sedimentary conditions in the surroundings of Ruh
nu. The thickness of the interval from the Dreimani 
to Mossen formations (28.8 m) increases essentially 
east- (52.9 m; see Fig. 3B) and southwards. East- 
wards facies differentation is observed. Yellow and 
violet argillaceous limestone interbeds of the Adze 
Formation (interval 653.7-657.4 m, Appendix 1, 
sheets 23, 24; Pl. 4, figs 19, 20) contain iron ooliths. 
Marlstones of the Blidene and Mossen formations 
contain in places angular fine quartz grains. In the 
upper part of the Mossen Formation argillaceous 
limestones and marlstones of the Priekule Member 
contain glauconite grains (Appendix 1, sheet 23).

The thickness of the Mõntu Formation de- 
creases towards the east (Fig. 3B) and south. Lime
stone with marlstone interbeds, rust-coloured dis
continuity surfaces (Pl. 3, fig. 18) and glauconite- 
bearing interlayers are similar to the Mõntu level in 
the Valga (10) section (Põldvere 2001). Only the clay 
content of the formation increases eastwards.

The Saunja Formation in Estonian sections is

The thickness of the Fjäcka and Jonstorp for
mations increases towards the east (see Fig. 3B) and 
south. The lower boundary of the Fjäcka Formation 
is märked by a pyritized discontinuity surface with 
excavations, pyrite aggregates and burrows (Appen
dix 5, D-10). The contact between the limestones 
(Saunja) and shale-like marlstones (Fjäcka) is mostly 
sharp in Estonia, but less distinct in the Ruhnu (500) 
section (Appendix 5, D-l 1). The bituminous dark or 
brownish-grey shale-like marlstone (631.3-631.6 m; 
Appendix 1, sheet 23), mostly constituting the lower 
part of the Fjäcka Formation, occurs in the middle 
part of the formation in the Ruhnu (500) core.

Fiat iron ooliths occur on the lower boundary 
of the Jonstorp Formation (Appendix 1, sheet 23). 
A complex of mainly goethitized, burrowed, inclined 
discontinuity surfaces is observed in its upper part 
(Appendix 1, sheet 22). The upper boundary of the 
formation is wavy, with pebbles from the lower com
plex (Appendix 5, D-9). On the Latvian territory to
wards the Southwest the Jonstorp and Kuldiga bound
ary level is märked by an erosional break (Uist et ai. 
1982).

The thickness of the Kuldiga Formation is no- 
table in the Ruhnu (500) section - 16.1 m (Appen
dix 1, sheet 22). In Southern Estonia, however, it is 
up to 10.3 m (Valga (10); see Põldvere 2001) and in 
northern Latvia up to 13 m. The distribution of the 
Kuldiga Formation and its lower boundary need fur- 
ther study. For example, the distribution of chitino
zoans in the Tartu (453) core (Bauert & Bauert 1998;
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Appendix 11) and lithological features suggest that 
this boundary lies lower in section (Fig. 3B; see also 
Nõlvak in this võlume). The formation is represented 
by limestones containing interbeds with quartz sand, 
carbonate clasts and pellets (Pl. 3, fig. 16). The de- 
scribed rocks are overlain by cross-bedded limestones 
of the Saldus Formation, containing ooliths, pyrite 
aggregates, well-rounded carbonate and quartz sand 
interlayers (Appendix 5, D-8). An inclined pyritized 
discontinuity surface, serving as the Ordovician and 
Silurian boundary (Appendix 5, D-7), lies on the 
upper boundary of the formation.

The Upper Ordovician started in the Ruhnu 
area with a relative eustatic stillstand in the condi- 
tions of the open shelf. Sedimentation in deeper en- 
vironments, in the transitional or even depression 
zones, took place in the Oandu and Vormsi ages. Vol- 
canic ash beds formed in the Flaljala and Keila ages 
give evidence of growing volcanic activity in the ad- 
jacent Iapetus Ocean (Nestor & Einasto 1997). Shal- 
lowing at the end of all Upper Ordovician ages (ex- 
cept for Haljala and Vormsi) is evidenced by the oc- 
currence of clastic material, subrounded bioclasts, 
silt-bearing interlayers and discontinuity surfaces, 
often marking erosional sedimentation breaks. Brief- 
ly, the development of the Upper Ordovician basin 
began with a slow, gradual deepening of the basin 
and finished with recurrent shallowing (in Rakvere, 
Nabala and Porkuni times), in places with intensive 
erosion of the older deposits (Nestor & Einasto 
1997). A major hiatus on the Ordovician-Silurian 
boundary resulted from the long-lasting Gondwana 
glaciation (Brenchley et ai. 2003).

The Silurian sequence is fairly complete in the 
Ruhnu (500) core. The correlation chart for the Si
lurian is based on the latest version of the regional 
stratigraphic scheme (Nestor 1997, p. 90; Table 8). 
The limestones, marlstones and dolostones present 
in the section (interval 146.1-601.0 m; Appendix 1, 
sheets 6-21) belong to the Õhne, Saarde, Rumba, 
Velise, Riga, Jaani, Jamaja, Sõrve, Rootsiküla, Torgu, 
Kuressaare, Kaugatuma and Ohesaare formations, 
corresponding to the Juuru, Raikküla, Adavere, Jaa
ni, Jaagarahu, Rootsikiila, Paadla, Kuressaare, Kau
gatuma and Ohesaare stages (Fig. 2). The biostrati- 
graphy of sediments is based mainly on brachiopods 
(see also Appendix 6), conodonts, chitinozoans and 
graptolites, in the upper part also on agnathans and 
fishes (see Männik, Nestor, Kaljo and Märss in this 
võlume). Several Silurian bioevents (Kaljo et ai. 
1995) can be identified according to the distribution 
of microfossils and lithological changes (Kaljo et 
ai. 1998).

shift southwestwards. The specific South Estonian 
formations (Nestor 1997) are represented in the 
Ruhnu (500) core and the Silurian sequence here is 
the most complete for Estonia. Stiil, the discontinuity 
of sedimentation is evident from the changes in the 
reduced thickness of some lithological units, and 
discontinuity surfaces or sharp lithological contacts. 
Precise information on the extent of gaps is obtained 
from the distribution of microfossils (see Nestor, 
Kaljo, Märss and Männik in this võlume). Variability 
of sedimentation conditions is revealed by different 
structures and textures, especially disposition, shape 
and combination of grains.

The thickness of the Õhne and Saarde forma
tions increases rapidly towards the northeast and east 
of Ruhnu. The boundary between these formations 
is märked by a pyritized discontinuity surface in the 
Ruhnu (500) section. It is underlain by violet-brown 
marlstones and overlain by the complex of Saarde 
marlstones, followed by interlayers of pyritized peb- 
bly sub-angular to rounded limestone in the interval 
of 583.0-585.0 m (Appendix 1, sheet 21; Pl. 3, fig. 
15). Altemating limestones and marlstones of the 
Saarde Formation (Pl. 3, figs 13-15) are bituminous 
(interval 557.0-563.5 m; Appendix 1, sheet 20) and 
contain concretions of silica (516.8-521.7 m; Ap
pendix 1, sheet 19). A distinct pyritized discontinu
ity surface with pyrite crystals occurs on the upper 
boundary of the Saarde Formation (possible 
Sandvika Event level, Kaljo et ai. 1998).

The thickness of the Rumba and Velise forma
tions increases towards the north and south. The con- 
tact of the formations is sharp in the Ruhnu (500) 
section, between limestone and bituminous marl- 
stone. The marlstones of the Velise Formation con
tain volcanic interbeds (Appendix 1, sheets 17, 18).

The thickness of the Riga, Jaani and Jamaja 
formations increases towards the northwest. At 
Ruhnu this interval represents a thick marlstone com
plex (Appendix 1, sheets 13-16) with rare limestones 
interbeds (Pl. 3, figs 10-12). Some volcanic interbeds 
occur in the Jaani and Jamaja formations. The bound- 
aries of the formations are transitional, except for 
the upper boundary of the Jamaja Formation, which 
is märked by the sharp contact of marlstone and over- 
lying limestone of the Sõrve Formation.

The thickness of the Sõrve Formation increases 
towards the northwest. In the Ruhnu (500) section 
the formation is represented by uniform nodular 
limestones and dolostones with marlstone (Pl. 2, 
fig. 9) interbeds. The rock contains up to 50% bio
clasts (often unsorted), in the upper half with stroma- 
toporoids and tabulate coral fragments and bioherms 
(Pl. 2, fig. 8; Appendix 1, sheets 10-13). Dolostone 
containing carbonaceous clasts and bioclasts (mainly

The present distribution areas of the Silurian 
stages Estonia decrease throughout the period and
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crinoids) over 50% (rudstone)occurs in the interval 
of 285.8-287.6 m between two discontinuity surfaces 
(influence of the Mulde Event, see also Kaljo et ai. 
1998, and Männik in this võlume). The same interval 
indudes also well-rounded, calcareous clastic mate
rjal with pyritized surfaces, crusts of ooliths and quartz 
silt. А 3 cm thick conglomerate bed lies on the rugged 
lower boundary of the interval (Appendix 5, D-5).

The RootsikülaFormation (Appendix 1, sheets 
9, 10) composed of eurypterid-dolostone in its lower 
part and of bioclast-rich dolostone (boundstone) in 
its upper part. In places stromatolite, tabulate co-rals, 
oncolites, calcareous clasts and glauconite-bearing 
interlayers are found. Numerous pyritized discon
tinuity surfaces are present (Pl. 2, fig. 7). Determi- 
nation of lithological contacts of beds is problematic 
due to dolomitization.

The present narrow distribution area of the up
per Silurian (Ludlow and Pridoli) sediments on the 
Estonian territory is documented on the Sõrve Pen- 
insula (southwestern Saaremaa) and Ruhnu Island. 
The thickness of the upper Silurian part increases to 
the Southwest of Ruhnu Island. Because of dolomiti
zation, it is hard to distinguish the formations and mem- 
bers in the Ruhnu (500) core.

Dolostones of the Torgu Formation contain 
tabulate corals, stromatolite and stromatoporoid frag- 
ments (Appendix 1, sheets 9). In places poorly sorted 
clasts make up to 50% of sediment. Pyritized dis
continuity surfaces and pyritic mottles which gener- 
ally are typical of the formation are indistinct be
cause of dolomitization.

A volcanic bed with biotite flakes, identical to 
the Grötlingbo Bentonite (see Kiipli & Kallaste, and 
Männik in this võlume) occurs at 221.8-222.0 m 
(Appendix 1, sheet 8) in the dolomitized limestones 
of the Kuressaare Formation. This bed is overlain

overlain by Devonian sandstones.
Early Silurian sedimentation began with а 

glacio-eustatic rise of the sea level, followed by ba- 
sin shallowing in the Middle Llandovery. Like in 
other Central and West Estonian sections, a local 
break in sedimentation and pardal denudation are 
documented. The Silurian Baltic basin transformed 
into a gulf-like epicontinental sea, cutting into the 
presumable land in the north, east and south (Nestor 
& Einasto 1997). In the new, deepening phase (from 
Adavere to mid-Jaani ages) sedimentation took place 
in open shelf conditions (Rumba time). Deepening 
of the basin continued in Velise, Riga and Jaani times. 
The increase in volcanic activity in neighbouring 
areas is evidenced by numerous bentonite interlayers.

As determined from the northern sections, new 
shallowing of the basin started in the middle of the 
Jaani Age and continued gradually through the 
Jaagarahu Age. It ended with a sedimentation break 
and erosion in the marginal part of the sedimenta
tion basin.

Sedimentation in the Rootsiküla and Paadla
ages continued in wide shoal areas. The presumable 
regression maximum in Vesiku time tumed gradu
ally into transgression. In the southwestern part of 
the present distribution area of Rootsiküla-Paadla 
sediments, the deeper-water sedimentation was more 
continuous (Nestor & Einasto 1997).

The Kuressaare Age began with a transgres
sion, which reached a maximum in the early Kauga- 
tuma Age. The following shallowing of the basin in 
Ohesaare time corresponds to the shoal environment. 
The supply of terrigenous material from the Scandi- 
navian Caledonides increased (Nestor & Einasto 
1997).

In the Devonian the Estonian territory was co- 
vered by an epicontinental shallow sea, characteri- 
zed by extensive sedimentation of terrigenous ma
terial transported from the northward mainland. The 
small sedimentary basin, which formed in the Central 
Baltic area at the end of the early Devonian, expanded 
gradually during the middle-late Devonian (Klees- 
ment 1997). In the Ruhnu (500) section (Fig. 2) the 
Devonian sediment sequence (Emsian, Eifelian) is
138.3 m thick (interval 7.8-146.1 m; Appendix 1, 
sheets 1-6) and lies unconformably on the Silurian. 
The Devonian part of the section is described in а 
special chapter (see Kleesment in this võlume).

The Quaternary cover is 7.8 m thick but only
2.3 m of the core is available (Appendix 1, sheet 1). 
The fragmentary core and gamma-logging data show 
that the Devonian rocks are covered by sandy loam, 
predominantly overlain by sand with few siltstone 
pebbles (Holocene deposits).

by the limestone containing pyritized excavated dis
continuity surfaces.

The limestones (Pl. 2, figs 3,4), dolostones (Pl. 
2, fig. 5), marlstones (Pl. 2, fig. 6) and dolomitic 
marlstones of the Kaugatuma Formation (Appendix 
1, sheets 7, 8) indude some distinct pyritized sur
faces with pyritized limestone pebbles and bitumi- 
nous interlayers. Dolostone (in places bituminous) 
and dolomitic marlstone microbeds (Appendix 5, 
D-2) at 175.0-177.0 m contain quartz silt and sand 
(possible level of the middle Pridoli Event, Kaljo et 
ai. 1998).

The dolostones and dolomitic marlstones (Ap
pendix 5, D-l; Pl. 2, fig. 2) of the Ohesaare Forma
tion contain grains of quartz silt and sand. In the 
upper part (Appendix 1, sheet 6) glauconite grains 
and a siltstone interval (core yield 40%) with mus- 
covite flakes are present. The Silurian sediments are



ESTONIAN GEOLOGICAL SECTIONS12

The Narva Regional Stage (7.8-104.8 m, Ap- 
pendix 1, sheets 1-4) is represented by the Vadja, 
Leivu and Gorodenka formations. These formations

DEVONIAN

The Rezekne. Pärnu and Narva regional stages 
represent the Devonian sequence in western Esto
nia. The stratigraphical units in the Ruhnu (500) core 
(Appendix 1, sheets 1-6) were determined mainly 
on the basis of lithological-mineralogical criteria (see 
Appendixes 7-11). Only the Leivu Formation of the 
Narva Stage is confidently defined by palaeon- 
tological data - the occurrence of the scales of the 
acanthodian Ptychodictyon rimosum at a depth of 
72.2 m (Appendix 12). From the Gorodenka Forma
tion scales of long-ranging species were identified, 
which did not determine the exact stratigraphical 
position of this unit (Valiukevicius 1998).

The Rezekne Regional Stage (130.0-146.1 m, 
Appendix 1, sheets 5, 6) lies unconformably on the 
siltstone complex of the upper Silurian Ohesaare 
Formation. The Rezekne Stage is represented by the 
Lemsi Formation (stratotype in the Kihnu drill core, 
interval 69.8-85.8 m; Kleesment, 1981), which is 
rather similar and well correlatable in the Kihnu (core 
yield 32%) and Ruhnu (core yield 28%) cores. The 
basal layer of the formation contains redeposited fish 
scales of the Early Devonian Tilže Formation (un- 
published data of Valentina Karatajüte-Talimaa). 
This refers to the possibility that in Tilže time the 
deposition area spread up to Ruhnu district, where 
deposition took place during the extensive Early 
Devonian break in sedimentation.

The succession of the Lemsi Formation is main-

can be traced in the whole territory of Estonia, also 
in the South East Baltic and western Belarus (Va
liukevicius et ai. 1986).

The lowermost, Vadja Formation (93.0-104.8 
m; Appendix 1, sheet 4; core yield 78%) is charac- 
terized by intercalating of light grey dolostone, grey 
dolomitic marlstone and dark grey dolomitic clay- 
stone (Appendixes 7, 11). The breccia layer, com- 
monly present in the basal part of this unit, is absent 
in the Ruhnu (500) core.

The detrital rocks belong, according to the 
mineralogical composition, to mica-rich quartzare- 
nite (Appendix 8). Heavy minerals are dominated 
by pyrite and iron-hydroxide (Appendix 9), trans
parent heavy minerals by gamet and zircon. Some 
levels contain corundum in notable amounts (Ap
pendix 10).

The middle of the stage is represented by do
lomitic marlstones of the Leivu Formation (38.6- 
93.0 m, Appendix 1, sheets 2-4; core yield 57%). In 
the lower part of the formation rocks are predomi- 
nantly grey, higher multicoloured, mainly reddish- 
brown, with grey partings and spots. The dolomitic 
marlstone contains abundantly thin interlayers of 
dolomitic claystone, dolostone and siltstone (Appen
dixes 7,11). Dolostone interlayers occur in the lower 
part, siltstone interbeds in the upper part of the sec- 
tion. According to the mineralogical composition the 
detrital part of the rocks is mica-rich quartzarenite 
(Appendixes 8, 9). Iron hydroxides are dominating 
among heavy minerals (Appendix 9). Gamet is the 
main transparent heavy mineral, accompanied by 
zircon and titanite, also apatite and amphibole (Ap
pendix 10).

The uppermost, Gorodenka Formation (7.8- 
38.6 m, Appendix 1, sheets 1, 2; core yield 67%) is

ly represented by brownish-grey, weakly cemented 
fine- to medium-grained sandstone (Appendixes 7—11). 
According to the mineralogical composition after 
Folk (1974) the sandstones qualify as subarkoses and 
arkoses. The content of micas is notable only in the 
siltstone layer (sample 500-39 at 130.0-130.6 m)in 
the basal part of the succession (Appendixes 8, 9).
Garnet is clearly dominating among transparent 
heavy minerals, also zircon is found in considerable represented by thinly intercalated reddish-brown and 
amounts (Appendix 10; Kleesment & Mark-Kurik 8геУ sand- and siltstone, with rare interbeds of mul

ticoloured dolomitic marlstone (Appendixes 7, 11).1997).
The Pärnu Regional Stage (104.8-130.0 m, The sandstone is mostly very fine-grained. Accord-

Appendix 1, sheets 4, 5) is represented by the Tori ing to the mineralogical composition detrital rocks
belong to quartzarenites. Micas occur commonly in no-and Tamme members of the Pärnu Formation con- 

taining grey fine- to medium-grained sandstone (Ap- table quantities (Appendix 8). Heavy minerals are 
pendix 7). The core yield is 36.5%. The sandstone dominated by micas (Appendix 9), transparent heavy
of the Tori Member is weakly cemented. In the minerals by apatite and garnet (Appendix 10). The

content of zircon and tourmaline is lower in the Ruh-Tamme Member medium- and strongly cemented 
layers intercalate. According to the mineralogical nu (500) section than usually in rocks of the Goro

denka Formation (Kleesment & Mark-Kurik 1997). 
The diagenetic alternation processes in the

composition the sandstone is mainly subarkose (Ap
pendixes 8-11). The heavy transparent mineral spec- 
trum is dominated by garnet and zircon. Tourma- thinly laminated section of sand-and siltstone, dolo-
line, apatite and staurolite occur in minor quantities stone, dolomitic marlstone and claystone have been

described by the study of authigenic overgrowths on(Appendixes 9, 10).
detrital feldspar grains (Kleesment 1998).
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alargada (541.2-557.2 m) and C. malleus (529.4- 
541.2 m) in the middle of the Raikküla Stage are 
discussed in Nestor et ai. (2003). The Rhabdochitina 
sp. 2 Zone is provisionally distinguished in the 
Ruhnu (500) core in the interval of 500.7-529.4 m. 
The species occurs also in the other studied Llando- 
very sections, where this part of the Raikküla Stage 
is represented (Nestor et ai., 2003). The Conochitina 
rara Zone is also provisionally distinguished, cor- 
responding to the Staicele Member. C. rara occurs 
in the interval of 492.3-500.0 m in the Ruhnu (500) 
core. It should be noted that this species has not yet 
been found in other sections and usually an inter- 
zone is distinguished in the corresponding part of 
the Staicele Member (Nestor et ai. 2003).

The Eisenackitina dolioliformis Zone is re- 
stricted to the lowermost layer of the Velise Forma- 
tion (488.7-489.2 m). The Rumba Formation, usu
ally characterized by the rich assemblage of the E. 
dolioliformis Zone (Nestor 1994), in the Ruhnu (500) 
core contains only overcomers from the Raikküla 
Stage.

DISTRIBUTION OF SILURIAN 
CHITINOZOANS

From the Siluri an part of the Ruhnu (500) core, 
322 samples weighing between 0.3 and 0.5 kg were 
collected, processed and studied, of which 45 ap- 
peared to be barren of chitinozoans (Appendix 1, 
sheets 6-21; Appendix 13). Barren samples come 
mostly from the Rootsiküla, Paadla and Ohesaare 
stages (see Appendix, sheets 1-4). The sampling 
density was higher in the Adavere and lowermost 
Jaani stages. The samples, collected from there by 
Peep Männik for conodonts, were studied also for 
chitinozoans. The collection is stored at the Insti- 
tute of Geology at Tallinn Technical University.

The biozonation of Silurian (mostly of Llando- 
very and/or Wenlock sequences) chitinozoans of 
Estonia and North Latvia has been discussed in sev-
eral papers (Nestor 1982, 1994; Nestor & Nestor 
2002; Nestor et ai. 2003). The whole succession of 
Silurian chitinozoan biozones for these regions in- 
cluding 31 zones is presented in Nestor (1990). А 
global chitinozoan biozonation for the Silurian, with 
17 biozones, was proposed in 1995 (Verniers et ai. 
1995).

Angochitina longicollis appears at Ruhnu at а 
depth of 488.6 m (see Appendix 14, sheet 4), indi- 
cating a stratigraphical gap of about six graptolite 
zones in the lower part of the Velise Formation (see 
Loydell et ai. 2003). Conochitina proboscifera ap
pears at 485.7 m (see Appendix 14, sheet 3), also 
indicating condensed thickness of the A. longicollis 
Zone. Above the C. proboscifera Zone, the Cono
chitina acuminata Zone was distinguished in the 
interval of 459.1-465.6 m. C. acuminata is widely 
represented in the uppermost Llandovery of many 
East Baltic sections (Nestor 1994), but as a separate 
zone between the A. longicollis and M. margaritana 
zones it was first described by Mullins & Loydell 
(2001) in the Banwy River section, Wales. It should 
be noted that five species of chitinozoans, recently 
described in the Banwy River section and in the 
Builth Wells district (Verniers 1999), were estab- 
lished also in the Ruhnu (500) core.

The boundary of the Margachitina marga
ritana Zone is defined by the appearance of the zonal 
species at a depth of 459.0 m. Earlier (Nestor 1990, 
1994), this level was considered to coincide with 
the Llandovery-Wenlock boundary. Later investiga- 
tions (Mullins 2000; Mullins & Loydell 2001) es- 
tablished that the level of the appearance of M. 
margaritana fell in the upper Llandovery, correspon
ding to the C. insectus graptolite Zone. The changes 
in the chitinozoan succession in the stratotype for 
the base of the Wenlock were recently described in 
detail by Mullins & Aldridge (in press).

The disappearance level of A. longicollis (at 
451.0 m) indicates the boundary between the M. 
margaritana Zone and succeeding interzone.

In the Silurian of the Ruhnu (500) core, 26 
chitinozoan biozones along with 3 interzones were 
established (Appendix 14, sheets 1-4). Three bio
zones (Rhabdochitina sp. 2, Conochitina rara, Cono
chitina acuminata) are provisionally distinguished 
for the First time. Because of the scarcity of chitino
zoans and many barren samples in the upper Silurian, 
some biozones were missing or identified tentatively.

The distribution of 125 species is given in 
Appendix 14 (sheets 1-4). All previous samples 
(residues) were restudied and new ones were exami- 
ned in the light of recently obtained data (Verniers 
1999; Mullins & Loydell 2001). This caused some 
changes in species Identification and biozonation, 
compared with Nestor (1990, 1994).

The occurrence of Spinachitina fragilis in the 
Puikule Member at 600.8 m defines the lowermost 
chitinozoan zone in the Silurian of the Ruhnu (500) 
core (Appendix 14, sheet 4), followed by an almost 
barren interzone. A single finding of Belonechitina 
postrobusta at 577.6 m in the lowermost beds of the 
Raikküla Stage indicates that the upper part of the 
Juuru Stage, characterized usually by abundant oc
currence of this species, may be missing in this sec
tion. The lower boundary of the Euconochitina electa 
Zone is defined by the disappearance of B. postro
busta and abundant appearance of the zonal species. 
The Ancyrochitina convexa Zone is established in 
the interval of 557.2-560.6 m. The differentiation 
and use of the next two biozones, Conochitina
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It is worth mentioning that 23 chitinozoan taxa 
became extinct in the Tõlla Member of the Riga For- 
mation in the Ruhnu (500) core (see Appendix 14, 
sheet 3), 12 of them in the interval of 451.0^-56.0 m 
that corresponds to the main part of the Ireviken 
Event (Nestor et ai. 2002).

Successive appearance of Conochitina mamilla 
(at 437.75 m), Conochitina tuba (429.7 m), Cingu- 
lochitina cingulata (413.2 m), Eisenackitina lagena 
(383.45 m), Conochitina pachycephala (356.0 m), 
Conochitina cribrosa (325.7 m) and Sphaerochitina 
indecora (315.2 m) determine the chitinozoan zonal 
succession (see Appendix 14, sheets 2, 3) in the 
Jaani, Jamaja and Sõrve formations of the Ruhnu 
(500) core as well as in the other studied Wenlock 
sections (Nestor 1994). In addition, many other stra- 
tigraphically important species (e.g. Ancyrochitina 
paulaspina, Clathrochitina clatlirata, Ramochitina 
martinssoni, Conochitina subcyatha, Cingulochitina 
baltica, Cingulochitina crassa, ete.) have been re- 
corded in this interval, demonstrating completeness 
of the lower-middle Wenlock sequence in this see- 
tion.

ing the zonal species Salopochitina filifera (from 
190.80 m) appears in the topmost part of the Upper 
Äigu Beds and ranges into the Lõo Beds (Appendix 14, 
sheet 1).

The Ohesaare Stage of the Ruhnu (500) core 
does not practically contain chitinozoans.

It is not quite understandable why the assem- 
blage of chitinozoans is so poor in the upper Silurian 
sequence of the Ruhnu (500) core, compared with 
the Ohesaare core (Nestor 1990 and unpublished data). 
Probably more isolated, restrieted shelf conditions 
prevailed in the surroundings of Ruhnu during läte 
Silurian time. Six biozones have been distinguished 
and only some barren samples found in the Ohesaare 
core. Nevertheless, it should be noted that both 
biozones, distinguished in the Ruhnu (500) core, 
seem to correlate well with those in Ohesaare: E.
lagenomorpha appears there at 98.95 m (upper part 
of the Torgu Formation) and S. filifera at 40.10 m 
(upper part of the Upper Äigu Beds).

DISTRIBUTION OF SILURIAN 
AGNATHAN AND FISH 

MICROREMAINSMost chitinozoan species oeeurring in the 
Wenlock disappear in the topmost part of the Sõrve 
Formation (see Appendix 14, sheet 2), only a few 
last species range over into the Viita Beds of the 
Rootsiküla Stage. The rest part of this stage (Kuus- 
nõmme, Vesiku and Soeginina beds) and lower por- 
tion of the Torgu Formation of the Paadla Stage (Ap
pendix 14, sheet 1) were barren of chitinozoans. 
Probably alternation of lagoonal and agitated-water 
conditions inhibited preservation of thin-walled, 
fragile vesicles of chitinozoans.

Scarce occurrence of chitinozoans is charac- 
teristic of the entire upper Silurian sequence of the 
Ruhnu (500) core. The barren samples did not allow 
identifieation of the lowermost Ludlow biozones (see 
Nestor 1990). The first zonal species Eisenackitina 
lagenomorpha appears in the upper part of the Tor
gu Formation (at 233.2 m; Appendix 14, sheet 1), 
being the best represented species in the upper Silu
rian sequence.

A single occurrence of Pterochitina perivelata 
at 226.75-226.85 m might indieate the P. perivelata 
Zone with an unfixed upper boundary. A question- 
able occurrence of Eisenackitina barrandei in the 
basal part of the Lower Äigu Beds of the Kaugatuma 
Stage (214.0-214.1 m) is, according to Verniers et 
ai. (1995), an element of the Ludlow fauna. Only 
гаге E. lagenomorpha were found in the middle and 
upper parts of the Lower Äigu Beds.

Chitinozoans are laeking in the lower and 
middle parts of the Upper Äigu Beds in the Ruhnu 
(500) core. The assemblage of chitinozoans includ-

In Estonia, agnathan and fish microremains 
appear in the Lower Silurian (Llandovery) Raikküla 
Stage. Their findings are extremely rare in the whole 
Llandovery and lower Wenlock (Jaani Stage). 
Higher, from the middle of the Jaagarahu Stage 
(Maasi Beds) up to the end of the Silurian, they be- 
come more and more frequent and abundant, with 
several bonebed levels (Märss 1986, 1990). Data on 
the distribution of vertebrate microremains in the 
Ruhnu (500) seetion are published in Märss (1986, 
fig. 40). Since this monograph, more seale material 
has beeome available and several taxa have been re- 
vised. In addition to the 66 earlier samples, 14 new 
ones have been studied. Because of very dense sam- 
pling in the upper part of the Ruhnu (500) seetion, 
only selected samples are included in the present 
issue (Appendixes 15, 16).

In the interval from 388.15-388.30 to 305.45- 
305.60 m, Loganellia sp. scales are found in small 
numbers, 1-3 in each sample. The scales are tiny, 
with very narrow crowns bearing longitudinal ridges. 
Some shorter scales in the lower beds resemble L. 
scotica, the index-speeies of the Upper Telychian 
(Llandovery). At the present stage of study these are 
not identified on the species level.

Rare scales of Loganellia einari were identi
fied in a short interval between 333.65-333.80 and 
329.65-329.80 m. It is the index-speeies of the Taga
vere Beds (the lowermost part exeluded) of the Jaa
garahu Stage (Märss 1996), and the corresponding
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at 174.5 m, the anaspid Liivilepis curvata and 
acanthodian Poracanthodes punctatus at 172.6 m, 
the osteichthyan Lophosteus ohesaarensis at 170.0 m, 
and the thelodont Goniporus alatus and anaspid 
Ruhnulepis longicostata at 163.2 m. Thelodus 
parvidens starts at 174.5 m and T. traquairi at 163.2 m 
in the Ruhnu (500) section. The levels do not show 
the earliest occurrence of these two thelodant spe- 
cies because their probable appearance is not docu- 
mented here. Elsewhere they are known to appear 
already in the Uduvere Beds of the Paadla Stage and 
in the Tahula Beds of the Kuressaare Stage, respec- 
tively (Marss 1986). Small fragments of cephalaspi- 
did osteostracans are distributed both in the lower 
and upper beds. Biostratigraphically important spe- 
cies characteristic of the Ohesaare Stage are G. 
hoppei, L. superbus, L. ohesaarensis (see Schultze 
& Märss submitted), P. punctatus and recently de- 
scribed anaspids Liivilepis curvata and Ruhnulepis 
longicostata (Blom et ai. 2002).

In the upper part (157.2-148.1 m) Nostolepis 
aita, Tylodus deltoides, rare scales of Paraloganial 
tarranti and Paralogania sp. nov. have been identi- 
fied. N. aita occurs above the beds that crop out in 
the Ohesaare cliff (for example, in the Kaavi (568), 
Kaavi (571), Kolka (54), and Ventspils sections). The 
true Par. tarranti has been described from the upper 
Pridoli at Man Brook locality (Britain), below the 
range of Paralogania kummerowi (Märss & Miller 
in press). The latter is a characteristic species of the 
uppermost Silurian.

biozone has been established in the Riksu, Kipi, 
Vesiku, Paadla and Sakla drill cores. IThelodus sp. 
appears at 307.00-307.15 m and ranges up to 
291.65-291.80 m, while Thelodus carinatusl starts 
at 298.10-298.15 m and Paralogania martinssoni а 
few metres higher, at 293.30-293.45 m. The last 
three species were also identified at 291.65-291.80 m 
where an anaspid Birkenia sp. and an osteostracan 
Tremataspis sp. ind. joined the assemblage. The 
whole range of the thelodont Par. martinssoni is from 
the base of the Viita Beds of the Rootsiküla Stage 
up to the middle of the Uduvere Beds of the Paadla 
Stage (Märss 1986). Other taxa in the studied 
samples, especially IThelodus sp. with specific 
ultrasculpture of the crown, are indicative of the 
Rootsiküla Stage, particularly of the Vesiku Beds of 
the stage where this taxon is rather common (T. 
Märss pers. obs. 2003). Also the taxon identified as 
T. carinatusl, häving distinct downstepped margins 
but lacking parallel fine ridgelets on the crown, sup- 
ports this age of these beds (for example, in the 
Vesiku outcrop); the real T. carinatus is a taxon char
acteristic of the Paadla Stage. Thus, the whole as
semblage refers to the Rootsiküla Stage.

The association of agnathans and fishes be- 
tween 190.8 and 175.0 m is represented mainly by 
acanthodians of Nostolepis striata type, N. gracilis, 
recently described N. linleyensis (see Miller & Märss 
1999), of Gomphonchus sandelensis type and 
Poracanthodes sp. The listed acanthodians are ac- 
companied by rare thelodonts Katoporodus tricavus 
appearing at a depth of 187.6 m and Loganellia 
cuneata appearing at 177.4 m. The first evidence of 
the heterostracans Tolypelepis undulata is at 179.0 
m and Strosipherus indentatus at 177.4 m, while 
Cyathaspididae gen. et sp. ind. appear in slightly 
lower beds. In Estonia and northem Latvia the en- 
tire Kaugatuma Stage is characterized by two to three 
acanthodians. The index-species Nostolepis graci
lis usually appears in the upper part of the Äigu Beds. 
Nostolepis linleyensis is described from the Downton 
Castle Sandstone Formation (Pridoli) of Linley 
Brook near Much Wenlock (Shropshire, Britain) 
(Miller & Märss 1999). The above-listed thelodonts 
may appear already in the Tahula Beds of the 
Kuressaare Stage (Ludlow).

The upper Pridoli portion of the Ruhnu (500) 
core is very rich in vertebrate microremains. On the 
basis of their assemblages, the strata between 174.5 
and 148.1 m can be divided into two parts. In the 
lower part (174.5-161.8 m), in addition to the taxa 
that continue their distribution from the underlying 
beds, several new species and genera are recorded 
for the First time, such as the acanthodian Gomphon
chus hoppei and osteichthyan Lophosteus superbus

DISTRIBUTION AND BIOSTRATI- 
GRAPHICAL VALUE OF GRAPTOLITES

Silurian graptolite-bearing rocks occur mainly 
in three intervals in the Ruhnu (500) drill core - in 
the lower part of the Saarde Formation of the Raik
küla Stage, in the Velise Formation of the Adavere 
Stage (both Llandovery) and in the Riga (Tõlla Mem- 
ber) and Jaani formations of the Jaani Stage (Wen
lock). Only a few occurrences are known slightly 
higher than the Jaagarahu Stage, but the uppermost 
Wenlock, Ludlow and Pridoli, as well as the very 
beginning of the Llandovery, are devoid of grapto- 
lites. The Ordovician is also practically barren in 
the Ruhnu (500) core (only two occurrences recor
ded). This general distribution pattem is well known 
from the earlier studied cores (Ohesaare, Ikla, ete., 
summarized by Kaljo 1997) and is determined by 
regressive-transgressive changes in the loeation of 
the shelf and basin faeies belts in the East Baltic.

The studied collection holds 69 samples (Ap- 
pendix 17) containing graptolite remains (märked 
Gr in Appendix 1, sheets 12-23), but most of these
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gregarius with a rather short sicula (4.1 mm) oc- 
curs only 30 cm higher. Hütt (1975), Štorch (1988) 
and some others have shown that short siculae are 
indicative of earlier representatives of the species 
beginning with rare occurrences in the uppermost 
cyphus Biozone (Loydell et ai. 1998). Co-occur- 
rences of the last specimens of C. cyphus and first 
C. gregarius have been recorded also in the Baltic 
(Kaljo et ai. 1984, table3;Ulst 1973, Staicele core). 
Paškevicius (1979) noted а C. cf. gregarius häving 
a short sicula in the uppermost cyphus Biozone in 
the Kunkoiai core. An aff. gregarius was identified 
by Kaljo & Vingisaar (1969) in the Ikla core (three 
specimens found, the earliest with а 4.5 mm lõng 
sicula, higher ones with 5.0 and 6.0 mm siculae) 
below the base of the Ikla Member. The first record 
of Demirastrites triangulatus in the Ruhnu (500) 
core is at 557.8 m, i.e. 70 cm above the base of the 
Ikla Member (in the Ikla core 190 cm above this 
level, Kaljo & Vingisaar 1969). R. Uist (Gailite et 
ai. 1987) identified it in the Ventspils core 50 cm, 
but Loydell et ai. (2003) inthe Aizpute-41 core 1.32 m 
above the lower boundary of the Dobele Formation.

In different correlation charts the lower bound
ary of the Ikla Member has been placed (Kaljo 1990; 
Nestor 1997) at the same level with the base of the 
triangulatus Biozone (Aeronian) and also with that 
of the Dobele Formation. Неге this view is retained, 
but the above data from the Ruhnu and Ikla cores 
suggest that the lowermost beds of the member (less 
than 70 cm), as well as a small part of the Dobele 
rocks, might be correlated with the cyphus Biozone 
(Rhuddanian).

The graptolite assemblage identified in the 
lower 16.5 m of the Ikla Member is listed in Appen- 
dix 18. Higher in the Saarde Formation and in the 
thin Rumba Formation (see Appendix 1, sheet 18), 
no graptolites were found, i.e. there is а 53 m gap in 
the corresponding information. Judging from the as
semblage content, the graptolitic part of the Ikla 
Member belongs without doubt to the triangulatus 
Biozone (Aeronian), represented mainly by the lower 
(triangulatus s. str.) and perhaps middle (magnus) 
subzones. The latter subzone is indicated by the oc- 
currence of Campograptus millepeda. For the inter- 
pretation of the overlying 53 m of non-graptolitic 
rocks some useful data might be obtained from other 
cores.

are too fragmentary for correct species- or even ge- 
nus-level identifications. The most reliable data (in- 
cluding sp., cf., ex gr.) are listed in Appendix 18. 
The study was financially supported by the Esto
nian Science Foundation (grant No. 5042).

Upper Ordovician graptolites are represented 
by two samples. The sample (depth 650.2 m) from 
the Haljala Stage contains fragments of Climaco- 
graptus sp. and that (615.6 m) from the Porkuni Stage 
a benthic dendroid Estoniocaulis sp. Obut & Rytzk 
(1958) described the latter inocaulid genus from the 
Juuru Stage of North Estonia; the specimen from 
the Ruhnu (500) core is the second record of the 
genus here. These graptolites are of little biostrati- 
graphical value, but occurring at the levels where 
graptolites, especially dendroids are found most fre- 
quently in mainland Estonia, they seem to have an 
environmental meaning.

The above-mentioned Silurian intervals con- 
tain more abundant graptolites, allowing us to date 
lithostratigraphical units like members and beds in 
terms of graptolite biostratigraphy or even to define 
more or less exactly some biozonal boundaries in 
the core section.

The lowermost two Silurian samples (586.2 and 
585.6 m, Appendix 18) come from a marlstone pack- 
et, the Heinaste Member (Nestor et ai. 2003), in the 
bottom of the Saarde Formation. Neodiplograptus 
ex gr. modestus (perhaps cf. diminutus Elles & 
Wood) and Raphidograptus toemquisti occurring 
here are not decisive for the identification of a bio
zone, but most likely they fit into the assemblage of 
the Coronograptus cyphus Biozone. A firmer con- 
clusion about the läte Rhuddanian age is suggested 
by the occurrence of Huttagraptus acinaces slightly 
higher in the Slitere (cf. Appendix 18) and Kolka 
members. This graptolite species, earlier known only 
in the cyphus Biozone, was reported for the first time 
in the Baltic from the middle of the Saarde Forma
tion of the Ohesaare core (Loydell et ai. 1998) and 
later from the Remte Formation of the Aizpute-41 
core (Loydell et ai. 2003). The occurrence of C. cyp
hus itself in the Ruhnu (500) core is doubtful (Ap
pendix 18), but Atavograptus atavus and Glypto- 
graptus cf. sinuatus are most typical of the upper 
cyphus Biozone in the Baltic (Kaljo et ai. 1984) even 
if continuing in the lower Demirastrites triangulatus, 
Biozone.

Several core sections in the neighbourhood of 
the Ruhnu (500) core show besides the information 
gap also a real hiatus. Loydell et ai. (1998) identified 
in the Ohesaare core a gap embracing the biozones 
beginning with the magnus Subzone until the middle 
of the Spirograptus turriculatus Biozone (repre
sented by the proteus Subzone). The gap began 9 m

Thq beginning of the latter zone, märked usu- 
ally by the appearance of the eponymous species and/ 
or Coronograptus gregarius, coincides in the Ruhnu 
(500) core more or less exactly with the bottom of 
the Ikla Member of the Saarde Formation. The lower 
boundary of the member is placed (see Appendix 1, 
sheet 20) at a depth of 558.5 m; a specimen of C.
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above the occurrence of an early C. gregarius. In 
the Aizpute-41 core, the Dobele Formation is richly 
graptolitic and all Aeronian graptolite biozones are 
well represented, but the Telychian begins as in 
Ohesaare with the proteus Subzone (Loydell et ai. 
2003), i.e. after a gap embracing one and a half zones 
or a little more, depending on how complete the 
Stimulograptus sedgwickii Biozone is. In the Vents
pils core, located closer to the Ruhnu and Ohesaare 
ones, the Dobele Formation indudes much more 
limestone intercalations and the graptolite record is 
less full. Nevertheless, Gailite et ai. (1987) list Cam- 
pograptus lobiferus (McCoy), Demirastrites deci- 
piens (Tomquist), Stimulograptus sedgwickii (Port- 
lock), ete. in the upper part of the formation, indi- 
cating that both the Demirastrites convolutus and 
S. sedgwickii biozones are represented at least in 
some part. Above the latter biozone occur Pristio- 
graptus ex gr. nudus and Monograptus parapriodon, 
which do not give any clear biostratigraphic infor- 
mation, but it seems that at least the turriculatus s. 
lato Biozone is missing. Stimulograptus ex gr. sed
gwickii was reported by Uist (1973) from a dolostone 
underlying the marlstones with Streptograptus exi- 
guus (Lapworth) and S. erispus (Lapworth) in the 
Burtnieki core (North Latvia). The sense of this ex 
gr. is obseure, but Uist (1973) places the dolostone 
into the Aeronian, allowing us to conclude that the 
gap at the Aeronian-Telychian boundary embraees 
the whole turriculatus s. lato Biozone and perhaps а 
little more.

Proceeding from the logic of the above infor- 
mation, the author is sure that the gap in the upper 
part of the Raikküla Stage (Aeronian) in the Ruhnu 
(500) core should be much smaller than defined by 
Loydell et ai. (2003) in the Ohesaare core. For speci- 
fication of limits of the hiatus besides graptolite dis- 
tribution also different micropalaeontological data 
are needed.

The Telychian part of the Ruhnu (500) seetion 
begins with the Velise marlstones at 489.2 m. The 
list of graptolites identified (Appendix 18) from the 
lower 1 m comprises mostly speeies appearing usu- 
ally in the erispus Biozone and oeeurring also higher 
(e.g. Stimulograptus cf. clintonensis, Oktavites cf. 
spiralis, ete.). Judging from these oeeurrenees, the 
Spirograptus guerichi and turriculatus biozones are 
missing in the Ruhnu (500) core. Неге it should be 
noted that Kaljo & Martma (2000) reported Rastrites 
linnaeil from the First Velise sample at 489.2 m, but 
revising the collection for this paper the author de- 
eided to drop the identifieation due to very poor pre- 
servation of the speeimen. At 488.0 m Monograptus 
parapriodon marks the. Monoclimacis griestoniensis 
Biozone, represented here rather unconvincingly. At

487.6 m Streptograptus cf. kaljoi refers to the lower 
Oktavites spiralis Biozone, at 482.5 m Diver- 
sograptus ramosus to the middle spiralis Biozone 
and at 477.65 m “Monograptus” vesieulosus to the 
upper spiralis Biozone. Some additional refmements 
are possible through the diseussed interval, but surely 
no firm markers for the topmost two Telychian 
biozones are found. The only possible representa- 
tive of the lower Cyrtograptus lapworthi Biozone 
assemblage is Monoclimacis aff. linnarssoni.

The bottom of the Tõlla Member, and of the 
Wenlock Series, is drawn (Appendix 1, sheet 16) at 
457.5 m. The First Cyrtograptus cf. murehisoni is 
reeorded (Appendix 18) at 453.9 m, i.e. а 3.6 m in
terval is left without graptolite dating. Which part 
of it is missing information and which part belongs 
to a gap at the Llandovery-Wenlock boundary can- 
not be deeided on the basis of the available data. 
The Cyrtograptus murehisoni Biozone is easily iden- 
tifiable up to 447.8 m thanks to frequent oeeurren
ees of the eponymous speeies, also Monoclimacis 
vomerina, M. hemipristis, ete. and with a Monograp
tus firmus bänd in the very top of the zone. It is sur- 
prising that Retiolites is missing in the Wenlock of 
the Ruhnu (500) core.

The first Monograptus rieeartonensis appears 
at 447.2 m, i.e. the boundary of the biozones should 
be at some level within а 60 cm interval. Typically 
of the Ruhnu area, the rieeartonensis Biozone as
semblage is rather poor. Characteristic is also the 
Pristiograptus dubius group in the upper part of the 
biozone and above it. In this sense the rieeartonensis 
Biozone assemblage in the Ruhnu (500) core (even 
its thiekness of 6.5 m) is very much the same as in 
the Ohesaare core.

From the Sõrve Formation a doubtful occur
rence of Gothograptus pseudospinosus was re
eorded. It may indieate the Cyrtograptus lundgreni 
Biozone in the upper Wenlock.

DISTRIBUTION OF ORDOVICIAN 
AND SILURIAN CONODONTS

In total, 292 samples from the interval from 
the Lasnamägi (middle Llanvirn) to Rootsiküla (?) 
stages (Homerian) were studied for conodonts (Ap- 
pendixes 19-21). The size of the samples varied from 
180 to 940 grams, and the number of conodont spe- 
eimens per sample from less than 10 to many hund- 
reds. All samples but three - two from the Edole 
Member of the Kuldiga Formation (615.45-615.55 
and 610.95-611.05 m) yielded conodonts. Cono
donts are ämber in colour (CAI=1 sensu Epstein 
et ai. 1977). The number of taxa and speeimens in 
samples varies greatly. Two intervals with particu-
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larly rich faunas were recognized, one correspond- 
ing to the Lasnamägi-lower Haljala stages (upper 
Llanvirn-lower Caradoc) and the other to the Ada- 
vere-lower Jaani stages (Telychian-lower Shein- 
woodian). Both high-diversity episodes were termi- 
nated by an extinction event (see below).

The study of conodonts was supported by the 
Estonian Science Foundation grants Nos 5088 and 
5406. The studied collection is stored at the Insti- 
tute of Geology at Tallinn Technical University.

B. gerdae and B. alobatus can be recognized in the 
A. tvaerensis Zone also in the Ruhnu (500) core (Ap- 
pendix 20).

The Mid-Caradoc Event. An episode of biotic, 
climatic, sea-level and facies changes, called the 
Mid-Caradoc Event, has been recognized in the up
per Caradoc sequence (Keila and Oandu stages) in 
the Baltoscandian area (see Ainsaar 2001 and refer- 
ences therein). A distinct positive 5I3C excursion was 
described in the upper Keila Stage and a notable 
change within various groups of fauna documented 
in the Keila-Oandu transition interval. The record 
of a coeval isotopic event in North America sug- 
gests that the Mid-Caradoc Event recognized in Bal- 
toscandia is a result of a global oceanographic and/ 
or climatic event (Ainsaar 2001 and references 
therein). Now, from the conodont data of the Ruhnu 
(500) core and the results of recent studies (Viira & 
Männik 1999; Männik 2001a) it is evident that the 
event started already in Haljala time.

One of the most distinct changes in conodont 
succession in the Ruhnu (500) core occurs in the 
upper Haljala Stage. Неге, A. tvaerensis and B. alo
batus disappear, the number of conodont specimens 
in samples decreases considerably and long-rang- 
ing simple-cone taxa start to dominate in the fauna. 
Panderodus and Decoriconus are the most abundant 
taxa in the uppermost Haljala Stage and in the over- 
lying Keila Stage. Similar changes in the conodont 
faunas were noticed earlier in the Taga-Roostoja 
(25A) and Valga (10) core sections (Viira & Män
nik 1999; Männik 2001a). The order of changes in 
conodont faunas is the same in all three sections: (1) 
A. tvaerensis disappears, (2) B. alobatus disappears 
and (3) simple-cones (mainly Panderodus ex. gr. 
equicostatus and Decoriconus pesequus-Decori- 
conus sp.) start to dominate in the fauna. Morpho- 
logical changes take place in the Scabbardella ex 
gr. altipes lineage in the Ruhnu (500) and Valga (10) 
cores at (or close to) the level of disappearance of 
A. tvaerensis: high slender equally curved elements 
are replaced by strongly curved ones with a wide 
base and relatively narrow cusp. The levels of dis
appearance of A. tvaerensis and B. alobatus can be 
considered as Datum 1 and Datum 2 of the Mid- 
Caradoc Event.

The interval dominated by simple-cones is 
about 7 m thick in the Ruhnu (500) core. It corre- 
sponds to the upper Adze Formation, Blidene For- 
mation and the lowermost Mossen Formation (to the 
upper Haljala, Keila and lowermost Oandu stages) 
(Appendix 20). Ramiforms, including Amorphog- 
nathus, are very rare or missing in samples from this 
interval. Due to the lack of diagnostic taxa this in-

Ordovician
Pveodus serra to Amorphoenathus tvaerensis 

zones. The lower part of the studied Ordovician in
terval is characterized by rich faunas (high number 
of specimens and taxa in samples). The Pygodus 
serra and P. anserinus zones are well represented 
by their nominal taxa (Appendix 20). In the P. serra 
Zone, the Baltoplacognathus reclinatus, Eoplaco- 
gnathus rohustus, Yangtzeplacognathus proto- 
ramosus and E. lindstroemi subzones were recog
nized. The lower boundary of the P. serra Zone prob- 
ably lies further down in the Lasnamägi Stage, be
low the interval sampled for conodonts.

The lower boundary of the P. anserinus Zone 
coincides with the level where P. serra is replaced 
by P anserinus, and its upper boundary is märked 
by the appearance of Amorphognathus tvaerensis. 
Two subzones, Lower Subzone and Upper Subzone 
sensu Bergström (1971), can be recognized in the P. 
anserinus Zone. According to Bergström (1971), the 
boundary between these subzones corresponds to the 
level of appearance of Baltoniodus variabilis. Later, 
Dzik (1978) pointed out that primitive specimens of 
B. variabilis had amorphognathiform (Pa) element 
hardly distinguishable from that of its ancestor B. 
prevariabilis. Data from the Ruhnu (500) core agree 
with Dzik’s conclusions and the level of appearance 
of B. variabilis (and the position of the boundary 
between the Lower and Upper subzones) in the stud
ied section (Appendix 20) is quite problematic. In 
the Upper Subzone of the P. anserinus Zone, A. in- 
aequalis was found (samples from 664.8 and 663.8 m). 
The occurrence of A. inaequalis in this interval prob- 
ably indicates that it corresponds to the A. inaequalis 
Zone sensu Dzik (1978).

The appearance of A. tvaerensis in the middle 
of the Dreimani Formation (sample from 662.80 m; 
middle part of the Kukruse Stage) marks the lower 
boundary of the A. tvaerensis Zone. The upper 
boundary of the zone corresponds to the level of dis
appearance of A. tvaerensis and lies in the upper
most Idavere Formation. As in several other Esto
nian sections (e.g. Viira & Männik 1999; Männik 
2001a), three subzones, Baltoniodus variabilis,



RUHNU (500) DRILL CORE 19

gnathus, it cannot be excluded that in reality A. ven- 
tilatus appears already further down in the section. 
Anyhow, as noted above, at the moment the strata 
between the levels of disappearance of A. tvaerensis 
and appearance (of identifiable specimens) of A. 
ventilatus cannot be assigned to any conodont zone.

In the upper Mossen Formation, A. ventilatus 
is replaced by A. superbus. The occurrence of A. 
superbus indicates that the strata from this level up 
to the top of the Mõntu Formation correspond to the 
A. superbus Zone. A. superbus was found in all samp- 
les from this interval. In the lower and middle parts 
of the interval, A. complicatus was identified together 
with A. superbus (Appendix 20). Earlier in Estonia, 
extremely rare specimens of A. superbus have been 
found only in the cryptocrystalline limestones of the 
Rägavere Formation (Männik 1992, 2001a).

The uppermost identifiable specimens of A. 
superbus in the Ruhnu (500) section come from the 
uppermost Mõntu Formation (Nabala Stage). The 
overlying Saunja Formation (upper Nabala Stage) 
has not been studied for conodonts.

The single sample (from 631.35-631.45 m) 
from the Fjäcka Formation (Vormsi Stage) contains 
A. ordovicicus, which indicates that the lower bound- 
ary of the A. ordovicicus Zone lies below that level. 
This agrees with earlier data showing that A. ordo
vicicus in Estonia appears in the lowermost Vormsi 
Stage (Männik 1992). Restudy of the collection from 
the Valga (10) core revealed that identifiable speci
mens of A. ordovicicus appeared there in the lower
most Jonstorp Formation. Specimens of Amorpho- 
gnathus below that level, and identified in Männik 
(2001a) as A. ordovicicus, are too poorly preserved 
to teil surely to which species they belong.

Icriodella sp. n. L was identified from the up
per part of the Jonstorp Formation (Pirgu Stage), in 
the sample from 620.90-621.00 m. The Ruhnu (500) 
core is the fourth section in Estonia where this taxon 
has been found. Earlier, it has been reported from 
the Halliku Formation in the Seliste (Viira 1974; 
identified as Icriodina sp., illustrated in Pl. 13, fig. 
43) and Laeva (18) (Männik 1992) cores, and from 
the Jelgava Formation in the Valga (10) core (Männik 
2001a; identified as Icriodella sp. n.). In all sections 
the taxon has very short range in the Pirgu Stage. 
Comparison of the intervals of occurrences of Icrio
della sp. n. L at Ruhnu (Appendix 20) and Valga 
(Männik 2001a, Appendix 10) shows that the upper 
part of the Jonstorp Formation in the Ruhnu (500) 
core corresponds to the Jelgava Formation in the 
Valga (10) core, and that the upper part of the strata 
of Pirgu age present at Valga is missing at Ruhnu.

terval cannot be assigned to any known condont zone.
The recovery of the event-affected conodont 

faunas evidently started already in early Oandu time. 
Amorphognathus (A. ventilatus) re-appeared in large 
numbers in the lowermost Mossen Formation (Ap
pendix 20). The last specimen of Semiacontiodus 
ex gr. comuformis, probably marking the uppermost 
extinction level of the Mid-Caradoc Event in the con
odont succession, was found from the same level.

The uppermost Baltoniodus alobatus range. As 
noted above, B. alobatus disappears higher in the 
section than A. tvaerensis and indicates Datum 2 of 
the Mid-Caradoc Event in the conodont sequence. 
The datums of global events, particularly the levels 
of extinction of taxa, have proved extremely valu- 
able in high-resolution stratigraphy (e.g. Jeppsson 
1997). It has not been checked yet if the succession 
of events in conodont faunas recognized in the Mid- 
Caradoc Event interval in Estonia can be followed 
also in other regions of the world, but, based on iso- 
tope studies (Ainsaar 2001 and references therein), 
it seems most probable. Anyhow, at least in Estonia 
the datums of the Mid-Caradoc Event provide an 
excellent tool for detailed correlation of sections. 
The interval between Datum 1 (the level of extinc
tion of A. tvaerensis) and Datum 2 (level of disap
pearance of B. alobatus) of the Mid-Caradoc Event 
is here considered as a distinct stratigraphic unit and 
provisionally named as the “Uppermost B. alobatus 
range” (Appendix 20). Precise thickness of this unit 
is not known yet (sections have not been sampled in 
enough detail) but it might be about 1 m in the Ruhnu 
(500) core. The “Uppermost B. alobatus range” is 
identified in the Valga (10) core section where it may 
be also about 1 m thick (Männik 2001a) and in the 
Taga-Roostoja (25A) core section in a possible thick
ness of more than 2 m (Viira & Männik 1999).

Amorpho gnathus ventilatus to A. ordovicicus 
zones. Starting from the lowermost Mossen Forma
tion (lowermost Oandu Stage), Amorpho gnathus, 
stratigraphically one of the most important genera 
in Upper Ordovician strata, is again well represented. 
The Ruhnu (500) core section is the only one known 
so far in Estonia where Amorphognathus occurs al- 
most continuously (and in relatively large numbers) 
in the upper Caradoc strata. Judging from the occur
rence of A. ventilatus, the main part of the Mossen 
Formation (=Oandu Stage) in the Ruhnu (500) core 
corresponds to the A. ventilatus Zone. The lower 
boundary of the zone is märked by the appearance 
of A. ventilatus. However, as the strata between the 
top of the A. tvaerensis Zone and this level contain 
only rare unidentifiable fragments of Amorpho- The uppermost Ordovician strata. A. ordo-
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vicicus occurs in all samples from the Fjäcka For- 
mation to the lowermost Kuldiga Formation (Bernati 
Member, =lowermost Porkuni Stage) (Appendix 20). 
As in the Valga (10) section (Männik 2001a), also 
in the Ruhnu (500) core most of the taxa character- 
istic of the A. ordovicicus Zone disappear in the 
Bernati Member. Most common, although rare, are 
poorly preserved specimens identified as Noixi- 
dontus girardeauensis in the Edole Member of the 
Kuldiga Formation at Ruhnu. It is evident that the 
Kuldiga Formation is of the same age in the Ruhnu 
and Valga cores. The comparison of the distribution 
of Noixodontus in these two sections indicates that 
the upper part of the Kuldiga Formation is either 
highly condensed in the Ruhnu (500) core or some 
strata are missing.

this level are assigned to the Distomodus kentucky- 
ensis Zone although the zonal species has not been 
identified.

Considering the data from other sections, the 
A. expansa Zone is followed by the A.fluegeli Zone, 
with the boundary between these units in Estonia in 
the Ikla Member (Nestor et ai. 2003). In the Ruhnu 
(500) core, no specimens of A. fluegeli were found 
below the sample from 494.60^494.75 m, already 
well in the D. staurognathoides Zone (Appendix 21, 
sheet 3). Most probably, the lack of any indication 
of the A. fluegeli Zone at Ruhnu results from too 
rare occurrence of conodonts and not from a gap in 
the section.

The first identifiable specimens of D. stauro
gnathoides come from the lowermost Staicele Mem
ber of the Saarde Formation (Appendix 21, sheet 3). 
The specimens of Distomodus found below that level 
are too poorly preserved and cannot be identified at 
the species level. Data from the Aizpute-41 core 
(Latvia) indicate that the base of the D. staurog
nathoides Zone lies within the Demirastrites con- 
volutus graptolite Zone (Foydell et ai. 2003). Com
parison of these data with the chitinozoan zonation 
in Loydell et ai. (2003) and Nestor et ai (2003) sug- 
gests that in the Saarde Formation this base lies some- 
where in the Femme Member. Most probably also 
in the Ruhnu (500) core the real lower boundary of 
the D. staurognathoides Zone should be looked for 
below the level with the lowermost identifiable speci- 
men of D. staurognathoides, and we cannot define 
it just due to too poor preservation of specimens. 
The scarcity of fauna in the discussed interval in the 
Ruhnu (500) core is also confirmed by the fact that 
Oulodusl panuarensis and Ozarkodina ex gr. ex- 
cavata, appearing in many sections in Estonia al
ready in the uppermost Juuru Stage (e.g. Nestor et 
ai. 2003), are here not found below the Femme Mem
ber (Appendix 21, sheet 3).

The upper boundary of the D. staurognathoides 
Zone is märked by the appearance of Pterospathodus 
eopennatus. It probably correlates with the bound
ary between the Rumba and Velise formations (Ap
pendix 21, sheet 3).

The Qrdovician-Silurian boundary. As known 
earlier (e.g. Männik 1992, 2001a), the Ordovician- 
Silurian boundary interval in Estonia is poorly rep- 
resented by conodonts. As a ruie, only some genera 
of simple-cone conodonts survived the end-Ordovi- 
cian extinction event. In the Ruhnu (500) core, the 
last ramiform taxa, surely identifiable as Ordovician 
conodonts (N. girardeauensis, fragments of Amor- 
phognathus), come from the uppermost Kuldiga 
Formation (sample from 604.50-604.60 m; Appen
dix 20). The oolithic limestones (Appendix 5, D-7, 
D-8) of the uppermost Ordovician Saldus Forma
tion were not sampled at Ruhnu. The lowermost Si- 
lurian sample (600.00-600.15 m) in the Ruhnu (500) 
core contains several simple-cone taxa, which seem 
to be different from their relatives in the Ashgill (Ap
pendix 20). Further detailed taxonomical studies of 
these simple-cone genera are needed to teil real dif- 
ferences between their latest Ordovician and earli- 
est Silurian representatives. Often this is very diffi- 
cult, particularly if there are too few specimens in 
samples (e.g. in the Valga (10) core).

Silurian
Distomodus kentuckvensis to D. stauro

gnathoides zones. This interval corresponds to the 
Juuru, Raikküla and lowermost Adavere stages (Ap
pendix 21, sheet 3). The conodont faunas of this in
terval in the Ruhnu (500) core, as also in several 
other sections in Estonia (Männik 1992; Nestor et 
ai. 2003), are dominated by long-ranging simple- 
cone taxa, which are stiil too poorly studied to be 
effectively used in biostratigraphy. The appearance 
of Aspelundia expansa in the middle of the Slitere 
Member (sample from 575.10-575.25 m), below the 
Rhuddanian-Aeronian boundary (Kaljo in this võl
ume), indicates that this level corresponds already 
to the A. expansa Zone. The Silurian strata below

Pterospathodus eopennatus ssp. n. 1 to 
P. amorphognathoides amorphognathoides zones.
The lowermost part of this interval is highly con
densed: the P. eopennatus ssp. n. 1 Zone fauna has 
been identified only in one sample (489.10-489.20 m) 
and the P. eopennatus ssp. n. 2 Zone fauna in two 
samples (488.60-488.70 and 488.10-488.20 m) 
(Appendix 21, sheet 3). The next sample (487.70- 
487.80 m) contains already fauna characteristic of 
the P. amorphognathoides angulatus Zone (the
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21, sheet 2). Datum 1 (between samples from 454.30- 
454.40 and 453.70^453.80 m) marks the boundary 
between the P. a. amorphognathoides Zone and 
the overlying Ps. bicomis Superzone, Datum 3 (be
tween samples from 448.70-448.80 and 447.00 m) 
corresponds to the boundary between the Ps. bicomis 
and P. pennatus procerus superzones and Datum 6 
(between samples from 447.00 and 444.00 m) to the 
boundary between the P. p. procerus and Kockelella 
ranuliformis superzones. As no specimens of 
Distomodus staurognathoides were found above 
Datum 6 in the Ruhnu (500) core, it is possible that 
also Datum 8 occurs between samples from 447.00 
and 444.00 m. This datum corresponds to the level 
of disappearance of D. staurognathoides and defines 
the boundary between the Lower and Upper K. 
ranuliformis zones (Jeppsson 1997). However, as D. 
staurognathoides is known to be very rare above 
Datum 7 of the Ireviken Event (Jeppsson & Männik 
1993), additional sampling is needed to check its 
real distribution in the Ruhnu (500) core. For the 
time being, the interval above Datum 6 is assigned 
to the K. ranulifonnis Superzone.

lowermost zone in the P. celloni Superzone; Männik 
2001b). The upper boundary of this zone lies be
tween 484.00-484.10 and 483.20-483.30 m (Appen- 
dix 21, sheet 2). From the sample at 483.20-483.30 
m the lowermost specimens of P. a. lennarti, indi- 
cating the P. a. lennarti Zone, were identified. The 
uppermost specimen of this taxon in the Ruhnu (500) 
core come from the sample at 480.80-480.90 m. It 
is possible that the boundary between the P. a. 
lennarti and P. a. lithuanicus zones lies just above 
this sample. However, as the only specimen of P. a. 
lithuanicus comes from the sample at 472.20—472.30 
m (just below the upper boundary of the P. celloni 
Superzone), the interval between the P. a. angulatus 
Zone below and the P a. amorphognathoides Zone 
above is indicated here as corresponding to the P. a. 
lennarti-P. a. lithuanicus zones (Appendix 21, sheet
2).

The lower boundary of the P. a. amorphog
nathoides Zone is defined by the first appearance of 
the nominal species in the sample from 471.40- 
471.50 m. The upper boundary of the zone most prob- 
ably lies just above the sample from 454.30-454.40 m. 
According to Jeppsson (1997), the upper boundary 
of the P. a. amorphognathoides Zone corresponds 
to Datum 1 of the Ireviken Event, which is defined 
by the extinction of Nudibelodina sensitiva and by 
considerable decline in the occurrence frequency of 
Pseudooneotodus tricomis. In the Ruhnu (500) core, 
Ps. tricomis is continuously present up to the level 
of 454.30-454.40 m, but has not been found above 
this level (Appendix 21, sheet 2). N. sensitiva has 
not been identified in the Ruhnu (500) section.

The Llandoverv-Wenlock boundary. The 
Llandovery-Wenlock boundary was defined in 
Hughly Brook near Leasows Farm, Welsh Border- 
land. Comparative analysis of conodont successions 
through the Ireviken Event interval from Gotland 
(Sweden) and from the Leasows shows that the 
Llandovery-Wenlock boundary in its type section 
most probably lies very close to (or coincides with) 
Datum 2 of the Ireviken Event (Aldridge et ai. 1993; 
Jeppsson 1997). The data presently available for the 
Ruhnu (500) core section do not allow precise Iden
tification of the position of the Datum 2 of the 
Ireviken Event, and thus also the position of the 
Llandovery-Wenlock boundary. However, clearly it 
should be looked for in the interval between the lev- 
els of 454.30^154.40 and 447.00 m (Appendix 21, 
sheet 2). In the graptolite sequence (Kaljo in this 
võlume, Appendix 18), this interval lies in the 
Cyrtograptus murchisoni Zone, well above the lower 
boundary of the C. centrifugus Zone, above the tra- 
ditional Llandovery-Wenlock boundary level in the 
graptolite succession. This fits well with the earlier 
data that the Llandovery-Wenlock boundary as de
fined in its type section at Leasows does not coin- 
cide with the base of the C. centrifugus graptolite 
Zone but correlates with a level in the C. murchisoni 
graptolite Zone (Männik et ai. 2002; Loydell et ai. 2003).

Kockelella ranuliformis Superzone to Oz.ar- 
kodina sagitta saeitta Zone. The lower boundary of 
the K. ranuliformis Superzone corresponds to the 
level of disappearance of P. p. procerus and its up-

The Ireviken Event. Jeppsson (1997) proposed 
a very detailed conodont zonation for the uppermost 
Telychian-lowermost Sheinwoodian strata. Не de- 
scribed five zones in this interval (Lower Ps. bicomis, 
Upper Ps. bicomis, Lower P. pennatus procerus, Up
per P p. procerus and Lower K. ranuliformis), with 
the boundaries between them corresponding to the 
datums of the Ireviken Event. However, later (e.g. 
Männik et ai. 2002; Loydell et dl. 2003) some of 
these zonal boundaries (datums of the Ireviken 
Event) appeared to be very complicated (if not im- 
possible) to identify in strata formed in offshore en- 
vironments. Foreseeing possible problems with the 
identification of some datums in a particular sec
tion, Jeppsson (1997) grouped his new zones into 
superzones, and even into wider units - zonal groups.

In the Ruhnu (500) core section, only three 
datums of the Ireviken Event can be identified: Da
tum 1 (see above), Datum 3 (the level of disappear
ance of P. a. amorphognathoides) and Datum 6 (the 
level of disappearance of P. p. procerus) (Appendix
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per boundary to the level of appearance of Ozarko- 
dina sagitta rhenana (Jeppsson 1997). In the Ruhnu 
(500) core, 0. s. rhenana was found only in one 
sample: 386.40-386.55 m (Appendix 21, sheet 2). 
Kockelella walliseri appears higher, in the next 
sample (384.70-384.85 m) and occurs sporadically 
up to the level of 358.35-358.60 m. Jeppsson (1997) 
described five zones (grouped into two superzones) 
in the interval of total ranges of O. s. rhenana and 
K. walliseri. Due to rare occurrence of these and the 
lack of several other diagnostic taxa important for 
identification of some of his zones, it seems proper 
to refer to this interval at Ruhnu as corresponding to 
the O. s. rhenana-Upper K. walliseri superzones. 
The lowermost part of this interval where O. s. 
rhenana was identified evidently corresponds to the 
O. s. rhenana Zone (Appendix 21, sheet 2). How- 
ever, as the number and size of the studied samples 
are limited, and as O. s. rhenana is known to be rare 
and occur sporadically in Estonian sections (e.g. 
Jeppsson et ai. 1994), most probably the real level 
of its appearance lies further down in the Ruhnu 
(500) core. The recorded level of appearance of this 
taxon does not mark the real lower boundary of the 
O. s. rhenana Zone at Ruhnu.

The upper boundary of the Upper K. walliseri 
Superzone (level of disappearance of K. walliseri) 
lies between 358.35-358.50 and 356.30-356.45 m. 
The strata above this level, up to Datum 1 of the 
Mulde Event, are considered to correspond to the 
Kockelella ortus ortus Superzone sensu Jeppsson 
(1997). Probable specimens of K. ortus (identified 
as K. cf. ortus) were found in the upper part of the 
superzone which, on the basis of the occurrence of 
O. s. sagitta and Pseudooneotodus linguicomis, is 
correlated with the O. s. sagitta Zone (Appendix 21, 
sheet 2). The lower boundary of the zone lies be
tween 327.95-328.10 and 325.65-325.80 m, below 
the appearance level of O. s. sagitta and Ps. lingui
comis. The specimen of O. s. sagitta in the sample 
from 325.65-325.80 m is the only one so far found 
in Estonia.

p. 139): “The succeeding fauna laeks zonal taxa but 
otherwise is closely related to the first fauna with O. 
bohemica lõnga. Both are markedly less diverse and 
strongly dominated by ramiforms, in most collec- 
tions O. excavata. They are therefore separated as 
Subzone 0 (zero) and Subzone 1 of the O. b. lõnga 
Zone”. The most characteristic event in the conodont 
sequence at Datum 2 of the Mulde Event, at the 
boundary between subzones 1 and 2 of the O. b. 
lõnga Zone, is the change of the dominating taxon: 
the faunas between datums 1 and 2 were dominated 
by O. excavata, which at Datum 2 was replaced by 
Panderodus equieostatus (Jeppsson & Calner 2003). 
In Subzone 3, ramiforms, particularly O. excavata, 
regained dominance. Subzone 4 has a more balanced 
conodont fauna.

In Estonia, the Mulde Event interval has ear- 
lier been recognized only in the Ohesaare core see- 
tion (see Jeppsson & Calner 2003 and references 
therein). In the Ruhnu (500) core, Datum 1 of the 
Mulde Event is märked by the disappearance of 
Panderodus ex gr. greenlandensis. The uppermost 
specimens of this taxon were found in the sample at 
298.10-298.15 m, indieating that Datum 1 of the 
event, and accordingly the lower boundary of 
Subzone 0 of the O. b. lõnga Zone, lies above this 
level (between 298.10-298.15 and 297.15-297.30 m; 
Appendix 21, sheet 1). Datum 2 of the Mulde Event 
(the boundary between subzones 1 and 2 of the O. b. 
lõnga Zone) lies between the levels of 287.85-288.00 
and 285.55-285.70 m, and probably corresponds to 
the erosional surfaee at 287.60 m (see Appendix 1, 
sheet 11). The fauna in the sample at 287.85-288.00 
m is stiil strongly dominated by O. excavata (as in 
all samples from the silty marlstones in the interval 
from 287.6 to 293.9 m; Appendix 21, sheet 1). In 
the next sample (at 285.55-285.70 m), and in all 
samples studied higher above this level, P. ex gr. 
equieostatus dominates. The sample at 287.20- 
287.30 m yielded only two conodont specimens, one 
of them belonging to O. excavata and the other to 
Ps. beckmanni.

Due to the lack of critical taxa (Ps. linguicomis 
and Walliserodus sp. n. V do not reaeh the Mulde 
Event interval in the Ruhnu (500) core; Appendix 21, 
sheet 1), Datum 1.5 cannot be recognized in the stud
ied seetion. As the lowermost specimens of O. b. lõnga 
were found only in Subzone 2, probably due to too 
small size of the samples (О. b. lõnga is known to 
be relatively rare and occur sporadically in sections), 
also subzones 0 and 1 of the O. b. lõnga Zone can
not be distinguished at Ruhnu.

The conodont sequence recognized in the 
Ruhnu (500) core indieates that the interval between 
the levels of 298.10-298.15 and 287.20-287.30 m

The Mulde Event. This event has recently been 
diseussed in detail by Calner & Jeppsson (2003) and 
Jeppsson & Calner (2003). The Mulde Event in
dudes at least three extinction steps: Datum 1 at the 
beginning of the event had a strong effeet on all ma
jor taxa, including graptolites and conodonts; at Da
tum 1.5 some conodonts beeame extinct; Datum 2 
caused a near total extinction of graptoloids but had 
a lesser effeet on conodonts and “shelly faunas” 
(Jeppsson & Calner 2003). At Datum 1 the rich and 
diverse fauna of the O. s. sagitta Zone disppears. 
According to Jeppsson (in Jeppsson & Calner 2003,



RUHNU (500) DRILL CORE 23

Altogether, 79 chitinozoan taxa were distinguished, 
the distribution of which is presented in Appendix 
23. The number of specimens in samples was highly 
variable. The richest samples came from the lower 
part of the section (Lasnamägi-Kukruse stages), 
where chitinozoans of particularly good preserva- 
tion and relatively high species diversity were found.

The lowermost samples represent the Cono- 
chitina clavaherculi Subzone of the Laufeldochitina 
striata Zone, which corresponds to most of Las- 
namägi and early Uhaku times (Nõlvak & Grahn 
1993). Despite the absence of some clear criteria 
among chitinozoans marking the level of the lower 
boundary of the Uhaku Stage, their association in 
the lowermost samples suits well with the upper- 
most portion of the beds belonging to the Lasnamägi 
Stage in other sections.

The boundary of the Laufeldochitina striata 
and L. stentor zones lies within the uppermost part 
of the Uhaku Stage as, for example, in the Taga- 
Roostoja (25A) and Valga (10) cores (Nõlvak 1999b, 
2001). The middle portion of the Uhaku beds is rep- 
resented by the Conochitina tuberculata Subzone. 
The appearance level of this species and the fre- 
quency of all chitinozoans are probably influenced 
by the occurrence of red spots in the rocks of that 
interval (672.0-673.5 m). The succeeding higher 
Eisenackitina rhenana Subzone is followed clearly, 
and its range coincides roughly with the Lau
feldochitina stentor Zone. In general, both of these 
species occur during Kukruse time. The lower 
boundary of the Kukruse Stage can be defined by 
the appearance of the former species. Most note- 
worthy is the appearance of Conochitina sp. 1 and 
Conochitina sp. 2 in the lower part of the Kukruse 
Stage (=C. savalaensis and C. virnana nom. nud. in 
Männil 1986, fig. 2.1.1; Bauert & Bauert 1998; 
Nõlvak 1999b, 2001). These species are character- 
istic of the lower and middle parts of the stage in the 
sections of the North Estonian Confacies (see Fig. 
ЗА). At the same time, in the upper part of the stage 
there occurs an extensive break in the North Esto-

correlates with the Fröjel Formation (Calner & 
Jeppsson 2003) on Gotland. A high content of fine 
quartz sand in the residues of samples from 287.6- 
293.9 m agrees with this conclusion and suggests 
that this interval corresponds to the upper part of 
the formation, the Gannarve Member (“Slite Silt- 
stone”). The occurrence of oolithic grains in the 
dolostone (interval 285.8-287.6 m, see Appendix 1, 
sheet 11) above the silty marlstones evidently indi- 
cates that these strata correspond to the Bara Oolite 
Member of the Halla Formation on Gotland (=lower 
part of Subzone 2 on Gotland; Jeppsson & Calner 
2003). This conclusion is in accordance with the 
conodont data (see above), as is also the suggestion 
that the bentonite in the Ruhnu (500) core (interval 
283.65-283.90 m) is identical with the Grötlingbo 
Bentonite (Kiipli in this võlume), recognized in the 
lower part of the Mulde Brick-clay Member of the 
Halla Formation (Calner & Jeppsson 2003).

DISTRIBUTION OF ORDOVICIAN 
CHITINOZOANS

A total of 109 samples from the middle-upper 
Ordovician part of the Ruhnu (500) core were pro- 
cessed and studied for chitinozoans (Appendix 22). 
The work was carried out at the Institute of Geology 
at Tallinn Technical University, where the collec- 
tion is stored, and financially supported by the Esto
nian Science Foundation (grant No. 4674). The 
samples varied from 0.3 to 0.5 kg in size and were 
commonly not more than 5 cm in vertical range. Fif- 
teen samples were barren, or yielded only some in- 
determinable fragments. In almost all cases the 
unproductiveness of samples was mainly due to the 
distribution of marine redbeds in the intervals of
618.9-631.1, 632.7-634.2 and 680.5-706.8 m. The 
most probable reason is microscopic recrystalliza- 
tion (changes in Fe-compounds) during which the 
walls of chitinozoan specimens were crushed into
very small pieces or powder, so that they cannot be 
found using standard preparation techniques (Nõlvak 
2002). Another reason is secondary dolomitization, nian sections, which at Ruhnu is fulfilled by beds 
which also destroyed, or influenced strongly the pres- containing, among others, Conochitina tigrina, La- 
ervation of organic-walled microfossils. The upper- genochitina sp. A aff. capax, Cyathochitina sp. 2 
most Ordovician ooliths containing (10-50%, in and remarkable finds of stratigraphically very im-

layers > 50%) limestones in the Ruhnu (500) portant Nemagraptus gracilis (Hall) at a depth of
section (see Brenchley et ai. 2003, fig. 6) were bar
ren as they were formed in the grain-supported fa- boundary of the Upper Ordovician Series (Bergström 
cies, in the active water environment unfavourable et aL- 2000).

some
662.8 m. The last species marks the global lower

The base of the Haljala Stage (Idavere Sub-for the setting of chitinozoans.
The Ordovician chitinozoan zonation of Balto- stage) can be defined at the level of the lower bound-

scandia was introduced by Nõlvak & Grahn (1993) ary of the Armoricochitina granulifera Zone, sup- 
and revised by Nõlvak (1999a). In the Ruhnu (500) portedby the disappearance of the index species Lau- 
section, 14 zones and subzones were established. feldochitina stentor and Eisenackitina rhenana, and
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by an abrupt increase in the number of the acritarch 
Leiosphaeridia baltica at an approximate depth of 
658.8 m. Such a mass occurrence of acritarchs is 
widespread at the same level in North Estonian and 
Swedish sections (Nõlvak et ai. 1999; Nõlvak 2001). 
These data suggest that the lower boundary of the 
Haljala Stage could most probably be traced at а 
depth of 659.0 m, and not at 658.2 m, where A. gra- 
nulifera appears, encountered here only in one 
sample. However, this always small zone is missing 
in the Valga (10) section (Nõlvak 2001), but has been 
proposed as a possible criterion for the lower bound
ary of the Haljala Stage (Nõlvak & Grahn 1993; 
Hints et ai. 1995). This level coincides broadly also 
with the boundary between the Dreimani and Adze 
formations.

The next stratigraphically important zones are 
the Angochitina curvata and Lagenochitina dalby- 
ensis zones (Nõlvak & Grahn 1993) from the beds 
corresponding to the lowermost Idavere Substage of 
the Haljala Stage. The latter zone enables the corre- 
lation of sections over the whole Baltica palaeo- 
continent and with North Gondwana (Nõlvak 1999a; 
Paris et ai. 1999). It is noteworthy that the Haljala 
Stage, häving a restricted thickness of no more than 
9 m, is partly represented by beds with almost bar- 
ren samples in the Ruhnu (500) core (interval be
tween 653.5-657.5 m). This interval belongs prob
ably to the L. dalbyensis and Belonechitina hirsuta 
zones. The beds of the Jõhvi Substage Iie about 2.3 m 
below the Kinnekulle K-bentonite bed at a depth of 
650.1 m, however, their age is not proved by chiti- 
nozoans.

of the Keila Stage in the North Estonian sections, in 
the interval of substantial extinction of chitinozoans:
e.g. in the Rapla section about 63% and in the Valga 
(10) section about 45% of the species disappeared 
(see Kaljo et ai. 1996; Nõlvak 2001). Such a disap- 
pearance can be followed also in the Ruhnu (500) 
section. However, at Ruhnu the läte Keila extinc
tion and diversity minimum in Oandu time, and the 
considerable lithological change, obvious in the sec
tions of the North Estonian Confacies Belt (Hints et 
ai. 1989), are not connected with some certain level. 
Chitinozoans disappear more gradually. Gradual 
changes are observable also in lithology. The pos
sible level of the upper stage boundary could be 
drawn according to the disappearance of Eucono- 
chitina cf. primitiva and/or acritarch Leiosphaeridia 
baltica at depths of 645.7 or 647.1 m. The appear- 
ance of Ancyrocliitina sp. n. 1 at a depth of 646.8 m 
confirms the gradual or continuous character of that 
boundary in the South Estonian sections, including 
the Valga (10) section (Nõlvak 2001, appendix 8). 
For Ruhnu the level of 645.7 m is preferred. It is 
important to note that the interval of 645.7-647.1 m 
is by the distribution of chitinozoans much the same 
as the beds in the Viljandi section from the interval 
of 336-338 m assigned by microfossils to the 
Lehtmetsa beds of the Keila Stage (Kaljo et äi. in 
press).

The data available provide no clear biostrati- 
graphical criteria for the recognition of the beds cor
responding to the Rakvere Stage in the Ruhnu (500) 
section. In the stratotype area this is a topostrati- 
graphical unit with traditionally lithological bound- 
aries, characterized by the continual distribution of 
Cyathochitina angusta. Often gaps and clear facies 
changes are observed on its boundaries. At Ruhnu, 
the very low appearance of Cyathochitina angusta 
and Fungochitina fungiformis (rare specimens) and 
the unusually high disappearance level of Ancyro- 
chitina sp. n. 1, the zones of which have never been 
recorded as overlapping, fulfill the breaks well 
known in North Estonia. It is not excluded that the

In general, the distribution and diversity of 
chitinozoans in the Uhaku, Kukruse, Haljala and to 
some extent also Keila stages in the Ruhnu (500) 
section agree well with earlier data (e.g. Taga-Roost- 
oja (25A), Valga (10); see Nõlvak 1999b, 2001), al- 
though the thicknesses of the beds are smaller at 
Ruhnu than in the sections of the North Estonian 
Confacies Belt in Central Estonia.

The lower boundary of the Keila Stage coin
cides with the base of the Kinnekulle K-bentonite 
bed (Hints & Nõlvak 1999) at a depth of 650.1 m in 
the Ruhnu (500) section. However, the stratigraphi
cally valuable Angochitina multiplex Subzone, which 
usually lies just above the Kinnekulle bed (Hints & 
Nõlvak 1999, fig. 4), has not been found there. There 
is a possibility of some breaks in the lower-middle 
part of the very condensed portion (about 3 m) of 
the section. In the Keila beds the possible gap is in- 
dicated also by the distribution of a specific popula- 
tion (curved specimens) of Euconochitina primitiva, 
here referred to as cf. (see Appendix 23). The latter 
form is widely distributed only in the uppermost beds

interval between the depths of 638.8 and 645.7 m in 
the Ruhnu (500) section is absent in the Valga (10) 
section, or is represented there only by the beds be
tween the depths of 383.8 to 384.9 m (see Nõlvak 
2001, appendix 8). At the same time, these very simi- 
lar argillaceous rocks of the Ruhnu and Valga cores 
are interpreted as the lithological analogies of the 
Mossen Formation of the Central Baltoscandian 
Confacies. Should our interpretation by chitinozoans 
be proved by some other group of fossils, some more 
gaps, and more lenses with similar lithology but dif- 
ferent in age might be revealed in this part of the 
section.
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ary of the S. taugourdeaui Zone coincides also with 
the disappearance of some other forms (see Appendix 
23) similarly to some other sections of that facies 
belt, e.g. Valga (10), Ikla, Kardla, Taagepera, 
Riekstini (Nõlvak 2001, appendix 8; Brenchley et 
ai. 2003, figs. 6, 7, 8, 10). A radical change takes 
place within the Bemati Member of the Kuldiga 
Formation in the interval of 617.6-618.2 m: mass 
extinction among chitinozoans, associated with а 
glaciation and mass extinction of biota in the latest 
Ordovician (Kaljo et ai. 2001; Brenchley et ai. 2003; 
see also Martma in this võlume). The highest 
Ordovician Conochitina scabra chitinozoan Zone 
occurs just above that change level in the interval of 
617.6-603.6 m. It is not excluded that this form is 
also present in the beds just above the Ordovician- 
Silurian boundary level at a depth of 601.0 m 
(Brenchley et ai. 2003, ftg. 6). As earlier data show, 
the beds of the Saldus Formation are barren also in 
the Ruhnu (500) section due to the active water 
environment.

A somewhat indefinite boundary between the 
Spinachitina cervicornis and Fungochitina fungi- 
formis zones is caused due to the original definition 
of these zones as the total ranges of both species 
(Nõlvak & Grahn 1993). For practical reasons, the 
definitions had to be revised and a supplementary 
notice - “continual distribution” added. More pre- 
cisely, this was caused by the difficulties with the 
identification of the first or last, often single speci- 
mens, found in considerably lower or higher samples 
than the main part of the population. In the Ruhnu 
(500) section, for example, the total range of 
F. fungiformis begins at a depth 646.8 m, but con
tinual range at a depth of 637.8 m (Appendix 23).

In the succession of chitinozoans the lower 
boundary of the Armoricochitina reticulifera Sub- 
zone at a depth of 635.5 m marks the beginning of 
the beds belonging to the Nabala Stage. However, 
most probably the underlying limestones (interval 
635.5-638.6 m) can also be tied to that stage. Higher, 
the uppermost glauconite-bearing and condensed lime
stones with rare red spots (interval 632.7-634.2 m) 
of the Mõntu Formation are unusually barren, as is 
the specific 0.2 m coarse-grained bed (Appendix 4, 
T-33; Appendix 5, D-ll) at the base of the Saunja 
Formation (632.5-632.7 m, see p. 9 in this võlume). 
The upper boundary of this layer marks also the se- 
quence boundary - a sharp facies transition from the 
underlying Mõntu Formation to the grain-supported 
facies with the overlying mud-supported facies of 
the Saunja Formation (Harris et ai. in press).

Very condensed marlstones of the Fjäcka For
mation (interval 631.1-631.8 m) are represented by 
the Acanthochitina barbata Subzone (Nõlvak 1980, 
fig. 2), which has been distinguished up to now only 
in the uppermost portion of the Vormsi Stage. The 
uppermost beds of the Fungochitina fungiformis 
Zone and the lowermost beds of the Tanuchitina 
bergstroemi Zone (Nõlvak & Grahn 1993) are ab- 
sent. Contrary to the statement of some authors (e.g. 
Meidla in Hints & Meidla 1997b, p. 82), these data 
support the idea that the main part of the beds corre- 
sponding to the lower and middle Vormsi Stage in 
the North Estonian Confacies Belt is absent in the 
Ruhnu (500) core.

The barren redbeds are interpreted as the lower 
part of the Pirgu Stage (see also Männil et ai. 1968) 
despite the well-known metachronous character of 
the boundaries of the redbed portions in different 
sections. However, it makes uncertain the beginning 
of the continual distribution of Spinachitina taugour
deaui, which is suggested as a relatively good crite- 
rion for the lower boundary of the Porkuni Stage 
(Nõlvak 1999a).

In the Ruhnu (500) section, the upper bound-

DISTRIBUTION OF ORDOVICIAN 
OSTRACODS

The ostracod samples used in the current study 
belong to two different sample sets (Appendix 24). 
One series of samples throughout the Ordovician and 
Silurian was obtained and prepared in the course of 
the first investigation of the core right after the drill- 
ing. The Ordovician samples of that collection were 
re-examined by the author. Recently supplementary 
sampling of the Ordovician sequence was carried 
out, but only samples from the interval from the up
permost Pirgu Stage to the base of the Silurian are 
used in this work. New samples were processed ac- 
cording to standard methodology (see, e.g., Meidla 
1996a). The samples were prepared at the Geologi- 
cal Survey of Estonia and studied at the Institute of 
Geology, University of Tartu. The study was finan- 
cially supported by the Estonian Science Founda
tion (grant No. 4574). The collection is stored at the 
Institute of Geology, University of Tartu.

All recent samples are richly fossiliferous and 
contain a diverse fauna, although the topmost Or
dovician shows mostly only moderate ostracod di- 
versity. The micropreparates of the oid sample se
ries often contain only a limited number of large 
specimens, especially in the Middle Ordovician. 
Such a difference could apparently be explained with 
differences in the laboratory cycle or picking rau
dne. Due to the changing quality of the material, 
mainly the absence/presence data are used and com- 
mented below.

The ostracod distribution data are interpreted
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in the context of former investigations: Sarv (1959), 
Meidla (1996a), Meidla et ai. (1998), Põldvere et ai. 
(1998), Meidla (2001), Tinn & Meidla (2001), Ain- 
saar et ai. (1999), Ainsaar & Meidla (2001).

The lowermost ostracod sample comes from а 
depth of 699.8 m (Appendix 25). It contains a few 
long-ranging species: Aulacopsis simplex and Ellip- 
tocyprites nonumbonatus make their first appearance 
in the upper part of the Volkhov Stage; Conchopri- 
mitia socialis (=Conchoprimitia gammae Õpik) 
ranges throughout the Billingen-Kunda interval in 
Baltoscandia. Although such an ostracod assemblage 
could principally be referred to the Volkhov Stage, 
the occurrence of poorly preserved Asteusloffia 
acutal suggests that it could also be younger. The 
occurrence of Pinnatulites procerus, Asteusloffia 
acuta and Ogmoopsis variabilis higher up in the se- 
quence (698.75 m) unambiguously refers to the 
Kunda Stage. To surn up, the lower boundary of the 
Kunda Stage should be drawn at 698.8 m or deeper, 
thus deeper than the grey-coloured Šakyna Forma- 
tion. This formation has been considered as equiva- 
lent to the basal Kunda Stage in one of the recent 
correlation charts (Männil & Meidla 1994, ete.) but 
both the ostracod and conodont evidence from the 
Tartu core (respectively after Meidla and Stouge in 
Põldvere et ai. 1998) suggests that it is much younger, 
at least in Estonian seetions.

The lower boundary of the Aseri Stage could 
be drawn between the disappearance level of 
Pinnatulites procerus (690.1 m) and the appearance 
of a new faunal assemblage at a depth of 688.1 m 
(Appendix 25). The ostracod fauna from the Aseri- 
Uhaku interval is relatively scarce. The appearance 
of Sigmobolbina variolaris in the Lasnamägi Stage 
is in agreement with the results from Latvia (see 
Gailitein Uist et ai. 1982). The position of the lower 
boundary of the Lasnamägi Stage in the upper part 
of the Segerstad Formation is noteworthy, as this 
formation is traditionally considered as the equiva- 
lent of the Aseri Stage in Southern Estonia and West
ern Latvia.

Ruhnu (500) core is well defined by the Kinnekulle 
K-bentonite as a marker horizon, but there is no fau
nal evidence in the ostracod sueeession (see also 
Nõlvak in this võlume). In the upper part of the Keila 
Stage, two distinet and widely distributed faunal as- 
semblages can be recognized (Appendix 25). The 
assemblage with Klimphores bimembris, Pedompha- 
lella egregia, Pelecybolbina graesgardensis and Sig- 
moopsis rostrata at a depth of 646.2 m is typically 
reeorded in the topmost Keila Stage in the seetions 
of the transitional zone (roughly Central Estonia: see 
Meidla 1996a, fig. 1). The assemblage has been re
eorded in the Laeva-18 (ibid., fig. 13) and Pärnu 
(ibid., fig. 14) seetions, but also in the Southern Es
tonian Abja-92 (ibid., fig. 18) and Valga (10) (Meidla 
2001) seetions. The reeord of Consonopsis consona, 
Tetrada pseudoiewical and Vogdesella subovata at 
a depth of 644.8 m at Ruhnu allows us to distin- 
guish here the age equivalents of the Plunge (former 
“blaek shale”) Member of the Mossen Formation 
(see Meidla 1996a, pp. 161, 166 and figs 17, 18). 
This interval is also correlated with the basal part 
(Keila age) of the Variku Formation (Ainsaar & 
Meidla 2001). In the Ruhnu (500) core the particu- 
lar interval comprises the basal part of the relatively 
uniform marlstone unit (640.5-645.7 m). In the 
former publications (Ainsaar et ai. 1996, 1999) the 
same biostratigraphical unit has informally been re
ferred to as the Tetrada beds.

The lower boundary of the Oandu Stage is dis
tinet in the seetion, being märked by the appearance 
of abundant Klimphores minimus, Pelecybolbina 
illativis and Easchmidtella fragosa (Appendix 25). 
The appearance of these typical members of the läte 
Ordovician ostracod fauna (see Meidla 1996a, p. 11) 
marks the level of the most remarkable faunal change 
in the Middle-Upper Ordovician ostracod sueees
sion of Baltoscandia. The correlation of this event 
horizon has repeatedly been diseussed in the litera- 
ture (Meidla 1996a; Ainsaar et ai. 1999; Ainsaar & 
Meidla 2001; Meidla 2001) and is therefore skipped 
here.

As a summary, the available integrated bio
stratigraphical evidence refers to eertain diserepan- 
cies between the new results from the Ruhnu (500) 
core and the generally aeeepted correlation (Männil 
& Meidla 1994) of the Middle Ordovician rock units 
in the Livonian Tongue of the Central Baltoscandian 
Confacies Belt (see Fig. ЗА).

The lower boundary of the Haljala Stage should 
definitely be drawn above the highest occurrence of 
Tallinnella dimorpha and Longiscula loknensis. This 
is also in agreement with the chitinozoan data (see 
Nõlvak in this võlume).

The lower boundary of the Keila Stage in the

The lower boundary of the Rakvere Stage is 
mostly distinet in the seetions of South Estonia (see 
Meidla 1996a and Ainsaar & Meidla 2001 for de- 
tails), and this is the case with the Ruhnu (500) core 
as well (Appendix 25). The distinetion of the stage 
is based on the sueeessive appearance of two spe
cies of the genus Pelecybolbina (P. illativis and 
younger P. pelecyoides). The latter species appears 
in Southern Estonian seetions in the Priekule Mem
ber of the Mossen Formation (like in the Abja-92 
core; Meidla 1996a, fig. 18 or in the Valga (10) core: 
Meidla 2001), in the upper part of the Variku (=Lukštai 
in Männil & Meidla 1994) Formation (Ristiküla-174
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a new faunal assemblage (Daleiella rotundata, 
Gryphiswaldensia plavinensis, Laevanotella 
nonsulcata and several others) is usually a few 
metres above the lower boundary of the Jonstorp 
Formation. In the Ruhnu (500) core, the first appear- 
ance of D. rotundata was recorded at a depth of 
629.0 m (Appendix 25). This fact principally leaves 
open the stratigraphical classification of the basal 
two-metre interval of the Jonstorp Formation, above 
the level of 631.2 m with an impoverished chitinozoan 
assemblage.

It is remarkable that the upper part of the 
Jonstorp Formation contains also Steuslofftna cune- 
ata, which is generally indicative of shallow water 
conditions and thus geographically generally restric- 
ted to the northern and Central Estonian sections. 
The record of this species in the Ruhnu (500) core is 
its southemmost occurrence in Estonia and most pro- 
bably indicative of an extensive regression. This 
viewpoint is also supported by the high diversity 
values in the same level (17 ostracod species were 
recognized in that particular sample, which is also 
the highest value for the whole Ordovician succes- 
sion in the Ruhnu (500) section). However, the os
tracod diversity decreases again in the topmost part 
of the formation and higher up.

In the sections of the Central Baltoscandian

and Tartu (453) cores: Ainsaar & Meidla 2001) or in 
the Rägavere Formation (in northern sections: Meidla 
1996a, figs 13,14; Ainsaar et ai. 1999). In the Ruhnu 
(500) core, the appearance level of P. pelecyoides 
lies within the Mossen Formation, at a depth of 638.5 
m. The lower boundary of the Rakvere Stage could 
tentatively be drawn even deeper, where poorly pre- 
served Pullvillites sp. was recorded (at 639.4 m). P 
pelecyoides ranges up to a depth of 636.9 m, thus 
restricting the Rakvere Stage to the boundary inter
val of the Mossen and Mõntu formations. The 
Rakvere age of the Mõntu Formation is supported 
by the evidence from the Tartu (453) core where the 
ostracod data suggest the assignment of the basal 
Mõntu Formation to the Rakvere Stage (Meidla in 
Põldvere et ai. 1998).

The lower boundary of the Nabala Stage should 
be drawn in the interval of 636.9-634.1 m, between 
the last occurrence of P. pelecyoides and the appear
ance level of Hippula eddolensis (Appendix 25). 
Uni ike the Tartu (453) core, where the ostracod and 
chitinozoan evidence looks contradictory, in the 
Ruhnu (500) core both data sets seem to be in good 
agreement (see Nõlvak in this võlume), which sug- 
gests that the boundary should be drawn approxi- 
mately at a depth of 636.0 m.

As stated earlier (Meidla 1996a), the lower 
boundary of the Vormsi Stage represents a sharp 
lithofacies change throughout Estonia and is not very 
well reflected in the distribution of ostracods. Simi- 
larly to other South Estonian sections (Kaagvere-1, 
Otepää-2, Taagepera, Abja-92: see Meidla 1996a, 
figs 15-18), the corresponding strata of the Ruhnu 
(500) core are highly argillaceous and contain Kinne- 
kullea thorslundi. However, this species seems to 
have a wider stratigraphic range in the sections of 
Western Latvia (see Gailite in Uist et ai. 1982).

The red-coloured Jonstorp Formation has tra- 
ditionally been considered the equivalent of the 
Lower Pirgu Substage (Männil & Meidla 1994) in 
Southern Estonian and Latvian sections. This is based 
on the correlation of the Acanthochitina barbata 
Zone (Nõlvak 1980) along the facies profile. This 
correlation is reliable in the belt where the Vormsi- 
Pirgu boundary interval is grey-coloured and pro- 
vides a continuous succession of acid-resistant mi- 
crofossils. In south Estonia, the redbeds lacking acid- 
resistant microfossils almost directly overlie the 
Fjäcka Formation. Considering the probable meta- 
chronous character of the redbeds (see Meidla 1996a, 
p. 189, also Nõlvak in this võlume), the traditional 
correlation of the Pirgu Stage in South Estonian and 
Latvian sections might need further biostratigra- 
phical approval.

In the ostracod record, the appearance level of

Confacies Belt, the boundary of the Porkuni Stage 
is usually drawn by the appearance of the specific 
members of the Hirnantia fauna and by the increase 
in stable isotopic values in the section. The shift in 
the stable carbon isotopic composition is recognized 
both in the bulk rock samples and in the brachiopod 
(and perhaps also ostracod) shell material (see Kaljo 
et ai. 2003 and references therein; Brenchley et ai. 
2003).

One of the components of the Hirnantia fauna 
sensu lato is a specific ostracod assemblage, the so- 
called Harpabollia fauna (see Meidla 1996b). This 
assemblage characterizes the Kuldiga and Saldus 
formations in South Estonia, Latvia and Lithuania 
but is also recorded in northeastern Poland and sev
eral parts of Sweden (Östergötland, Scania). It con
tains many genera which make their first appearance 
in the Baltoscandian area namely in this level. The 
Baltoscandian ostracod fauna is stiil considered rela- 
tively endemic, but the species of that particular as- 
sociation are recorded also from Bohemia and the 
Carnic Alps. Considering the wide distribution of 
the taxa, the appearance of the Harpabollia asso- 
ciation in the Baltoscandian area could be interpreted 
as an immigration event, directly related to onset of 
the Hirnantian glaciation (Meidla 1996b).

In the Ruhnu (500) core, the marlstone inter
val overlying the Jonstorp Formation (617.1-619.1 m)
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is attributed to the Bernati Member of the Kuldiga 
Formation (Appendix 1, sheet 22). Three ostracod 
samples from this interval do not display any changes 
in the faunal succession; the assemblage resembles 
that in the upper part of the Jonstorp Formation. The 
appearance of the first specific Porkuni/Hirnantia 
taxa (Circulinella gailitae, Rectella composita, Har- 
pabollia harparum is recorded at a depth of 616.8- 
616.9 m only (Appendix 25). The faunal assemblage 
in the Edole Member of the Kuldiga Formation is 
more diverse in the Ruhnu (500) core than usual for 
the topmost Ordovician. Apart from the typical mem- 
bers of the Harpabollia association (species listed 
above and additionally Aechmina groenwalli, Rec
tella sturiensis, Scanipisthia rectangularis, Drepa- 
nellal pauxilla and Pseudoancora confragosa), the 
strata also contain some taxa which are specific to 
the Porkuni Stage in North Estonia (Ärina Formation, 
except for its basal part), such as Medianella aequa 
and Duplicristatia asymmetrica (Appendix 25).

Nõlvak (1997, 1999) has proposed the chitino- 
zoan species Spinachitina taugourdeaui as a rela- 
tively good marker for the boundary of the Porkuni 
Stage. However, in the Tartu (453) core (Bauert & 
Bauert 1998) the same species is recorded in the 
upper part of the Pirgu Stage, in the interval for which 
preliminary ongoing measurements have given rela- 
tively low carbon isotopic values in the rock. The 
range of the same species In the Ruhnu (500) core is 
restricted to the Bernati Member.

The ostracod data suggest an alternative inter- 
pretation for the Pirgu-Porkuni boundary interval 
in the Ruhnu (500) core, where the lower boundary 
of the Porkuni Stage could be drawn in the interval 
of 616.9-618.25 m (Appendix 25), and preferably could 
be tied to the level of lithological change (617.1 m). 
This interpretation is not necessarily in conflict with 
the stable isotopic data. According to Martma (in 
this võlume, Fig. 4), the stable carbon isotopic values 
in the Bernati Member are not substantially higher 
than those in the topmost part of the Jonstorp For
mation, which supports indirectly such a re-inter- 
pretation of the stratigraphy in the Ruhnu (500) core.

The Saldus Formation was not sampled for 
ostracods. The basal Silurian strata (598.4 m) con
tain an impoverished and poorly preserved assem
blage, including the species of the long-ranging gen- 
era Longiscula, Rectella and Microcheilinella, typi
cal of the basal Silurian in the Ruhnu area.

hod. This method was chosen in spite of its short- 
comings (see below) to characterize the entire studied 
sequence by samples from more or less regular 
intervals, not depending on the possibility of finding 
any bioclasts. However, the sampling strategy did 
consider the stratigraphic context (lithology, unit 
thickness, position of unit boundaries). Generalized 
data and some details on carbon isotopes in the Ruh
nu (500) core have earlier been published in the 
following papers: the curve from the top of the Pirgu 
to the middle of the Jaagarahu stages in Kaljo et ai. 
(1998), the curve from the Flandovery up to the 
lowest Wenlock in Kaljo & Martma (2000), the curve 
and data from the Porkuni Stage in Kaljo et ai. (2001), 
the curve as in 1998 but with sampling points noted 
in Kaljo et ai. (2003). A full set of analytical data on 
the carbon isotopes obtained from bulk samples of 
the Ruhnu (500) drill core is published here for the 
first time (Appendix 26). A total of 161 samples were 
analysed, with a mean sampling interval of 1.5 m, 
but the Porkuni and uppermost Pirgu stages were 
studied in more detail - nearly two samples per metre. 
The Fiverpool University team analysed carbon and 
oxygen isotopes using calcite from bioclasts (diffe- 
rent brachiopod shells). Theirresults were published 
and methods discussed in Heath et ai. (1998) (their 
list of analyses embracing the interval from the Kuili 
Formation up to the Jamaja Formation is here in- 
cluded into Appendix 6). The Pirgu-Porkuni curves 
(whole-rock carbon isotopes (measured in Tallinn) 
and carbon and oxygen isotopes from bioclasts 
(measured in Fiverpool) were presented also by 
Brenchley et ai. (2003). The Ruhnu (500) core is the 
only section in Estonia that has provided a reliable 
set of brachiopod bioclasts from the uppermost Ordo
vician and lower Silurian, but even there bioclasts
are sparse.

The methodology of carbon isotope analysis 
used in the isotope palaeoclimatology laboratory of 
the Institute of Geology at Tallinn Technical Univer
sity is explained in detail by Kaljo et ai. (1997,1998); 
here only the most important aspects are noted. The 
whole-rock samples were powdered to а <10 pm 
grain size, reacted with 100% phosphoric acid at 
100 °C for 15 min and analysed with a Finnigan MAT 
“Delta E” mass spectrometer. The results are presen
ted in the usual 5 notation, as per mil deviation from 
the VPDB standard. The reproducibility of the re
sults is better than 0. l%o. Previous studies (Brenchley 
et ai. 1994; Kaljo et ai. 1997) show little diagenetic 
alteration of Baltic early Palaeozoic rocks, so we 
expect reliable carbon isotope analysis in whole-rock 
samples. Brenchley et ai. (2003) discussed newly in 
detail the reliability of isotope signals in the läte 
Ordovician rocks of Estonia and noted that the ma-

CARBON AND OXYGEN ISOTOPES

The Ruhnu (500) drill core has twice been 
sampled and measured for stable isotope studies. Our 
analyses are based on the whole-rock sampling met-
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per part of the Demirastrites triangulatus grapto- 
lite Biozone). After a short interval of steady de- 
crease (until 0.8%o), a second positive shift is noted 
in the upper part of the Ikla Member, where the 5I3C 
values reach 2.5%c. This second shift was attributed 
by Kaljo & Martma (2000) to the Lemme Member.

(6) Higher in the Ruhnu (500) section, in the 
Lemme and Staicele members of the Saarde Forma- 
tion and up to the uppermost part of the Velise For- 
mation, the 513C values vary below 2%o. The nega- 
tive excursion of Õ13C values characteristic of the 
Rumba Formation (reaching -1.3%c at Kirikuküla; 
Kaljo & Martma 2000) is not observed in this trend 
because only a small part of the beds is represented 
at Ruhnu.

jor changes in isotope values reflect primary compo- 
sition. The comparison of our whole-rock isotope 
data (Kaljo et ai. 1998, 2001) with those obtained 
for brachiopod shells from the Baltic Ordovician and 
lower Silurian (Marshall et ai. 1997; Heath et ai. 
1998; Brenchley et ai. 2003) and from the Silurian 
of Gotland (Samtleben et ai. 1996) shows only slight 
difference in 513C values but great similarity of the 
corresponding curves. The oxygen isotope ratios are 
more sensitive to diagenesis (Marshall 1992; Saltz- 
man 2002) and therefore data from whole-rock analy- 
sis are not trustworthy. Another difficulty arises from 
the fact that Baltic carbonate rocks are mostly highly 
variable mixtures of calcite and dolomite that have 
different oxygen isotope fractionation factors. Mar
shall et ai. (1997) and Brenchley et ai. (2003) pro- 
vide additional information about the Hirnantian and 
Heath et ai. (1998) about the Silurian oxygen trend 
based on calcite from brachiopod shells.

Based on the studies quoted above and analy- 
ses included in Appendix 26, the following main 
carbon isotopic events and specific intervals of the 
513C temporal variation through the uppermost Or
dovician and lower Silurian of the Ruhnu (500) core 
could be listed (Fig. 4).

(1) The Porkuni (Hirnantian) major isotopic 
event. The carbon isotope profile is characterized 
by a relatively rapid rise in 813C values from 1 %c in 
the taugourdeaui chitinozoan Biozone to a peak 
value of (f/cc in the lower part of the scabra chitino
zoan Biozone, 5 m above the start of the excursion. 
Values fail gradually until a small disconformity at 
the top of the Hirnantian sequence where there is а 
sharp drop of 1.6%c. Brenchley et ai. (2003) have 
considered the 18 m lõng Porkuni bulk-rock 813C 
profile in the Ruhnu (500) core as typical of this 
global isotopic event, marking the Hirnantian gla- 
ciation and mass extinction of biota.

(2) The lowermost Juuru low or post-Himan- 
tian lessening of carbon isotope values. The shift is 
clearly indicated at Kirikuküla (-1.2%c), but not so 
well in the Ruhnu (500) core (1.0%o).

(3) The lowermost Raikküla negative shift, 
called also “Pusku” low (reaches -1.2%o at Ruhnu), 
followed by a small positive excursion (~2%c). The 
negative shift is confined to the Heinaste Member 
(Nestor et ai. 2003) and is very sharp and short.

(4) The next stratigraphical interval compris- 
ing the Slitere and Kolka members and the lower 
part of the Ikla Member of the Saarde Formation 
shows a rather smooth, slightly rising trend from 
1.5%c up to 2.2%c. However, it is interrupted by а 
couple of lows (l.l%c) in the Kolka Member.

(5) The positive shift (3.7%o) in the middle of 
the Raikküla Stage is well dated by graptolites (up-

(7) The next major excursion occurs in the 
lower Wenlock (+4.6%c at Ruhnu), beginning at the 
Llandovery-Wenlock boundary and reaching maxi- 
mum values above the Monograptus riccartonensis 
graptolite Biozone. This peak is the well-known early 
Sheinwoodian carbon isotope event discussed by 
Kaljo et ai. (1998, 2003).

The oxygen isotope values (5180), published 
by Heath et ai. (1998), change in the same strati- 
graphic interval parallel to the carbon isotope val
ues (Fig. 4). This typical pattem is well seen in two 
major, Porkuni and early Wenlock excursions, but 
the mid-Raikküla carbon isotope peak is not reflected 
in the oxygen curve or is even shown controversially.

It is generally accepted (Brenchley et ai. 1994, 
2003) that big positive shifts of the SlsO values re- 
fer to conspicuous coolings of the climate, and both 
major excursions in the Ruhnu (500) core have been 
interpreted this way (Heath et ai. 1998; Kaljo et ai. 
1998; Brenchley et ai. 2003). Throughout the Lland- 
overy the oxygen isotope curve shows only a very 
gradual change toward more negative 6180 values 
from -4.2%c as mean at the bottom to -5.3%c at the 
top, indicating a slow rise in temperature. The char- 
acter of the trend is in harmony with ideas about the 
early Silurian climate. The noted discrepancy with 
our carbon data in the Llandovery seems to be cau- 
sed, at least partly, by gaps in the brachiopod sam- 
pling record.

In stratigraphy the carbon isotope data have 
served very well for correlation of sections, but reli- 
able results could be achieved when used together 
with biostratigraphical data. Brenchley et ai. (2003) 
suggested to use the chronostratigraphic “ruler” pro- 
vided by the carbon isotope profiles as a seale against 
which the sequence of biotic changes may be related. 
The ruler also allows high-resolution correlation of 
biotic events at different loeations.

The present study was supported by the Esto
nian Science Foundation (grant 5042).
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ALTERED VOLCAN1C ASH BEDS \1.0
PHONOLITECOMENDITE

PANTELLERITE \
A total of 30 samples were studied from the 

Ruhnu (500) drill core (Appendix 27). The suspected 
volcanic origin was proved for 26 samples by bulk 
sediment X-ray diffractoinetry (XRD) in randomly 
oriented specimens. The presence of illite-smectite Cf 
and authigenic K-sanidine, and lack of carbonates tl 
and terrigenous quartz were considered as indica- 141 
tõrs of altered volcanic material. The bulk sediment

**•-.RHYOLITE
TRACHYTE

0.1 - о/RHYODACITE 
DACITE ▲

TRACHYANDESITE

...

▲
ANDESITE О

BASANITE
NEPHELINITE0.01- ALKALI-BASALT

ANDESITE/BASALTChemical composition and trace elements were 
analysed by the X-ray fluorescence (XRF; Appen
dix 28) method (Kiipli et ai. 2001). For correlation 
purposes, the content and composition of magmatic 
phenocrystals (quartz and К-Na sanidine) in coarse 
fractions (0.03-0.1 and > 0.1 mm; Appendix 29) 
were studied by the XRD method described in Kiipli 
& Kallaste (2002). The presence of idiomorphic and 
broken phenocrystals was checked under the bino- 
cular microscope.

SUBALKAUNE BASALT

0.001
101.00.01 0.1

Nb/Y

Fig. 5. Source magma discrimination diagram after Win
chester & Floyd (1977). Filled rhombs - Wenlock and 

Stratigraphically the identified volcanic beds upper Silurian, open circles - upper Adavere, filled tri- 
range from Upper Ordovician to upper Silurian (see angles - lower Adavere, filled circles - Ordovician. 
Appendix 1, sheets 8, 10, 12-18, 20, 22, 23).

the authors of the present study) and has revealed а 
Chemical and mineralogical composition of similardistribution of trace elements in different re-

gions and stratigraphical levels. In reality, such repre- 
The composition of volcanic beds in the Ruhnu sentation of trace element data põses the question: is

(500) core is extremely variable. The A1,0, content such a wide occurrence of volcanoes erupting mildly
varies from 13.2% (K-feldspar with terrigenous ad- alkaline ashes realistic? There are several circum-
mixture) and 18% (pure K-feldspar) to 31.7% stances contradicting this possibility. (1) Alkaline rocks
(samples containing about 50% kaolinite). The K,0 are relatively rare in the eartffs erust. (2) Alkaline mag-
content is even more variable - from 3.4% in mas have a low SiO, content, which determines low
kaolinite-rich samples to 12.94% in feldspar-rich viscosity of magmas and consequently domination
samples. The volcanic beds dominated by illite-sme- of lavaflows ineruptions of alkaline magmas. Violent
ctite revealed intermediate contents of A1,03 (20- explosive eruptions with extensive ash distribution
26%) and K,0 (6-8%). A speeifie feature, previ- are uneommon. (3) Quartz phenocrystals are very
ously not reeorded in Estonian seetions, is the asso- common in Estonian Palaeozoic altered volcanic ash-
ciation of kaolinite and K-feldspar in some beds. es, evidencing about early crystallization of quartz.
Beds with a very different composition alternate fre- This is possible only in silica-rich magmas. (4) The
quently (often within few metres) in vertical see- niobium content of alkaline rocks is commonly much
tion, which proves the idea that the composition of a higher than that of Estonian altered volcanic ashes.
particular volcanic bed is not determined by läte dia- The average values are 118 ppm for trachyandesite,
genetic burial or Huid penetration proeesses. Quite 146ppmfortrachyte, 178 ppm forphonolite and 159
evident is major influence of the chemistry of loeal ppm for pantellerite (Winchester & Floyd 1977). The
environment (marine, volcanic ash and host sediment maximum niobium content of Estonian altered

volcanic ashes is 60 ppm (Kiipli et ai. 2001), which 
was probably originally about twice lower as ash 
loses approximately 50% of weight in glass crystal- 
iization (Kiipli et ai. 2002).

High Nb/Y ratios in altered volcanic ashes are

altered volcanic ash beds

chemistry; Kiipli et ai. 1997).

Sanidine and trace elements
Large variations in trace element content in 

volcanic beds refer to different volcanic sourees 
(Kiipli et ai. 2001). The source magma differentia- caused not by high Nb, but by low Y contents. This 
tion diagram by Winchester & Floyd (1977) indieates is not characteristic of alkaline rocks. What can be 
various source magmas. Most points of the diagram the cause of this uneertainty? There are three pos- 
fall into the trachyandesite field (Fig. 5). This dia- sible sourees of error: (1) Y has been considered as
gram has been used by many researehers (including an immobile element, but in reality it can dissolve
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and move away to some extent, (2) the selection of is possible only in the case of huge explosive erup- 
volcanic rocks used by Winchester and Floyd does tions. Eruptions of this type are characteristic of vol- 
not cover the whole natural variability, (3) older Y canoes häving silica-rich magmas with high viscosity. 
determinations are systematically too high (Dulski Both versions of source magma compositions are 
2001; Dulski & Longerich 2002).

Below, we give another version of source mag
ma types proceeding from the XRD study of coarse 
fractions of volcanic ash represented partly by mag- 
matic phenocrystals (Fig. 6). This version is based 
on the fact that altered volcanic ashes contain quartz 
phenocrystals and consequently must originate from 
acidic magmas. Volcanic ash beds containing quartz 
below the detection limit of the XRD are rare. There- 
fore it is probable that most of the altered volcanic 
ashes were formed from dacite and rhyolite, rarely 
from andesite. Volcanic beds containing sodium-rich 
sanidine (and being also relatively rich in Nb) origi- 
nated probably from magma of trondhjemite (acidic 
magma with Na dominating over K) composition 
(Barker 1979). Trondhjemites are well known from 
the Norwegian Caledonides (Barker 1979). Field 
boundaries in Fig. 6 are only preliminary, as special 
comparative study of non-altered volcanic rocks was 
not performed. The suggestion about the dominance 
of silica-rich magmas in volcanic sources fits well 
with the distribution of ash clouds over 1000-2000 km 
(distance from Estonia to the plate margins), which

represented in Table 1.

Plagioclase problem
Table 1 presents the approximate quantity of 

magmatic phenocrystals, calculated on the basis of 
the quartz and К-Na sanidine contents of the coarse 
fraction. This method does not take into account the 
existence of biotite, apatite and some other acces- 
sory minerals and, therefore, the calculated contents 
can be substantially underestimated for some beds. 
The method leaves out also very fine phenocrystals. 
Although it gives first approximation, the content 
of phenocrystals is only a few percent. This concen- 
tration is unusually low compared to fresh volcanic 
rocks in which the values of 10-25% are common 
(Ewart 1979, 1982). Another noteworthy feature is 
the absence (or rare traces) of plagioclase in altered 
volcanic ashes, and the dominance of plagioclase 
among phenocrystals in fresh volcanic rocks. There 
seems to be no doubt of dissolution of plagioclase 
in the process of recrystallization of volcanic ash in 
sedimentary environment.

Correlation with other sections
Correlation of the volcanic ash beds of the 

Ruhnu (500) core (Table 1; Kiipli & Kallaste 2002, 
table 1) with other sections is based on the proper- 
ties of magmatic К-Na sanidine: its sodium content 
and width of the 20 1 XRD reflection. Graphic cor
relation with the Ohesaare and Viki cores was used 
to check mineralogical correlations. Some beds con
taining no characteristic sanidine are correlated only 
on the basis of graphic correlations between sections. 
Correlations based on volcanogenic marker levels 
reveal that the lowermost part of the Velise Forma- 
tion (interval 174.4-183.5 m in Viki, Kiipli et ai. 
2001) is absent in the Ruhnu (500) core. It is pos
sible that much of the Rumba Formation is also in а 
hiatus as no “O” (Osmundsberg; Bergström et ai. 
1998) altered volcanic ash bed was found in the 
Ruhnu (500) core. The Kinnekulle bed was con- 
firmed at a depth of 649.9-650.1 m (see Appendix 
1, sheet 23). The volcanic bed at 653.06-653.1 m 
cannot be correlated by the composition. Several 
other beds can potentially be correlated, but these 
are not yet established in other sections.
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Fig. 6. The content and composition of magmatic 
phenocrystals in altered volcanic ashes of the Ruhnu (500) 
core. Oval contours represent hypothetical source magma 
fields. Horizontal lines represent data from volcanic beds 
with wide sanidine reflections.



Table 1. Interpretation of source magma composition of volcanic beds of the Ruhnu (500) core on the basis of geochemical and mineralogical analyses and
correlation with the Ohesaare and Viki sections
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the lithology of rocks (Appendix 30). The studied 
rocks were subdivided into six lithological groups 
based on the following limits of the calculated and 
measured Chemical components (Fig. 7): (1) lime- 
stone (IR < 25%, CaC03 > 50%), (2) dolostone (IR
< 25%, CaMg(C03)2 > 50%), (3) calcitic marlstone 
(IR > 25%, Si02< 35%, CaC03 > CaMg(C03)2), (4) 
dolomitic marlstone (IR > 25%, SiO,< 35%, CaC03
< CaMg(C03)2), (5) mixed carbonate-siliciclastic 
rock (IR< 75%, SiO,> 35%), (6) siliciclastic rock 
(IR > 75%). The first group (46 samples) indudes 
pure (IR < 10%) and variously argillaceous (10 < 
IR< 25%) limestones. The second group (26 samples) 
of dolostones is interpreted in the same way. Calcitic 
marlstones are represented by 18 samples and do
lomitic marlstones account for 6 samples. The fifth 
group (7 samples) indudes highly argillaceous silt- 
or sand-containing marlstones, usually cemented by 
carbonates. Silt-, sand- and claystones (sixth group) 
are represented by 10 samples.

Dolostone together with dolomitic marlstones 
and siliciclastic rocks have a high negative MgO-IR 
correlation and positive MgO-CaO correlation.

CHEMICAL COMPOSITION AND 
PHYSICAL PROPERTIES OF THE ROCK

A total of 114 rock samples from the Cambrian, 
Ordovician, Silurian and Devonian parts of the Ruh
nu (500) drill core were studied by petrophysical and 
geochemical methods and interpreted using correla
tion analysis (Appendixes 30, 31). Thin sections 
were made from 54 samples to study interrelation- 
ships between minerals, textures and composition 
of rocks (Appendix 4). The investigated core sec- 
tion is represented by primary sedimentary rocks 
(limestones, calcitic marlstones, sand-, silt- and 
claystones) and by dolomitized rocks (dolostones, 
dolomitic marlstones, dolomite-cemented sand- and 
siltstones).

Methods
Physical properties of the rock were measured 

at room temperature and pressure in the laboratories 
of the Geological Survey of Finland and Research 
Institute of Earth’s Crust of St. Petersburg Univer- 
sity. Thermal conductivity of all samples was mea
sured in the Geological Survey of Finland on disks 
with 25-31 mm diameter and 5-7 mm length (54 samp
les), and on cubes with sides of length 2.2-2.4 mm 
(40 samples) using the divide bar technique. The mea- 
surements made in different laboratories are in good 
accordance, except for apparent resistivity. High- 
resistivity compact rocks show similar results, while 
more porous low-resistivity rocks show differences. 
This may be explained by different laboratory meth
ods of water saturation of samples, resulting in а 
lower resistivity ofthe higher saturated rocks.

The bulk Chemical composition of the rocks 
was measured by XRF spectrometry in the laborato
ries of the All-Union Geological Institute (VSEGEI), 
St. Petersbufg, and the State Institute of Mineral Re
sources of Ukraine, Simferople. Most of the XRF 
results are in good accordance, except for Na20. This 
may be explained by a low Na,0 content in the stud
ied rocks and by different sensitivity of the tech- 
niques used in these laboratories.

The insoluble residue (IR) and FeO contents 
were measured by wet Chemical analysis in the Insti
tute of Geology at Tallinn Technical University 
(IG TTU).
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Fig. 7. (A) MgO content measured by XRF spectrometry 
versus insoluble residue content measured by wet Chemi
cal analysis. Correlation coefficient R = -0.85 for dolo
stones and dolomitic marlstones. For limestones and cal
citic limestones R = 0.55. (B) MgO content versus CaO 
content measured by XRF spectrometry. Correlation co
efficient R = 0.43 for dolostones and dolomitic marlstones. 
For limestones and calcitic limestones R = -0.70.

Composition of rock samples
' The IR measured by wet Chemical analysis and 

data of XRF analysis were used for determination of



RUHNU (500) DRILL CORE 35

in the same limits (7.8-17.4%) as in marlstones, 
although mixed rocks had a higher IR content (Fig. 
12). The porosity of siliciclastic rocks (Fig. 13) was 
the highest (15.3-28.8%) and wet density the lowest 
(2.06-2.45 g/cm3). The average wet density of mixed 
carbonate-siliciclastic rocks was 2.5 g/cm3, that is, а 
bit lower than that of marlstones (2.53 g/cm3). The 
correlation coefficient (R) for limestones together 
with calcitic marlstones of the density-porosity plot 
was -0.97, for dolostones and dolomitic marlstones 
-0.86. Usually the density of dolostones is higher 
than that of limestones with the same porosity. This 
is explained by a higher grain density of dolomites 
(in average 2.79 g/cm3) compared to limestones (2.72 
g/cm3).

Limestones together with calcitic marlstones have а 
positive MgO-IR correlation and negative MgO- 
CaO correlation (Figs 7, 8).

Entering IR, the Chemical constituents SiO 
A1,03, TiO, and K,0 have a high positive correla
tion with it (respectively 0.99, 0.93, 0.88 and 0.97) 
and with each other in carbonate rocks (Figs 8 and 
9A, B). SiO, enters IR in the form of siliciclastic 
(quartz) and clay minerals. K,0 and Na,0 may en- 
ter also siliciclastic (feldspar) and clay minerals. The 
higher K20 content in siliciclastic and mixed car
bonate-siliciclastic rocks compared to carbonate 
rocks shows the abundance of K-feldspar in sili- 
cicilastic rocks (Fig. 9A). Na,О is usually very low 
(< 0.3%) in the studied rocks and nearly absent (be- 
low the detection limit of XRF spectrometry) in some 
sandstones (see Appendixes 30, 1). A1,03 and Ti02 
may serve as indexes of the clay content because 
they enter only clay minerals (Fig. 8).

The total iron (Fe,03 total) content of most of 
the studied rocks (0.3-4.6%) correlates with the clay 
content. It is higher (5.5-5.6%) in hematite contain- 
ing dolostone of the Sakyna (697.6 m) and Kriukai 
(701.4 m) formations, in Kriukai (705.9 m) glauco- 
nite-bearing dolostone, in glauconite-rich (9.9-19.9% 
of Fe,03 total) marlstone of the Zebre Formation 
(706.2 m) (see Appendix 1, sheet 25) and in Cambrian 
rocks (7.1-9.5%) with siderite cementation (FeC03 
content 5-8.1%; Figs 8, 10A, see also Appendix 1, 
sheets 25-28). The MnO content is generally higher 
in the rocks with a higher total iron content (Fig. 
10B), but a high MnO content (up to 0.4%) was also 
measured in the Upper Ordovician limestones (Fig. 
8) with a low total iron content (< 1%).

2’

P-wave velocity
The P-wave velocity of the studied rocks 

changes in a wide range 1.7-5.8 km/s and depends 
on porosity and mineralogy (Figs 11, 14). Among 
the studied dolostones, the highest velocity was de- 
termined in the Lower Ordovician and Silurian dolo
stones. High velocity was measured also in pure li
mestones, but the velocity of most dolostones was 
higher than that of limestones with the same poro
sity. Velocity (< 3 km/s) was the lowest in argilla- 
ceous limestones, dolostones and siliciclastic rocks 
with a porosity higher than 10%. Relatively low ve
locity (2.9-3.5 km/s) was determined in the Silurian 
argillaceous dolostones with a combination of pri- 
mary and secondary porosity (interval 222.0-287.6 
m). In average, velocity decreases in the following 
rock succession: dolostones, limestones, dolomitic 
and calcitic marlstones, mixed carbonate-siliciclastic 
and siliciclastic rocks.

Porosity and density
Among the studied rocks, the Silurian (Saarde 

Formation, 490.3-588.1 m; see Appendix 1, sheets 
18-21) and Ordovician limestones had the lowest 
porosity (Fig. 11). Limestone porosity changed from 
0.83 to 10.9% with an increase in IR from 0.88 up to 
24.9% (except for one strongly argillaceous Silurian 
sample with 14.2% porosity). The porosity of cal
citic marlstones increased from 7.63 to 18.5% with 
an increase in IR from 25.2 to 41.8% (Figs 11, 12). 
The correlation coefficient of primary porosity with 
IR for these primary rocks was 0.89. The porosity of 
dolostones changed from 1.3 to 21%. It was higher 
than the porosity of limestones with a similar IR 
content. This is explained by secondary nature of 
porosity formed owing to leaching of rocks during 
dolomitization. The porosity of dolomitic marlstones 
(8.1-19.6%) was prevailingly higher than that of 
calcitic marlstones with the same IR content. The 
porosity of mixed carbonate-siliciclastic rocks was

Thermal conductivity
Thermal conductivity changed in the studied 

rock data set in the range 1.84-4.4 W nr1 K_1 (Fig. 
15). The highest thermal conductivity was measured 
in the Silurian dolostones (interval 222.0-287.6 m; 
Fig. 11). Thermal conductivity was low in calcitic 
marlstones (mean 1.97 W nr1 K_1) and limestones 
(mean 2.63 W nr1 K_1), making one common corre
lation Une with porosity (R = -0.85). The average 
thermal conductivity of dolostones (3.3 W nr1 K_l) 
was the highest among the studied rock groups. The 
greatest variability in thermal conductivity in the 
whole range of measurements was determined in 
mixed carbonate-siliciclastic rocks. Statistically, 
thermal conductivity decreases in the following rock 
succession: dolostones, mixed carbonate-siliciclastic 
rocks, siliciclastic rocks, limestones, dolomitic marl
stones and calcitic marlstones. The correlation be- 
tween thermal conductivity and the total iron content



Ui
10%0.1 1 10 100% 0.1 100% 0.01 0.1 1 10%1 10 0.01 0.1 1m

0Q 7.8 4 №.

4и • и - :* MnO ~*s Fe203total *Ti02 A^03D2 *

-100 Л
д-■ ii • ii • *. •*.130.0

^1 146.1 Аm
&Л-ü'1S4 ЗГ H ■AЗГ

.
I -200I

I216.6 **» >S 3 и

Vg:*
I 3E248.3 а'й сл7; ЧА.I I

СЗЕ &уч;,7,' г::...■ и • м • z-300 Ä -
Л''-'.'.'лЛ >+I

ZI + .+л..S 2 ? лл'Д 4 С7Лi. г m
* О.дI т г+.д-400 С. tл

'I 4 О
>—II+л: П
74457.5 Ä•• II :

А I со«г"
#'■>•«** .ф

л.лй
■йД

,.*д

I ГГ-500 * + ПI
% ►“+S, I чI .4- 1* н-(оЛй +I ,А.

А * тI
■-+V.-дд • • • ■

алт....I

§I -600 д..;.д..лд601.0 •Л;;?ЭТт-»

TZ " ДI > ..4« ?**•,: V»03 0•

*%. **? д.-ДI . А666.8 А' АЛI02 ЯгI Iпп 705.9 
У1 706.8

-700• и • и
\■С 2 \748.0 л’л4д +-НИ-

Cl a~
784.2MP +•• +.• + -800 ■ l ,, | . | ■ Il

100% 0.01 0.1 1 10% 0.01 0.110 100% 0.1 1 100.1 1 1 10%

Fig. 8. Chemical composition of the Ruhnu (500) core. MP - Mesoproterozoic; (g - Lower Cambrian; C2 - Middle Cambrian; 01 - Lower Ordovician; 02 - Middle Ordovician; 
03 - Upper Ordovician; Sj - Llandovery; S2 - Wenlock; S3 - Ludlow; S4 - Pridoli; D! - Lower Devonian; D2 - Middle Devonian. Refer to Appendix 1 for lithology.



RUHNU (500) DRILL CORE 37
А А

*6 *О Limestone 
Д Calcitic marlstone 
■ Dolostone 
□ Dolomitic marlstone 
* Mixcd carbonato- 

siliciclastic rock 
+ Siliciclastic rock

+ 10 в +5 ++E л □ ** 
2 *

^ 4 
t 3

C\J _
* 2

* А+
75 □% ++ CB

#■* c**□ +о О Limestone 
A Calcitic marlstone 
В Dolostone 
□ Dolomitic marlstone 
$ Mixed carbonate- 

siliciclastic rock 
+ Siliciclastic rock

+ со
О 1+ Cto+ о+ о.ш
LL+1 *<в +

о°* +о -О

0 2 4 6 8 10 12 14 16

А1203 (%)
10020 40 60 800

Si02 (%)

В В
16 та+

+ +о о12 од° 5
0°0 О0 £

* oqfca □
_ +■□
*0 Ъш - *
+ °" *

■■о дОед да а 
°°о+ а

+ *
£ +

°S 0.1+ + +^ 8
СО

О о+ + 94 £
■ <?<? 
в оо во

ссм

< 4 2
+

* + ++о 0.01 о о

20 40 60 80 1000 1 10
Si02 (%) Fe203total (%)

Fig. 9. (А) К20 content versus Si02 content. R = 0.96 for Fig. 10. (A) Total iron content versuts A1203 content as the 
carbonate rocks. (B) A1,03 content versus Si02 content. index of clay content. R = 0.78 for limestones and calcitic

marlstones. (B) MnO content versus total iron content. 
R = 0.90 for dolomites and dolomitic marlstones.

R = 0.96 for carbonate rocks.

was negative in most of the studied rocks (Fig. 16). (Fig. 11). The total iron content of De vonian and Silu- 
Dolostones, dolomite-cemented mixed carbonate- rian argillaceous dolostones was in the range 1.6- 
siliciclastic rocks with the total iron content less than 3.0%, being the highest (up to 9.9% and 45 x 10-5 Sl) 
1% and siliciclastic rocks (sandstones with a high intheOrdoviciandolomiteswhichincludeironmine- 
quartz content) had the highest thermal conductivity rais. Magnetic susceptibility varied largely in the

mixed carbonate-siliciclastic rocks (from 3 x 10~5 to 
84.6 x 10-5 Sl) and in the siliciclastic rocks (from 3 x 
10-5 to 105.6 x 10-5 Sl).

among the studied lithological groups.

Magnetic susceptibility
The total iron content of the studied rocks chan-

ged from 0.26% in the pure limestone of the Silu- Conclusions 
rian Saarde Formation (Fig. 8, see also Appendix 1, Distinct correlation Unes and different corre- 
sheets 18—21) to 19.9% in Lower Ordovician glauco- lation coefficients of porosity-dependent parameters
nite-bearing carbonate-cemented sandstone (705.9 - (density, P-wave velocity, electric resistivity and
706.8 m). The correlation coefficient (R) between thermal conductivity) were found for primary sedi-
the total iron content and the IR content was 0.8 in mentary rocks (limestones, calcitic marlstones) and
limestones and calcitic marlstones. Low-field magne- for dolomitized rocks (dolostones, dolomitic marl-
tic susceptibility in the studied rock sequence has a stones). Primary porosity depends on the IR content
strong correlation with the total iron content (Fig. 17) (R = 0.9 for primary and R = 0.61 for dolomitized
and increases from diamagnetic to paramagnetic or rocks) determined by cyclicity of sedimentation. Se-
even ferromagnetic minerals. Pure limestones with condary porosity depends on diagenetic processes.
the total iron content less than 1% had the lowest mag- The correlation coefficients between porosity and
netic susceptibility (below 1 x 10-5 Sl) in the stud- other parameters for limestones together with cal-
ied rock sequence. Dolostones from different strati- citic marlstones were higher than for dolomites and
graphic levels had different total iron content (Fig. 8) dolomitic marlstones. Thermal conductivity depends
and magnetic susceptibility (Fig. 11). Pure Silurian do- on porosity and total iron content. These dependen-
lostones had the total iron content less than 1% (Fig. 8) cies were different for the studied rock groups. The
and magnetic susceptibility less than 2.5 x 10-5 Sl correlation of magnetic susceptibility with the total
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Plate 1

Selected intervals of the Ruhnu (500) core
(depth increases from left to right)
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Fig. 1. Vadja to Leivu formations; 92.5-94.1 m.

Fig. 2. Ohesaare Formation; 149.0-150.0 m.

Fig. 3. Kaugatuma Formation (Lõo Beds); 178.8-179.8 m.

4 192.8
Fig. 4. Kaugatuma Formation (Lpper Äigu Beds); 191.9-193.0 m.

Fig. 5. Kaugatuma Formation (Upper Äigu Beds); 197.0—198.0 m.
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Fig. 6. Kaugatuma Formation (Lower Äigu Beds); 206.1-207.1 m.
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Fig. 7. Rootsiküla Formation (Vesiku Beds); 259.4-260.3 m.
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Fig. 8. Sõrve Formation; 277.8-279.3 m.

Fig. 9. Sõrve Formation; 316.2-317.2 m.
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Fig. 16. Thermal conductivity versus total iron content. 
R = -0.73 for limestones and calcitic marlstones. 
R = -0.59 for dolostones and dolomitic marlstones.

Fig. 17. Magnetic susceptibility versus total iron content. 
R = 0.83 for limestones and calcitic marlstones. R = 0.97 
for dolostones and dolomitic marlstones.

ciclastic rocks represented by sandstones and silt- 
stones. Porosity, density, P-wave velocity, electric re- 
sistivity, thermal conductivity and magnetic suscep
tibility of dolostones were higher than those of lime
stones. The obtained results may serve as a basis for 
interpretation of geophysical, petrophysical and geo- 
logical data in Estonia and for correlation of sedi- 
mentary layers in the other parts of the Baltic sedi- 
mentary basin.

iron content was high in the studied šedimentary 
rocks, but the correlation coefficient was the highest 
(0.97) for the dolostones and dolomitic marlstones.

The porosity and iron content were lowest in 
pure limestones. Primary porosity and iron content 
had a high positive correlation with the IR content 
of the studied rocks. Secondary porosity was determi- 
ned in dolomitized carbonate rocks. The highest po
rosity and the lowest density were measured in sili-
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APPENDIX 1

DESCRIPTION OF THE RUHNU (500) CORE

The description is given in a standardized form. The tables are divided into vertical columns based on 
the type of information. The values occurring rarely are given in parentheses.

STANDARD UNITS — Chronostratigraphic and geological time units.
LOCAL STRATIGRAPHIC UNITS — Stages, substages, formations, members, beds and batholith.
CORE BOX NO./FIGURES — Numbers of boxes, location of the intervals of core illustrated in Plates 1-3 

and on compact disc in the read-only memory (details märked as D-l.. .25, thin sections as T-l.. .54).
DEPTH/SAMPLES — Depth of the boundaries and sample levels: Ac, acanthodians; B, brachiopods; 

C, conodonts; Ch, chitinozoans; F, X-ray fluorescence samples; G, granulometric samples; Gr, grap- 
tolites; Is, stable isotope analyses (5I80 and/or 5'3C); K, Chemical samples; M, mineralogical samples; 
O, ostracods; Ph, physical properties; T, thin sections; V, vertebrates (agnathans and fishes); X, X-ray 
diffractometry.

LITHOLOGY — For legend see the next page. The core section is given at a seale of 1:200.
SEDIMENTARY STRUCTURES — According to thiekness of beds: micro- (< 0.2 cm), thin- (0.2-2.0 cm), 

medium- (2-10 cm) and thick-bedded (10-50 cm); massive - visible bedding is missing. According to 
size of nodules: thin-nodular (vertical diameter of nodules < 0.2 cm), medium-nodular (2-5 cm) and 
thick-nodular (> 5 cm).

MARLSTONE BEDS — The most frequent thieknesses of the marlstone beds; in parentheses - infrequent 
thieknesses. Contacts between marlstone and other types of rock may be distinet (D) or indistinet 
(IND). Colours were identified on damp core.

MARLSTONE PERCENTAGE — The content of marlstone beds in the deseribed 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; microcrystalline 0.005-0.01 mm; very finely crystalline 0.01-0.05 mm; finely crystalline 
0.05-0.1 mm; medium-crystalline 0.1-1.0 mm and coarsely crystalline (> 1.0 mm). The percentage 
of allochems, e.g. bioclasts and clastic material, is also indieated. In deseriptions the rock types ac
cording to Dunham (1962) are given, if possible, in parentheses. Clastic fraetions (size of partides; in 
italics) are deseribed as follows: clay < 0.005 mm; fine silt 0.005-0.01 mm; coarse silt 0.01-0.05 mm; 
very fine sand 0.05-0.1 mm; fine sand 0.1-0.25 mm; medium sand 0.25-0.5 mm, coarse sand 0.5- 
1.0 mm, very coarse sand > 1 mm and gravel 2-10 mm.
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Appcndix 1 continued

LEGEND

cfo clastic materialskeletal limestones:
^ grains 10-25% (a) and 

\ b grains 25-50% (b)

crypto- and microcrystalline 
I I I a limestone (a)
-И—I-L'b and dolostone (b)

fine bioclasts, pyritized 
(0.05-1.0 mm) 
coarse bioclasts, pyritized 
(> 1 mm)

— a horizontal bedding;
thin- (a), medium- (b) and 
thick-bedded (c)

Ilimestone (in general)I "
" silicification

argillaceous limestone
glauconite grains

quartz grains

feldspar grains

kerogen

pyrite

calcite

? ?

dolomitized (a) and 
dolomitic (b) limestone

sandy (a) and 
silty (b) limestone

а
QYb
Fа /

• • I b лл
" //I dolostone

bEE argillaceous dolostone dolomite0c

micas (in general) 

bitumen

mottled, red-coloured 
and yellow streaks
tabulate corals

calcitic (a) and 
sandy (b) dolostone

а wavy bedding
~ П~Ь 1

nodular Iir= eurypterid-dolostone
thin intercalation Qs

biohermal dolostone
stromatoporoids

stromatolites

e
cross-bedding

marlstone (in general)
nodules with distinct (a) 
or indistinct (b) contacts

О a brachiopods

trilobites

wbcalcitic marlstone

dolomitic marlstone 
(in general)

claystone
(dolomitic claystone) 

silty claystone

discontinuity surface

number of discontinuity 
2E4 surfaces between the upper 

and the lower surface

ostracodes5

echinoderms (crinoids)<=>

oncolites
slickenside C graptolites

bryozoans

calcareous algae

pelecypods

gastropods

cephalopods

lingulates

arenaceous foraminifers

* veins' ' a siltstone (a) and 
II. . b cemented siltstone (b)

&

/V” stylolites 

* cavems (vugs)
argillaceous siltstone Ъ

o°’a sandstone (a) and dolomite 
cemented sandstone (b)

porous
• II • II -b WAV

AVAV burrows, pyritized 

п n pyritic mottles 

O© ooliths

■+\ weathered granite
8

i i i а 
i "i т b K-bentonite bed, on (a) or 

under (b) the boundary fishes



APPENDIX 1, SHEET 1DESCRIPTION OF THE RUHNU (500) CORE
Location: 57° 48.200’ N, 23° 14.609’ E. Length of the core 787.4 m. Elevation of the top above sea level 6.0 m.
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gag
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Я
00

X
c SEDMENTARY

STRUCTURES
MARLSTONE

BEDSli LITHOLOGYm SHORT DESCRIPTIONCQ yJ

и 2 [- uPh <5ru -< а «л£
СЛ

№
W
Ohc

r- UСЯ

0.0

Beigish-grey,/ine-grametf sand with few siltstone pebbles (diameter 
2-3 cm). Rusty spots and little humus occur at 3.0 m

° . оs* (Core is missing)I О

I• c? •§
-о
1о - 4.65 Grey sandy loam with few pebbles and little gravel (quartz clasts 0.1-2 cm 

and amphibolite up to 10 cm in diameter). In places Devonian sand 
and siltstone clasts are present

Yellowish-brown, upper 0.2 m light grey, very fine-grained, medium- 
cemented sandstone. Bedding surfaces are covered with mica flakes 

. . Bröwn, ärgiUaceous, ritedium-ccinented siltstone . 
Intercalation of light grey and reddish-brown silty, variously argillaceous 

medium-cemented very fine-grained sandstone, in the lower part strongly 
cemented (by dolomite)

1 Zо о сЛ • о

LO. С?_ . • •..... Inclined'
indistinctly thin-bedded 
.... (core yield 5.0%).... 
, .indistinctly bedded....

3- 7.8
-8.8 xmgAc
- 9.3

I C
7=
ГT-l TFPh

XMG
| Q F Horizontal

thin-bedded Г
3- 11.2 О

3-30 cm 
IND

reddish-brown
Reddish-brown and greenish-grey mottled, argillaceous dolomitic 

marlstone. The clay content changes vertically
Indistinctly bedded 

(massive)§>! <95§
e alg i2
> § 
л

3 •§ 3 
И м ь - 15.5D T3 Intercalation of grey and reddish-brown (mainly in the lower part), 

medium-cemented siltstone. The clay content increases downwards; 
а 0.2 m thick reddish-brown silty claystone bed lies on the lower boundary

Jli
Z E -oя а

Horizontal
thin-bedded1 MG

S4 о - 18.0О

Brown and brownish-grey, rarely violet, medium-cemented, in the upper 
part argillaceous siltstone. At 19.0-20.0 m occur thin dolomitic 

marlstone beds. The sand content increases downwards; the lowermost 
0.8 m is silty sandstone

2-5 cm 
D and IND 
violet-grey

Indistinctly 
thin-bedded 

(core yield 45%)

XMG
<2

3

4-25.0 оMG
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BEDS
SEDIMENTARY
STRUCTURES

LITHOLOGYIi SHORT DESCRIPTIONCQ i-J
щ 2
« Uu sc2 wo-c

Й tj

25.0
3

I

Reddish-brown with greenish-grey spots, in places greenish-grey, 
brownish- or violetish-grey mottled dolomitic marlstone. The clay 
content of beds changes vertically. Grey, in places brownish-grey 

siltstone (cemented by dolomite) and sandstone interbeds are medium- 
cemented. The interval 35.3-35.4 m is a grey microcrystalline dolostone 

interbed (in the lower part argillaceous)

10-30, >50 cm 
IND

reddish-brown, 
in places greenish-grey

Massive, 
in places 

medium-bedded

[
U G 
00

85MGFPh
2II -TT- СЛ4 H■§ о

M Uh c
2:
—i£3я C >E
2
2О I
2
Cr
О
9i -37.0 Grey, silty, medium-cemented, very fine-grained sandstone. The clay 

and silt content increases downwards. Bedding surfaces are covered 
with mica flakes

c Indistinctly
thin-bedded

XMG<D 21 ! 9 £СЛ _____ -38.65О jj
ё «

3

5 ooI taz
Пs
H—c
2Massive 

or indistinctly 
bedded, at 40.0-41.0 

and 49.0-49.6 m 
rubbly

Reddish-brown and greenish-grey mottled, argillaceous dolomitic 
marlstone. The lower part indudes thin siltstone and claystone interbeds

5-20, >50 cm, 
IND

reddish-brown, 
greenish-grey mottled

Jt95XMG -n-

|.l
Iš•§ ё

Ji 6

AcXMG
- 49.6

Indistinctly bedded, 
rubbly

(core yield 10%)

Reddish-brown with greenish spots, argillaceous dolomitic marlstone 
with dolomitic claystone and thin siltstone interbeds<85core is 

missing

_
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z2 'g' c/a3 wVjsxc SEDIMENTARY

STRUCTURES
К MARLSTONE

BEDSSüI LITHOLOGYcc SHORT DESCRIPTIONe: w
Э 2PS

u< 2 -J
b 00QОOO'

Й Oh

follow up
6 !

(Core yield 10%)

XMG -л-

?3

i
X7 -62.4 C
■лMedium- to 

thick-bedded, 
with rubbly interbeds

10-20 cm, 
IND

reddish-brown

Mottled dolomitic marlstone, in the upper part reddish-brown with 
grey spots, in the lower part reddish-brown and grey

100 3

аI „ a.1
mJS 
S S Ё 
и •§ §
cd OO гГ

I гг
Z 4 u 

<-> -I

XMGc° s
Q —

F-66.6 r£1 И Пc
T-2s sTFPh

8 I

AcG Grey, argillaceous, medium-cemented dolomitic marlstone, in the middle 
part reddish-brown and grey mottled. Varicoloured and grey dolomitic 
claystone interbeds (5%) are 5-15 cm and grey, argillaceous, crypto- 

and microcrystalline dolostone interbeds (< 7%) 2-10 cm thick

I Wavy and horizontal, 
indistinctly 

thick- to thin-bedded, 
in places rubbly

5-20 cm,
IND 90

grey, reddish-brown

9

>

I10
LT\MG
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U о 5
ShŠ

zqz 'в' и-Б w 
Я й

СЛ О < 
и Z- сн SEDIMENTARY

STRUCTURES
MARLSTONE

BEDS
LITHOLOGYИ я

w 2к я
SHORT DESCRJPTIONЯя и=-

Ci-н 00с ЩО00 С-и

follow up®=

10

8)1 3 а
1Ё и £
■S 'Б
-> Я

-86.8
ИI t Wavy and inclined, 

thick- to 
medium-bedded, 
massive, in the 

lower part thin-bedded

Grey with rare brown spots, dolomitic marlstone, in the lower part 
highly argillaceous. The interval 89.8-90.5 m is dark grey dolomitic 

claystone with thin dolostone interbeds

to20-50 cm, H85IND C
2
I—I

greyXMG

>-л-
ii 2

-91.6 2<U Intercalation of grey dolomitic marlstone and light or yellowish-grey 
dolostone, In the lower part the dolomitic marlstone is silty 

Intercalation of light yellowish-grey micro- and cryptocrystailine 
dolostone, grey argillaceous very finely crystalline dolostone and 

dark grey to brownish-grey dolomitic claystone

Light grey and yellowish-white, in places with violetish-red spots, very 
finely crystalline dolostone with grey dolomitic marlstone interbeds. On 

bedding planes occur films of dark grey and brownish-grey dolomitic 
claystone. In the lower part dolostone is cracked and chemically weathered

Intercalation of yellowish-grey and grey with rusty-brown spots very finely 
crystallinedolostone and dark grey with violet spots dolomitic marlstone 

Greenish-grey dolomitic marlstone with light grey dolostone pebbles, 
thinly interbedded with yellowish-grey dolostone and dark grey claystone 

Grey dolomitic marlstone and claystone, with rare violet spots.
The lower part indudes whitish-grey dolostone interbeds 

Greyish-yellow, with rare pinkish-grey or violet spots, cryptocrystalline 
dolostone, in places argillaceous. Bedding surfaces are covered with 

dark greyish-brown claystone films

< 20 cm, D 70Thick- to thin-bcdded3 И00 grey C-93.0в ЦI rWavy and planar, 
thin-bedded; 

claystone microbedded

cRz§ 2—■3

1 J n
£= 95.8D S

Iя I Wavy, indistinctly 
medium- to thin- 

bedded; in the lower 
part dolostone is rubbly

XMG 2-10 cm,ajs ts I g
и tS 

22

n12 10-15s IND ПI* Hgrey
M

О
I* * 2FPh

сл- 100.5 MG
Wavy, indistinctly 

thin-bedded, rubbly
Breccia-like, rubbly

Indistinctly medium- 
bedded, rubbly 

Horizontal or inclined, 
thin-bedded

< 2 cm, IND 
dark grey

< 2 cm, IND

40
-102.2

ОXMG 80
-103.1

XMG I e < 10 cm, IND <95grey
- 104.8 
-105.5

13 I Ц I*rr~-[\ IIXMG
XMG

3E

о Öa'Sl
■2 £ <u

3 b ue s;cd д Light grey, in the lower part violetish-grey, fine-grained, medium- 
and strongly cemented (by dolomite) sandstone

Indistinctly bedded, 
in places patchy 
(core yield 25%)L н XMG

TFPh IT-3
14

111.0
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LITHOLOGYSÜ SHORT DESCRIPTIONU4CQ t-Jэ 2
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111.0

Brownish-grey, weakly cemented fine to medium-grained sandstone 
with dark violetish-grey siltstone interbeds at 111.0-112.0 m and 

violetish-grey claystone interbeds at 120.0-121.0 and 124.0-124.5 m
(Core yield 40%)

XMG

14
70о „

3 U i1) \ö 
м й 42

и | e
.5 з -c

c
5 §
Q % Z
s iii c11 w XMG

/1s оo
~7z
Fr
ncXMG
?=m

15
-130.0
-130.6 Violetish- and greenish-grey, argillaceous, slightly dolomitic 

medium-cemented siltstone
Indistinctly bedded, 

rubbly
XMG

f!
i

i £
<D • — 
N M

§ XMG
c 00 g

QJ C> Iу -а ! Brownish-grey, weakly cemented, /ше- to medium-grained sandstone. 
Gamma logging revealed argillaceous and silty interbeds in the lower partQ E (Core yield 25%)

ö w 2 I*c
16

XMG

U)
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S ш

C/3
XC/3

G яc MARLSTONE
BEDS

SEDIMENTARY
STRUCTURES& isü LITHOLOGYCQ G

ч 2
05 Ph

SHORT DESCRIPTION§ и
§ Di

Й C/3C W
Oh

c
Й

follow upXMG !
(Core yield 25%)tlcо gI I 00 c 

и 5о а M S-
<Ц •—1 
N 22s i

/ö w Intercalation of greenish-grey, argillaceous, weakly cemented siltstone 
rich in muscovite-flakes and violetish-grey, dolomitic, silty claystone

Light grey, slightlv argillaceous, crypto- to microcrystalline dolostone 
(grains 10-25%; wackestone) with light green glauconite grains and 

brownish-black bioclasts. The dolostone bed (thickness 2 cm) on the 
lower boundary contains quartz, glauconite and dusky fine sand grains 

Greyish-green with violet and brown spots, argillaceous, very finely 
crystalline dolostone (grains 10-25%; wackestone). Light grey glauconite 
grains and brownish-black fine bioclasts are present. In the light green to 
violet mottled intervals (148.4-148.7 and 151.7-152.0 m; grains 25-50%) 

the elav eontent is lower and upper contacts ol intcrvals are distinet 
Light greenish-grey with violet spots, slightly argillaceous, very finely 

crystalline dolostone (grains mainly in the upper and lower parts < 20%)

Greyish-green with indistinet violetish-brown beds, argillaceous, dolomitic 
marlstone. The clay eontent changes vertically. Fine bioclasts are dark 

Pinkish-white very finely crystalline dolostone (grains < 10%, partly 
eroded; mudstone). The upper part indudes green dolomitic marlstone 

interbeds, lenses and pebbles

г
tn16
сл
H

= 146.1

Т-4 -147'3
= - TFPhyy

I 148.0 mg
ChVvV

c!> -S 2
>—I^5- (Core yield 40%) 

Massive
7X

ChK — "\\ '
II II/ IH/ >Q> 2
УТГТ C3l >1 ZE W

Horizontal CZEKyvv
VvFPhK

- YYk

Г-microbedded;ZE c~7TT at 148.4-148.7 and~7TT
О
I—I

ПГ 151.7-152.0 m 
thick-beddedZK IKMVV

П17
= 152.9 v^1 

“vk

7ТГ 3E $
Massive— 153.8 сл

I tnVChC
/ “Л- Tl / Horizontal, indistinctly 

bedded, in places 
thin-nodular 

Horizontal and wavy, 
indistinctly micro- to 

thick-bedded

u I
SP я

ПV* 2-20 cm,
HINDChC2 я и fc <95
О'■3 greyish-greenD-l -156.6g £ 

3 g 
H S3
Ä сло u

Jh

2~П~/~ bI 18 Ci СЛ0.2-2 cm, D 
green

<10
Ж-158.5

ChVFPhc

Ch 0.2-20 cm, 
D and IND 

greyish-green

Horizontal, 
indistinctly (micro-), 
thin- to thick-bedded

Greyish-green, argillaceous dolomitic marlstone. The clay eontent 
changes vertically. The lower part indudes violetish-brown or pinkish- 

white, argillaceous very finely crystalline dolostone interbeds

/ -trК
80-95ChC

VV

19
FPhChCvV

“ГГ QO
VK

-165.0 vvK “217
ZE / ■

■ — " Greyish-white microcrystalline and very finely crystalline dolostone. 
The interval 165.7-167.0 m is dark grey, argillaceous, sandy dolostone 

containing dark grey dolomitic marlstone interbeds

Horizontal, 
indistinctly (micro-), 
thin- to thick-bedded

< 0.2, 0.3-1 cm, 
D and IND 
dark grey

' •Ch£ // *
l°°

vk • 'II"20 o°
— НП-
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00

wелQО ОнЙ U

1ChV follow up• "\\T-5g VTFPh ZE -VWW
20и \Й м я 170.3 к

KMTFPhChf, Intercalation of greyish-white very ftnely crystalline to finely crystalline 
dolostone and greyish-green dolomitic marlstone with silt, sand and 
bioclasts containing interbeds. The clay content increases downwards

Horizontal, wavy or 
inclined, medium- to 

thin-bedded or nodular; 
dolomitic marlstone 

microbedded

JS Š 
00 £ 
.. О

<5T-6 <0.2, 0.2-1 (5) cmQ41 ^ 8 Й 
2 я

-С сл
о jä

INDin
"Vch greyish-green

V
50-9021О ChCЧ-

-175.0D-2 Horizontal, indistinctly 
wavy, thin- to 
microbedded

< 0.2, 0.2-0.5 (10) cm 
IND

greyish-green

Intercalation of light grey very finely crystalline dolostone and greyish- 
green dolomitic marlstone with interbeds containing silt, sand and 
bioclasts. The clay content changes vertically. Light grey dolostone 
microbeds occur at 175.0-175.7 m and brownish-grey, bituminous? 

dolomitic marlstone interbeds in the lower part

1 ’.*• .rr <20 7=/
1-177.0

ChV
■""n / 2

*°°
П

VCh c
20-6011Г

22 [7 KM ChV '—Ti
О*o°&Pb О

xs к c1)
CQ Greenish-grey dolomitic marlstone (at 180.7-187.0 m argillaceous) with 

lenses and interbeds of light grey to grey very finely crystalline dolostone. 
Excavated discontinuity surfaces and horizontal burrows are pyritized. 

The clay content of dolostone changes vertically

<0.2, 1-10 cm;
D or IND 

greenish-grey

77Indistinctly bedded or 
thin-nodular«8 / -n— 1Г ' rChV

hJ <я=ЗГТ_ Г80-90=3 ■vww nvChCh c23 77KM ChVg rr'VWW
<U .Д

SP i й Ё
ПГТ-ChV

90-95
§ £ ChV-187.0 Light greenish-grey, dolomitized, very finely crystalline limestone 

(grains 10-25%, in basal 50 cm 25-50%) with marlstone interbeds 
(thickness decreases downwards). Pyritized limestone pebbles (diameter 

up to 1 cm) occur on the lower boundary. Bioclasts are impregnated 
dark grey. The pyritized discontinuity surface on the lower boundary is 

wavy and with 2 cm deep excavations 
Light grey, dolomitized, very finely to finely crystalline limestone (grains 
10-25%, in some 2-10 cm thick interbeds 25-50%). Bioclasts are rounded, 
limestone pebbles 1 cm in diameter. Discontinuity surfaces are pyritized 

Brownish-grey, calcitic, micro- to finely crystalline dolostone with 
dolomitic marlstone interbeds, containing greyish-brown, bituminous?, 

black bioclasts (in the lower part) and microcrystalline limestone interbeds 
(in the upper part; thickness 1-2 cm). The clay content changes vertically. 

At 197.1-197.4 m limestone clasts (diameter 0,2-20 mm) are present

rd Ch
л £11 7ULChVK

E Irregularly 
thin-nodular, 

in the lower part thin- 
to medium-bedded

IChV <0.2, 1-2 (4) cm; 
D or IND 

greenish-grey

.4 00
w 3 TR

10-30~p~24 J7 ChV
ChKTFPh /WWV

ZZTChV
KM K 7T~n

D-3= -191.8e: Ch j[E
caca wV 'У7ТГУ<u

03 <0.2, 1-2 (3-6) cm;Indistinctly nodular, 
wavy thin- to 

medium-bedded

nV 5-10
DKMs> '//n

Ch п И greenish-grey25 WЛ^Г\------1---
U ChC
а
£

1 [’!)
VCh

Horizontal or wavy, 
micro- to 

medium-bedded

n
<0.2, 1-2 cm; D 
greyish-brown

-v/-7

T.*
196.9

26[7 О ca

<5Пк Ц

j
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Щ 2te te
О

wи
cr.

Piw
te

s~Q
w

"CH“ ZE I 4?°° follow up2ZJL ZKnTЙ
T3 // II

26 T-!=о« CbTFPh 
П К .

I 0
- 200.0 Whitish-green, argillaceous, ./wie/y crystalline dolostone (lower 1.2 m 

calcareous) with greenish-grey argillaceous dolomitic marlstone interbeds 
Greenish-grey argillaceous calcitic dolostone with thin interbeds and 

lenses (thickness 1-2 cm) of very finely crystalline limestone 
(grains 25-50 or >50%)

Dark grey, calcareous, bituminous dolomitic marlstone. The carbonate 
content increases downwards.......................................

к <5II <0.2, 0.5-1, 5 cm; 
D and IND 

greenish-grey

Horizontal, 
indistinctly bedded

VCh
40-60FPh

te
te 1-2

- 202.7 кD ЗПЖ Indistinctly 
wavy bedded

ChK Ж3EZ //
//TF/= 204.1 у 4Up to 70 cm; 

D and IND 
dark grey

27 i cu .s I? 1и e

Massive 95// 7!—5hFPhK
= 205.9 >E=3 g £ zоО» —f-

~u~ ? П1 Chcd о<2ZD -I— / Greenish-grey, dolomitized, calcareous marlstone (grains 10-25%) with 
nodules and interbeds of dolomitized, argillaceous, very finely crystalline
limestone (grains 25-50%). At 208.4-212.3 m occur crinoidal limestone 

(grains 25-50 or >50%) interbeds

wed VK ИП ф~r~ //3 1-3 <0.5,1-5 cm;Indistinctly bedded
or medium- to 
thin-nodular

C70
& w D rCh

cgreenish-grey28 О *—(FPhZ VCh
7Г ' <3>съ-г- -г- , П

nÖW£ JT//
К

-212.3 ch О У// \//// Ж Light grey, very finely crystalline limestone (bioclasts >50%) with 
marlstone interbeds. The mari content decreases downwards. The 
intervals 212.4-212.5, 213.6-213.7 and 214.8-215.0 m are coarse 

bioclasts of crinoidal limestone. Discontinuity surfaces are pyritized

rr<0.2, 1-2 (3) cm;Irregularly thin- to 
medium-nodular, 

indistinctly bedded

Л д n6 w//1// D -<5Ch greenish-grey о29 ~7/~~ Q

±Ш w
//1 //к 2Ch nT// СЛn~T

-216.6
Chv

Light, greenish-grey, argillaceous, dolomitized, microcrystalline to very 
finely crystalline limestone (grains 10-50%, poorly sorted) with calcitic 
marlstone interbeds. The clay and calcitic mari content increases in the 

lower part. Excavated discontinuity surfaces are pyritized 
Bluish-grey, K-bentonite claystone, lower part is argillaceous, upper part 

calcareous. Sand and black grains? occur on the lower boundary.......

у Indistinctly medium- 
to thin-nodular, 

irregularly bedded

< 1, 1-2 (4) cm;
D or IND 

greenish-grey

10-30гK.M n
ChK //

T-9
30 = жеШ5 TFPh

Ch<U \Й 
Ö0 cd

s £
Я u —cd

I i3 e-s *
i2

I n\'T-10s eи 6 — <1 ('h П

I I r.‘ I—1Vis I Iorizontal-bedded- 22L8 
222.0 XF°•33 W

.—' Vk
<S>W ^T-ll CyTFPh

Medium- to thin- 
nodular, in places 
irregularly bedded; 

on the lower boundary 
inclined bedding

Light-grey, argillaceous, very finely crystalline dolomitic limestone 
(grains 10-25%) with calcitic marlstone interbeds. At 223.2 and 227.8 m 

the interbeds are poorly sorted, rich in brachiopod ffagments. 
Discontinuity surfaces are pyritized, wavy and excavated

'-rrr^I/~rp—' W
<0.2, 0.2-5 cm;

20-40D31 ChО grey'I1 -ZE
V n
Ch
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<7T) О% *u*3 follow upZE w wChK
-228.6

cVhK \\"2ZK o°32 T'1— Horizontal, 
indistinctly thin- to 
medium-bedded or 

nodular, in the upper 
part homogenous

<0.2, 1-2 (3) cm; <5o° Grey, argillaceous, microcrystalline to very finely crystalline dolostone 
(grains 10-50%). Poorly sorted bioclasts and carbonate grains are 1-2 mm 
in diameter. The lower part comprises dolomitic marlstone with brown 

plant? remnants. Discontinuity surfaces are pyritized

//TFPh / //
3 o° INDvK

dark grey and 
greenish-grey

Ch
KM

II
CD-----ъ -n- /dD Oo

Ch 10-30
dD /~ТГК-234.1 7=

EGreenish-grey, argillaceous, very finely crystalline dolostone with 
dolomitic marlstone interbeds. The clay content changes vertically. 

Fine skeletal partides are black and brown, often rounded and pyritized. 
Discontinuity surfaces are pyritized

33 Ц ■0=7 <0.2, 1-2 cm;3. Irregularly wavy, 
bedded or nodular

INDCh 11ZK 2g < 10dark grey and 
greenish-grey cä s

M g
5

VK
3 Lfiл 3 Пк M ОCChV“238.0 О1 I

♦о "<a
1КУ\

Т-13о. g TFPh а✓/ White, micro- and finely crystalline to very finely crystalline dolostone 
(grains 10-50%, poorly sorted). The clay content changes vertically. 

The upper part contains claystone pebbles (diameter 0.5-2.0 cm). 
Cavems (vugs) 0.5-2.0 cm in diameter

73ChT-14 Massive*°//TFPhK34 r0+ Sh// г° +
nKM П " c= 242.2

3ChCK Bluish-grey, very finely crystalline dolostone. The clay content increases 
downwards. At 243.2-246.4 m occur dolomitic marlstone interbeds and 

lenses. Pyritized bioclasts (algae?) are often numerous in 
argillaceous interbeds

Greenish-grey very finely crystalline dolostone. The clay content increases 
upwards. The upper part indudes thin dolomitic marlstone interbeds

Yellowish-white.yine/y crystalline to microcrystalline dolostone 
(grains 10-25 and >50%; boundstone interbeds). At 250.4-252.9 m bluish- 

white dolostone is very finely crystalline or microcrystalline. Rare 
dolomitic marlstone interbeds (thickness 1-3 cm) are present. Frequency 

of cavems (vugs) changes vertically
Yellowish-grey,//7?e/v crystalline dolostone (boundstone)

Yellowish-white, calcareous, very finely crystalline dolostone (grains 
10-25, rarely 25-50%) with rare marlstone interbeds

П
<0.2 (1-2) cm;^zn <5Wavy,

indistinctly bedded
IND/' E dark greyFPhChK

35 v П

-dl- 246.4 v ~д~1Г * <0.2,1 cm; INDIndistinctly bedded, 
in places microbedded <5greyк

-248.3 км imP**"v* w
<0.2, 1-3 cm;////T-15 Horizontal, 

thick-bedded, 
in places thin-bedded

g TFPhK D36 //////
В В и 
w § СО 
cd tu, cd

1 II | I “>
s §-

1-2
-*■ «I/*■ x bluish- and 

brownish-greyst //£ кI *П
- 252.9 Ch 
-253.6 VK

// Thick-bedded
37ai <0.2, 1 cm; 

IND andD 
brownish-grey

Horizontal
thick-bedded

FPh
" D ' // Lfi1-2О -0

256.1 к

Tahu*- Tahula Beds; Kure*- Kuressaare Stage and Formation
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Dark brownish-grey mottled, slightly argillaceous, very finely crystalline
dolostone. At 256.3 m occur blackish-grey dolostone pebbles and 

at 256.1-256.8 m white dolostone microbeds. Discontinuity 
surfaces are pyritized on the lower boundary 

Yellowish- to bluish-grey, in places brownish-grey, calcareous very finely 
crystalline dolostone (grains 10-25%) with dolomitic marlstone interbeds. 

Rare carbonaceous clasts (diameter 1-5 mm) occur below 259.3 m. 
Discontinuity surfaces are pyritized 

Bluish-grey mottled, finely crystalline to microcrystalline dolostone with 
interbeds and lenses of argillaceous dolostone and dolomitic marlstone. 

Some lenses are pale green (microconcretional glauconite?).
A dark grey claystone interbed lies at 265.4-265.5 m

Grey, argillaceous, very finely crystalline dolostone (grains 10-25%)
Grey, argillaceous, very finely crystalline dolostone (grains 25-50%). 

Two pyritized discontinuity surfaces occur on the lower boundary
Light grey to grey, argillaceous, calcareous microcrystalline to very finely 

crystalline dolostone and eurypterid-dolostone with rare dolomitic 
marlstone interbeds. Numerous rhythmic units are present, with 

the light grey lower part and upward increasing clay and clast content

Greenish- and brownish-grey, argillaceous, finely crystalline and very 
finely crystalline dolostone (grains 10-25%). The rock is cavemous 

and calcareous on the lower boundary 
Greenish-grey, m places brownish-grey, argillaceous dolomitic marlstone 

Light grey, very finely crystalline dolostone (grains 25-50%). The clay 
content decreases, bioclast and cavem content increases downwards

Light grey and dark bluish-grey (pyritic) mottled, calcareous biohermal 
dolostone (grains > 50%; boundstone) with trace fossils

Light grey, calcareous, very finely crystalline dolostone (grains 25-50%)
Brownish-grey, argillaceous, very finely crystalline dolostone (grains 

25-50%). The clay content changes vertically
Similar to the complcx at 276.1-279.8 m..........................

Same as complex at 280.4-282.9 m. K-bentonite bed is white to light grey 
Liglit grey, calcareous very finely crystalline dolostone (grains 25-50%)_

256.137 ПV Ф? Wavy, irregularly 
thick-bedded, in 

places microbedded

/' n " П
ir,

~z KM
O)m П П

I П----- П
- 259.3

AWvV

FPh zn’сл

38 [l <0.2, 1 cm;
D and IND 

brownish-grey

Wavy irregularly 
thin- to thick-bedded

/ д " II 2-3V * 'WVW.fc
П II

KM-261.5 mvi
~z V СЛ5?■■J

ca Hj? Wavy,
massive, in places 

microbedded

<0.5 cm; 
IND

dark grey

О— nО 1-2'WvW X
t—

g T-16 TFPh
KM о о Qf |1 sll

% 23

n >-tr 2П
39 П О- 265.7 n tn**,<21

*йг.&ы.s 3 Massive
Massive

C_ 267.0 
- 267.4

Š S 
* 8 r-VT2 <0.4 cm; IND 

dark grey
1-2 c-Ц- VvVW

=y=l c-VWW
=bFl n

>Wavy, indistinctly 
thick- to medium- 
bedded, in places 

microbedded

Ch
FPh3 <0.2 (1-2) cm; 

D or IND 
dark grey

° TfCJ
CQ rI 1-2yZ240 / ~ /.s сяChVT-17 ГГ> “ /TFPh n

H* -trП

c
2KMV

= _ 273.9 сл<0.2. 1 cm; IND 
.....dark grey......

Horizontal,
......medium-bedded......
............Massive..............
Wavy, medium-bedded

ChVD-4 1-2-trv. 275.1 
- 275.5 
= 276.1 01

100KM
1-2//

41 -jr 63
-tr (Sl
-tr Sh
-t« <a
-tr <a

П
xn П
bfl MassiveВ
СЛ

П

23 § 8 ПFPhз i Пi e - 279.8 TFPh
- 280.4 Thick-bedded-tr о о§ £ о? u

T-18
i3 & -S2 слs

Massive,
(thick-bedded, nodular)

kmv42 H, i
M
CCJ . 282.9 

“ 283.2 c
П*

1-2Thick-beddedxCh£^lF
Ch f 11_ 284.5

Med.- to thick noilular 1-3 cm: brownish-grey 1-2n II "43 4 о о
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follow up
Grey dolostone (grains >50%; rudstone) containing fme, well-rounded 

carbonaceous clasts (diameter 1-3 mm) with pyritized surface, crusts with 
ooliths and rare bioclasts of crinoids. On the rugged lower boundary 

lies a conglomerate bed (thickness 4 cm) with pyritized pebbles 
(diameter up to 3 cm)

ttv/T! //ЧГ" о оFPhC= 285.8 Wavy, irregularly 
thick-bedded, in 

places microbedded
оrJ>QCh

OI // noa
В
-S.

C43 ГТ.ОО..287.6 VVChCD-5В км c3 //
*S T-19 оTFPh

FPhChC
-vww//

£
ГЗ

C Greenish-grey, in places argillaceous dolomitic marlstone with 
argillaceous dolostone interbeds and lenses. The marlstone contains 

silt and sand grains

// Wavy and horizontal, 
irregularly medium- 

to thin-bedded, 
in places microbedded

Up to 5 cm;KMChC
8 CIND >90//44 c

greenish-grey4c //
= 293.9 ch c

C П Vi*0.. оCh n ас п Greenish-grey, dirty, very finely crystailine dolostone (grains 10-25%) 
with calcitic and dolomitic marlstone interbeds. The clay, silt and sand 

content changes vertically. Indistinct pyritized burrows are present. 
The basal 1 m contains fme bioclasts

О О СIndistinctly nodular, 
marlstone 

microlaminated 
and bioturbated

50ChC 5-15tILzVaIU45
Г

•WAVg rП о о*° Ch П5 c- § •wvw оT-20£ TFPhC о ■
KM о ои

Ch
rЮ

00 /
-301.9 ' 146 Light greenish-grey, slightly argillaceous, dolomitized, microcrystalline 

and very finely crystalline limestone (grains 25-50%; unsorted) with 
dolomitized, calcitic and dolomitic marlstone interbeds containing 

bioclasts. The clay content increases downwards 
Greyish-green, dolomitized calcitic marlstone (fme bioclasts 10-25%) 

with argillaceous limestone (grains 10-25%) nodules. The clay 
content increases and bioclast content decreases in the middle part

Ch
CbTFPhC

w
r\ dä 5

Up to 4 cm;T-21

52=3=:
XV

INDIndistinctly nodular <20
greenish-greyc

Ch

-305.7 c
Up to 15 cm;

Indistinctly nodular 
or bedded

■— zi> 90INDcch
47 greyish-greenV- CJ-- /Ch= 308.1QJ

60 ChC Up to 5 (10) cm;В Light grey, argillaceous, very finely crystalline limestone (grains 
25-50%) with calcitic marlstone interbeds (fme bioclasts 10-25%)

Indistinctly nodular 
or bedded

e IND 40-701 FPh
greyish-green

1-311.0 а6ii _ / _
/ '8

Greyish-green calcitic marlstone (bioclasts <10%) with argillaceous 
limestone (grains 10-25%) nodules. Nodules are more numerous in

the basal part

0.2-5 cm; 
IND and D 

greyish-green

CI: i— Ъ <a48 Indistinctly nodular 
or bedded

c U\40-60 о
Ch

CD / 
Cb j-314.3 c



APPENDIX 1, SHEET 12

у 8ок

Un^

pq w
24/д' 00

-S W
hH hJ

00

00 X, 
H-l W

X00
C

P
СЦ

SEDIMENTARY
STRUCTURES

MARLSTONE
BEDSi sü LITH0L0GYИ •->

й 2и я.
SHORT DESCRIPTIONUs00

U2
Й а 00О ы

c-и

314.348 chcch /
/

E /
Light grey, slightly argillaceous, dolomitized, microcrystalline and very 
finely crystalline limestone (unsorted grains 25-50%; packstone) with 

calcitic marlstone (bioclasts 10-25%) interbeds

Wavy, irregularly 
thin- to thick-nodular 
or indistinctly bedded

ChC 0.2-7 (10) cm; 20-40
D/

■ <V 6
О iQ/ / / ✓

greyish-green49 TFPhChC
T-22

ChC m/FPh сл- 320.7
HcGrch О/c X
I—I

П /
n I >nI50 X30-50"7 ~

Chc О7~~p n /
tn
Оr/ChC /

Wavy, irregularly thin- 
to thick-nodular or 
indistinctly bedded

О0.2-4, 10-15 cm; 
IND and D 

greyish-green
Light grey to greenish-grey, slightly argillaceous, microcrystalline and 

very finely crystalline limestone (grains 10-25 and 25-50%) with 
calcitic marlstone (fine bioclasts <25%) interbeds. The clay content 

changes vertically

а» Й 
ыз 9 о

M11•sо оЁ / 30сьс
г

J2 /Ъ S.
Й и£ /

51 Ch.ад > 11 спtnТ-23 с

^5 ■ ОTFPh н60-70// /
нноCh

FPhC / ю ел/Ch
/ChC

/ I /
52 / 40-50ChC

Ch / -- /
//

xCh

Chc 60-70/
53

Ph / / — л 25-1
ChC //Ch

50-60/
54
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W 2Ы Pu
H oC-

Ptf!
00

W00ClC 2-
Оx/i

адг тт
£ FPhi follow upChcü

E 54 cIOи
= 345.9 ch

60
- -r- ■•./.b, 0.2-10 (20) cm;Wavy, irregularly 

nodular or 
indistinctly bedded

Greyish-green, dolomitic marlstone and calcareous marlstone (fine 
bioclasts 10-25%; unsorted) with light grey ümestone (grains 10-25%)

nodules

20Ch IND/ -r- - XV / greyish-greenKM

ChC /
■'•'■'2b — 20-4055 FPhC 

- 350.8 Ch
7=/ -r- q;i>/

5c
' -r- •./.IV , Z25-40
•:<I: -T- T-

'XV //cCh
C/l

50 Greyish-green marlstone (in places calcareous or dolomitic marlstone), 
with light grey very finely crystalline limestone (grains 10-25%) nodules. 

The bioclast content in marlstone changes vertically (in the upper part 
10-25% and in the lower part <10%)

/ 0.2-10 (30) cm;
IND and D 

greyish-green

Wavy, irregularly 
nodular or 

indistinctly bedded
' —i Q.I:/

cch56 а<D
ÖD 73
3 cch F' -r- •Cl-'/X/l FPhЯ r1.1 
13 S
« g 

■3 £

c

£ / -r- nCh
cc
2/

C./fc —Chcd

•:Zb /57 /I
*—i

c 70-80
FPhch

■xlv //
ChC

/ -л- '- .l .V /
O*. —F ChKM

c /
= 363.8

Ch ' •■XI V -r- "c -VWA.
58

/ i -xv / Wavy, in the lower 
part horizontal, 

irregularly medium- to 
thick-nodular, 
lens-shaped or 

indistinctly medium- 
to thick-bedded, 

in places bioturbated

Ch Greyish-green, calcareous marlstone (bioclasts < 25%) with greenish- 
grey, in places dolomitized, argillaceous microcrystalline and very finely 

crystalline limestone (grains 10-25%) nodules, lenses and interbeds.
In places dolostone interbeds occur. The bioclast, clay and carbonate 

content in marlstone changes vertically

0.2-20 cm; 
in the lower part 

20-40 cm 
IND and D 

greyish-green

с

50-60
■:Zb'Ch

C
' —i— ■'.■/.lv ,

T-24 T FPhCh59 / -г- '.XV/
ONc

<~h cx* -r- -
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-xv / follow up
CChXF59

С/ъ —Ch I П
-xv/Ch

/c
C/t — =::>:ь xVI;

Is / /
ОCh

X ,/ Z•XI:FPh
>60 I 2•xv /ChC ClC/b — иq:i; // О
rChChC cI / -vwwsl оcch I n■8 E00 •XV /Ch £.2 /S £§ s8 i i

c£ /I» СЛc? 61 си* —C3
Ch1 ИIs ъ:ь //

XFC “I

Ch o/ zc I ICh cx* —
I /

cch
62 ~77~IsTFPh

- ■ /. .l vT-25 /
'W'XvVиcch

/
Ch -XV /
c

/c
Ch 3 I

63 KMIs cjj
, ■• /.lv //
XV /cch /

C/bFPhC01 
400,8 Gr

/
c64 /
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-400.8 !BIs
Ch Greenish-grey with brown shade, argillaceous dolomitic marlstone 

(bioclasts 10-25%). Skeletal fragments are unsorted, in places brachiopods 
and trilobites are accumulated. The lower part indudes rare interbeds and 

nodules of light grey very jinely crystalline limestone (grains 10-25%)

4-10, 20 cm;Horizontal, indistinctly 
thick- to thin-bedded, 

in places nodular
BIsCh INDI /64 60-90c grcenish-grey, 

with brown shade
I w

ZLlsCh ' -r- V./.lv , W r7!c

S> I
2 S

~7T- 405.6 Is
BIschC

" I I £ Greenish-grey with brown shade, argillaceous dolomitic marlstone 
(in places calcitic marlstone) with rare limestone nodules and clasts. 

The interval 411.4-411.45 m is light grey to white, microbedded 
K-bentonite claystone

Ei 0.2-2 cm; 
IND and D 

greenish-grey, 
with brown shade

„ Ch BIs65 Horizontal, 
thin- to microbedded 

(homogenous)

r • =:.xi=BIs
м ■;? 90-95r
S £ BhhCh- я c c zK.xnGrChc c

KM
I I I-411.45 XF

T'2Ž=- TFPhChC CiGrey with brown shade, argillaceous marlstone (bioclasts 10-25%), 
with calcareous marlstone (bioclasts < 10%) and rare argillaceous 

microcrystalline limestone nodules and interbeds. Skeletal fragments
are unsorted

oWavy, in places nodular 
or indistinctly bedded 

(homogenous)

Up to 40 cm;
66 90-95IND c7TChC grey with brown shade 50■::< ь 'Is

r-414.0 BIs

- BisIschC
О

1 r
n& c~7T

C 50
BIs W mp\~7T

IsChC67

Grey with brown shade, argillaceous marlstone (bioclasts 10-25%), 
with calcareous marlstone, dolomitic marlstone and rare argillaceous 

limestone nodules and interbeds. Skeletal fragments are unsorted.
At 423.5, 430.5, 435.8 and 437.4 m Iie dark bluish-grey, crusty (oxidized 

zones of iron?) K-bentonite claystone interbeds (thickness 1-10 mm). 
The clay content increases and the bioclast content decreases downwards

ZJ. w Horizontal or slightly 
wavy, thin- 

to thick-bedded 
in places homogenous 

(core yield 75%)

ChKM c 
Ch Is

P\ 0.2-20 cm;
IND and D

grey with brown shade

ZL
§1 50-90

м ’S ü 
§> gS

c
2HCh w

— О л

I li
p\c ZJ.

68
cu

CCh
Is ZL iii?

KM
BIs /

ChC
BIs lg

ZL r\BIsc
Ch69 Isc12

/ /
ÜJ

KMRTsIscCh
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BEDS

SEDIMENTARY
STRUCTURES

шиё LITHOLOGYii =2 SHORT DESCRIPTIONwО о %г_| t Ши.
Q WСоо ОнUсп

ISL 11..L. ?\ В

follow up69 Is

Ch
В Is СЁ

il BIs
60-90TTc& CIS FPhCh nO cd^ -гг* BIs 00

CchOr»*

BIsChC
XBIsFPhCh

с Hc
^ сц c 270 =21: 11 [ ?

>
2c 0tn=21:

-440.0 'jGr

ChCGr
ChOr

- Is Gr

c|—t2L гZL CHorizontal, 
homogenous, 

indistinctly bedded, 
with rare nodules 
(core yield 40 %)

Dark brownish-grey, argillaceous and calcareous, in places shale-like 
marlstone containing graptoloid stipes. The upper part indudes 

rare argillaceous limestone nodules and interbeds

2C Up to 40 cm;
90-100IND Пu

00 >ii
C

C dark brownish-greyGrя
rc '1 Is C c/o$ ПC3 n~7T

—!cIs ChGr c
- =21: 211 CGr c слIs

e s E ä Is Or01, 
BIs cCbGr71 ca| Gr :?ьъР

ZI
Ch

TJIs

/ C

chB?frft 
cChCCh

BIb
C Ch

I 457.5 Is&ch

ChC c

72 <23>
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у
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и
и MARLSTONE

BEDS
C SEDIMENTARY

STRUCTURES
LITHOLOGYsl§ SHORT DESCRIPTION03 t-j

И 2
« Он

r- uOh 04s UJ

Й wC/3QC Ah
m о

- 457.5 iscch в -T-
V.V.'CCh Greenish-grey, argillaceous and calcareous marlstone with rare 

argillaceous very finely crystalline and microcrystalline limestone 
interbeds. Skeletal remnants are not found. Pyritized burrows are present. 
The lower part indudes brownish-grey, bituminous shale-like argillaceous 

marlstone beds. K-bentonite claystone interbeds (thickness 0.3-5 cm) 
are yellowish- or greyish-white to white, in places with kaolinite? and silt

Horizontal, 
indistinctly bedded, 

bomogenous; 
limestone thin- to 
medium-bedded

Up to 40 cm; 90-100- XF^CChOr

- BIsC

72 INDIcchXF£
0?с£Л

ISC&

C greenish-grey

<WWV i

CCh
CCh AWW

-г- Cilsв №73
CCh

70CCh
CChC c:i>Is

iCChCChGr rfVWW z
cCCh . . ?

BIsIs ChCChF -г- ::::ъCCh
74 3

ChC Ch 
Is аtu о ao ca MVvV |

й Ят i rBIsCCh xf 
BIsbCCh 

CCh^

- ChCChF 
IsCChXF

-а rg £ 
| .2 
< |

n□ c1 '•.... .T.

75 CCh /WVW

-475.0 cch
Is Gh Intercalation of greenish-grey, argillaceous and calcareous marlstone 

(bioclasts <10%; dominating in the upper part) and brownish-grey 
bituminous argillaceous graptolite-bearing marlstone, with numerous 

burrows and rare light greenish-grey, argillaceous very finely crystalline 
limestone (grains < 10%) nodules. K-bentonite claystone interbeds 
(thickness 0.2-6 cm) are yellowish- or greenish-white to dark grey, 

in places consisting of two parts (at 488.24 m)

CCh -г- Horizontal, 
indistinctly bedded, 

homogenous; 
limestone thin- to 
medium-bedded

0.1-100 cm; 
IND

greenish-grey and 
brownish-grey

90-100cCh

в Gr
- TFphCChGr 

BlsCChp

C i1-21 -i- <--r> 5 ■
ChIs

76 CChGr

cchrrr
Cic;ii

Ci
CCh

iGr
CCh 'VvWv

BIs Is 
ChCChPh Ci

77
i 85t|1 .... .T..*'
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ау с LL) Wzqz 'p oo>E w
0-

äieunt:

00 IIJ. Г:

Qt -4О MARLSTONE
BEDS

SEDIMENTARY
STRUCTURESMli LITHOLOGYPQ hJ

9 2« Ph

SHORT DESCRIPTIONz ио-£
00 sсо

W oo£ WО ОнcJ

ChCCh

-
IsChC Gr 

-Ch^PxF&^
ChChC Gig

= 489.P?bl

-г- о. -T-
u ri oo rr Я P-1

77

IsBc

follow upc 1И g
e s III» ------ ,

■Cp £
cd-g —
< S

:^77Т|>

2-3 cm;Wavy, medium- 
to thin-bedded 

and mcdium-nodular
Greenish-grey, argillaceous very finely crystalline limestone (grains 

10-25%) with calcitic marlstone (bioclasts 25-50%) interbeds.
The 1-5 cm thick limestone (bioclasts >50%; well sorted) interbeds 

at 489.7, 489.9 and 490.1 m contain marl-filled burrows and diagenetic 
calcite cement in their upper parts. Shells of Pentamerida are present

1^) 5WA■ ••wwv 
~U""Z7

— OISFPh- 490.3 ™78 D 30
greyish-green

о
ПIISCh dr—!c о1

och BU 
IsBIscCh

z 
►—'

Ö I
44
£ >Оs z79 < 2 cm; 

IND and D 
greenish-grey

Light grey, argillaceous very finely crystalline limestone (grains < 10%) 
with calcitic marlstone interbeds. The mari content increases downwards. 

Very finely crystalline limestone interbeds (thickness 0.2-3.0 cm), 
cemented by diagenetic calcite, occur at 490.5, 491.4, 494.4,494.6, 
494.8, 495.1, 495.8, 496.0, 497.1, 497.2, 497.3, 497.8 and 498.1 m

■C7
Wavy, medium- 
to thin-bedded

о
Õ о25-30IsFPhCh,

«а
И•d

-2 Л оc/5 ГI c
0 IscCh C7 О

n
fs. I- Is F pi,chC

= 500.9 вьвЙ
80■s III >4s — mа Ch

Г n<u
OÜs £ Is

BIÄChC —
ОOO о

3 1
20

Л za S
3 и

C4

Bls
СОLight grey, argillaceous very finely crystalline limestone (grains < 10%; 

in places up to 50%) with calcitic marlstone interbeds. The clay content
changes vertically

OIsCh - — <2, 1-2,(10-15) cm; 
IND and D 

greenish-grey

Wavy, medium- 
to thin-beddedCi c

81 //
■ Ch //I

43 Is£<us ChC II
<u

Bls Is 60//
Chо

C
- 509.4 Bls

IsCh II82 Greenish-grey, argillaceous calcitic marlstone (thickness of intervals 
10-30 cm) with very finely crystalline limestone (grains < 10%) 

interbeds (thickness 1-5 cm)

Yellowish-grey finely crystalline (upper 1.6 m) and microcrystalline 
limestone (grains < 10%) with calcitic marlstone interbeds

< 0.2 cm; 
IND and D 

greenish-grey
Wavy, microbedded 20-60о ChC 

BIs^c 
= 513.2 Ch

I
IIh Wavy, medium-bedded, 

lens-shaped to nodular
< 2 cm; D 

greenish-grey
I183 Is <10c

Bls

Ikla*- Ikla Member; Ru*- Rumba Formation
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SHORT DESCRIPTIONu-ss иа-ь

с/з
й ооС UJО с-U

сь ГÜ2 ГТ1т1г follow up83 IsCh
“ 517.0TFPhCТ-28

"IsChC
п Horizontal, laminated, 

medium-bedded, 
in places thin- or 

thick-bedded

0.5-3 cm;I I Yellowish-grey, slightly argillaceous microcrystalline limestone 
(grains <10%) with calcitic marlstone interbeds

( h D 5-10I Iis™84 dark yellowish-greyl il l
Is

Ch I I n | [FPh
I c= 522.8 bC XCh

BIs 2BIs 60-80 cо
IsC01 IT

BIs85 L/lт
3Horizontal, 

thin- to thick-bedded, 
in places rare nodules; 
marlstone microbedded

3Intercalation of greenish-grey, argillaceous marlstone (thickness of 
intervals 10-40 cm) and slightly to medium argillaceous, in places 

dolomitized very finely crystalline and microcrystalline 
limestone (grains < 10%)

< 0.2 cm; 
IND and D 

greenish-grey
& jU
В Я Й<2 g e
* OÄ3
M w л
■8 *2 3
* 8" и

Blsls
В Is ChCh 
BIs C

BIs,sCCh

öI IT
U

F■8 П
Гs

3 I I nc
Ch™

0BIs'SC I86 BIs
30-40Ch I I- 532.5 ОIs Ch

I Ic
Ch
Is IBIsC

Ch Yellowish-grey to light grey, in places slightly argillaceous micro- to very 
finely crystalline and cryptocrystalline limestone (grains < 10%, 
in 0.5-5.0 cm thick interbeds at 541.35, 541.5, 542.9, 543.5, 543.7 

and 543.9 m 10-25%) with calcitic marlstone and marlstone interbeds. 
The clay content in marlstone beds increases in the lower part

Horizontal, in the lower 
part wavy,

thin- to thick-bedded, 
at 546.2 m micro- 

cross-bedded

< 0.2, 0.2-1 (2) cm;
87 Is Dc <5grey, in the lower 

part dark grey
T-29 TFPhCh

Is
Ch c 
IsFPh I I

BbPIs I
Ei88

ChGr Cci
CcGr О7THI ' 'J

'Ch
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SHORT DESCRIPTIONUJH§ uiС/Э

Рч
M-

M
00 UJC Phu
lsGr
CGr CTl

follow upl 1: I es
is

n nD-6
of89 n <5BIs

Is П

свь n
Gr П П c mCh Gr 

CFPh СЛ
HIIIJ cXl ПChOr

Isа z
McOis 90 n >CGrcd

а zCh
" оtIsGr rz

ChC ОП
CC 10 r

IsChGr caiя s

Is1 -S— 
<2 1 

00

а
i—inb

CGrGr

Ого»
- 558.5 0nis
- BI,sGhIse

О 2 Ё n n n5■§ PChIs П91
п n c Intercalation of grey, compact, argillaceous marlstone, dark grey to 

bluish-grey, bituminous graptolite-bearing marlstone and light grey, in 
places argillaceous very finely crystalline and microcrystalline 

limestone. The upper part indudes pelletal limestone (grains > 25%) 
interbeds (thiekness 1-3 mm)

Light grey microcrystalline (upper 0.3 m cryptocrystalline) limestone 
(grains < 10%) and marlstone (thiekness of intervals up to 20 cm)

а СЛ
wl m20-30Horizontal, 

thin- to
medium-bedded; 

marlstone microbedded

< 0.2 cm; 
IND and D 

grey, bluish-grey 
and dark grey

I I О4 C н
c ■—« оF Ph

IsGr I z40i ir.F 561.9x Is Ch 
G'ls 

В Is C
П£ < 0.2, 2-10 cm; IND 

greenish-grey and grey
10-20Horizontal, thin- to 

medium-bedded
иs П

92 80-563.5 Isg
IsÕ

0BIsc8ch

B?sISCh

1-10 cm; 
IND and D 

greenish-grey

Greenish-grey, argillaceous marlstone with interbeds and nodules of 
micro- and very finely crystalline, variably argillaceous limestöne

Horizontal, thin-bedded, 
irregularly nodular

Is
M.Z. 50-80

с ■l .

Isch ■::a- — -i-- 568.0
LX93 10-20I

U BIsChCGr Light grey, in places slightly to medium argillaceous cryptocrystalline, 
in places microcrystalline limestone (grains < 10%; in the lower part 

10-25%) with argillaceous marlstone interbeds. The upper part indudes 
pelletal limestone (grains >25%) interbeds

rrTrX Wavy, medium-bedded, 
in the lower part 

irregularly nodular 
(conglomeratic?)

Is 0.2, 0.2-1, 2-4 cm; 5£
Оs DFPh

I c greenish-greyChGru
>sC.5 П

И Ch I 1 I94
dR Is F Ph
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BEDS
LITHOLOGYca ,-j

9 2К fe

SHORT DESCRIPTIONcaн§ uOh

P
00

M
00 WО Онo

TZCT-rBl?Is
follow up<3=nn94

c
I п |~TIs <5Ch

ПТ7!
c

ls( 11 I
□"TT95 I cо Ö CcGr(U

ÖO 11s 11 
* is
:g pH (u
а ■§.£
(3 ÜM 

00

7=FPh
cCh

/
tV?IsChc

cГТИCh
96

bc 3

I iro0?LI nL 10 оCh
П584.7 

IsFPhCW
Ь Cr 

Is
IsCh

IsChC

О°ls r- <125 Greenish-grey, dolomitized compact calcitic marlstone with light grey, 
slightly argillaceous very finely crystalline and microcrystalline limestone 

(grains <10%) nodules. At 585.9 m occurs a violetish-brown limestone 
interbed (thickness 1 cm). The wavy discontinuity surface is pyritized

Intercalation of greenish-grey, slightly argillaceous very finely crystalline 
limestone (grains < 10%) and calcitic marlstone (in places argillaceous)

I 7=30
Iе Wavy, thin- to 

medium-nodular, 
irregularly bedded

0.2-7 (10) cm;
D (IND) 

greenish-grey
Гr— (XD

<0 Г- Г—
r—_<C2>
,__ ,__[ П

о
tn& r

■ Sš о50-80Я•а сIs= 588.1 
_ 588.9 с,
~ ChFPEIs 

О

97
IsChJ 0.2-10 cm; D and IND 

greyish-green
Wavy, medium- to 

thin-nodular 60-80

BK 70BIs BIsIsC
BIsisCh

IU
Ixiа cи

IsC Wavy, irregularly 
medium- to thin- 

bedded, irregularly 
medium- to 
thin-nodular 

(core yield 55%)

Greyish-green and violetish-brown, in places argillaceous calcitic 
marlstone with interbeds and nodules of slightly argillaceous, very finely 

crystalline and microcrystalline limestone (grains <10%)

*\ww 0.2-3, 4-10 cttl; 
IND and D 

greyish-green and 
violetish-brown

e cd о 
О N IsChlp

сл C °c 70-80Is
BIs98* I Is

о

r- Light grey, slightly argillaceous cryptocrystalline limestone (grains <10%) 
with calcitic marlstone interbeds

Greyish-green, slightly to highly argillaceous, dolomitized very finely 
crystalline limestone. The wavy discontinuity surface is pyritized

< 0.2, 0.2-10 cm;
D (IND) greyish-green

Wavy, irregularly 
nodular (core yield 50%): 598-5FPh£ 20-40О„ i

p &Ш 600.6 BisChc 
D-7 Г 601 OchFPh

/ Horizontal, massive, 
(fluidized microbedding]

/WWv

Is M ---- F
LJ ö U 40
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и d gqя
'S' и 
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С/Э PE< 
Й z
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z/ jcH SEDIMENTARY
STRUCTURES

MARLSTONE
BEDS

= LITHOLOGY SHORT DESCRIPTIONn
щ 2
ei B-.

н§ up-
U2

Й OO WCО PU£ CJ

TXT Y. xrr oBQIs Horizontal, 
cross-bedded, 

micro- to thin-bcdded

Light grey, sandy, ooliths containing limestone (grains 10-50 %, in some 
layers >50%). Content and diameter (mostly up to 1 mm) of carbonate 

ooliths increase upwards. Well-rounded carbonate? and quartz sand 
(diameter up to 0.5 mm) interbeds (thickness 0.5-2.0 cm) are present

Dark greenish-grey very finely crystalline limestone (grains 10-25%) 
with calcitic marlstone interbeds. The clay content changes vertically.

Irregular, up to 5 cm thick, bluish-grey limestone interbeds (more 
numerous in the upper part) contain carbonate clasts or pellets (diameter 
<1.0 mm; 25-50 and >50%) and quartz sand. The discontinuity surface 

on the lower boundary is pyritized

601.0
-1 C3

D-7 IsD-8 ОIs о00 Is-603.0
Йен П

Is F PhC 
Is Cho‘sCO
k Ch 

Blsls^ch 
Is
Is°Ch 1S CCh

Is oeh 
0CIsch

I99 ZEО o |o

о | о Wavy, medium- to 
thin-bedded and 

thick- to thin-nodular 
or lens-shaped

rriEI СЛI HiE C>\ О ОzЖ о I оö<D
öo n >s g-g
IÎ s>«

T-30 _ 609.5 __
- IsB,Ähh

ISQ^°
у Ц~7 z-VWWl^Qi и

T c100 I°I»rCh

_ BIsIsC°ch
BIsIsCh .

,coa(J
0 , cch

Isr»Ch
Is°ch

o’issCChg;
"
m 617.1 4chChIs?ChCb 
“ ’fsOghCh

M - ÄS
BIs0
i»c0

-Greenish-grey, slightly argillaceous very finely crystalline to micro- 
crystalline limestone (grains 10-25%; in the upper part well rounded) 

interbedded with calcitic marlstone (bioclasts < 10%) containing 
skeletal fragments. The clay content inereases upwards

Light greenish-grey calcitic marlstone with nodules and clasts of 
highly argillaceous very finely crystalline and microcrystalline limestone 
(grains 10-25%, in places 25-50%). In the lower part skeletal fragments 

concentrate in layers. Burrows are fxlled with brown marlstone and 
rust-coloured iron compound. The discontinuity surface is pyritized 

Light greenish-grey, slightly argillaceous very finely crystalline 
limestone (grains 10-25%) with calcitic marlstone interbeds. Bedding 

surfaees have thin blaek coatings
Brownish-red, at some levels dark yellow (at 619.4-619.6 m light green) 

very finely crystalline limestone (grains 10-25%) with calcitic marlstone 
interbeds. The mari content changes vertically. Crinoids are dominating. 

Discontinuity surfaees are goethitized or not impregnated

Лc Ch W Ои 0.2-2 (7) cm; 
D (IND) 
dark grey

Wavy, irregularly 
thin- to thick-bedded

Гtr3 <5 c5 ■vvwv о
►—

w§ n:§> S4
I J? >X/ r

CAtn101 wD.

£ nП
TEb □1 r

■ f IsB,___
Massive, in places 

nodular
cUp to 10 cm; IND 

light greenish-grey

< 0.2, 0.2-1 cm; IND
green

< 0.2, 0.2-2 cm; IND
dark brown

W 95от»£C-. ZАЛ/VW

=TF^FtTFT1’°°
Оcr СП

Wavy,
irregularly bedded

Wavy, medium- 
to thin-nodular

10-20(?)

10-20ЛЛЛЛУ
102 -621.6 IsC0c

20s T-31
71—-

л8> в
2 S

Is T F Ph c 0 '
M £ c.11 ISCO 21о
Рч to Brownish-red (basal 0.1 m greenish-grey), argillaceous very finely 

crystalline limestone (grains 10-25%; unsorted) with calcitic marlstone 
(bioclasts 10-25%) interbeds. The clay content deereases upwards. Fiat 

iron ooliths occur on the lower boundary

Wavy, thin-nodular, 
lower 0.6 m medium- 
bedded or medium- 

nodular

40< 0.2, up to 0.5 (1) cm;g—> co <=> DZ - dark brownco103 P\c
0

Xc (?) 40-50л 'о

Bemati*- Bemati Member
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£ Е£ 1 w < 
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MARLSTONE
BEDS

LITHOLOGYИ

Ы (ь
SHORT DESCRIPTIONUJ

О2оо 2 04
С U

Й 2-и
тягй е-

& il
£ 5

юз .................... follow up.............................................
Greenish-grey and light grey with limonitized spots, argillaceous very 

finely crystalline Iimestone (grains <10%; unsorted) and argillaceous, in 
places shale-like marlstone. Discontinuity surface is bumpy 

Yellowish-grey, very finely crystalline to cryptocrystalline Iimestone 
(grains 10-25 and 25-50%). The discontinuity surface is pyritized 

Light greenish-grey (upper 0.5 m with violet spots, at 636.0-636.8 m 
light grey) very finely to finely crystalline Iimestone (grains 10-25%, 

in the lower part 25-50%) with calcitic marlstone interbeds. 
Discontinuity surfaces are rust-colourcd (limonitized?)

Light grey to greenish-grey, in places slightly argillaceous very finely 
crystalline Iimestone (grains <10 and 10-25%) with calcitic marlstone 

(bioclasts 10-25%) interbeds. Discontinuity surfaces are pyritized 
Greenish-grey calcitic marlstone (bioclasts 10-25%) with rare nodules 

of argillaceous very finely crystalline Iimestone (grains <10%)
Dark greenish-grey, in the lower part argillaceous, dolomitized calcitic 

(dolomitic?) marlstone with bioclasts (10-25%) and angular fine 
quartz grains

3 7] —| W П
=zxd <*> 

loo....
-w*S>l

C0FPh

T-32 L 631.1 о Jj 
_631.8TFp5Jlch

OChch
- 632.7 ToCh

CCh,

- occ°hch Г
- °ChCh '

18 c0ch|- I
“ ^ 636.0 cCh

O^ChCh

= 638 8°°c°Ch
öiö.ö ^ch 

I639-4 „Ch°
- 640.5C Ch0

jfj Up to 20 cm; D 
dark grey and 
greenish-grey 

< 0.2, up to 0.5 cm; D 
light brownish-grey

ZL
СО ' Wavy,

■ nodular or bedded 
. . W., Wavy, irregularly

ÖÖÄr.QfO medium-bedded

> Л D-10 35
~| L/7| U U~~7] ЛЛЛЛУИ

tn T-33 <5// // / // /\// /<Dею ------- 104 D-llВ 5c/э c

I 1
ГЧГ1

< 0.2, up to 1 (2) cm; D 
greyish-green, 

in the basal part 
dark greenish-grey

Wavy, irregularly 
thin- to medium-bedded, 

in places thick-bedded

I n•§ e 
z § I 5-7£ 3 27г | e f

/ / c5’ Xd>

I 105
Wavy, irregularly 

nodular

Visually massive, 
in places nodular

Up to 7 cm; IND 
dark grey

0.2-7 cm; IND 
greenish-grey

CPi 40У-У fid_
c<n'r-
' r—■ /qz> '■ tr ei

70-80 ОwI ! ■i? 111 ? оi— /

§ i9 ■ i 70
Wavy,

indistinctly bedded, 
in places thin-nodular

°o 0.2-10? cm;
Г:s ..., £

: ~ 642.0 c INDо 90-100 r7 g 
• Й 106? 77 dark greenish-grey°<? ПО о

I §£ ö.
/ I _ /

Оо Dark greenish-grey, dolomitized calcitic (dolomitic?) marlstone (bioclasts 
10-25%; in places angular fine quartz grains) with rare Iimestone nodules. 

Basal 0.5 m is greenish-grey, highly argillaceous very finely crystalline 
Iimestone (in places grains 10-25%) with calcitic marlstone interbeds 

Light grey and greenish-grey, argillaceous microcrystalline to finely 
crystalline Iimestone (unsorted grains 10-25, in some layers >50%) 

with calcitic marlstone interbeds and greenish-yellow to light grey micro- 
bedded K-bentonite claystone (thiekness 0.2 m) on the lower boundary 

Light greenish-grey, argillaceous microcrystalline and very finely 
crystalline Iimestone (grains 10-25%) with interbeds of calcitic 

marlstone. Iron ooliths are found
Light greenish-grey, slightly argillaceous very finely crystalline Iimestone 

(in some layers grains 25-50%) with marlstone interbeds

Light grey, slightly to medium argillaceous very finely crystalline, 
in places microcrystalline Iimestone (grains 25-50%). Interbeds 
containing iron ooliths (diameter 0.5 mm) are yellow and violet

ChC
= 644.8 
- 645.7 Qchch

0° CCh

-647.1 CCohc

rE
О- /

О

oo Wavy, indistinctly 
bedded or nodular

•a 1-10 cm; IND 
dark greenish-grey 60

n — Л
ZLD

СЮ T~[CCh
107a / Wavy, thin- to 

medium-bedded, 
irregularly nodular

<0.2, 1-3 (5) cm;/ZEZTFPh° 
О ChC

у 30/ D/ .?Ö!
/5

dark grey-VVVWd)
О0 ChC 

“ 650.lšrFFPh 
OCCh

- TFPh
°CCh

vCCh? 
X 0F

OCCh

7TTTIllil I I— 1 Wavy, thin- to 
medium-bedded, 

irregularly nodular 
Wavy, irregularly 
bedded or nodular

0.1-2 cm;
D (IND) 
dark grey 

0.3-1 cm; IND 
dark greenish-grey

rv „
04^50II /23 ~~ 30-40II T-36 21OOr?

2 Йs, -g

J_L1.?|=3
-652.4 Ц —~7 20-30

js a<л 3

ж и

108 - 653.5
■^00ZE11 G0CCh E // < 0.2,0.2^0.3 cm;Wavy, irregularly thin- 

to medium-bedded
<5О1 ~ DI OCCh ZE //

dark grey
|0V21109 Q°CCh ZL

Bli*- Blidene Formation; Oandu*- Oandu Stage; Pr*- Priekule Member; Rakvere? - Rakvere? Stage; S*- Saunja Formation; F*- Fjäcka Formation; V*- Vormsi Stage



APPENDIX 1, SHEET 24
to

U
О w w« 7. 'a c/33 W

с/з О Й
M Z 
J W

Xor: E bJ
& % w
Q w

C SEDIMENTARY
STRUCTURES

MARLSTONE
BEDS

U O LITHOLOGY SHORT DESCRIPTIONШ iJ
ч 2№ fc3B5 и

P42 щc Phи
TE / / V-T-37 о follow up$ <•) w

I ©ЛП
= TFPh

= 658.2 о
_ OChC

OChC_ 659.7 сьс 
— - oChCoTFPh

E //ChC
П /о

■Э 3Z //109< TnT-38 I /
1 1? 
I |

Li ГТ
ChCCJ /--- // // /

О^ § 
C/3 -rt

tjze
П //

П Light brownish- or yellowish-grey, in places slightly argillaceous 
microcrystalline and very finely crystalline, in places coarsely to 
medium-crystalline limestone (grains 10-25 and 25-50%) with 

calcitic marlstone interbeds

mWavy, iiTegularly 
nodular and 

medium-bedded

ChCО я 
8 2-

<0.2, 0.1-0.7 (1) cm;» ! 
9 1

/1 /
<5 00°Т/ DT-39 4o.

5* - TFPh°C“ПП dark grey£ c
/ X

I—* 1 110 ChC
О

>J ChC

ГпГ XnJJ TnTc V coCh8
= 666.8 °cch 

о
°CCh

"I'JZ ГЕI c1 r " ro\ n | 7] // coEl, T*1 Lt-T' "\111 c
►—ICCh V4LrlT-40 nTF',tchFp0h Light greenish-grey, in places slightly argillaceous cryptocrystalline 

(thickness of intervals 2-8 cm) and microcrystalline to very finely 
crystalline limestone (grains 10-50 and >50%) with calcitic marlstone 

interbeds. In places yellow and brown spots surround iron ooliths

Wavy,
indistinctly thin- 

to medium-bedded

< 0.2, 0.2-1 cm;"\ '\ "// >iu 7n DG0 r<5Ж 1/1 //ш § nChC 0 О dark grey СЛ123 3 и g
3 |I £ё g.

ПCCh Ln I / .
3X1®

ХрзЗ'о 
°

— I УрПх 
T~T//| n T~~

TFPhcchUJ "

ПD-13 о M H
ChC / C112

Xя ccž

if° i ä e

GOD-14f2 'CChü 0
ChC Light grey, crypto- and microcrystalline limestone (grains 25-50%; 

goethitized and rounded) with marlstone interbeds. Some layers 
eontain iron ooliths

Light grey, crypto- and microcrystalline limestone (grains >50%) with 
rare marlstone interbeds. Some layers eontain iron ooliths. Discontinuity 

surfaees are wavy, phosphatized (at 679.55 m) and limonitized

Light brown to brownish-red, with rare grey spots (particularly 
682.5-684.0 and 687.0-687.9 m), in places argillaceous (particularly 
684.0-687.0 m) microcrystalline (in the upper part) and very finely 

crystalline limestone (grains 25-50 and >50%; unsorted) with marlstone 
_____ interbeds. Carbonate elasts (diameter up to 0.5 cm) are found_____

о
I < 0.2, 0.2-1 cm; D- 677.2 ,®Ar W 5 Wavy, medium-bedded

l u| ......................................

I 0o~

s / /T-41 1-2grey
" 678.1<D

ÖÖ 113 о
В ChC < 0.2, 0.2-6 cm;Г 1 1 АD-15 Wavy, thin- to 

medium-beddedИ F Sfi1 °CCh
0ChCFPh

1-2DЛ Л '\ ' V* greyI T '\ '\ChC- 680.5
TFÄ°[fl

T-42J S Zt Wavy, medium- 
to thin-nodular, 

in places indistinctly 
bedded

o° < 0.2, 0.3-1 cm;ZTZЦ.

10-20“ 682.5 IND--------- ТЭ

Й I 
'6 g> 
< M

/I/=[гз114 dark brownTF~~TFPh0
T-43 / I/ ---

ooT^TTI u Y—Г? *—

H* - Haljala Stage; Ida*- Idavere Substage
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MARLSTONE
BEDS

SEDIMENTARY
STRUCTURES§ LITHOLOGYCQ >->

Ы, Ph

SHORT DESCRIPTIONUJ
О►j

$-
ES
С/Э

oicr.Q UJО 04U

zrg ~ŠT7о follow up<5*•5 о / /Ш I я g 7T7~~~~ о
W Pl,

'g •S 
” ts 
< Ö

o0115 71/ Greyish-red, with brownish-grey and grey interlayers (thickness 5-20 cm), 
dolomitized microcrystalline and very finely crystalline 

limestone (grains 10-50%; unsorted) with marlstone interbeds

“ 687.9 oo ' V' Wavy, irregularly 
thin- to

medium-bedded

< 0.2, 0.3-0.5 cm;
П öJ <5T-44 D

/'V'TFPh oj^/ 
T FPh„„

690.0 °°
dark greyтпoo T7

1 T-45
ГТIZЁ I Wavy, irregularly 

thin- to
medium-bedded 
or thin-nodular

о Greyish-red, with brownish-grey and grey interlayers (thickness 5-20 cm), 
dolomitized microcrystalline and very finely crystalline 

limestone (grains 10-50%; unsorted) with marlstone interbeds

Yellowish-grey with green shade. calcareous medium-crystalline 
dolostone (grains >50%) with dolomitic marlstone interbeds. Cavems 
(vugs) up to 2 cm in diameter. In the lower part greenish-grey, in places 

dolomitized microcrystalline and very finely crystalline limestone 
(grains >50%) with marlstone interbeds. Wavy discontinuity surfaces are 

limonitized and phosphatized
Brown, grey or yellow mottled and violetish-red (iower 1 m), in places 

argillaceous micro- to very finely crystalline limestone (grains < 25, >50%) 
with rare marlstone interbeds. In the middle violet-brown calcareous 

medium-crystalline dolostone. Wavy discontinuity surfaces are limonitized
Violetish-brown (at 703.7, 704.5 and 704.75 m grey), calcareous, slightly 

argillaceous coarsely to very finely crystalline dolostone (grains 25-50 and 
>50%; well rounded) with dolomitic marlstone interbeds. Wavy or flat 

discontinuity surfaces are limonitized and haematized 
Violetish-brown mottled, pinkish-white (706.1-706.14 m) and greenish- 
grey (706.6-706.65 m), in places weathered, argillaceous, sandy finely to 
coarsely crystalline dolostone and marlstone. Well-rounded glauconite 

grains (10-30%, in the lower part rare) 0.5-2 mm in diameter. Wavy 
discontinuity surfaces are limonitized 

Greenish-grey, medium-cemented (by dolomite),fine- to coarse-grained 
glauconitic quartz sandstone. The lower strongly cemented (by dolomite) 

10 cm contains inarticulate brachiopods, glauconite and well-rounded
quartz grains 

follow down

< 0.2, 0.2-0.5 (1) cm;43 ' y, <5§ 3Z DZEts о c116 oq 1 ГI iS Cli 
oo и

grey
ZE xoi__Л 7T

c:§ / М/
О-

-а Elliš 3 ■T-4£_
% я TFPh Oq U\-J 'VC оX CQо ТТТтD-16и О /1/=3 а' EE3з 117 0 о

697.5 TFPh
- 698.5 °°
= 698.8

7=2__ IV~^ че
/ /у/ /
/|Ц/ ~u /Up

*>ФИ
=tF2 ’ 
=ö=^ 
UU <•>„

F*я Wavy, medium-bedded < 0.3 cm; D dark greyT-47 1-2
Г
ПWavy, irregularly thin- 

to medium-bedded
оC-- 1-2< 0.5; D dark brown cT-48 T F Ph °0c

25 - 700.6
и “и- ?О , \\" Т7ТГ

118 Иa I n <■>TFPhO3 T-49 31//
//

£ £ Wavy, thin- to 
medium-bedded, 

irregularly 
thin-nodular

FIrо < 0.2, 0.2-2 cm; 
D (IND) 

dark brown

со
cd

2 -a 11 " ii
7/ "\\"

0 ТР // II
5-10

I 5£ 0 3E //
ZEEоT-50

Vo D-17 4= 705.9 TFPh
_706.65FPphho 
- 706.8

V *SC_N
V." w

T-51 Wavy, medium-bedded 
Not visible, 
lower 10 cm 

\ conglomerate-like

< 0.2 cm; IND 
dark brown

1-2J D-18VEE D-19

3 119g
ад -n

_cd cd
jg
I й g
и cd О 

C Uh
о _

! | 
D 1

T3
-os

120
UJ

L. O* - Lower Ordovician; H*- Hunneberg-Billingen stages; L*- Leetse Formation; Z*- Zebre Formation; Sa*- Sakyna Formation

i
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Not observable 
(separate fragments; 

core yield 70%)

Yellowish-grey and pinkish-white, weakly cemented very fine-grained 
to fine-grained quartz sandstone. Grains are well rounded

120

m
oo
H
C
—<
>z
оmо

Light whitish-grey with violet and grey spots, argillaceous (kaolinite- 
containing), medium-cemented siltstone (or very fine-grained quartz 

sandstone). Muscovite flakes are present
Pinkish-white, weakly cemented very fine-grained to fine-grained quartz 
sandstone. In the lower part rock is well sorted. At 746.6-746.8 m occur 

fragments of argillaceous, kaolinite-containing siltstone (or very 
fine-grained sandstone; similar to interval 724.2-725.0 m)

r121 cо—Massive, homogenous 
(core yield 55%)

D-201-= 724.2 
- 725.0 П

F-5 g
M Not observable 

(separate fragments; 
core yield 75%)

•c В g 
« £ 
§ >2

СЛ
M
Ои
Чл II 

Q 1I —
Оz

122

123
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Oi
Pinkish-, brownish- and greenish-grey fine-grained to very fine-grained 

quartz sandstone with films and interbeds of grey and violet silty 
claystone. The chamosite eement content in rock deereases upwards.

Brownish-grey, wavy and horizontal burrows are pyritized. In the upper 
part the claystone contains quartz grains and sandstone intervals are 
thieker. The upper 1 tn indudes goethitized layers. At 751.5-751.7 m 

occur strongly eemented (by dolomite) microbedded burrowed sandstone 
interbeds (thiekness 3-5 cm). Poorly preserved arenaeous foraminifers

are present

S
7=

1124
- 748.0 4

■ Q
«'WWv F 
8 = ’ 
-WM

Horizontal, in the 
lower part wavy; 

claystone microbedded, 
in the lower part 

thin-bedded 
(core yield 85%)

T-52 TPhXF

PhXFFPh СЛcc8 о
•WM

О8 -ur-9
0 'F. c=b

7=TXFPh ’■T-53 - 752.5 Fr
Yellowish- and whitish-grey, weakly eemented fine-grained to very 

fine-grained sandstone
Not observable 

(core yield 35%)
Пc

[- 756.0 I§ & I
S «

125
r\ Medium-cemented fine-grained sandstone with interbeds, lenses and 

nodules of silty claystone. The clay content changes vertically. The 
complex is grey, in places brown, red and violet mottled. Burrows 

filled with sand penetrate the bedding. Trace fossils, 
at 760.0 m Monocraterion, are found

£ oo а
л I
53, te.

D-21' :2 Wavy, bioturbated, 
in places soft sediment 

deformed 
(core yield 50%)

X FPh

t> E?l-C 1)

2 ss Ic FPh

l: .:
Greyish-white, weakly eemented fine-grained sandstone

Medium-cemented very fine-grained sandstone with interbeds, lenses 
and nodules of silty claystone. The clay content changes vertically. The 

complex is greenish-, yellowish- to brownish-grey (goethitized). Burrows 
are filled with sand and bedding surfaees are uneven. The chamosite- 

eemented beds contain coarse quartz grains

D-22 -763.1 XFPh
Not observable 

(core yield 20%)
126 - 765.4 т

'n
Wavy, bioturbated 
(core yield 60%)

| ЛЛЛЛА.

I 'J767.9 -i i
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" 767.9 Yellowish- and whitish-grey, weakly cemented fine-grained sandstone
Grey, in places yellowish-grey, medium-cemented fine-grained sandstone. 
In the lower part sandstone is interbedded with dark greenish- to violetish- 
grey silty claystone. The clay content changes vertically. Coarse-grained 
siltstonc interbeds are present. A strongly cemented quartz sandstone 

interbed (thickness 10 cm) occurs at 770.5 m. Iron ooliths (diameter 
0.1 mm) are found in а 3 cm thick layer at 771.0 m and Monocraterion 

tracks at 772.0 m
Yellowish-white, weakly cemented fine-grained sandstone

Intercalation of light grey, medium-cemented fine-grained sandstone and 
brownish- to greenish-grey shale-like claystone. Trace fossils filled with 

sand are present. The lower 0.15 m is yellowish-white fine-grained 
sandstone (cemented by kaolinite and poikilotopic dolomite)

Not observable 
(core yield 35%)

- 770.2126
ГТ-

'••°G
1 *5.4 F=

FPh OOWavy, lens-likc 
(core yield 50%) HT-54ts оTXFPh

Ё Z
---- I-772.7& >о z

§
■c О<uад Not observable 

(core yield 50%)
Wavy, thin-bedded, 

lens-like
(core yield 100%)

В ГГ.
C/7 c_ 776.0 

“ 776.4
JU
73 rи
E? CВ* о

I—I
о

127 О
>с
Гts

Ё Not observable 
(core yield 40%) Yellowish-white, weakly cemented (by ankerite) fine-grained sandstone

Light grey, unsorted (sorting grows upwards), strongly cemented (by 
carbonates) sandy-gravelly deposits with rare quartz pebbles (diameter 

3 cm) and coarse-grained siltstone interbeds. The uppermost part
.................. contains sraall concretions of sulphide minerals..................

Pinkish- or reddish-grey, weathered rapakivi granite with porphyritic 
texture. K-feldspar phenocrysts (diameter up to 1 cm) are kaolinitized.

Thin carbonate-kaolinite veins are found 
Reddish-grey, weathered rapakivi granite with porphyritic texture. 

K-feldspar phenocrysts (diameter 0.7-0.8, rarely 1.5 cm) with weathered 
rims are concentrically banded and partially kaolinitized. Magnetite, 

rare quartz and dark almond-shaped chlorite are present

£ Qs \—u
cУ.

z
C/:Wavy

(core yield 65 %)= 783.9 
= "784.2128 30T .+; #+. + • 

• . + . +* .
•+ • + •*+.

D-23.a
.2 ‘jO Nм g Massiveад õ'3,-s

D-24 т
ž о 786.9 

~ 787.4D-25 26CX Massive• + • + • +X
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Other issues in the series
Estonian Geological Sections:

Tartu (453) drill core (Bulletin l; 1998) 
Taga-Roostoja (25A) drill core (Bulletin 2; 1999) 

Valga (Ю) drill core (Bulletin 3; 2001) 
Soovälja (K-l) drill core (Bulletin 4; 2002) .4

i
Forthcoming issue: ■

* &

Mehikoorma (421) drill core
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