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4 ESTONIAN GEOLOGICAL SECTIONS

INTRODUCTION

The 363.0 m deep Viki borehole (58° 21" 03" N, 22°
04’ 47" E) is located near Kihelkonna settlement on
Saaremaa Island (western Estonia), in the NW part
of the East European Platform (Fig. 1). It was drilled
for scientific purposes in the middle of the 1970s, af-
ter deep geological mapping of Saaremaa (at a scale of
1:200 000) in 1967-1973. The results of long-term in-
vestigations of the Viki core are summarized in this is-
sue and serve as a substantial contribution to the study
of Estonian geological sections.

The Viki borehole penetrates the Ordovician (120.2 m)
and Silurian (229.3 m) sedimentary rocks, and 13.5 m
thick loose Quaternary deposits (Fig. 2). The core is
housed at Sirghaua field station of the Institute of
Geology at Tallinn University of Technology (IGTUT).
The materials concerning the Silurian part are availa-
ble in unpublished reports (Tiirmaa & Jiirgenson 1979)
stored in the Depository of Manuscript Reports of the
Geological Survey of Estonia (GSE), Kadaka tee 82,
Tallinn. The results of earlier lithological, palaeonto-
logical and stable isotope investigations (Jiirgenson
1987; Nestor, H. 1990a, 1997; Nestor, V. 1994, 1998,
2005, 2009; Bergstrom et al. 1995; Kiipli & Kallaste
1996, 2002, 2006; Kiipli et al. 2001, 2006, 2007, 2008,
2010; Kaljo et al. 2003; Kallaste & Kiipli 2006; Mun-
necke & Minnik 2009; Cramer et al. 2010; Lehnert et
al. 2010) are used in this work together with recently
obtained data.

Many old field notes and unpublished laboratory
data were taken into account in improving the litholo-
gy of the Viki core. Of great help were the macrolitho-
logical descriptions of Silurian rocks by Erika Jiirgen-
son (worked in the Institute of Geology in 1950-1997)
made in 1976. In the years 1976-1983 she measured
also the contents of CaO, MgO, CO, and insoluble
residue (IR), and investigated the mineralogical com-
position of IR. Heldur Nestor (IGTUT) described the
Silurian intervals 169.8-288.6 m and 13.5-90.0 m, re-
spectively, in the years 1982 and 1988. Lembit Polma’s
(worked in the Institute of Geology in 1964-1988)
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Fig. 1. Location of the Viki drill site.

field descriptions of the interval 242.8-288.6 m (of
the year 1976) were used as supplementary material
for the Ordovician part. Anne Poldvere (GSE) re-de-
scribed the entire Ordovician section in 2008 in col-
laboration with Peep Ménnik (IGTUT), using also the
schematic drawing of the core section (scale 1:200)
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Fig. 2. Generalized stratigraphy of the Viki core. O - Ordovician;
S - Silurian; Q - Quaternary.
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provided by Rein Einasto (University of Applied Sci-
ences, Tallinn) in the 1980s. Complementary inves-
tigations of the Silurian part were conducted in the
years 2008-2010, initiated by Peep Minnik. For the
present issue Anne Poldvere compiled a renewed core
description considering besides new field data, also all
laboratory data and earlier descriptions. Additionally,
she described 45 thin sections collected by Alla Shog-
enova and Kazbulat Shogenov.

Systematic long-term study of chitinozoans and
conodonts enables the most precise stratification and
regional and global correlation of Estonian sections
(Nestor 1994, 2009; Nolvak 2002; Nolvak et al. 2006).
The stratigraphic subdivision of the Viki section is
based on the distribution of chitinozoans and cono-
donts. Jaak Nélvak (IGTUT) examined Ordovician
(130 samples) and Viiu Nestor (IGTUT) Silurian chiti-
nozoans (232 samples). Ordovician and Silurian con-
odonts (504 samples) were identified by Peep Min-
nik (IGTUT). The distribution of species was mostly
compared with the earlier investigated Ruhnu (500)
and Mehikoorma (421) cores (Mannik 2003; Main-
nik & Viira 2005; Nestor 2003; Nolvak 2003, 2005) to
identify key assemblages for Estonian regional stages.

Tonu Meidla and Oive Tinn (both from the Institute
of Ecology and Earth Sciences at the University of Tar-
tu, IEESUT) studied Silurian ostracods in 17 samples
from the Adavere Stage.

The composition of 26 Ordovician and Silurian vol-
canic ash beds was investigated by Tarmo Kiipli, Toivo
Kallaste and Margus Voolma (all from the IGTUT) on
the basis of X-ray fluorescence (XRF) and X-ray dif-
fractometry (XRD) analyses.

Magnetic susceptibility analysis of the Ordovi-
cian part of the core in the interval 296.7-363.0 m
was made by Jiiri Plado and Anna-Liisa Kalberg (876
measurements; both from the IEESUT).

Alla Shogenova, Kazbulat Shogenov, Toivo Kallaste
(all from the IGTUT) and Norbert Schleifer (Univer-
sity of Leoben, Austria) provided results of 154 chemi-
cal analyses and 106 measurements of physical prop-
erties from the Ordovician and Silurian sediments.

Photos of the core were taken by Gennadi Baranov
(IGTUT) and Anne Poldvere (selected Silurian inter-
vals). Gennadi Baranov, Heikki Bauert (GEOGuide
Baltoscandia) and Elar Példvere (Alkranel) provided
various technical assistance.

Useful comments by Juho Kirs, Jiri Plado (both
from the IEESUT), Jaak Nolvak, Dimitri Kaljo (both
from the IGTUT), Kalle Suuroja, Mati Niin and Jaan
Kivisilla (all from the GSE) were of great help in final-
izing the report.

CORE DESCRIPTION AND
TERMINOLOGY

The description of the Viki core is presented in the
form of a table (Appendix 1) including the strati-
graphical division, review of illustrations and sam-
pling, and main lithological features of the rock. In
places comments on core yield and supplementa-
ry data are added. The material provided is a sum-
mary of macrolithological characteristics and lab-
oratory analyses described in the introduction to
the bulletin. The depths and positions of the stud-
ied samples are also indicated in drill core photos
in the database of the IGTUT (accessible online at
http://sarv.gi.ee/search.php?currentTable=drillcore).

The global chronostratigraphic division is based on
the International Stratigraphic Chart available on the
website of the International Commission on Stratigra-
phy. For the regional chrono- and lithostratigraphy of
the Viki section the Estonian charts were employed,
referred to in Poldvere & Nestor in this volume. The
Ordovician and Silurian regional stages are tightly
tied to Baltoscandian chronostratigraphy as well as to
British series (Grahn et al. 1996; Kaljo et al. 1998; Nes-
tor 2009).

The descriptions of the textures of carbonate rocks
are based on the traditional Estonian classification by
Vingisaar et al. (1965), Loog & Oraspold (1982) and
H. Nestor (1990b). The terms used for textures are
explained in Appendix 1. The content of carbonate
clasts (including bioclasts) is given in most cases in
per cent. For the major part of the core the amount
of grains was determined with the magnifying glass
on the slabbed surfaces of the core. Thin section data
were used only in selected intervals. 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. Estonian lime- and
dolostones are additionally referred to as slightly ar-
gillaceous (insoluble residue 10—15%), medium argil-
laceous (15-20%) and highly argillaceous (20-25%)
(Oraspold 1975).

The sedimentary structures are presented in the
style used in the previous nine issues of the bulletin.
The classification of structures is given in Appendix 1
and their variation in the Viki core is illustrated with
photos of selected intervals (Appendix 2). Photos of
all core boxes are included in the database mentioned
above.
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GENERAL GEOLOGICAL SETTING
AND STRATIGRAPHY

The bedrock succession of the Viki core includes
the Ordovician (Middle, Upper) and Silurian (Lland-
overy, Wenlock) carbonate strata (Fig. 2), overlain by
the Quaternary cover. The stratigraphy of the section
is based on the correlation charts for the Ordovician
by Nolvak (1997, p. 54, table 7) and for the Silurian by
Nestor (1997, p. 90, table 8), and on the generalized
log of the Viki section (Nestor, H. 1990a). Systematic
data on Ordovician and Silurian conodonts and chiti-
nozoans are used for the biostratigraphical subdivi-
sion of the section (see Midnnik, Nestor and Nolvak in
this volume).

The Viki drill core ends at the level of the lowermost
light multicoloured limestones (Fig. 3) correspond-
ing to the Toila Formation (interval 361.5-363.0 m;
Appendix 1, sheet 14). The limestones comprise 20-
50% bioclasts and up to 30% glauconite grains. Coarse
and fine skeletal fragments of crinoids, brachiopods,
trilobites, rare ostracods, sponges and molluscs are
rounded, deformed, in places oriented in one direc-
tion and selectively silicified (Appendix 3, T-44, T-
45). Scattered glauconite grains (diameter 0.1-1.0
mm; 10-30% of the rock) are angular, round, elon-
gated and have distinct edges. Numerous discontinu-
ity surfaces occurring in the section are burrowed and
mineralized by iron compounds (limonite, goethite).

The content of glauconite increases above the rug-
ged limonitized discontinuity surface at 362.25 m,
where limestones comprise darker glauconite grains
and are less bioturbated and mineralized. The pro-
portion of crinoids and brachiopods among skeletal
grains also rises noticeably above that level (Appen-
dix 3, T-44, T-45). Such lithological differences may
indicate the boundary of the Pdite and Saka members,
corresponding to the boundaries of the Billingen and
Volkhov stages, and the Lower and Middle Ordovi-
cian series (Appendix 1, sheet 14) in Estonian sections
(Nolvak 1997; Nolvak et al. 2006). Yet, without reli-
able palaentological data these chronostratigraphical
boundaries are only tentative in the Viki core.

The Middle Ordovician (interval 344.9-363.0
m or 344.90-362.25? m; Appendix 1, sheets 13, 14;
Appendix 2, D-71; Appendix 3, T-40...44) is repre-
sented by limestones of the Toila (supposedly only the
upper part), Loobu, Kandle, Vio and Korgekallas for-
mations, corresponding to the Volkhov, Kunda, Aseri,
Lasnamdgi and Uhaku stages.

Light grey glauconite-containing limestones of the
Toila Formation are overlain by limestones of the Loo-
bu Formation (interval 358.8-361.5 m; Appendix I,

sheet 14). They contain marlstone films and numer-
ous weak phosphatized discontinuity surfaces. Skel-
etal fragments of mainly trilobites, crinoids, brachi-
opods and cephalopods form 10-50% of the rock.
Rounded and crushed fragments are in places dense-
ly packed, surrounded by sparry calcite, pyritized and
rarely silicified. Elongated fragments are in some lay-
ers of similar orientation. Crinoids have goethite-li-
monite coatings (mostly without visible texture) or are
just strongly impregnated by iron compounds. These
iron oolith-like grains 0.08-0.7 mm across, making
5-10% of the rock, are usually rounded (Appendix 3,
T-42). Bioturbation and solution features are observed.
Open vugs (0.1-4.0 mm across) with clay mineral-
rich edges form locally 10% of the rock.

The lowermost 20 cm of the Loobu Formation
(361.3-361.5 m) differ from the rest of the section.
Limestone with violet spots in that part shows mark-
edly higher contents of MgO and insoluble residue (re-
spectively 1.19% and 14.36%; see Shogenova et al. in
this volume). Mainly coarse, rounded and rarely mic-
ritized skeletal fragments of brachiopods, molluscs
and crinoids form only 1-2% of the rock (Appen-
dix 3, T-43). About 20% (in patches 40%) of the rock
consists of iron ooliths with concentric lamination,
0.1-0.5 mm in diameter. Ooliths are ellipsoidal and
spheroidal, rarely crushed and lie irregularly (affected
by bioturbation?) side by side on the flat and sharp-
pointed side. They may be broken and overgrown,
but also composite, with several nuclei. Rounded or
angular, often fractured about 0.2 mm nuclei consist
of glauconite and micrite. Open, often irregular vugs
0.03-0.3 mm across are found particularly near oolit-
hs and within coarser crystals, in patches forming up
to 10% of the rock. Branching 0.06-1.15 mm wide clay
mineral-rich seams are in places displaced by 0.4 mm
and pass into 0.5 mm wide veins, which are uneven-
ly filled with erosional carbonate crystal silt. Burrows
about 1.0-2.0 mm across have different directions and
are filled with very finely crystalline to microcrystal-
line calcite. The limestone contains scattered oval
and round, often fractured 0.08-2.3 mm glauconite
grains and rare feldspar grains which are about 1.0
mm across, rounded and with fractured surface. This
stained 20 cm thick layer between rugged and inclined
iron mineralized hardgrounds on the boundary of the
Toila and Loobu formations corresponds probably to
the Sillaoru Formation and points to major breaks in
sedimentation.

The lower and upper boundaries of the Kandle For-
mation of the Aseri Stage (interval 357.8-358.8 m;
Appendix 1, sheet 14) are marked in the Viki core re-
spectively as the appearance and disapperance lev-
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8 ESTONIAN GEOLOGICAL SECTIONS

els of iron ooliths. Light grey limestone in that level
contains 10-50% unevenly distributed bioclasts and
about 5-25% oolith-like grains. Coarse and fine skel-
etal fragments of crinoids, brachiopods, rarely trilo-
bites, ostracods and bryozoans are rounded, crushed,
not oriented and selectively silicified (Appendix 3,
T-41). Circular swirls and up to 1.7 mm wide twisted
structures of fine fragments point to bioturbation. In-
distinct burrows 0.5-1.0 mm across comprise coarser
crystals in their central parts. Pure skeletal fragments
are mixed with 0.1-1.0 mm rounded and angular iron-
pigmented crinoid fragments which are surrounded
by goethite-limonite coatings, mainly without visible
texture. Diagenetic red and yellow, patchy impregna-
tion of iron compounds and disjointed solution seams
with accumulations of insoluble residue are observed
(Appendix 2, D-71).

Light grey limestones of the Vio Formation (inter-
val 348.8-357.8 m; Appendix 1, sheet 13) contain
numerous weak phosphatized discontinuity surfac-
es and rare calcareous ooliths in the uppermost part.
Stylolite seams are concentrated in irregular layers.
Usually rounded, not oriented skeletal fragments of
cephalopods (about 4 cm) and bryozoans form mainly
10-25% of the rock and are often recrystallized and
rarely replaced by pyrite.

The boundary of the Lasnamagi and Uhaku stages
within the Vdo Formation in the Viki core (see Appen-
dix 1, sheet 13) is confirmed by chitinozoan data (see
Nolvak in this volume) and is also marked by a fall
in apparent magnetic susceptibility values (see Plado
& Kalberg in this volume). In contrast to the Uhaku
Stage, the underlying limestones of the Lasnamagi
Stage are very rich in cephalopod fragments.

A complex of phosphatized discontinuity surfaces
on the upper boundary of the Vido Formation is over-
lain by light grey limestones of the Korgekallas For-
mation (interval 344.9-348.8 m; Appendix 1, sheet
13), intercalated by dark grey marlstone films and sty-
lolite seams. Rounded skeletal fragments of crinoids,
brachiopods, rare ostracods, trilobites and bryozoans
form 10-50% of the rock (Appendix 3, T-40). They are
in places oriented subparallel to bedding, pyritized,
silicified and micritized.

The Korgekallas Formation is separated from the
rather monotonous Viki core section by erosional
lower and upper boundaries. The formation is hard
to recognize in western Estonian sections because or
uniform low clay content in limestones and low per-
centage of marlstone interbeds (see Hints 1997), but
also due to changes in its thickness (Fig. 3).

The Viki core represents the northwestern margin-
al area of the North Estonian Confacies Belt (Fig. 3).

The Lower? and Middle Ordovician carbonate sec-
tion shows many breaks in sedimentation. Carbonates
have accumulated in separate parts, which have devel-
oped through erosion on a loose or lithified substrate
during the regional transgressive-regressive events of
shallow sea. The morphology and mineralization of
discontinuity surfaces and fossil fragments (main-
ly crinoids, trilobites and brachiopods) indicate sed-
imentation on the shallow shelf to deeper open-ma-
rine environment where the input of clay and quartz
grains was very low. The glauconite-containing part
of the section points to a slow sedimentation rate in
the Volkhov Age. Intervals with iron ooliths and iron
impregnated grains were probably formed in shallow
warm-water setting with high salinity and low wa-
ter energy (Fliigel 2010). Significant changes in water
energy are expressed mainly by different positions of
skeletal fragments and clasts because the roundness of
grains in limestones is very similar. Reliable clear ori-
entation of grains is more characteristic of sediments
of the Volkhov and Kunda ages. The usual bioturba-
tion in limestones also complicates the study of sedi-
mentation conditions. Features of diagenetic bedding
(solution and stylolite seams) are very frequent. Dia-
genetic processes, such as staining iron mineraliza-
tion at 361.3-361.5 m, displaced seams and findings
of erosional carbonate crystal silt (Appendix 3, T-43)
may indicate nearshore-marine or terrestrial environ-
ments at the beginning of the Kunda Age.

The Upper Ordovician (interval 242.8-344.9 my;
Appendix 1, sheets 9-13) limestone belongs to the
Pihla, Tatruse, Kahula, Hirmuse, Ragavere, Paekna,
Saunja, Tudulinna, Moe, Adila, Arina and Saldus for-
mations, corresponding to the Kukruse, Haljala, Keila,
Oandu, Rakvere, Nabala, Vormsi, Pirgu and Porkuni
stages.

The lower part of the Pihla Formation (interval
340.1-344.9 m; Appendix 1, sheet 13) is cut by a com-
plex of weak phosphatized discontinuity surfaces. Bio-
turbated and pyrite-mottled limestones of the forma-
tion contain pyritized skeletal fragments on average
10-30% of the rock, often oriented parallel to bed-
ding. Some layers are rich in marlstone films (solution
seams) and stylolite surfaces.

Thepyritizedand phosphatized smoothhardground
on the upper boundary of the Pihla Formation at
340.1 m is known as a hiatus marker in northeast-
ern sections of Estonia (Suuroja et al. 1991, 1993). In
places distinct borings within the hardground have
been filled repeatedly (Appendix 2, D-70) and con-
tain also kerogen particles. The upper part of the
Pihla Formation is missing in the Viki core (see also
Nolvak in this volume). The Pihla Formation is over-
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lain by limestones of the Tatruse Formation rich in
marlstone seams.

Light grey limestones of the Tatruse Formation (in-
terval 334.5-340.1 m; Appendix 1, sheet 13) contain
microbedded intervals with marlstone films. Coarse
and fine skeletal fragments (10-50% of the rock) of
crinoids, trilobites, brachiopods, bryozoans and ostra-
cods are usually crushed, rounded and pyritized. In
places silicified and strongly recrystallized fragments
are found.

Thelimestonesofthe Kahula Formation (Appendix 1,
sheet 13) are intercalated by eleven 2-50 cm thick K-
bentonite beds. K-bentonite, which is widespread in
Estonian sections at the lower boundary of the Keila
Stage, lies at 329.8-330.3 m in the Viki core (see Kiipli
et al. in this volume).

The main part of the Kahula Formation (interval
328.5-334.5 m; Appendix 1, sheets 12, 13) is repre-
sented by intercalation of variously argillaceous lime-
stones with rare calcitic marlstone films and interbeds.
Skeletal fragments of crinoids, trilobites, brachiopods,
bryozoans and ostracods form 10-40% of the rock.
They are rounded and pyritized, less often silicified
and recrystallized. Bright orange to red skeletal frag-
ments impregnated probably by titanium- or/and iron
compounds are found near the K-bentonite beds (Ap-
pendix 2, D-68, D-69). Unevenly distributed burrows
are mainly horizontal and rare rugged discontinui-
ty surfaces are impregnated with pyrite (Appendix 2,
D-67). In comparison with the Midnnamaa (F-367)
section in Hiiumaa Island, the thickness of the Kahu-
la Formation decreases significantly in the Viki core
(Fig. 3).

A specific surface, known over a wide area in north-
ern Estonia, is observed on the lower boundary of the
Hirmuse Formation in the Viki core. It is represented
by an uneven pyritized discontinuity surface at 328.5
m (depth of impregnation 15 cm) cut by erosional gul-
lies (visible depth up to 2 cm), filled with variously
argillaceous limestone (Appendix 2, D-66). The over-
lying Hirmuse Formation (interval 328.0-328.5 m;
Appendix 1, sheet 12) is represented by indistinctly
bedded variously argillaceous limestone with indis-
tinct interlayers of calcitic marlstone. The fossil frag-
ments (locally up to 30%) are rounded and burrows
are usually horizontal.

The discontinuity surface on the lower boundary of
the Régavere Formation (depth 328.0 m; Appendix 2,
D-65) has specific pyrite mineralization with sharp
outlines, disjointed pyrite crust (thickness about
1 mm) and eroded gullies, characteristic of northwest-
ern sections (Suuroja et al. 2008).

The lower part of the Rigavere Formation (inter-
val 322.7-328.0 m; Appendix 1, sheet 12) belongs to
the Oandu Stage. Light greenish-grey limestones (bio-
clasts in places < 30%; crinoids, bryozoans, trilobites)
of the Torremagi Member (interval 327.5-328.0 m;
Appendix 1, sheet 12) are bioturbated, intercalated by
rare marlstone interbeds and cut by pyritized discon-
tinuity surfaces within the member (Appendix 2, D-
64) and on the upper boundary.

The main part of the Rédgavere Formation, separat-
ed by pyritized discontinuity surfaces (Appendix 2,
D-63), belongs to the Rakvere Stage (interval 322.7-
327.5 m; Appendix 1, sheet 12). It is represented by
light beigish-grey, very finely crystalline to cryptoc-
rystalline limestones (bioclasts 10-40%) with argilla-
ceous limestone and marlstone films containing cal-
cite-filled veins. Coarse and fine skeletal fragments
(Appendix 3, T-38) of algae, brachiopods, trilobites,
crinoids, bryozoans and ostracods are rounded, not
oriented, in places silicified and strongly recrystallized
(particularly algae). The thickness and lithology of the
Régavere Formation in the Viki core point to periods
of non-deposition above the upper boundaries of the
Torremdgi Member and Ragavere Formation. Sup-
posedly the main part of the Rédgavere Formation in
the Viki core correlates to the lower part of the Tudu
Member of the Ragavere Formation in the Mdnnamaa
(F-367) core (see Fig. 3 and Suuroja et al. 2008). The
uppermost part of the Ragavere Formation in the Viki
core is determined by the distribution of chitinozoans
in the Nabala Stage (see Nolvak in this volume).

The Paekna Formation (interval 319.3-322.7 m;
Appendix 1, sheet 12) is represented by unusually
pure light greenish-grey limestones (bioclasts in plac-
es 25%) comprising argillaceous limestone and dark
greenish-grey marlstone films. Light beigish-grey mi-
cro- and cryptocrystalline interbeds with sharp bor-
ders occur in the lower part of the formation. Bur-
rows within limestone and rare marlstone interbeds
are mainly horizontal and surrounded by pyrite min-
eralization. The uppermost part of the formation con-
tains fine glauconite grains, stylolite-like seams and
uneven pyritized discontinuity surfaces (Appendix 2,
D-61, D-62). According to lithological data, the Paek-
na Formation in the Viki core is believed to correlate
with the lower part of the Paekna Formation in the
Minnamaa (F-367) core in Hiiumaa Island (see Fig. 3
and Suuroja ef al. 2008). This implies that gaps in sed-
imentation occur on the lower and upper boundaries
of the formation in the Viki core.

Two complexes are distinguished in the limestones
of the overlying Saunja Formation (interval 300.6—
319.3 m; Appendix 1, sheets 11, 12). The lower com-



plex (interval 308.3-319.3 m) is represented by unu-
sually coloured and bedded rock. Whitish-grey lime-
stone (bioclasts 1-10%; in the middle part dolom-
itized) contain horizontal or inclined argillaceous
limestone and rare marlstone films and interbeds. In
places beds differ only in crystal size. Intercalation of
thick- to microbedded and even conglomeratic inter-
vals are common (Appendix 2, D-60). Coarse and fine
skeletal fragments of crinoids (oriented subparallel to
bedding), trilobites and shells are rounded, in plac-
es replaced by pyrite and recrystallized (Appendix 3,
T-37). Burrows are mainly horizontal and in places
slightly bituminous. Fractures (width up to 0.06 mm)
are usually oriented across bedding. Branching clay
mineral-rich seams (width up to 0.3 mm, rarely
0.6 mm) form in places up to 1 mm thick bunches.

The upper complex of the Saunja Formation (inter-
val 300.6-308.3 m) is represented by light beigish-grey,
pyrite mottled crypto- and microcrystalline limestones
containing 1-2% bioclasts (crinoids, trilobites, ostra-
cods) and rare argillaceous limestone and marlstone
patches, films and interbeds (Appendix 3, T-35). The
structure of limestone is often breccial (Appendix 2,
D-58, D-59). The breccia-veins (Appendix 3, T-34,
T-36) contain subangular and angular clasts (0.1-
10.0 mm across) lined with uneven crystals (like drusy
mosaic). The up to 10 mm wide interclast breccia-
veins are filled with sparry calcite, angular clasts and
erosional carbonate crystal silt. Sparry calcite in veins
shows differently oriented twin lamellae and undula-
tory extinction. A sharp eroded hardground separat-
ing formations and stages lies on the upper boundary
of the complex at 300.6 m (Appendix 2, D-57).

The Tudulinna Formation (interval 288.6-300.6 m;
Appendix 1, sheet 11) is represented by marlstones
with variously argillaceous limestone nodules and
interbeds. Dark greenish-grey (locally with violet
spots) marlstone forms 10-80% of the section. Highly
argillaceous marlstone layers at 298.0-299.4 comprise
silt-sized quartz, brachiopod shells and limonitized
burrows. Burrows are mostly horizontal, in marlstone
layers often with iron-containing edges. Contacts be-
tween marlstone and argillaceous limestone are usu-
ally indistinct. Bioclasts (crinoids, brachiopods, bry-
ozoans) forming mainly 10-25% of the rock, are
rounded, crushed and pyritized. Pure limestone pre-
vails at 299.2-300.6 m.

A sharp lithological contact (hardground) at 288.6 m
ends the section of the Tudulinna Formation
(Appendix 2, D-56). The overlying light beigish-grey
limestones of the Moe Formation (interval 257.0-
288.6 m; Appendix 1, sheets 10, 11) are rich in cal-
careous algae Palaeoporella (= Dasyporella) and Ver-
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miporella (Appendix 2, D-54...56). Other important
rock builders are crinoids, ostracods and brachiopods
(Appendix 3, T-32, T-33). The content of bioclasts
reaches locally 50%. Biohermal limestones with ir-
regular stylolite sets, solution surfaces, cavities (calcite
druses) and bituminous areas occur at 270.8-276.4 m
(Appendix 2, D-52...55; Appendix 3, T-29...31). The
bioherm is overlain by indistinctly bedded limestones,
where breccia intervals are very common (Appendix 2,
D-50, D-51). In places limestone clasts are embed-
ded within greenish-grey plastic clay layers (Appen-
dix 2, D-51). Tightly packed angular, locally cracked
limestone clasts have often bituminous edges and are
surrounded by solution seams. Pyritized discontinu-
ity surfaces in the Moe Formation point to changes in
rock composition, particularly in bioclast content.

The overlying bioturbated limestones of the Adi-
la Formation (interval 246.2-257.0 m; Appendix 1,
sheets 9, 10) are in places very similar to limestones of
the Moe Formation. The frequency of marlstone inter-
beds is often the same, but the colour of marlstone
changes more green. Rounded and crushed skeletal
fragments of algae, crinoids, brachiopods, rugosae,
bivalve (10-50% of the rock) are often accumulated
in patches and layers (Appendix 3, T-27, T-28). Un-
even and disjointed discontinuity surfaces have weak
pyrite impregnation and the rock is significantly bio-
turbated. The uppermost argillaceous limestones (Ka-
bala Member at 246.2-249.3 m; Appendix 1, sheet 9)
are bioturbated, locally dolomitized and bituminous
(Appendix 2, D-49). Here marlstone and highly argil-
laceous limestone interbeds make up 45% of the sec-
tion. This part of the section contains also pyritized
surfaces, conglomeratic layers and one K-bentonite
bed at 249.3 m.

The hardground at 246.2 m separates variously
dolomitized limestones of the Pirgu and Porkuni stag-
es (Appendix-2, D-48). Smooth pyritized, stylolitized
and sharp-edged clasts of limestones occur along this
hardground surface. Solution seams with accumula-
tions of insoluble residue cross the limestone clasts.
Trace fossils under the hardground were formed in a
more consolidated substrate than in the overlying sec-
tion between the limestone clasts.

The Upper Ordovician section ends with the Arina
and Saldus formations of the Porkuni Stage. The thick-
ness and succession of five lithostratigraphic units of
the Arina Formation are variable in Estonia (Hints &
Meidla 1997; Hints ef al. 2000). In the Viki core (in-
terval 245.2-246.2 m; Appendix 1, sheet 9) only the
lower, R6a Member of the Arina Formation is distin-
guished (see Fig. 3). The member is represented by
light greenish-grey argillaceous limestones containing
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rounded skeletal fragments of crinoids, rugosae, bryo-
zoans, trilobites, brachiopods and algae in places up to
20%. The lower part of the Arina Formation above the
hardground at 246.2 m is intensively bioturbated. The
lithologically distinct upper boundary of the forma-
tion at 245.2 m is marked by rocks of different colour,
structure and texture. A weak pyritized discontinuity
surface, covered by subrounded carbonate clasts, cri-
noid fragments and pyrite aggregates, lies about 10 cm
higher. Limestone between these discontinuity surfac-
es contains rare disjointed marlstone films.

The limestones of the Saldus Formation are rep-
resented by the Piltene and Broceni members in the
Viki core (interval 242.8-245.2 m; Appendix 1, sheet
9). The stylolite seam at 244.1 m separates these mem-
bers of different colour (Appendix 2, D-47).

The limestones of the Piltene Member consist of
ooliths (10-70% of the rock) in combination with car-
bonate and bioclasts (both up to 50%). The content of
calcareous ooliths increases upwards and they are often
cemented by sparite. White, rounded ooliths 0.2-3.0 mm
across, with radial crystal structure and concentric lami-
nation, have well-preserved and diverse fabric (Appen-
dix 3, T-26). The dominating shape is spheroidal, but
crushed and composite ooliths are observed as well.
Nuclei (about 0.5 mm across) are variously rounded
and angular crinoid fragments, carbonate clasts (mic-
rite) and rarely unbroken ostracod valves with micrite
and pyrite. Often nuclei (darker in colour) form half of
the ooliths. The ooliths are more densely packed in the
upper part of the member containing also many hor-
izontal stylolites. Inclined bedding occurs only in the
lower part of the member. Fine and coarse skeletal frag-
ments of crinoids (5-20% of the rock), bryozoans, gas-
tropods, ostracods, rugosae, brachiopods and rare tri-
lobites between ooliths are rounded, not oriented and
locally pyritized. Carbonate clasts, usually 1 mm across,
are of irregular shape. Single quartz grains are present.

The Broceni Member of the Saldus Formation is
represented by variously dolomitized limestones.
Subangular bioclasts (crinoids, brachiopods, ru-
gosae, algae), and carbonate clasts form up to 30% of
the rock. The silt- and sand-sized weathered feldspar
and rounded quartz grains form in places 50% of
the insoluble content (Appendix 4). The lower part
of the member contains variously argillaceous cal-
citic dolostones, in places with strictly parallel thin
laminae and convolute bedding (Appendix 2, D-45,
D-46). Laminae may contain films of organic matter.
Horizontally thin- and microbedded intervals occur
in the lower and upper parts (thickness respectively
30 cm and 20 cm) of the Broceni Member, but the
middle part is non-typically micro- and thin-bed-

ded, with nodules or lens-shaped particles. Greenish-
grey marlstone films are here concentrated in inter-
vals and often form bunches.

The upper boundary of the Broceni Member at 242.8 m
is marked by an uneven pyritized discontinuity sur-
face (Appendix 2, D-44). The surface is underlain by a
20 cm thick interval with black (pyritized) up to 1 mm
wide branching vertical cracks and vertical burrows,
and overlain by a 12 cm thick limestone interval with
wavy sandy marlstone films. This is the Ordovician—
Silurian boundary in the Viki core.

In general, Late Ordovician light grey carbonate sed-
iments in the Viki core accumulated in shallow ma-
rine conditions. The composition, shape and position
of skeletal fragments in limestones are rather stable.
The main part of fragments belongs to crinoids, tri-
lobites, brachiopods, bryozoans and ostracods. They
all are indicators of normal marine environment (see
Fliigel 2010). The crushed and rounded fragments,
usually like free-“floating” grains in cement, refer
to continuous moderate water circulation related to
wave agitation and tidal currents. Bioturbation also
affected significantly the position of bioclasts and pri-
mary structures. Different directions of burrows re-
fer to subtidal conditions, while vertical burrows are
more common in hardened intertidal areas. Discon-
tinuity surfaces point to breaks in sedimentation: im-
pregnated surfaces occur in shelf environments and
sharp lithological contacts indicate extensive erosions
at the shoreward position (see Fliigel 2010). Lack of
encrustations on lithological contacts often refers to
long erosion periods.

Significant changes in biota took place at the begin-
ning of Saunja and Moe times. Pure lime muds that
deposited in Saunja time (Nabala Age) contain bio-
clasts, mainly crinoids and trilobites, only 1-2%. Ob-
viously the sea level fell at the beginning of Saunja
time and mainly erosional carbonates deposited in
the surroundings of the Viki drill site (see Appendix 2,
D-59). The following large temperature fluctuations
and poor circulation led to decline in biota within the
shoal water basin. The lowstand of sea level continued
up to the end of Saunja time and marine environment
was at least twice replaced by subaerial conditions
(Appendix 3, T-34, T-36). The carbonate breccias with
drusy mosaics, undulatory extinction of calcite crys-
tals and twin lamellae found in the rock probably sug-
gest palaeokarst horizons reflecting a middle Katian
glaciation (Calner et al. 2010).

The development of reefs rich in calcareous algae,
crinoids and brachiopods began in Moe time (Pirgu
Age). Algal reefs probably formed isolated patches
segmented by channels (James 1983). Colonies of cor-
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als occurred together with sediments rich in crushed
and rounded skeletal fragments (30-50% of the rock).
Periodic wave approach helped to create brecciated
intervals rich in solution seams.

High-energy conditions in the Porkuni Age caused
the accumulation of small carbonate sand bars in shal-
low sea in the surroundings of the Viki drill site. As-
sembly of encrusted skeletal fragments within ooliths,
carbonate and bioclasts (crinoids, bryozoans, gastro-
pods, brachiopods) indicates transition from warm-
water to cool-water carbonates (see Fliigel 2010).
Well-sorted and densely packed oolitic sediments are
replaced with fluvial tidal flow in a small isolated ba-
sin within intertidal to subtidal environment. The
end-Ordovician hiatus resulting from the pre-Silurian
drop of the sea level is connected with the Gondwana
glaciation (Brenchley et al. 2003).

TheLlandovery (interval 115.0-242.8 m; Appendix1,
sheets 5-9) is represented by limestones, marlstones
and claystones of the Varbola, Nurmekund, Rumba
and Velise formations corresponding to the Juuru,
Raikkiila and Adavere stages. The exact boundary of
the Llandovery and Wenlock series is determined in
the lowermost part of the Jaani Formation and Stage
(see Minnik in this volume and Nestor in this vol-
ume).

The uneven pyritized discontinuity surface on the
lower boundary of the Varbola Formation is over-
lain by locally dolomitized micro- and cryptocrystal-
line limestones of the Koigi Member (interval 239.7-
242.8 m; Appendix 1, sheet 9). Non-typically high con-
tent of brownish- to greenish-grey argillaceous lime-
stone and marlstone beds in the Koigi Member points
to a transition area between the Mid- and South Esto-
nian confacies belts (Nestor 1997) in the surroundings
of the Viki core (Fig. 4). Limestones comprise heresilt-
andsand-sized feldsparand quartzgrains (Appendix4),
which are well rounded in the lower part and angu-
lar towards the upper boundary. Usually rocks poor in
skeletal fragments (less than 10% of the rock) include
rare thin layers where skeletal fragments account for
up to 50%. Coarse fragments of rugosae, stromatopo-
roids and brachiopods are recognized. Some differ-
ences are observed also in the composition of chitino-
zoans and conodonts (see Minnik in this volume and
Nestor in this volume).

The main part of the Varbola Formation (interval
224.2-239.7 m; Appendix 1, sheet 9) is represented
by brownish-grey dolomitized limestones (bioclasts
10-50% of the rock) with greenish-grey calcitic marl-
stone (20-30% of the section), argillaceous limestone
and rare plastic clay interbeds. Coarse, rounded skel-
etal fragments of brachiopods, trilobites, rugosae and
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corals are found. Intensely bioturbated interlayers rich
in coarse to fine bioclasts are common. Admixture of
angular to rounded silt- and sand-sized quartz and
weathered feldspar grains decreases upwards. Rare
glauconite grains occur in the upper part of the sec-
tion. Pyritized discontinuity surfaces are weak and
uneven.

The limestones of the Tamsalu Formation (interval
221.5-224.2 m; Appendix 1, sheet 9) in the uppermost
part of the Juuru Stage contain many carbonate- and
bioclast-rich (about 50% of the rock) interlayers and
weak uneven pyritized discontinuity surfaces. Coarse,
rounded fragments of brachiopods (Stricklandia), ru-
gosae, tabulate corals and stromatoporoids are com-
mon. Fine bioclasts are often pyritized and concentrat-
ed in bioturbated intervals of limestone. Glauconite
grains are accumulated in patches. A weak disconti-
nuity surface on the upper boundary of the formation
separates lithologically different limestones.

The Raikkiila Stage is represented in the Viki core
only by its lowermost part — the Jirva-Jaani Beds of
the Nurmekund Formation (interval 190.7-221.5 m;
Appendix 1, sheets 7, 8), whereas a long hiatus corre-
sponds to the higher strata of the stage. The Jarva-Jaa-
ni Beds consist of dolomitized limestones which are
brownish- to beigish-grey, often pyrite mottled, bio-
turbated and very finely crystalline to cryptocrystal-
line with rare marlstone interbeds (about 5%). Marl-
stone and argillaceous limestone interbeds are more
numerous in the lower- and uppermost parts of the
beds. Skeletal fragments of bryozoans, trilobites, bra-
chiopods (Borealis and Stricklandia), crinoids, grap-
tolites and ostracods form 10-50% of the section (see
Appendix 1, sheets 8). Bioclast-rich layers are in plac-
es silicified, pyritized and poorly sorted. The content
of silt- and sand-sized quartz or weathered feldspar
grains is higher (about 5-10%) in the middle part of
the Jarva-Jaani Beds (Appendix 4) where well-sorted
grains are mainly rounded to subrounded. Rare inter-
vals with glauconite grains and bituminous patches
are found. Pyritized discontinuity surfaces with weak
to strong impregnation are more frequent in the upper
part of the beds (Appendix 2, D-43). At the top of the
Jarva-Jaani Beds (depth 190.7-191.2 m) there occurs
a thick monolith bed of dark grey, strongly biotur-
bated, pyritized and dolomitized limestone with nu-
merous pyritized discontinuity surfaces. On the basis
of certain lithological resemblances this bed was for-
merly (Nestor, H. 1990a, 1997) erroneously attributed
to the Rumba Formation of the Adavere Stage, but is
here included in the Raikkiila Stage due to its micro-
fossil content (see Nestor in this volume). A consider-
able subregional stratigraphical cap exists between the

Raikkiila and Adavere stages in the Viki core (Nestor
1997, table 8, fig. 65).

The Rumba Formation (interval 183.5-190.7 m;
Appendix 1, sheet 7) of the Adavere Stage consists of
variously argillaceous limestones (in the upper part
dolomitized), calcitic marlstones (40-60% of the sec-
tion) and claystones. The content of skeletal frag-
ments (brachiopods and ostracods are recognized)
is highly variable, reaching up to 50%. The silt- and
sand-sized quartz and feldspar (eroded, in the lower
part weathered) grains are more rounded in the lower
and middle parts of the formation. Glauconite grains
are found only in the upper part. The first Silurian
volcanic ash beds in the Viki core are described from
the upper part of the Rumba Formation (Appendix 1,
sheets 5-7; for details on volcanic ash beds see Kiipli
et al. in this volume).

The Velise Formation of the Adavere Stage (in-
terval 121.1-183.5 m; Appendix 1, sheets 5-7) con-
sists of greenish-grey marlstones (20-95% of the
section), dolomitic claystones and variously argil-
laceous dolomitized limestones. The lower part of
the section is intercalated by reddish-brown lay-
ers. The rock is mainly medium-bedded and nod-
ular with rare microlaminated claystone intervals.
Skeletal fragments of crinoids, trilobites, brachio-
pods, bryozoans and ostracods are mostly round-
ed and form 5-25% of the rock (Appendix 3,
T-22, T-23). On bedding planes also fragments of
graptolites are found. Burrows are often horizon-
tal, in the upper part more vertical (Appendix 2,
D-40...42). The silt- and sand-sized quartz and feld-
spar grains make about 5% in marl- and claystones
(Appendix 4). Subrounded quartz grains are com-
mon in the middle and uppermost parts of the forma-
tion. Weathered feldspar grains occur mainly in the
lower part within a reddish-brown interval. Glauco-
nite grains and pyritized coatings on bedding planes
(Appendix 2, D-39) are found in different levels.
Twenty volcanic ash beds have been recognized in
the Velise Formation (see Kiipli et al. in this vol-
ume).

The upper boundary of the Velise Formation is litho-
logically transitional. The carbonate content increas-
es gradually upwards and the formation boundary is
therefore defined on the palaeontological boundary of
the Adavere and Jaani stages at the level of 121.1 m.
The position of the latter and that of the Llandovery
and Wenlock series is discussed by Méannik in this vol-
ume and Nestor in this volume.

The well-preserved Llandovery section of the Viki
core was formed in the peripheral part of the Mid-Es-
tonian Confacies Belt (Fig. 4; Kaljo 1977; Nestor 1997).
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The carbonate and terrigenous sediments of the Viki
area accumulated in the moderately deep-water open
marine conditions.

After a considerably long glacio-eustatic sedimen-
tation break at the Ordovician-Silurian boundary,
the Silurian sedimentation started with a short epi-
sode of lime mud accumulation (micritic limestones
of the Koigi Member of the Juuru Stage). It was fol-
lowed by rapid deepening and intensive input of fine
terrigenous material, evoking deposition of mixed
terrigenous-carbonate sediments rich in organ-
ism remains (intercalating marlstones, argillaceous
and biomicritic limestones of the Varbola Forma-
tion). Gradually the sedimentation basin shallowed
and the proportion of the carbonate component in-
creased, until in the second half of the Juuru Age al-
most pure bioclastic carbonates of the Tamsalu For-
mation were accumulated.

During the Raikkiila Age cyclic sedimentation of al-
most pure, barren lime muds and Varbola-type ter-
rigenous-carbonate sediments took place respective-
ly during alternating arid and humid climate periods
(Nestor et al. 2003). In the Viki core only the lower-
most body of lime muds (micritic limestones of the
Jarva-Jaani Beds) is preserved from the end-Raikkiila
subregional erosion.

The stratigraphical break at the end of the Raikkii-
la Age, having probably a glacio-eustatic nature (Nes-
tor et al. 2003), was followed by a eustatic deepening
of the basin followed. It proceeded in two steps (Nes-
tor 1972). During the first, moderate deepening stage
mixed terrigenous-carbonate sediments (intercalating
marlstones, argillaceous and biomicritic limestones
with Pentamerus oblongus of the Rumba Formation)
were deposited. They contain tempestite interlayers
with quartz grains, rounded carbonate- and bioclasts
and winnowed accumulations of Pentamerus oblon-
gus, which proves the deposition of the Rumba For-
mation near the storm wave base.

The second, rapid deepening followed at the be-
ginning of Velise time when the influx of clay in-
creased significantly and deposition of marls and
clays with a few calcareous nodules and interbeds
began. Discontinuity surfaces, typical of shallow-
marine environments, are not recognized in Velise
sediments. The presence of numerous K-bentonite
interlayers in the Velise Formation indicates inten-
sive volcanic activity in neighbouring areas and sta-
ble calm water environment to preserve ash beds.
The erosional stratigraphic gap, established in sev-
eral South Estonian sections at the Adavere—Jaani
boundary (Nestor & Nestor 2002) is not recognized
in the Viki section.

The Wenlock (interval 13.5-115.0 m; Appendix 1,
sheets 1-5) is represented by limestones, dolostones
and marlstones of the Jaani, Jaagarahu and Root-
sikiila formations corresponding to the stages of the
same names. In comparison with southern Estonian
sections, the thickness of the Wenlock strata has de-
creased significantly (Fig. 4). The boundaries of the
stages are discussed in Ménnik in this volume and
Nestor in this volume.

Two members are distinguished in the Jaani Forma-
tion (interval 87.6-121.1 m; Appendix 1, sheets 4, 5).
The lower, Mustjala Member (interval 99.6-121.1 m;
Appendix 1, sheets 4, 5) is represented by greenish-
grey marlstones (60-95% of the section) with nodules
and interbeds of limestones and dolostones. Skeletal
fragments of brachiopods, crinoids, trilobites, bryo-
zoans, stromatoporoids and corals are rounded and
not oriented (Appendix 2, D-35...38; Appendix 3,
T-21). The general content of bioclasts increases up-
wards from 10% to 25%; in some interbeds bioclasts
form 25-50%. Stromatoporoids “Pseudolabechia”
hesslandi (= Pachystroma) and Clathrodictyon simplex
(= Petridiostroma) were identified by Einar Klaamann
in 1976 (unpublished data). Fragments of a coral col-
ony underlain by bituminous burrows occur at 112.6-
113.0 m. The rocks of the Mustjala Member are com-
monly intensively bioturbated. The content of insol-
uble residue decreases and that of silt- and sand-sized
grains (mainly quartzand feldspar) increases upwards
(Appendix 4). The sub- to well-rounded quartz
grains are found in the middle and upper parts of
the section. All feldspar grains are eroded. Glauco-
nite grains are found only in the lower part of the
member.

The upper, Ninase Member (interval 87.6-99.6 m;
Appendix 1, sheet 4) of the Jaani Formation is rep-
resented by light grey dolostone with rare marlstone
interbeds forming 1-2% of the section. Rounded,
strongly recrystallized skeletal fragments (5-50% of
the rock) of crinoids, bryozoans, brachiopods, algae
and corals, oriented parallel to bedding planes, are
found only in the lowermost part of the member (Ap-
pendix 2, D-31...34; Appendix 3, T-17...20). In the
lower part of the section intensive bioturbation is vis-
ible, which is probably destroyed in vuggy dolostones
of the upper part. Some layers are rich in calcareous
oncoids (Appendix 2, D-31, D-32). The content of
silt- and sand-sized grains (mainly quartz and feld-
spar) decreases upwards to a minimum (Appendix 4).
Angular quartz grains are present in the upper part of
the section. Feldspar grains are usually eroded and in
the upper part weathered. Pyritized discontinuity sur-
faces are weak and uneven.
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The Vilsandi, Maasi and Tagavere beds are distin-
guished in the light grey dolostones (less often lime-
stones) and coral bioherm of the Jaagarahu Formation
(interval 38.2-87.6 m; Appendix 1, sheets 2-4).

The lower, Vilsandi Beds (interval 70.5-87.6 m;
Appendix 1, sheets 3, 4) consist of brownish-grey bio-
hermal and bioclast-rich dolostones. Bioclast con-
tent, estimated in different layers, formed probably
5-50% of the original rock (Appendix 2, D-28...30).
At present original depositional textures are lost and
vugs make 10-40% of the dolostones (Appendix 3,
T-10...16). However, branching corals obviously built
the frame of the bioherm. In the rock the bryozoa-
like fossils and intensive bioturbation are recognized.
A smooth, pyrite mineralized hardground with a
sharp upper contact and cavity occurs on the upper
boundary of the Vilsandi Beds (depth 70.50 m; Ap-
pendix 2, D-27).

The middle, Maasi Beds (interval 56.4-70.5 m;
Appendix 1, sheet 3) consist of light grey dolostone
(Appendix 2, D-21...26). The original bioclast con-
tent was probably 25-50% of the rock. Skeletal frag-
ments of crinoids, branching bryozoans, tabulate and
branching corals, and stromatoporoids are rounded
and partly dissolved. Einar Klaamann (unpublished
data) identified tabulate corals Riphaeolites, Thecia
confluens Eichwald, Parastriatopora priva Klaamann
and Striatopora coenitoides Klaamann and Heldur
Nestor identified stromatoporoids Ecclimadictyon as-
trolaxum Nestor and Yabeodictyon sp. nov. from the
interval 57.3-60.8 m (Appendix 2, D-21, D-22). The
lower part of the Maasi Beds contains also calcareous
oncoids and bituminous patches. Dolostones of the
beds contain vugs (in places up to 20%), bioturbation
and disjointed stylolite-like surfaces of different direc-
tions (Appendix 3, T-8, T-9). Discontinuity surfaces,
mainly hardgrounds, are concentrated in the lower
(phosphatized, pyritized) and middle (pyritized) parts
of the Maasi Beds (Appendix 2, D-23...26). They are
smooth to uneven, with borings and grooves. The up-
per boundary of the beds is a pyritized, smooth sur-
face with wide grooves.

The upper, Tagavere Beds of the Jaagarahu Forma-
tion (interval 38.2-56.4 m; Appendix 1, sheets 2, 3)
consist of light grey pyrite mottled dolostones and
variously dolomitized limestones. Crushed, rounded,
often recrystallized skeletal fragments form 5-50% of
the rock and include crinoids, trilobites, brachiopods,
bryozoans, gastropods, corals, stromatoporoids and
algae (Appendix 3, T-7). Dolostones are penetrated
by vugs (about 10%), fractures and disjointed stylo-
lite-like surfaces (Appendix 3, T-6). Vertical calcite-
filled fractures occur in limestones at 48.5 m and 48.7

m. Dolomitic marlstone interbeds are locally bitumi-
nous. Pyritized hardgrounds (Appendix 2, D-12...20)
in the beds are smooth to uneven, often with grooves
and intensely bored. The upper boundary of the Taga-
vere Beds is represented by two pyrite mineralized
hardgrounds.

The limestones and dolostones of the Jaagarahu For-
mation contain insoluble residue generally less than
10%. The content of silt- and sand-sized grains (main-
ly quartz and feldspar) in insoluble residue chang-
es from 0.4% to 32.6%, whereas the minimum values
are measured mainly in the middle parts of all three
beds (Appendix 4). The percentage of quartz grains in
the formation decreases upwards, but angular to sub-
rounded grains are more common at the boundaries
of the beds. Feldspar grains in the section are usually
eroded and weathered.

A long stratigraphical break exists between the Jaa-
garahu and Rootsikiila stages in carbonate sections
(Nestor & Nestor 1991), including the Viki core. Light
grey dolostones (less often limestones) and striped
argillaceous eurypterid-dolostones of the Rootsikiila
Stage are distinguished in the Rootsikiila Formation
(interval 13.5-38.2 m; Appendix 1, sheets 1, 2), divid-
ed into four subunits: the Viita, Kuusndmme, Vesiku
and Soeginina beds.

The lowermost, Viita Beds (interval 26.0-38.2 m; Ap-
pendix 1, sheet 2) consist of light grey, often pyrite mot-
tled dolostones with fine-laminated eurypterid-do-
lostone interbed (interval 29.0-30.5 m; Appendix 2,
D-9...11; Appendix 3, T-3...5). In places horizontal to in-
clined microlaminated and intensely bioturbated layers
occur and bioclasts are mixed with carbonate clasts. Skele-
tal fragments are recrystallized and dissolved. Supposedly
they formed originally 5-50% of the rock. At present orig-
inal depositional textures and structures are destroyed,
and vugs make up to 20% of the dolostones (Appendix 3,
T-4, T-5). Sparse surfaces are intensely bored and enriched
mainly with pyrite (Appendix 2, D-9, D-11).

The next, Kuusnomme Beds (interval 22.3-26.0 m;
Appendix 1, sheet 1) are represented by light grey vari-
ously dolomitized limestones, dolostones and dolo-
mitic marlstones. The marlstones form up to 20% in
the uppermost part of the section. Skeletal fragments
originally probably amounted to 25% of the rock
(Appendix 2, D-8). Microlaminated and intensely bio-
turbated intervals are common. The upper part of the
beds contains some indistinct uneven pyrite impreg-
nated discontinuity surfaces with grooves.

The Vesiku Beds (interval 14.5-22.3 m; Appendix 1,
sheet 1) are represented by light grey, bioturbated and
micro- to thin-bedded dolostones. Skeletal fragments
of gastropods, pelecypods, ostracods and stromatopo-
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roids make in some layers up to 25% of the rock (Ap-
pendix 3, T-2). The lower part of the beds includes in-
clined to horizontally microlaminated dolomitic marl-
stone interlayers (up to 20% of the section) with do-
lostone clasts and interbeds (Appendix 2, D-7), which
are overlain by dolomitic limestone, rich in irregular
oncoids (Appendix 2, D-5, D-6). Nuclei of centimetre-
sized oncoids consist of pelecypod fragments. The up-
per boundary of the Vesiku Beds is marked by a sharp
and smooth surface (Appendix 2, D-4).

Only the lowermost part of the Soeginina Beds (in-
terval 13.5-14.5 m; Appendix 1, sheet 1) is represent-
ed in the Viki core. Light grey, bioturbated and vari-
ously argillaceous dolostones contain carbonate and
bioclasts in places up to 40% (Appendix 2, D-1...4).
Fragments of gastropods are recognized. Skeletal frag-
ments are often recrystallized or leached out and ir-
regular vugs form in places 25% of the rock (Appen-
dix 3, T-1). Discontinuity surfaces are uneven and
weakly pyrite impregnated.

The dolostones of the Rootsikiila Formation contain
about 5% silt- and sand-sized grains (mainly quartz
and feldspar; Appendix 4). The content of sub- to
well-rounded quartz grains decreases upwards. Feld-
spar grains are weathered and eroded.

The transition from Llandovery to Wenlock in the
surroundings of the Viki drilling site took place in a
comparatively deep-water environment. Limited bio-
turbation and bituminous patches in sediments refer
to the oxygen minimum zone in bottom waters of the
epicontinental sea (Einsele 2000). Only storm waves
~ enriched monotonous deposition in quiet water at the
beginning of the Ireviken Event (see Mannik in this
volume).

The Jaani Age came to an end in the conditions
of the shallowing of the basin and higher carbonate
production (Ninase time). The diversity of biota in-
creased and tidal currents created conditions for the
formation of oncoids. The proportion of silt- to sand-
sized quartz and feldspar grains decreased upwards to
a minimum.

During the Jaagarahu Age the gradual shallowing of
the basin continued, interrupted by short deepening
episodes (Nestor & Einasto 1997). This resulted in a
cyclic alternation of normal-marine bioclastic or bio-
hermal carbonates (often overprinted with secondary
dolomitization), common in the lower part of the sedi-
mentary cycles, with primary dolomitic sediments
(barren massive, laminated or bioturbated dolostones)
formed in littoral-lagoonal conditions and prevailing
in the upper part of the cycles. Three of such shal-
lowing-up sedimentary cycles have been recognized
in the Jaagarahu Formation, treated in ascending or-

der as the Vilsandi, Maasi and Tagavere beds. As the
Viki section is situated at the peripheral, more deeper-
water margin of the Jaagarahu Formation, the upper,
littoral-lagoonal part of the cycles is relatively weak-
ly expressed, or even completely missing in the Maa-
si Beds. Vilsandi time was conspicuous for intensive
reef building. Different reef and inter-reef sediments
formed also in the Viki area. Primary dolostones de-
posited only at the very end of Vilsandi time (interval
70.5-71.2 m). Sedimentation of the Maasi Beds pro-
ceeded in normal-marine, shallow-water conditions
near the wave base, where bioclastic carbonates, rich
in organism remains (corals, stromatoporoids, pel-
matozoans, brachiopods) and with numerous discon-
tinuity surfaces, were deposited. Lagoonal primary
dolostones are missing at the end of Maasi time and
deposition of bioclastic carbonates was replaced by
deposition of primary dolomitic sediments only at the
end of Tagavere time (interval 38.2-43.6 m).

During late Jaagarahu time a long sedimentation
break occurred all over the carbonate platform of the
basin margin and a considerable stratigraphical hia-
tus exists between the Jaagarahu and Rootsikiila for-
mations (Nestor & Nestor 1991), including also in the
Viki section, and even subaerial exposure of the area
is suggested (Calner 2008).

Cyclic sedimentation of bioclastic carbonates and
primary dolostones continued in Rootsikiila time in
somewhat shallower-water conditions. Therefore the
upper, lagoonal part of the sedimentary cycles is gen-
erally better developed than in the Jaagarahu cycles.

The Quaternary cover in the Viki core is 13.5 m
thick (Appendix 1, sheet 1), but only about 7.3 m of
the core is available. The Holocene silty and clayey
sands with pebbles deposited during the Ancylus Lake
stage.
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DISTRIBUTION OF ORDOVICIAN
CHITINOZOANS

As many as of 130 samples from the Middle and
Upper Ordovician of the Viki core (interval 242.8-
363.0 m) were processed and studied for chitinozoans
(Appendix 5; Appendix 6, sheets 1, 2). The work was
carried out at the Institute of Geology at Tallinn Univer-
sity of Technology (IG TUT) and financially partially
supported by the Estonian Science Foundation (grants
7640 and 7674). Fossils are stored at the IGTUT.

The samples were provided by Peep Mannik (proc-
essed for conodonts, C 08 series partly) and Olle Hints
(processed for scolecodonts, OM series). The size of
the samples was 0.5-0.8 kg and thickness was usually
15 cm or more. In addition, 16 smaller samples from
the uppermost Ordovician (and 28 from the Silurian;
for data see Nestor in this volume), 0.3-0.4 kg in size
and with the thickness not over 5 cm, were collected
by the author. The thickness of samples is important
when calculating the fluctuations in chitinozoan di-
versity in very condensed beds like in the lower part
of the Viki core. There the rate of sedimentation was
much lower and density of fossils was higher than in
the beds of e.g. the Pirgu Stage where the thickness of
samples is less important.

All productive samples yielded a rich assemblage
of acid-resistant microfossils, including well- to ex-
cellently preserved chitinozoans from limestones and
poorly preserved chitinozoans from more argillaceous
beds of the Oandu and Vormsi stages. Only 8 sam-
ples were barren (see Appendix 6, sheets 1, 2): in the
Volkhov (possible Billingen), Pirgu (bioherm com-
plex) and Porkuni stages.

In total, 111 chitinozoan taxa were distinguished.
Their distribution is given in Appendix 6, where the
same taxa as in Nolvak & Bauert (2006, app. 9) and
Nolvak (2008, app. 6) are shown under open nomen-
clature and designated with numbers. Those marked
with letters are new and will be described elsewhere.
Secondary dolomitization, which is an important fac-
tor in preservation of organic-walled microfossils and
widespread in the sections of North Estonia (see dis-
cussion in Noélvak 2008), was rarely observed in the
Viki samples, except in the middle part of the Saun-
ja Formation (interval 309.4-313.4 m). This proves
again that in general secondary dolomitization, which
occurs in different levels in Estonian sections, and the
clay content of the Ordovician carbonate rocks are
decreasing westwards. Chitinozoans are poorly pre-
served only in more argillaceous rocks. Almost all bio-
stratigraphically important chitinozoan zones intro-
duced by Nolvak & Grahn (1993) and Nolvak et al.

(2007) were established in the Viki core (Appendix 6,
sheets 1, 2).

The lowermost productive part of the Viki core is
represented by the Conochitina cucumis Zone (Nolvak
et al. 2007, text-fig. 1) and contains stratigraphically
important Desmochitina papilla (Grahn 1984). The
former species is also known from the uppermost part
of the Langevoja Substage of the Volkhov Stage (also
in the Taga-Roostoja (25A) core; see Nolvak 1999 and
Fig. 5). On this basis these very condensed Volkhov
Stage beds can be identified as corresponding to the
oldest part of the global Darriwilian Stage. If the iden-
tification is correct, this level coincides also with the
lower boundary of the Middle Ordovician in the Viki
core.
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Fig. 5. Sketch map of the area with location of the drill holes and
Uuga Cliff mentioned in the texts on Ordovician (in italics) and
Silurian chitinozoans.

The next biostratigraphically important zone, the
Cyathochitina regnelli Zone, could be distinguished in
the Viki section only tentatively as no typical speci-
mens (such as Cyathochitina aff. regnelli) were found
in the studies samples. This species needs a revision
also in the earlier published Taga-Roostoja (25A) and
Kerguta (565) sections (Nolvak 1999; Nolvak & Bau-
ert 2006; see Fig. 5), however, typical forms are found
in samples not illustrated here. Consequently, the up-
per boundary of this zone is not conspicuous and ad-
ditional more detailed sampling is needed. Several
new species were found below the well-defined Cyat-
hochitina sebyensis Zone from the beds of the Kun-
da, Aseri and lowermost Lasnamagi stages (interval
356.6-361.1 m). However, as these very condensed
beds between lithologically very distinct gaps contain
arich and well-preserved assemblage of chitinozoans,
in future a much denser series of samples of smaller
thickness should be studied from this part of the Viki
core.

Some biostratigraphically important levels can be
distinguished higher in the section. First of all, con-
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sidering the species content and disappearance levels
of Lagenochitina tumida and Belonechitina crinita, the
beds between the depths of 354.0 and 357.8 m should
be treated as belonging to the older part of the Lasna-
migi Stage, i.e. below dolostones of the Pae Member
(Vdo Formation; Hints 1997) in the North Estonian
stratotype area. Secondly, in the Viki core the litholog-
ically poorly recognized and indistinct lower bound-
ary of the Uhaku Stage is formally defined (Ménnil
1987) by the appearance of Gymnograptus linnars-soni
(Moberg), although this graptolite was not found here.
However, the level of the last abundant occurrence
of Belonechitina pellifera, determined during in the
bed-by-bed study of the Uuga Cliff section by Tam-
mekind et al. (2010, fig. 5), is followed also here at a
depth of 354.0 m within the Conochitina clavaherculi
Zone and reliably defines the base of this stage bio-
stratigraphically. It should be noted that some rare
specimens found in the Ruhnu (500) core at depths of
668.7 and 670.7 m (Nolvak 2003, app. 23) and in the
Mehikoorma (421) core at a depth of 334.7 m (Nélvak
2005, app. 27) are younger, as in the Uuga Cliff section
(see also Fig. 5). Thirdly, specimens in the upper part
of the Laufeldochitina striata range have a brownish
cover on the vesicle wall (marked as cf. in Appendix 6,
sheet 2) like those from the Mannamaa (F-367) sec-
tion (Nélvak 2008, p. 14). This would enable distinc-
tion of these forms on the basis of this probably sec-
ondary feature for biostratigraphical purposes.

The succeeding chitinozoan zones and subzones are
relatively distinct, especially the always very short-
ranging Armoricochitina granulifera and Lagenochi-
tina dalbyensis zones, also the Angochitina multiplex
Subzone just above the Kinnekulle K-bentonite layer
(Appendix 6, sheet 2). These are all excellent biostrati-
graphical markers. The stage boundaries are precisely
fixed biostratigraphically and are in accordance with
earlier data. In some samples below the Haljala Stage
the average content of chitinozoan taxa is higher in the
Viki core (e.g. 18 species at 354.1 m, see Appendix 6,
sheet 2) than, e.g,. in the Valga (10) (N6lvak 2001, app.
8) and Minnamaa (F-367) (Nolvak 2008, app. 6) sec-
tions due to greater thickness of samples in the Viki
core (over 15 cm per sample). As in many North Es-
tonian sections, macroscopically easily recognized,
widely distributed good index microfossils, such as
phytoplanktic prasinophycean algae Leiosphaeridia
baltica, were found in all samples from the Haljala and
Keila stages.

The base of the Nabala Stage, biostratigraphically
fixed by the appearance of Armoricochitina reticulifera
higher in the Viki core, is about 0.8 m lower than the
lithological change at a depth of 322.7 m. This is anal-

ogous to the case in the Mannamaa section (Nolvak
2008, p. 17) and special analysis is needed in future.

In general, the chitinozoan distribution is differ-
ent in the upper Nabala, Vormsi and Pirgu stages (see
Appendix 6, sheet 1). The beds contain relatively thick
limestones in which chitinozoans are markedly scant-
ier and their diversity is much lower than in the Mid-
dle and lower Upper Ordovician.

The low-diversity period with only short innova-
tions during the late Vormsi and late Pirgu ages re-
veals a step-by-step decreasing diversity trend. Short
innovations were probably caused by two transgres-
sive periods. The widely distributed Acanthochitina
barbata Subzone at the top of the Tudulinna argilla-
ceous limestones and the base of the Tanuchitina berg-
stroemi Zone in the Viki core (see Appendix 6, sheet
1) show that the uppermost part of the Vormsi Stage
is probably absent, according to the correlations with
Lelle (D-102; Hints et al. 2007, fig. 2) and Assamalla
(Calner et al. 2010, fig. 4) sections. The faunal change
is clear near the upper boundary of the Moe Forma-
tion, below which many long-ranging species disap-
pear like in the Minnamaa (F-367) (Nélvak 2008,
app. 6, sheet 1) and other sections where the Pirgu
Stage has been studied (Rapla and Oostriku in central
Estonia, unpublished data by the author; see also Fig.
5). However, the subdivision problem arises with beds
below the Conochitina rugata Zone (see Appendix 6,
sheet 1). There is an interval without any zonal taxa
like in the Valga (10; Nélvak 2001, app. 8) and Aia-
maa (Hints et al. 2005, fig. 4) sections, which was not
known earlier (see Nolvak & Grahn 1993).

The Tanuchitina anticostiensis Zone was record-
ed above the Conochitina rugata Zone. Higher in the
Viki section, all samples above the level of 246.2 m
were totally barren, which means that chitinozoans do
not prove biostratigraphically the Porkuni age of sedi-
mentary rocks.

In general, the changes in the chitinozoan succes-
sion conform relatively well to most boundaries of re-
gional stratigraphical units, which are often marked
by hiatuses, and zonation serves as a good basis for
correlations.
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DISTRIBUTION OF SILURIAN
CHITINOZOANS

Altogether 232 samples from the Llandovery and
Wenlock sequence of the Viki core were studied for
chitinozoans (Appendix 7; Appendix 8, sheets 1-3).
Part of this material has already been published (Nes-
tor 1994, 2005), but many new samples have been col-
lected and investigated by the author and Peep Min-
nik. In addition, Jaak Nolvak kindly provided for study
his chitinozoan samples from the Juuru Stage of the
Viki core. The samples were processed and the col-
lection is stored at the Institute of Geology at Tallinn
University of Technology.

The East Baltic Lower Silurian chitinozoan biozo-
nation has earlier been discussed by V. Nestor (1990,
1994). These papers give descriptions of 22 biozones,
based on the study of chitinozoans from 31 core sec-
tions. In order to avoid gaps in the zonal succession,
interzones were distinguished, i.e. the intervals, con-
taining only scarce chitinozoans without specific
forms.

Later 23 biozones were distinguished in the Ruhnu
(500) core (Nestor 2003) and 19 biozones in the Kol-
ka core (Loydell et al. 2010; see also Fig. 5). However,
only 17 chitinozoan biozones have been established in
the Viki core (Appendix 8), because there exist some
stratigraphic gaps, e.g. upper parts of the Raikkiila and
Jaagarahu stages are evidently missing.

The samples contain numerous chitinozoans, except
for a few samples from the lower part of the Varbo-
la and Velise formations and most samples from the
lower- and uppermost Jaagarahu and Rootsikiila for-
mations. Thirty-five samples were barren of chitino-
zoans, mostly those from the redbed, biohermal and
dolostone intervals.

A total of 79 species were identified, with the most
diverse assemblages in clay- and marlstones of the
Velise Formation. Owing to the location of the Viki
drill core in westernmost Estonia (Fig. 5), the species
composition has some specific features in comparison
with southern sections (Ohesaare, Ruhnu; see Nes-
tor 1998), more precisely, the absence of Spinachitina
species in the lowermost Juuru and Raikkiila stages
and the occurrence of Cyathochitina kuckersiana (Ei-
senack) instead of Cyathochitina calix (Eisenack) in
the Raikkiila Stage.

The lower part of the Varbola Formation in the Viki
core is rather well represented by chitinozoans, where-
as in some other West Estonian sections (Kirikukiila,
Nurme, Emmaste, Pusku; see Fig. 5) this interval is
barren or contains only a few specimens of Ancyrochi-

tina ancyrea (Eisenack). The Viki core includes An-
cyrochitina laevaensis Nestor, Plectochitina nodifera
Nestor and Belonechitina aspera Nestor, characteristic
of the Puikule and Ruja members in the Ohne For-
mation of the South Estonian core sections (Ohesaare,
Haddemeeste, Ikla, Laeva; see Nestor 1994).

The appearance of Cyathochitina calix and Belonechi-
tina postrobusta Nestor at 228.20-228.40 m indicates
the base of the postrobusta Biozone, whereas the dis-
appearance of these species and appearance of abun-
dant Euconochitina electa (Nestor) at 223.15-223.30 m
indicate the base of the next, electa Biozone in the up-
per part of the Tamsalu Formation. Ancyrochitina bi-
furcaspina Nestor occurs in the Viki core within the
long interval of 200.0-220.3 m, which is exceptional
for the Raikkiila Stage, as in other sections this species
is only sparsely represented (Nestor 1994). Conochi-
tina iklaensis Nestor and Cyathochitina campanulae-
formis (Eisenack) are more numerous.

The co-appearance of Ancyrochitina convexa Nestor
and Conochitina elongata Taugourdeau at a depth of
196.4-196.5 m gives evidence of the succeeding con-
vexa Biozone. Conochitina edjelensis Taugourdeau
and Ancyrochitina ramosaspina Nestor also occur in
this zone. The Conochitina alargada Biozone is very
thin in the Viki core and is proved only by one sample
from 191.3-191.4 m, 10 cm below the boundary of
the Raikkiila and Adavere stages. The next sample
from 190.4-190.5 m belongs already to the Conochi-
tina malleus Biozone, containing also a few specimens
of Rhabdochitina sp. and Belonechitina cf. oeselensis
Nestor. This assemblage may occur in the middle of
the Raikkiila Stage, but also at the base of the Ada-
vere Stage, as in some sections (Ikla, Staicele) the low-
er part of the Rumba Formation lacks species char-
acteristic of the Adavere Stage (see Nestor & Nestor
2002; Nestor et al. 2003). The extensive gap in the up-
per part of the Raikkiila Stage in the Viki core coin-
cides with the statement by H. Nestor (1997) that the
upper beds of the Nurmekund Formation are eroded
out and only the lower part of the formation is present
on Saaremaa Island.

The appearance of Ancyrochitina rumbaensis Nestor,
Conochitina emmastensis Nestor, Conochitina praep-
roboscifera Nestor and Eisenackitina dolioliformis Um-
nova marks the base of the dolioliformis Biozone. This
zone coincides with the Rumba Formation and the
lower part of the Velise Formation in the interval from
190.4-190.5 m to 169.35-169.45 m. Nineteen species
appear in the dolioliformis Biozone, but Eisenackiti-
na causiata Verniers and Ancyrochitina porrectaspina
Nestor are stratigraphically more important (besides
the named species).
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Besides the zonal and transitional species, very few
new species are added to the Angochitina longicollis
Biozone. More abundantly there occur Angochitina
longicollis Eisenack, Eisenackitina causiata and E. do-
lioliformis.

The proboscifera Biozone has been distinguished be-
tween the depths of 156.5-156.7 and 141.3-141.5 m.
Thirteen new species appear within this zone, many
of them in large numbers. Conochitina proboscifera
Eisenack is dominating in almost the entire upper part
of the interval, but is missing in some samples from
the lower part, and the sample from 155.2-155.4 m
is barren. Among others there appear stratigraphi-
cally important species Calpichitina densa (Eisenack),
Ancyrochitina vikiensis Nestor, A. ansarviensis Laufeld,
Ramochitina ruhnuensis (Nestor) and Conochitina
visbyensis Laufeld. In the Viki core Margachitina ban-
wyensis Mullins was found already in the proboscifera
Zone, at 144.4-144.5 m, but it usually appears in the
next, acuminata Zone. In the Ohesaare core the range
of this species forms a separate biozone above the acu-
minata Zone (Nestor 2005) as it was first differenti-
ated in the Banwy River section (Mullins & Loydell
2001).

Apart from the zonal species Conochitina acuminata
Eisenack (141.2-141.3 m), the first untypical Conochi-
tina flamma Laufeld appear in the succeeding biozone.
The last specimens of Conochitina leviscapulae Mullins
& Loydell come from this zone, as well as findings of a
very rare species Anthochitina primula Nestor (140.10~
140.25 m), which was recently identified also in the
Kolka core (Loydell et al. 2010; see also Fig. 5).

The first Margachitina cf. margaritana (Eisenack)
appear at a depth of 136.05-136.20 m, indicating the
margaritana Biozone. This zone ranges up to 110.75m,
with the disappearance of Angochitina longicollis
marking its upper boundary. The occurrence of Ancy-
rochitina mullinsi Nestor, Calpichitina opaca Laufeld,
Belonechitina sp. 1 (sensu Mullins and Loydell), Ram-
ochitina nestorae Grahn (134.8-134.9 m), Ancyrochi-
tina digitata Nestor (115.10-115.25 m) as well as Be-
lonechitina sp. 2 and Eisenackitina sp. 1 (sensu Mullins
and Loydell) is restricted to this zone. The uppermost
part of the margaritana Biozone in the Viki core cor-
responds to the Ireviken Event, where 11 chitinozoan
species disappear within the interval 110.75-115.10 m
(see Nestor et al. 2002).

Considering the occurrence of chitinozoans (ap-
pearances and disappearances of species) in the Lland-
overy-Wenlock boundary stratotype section of Hugh-
ley Brook (Mullins & Aldridge 2004), the best level for
this boundary in the Viki core is at a depth 115 m. A
more detailed analysis of the distribution of chitino-

zoan species with regard to the Llandovery-Wenlock
boundary is available in Nestor (2005).

An interval of about 12 m, conventionally named as
Interzone, occurs between the disappearance of An-
gochitina longicollis and appearance of Conochitina
mamilla Laufeld. It contains abundant Conochitina
proboscifera and few Conochitina claviformis Eisenack.
Usually the latter species appears above the Interzone
or in its uppermost part, close to the first records of
C. mamilla (Nestor 1994). The most remarkable event
for this Interzone is the disappearance of C. proboscif-
era at 101.35-101.50 m, which dominates in all sam-
ples from a depth of 151.50 m (from the middle of the
Velise Formation).

The mamilla Biozone was established in the Viki
core in the interval 90.0-98.0 m, corresponding to the
main part of the Ninase Member. It contains a rath-
er poor assemblage of chitinozoans with two barren
samples in the dolostone (see Appendix 1, sheet 4).

The boundary with the next, Conochitina tuba Bio-
zone is not quite clear as only a few poorly identifi-
able specimens of this species were found in the Viki
core. It should be noted that all chitinozoans are poor-
ly preserved in this part of the section and sparse in
dolostones; only C. claviformis is more numerous. The
upper part of the Vilsandi Beds is represented by bio-
hermal dolostone at 71.2-76.0 m, which is completely
barren of chitinozoans. Thus, the position of the up-
per boundary of the fuba Zone in the Viki core re-
mains questionable.

Mainly argillaceous dolostones of the Maasi Beds,
except for six totally barren samples, yielded more
chitinozoans than the lower beds. At 70.0-70.10 m
there appears Clathrochitina clathrata Eisenack, a
stratigraphically important species of the Cingulochi-
tina cingulata Biozone (Nestor 1994). As representa-
tives of Cingulochitina were quite sensitive to facies,
and did not occur in shallow-water environment
(Nestor 1994), they are missing also in the Jaagarahu
Formation of the Viki core. At 69.30 m there appears
Conochitina aff. pachycephala (sensu Nestor 1994), co-
occurring with the above-named species in the Jaaga-
rahu Stage in some other sections (Ohesaare, Ruhnu;
Nestor 1994, 2003).

The middle part of the Tagavere Beds, represented
mostly by dolomitized limestones (see Appendix 1,
sheet 2), is characterized by the index species of the
next biozone, Eisenackitina spongiosa Swire, and Con-
ochitina argillophila Laufeld.

The dolostones of the upper part of the Taga-
vere Beds of the Jaagarahu Formation, as well as the
most part of the Viita Beds of the Rootsikiila Forma-
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tion, were barren of chitinozoans. Only one sample
at 30.05-30.07 m contained a few species, including
Sphaerochitina lycoperdoides Laufeld, the index spe-
cies of the last chitinozoan biozone of the Wenlock se-
quence (Nestor 2007). Dolostones of the upper part
of the Viita Beds, but also of the Kuusndmme, Vesiku
and Soeginina beds of the Rootsikiila Formation, are
totally barren of chitinozoans.

DISTRIBUTION OF ORDOVICIAN
AND SILURIAN CONODONTS

In total, 504 samples from the interval from the
lowermost Haljala (lower Sandbian) to Rootsikii-
la (Homerian) stages were processed for conodonts
(Appendixes 9-11). The size of the samples varied be-
tween 170 and 1180 grams, whereas the majority of
them weighed about 400-600 grams. Most of the sam-
ples yielded conodonts. The number of specimens per
sample is highly variable: from a single to few speci-
mens (e.g. in most samples from the Juuru Stage) up
to several thousands in the Adavere and lowermost
Jaani stages. In the last intervals also the taxonomic
diversity of conodont faunas is the highest in the Viki
core as well as in the earlier studied sections (e.g. in
the Ruhnu (500) core section: Mannik 2003).

The samples were collected by different persons
during several years, hence the different sets of sam-
ple numbers. The Ordovician-Silurian boundary in-
terval and the Telychian part of the section (particu-
larly some intervals of it) were sampled repeatedly by
me and/or other persons. For various reasons this ne-
cessitated corrections of measured levels/intervals of
several samples, therefore the intervals of some sam-
ples published earlier (e.g. in Lehnert et al. 2010) may
differ from those used in this paper. In such cases the
sample number is crucial as it allows recognition of
the same sample in successions published at different
times. All sampled intervals are marked on the core
boxes, which enables every investigator to make his/
her own measurements. The positions of the stud-
ied samples are also indicated in drill core photos
(available online at http://sarv.gi.ee/search.php?curre
ntTable=drillcore).

The study of conodonts was supported by the Esto-
nian Science Foundation (grants Nos 7138 and 7640).
The collection is stored in the IGTUT.

Upper Ordovician
The lowermost sample studied comes from a lev-
el just above the lower boundary of the Haljala Stage,

from the Amorphognathus tvaerensis Zone (Appen-
dix 10). Due to lack of identifiable specimens of Bal-
toniodus in this sample, its precise age, i.e. subzone,
remains problematic. However, the next sample from
an interval less than 10 cm higher than the lowermost
sample yielded well-preserved specimens of B. ger-
dae, indicating the B. gerdae Subzone, the middle of
the A. tvaerensis Zone for this level. Baltoniodus ger-
dae ranges up to the middle of the Tatruse Formation
(lower Haljala Stage) where it is replaced by B. aloba-
tus, showing that the B. gerdae-B. alobatus Subzone
boundary lies in the middle of the Tatruse Forma-
tion. This agrees with earlier data from the Mehi-
koorma (421) core section (Mannik & Viira 2005). The
upper boundary of the A. tvaerensis Zone is marked
by the disappearance of A. tvaerensis. As in the stud-
ied section, also in the Mehikoorma (421) section the
boundary lies in the middle of the Haljala Stage, in the
lowermost Kahula Formation (Appendix 10; Minnik
& Viira 2005).

The main part of the Kahula Formation, up to the
lower boundary of the overlying Oandu Stage (low-
er Katian), did not yield any specimens of Amorphog-
nathus, indicating that this interval corresponds to the
Mid-Caradoc Event sensu Minnik (2004). The cono-
dont succession in this interval in the Viki section is
identical to that known from elsewhere in Estonia
(Viira & Mannik 1999; Ménnik 2003; Ménnik & Viira
2005). Baltoniodus alobatus ranges up into the lower
Kahula Formation (upper Haljala Stage) and defines
this interval as the “Uppermost B. alobatus range”
sensu Mannik (2007a, and references therein; Appen-
dix 10). Higher in the section, up to the topmost Kei-
la Stage, Baltoniodus is represented by rare unidenti-
fiable specimens only. Amorphognathus has not been
found in the interval corresponding to the “Upper-
most Baltoniodus range”.

Amorphognathus reappears in the lowermost Oan-
du Stage (Appendix 10). This is the only sample from
the Viki section where A. ventilatus has been identi-
fied. Also in the Ruhnu (500) and Mehikoorma (421)
sections A. ventilatus appears in the lowermost Oandu
Stage, indicating that the lower boundary of the
A. ventilatus Zone lies close to the lower bounda-
ry of the stage in Estonia (Ménnik 2003; Minnik &
Viira 2005). In the Ruhnu (500) and Mehikoorma
(421) sections, in the upper part of the Oandu Stage,
A. ventilatus is replaced by A. superbus, the nominal
taxon of the next conodont zone. In the Viki section the
next sample from the Oandu Stage (sample C 08-152:
328.08-328.24 m), and those from the following inter-
val up to the basal Paekna Formation (basal Nabala
Stage), did not yield any identifiable specimens of
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Amorphognathus (Appendix 10). In this section the
next identifiable Amorphognathus, A. superbus, ap-
pears in the lowermost Nabala Stage (in sample C 08-
146; 322.30-322.46 m). Considering the data from the
Ruhnu (500) and Mehikoorma (421) sections, suggest-
ing that A. superbus appears already in the upper Oan-
du Stage (Minnik 2003; Mannik & Viira 2005), this
level should be well in the A. superbus Zone and the
poorly preserved unidentifiable specimens of Amor-
phognathus from the Rakvere Stage in the Viki section
most probably also belong to A. superbus.

Amorphognathus superbus is almost continuous-
ly present in the Paekna Formation and disappears
in the upper part of the formation (Appendix 10). In
the Ruhnu (500) and Mehikoorma (421) core sections
A. superbus occurs also in the lower part of the stage,
in the Méntu Formation, confirming earlier correla-
tions between the Paekna and Méntu formations (e.g.
Nolvak 1997, table 7).

The lower Saunja Formation yields specific Amor-
phognathus whose M element is morphologically al-
most identical to those described by Dzik (1999) from
the Mdjcza section (Holy Cross Mountains, Poland)
and identified as Amorphognathus sp. n. Identifica-
tions of Amorphognathus from the upper Saunja For-
mation are somewhat problematic but they seem to be
closest to A. ordovicicus (identified as A. cf. ordovici-
cus). Well-preserved A. ordovicicus appears in the low-
ermost Vormsi Stage in the Viki core (Appendix 10).
In this paper the lower boundary of the A. ordovicicus
Zone is tentatively drawn in the middle of the Saunja
Formation, below the level of appearance of A. cf. or-
dovicicus (Appendix 10). The possible appearance of
A. ordovicicus already in late Nabala time is indicated
also by data from the Mehikoorma (421) core (Man-
nik & Viira 2005).

The interval from the upper Nabala Stage (middle
Saunja Formation) to the lower Porkuni Stage (Roa
Member, lower Arina Formation) is considered to
correspond to the A. ordovicicus Zone, although the
uppermost identifiable A. ordovicicus in the Viki core
comes from the middle part of the Pirgu Stage (from
the upper Moe Formation; Appendix 10). Data from
the earlier studied sections (Ruhnu (500), Stirnas-18)
show that A. ordovicicus is almost continuously present
up to the lower Porkuni Stage where the diversity of
conodont faunas decreases rapidly (Miannik 2003;
Hints et al. 2010). Higher in the conodont succession,
an interval characterized by Noixodontus girardeauen-
sis has been recognized. In the Viki core N. girardeau-
ensis has been found in two samples, in the upper part
of the oolithic interval and in the middle part of the
overlying argillaceous limestones (Appendix 10). The
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distribution of intact N. girardeauensis in the northern
Baltic is limited to the Kuldiga Formation (Mannik
2001, 2003; Hints et al. 2010). This means that, most
probably, also in the Viki core the strata containing
N. girardeauensis are not younger than the Kuldiga
Formation in southern Estonia-western Latvia, and
that the upper Porkuni Stage corresponds to a gap in
this section. The uppermost Ordovician strata from
the level of appearance of N. girardeauensis to the
Ordovician-Silurian boundary correspond to an in-
formal unit called “Noixodontus-fauna” (Nolvak et al.
2006; Appendix 10).

The Ordovician-Silurian boundary in the Viki core
section is marked by a distinct discontinuity surface
and lithological change (see Poldvere & Nestor in this
volume). Conodonts are very rare in the boundary
interval. The uppermost sample with surely Ordovi-
cian conodonts (several specimens of Drepanoistodus
cf. suberectus) comes from a sample 0.4 m below the
boundary (Appendix 10). The oldest representatives
of Ozarkodina, a genus more characteristic of the Sil-
urian, also appear in that sample. Only long-ranging
taxa with simple-cone elements, mainly Panderodus,
occur just below and above the boundary.

Llandovery and Wenlock

Conodonts are poorly represented in the Juuru
and Raikkiila stages (Rhuddanian and Aeronian) in
the Viki section (Appendix 11, sheet 3). The fauna is
dominated by Panderodus, mainly by Panderodus ex
gr. equicostatus. Other taxa with simple-cone elements
(e.g. Walliserodus) are also common in some intervals
and/or samples. A few new taxa appear in the Raikkii-
la Stage. Ozarkodina excavata puskuensis and Gen. et
sp. n. 1 appearing in the lowermost Raikkiila Stage are
characteristic of this stage, although O. e. puskuen-
sis is also known from the upper Juuru Stage (Mén-
nik 1992, 1994). The appearance of Aspelundia? ex-
pansa in the upper Raikkiila Stage in the Viki section
indicates that only the uppermost part of the stage
exposed here corresponds to the A.? expansa Zone.
However, earlier data (Mannik 2007a, and references
therein; Loydell et al. 2010) show that, in reality, only
the lower Raikkiila Stage (or part of it) corresponds to
the A.? expansa Zone in the northern Baltic. The up-
per part of the stage correlates with the A.? fluegeli and
lower Distomodus staurognathoides zones. In the Ruh-
nu (500) section A.? expansa also appears in the lower
Raikkiila Stage, in the Slitere Member (Mannik 2003).
In this section the lowermost idetifiable specimens of
D. staurognathoides come from the upper Raikkiila
Staicele Member. The A.? fluegeli Zone was not rec-
ognized in the Ruhnu (500) core, probably due to too
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rare and poorly preserved faunas. Both the A.? fluege-
li and D. staurognathoides zones are unidentifiable in
the Viki section, evidently due to lack of the corre-
sponding strata (in case of the Raikkiila Stage: Nestor,
H. 1997; Nestor, V. in this volume) or due to too poor-
ly represented faunas (in the Rumba Formation).

Main part of the Adavere Stage (starting from the
uppermost Rumba Formation) and the lower Jaani
Stage yield the richest and most abundant conodont
faunas known from the Silurian in Estonia as well as
elsewhere in the world. Detailed conodont zonation
has been worked out for this interval (Jeppsson 1997;
Minnik 2007b). The Telychian and pre-Ireviken Event
Sheinwoodian conodont zonation is mainly based on
data from the Viki core, and for many zonal units this
section is the reference one (Minnik 2007b). Two su-
perzones, six zones and six subzones have been recog-
nized in this interval (Appendix 11, sheets 2, 3).

Analysis of conodont data from the Viki but also
from several other core sections and application of geo-
chemical correlations (1) allowed dating the Llando-
very-Wenlock boundary (as defined in its type sec-
tion) in the sense of graptolite zonation and (2) re-
vealed that the boundary between the Adavere and
Jaani stages in Estonia does not coincide with the
Llandovery-Wenlock boundary (Mannik 2007c). The
Llandovery-Wenlock boundary, which according to
Aldridge et al. (1993) corresponds or lies very close to
Datum 2 of the Ireviken Event, occurs between sam-
ples M-996 (113.50-113.70 m) and M-997 (113.30-
113.50 m) and the Adavere-Jaani boundary close to
(coincides with?) the bentonite at 121.10 m (Appen-
dix 11, sheet 2). In the sense of conodont biostratigra-
phy, the stage boundary correlates with a level in the
middle of the Upper Pterospathodus amorphognath-
oides amorphognathoides Subzone.

Both the Lower and Upper Kockelella ranuliformis
zones of the K. ranuliformis Superzone are well rep-
resented in the Viki section. The K. ranuliformis Su-
perzone corresponds to the upper Mustjala and lower
Ninase members of the Jaani Stage and is followed by
the Ozarkodina sagitta rhenana Zone (Appendix 11,
sheet 2). Ozarkodina s. rhenana appears in sample
C01-92 (96.40-96.50 m), in the lower Ninase Member
(upper Jaani Stage) and is continuously present up to a
bioherm in the upper part of the Vilsandi Beds (interval
71.20-76.00 m, lower Jaagarahu Stage). From 76.00 m
up to its uppermost occurrence in sample 62.65-
62.80 m from the middle of the Maasi Beds (Jaaga-
rahu Stage), O. s. rhenana has been found in some
samples only. The total range of O. s. rhenana defines
the O. s. rhenana Superzone (Jeppsson 1997). In the
Viki section, and in Estonia in general, this superzone

corresponds to the uppermost Jaani and lower Jaaga-
rahu stages (Appendix 11, sheets 1, 2; Jeppsson et al.
1994). The lower part of the O. s. rhenana range, up
to the level of appearance of K. walliseri in the lower
Maasi Beds in sample 68.30-68.40 m, corresponds to
the O. s. rhenana Zone and its upper part to the inter-
val of co-occurrence of K. walliseri and O. s. rhenana,
to the Lower K. walliseri Zone sensu Jeppsson (1997).

Conodont biostratigraphy in the upper Jaagarahu
Stage is problematic in the Viki section. A single oc-
currence of K. walliseri in sample 54.40-54.60 m in the
Tagavere Member (upper Jaagarahu Stage), about 8 m
above the uppermost O. s. rhenana, indicates that the
interval between these two levels (i.e. the upper Maasi
Beds and lower Tagavere Member) most probably cor-
responds to the Upper K. walliseri Superzone. The up-
permost K. walliseri comes from a sample just below
a discontinuity surface at 50.9 m, evidently marking
a gap. The number of discontinuity surfaces and rap-
id lithological changes in the upper Jaagarahu Stage
indicate that sedimentation was episodic at that time
and quite long intervals are probably not represented
by sediments. No diagnostic conodonts were found in
the interval from the level of occurrence of the up-
permost K. walliseri in the upper Jaagarahu Stage up
to the level of appearance of O. confluens densidentata
and O. bohemica longa about 22 m higher, in the mid-
dle of the Viita Beds of the Rootsikiila Stage (Appen-
dix 11, sheet 1). Still, considering that samples from
the interval between the sample with the uppermost
K. walliseri and the discontinuity surface at 43.6 m
higher in the section yielded rich conodont faunas but
not a single specimen of Kockelella, it is quite probable
that this interval correlates with the lower K. ortus or-
tus Superzone, with the so-called “post K. walliseri in-
terregnum” sensu Jeppsson (1997).

Conodonts are too rare in the samples from the in-
terval between the discontinuity surface at 43.6 m be-
low and the level of appearance of O. c. densidentata
and O. b. longa above to allow the dating of these stra-
ta. As the Viki drill hole is located close to the outcrop
area of the Jaagarahu Stage, it is possible that great
part of the lower Homerian strata, probably those cor-
responding to the O. s. sagitta, O. b. longa and K. o. ab-
sidata zones, are missing in that section (e.g. Jeppsson
et al. 1994). This seems to fit with conodont data from
the Viki core. The problematic interval with poor con-
odont faunas is followed by rich faunas, character-
ized by O. c. densidentata and O. b. longa appearing in
sample 30.50-30.70 m in the middle of the Viita Beds
(Appendix 11, sheet 1). These two faunas are evident-
ly separated by a gap, marked by a discontinuity sur-
face and sharp lithological change at 31.1 m (see also
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Appendix 2, D-11). Co-occurrence of O. b. longa, O. c.
densidentata and Ctenognathodus murchisoni is char-
acteristic of the upper Homerian C. murchisoni Zone.
In the Viki core section, Ctenognathodus murchisoni
itself appears somewhat higher in the section than
O. c. densidentata, probably due to ecological reasons.

DISTRIBUTION OF
SILURIAN OSTRACODS

A series of 17 ostracod samples was processed from
the Viki core. The samples were taken over the inter-
val 122.5-188.6 m, comprising the Adavere Stage, in
the upper part of the Llandovery (Fig. 6).

Altogether 44 ostracod species, partly of open no-
menclature, were identified in the collection. This
new evidence nearly doubles the number of ostracod
taxa previously recorded from the Adavere Stage by
Sarv (1968, 1970). Silurian ostracods have been stud-
ied already for more than a century. About 300 Silu-
rian species have been recorded from Estonia, Latvia,
Lithuania, northwestern Russia, Sweden and Nor-
way (for a thorough summary see Sarv 1970; Sarv &
Meidla 1997). In spite of the large number of identi-
fied species, the documentation of this fauna is still
incomplete. Most of the studies have been dealing
with the Order Beyrichiocopa. The Order Podocopa,
which comprises more than 95% of all specimens in
the present collection, has received less attention and
is still poorly documented.

The distribution of ostracods in the Adavere Stage
of the Viki section is rather uneven (Fig. 6). In fos-
sil-rich intervals the species diversity is comparable
to ostracod diversity in the Upper Ordovician (eight
to ten species in a sample). Samples from the inter-
vals 135-136 m and 167-178 m, and from a depth of
184.3 m (likely including a part of the bentonite bed?)
are barren or nearly barren. Ostracod shells are only
moderately preserved; large valves are very often frag-
mented, especially those of large beyrichiids. Many
podocope specimens, both single valves and bivalved
carapaces, are strongly deformed, allowing only tenta-
tive identification of the species.

The new data are compared below with the distri-
bution pattern of beyrichiaceans and some other key
species summarized by Meidla & Sarv (1990, p. 70 and
table 11).

The Rumba Formation (four samples from the in-
terval 183.6-188.6 m) is characterized by the occur-
rence of Apatobolbina simplicidorsata, Pullvillites tri-
angulata, Daleiella semibulbosa?, Silenis mavii? and
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Microcheilinella tumefacta. None of these taxa range
into the overlying Velise Formation.

The Velise Formation is characterized by several
successive ostracod assemblages, separated in the sec-
tion by low-diversity intervals (Fig. 6). The lowermost
part of the formation contains a podocope-rich assem-
blage, which also includes rare Leptobolbina hypnodes.
The high-diversity intervals above two nearly barren
samples yield very abundant Daleiella variolaris, Tet-
radella extenuata, Longiscella caudalis, Nyhamnella
musculimonstrans and Microcheilinella rozhdestven-
skaja, together with Leptobolbina hypnodes. The low-
diversity interval (135-136 m, represented by two
samples) in the upper part of the formation is charac-
terized by abundant Longiscella caudalis, Nyhamnel-
la musculimonstrans, Microcheilinella rozhdestvenska-
ja and Thlipsuroides walensis, together with Leptobol-
bina hypnodes and Craspedobolbina (Mitrobeyrichia)

paernuensis.

The lowermost assemblage recorded in the Viki core
represents the uppermost part of the so-called Llan-
dovery ostracod complex (about 40 species accord-
ing to Meidla & Sarv 1990). However, none of the spe-
cies recognized in the Viki core belong to the typical
“Llandoverian” taxa sensu Meidla & Sarv (1990, table
11). The only beyrichioidean species identified in this
interval is Apatobolbina simplicidorsata, which was
earlier thought to appear only in the Velise Formation
(Sarv 1970; Meidla & Sarv 1990).

The late Llandovery-Wenlock ostracod complex
comprises altogether about 70 species (Meidla & Sarv
1990). Compared to this formerly documented pat-
tern, ostracod distribution in the Viki core is rather
uneven. The zonal taxa for this interval (Longiscella
caudalis, Thlipsuroides walensis) are recorded in the
Viki section, but L. caudalis makes its first appear-
ance only in the middle part of the Velise Formation
(at a depth of 154.0 m) and T. walensis even higher in
the section (at 138.2 m). Apatochilina simplicidorsata,
which is considered to be characteristic of the upper
part of the Adavere Stage only (Sarv 1970), was not re-
corded in the Velise Formation. The ostracod-based
tri-partite subdivision of the Velise Formation, estab-
lished in the Viki core, has not been mentioned in ear-
lier publications.

The boundary of the Velise and Jaani formations
has a transitional character in the Viki section (see
Poldvere & Nestor in this volume), but the samples
that were available for the present study obviously
do not range into the Jaani Stage. It is still notewor-
thy that the uppermost sample (122.5 m) revealed
Daleiella ianica, which formerly was found in the Jaa-
ni and Jaagarahu stages only (Meidla & Sarv 1990).
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Table 1. Lithology and sanidine properties of the K-bentonite beds in the Viki core, their names, identification numbers (ID) and correlation with biostratigraphy
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a— |23 & 5 in sanidine S o= 8 E 2.3 biozones biozones stage
g ] B and other notes (mol%) - g 2852
c;.; s < mol7 2 E:" = @ g) §
115.00 10.0 Grey clayey K-bentonite + 0.28 35.2 Lusklint 150 10 N .
< i : Cyrtograptus Jaani
121.05 8.0 Grey K-bentonite + 0.28 38.5 Ohesaare 210 11 M. margaritana M !
_ murchisoni P. amorphognathoides
131.10 2.0 Grey clayey K-bentonite + 0.12 37.5 Aizpute 311 9
145.75 5.0 Yellow, hard, K-feldspar-rich + Very wide reflection - Kirikukiila 457 15 “Cyrtograptus
147.50 5.0 Grey clayey K-bentonite + 0.20 45.6 Viki 475 19 lapworthi or
148.00 1.5 Grey clayey K-bentonite ++ 0.25 423 Kaugatuma 480 9 Octavites spiralis”
148.80 0.5 Yellow, hard, K-feldspar-rich + Very wide reflection - Kuressaare 488 12 C. proboscifera . .
) P, a. lithuanicus
149.40 3.0 White K-bentonite + - Ruhnu 494 20
151.80  ?  Yellow, hard, K-feldspar-rich + Very wide reflection - Viirelaid 518 162 Octavites spiralis
152.10 0.5 Yellow, hard, K-feldspar-rich + Very wide reflection = - 521 112
156.80 2.5 Yellow, hard, K-feldspar-rich * Very wide reflection - - 568 142 A. longicollis
. 5 P. a. angulatus
169.60 10.0 Grey K-bentonite +++ 0.04 23.1 Nissumaa 696 16
17195 3.0 Red K-bentonite +++ Quartz, little sanidine - Virtsu 719 14 “Monoclimacis
173.10  10.0 Red K-bentonite + 0.11 39.8 Nurme 731 18 crenulata” Adavere
17440 3.0 Violet K-bentonite ++ 0.1 25.8 Tehumardi 744 15
17555 2.0 Red K-bentonite + 0.25 26.1 Paatsalu 755 14 el
griestoniensis P. eopennatus ssp. n. 2
177.70 6.0  Grey clay with bentonite +++ Very wide reflection - - 777 6 Bl )
17820 5.0 Grey clay with bentonite . 0.22 26.6 - 782 1 B daléoliformis S":g :‘t’f:i‘;"s'”s
178.80 1.5 Violet K-bentonite +++ 0.17 40.6 - 788 3
181.00 -  Grey clay with bentonite +4++ 0.12-0.14 25.2-25.9 - 810 1
181.80 0.5 Bluish-grey K-bentonite Very wide reflection - - 818 3 Streptograptus
182.30 1.5 Violet K-bentonite 0.12 46.6 Valgu 823 6 crispus P, eopennatus ssp. n. 1
184.35 0.5 Grey K-bentonite Very wide reflection - - 843 5
185.10 6.0 Yellow, hard, K-feldspar-rich  +++ 0.06 21.2 Osmundsberg 851 22 *Sp. turriculatus | D. staurognathoides
24930 -  Grey clay with bentonite + 0.1-0.2 35.3-36.2 - bIIT* 7 Pirgu
330.30 50.0 Light grey K-bentonite ++ 0.065 24.9 Kinnekulle XXII* many Keila
Note: - not determined; biotite is abundant (+++), more than 10 flakes (++), only a few flakes (+). *Mcl. - Monoclimacis, *Sp. - Spirograptus.

bIII* - bentonite ID number for the uppermost Pirgu bentonite (Hints et al. 2005); XXII* - bentonite ID number, described as “bed XXII” in the Oslo region, Norway,
the Big Bentonite in Sweden and “bed d” in the East Baltic (Hagemann & Spjeldneaes 1955; Jiirgenson 1958; Mdannil 1966; Huff et al. 1992; Bergstrom et al. 1995).
For biozones see Kiipli et al. (2010).
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The stratigraphic range of this species seems to be
similar also in Lithuania, where Microcheilinella iani-
ca (= D. ianica) is known from the Paprieniai For-
mation (lower Wenlock) according to Pranskevicius
(1972, 1975). The only former record of Thlipsoheal-
dia insolens comes from the same unit in Lithuania
(ibid.), whilst the occurrence of this species in the
Viki care seems to he its first dociimentation antside
Lithuania.

VOLCANIC ASH BEDS

Silurian volcanic ash beds of the Viki core (Appen-
dix 1, sheets 5-7) have been correlated on the basis of
their geochemical composition with Estonian, Latvi-
an, Swedish and Norwegian sections (Kiipli & Kallaste
1996, 2002, 2006; Kiipli et al. 2001, 2006, 2007, 2008,
2010; Kallaste & Kiipli 2006). Detailed biostratigra-
phy in combination with geochemical data gave pre-
cise results in many investigated sections. Kallaste
and Kiipli (2006) used the Viki section as a reference
for establishing the identification numbers (ID) and
stratigraphic names of the Silurian volcanic ashes.
Restudy of the Viki section revealed three previous-
ly unknown clayey interbeds with biotite at depths
of 177.7,178.2 and 181.0 m. Laboratory XRD inves-
tigations indicate that all these layers consist most-
ly of terrigenous minerals quartz, illite and chlorite,
but separation of the coarse fraction (40-100 pm) re-
vealed high contents of pyroclastic minerals biotite,
sanidine and fragmental quartz. The sample from a
depth of 181.0 m contains considerably thick blocky
biotite and several quartz crystals having bipyrami-
dal high-temperature beta quartz shape (Fig. 7). Beta
quartz forms are the most reliable indicators of vol-
canic origin. Therefore these newly studied samples
represent terrigenous interbeds with significant vol-
canic admixture. The sample from a depth of 177.7 m
exhibits a weak and wide sanidine reflection indi-
cating correlation with the bed (ID 777) previous-
ly known from the Paatsalu and Viirelaid cores. The
sample from 178.2 m is a new previously unknown
eruption layer and we propose ID 782 for that. The
sample from 181.0 m largely resembles the Mustja-
la K-bentonite (Kallaste & Kiipli 2006) containing
similar sanidine (25.2 mol% of Na+Ca component)
and abundant biotite. We still consider it as a sepa-
rate eruption bed as it lies 1.5 m deeper than could
be expected from graphic correlation with previous-
ly known finds of the Mustjala K-bentonite (ID 795)
and as it contains beta quartz forms and blocky bio-
tite not known from the Mustjala K-bentonite. We

50 um

Fig. 7. Quartz phenocryst having bipyramidal high-temperature
beta quartz crystal form. Quartz pseudomorphs of high-temperature
beta form are the most reliable evidence of volcanic origin. Viki
core, terrigenous interbed at 181.0 m with significant volcanic
admixture.

propose ID 810 as a stratigraphic index for this erup-
tion bed. All characterizations of previously known
and new volcanic ash layers are given in Table 1 and
Appendix 12.

A clayey interbed of suspected volcanic origin was
studied at a depth of 249.3 m in the Pirgu Stage (Or-
dovician) of the Viki core (Appendix 1, sheet 9). XRD
showed terrigenous minerals quartz, illite and chlorite
as its main components, but the coarse fraction con-
tains sufficient pyroclastic minerals enabling deter-
mination of sanidine composition. Sanidine compo-
sition (see Table 1) indicates correlation with the ash
bed at the top of the Pirgu Stage (Pirgu bentonite bIII
in Hints ef al. 2005) in the Poltsamaa H-39 core (lo-
cated in Central Estonia) at a depth of 116.5 m (Kiipli
et al. 2004).

Several ash beds occur in the Haljala and Keila stag-
es. Sanidine has been studied only in the Kinnekulle
K-bentonite (Table 1). The Kinnekulle K-bentonite
bed in the Viki section has great thickness of 0.5 m
(interval 329.8-330.3 m; Appendix 1, sheet 12). The
limestone bed (3-4 cm thick) below the Kinnekulle
K-bentonite is replaced by chert. The occurrence of
chert below and its absence above the bentonite in-
dicate a major loss of silica from volcanic ash before
the burial of ash under later sediments (Kiipli ef al.
2007).



MAGNETIC SUSCEPTIBILITY
OF ORDOVICIAN ROCKS

Magnetic susceptibility (MS) measurements have
become widely used in the correlation of sedimenta-
ry rocks that are considered as a proxy for impurities
delivered to sedimentary environments. Although the
main constituents of sediments are dia- and paramag-
netic with near-zero MS, many weathering products
coming from the erosion of the mainland are ferro-
magnetic with higher MS values. As climatic and eus-
tatic sea level variations affect the detrital input (a sea
level fall increases the proportion of the exposed con-
tinent and possible ferromagnetic supply), higher MS
values are attributed to marine regression. However,
ferromagnetic minerals in sedimentary rocks can be
destroyed or newly created in the course of diagenesis
and even later during the post-sedimentation history.
Thus, the MS value alone cannot be directly used for
correlative purposes but as an additional source of in-
formation.

The MS values were measured from the inter-
val 296.7-363.0 m of the Viki core with a porta-
tive MS meter SM-30. The instrument contains
an oscillator with a 50 mm pickup coil that is en-
closed in a box with flat sides. To reduce the oscilla-
tor’s thermal drift, the interpolation mode of the me-
ter was used by two measurements away (> 50 cm)
from the core and one measurement from a side or
top of the core. Magnetic susceptibility measure-
ments from the rounded side of the core were corre-
lated against the shape by multiplying the obtained
value with the coefficient 1.95 (based on earlier ex-
periments by A.-L. Kalberg). Altogether 876 meas-
urements were made, which gave a mean frequency
of 13.4 readings per 1 m of the core (Appendix 13).
Susceptibilities were not corrected against mass or
volume, therefore, the values should be treated as ap-
parent. As all measurements of the core were conduct-
ed in identical conditions, we assume that the values
are comparable with each other and reflect general
trends.

As is typical of the Ordovician rocks in Estonia (e.g.
Plado et al. 2010) and of sedimentary rocks in gen-
eral (Dunlop & Ozdemir 1997), the measured MS
values are low (generally < 100 x 10-¢ SI). Both nega-
tive and positive susceptibilities were recorded, hint-
ing at a mixture of diamagnetic rock-forming mine-
rals with para- and/or ferromagnetic constituents
(Fig. 8). Nega-tive values prevail within the Saunja,
Ragavere and Pihla formations (means are given in
Table 2), suggesting an almost pure mixture of dia-
magnetic minerals, e.g. calcite with minimal detri-
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tal input. Stronger positive magnetic susceptibilities
characterize rocks of the Tudulinna, Hirmuse, Kahula,
Tatruse, Kandle and Toila formations. Higher values
reflect a higher content of ferromagnetic and/or para-
magnetic clay minerals.

Figure 8 illustrates the results of MS measurements
and general trends along the core. The interval from
Billingen to Volkhov stages (Toila Formation) has
variable but the strongest (compared here to all oth-
er measured lithologies) positive magnetic suscep-
tibilities ranging from 33 x 10 to 257 x 10° SL. By
analogy to Plado et al. (2010), high values are likely
due to early diamagnetic magnetite that accompanies
glauconite. Susceptibilities of the Kunda Stage (Loo-
bu Formation) limestone are low but positive. Higher
values are recorded within the limestones of the Aseri
Stage (Kandle Formation). Within the Lasnamigi
Stage (lower part of the Vdo Formation) the values de-
crease (until zero) upwards. Limestones of the overly-
ing Uhaku and Kukruse stages are almost “non”-mag-
netic with susceptibilities close to zero. Somewhat
higher and more variable values characterize the lime-
stones of the Haljala, Keila and Oandu stages (Tatruse
to the earliest Ragavere formations). Extensive pyriti-
zation of limestones of these formations may contrib-
ute to the higher positive values. All limestones of the
Rakvere Stage are diamagnetic, with the lowest val-
ues within the depth limits from about 324 to 327 m.
The Paekna Formation of the Nabala Stage includes
an excursion towards positive values in its upper part.
A similar excursion is registered in the middle of the
Saunja Formation, whereas most of the values are neg-
ative. A sharp gradient exists at the boundary between

Table 2. Mean apparent magnetic susceptibilities (MS) and standard
deviations (SD) in the Viki core

Formation N MS (x107 SI) SD
Tudulinna 18 47.4 40.3
Saunja 221 -14.5 14.1
Paekna 44 10.9 18.2
Ragavere 79 -15.7 14.2
Hirmuse 8 54.5 21.9
Kahula 72 22.8 25.9
Tatruse 76 23.0 13.1
Pihla 77 -3.1 8.8
Korgekallas 62 7.0 7.4
Vio 138 . 35 8.0
Kandle 13 59.1 20.5
Loobu 43 28.0 47.9
Toila 25 99.6 56.3

N, number of measurements
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the Nabala (Saunja Formation) and Vormsi (Tudulin-
na Formation) stages. The higher positive suscepti-
bility values of the Tudulinna Formation compared
to the underlying Saunja Formation are likely due to
compositional changes (Saunja “pure” limestone vs
Tudulinna marlstone and variously argillaceous lime-
stones) but also to iron mineralization (Appendix 1,
sheets 11, 12).

CHEMICAL COMPOSITION
AND PHYSICAL PROPERTIES
OF THE ROCK

The investigated Ordovician (Middle and Upper)
and Silurian (Llandovery and Wenlock) section of the
Viki core (Appendix 1) is represented by variously ar-
gillaceous primary and dolomitized carbonate rocks
(limestones and dolostones, calcitic and dolomitic
marlstones), mixed calcitic and dolomitic carbonate-
siliciclastic rocks (silt- and sand-containing highly ar-
gillaceous marlstones) and siliciclastic rocks (silt- and
sand-containing claystones). A total of 154 rock sam-
ples were studied with geochemical methods, whereas
105 samples were measured with petrophysical meth-
ods (Appendix 14). Thin sections were made in the
Institute of Geology at Tallinn University of Tech-
nology (IGTUT) from 45 samples to determine rela-
tionships between minerals, skeletal and nonskeletal
rock-forming grains, cements, fabric, porosity and dia-
genetic alteration of rocks (Appendix 3).

Methods

The bulk chemical composition of the rocks was
determined in pressed powders by XRF spectrome-
try in the IGTUT. The insoluble residue (IR), MgO,
CaO and FeO contents were additionally measured by
wet chemical analysis in all samples, and Fe,O, and
Fe,O,total in 17 samples, using gravimetric and titra-
tion methods. Physical properties of the rock were
analysed on cylinders, 25.4 mm in diameter and 27-
28 mm high, at room temperature and pressure in the
University of Leoben (Austria). The methods applied
in the study are described in Shogenova et al. (2009).

Magnetic susceptibility was measured with a Bar-
tington MS2D Kappameter. Measurement accuracy
of the volume susceptibility is 10~° SI. Volume suscep-
tibilities of the samples were volume corrected using
the measured bulk volumes.

Density and porosity were determined using the
water saturation method. The brine composition was
0.01 mol NaCl (density of the brine p_=0.999 g/cm’).

For density measurements samples were dried at a
temperature of 100 °C and the weight of dry samples
(P,) was determined. Then the samples were saturat-
ed with 0.01 mol NaCl brine under vacuum for 24 h
and after that weighed in air (P ). From the obtained
measurements the following parameters were calcu-
lated: dry density 6, = P /V/p_, where V represents
sample volume; wet density § = P _/V/p ; effective
porosity ¢ = (P, - P))/V and grain density § = P,/
(V' x (100 - ¢)/100)/p,, .

Ultrasonic velocity of the compressional wave (V)
was measured on dry and water saturated samples.
Samples were saturated with the brine mentioned
above. A delta-pulse was transmitted through the
samples with a maximum resonance frequency of
the measurement probes 0.1 MHz. On dry samples a
good coupling of the transmitter and receiver was en-
sured by using a contact gel. An additional pressure of
0.5 MPa was applied to reduce wave attenuation be-
tween samples and probes.

Electrical resistivity of the samples was measured
with a two-electrode setup. Brine conductivity was
2.39 mS/cm (0.01 mol NaCl) and the measurement
frequency used was 108 Hz. In order to ensure good
contact between electrical probes and samples, a pres-
sure of 0.5 MPa was applied to the setup. The resist-
ance reading (R) was taken after the value had stabi-
lized. The electrical resistivity p was calculated using
the measured resistance (R) multiplied by the geomet-
rical factor k = , where h is the height of the
sample and r is the sample surface radius.

2XXP"

Chemical and physical parameters were interpret-
ed together, using regression and correlation analysis
with the Statistica 7 software (StatSoft).

Composition of rock samples

The IR, MgO and CaO contents found by wet
chemical analysis, and other chemical parameters
measured by XRF.analysis were used to determine
the rock lithology (Fig. 9, Appendix 14). Rock types
were distinguished, following the classification pre-
sented in Kleesment & Shogenova (2005) and oth-
er widely used classifications (Mount 1985; Jackson
1997; Miall 2000; Selley 2000). Seven lithological
rock types were determined (Fig. 9, Appendix 14):
(1) pure and variously argillaceous limestone
(IR < 25%, CaCO, > CaMg(CO,),; 74 samples),
(2) calcitic marlstone (IR 25-50%, CaCO, >
CaMg(CO,),; 15 samples), (3) pure and various-
ly argillaceous dolostone and dolomitic limestone
(IR < 25%, CaCO, < CaMg(CO,),; 29 samples),
(4) dolomitic marlstone (IR 25-50%, CaCO, <
CaMg(CO,),; 1 sample), (5) mixed calcitic carbonate-
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Fig. 9. (A) MgO content versus insoluble residue content, both
measured by wet chemical analysis. (B) MgO content versus CaO
content, both measured by wet chemical analysis.

siliciclastic rock (IR 50-70%, CaCO, > CaMg(CO,) ;
3 samples), (6) mixed dolomitic carbonate-silici-
clastic rock (IR 50-70%, CaCO, < CaMg(CO,),;
13 samples), (7) siliciclastic rock (IR > 70%; 19 sam-
ples). Dolostones and dolomitic rocks are mainly rep-
resented by Silurian samples, except for one dolostone
of the Porkuni Stage and one mixed dolomitic carbon-
ate-siliciclastic sample from the Vormsi Stage.

The total iron (Fe,O, total) content of most of the stud-
ied rocks, measured by XRE, correlates with AL O, (indi-
cator of clay content) with the common correlation co-
efficient of 0.9 (Figs 10, 11; Appendix 14). Correlation
is higher for Silurian (0.88) than for Ordovician (0.83)
rocks. The average total iron content is similar in lime-
stones and dolostones (0.91% and 0.9%, respective-
ly), higher in calcitic marlstones, mixed calcitic and
dolomitic carbonate-siliciclastic rocks (mean 3.4%,
3.7% and 5.5%, respectively) and the highest in silici-
clastic rocks (mean 6.4%) (Appendix 14). The highest
iron content in carbonate rocks was recorded in Mid-
dle Ordovician limestone with iron ooliths and glau-
conite (Loobu Formation of the Kunda Stage, 361.4 m;
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Appendix 3, T-43). The highest iron content
(7-10.5%) in mixed dolomitic carbonate-siliciclas-
tic and siliciclastic rocks was measured in the Silu-
rian claystones and marlstones of the Velise Formation
(Adavere Stage). Iron minerals are represented mainly
by three-valent iron oxides and hydroxides, more rare-
ly by pyrite crystals (maximum FeO content is 1%).

Porosity and density

The porosity-wet density plot may be used for litho-
logical discrimination of different rock types (Shogeno-
va & Puura 1998; Shogenova et al. 2003, 2005, 2006,
2007). Usually dolostones have the highest density for
the given porosity, but it is not the case in the Viki core
(Fig. 12A), where Silurian dolostones have high sec-
ondary porosity, causing significant decrease in their
wet density. Dolomitic limestones are not fully dolo-
mitized and have lower grain and wet densities than
fully dolomitized rocks.

Limestones have the lowest porosity (0.9-13.1%,
mean value 4%), mainly correlated with AlLO,
(Figs 10, 12B, 13; Appendix 14) and high density
(mean 2614 kg/m®). Some limestones show second-
ary porosity (> 5%); their porosity for the given AL, O,
content is higher than in most of other limestones
(Fig. 12B). Dolostones have higher porosity, varying
from 3.3% to 20.6% (mean 10.9%), and relatively low
density (mean 2460 kg/m?®). Most of the dolostones
show secondary porosity, which is higher than the
poro-sity of limestones with the same Al O, content.
Primary porosity in the studied rocks increased with
increasing clay content. Average porosity in calcit-
ic marlstones was 12.9% and average wet density
2520 kg/m®. Wenlock rocks, mainly represented by
dolostones, had the highest porosity in the studied
sequence. They show the greatest variability in wet
density and lower grain density than other rocks.
This is explained by open pores and caverns of
1-6 mm in the studied dolostone samples from the
Jaani and Jaagarahu formations, which influenced
water saturation measurements and reduced the val-
ues of calculated porosity and grain density. It was
not possible to study the physical properties of the
easily crumbling claystones of the Landovery Velise
Formation.

P-wave velocity and electric resistivity

The relationship between P-wave velocity and poro-
sity is different for various lithological types (Fab-
ricius & Shogenova 1998; Shogenova & Puura 1998;
Shogenova et al. 2003, 2005, 2007). The highest velo-
city and resistivity were measured in limestones, the
lowest in calcitic marlstones and highly porous dolo-
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Fig. 11. Total iron content versus AlO, content, both measured
by XRF analysis. Correlation coefficient R = 0.9 for all rocks (154
samples), R = 0.88 for Silurian rocks and R = 0.83 for Ordovician
rocks.

stones (Figs 13-15). The resistivity was the lowest in
the Wenlock argillaceous dolostone (at 28.3 m) with
the highest porosity (Appendix 3, T-3; Appendix 14).
P-wave velocity and resistivity of dolostones were
higher than those of limestones with the same poros-
ity (Figs 13-15). The P-wave velocity-porosity corre-
lation for primary rocks (limestones and calcitic marl-

stones) is higher (—0.93) than for dolostones (—0.78).
The common correlation coefficient is —0.83. The

negative resistivity—porosity correlation was higher
for Silurian rocks (-0.71) than for Ordovician rocks
(—0.65), but lower than the correlation for all rocks to-
gether (-0.7).

Magnetic susceptibility

Low-field magnetic susceptibility in the studied
rock sequence correlates with the total iron content
(Figs 10, 13, 16; Appendix 14) and increases from dia-
magnetic and paramagnetic to ferromagnetic min-
erals as in all Estonian sedimentary rocks (Shogenova
1999; Shogenova et al. 2003, 2005, 2006, 2007, 2009).
The correlation coefficient of magnetic susceptibili-
ty with total iron content is 0.87 for all rock samples
from the Viki core. Correlation was high both for Or-
dovician and Silurian rocks (0.93 and 0.89). The high-
est magnetic susceptibility was measured at 361.4 m
in the Middle Ordovician limestone with iron ooliths
and glauconite (Loobu Formation of the Kunda Stage;
21.8 x 107 S, total iron content 9.8%; Appendix 3, T-
43; Appendix 14). Magnetic susceptibility, relatively
high for limestones, was also measured in two other
Ordovician samples: (1) 10.5 x 10~° SI (total iron con-
tent 3.54%) at 358.55 m in limestone with iron ooliths
(Kandle Formation of the Aseri Stage, Middle Ordo-
vician); (2) 12.1 x 107 SI (total iron content 3.1%) at

Limestone
Calcitic marlstone
Dolostone
Dolomitic marlstone

# Mixed calcitic carbonate-
siliciclastic rock

= Mixed dolomitic carbonate-
siliciclastic rock

Wet density (kg/m°)

Porosity (%)

-
o
T

Porosity (%)
=

Fig. 12. (A) Wet density versus porosity. Correlation coefficient
R = -0.86 for all rocks (105 samples), R = -0.8 for Silurian
(53 samples) and R = -0.83 for Ordovician rocks (52 samples).

(B) Porosity versus ALO, content measured by XRF analysis.
Correlation coefficient R = 0.47 for all rocks (105 samples) and
R = 0.72 for Ordovician rocks. No significant correlation was
recorded for Silurian rocks. R = 0.56 for all limestones (69 samples)
and R = 0.53 for all dolostones (28 samples).

362.7 m in limestone with glauconite grains from the
Toila Formation of the Billingen? Stage (possibly Low-
er Ordovician).

The lowest magnetic susceptibility was determined
in the purest limestones and dolostones in the entire
studied sequence (~0.5 x 10~°t0 0.5 x 10~ SI; Figs 13,
16; Appendix 14).

Conclusions

The lower half of the studied Viki drill core is rep-
resented mainly by primary carbonate rocks of the
Middle and Upper Ordovician, and of the lower Llan-
dovery. The upper half of the core consists of highly
argillaceous siliciclastic rocks (the upper part of the
Llandovery) and by prevailingly dolomitized carbon-
ate rocks of the Wenlock. The purest limestones have
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APPENDIX 1

Description of the Viki core

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

STANDARD UNITS — Chronostratigraphic and geological time units.
LOCAL STRATIGRAPHIC UNITS — Stages, substages, formations, members and beds.

CORE BOX NO./FIGURES — Numbers of boxes, and location of the detailed core photos marked as D-1...71
in Appendix 2). Note that the depths and positions of the studied samples are also indicated in drill core photos
in the database of the IGTUT (available online at http://sarv.gi.ee/search.php?currentTable=drillcore).

DEPTH/SAMPLES — Depth of the boundaries and sample levels: C, conodonts, Ch, chitinozoans; K, chemical
and physical properties; O, ostracods; T, thin sections (for photos see Appendix 3).

LITHOLOGY — For legend see the next page. The core section is given at a scale of 1:200.

SEDIMENTARY STRUCTURES — According to the thickness 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.

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

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

SHORT DESCRIPTION — Main types of rocks are in bold. The colour of rocks was identified on damp core.
The dominant size of limestone crystals (in italics) is as follows: 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) and medium-
crystalline (0.1-1.0 mm). The percentage of allochems (mainly bioclasts and clastic material) is also indicated.
The following clastic fractions are described: clay (< 0.005 mm), silt (0.005-0.05 mm), sand (0.05-2.0 mm),
gravel (2-10 mm) and pebbles (10-100 mm).
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cultivated soil

silty and sandy gravel
with clay interbeds

limestone (in general)

argillaceous limestone

dolomitized limestone

dolostone

argillaceous dolostone

eurypterid-dolostone

biohermal limestone
calcitic marlstone
dolomitic marlstone
claystone

K-bentonite bed, on (a) or
under (b) the boundary

breccia

clastic material

nodules

77

LEGEND

skeletal limestones:
grains 10-25% (a) and
grains 25-50% (b)

crypto- and micro-

crystalline limestone (a)
and dolostone (b)

fine bioclasts

coarse bioclasts
horizontal bedding:

thin (a), medium (b) and
thick bedding (c)

wavy bedding

nodular
thin intercalation

discontinuity surface

number of discontinuity

surfaces between the upper

and the lower surface
slickenside

veins
stylolites
porous

caverns (vugs)

burrows

pyritic mottles
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Appendix 1 continued

ooliths

oncoids
silicification
glauconite grains
kerogen

pyrite

calcite

micas (in general)
bitumen

mottled, red-coloured
and yellow streaks

tabulate corals
stromatoporoids
rugosae
brachiopods
trilobites
ostracods
echinoderms (crinoids)
bryozoans
calcareous algae
graptolites
gastropods
cephalopods




DESCRIPTION OF THE VIKI CORE APPENDIX 1, SHEET 1
Location: 58°21' 03" N, 22° 04' 47" E. Length of the core 363.0 m. Elevation of the top 22.0 m above sea level.
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interbeds. Discontinuity surfaces are pyritized
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B y Light brownish-grey very finely crystalline biohermal dolostone rich in
P - vugs (often moulds of corals).
2 B Ch
;-‘é s =76.0 CchTK ...................................................................................................................................................................
I
.:-.>-"’. - ¢ TK
C Ch . . . 4o
L c K Wy, indistinotly <02,02-2 cm; Light browmsh-gre)" (the lower part. darker), in places pygtlzed, finely to
12 | thin- to medium- IND <10 very finely crystalline (locally medium- to finely crystalline) dolostone
Calh bedded dark grey carbonate grains in original rock > 50%) with rare dolomitic marlstone
gr g _
T con interbeds
B TK
— B Fehey
13 D-30 X
83.0 cchn
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APPENDIX 1, SHEET 4

0 )
2 & i
E Z T @ E 3
w|25E| 8 'g = o SEDIMENTARY MARLSTONE & z
B | 905 | @ & LITHOLOGY %
ZZ | QE5 o | & 3 STRUCTURES BEDS 20 SHORT DESCRIPTION
& é ’iﬂ = o 1~
%) o AR @ g =
w | © .
N 830 cen
¥ ES ccChen o Light brownish-grey, often pyrite mottled, in places argillaceous,
S 28| 13 S ‘:/nac‘(ri}l,u:lﬁdéset:i?l:tdly <02, &262 om; <2 very finely to finely crystalline dolostone (grains < 10% and
'g gﬂg L c ok rarely thin-bedded greenish-grey 25-50%) with. dolorpiti_c marlstone. patcl.u?s and interbeds.
g el c Ch Discontinuity surface is pyritized
= 7 — c Ch
- 87.6 CCh K T T 1 A % i 3168 505 5 0 o i o o5 s 930 A B OO Al B W 00 Rl 8 5 6 REU 3 MMl o T T B O S S B O S s e
Gt :: Light grey, with brown shade, in places pyrite mottled and argillaceous,
14 Indistinctly wavy, <0.2,0.2-2 cm; finely to very finely crystalline dolostone (grains in layers < 10%,
medtihul;ki’ ::1 " IND 1-5 <20%, 25-50% and > 50%; often recrystallized, in the lowermost
grey part accompanied by iron sulphides) with dolomitic marlstone films,
11 patches and interbeds. Discontinuity surfaces are pyritized
ié = . Light greenish-grey, rarely pyritized, finely and very finely crystalline
g| D32 Indistinctly bedded < 0'2’&26 2 om; -2 dolostone (grains locally 25-50% and > 50%; coarse bioclasts rounded
off 15 ©F grey and in places dissolved) with rare dolomitic marlstone films,
£ atches and interbeds. The discontinuity surface is pyritized
| I SOV w72 | PR -9« SN ER S R patches and interbeds. The discontinuity surface is pyritized -
% a Wavy and horizontal, Light brownish-grey, in places greenish-grey, pyritized and argillaceous,
= % - L Jﬁﬁ;ﬁg%;‘g& <0.2,0.2-2 cm; et very finely to finely crystalline dolostone (grains 25-50%, in places
g |&a E D-33 51 olaces indistintl, 1D end B > 50%) with rare dolomitic marlstone films, patches and interbeds.
g = =" p 7| ey Bioclast (rounded, oriented parallel to beddi tent and i
g = 16 D-34 nodular_, be}ow 10C .as (rounded, orien e parg e' o bedding) con ep_ and si1ze
~ 3 97.7 m inclined increase upwards. Discontinuity surfaces are pyritized
T T Greenish-grey dolomitic marlstone (bioclasts < 25%) with light grey,
nml: dlinucmie(;ge& © IND amcjn]g 70-80 very finely crystalline dolostone and rare dolomitic limestone (grains
L in places nodular greenish-grey < 25%, locally 40-50%, in places pyritized) nodules and interbeds
B35 | it g [t Hel, TL e smspomsso s s e o s somss s x aese (thickness 1-5 cm; variously argillaceous) .. ...
E = . C h 77— o n v ) i .
gl 17 L K[—» —,| Grey to dark grey calcitic marlstone (bioclasts in places up to 30%)
= S = with light greenish-grey interbeds (thickness up to 5 cm) and nodules
s N e L of variously argillaceous and dolomitized finely crystalline limestone
é B £ ,_CID i Indistinetly medium- 0.2-10 cm; 405 (grains < 30%.).‘Belo.w 110.7 m contacts betwgen dolomitic marlstone
ey ccan | T, 2 S, | bedded and nodular INDd;:indIP and dolomitized limestone are indistinct, limestone is very finely
=) o | o SRS crystalline and the content of coarse bioclasts decreases. Horizontal
‘o f— ~» — |9 burrows are pyritized, in the lowermost part bituminous. At 112.6—
18 = € N w Y AAMAA
D37 | ¢ 113.0 m fragments of a coral colony are found
i L Ch — 7
c k|7 a4
CCh m » m

or
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g lo 28
Ze|23g|5 8| & 8
<o E e
&= Ell @ SEDIMENTARY MARLSTONE Z¥
as | O & LITHOLOGY =
Z % 8 (i:.? % o 8 E 5 STRUCTURES BEDS 3 8 SHORT DESCRIPTION
= STIE Bl 83 36
2 = (] [
7]
18 Ce e o
v T B ca| 7 m o & follow up
§ CCCC — 7 M @@
= B C 7 m— v | @
) clen|”
2 pas | CECH e [
5l 197 = CegCh| 7~ |
g2 .115.0 ng"_ NI | L s b e sk e e 55 W s e e e R S W B R T B S S A Y 5 e T e B sk e S 8 R
g)ogg EECEK:LIIIIIEI
=] 7 77
a E= - Cn, C . e
| — Ccc T ) Grey to dark grey marlstone (bioclasts < 10%, rounded) with lighter
S §Y B L V2 ol Y Indistinctly medium- I-O—Illq‘]))cm; interbeds (thickness up to 5 cm) and nodules of highly argillaceous
- = I e @ e TR 60-80 | very finely crystalline dolostone (grains < 25%). Burrows are pyritized.
20 L K[/ am | m,® The level of 115.0-115.1 m is the Lusklint K-bentonite bed. The
i cgn g dr_l;/ @ K-bentonite bed on the lower boundary (thickness 8 cm) is covered
cdh|i—="7% — with burrowed rock
= 121.1 Kb Ll VB LA L] oo vl snsmnmansiimnias i ok o5 sw b onmsamicnies o e saiveavmmhies 50 s o oibraiseiele sio e d/amis bie oie e sla s siers s eioieaie we b B o sssEnoes o s SR REiiaaes i e v SeeTee reeh N i e s e
f——— CCh 0 # =4
- — d> AN
0. — #r—
- Ch anN ’
C | o
IF C — W d horizontal, . . . g
21 oon| r— w e, t;‘ifz::o ,:erézig:: 0.2-12 cm; Greenish-grey marlstone (bioclasts < 10%) with calcitic marlstone and
a — > bedded with rare IND.a;d D 80-95 | rare argillaceous, dolomitized very finely crystalline limestone nodules
E = - TLa L nodules, in places EiEeniesy and interbeds (thickness up to 2 cm). Burrows are pyritized.
3 - o T iite- o taiprobedded A K-bentonite bed occurs on the lower boundary
E G Ch | SR a— AW
+ cen | T L —,
=
& -2 gea’| T ZF
23 LN T | e
528 22 CCh |any r—
g o h1311 I:—:Illlr::l ............................................................................................................................................................................
= .2 ’
< | CcCh e ” MWV
S
K /
_ = Ch : . .
= . S L wwn . Dark greenish-grey marlstone (bioclasts < 5%, heaped in areas up to
. A Indistinctly medium- IND m;;n D —py 1 cm across) and dolomitic claystone with nodules of argillaceous,
L oo | T~ bedded and nodular Hark creenish-pre dolomitized limestone. Abundant burrows (up to 0.5 cm across) are
o y gr grey > p
23 | e = Batad often pyritized. At 145.7, 147.5, 148.0, 148.8, 149.4, 151.8 and
caK| = 152.1 m K-bentonite beds are found
| | T
~1370 occcnK > —
o — — MWW
—_— [ oC ’ = L
24 cenl T— o T
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Q o =
=
4 = Q
2.(232l% 8| € 4 f:
- o
SE|SBE| 8 E s LITHOLOGY SEDIMENTARY MARLSTONE v &
ZZ|S E & 5 E E 5 STRUCTURES BEDS g § SHORT DESCRIPTION
B~ %)
2 > 8 A =
o ’ 7
=
- ccn'; S ) @ follow up
4
24 r 0CChCh a\  u
MWW
B cCh , —
77 —
D-39 | E A
CCh LLEr'e > '—/
B oy | # — 40-50
25 | EK — — e
@ 77
CCh MWW
- C - v
Cc&K| - o
- Cc x| — —
— CCh > — AN
~ CC%]": — 7 & 2
C /
D40 - fc¢'|
= as
" g ~§ 26 - gCCChK — %= prvvve
s |a E - gokilm o — di
3 o & c ———— 70-80
_g g % I~ cCenk rT g 5 MWW
- g ;T‘-f’; :153‘80CCg — = DU, || Fom—— N Y K o e e OB ETOTas AT g e T ST . G
> €cl'r— Dl swm| Wavy, indistinctly 1-10 cm; D Dark violetish- and greenish-grey marlstone (bioclasts < 10%, locally
(4 . . . . . . . .
L cdKETm——| aW® medium-bedded and | dark violetish-and | 70-80 10-20%) with greenish-grey microcrystalline limestone nodules and
21 Ly ca| me T s greenish-grey 1 L. interbeds (thickness up to 5 cm). Some layers are limonitized
ol P A e et i
= — 2|l
C Chg| = _O |
— conk| Z —|lw
= C £
CCC*‘K . gl Intercalation of dark greenish-grey marlstone and dolomitic claystone
B Cz: — o ‘ 1-10 em; interbeds (thickness up to 8 cm), with argillaceous dolomitized limestone
28 - BN AL =Y W Il‘)‘g;dt:(‘;;;yd'gzg‘ul“:;‘ IND and D 40-60 | nodules and interlayers (thickness up to 4 cm). Bioclasts (in places < 5%)
L cal| # r— = dark greenish-grey are often pyritized. The upper part contains limonitized layers.
ol I g — At 156.8 m a K-bentonite bed is found
B CCh a> : ’
- R
can’[— ="—, {;NM
29 = CCh F———————
Ch | m— o |9
- 166.3 CKM” ‘W)
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APPENDIX 1, SHEET 7

O ;
E o m L{Ijl
@ ) =T «n Z )
S| E B S =
<2 | < E = & =g 7
3 g9 oz i 5 E % LITHOLOGY Sg&%gygﬁgg MA‘;'E%TSONE %’ é SHORT DESCRIPTION
<90 | A g = m [~
& =5 By A v )
n & 8 ~
2]
1663 C | T 2 ||
29 oSafE| — o — |l 3 Dark greenish-grey, in places dolomitic claystone with marlstone
— interbeds (thickness in the upper part up to cm) and argillaceous
I~ cenk > ) beds (thickness in the upper p p to 10 d argill
D41 [ oy L www limestone nodules and interlayers (thickness up to 4 cm). Beddin
2l cCehy ” - A :
D-42 | ol T an | Wavy and horizontal, 1-5 cm; planes‘ of mlcropedded claygtone are .covered by light silt-grade
o indistinctly medium- IND (D) 20-60 material and mica flakes. Bioclasts (in places < 10%) are often
= CChk| — — I dark greenish-gre sis i i .
30 - . b‘;dded and “0‘11“““) poc ggr‘é oy ggreyy pyritized. In places violet, brownish-red and ochre-yellow patches
Tocogff T — [ i o and interbeds (thickness 1-20 cm) occur. At 169.6, 172.0, 173.1
E - Ccc(h;:x Ken Tu. and 174.4 m K-bentonite beds are found
s [ e —_ M
g cat| = P T e | e G
o K
% - CCh v = . . x .
............................................. Marlstone with claystone interbeds and argillaceous limestone nodules
9 -175~5CChKK IJ_LJ_, ............ b 4 :
= 3] - Pt S R [N ) 0.5-5 cm: and interlayers (thickness up to 3 cm). In the upper part rock is
> K i Wavy and horizontal, .0—) Cm; i . R s "
o L ook T — nliskinetly thin- o IND (D) i greenish-grey with reddish-brown interlayers, below 177.7 m mainly
;)3“ L E Jl-ILLLL medinm-bedded greenish-grey and reddish-brown. Bioclasts form in places 5-10%. At 177.55, 177.7,
o & S and nodular reddish-brown 178.2 and 178.8 m K-bentonite beds are found
2 £1792 K d T T 5 e s A e e e e S N S A A R S A o e B B R B e e e S e
< 7”7 . . . . oy
[ L el e S ) " Greenish-grey and reddish-brown (rarely violet) mainly calcitic marlstone
o < : ' .. s Wavy and horizontal, 0.2-6 cm: . grey R y . 2 y
] B Celh Kk # —, > |, " ¥ ndistinetly thin- to ) (IND)’ (grains locally < 25%) with light greenish-grey limestone nodules.
§ 32 Cccclé v @ |, "g%| medium-beddedand | greenish-greyand | 70780 Reddish-brown, in places greenish-grey dolomitic claystone with
B el e =" s _ nodular, claystone, reddish-brown horizontal burrows occurs below 181.5 m. At 181.0, 181.8 and
oc SK|T - ” v | in places microbedded
S%?x 7 | P 182.3 m K-bentonite beds are found
p— - 183.5 08K [k R e B B e T R AR RN
T oc KCK Kt . .I_I_LJ > =4 Intercalation of limestone and calcitic marlstone. Claystone nodules
g - & ooy ™| Wavy and horizontal, and interbeds (thickness up to 6 cm) are observed. Light grey, greenish-
g | - ¢ e indistinctly medium- 02106 60 and brownish-grey, in the upper part dolomitized, variously argillaceous
E och |, axr— ‘i’sd‘i:‘cjc:“t‘;i’:l’(‘_“;l:l‘;’ D limestone (grains 10-25%, 25-50%, in places < 10% or > 50%) is very
B i ¢ ey t}ﬁi-bedded, AT da;k gre?n}l;Sh-g(riey, S0 | finely crystalline to cryptocrystalline. Rare carbonate clasts are rounded
E 3 KT — stone and K-bentonite 'r‘;:’:sh a:y and have pyritized edges. Burrows are mainly horizontal. At 184.35
= L % often microbedded £ ¥ 50 and 185.1-185.2 m K-bentonite beds (the latter one Osmundsberg)
CCh are found. The discontinuity surface is pyritized
L 40
D-43 T T Tl M oo s 5 5 e 3 A 5555508 55 i s o i 50 5 S 8 A B
,_190'7 Ol o o e § s S 1424 B R R 2 e o . K
g g8 ¥ = Ch 020290 Light-grey, locally pyritized, dolomitized, crypto- to very finely crystalline
g5R L Con Wavy, indistinctly e limestone (grains < 25%) with argillaceous limestone and marlstone
= E L gk thin- and medium- ‘b <3 interbeds and patches. Bioclast-rich (25-50% and > 50%) interbeds
5 28 Ch grey, brownish- and P
;% £ ¢l L bedded and nodular greenish-grey (up to 5 cm thick) at 191.6, 191.7, 192.0, 192.2 and 194.5 m are poorly
& E 35 —— sorted and selectively silicified. Discontinuity surfaces are pyritized
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3 .
= ®) m M
EIOBE| Q & | = = LITHOLOGY SEDIMENTARY MARLSTONE ©Z
% Z| g 2 ; 5| E 3 el BEhs G SHORT DESCRIPTION
a é o = E v %
5 |° 2
1949 n 10 . . . . ., . ., .
- c - = Light grey and beigish-grey, in pl.aces pyritized, dolomitized, crypto- a'nd
35 L s i o 30 microcrystalline limestone (grains 10-25% and 25-50%) with calcitic
cch =¥ Wavy, indistinctly <0.2,0.2-2 (4) cm; marlstone and argillaceous limestone patches, films and interbeds.
L - YWVY| nodular, in places 10 . L. i "
— cch - sEdtitte And g D 0 Bioclast-rich intervals (> 50%, thickness 3—35 cm) are often pyritized
- c “mYY|  thin-bedded A and contain carbonate clasts; brachiopods (Stricklandia?) occur
- Cch  m 5 at 197.75-197.90 and 198.77-198.8 m. Discontinuity surfaces
16 c Bl are pyritized
= 20] 2 _EJ— ........................................................................................................................................................................
- CCh v
L ¢ g £ @
= CC chTK —,‘i’_fvm
o
3 u ECh WY
2 I 37 -
o ©3 b
g (%0 E x = cCh Light brownish-grey, in places pyritized, variously dolomitized,
B = E § i " | | Wavyand horizontal, | . 02,02-2 (3) em; micro- a_nd cryptogrystalline limesto_qe (grains mainly 10-30%)
k| g g2 L . n thick- to medium- D 25 with argillaceous limestone and calcitic marlstone films, patches
S “g’ g ceh n Dodelad, with indistiotly grey and and interbeds. Marlstone is in places bituminous and contains
s N Y | thin-bedded intervals Brownighoate i 2 s o R
2 . @ ™ | (thickness up to 12 cm); grey dendroidea. Bioclast-rich layers (> 50%; thickness 3—5 cm)
38 = - marlstone in places prevail in the interval 203.75-205.75 m. Burrows have often
L n@@®  microbedded pyritized edges. Discontinuity surfaces are pyritized
C K
— CCh
L c x
B Ccnk
39 - [¢
B ccnk ‘| Light brownish-grey, dolomitized, microcrystalline (the uppermost 0.3 m)
- cCh and very finely crystalline limestone (grains 10-25%, in places 25-50%
CChh and >50%) with calcitic marlstone and argillaceous limestone films,
40 L2197Ce® O T 7T TIM Ml i o o patches and interbeds. Layers rich in shells of the brachioped Borealis
cCheg <0.2,0.2-2 (3) cm; D occur at 220.45-220.60 m and fragments of the brachiopod Stricklandia
Indistinctly nodul i 30 i -
- 221.5¢%, ncistnctly nodular greenish-grey at 221.35-221.42 m. Discontinuity surfaces are pyritized

0s
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Ar*— Arina Formation; Saldus*— Saldus Formation; R6*— Roa Member; Pi*— Piltene Member; Br*— Broceni Member

3
= S m
2 | o 20
Z wl o= e Z9
g o |2 g El 8 ?) ‘5’ o SEDIMENTARY MARLSTONE g z
gE |90 & LITHOLOGY 5 SHORT DESCRIPTION
ZZ | SE z E S| & 3 STRUCTURES BEDS S
A é g " | A& 4 =
o}
2]
= C7215 con |5 TN $7ﬁ ggo Wavy, indistinetly | <0.2,02-1 (3) cm; Light bFownish-grey, in places py_ritized, very finely crystalline limestone
S| 40 i S I —— hn' ag  thineto medium. Db 10-20 (grains 10-25% and 25-50%, in places > 50%) with marlstone and
E — % ? : — 2 %_5’% bedded and nodular greenish-grey greenish-grey argillaceous limestone patches, films and interbeds.
F2242 G0 0 o i i 0 4 AT 8 B 5085 RS .| Carbonate clasts have pyritized edges. Discontinuity surfaces are pyritized.
- CCh — P . (The interval 221.5-222.6 m probably belongs to the Hilliste Member
 Siddad : = P D7y belor B o e et
i i T =4 2 R e e R
Con KN A Av@
Ch K 7/
- CCh - 7] 2w
L CCh 72— V=
Zg’; T, Light brownish-grey, in places greenis}}-grey ?nd pyritized, .dolomi‘Fi.zed
B . sz b YR very finely crystalli'ne limestqne (grains mainly < 25%) wﬁh calcitic
= och 7 7 . marlstone and argillaceous limestone films, patches and interbeds.
. G Indistictly nodular, <0.2.02-15(8 . g @ p : )
> 2 42 L cch Za L —— Sy (8) cm; 20-30 Interlayers of greenish-grey plastic clay are found. Bioclast-rich layers
z |38 | cotkf —=—p==0 g ¢ thin-bedded s (25-50% and > 50%; thickness 1-5 cm) prevails in the lower part of
k| g E cenk et Yo the complex. Some burrowed interlayers (thickness up to 10 cm) in the
= R I~ e =) upper part contain glauconite. Discontinuity surfaces are pyritized
,E B CC Ch = / ,,/ [V ——
o
o Y Z A > T
5 L CCh 2 WML W B U e o e P e B L s S T T S
> 43 CCC"S,( : ‘;: Light grey, locally dolomitized micro- and cryptocrystalline limestone
B b (grains < 10%, in places 25-50%) with marlstone and argillaceous
= Cch & limestone films, patches and interbeds. The lowermost 0.12 cm contains
y p oeas. 10 o
= L CCh V- sandy marlstone layers. Discontinuity surfaces are pyritized
L K it {| ‘Light grey, variously dolomitized very finely crystalline limestone (grains
— i SIS a0 i places < 30%) with marlstone and argillaceous limestone films, patches
g 44 Coph oo | ity sodui, <02, °I~)2—3 om; 10-20 [  and interbeds. Quartz silt-sized grains and carbonate clasts are found.
5 con | th; lov:'fr par; tg:'in-d greenish- gni The uppermost 20 cm contains vertical cracks and burrows
2 L i : R N B i i o s il SA—
M D-44 gcgthﬁ anc mecium-becde brownish-grey e Whitish-grey stylolite-rich oolitic limestone and limestone with
P D—45:: 24§~§C°C0hgg,( ' 94@’3; ‘Thin- and microbedded | < 0.2, 02-1em;IND | |, carbonate and bioclasts (grains in places up to 50%; mainly up to 5 mm
g |a 2 2l D46 = 5451 Con ap Zm  withnodules | dark greenish-grey | across). Content of well-rounded calcareous ooliths (up to 3 mm across)
3 |'§ Sk D-47 ™ A P Heszzcoial, the increases unevenly upwards from 10 to 70% of the rock
S A ﬁ 5 45 £ 2452 - <z lower part inclined .. |... GRS IFTRPRBIOLH FOTPTPINY NEPTRRES Tt o < W | ket dh Yt o i i S
SH| 8 ki cCch 53wy Medium-, thin-bedded & D] Cill; 1-2 Light greenish-grey, finely and very finely crystalline limestone
E| L 2R 1B s OrY greenish-grey D - i
© j o Dagl 2462 cgn oS ‘ """"""""""""""" et e (grains in places < 20%) with marlstone films and interbeds.
a8 E s B oCeyChy] IS Indistinctty nodl The lowermost 20 cm contains horizontal burrows
:% a =S D-49 e L 1y % n 1stmf:t y nodular, <0.2,0.2-3.0cm; D <40 L ht ........ oo 1 ........... T d R d ..... 11 ....................... ] .......... ” ....... d
Basl 13 S kL - thin- and e ight grey, in places pyritized and argillaceous, very finely crysta ine an
£ <3| 46 L 5403 %ot — - ‘MW“ 4”& @ Mmedium-bedded dark greenish-grey microcrystalline limestone (grains 10-25%, in places >30%) with

argillaceous limestone and marlstone films, patches and interbeds.

Carbonate pebbles are found. Discontinuity surfaces are pyritized
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O i
g o m
9 E 12 @l = @ 29
“e|dzE) 8 g £ & gg
SE|S8E| 8 = LITHOLOGY SEDIMENTARY MARLSTONE Z
ZZ|QE5 | & 3 STRUCTURES BEDS & SHORT DESCRIPTION
|75 B E| A 3 &
7 = 8 A o
wn
249.3 GEhyT[K Zadl L ol Wy
- Ccihch 4 4 <L J m®
- 46 - B o T Ao Light grey, in the lower part beigish-grey, in places pyritized, very finely
g T Y v . W;, Y | Wavy, medium-bedded | <0.2,0.2-3 (5) em; crystalline, locally finely crystalline and microcrystalline limestone
E — < n - |2 3| withindistinctly D =10 (grains 10-25%, in places 25-50%) with marlstone (bio- and carbonate
= R S BRI lh‘é"}’ed,d‘:d a“{i dark greenish-grey clasts < 20%) patches, films and interbeds. Fragments of calcarcous
§ . i ‘ég A==} % PRI iz grecsidh-grey algae Palaeoporella? (=Dasyporella) and Vermiporella are present,
¢ = > % particularly at 251.8-257.0 m. Discontinuity surfaces are pyritized
- CCh 72 3y QW
— L2570 By E Lt O I SO
.0 con 5
= C O~ T7 ,” <o
c s |7 7 / AMAN
B cenkRels ;< =
48 B & 7’ 77 | ’
c 2z Z = ; 5 s ) . . W
L | ¥ \ . Light beigish-grey, microcrystalline and very finely crystalline limestone
- D-50 el 17 2> R, ::;K;:ltf:d ;e';d <02, 02})1'0 (4) om; (grains mainly < 30%) with marlstone (bioclasts 10-20%) and argillaceous
< I - y - . . o
5 ) I ‘é KS==—717] <7AV| yith indistinctly dark grey, the L limestone films, patches and interbeds. Fragments of Vermiporella are
834 r o E17 23 ¥ | | thin-bedded, nodular | lowermost 1.0 m dominating. At 261.0-267.5 and 269.2-270.2 m limestone has often
S ! & - c 2 z and bfec‘l?'al greenish-grey bituminous edges (width up to 1 cm) in contact with marlstone.
g= 2 40 i e [Ta1 7] - s intervals Rare bituminous patches occur in limestone. The lowermost 1.0 m
=) - = % : contains lens-shaped patches of greenish-grey claystone.
- B - Z > | The discontinuity surface is pyritized
E r cch ==
B L C |~ ’ AW
g c X
= L cen H— i y oo
C 7
50 = c N
D-51 = 270.8 K 4 G e 58y obemessyemserrepepepresesersmsame | eeysmeepeepomsesssesssemomee | ropeopesemme | oo, PP, Pt 0 1ottt oottt s annsesessoinBareemniosnnebonse)
= . C %W/“WW
L1 ¢ ar Light grey with green shade, very finely crystalline to microcrystalline
D53 e / DU V| Wavy, indistinctly <0.2. 0.2-04 cm: biohermal limestone (grains 10-30%, in places 30-50%). Fragments
D-54 . i 76| bedded, the lower D of Palaeoporella? (= Dasyporella) are dominating. At 270.8-274.7 m
3 r v mggixl:l\?;c;ge q greenish-grey stylolites are common, the lower part contains marlstone films and
3! i | e FOWH 1-2 interbeds. Bituminous patches and druses with calcite crystals
=0 ¥ are observed
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e 28
2 0| 2 3 12 i i E 3 5 &
<& 5l S E o A SEDIMENTARY MARLSTONE 0 Z
| =) £ LITHOLOGY
g Z | QE Zl 2 B B 3 STRUCTURES BEDS 3 SHORN TR CRIFTIN
& = 2R =) &
= § o (=) 0 =
7 = O ¥
2]
g K
L CCh
C
2 B Light grey with brown shade, in places pyritized, very finely crystalline
B ) o Wi ool i to microcrystalline, in places finely and cryptocrystalline limestone
% 2 3 ke il bedded ot | <04 0'2’3-5 Gyem; |, . (grains 30-40%, in places < 20% and 40%) with marlstone (bioclasts
@ g - : indistinctly thin- daik grey in places < 30%) patches, films and interbeds. Fragments of calcareous
B 2 B . bedded intervals algae Palaeoporella? (=Dasyporella) are dominating in 20 cm thick
= [*] . . . . . .
= = 53 cabe interlayers with indistinct borders. The lowermost 40 cm contains
B stylolites, marlstone interbeds missing. The discontinuity surface
= e is pyritized
CCh
—_— r CTK
D-56 [~ c
s = 288'6 KK .................................................................................................................................................................
= cCCh 10
54 L CCh
=
«
8 - c . on 3 :
3= i cat Marlstone, in the lower part locally dolomitized, with argillaceous
5 o CCh Mgt o o limestone nodules and interbeds. The upper- and lowermost parts
(=] — . . . .
5| 2 - i OPWan PEOES | 9 0.2-10 (12) om; contain argillaceous limestone with marlstone films, patches and
2. o 8 CCh thick- and medium IND (D . g . p .
s | ¥ E - a—r— <D bedded, rarely (D) 40-80 interbeds. Greenish-grey finely and very finely crystalline limestone
n 9 c ’ I AR dark greenish-grey, . 0 : : f : . :
5 = 55 ¢ ol T thin-bedded Bicalby mlth vinlet ancli (grains < 25%, mainly fine bioclasts) is mainly medium to highly
E cen — || argillaceous with horizontal burrows. Burrows in marlstone have iron-
o L m— & m g i X N
> é’ ¢ g = | containing edges. At 298.0-299.4 m highly argillaceous marlstone
= B oo N gl e layers comprise silt-sized quartz. The lowermost 0.2 m contains
71 pyrite, pyritized bioclasts and horizontal films similar to stylolites
=T —
56
10-15
ERB-3006 1 Il ISl v moimomnamnsiod bl o h b B 56 0 5 Bttt 53 53550 0t et o A1 S50 R85 5 A
. 8 D-57 <02,02-05 cm Ligh? beigish-grey, pyrite mqttled crypto- to microcrystalline limestone
~| @ F 58] . . 1-3 cm); ains 1-2%) with rare argillaceous limestone and marlstone patches,
2|8 g D-58 Indistinctly thin- to ( ); gt : g Petts
3[4 § medium-bedded D 1-2 films and interbeds. The beds at 301.9 and 307.0-307.6 m contain
g2 s || 57 locally breccial m:rﬁ)ﬁﬂ;g;e%"m borings (about 3 cm across) formed in rigid rock. Indistinct layers
~l=z § greyish-brown comprise angular and variously rounded carbonate clasts
©n (0.01-5 cm across)
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3 .
g 2 2wl = e 28
SE g 22| 5 B S = SEDIMENTARY MARLSTONE Z §
% Z |3 %’ Z ; é 5 % LITHOLOGY STRUCTURES HEDS - g SHORT DESCRIPTION
1%} = 8 [a < § &
57 C
[ = G &= follow up
D-59 c
= 3083 B L o S e AR REPES
58 i C(z:h
— K]
£ | iy S el et Whitish-grey, in places pyritized and dolomitized, very finely crystalline o
§ D60 | c afﬁogzznéf?fhﬁ_ ' to microcrystalline, locally cryprocrystalline limestone (grains in places z
g = = Ceng and medium-bedded | =0 O'ZD_Z'O e 2.5 < 10%) with marlstone and argillapeous limestone films, interbeds >
& 5 “ L "  with indistinctly Ty and rare patches. Burrows are mainly horizontal and seem locally z
R i § R (t:’}:inc'l':::sd:d bituminous. At 312.9-313.0 m elongated carbonate fragments o
E cch 1-2 cm) (length up to 3 cm) and stylolites are found. The discontinuity 8
B cTK] surface is pyritized =
g — c Q
5 i CCh Q
§ g D-61 | CE“K (;
“('v‘ —_— — 3 1 93 ...................................................................................................................................................................
52 £ ) Dﬁ_ K <0.2.0.2-05 cm: Light greenish-grey, with greenish-grey and beigish-grey interbeds, pyrite ;
) ¢ B o= Indif;mcg?' thin- “p mottled, micro- to cryptocrystalline and very finely crystalline limestone o
g cny S eed] dark greenish-grey 3 | (grains in places < 25%) with argillaceous limestone and marlstone films, g
Sl N PV Y e R NS s O NN | interbeds and rare patches. Discontinuity surfaces are pyritized S
= g £ (3236 CCh Light beigish-grey, in places pyrite mottled, very finely crystalline to c%
P E 61 CChpy Indistinctly thick- <0.2,0.2-2.0 cm; yas microcrystalline, locally cryptocrystalline limestone (grains < 10, in
i Lg B - = a“‘{)rc’:fd‘i‘(‘j‘m' darkngy places 10-40%) with argillaceous limestone and calcitic marlstone
5 g = ac PLELZL films, interbeds .and rare patches. Calcite-ﬁllle.d veins are found.
5 50 N D-64F 397 5 ccak T ":— Discontinuity surfaces are pyritized
L& [ 327.5cek T—T—T m.. . b s e — | S—————— N L S R e =
s —am—b_ 6]; 655: 328'0ch:c§ AT xﬁm mﬁﬁ?ﬁiﬁtﬁe " Oﬁfgc:enﬁn;gm <48 Light greenish-grey (locally with brown shade) very finely crystalline
—Q—./_ D_Gr}):_ 328.5 “can T =515 ¥ awm | Medium-bedded with | _ T limestone (grains in places < 30%) with argillaceous limestone and
¥ E | NS R v 2, m @ | micro- and thin-bedded gt verd g;eyc 5 10 . | marlstone interbeds (= Torremagi Member). Greenish-grey, medium
23 R S —— intervals to highly argillaceous very finely crystalline limestone (grains
8 E / 20-30%) with marlstone lenses and interbeds (= Hirmuse
............... Formation). All discontinuity surfaces are pyritized |
Oa*— Oandu Stage; H*— Hirmuse Formation; T*— Torremégi Member Light grey, slightly to highly argillaceous, finely to very finely crystalline
limestone (grains in places < 30%) with marlstone interbeds. A K-bentonite
bed lies at 329.8-330.3 m. The discontinuity surface is pyritized
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) :
E o m 8
Z g «n g <
Q<o | x g & eg
7|« 2 &= E‘;j = A e
& (o} o SEDIMENTARY MARLSTONE v Z
gE |90 & LITHOLOGY
228 S g E 3 E E TRUETURES o g § SHORT DESCRIPTION
= o v m
2 S 2 A~ . . . :
% © T Light grey, in places arglllageous, very ﬁr?ely crystalline, locally finely
18 ¢y D-67[ 3303 con e ——IJuviid Wavy, medium- <02,02-05cm;D | _, . crystallinfz lime;tqne (grains < 30%) W}th rare marlstone films and
§‘§ D-68 | 1318 Sz E 711 ¥, ®  and thick-bedded dark grey interbeds. Discontinuity surfaces are pyritized. K-bentonites* are found
ZE {——D-68 = 331. [ v ARG NCebecdeC | CAR ey ..., |. Interbeds. Liscontinuily surfaces are pyritized. ! SoOSNR, e g
= % D69 CC“K%, 11w Wavy, thick- and <0.2,0.2-3.0 cm; D Light grey, very finely crystalline limestone (grains in places 10-25% and
38 B cch [ — 7 ia medium-bedded, dark greenish-and | 5-10 | 409) with marlstone films and interbeds. Bioclasts are often impregnated
o S8 — i lcmbledded Bhaliciey with iron compounds. K-bentonites* consist mainly of two parts
P M C ofo ) FETITY FITTETY IR R IICOTVANS . i b s s 15 16 5B o o s s % G b e RO b s ORI et oo OV
s 63 = 334.5 y2—
@ TK[IZ G By
g < B Gl it )
& Egg 7 /7 <o . )
£ 5| FEE - con T 2T | Wavy, medium-bedded, Light grey, crypto- to microcrystalline and very finely crystalline
S S| == E z o with microbedded <0.2,0.2-0.5 cm; . . OF ' N o
EE 5 - oy —— intervals (thickness D 5 limestone (grains 10-30%, in places 30-50%, often pyritized)
5 O E s L [~ n 7] mwaw| P to 5 cm), rarely dark grey with marlstone films and interbeds. The discontinuity surface is <
(=3 CCh| » i / 3 42 2 . < —
& E <o thick-bedded pyritized; the lowermost part is phosphatized and kerogenous
5 = L o] =
= CCh & < =
D-70 S e
64 = 34(.] CxCh LAl (4 TR AR et f b [EEEEEEPERERRES B T TR PPPPU P U
. Cc};x C_——LA Light grey (light brownish-grey patches are finely crystalline) very finely =
g £ o R r; i Wavy, thick- and <0.2,0.2-0.5 cm; 5 crystalline limestone (grains 10-40%, often pyritized and oriented =
“ g8 ~ o 5 v medium-bedded D parallel to bedding) with rare marlstone films (in places stylolite-like) =
2 2 L S r—— dark grey and interbeds. A phosphatized discontinuity surface lies on the lower @)
E - Ch 7|/ al | p P 5 oo O
Z = L =3 o 2 — boundary, the upper boundary is pyritized =
= 25 -~ e oo oo emreeesmnneee s b .., D0URdADY, The upper boundary 1s pyritized
€3]
, = 3449 ChxT— LI ; ) ) ,
£ Chic —L :H:_\,_M S B i Light grey, crypto- to mzcr.ocrystallme a}nd finely crystalline to very finely
2 B ch [Z ;6 ) e i T 1.3 | crystalline limestone (grains 10-25%, in places 40—50%) with marlstone
S E ol [7 1% medium-bedded fiike grog films and patches. Wavy discontinuity surfaces are phosphatized, rock
) e TKCT— — ] o= apn : RN K
o & B & Z o impregnation is wea
&M 348 8 it o A A | O | O S
§ BT (e [ a[m TR
2~ 6 &
2 B8 r Ch R
S . =
BEIS Ch ] | 77 7 6
C § r o ———L o .
§ 2 g — | g: _ 20 £| Wavy, indistinctly <02,02-0.5 cm; Light grey to grey, very finely and ﬁne_l}f crystalline limestone (grains
= g i o [, TY, &| medium-bedded, D 1-2 10-25%, in places < 40%; often pyritized and recrystallized) with
= & =!F7 LY eally Gt s dark grey marlstone films and patches. Wavy and rugged discontinui fi
e & B O I thick-bedded PRIEIES. TYavy ¢ gged discontinuity surfaces
a 8 67 By 2 are phosphatized, rock impregnation is weak
2 b L ) gy
/7
g B i 0 5
= Ch =
& - ol [+ o] M=o
- 68 3578 Gh Z2—
w
W

Idavere*— Idavere Substage; Johvi*— Johvi Substage; Vasavere*— Vasavere Member. K-bentonite* beds of the Kahula Formation (Idavere and Johvi substages, Haljala Stage): 330.70-330.75 m; 330.88-330.90 m;
331.77-331.80 m; 331.97-332.00 m; 332.13-332.20 m; 332.67-332.70 m; 332.85-332.88 m; 333.35-333.40 m; 333.90-333.92 m; 334.48-334.50 m.
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O :
= o m
8 125,12 8| 2 1 22
| Se|22E18 | = 4 oF
22 |SEE E 2| E % LITHOLOGY e M e | 38 SHORT DESCRIPTION
< - — o &
= 3 = A v S&
2 & 8 =
2]
" Light grey, with darker grey and violet patches, finely and very finely
- crystalline limestone (grains < 25%, in places 40-50%) with marlstone
% g Ty g p
| A g = films and wavy yellow limonitized discontinuity surfaces. Lenses and
k: S8 | s .
53 L DIl_ssrs 5w Wavy, thick-and | <0.2,02-03 cm; D B e interbeds contain 5-25% iron oolith-like grains
gE|L ¥ 3588 A% a élf‘r'f@m?.dl_m.n,b.esidt?@.w ... dackgrey | 121" Light grey, with darker patches, finely, locally very finely crystalline s
O&§|u g ’ limestone (grains 10-50%, often pyritized) with marlstone films and L
b
o 39 i 68 K l"" Wavy thin- and <0.2 cm; pram : S C1i4 ; —
T8 z ch 4 Y Nt ’ E wavy phosphatized discontinuity surfaces. At 361.3-361.5 m violet
= = TK. aM@ medium-bedded, D 1-2 R p BTy g 3 ¥ : O
= 5 § o O 14 9 ﬁ@ rarely thick-bedded dark grey zpo;% ;nd fp;;;cches ls(A)uth 1rf0n occi)lll;hs an<.1 lxlron-xmpri_gnaseciuffralns Z
s - 361.5 Tk 2 0 A ORI SR TeR R RRRgN) e . < o of the rock) are foun ; brownish-grey inclined s aces >
|l =__l> g= cn 1L M1y @“" Wavy, thick- and <0.2,02-0.3 cm; D
s leggle  [ieoar [6y'm)  mediumbedded | darkgreemishgrey | Pl ocour onthie Upper DORNARLY .. ...t é
N E £ nght grey, pinkish-, yellowish, greenish- and reddish-grey mottled, very b
34|8 & E finely and finely crystalline limestone (grains 20-50%) with rare marl- @)
cL|lx2Fe stone films. Glauconite grains (mainly 10%, in patches < 30%) are often =
5 i = EiE . g Y g e P O
z = dark green, in plac§s qnpregnated w1th. iron .cpmpounds.. Wavy and )
H rugged discontinuity surfaces are limonitized. The interval B
362.25-363.00 m probably belongs to the Lower Ordovician >
V*- Volkhov Stage; S*— Saka Member =
%2
t
@)
—
—
©)
%
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