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The present study focuses on the Pridoli succession in the Lithuanian part of the Silurian Baltic
Basin. Seven main microfacies are distinguished, based on the carbonate classification system of Dun-
ham (1962): marly shale, mudstone, brachiopod-crinoid wackestone, crinoid-brachiopod packstone,
crinoid grainstone, stromatoporoid-crinoid or coral-crinoid float-rudstone and dolomudstone. These
microfacies are arranged in five major lateral depositional facies belts. From proximal to distal, the fol-
lowing facies can be distinguished: Sabkha, Inner-shallow ramp, Mid ramp, Outer ramp, Lower ramp
slope — deep basin. There was no evidence found of reefs or reef belts in the system, and the central
facies belt with abundant stromatoporoid rudstones and floatstones is interpreted as a biostrome. Based
on the microfacies and lithofacies distribution, instead of the common platform interpretation, a ramp
model is appropriate for the Pridoli succession in Lithuania.
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INTRODUCTION

Nowadays, energy supply is one of the most important political
points, and this will become more important when the grow-
ing economies of China and India, amongst others, will strain
the energy market with their increasing demands. Oil prices
are high, but it is questionable if the production levels can be
increased or even kept at the same level to meet the increasing
demands. Oil production is getting inadequate to meet the de-
mand, and scientists are desperate about finding the way out of
the impasse. Oil is crucial for energy supply in modern society,
and to maintain the present production levels we either need to
find new oil reservoirs, new techniques to improve oil extraction
from the present reservoirs, or to substitute oil by other energy
resources.

Most of the well-known giant and large oil reservoirs are
close to or maybe have already passed their peak production
(Deffeys, 2001; Abdullah, 2005; Heinberg, 2005). A number of
giant and large oilfields on which a significant part of oil pro-
duction depends occur in Palaeozoic carbonates. For maintain-
ing the production rates and optimizing recovery percentages, it
is crucial to have adequate geological models of predicting the
lithology and petrophysical properties. Palaeozoic carbonates
are fundamentally different from Mesozoic and Cainozoic ones
because of the different carbonate factories. Since the arrival of
scleractinian corals, carbonate platform deposits rimmed by
reefs are common. Palaeozoic carbonate factories are different

since they are often dominated by stromatoporoid, tabulate or
rugose coral and microbial-algal associations. The study of ana-
logous outcrops can lead to improvement, but also core-based
subsurface studies are relevant. The Silurian carbonates in the
Lithuanian part of the Baltic Basin offer a good opportunity to
perform such a subsurface study because abundant core mate-
rial is present, which represents the carbonate system from the
near-coast shallow depositional environments to the deeper
basinal parts.

The available computing power now allows for a relatively
easy construction of three-dimensional facies models, and
this has in particular been done for siliciclastic sediments. The
question ‘why is it important to model facies?’ is therefore ap-
propriate to ask. In case of siliciclastic sediment, it is obvious
that the initial grain-size distribution and sorting as a result
of depositional processes is directly related to the depositional
porosity and permeability distribution. However, after diagen-
esis, this relationship may not be as straightforward as ini-
tially. For carbonates, the relationships between texture in the
sense of grain-size distribution and sorting are not as direct
as for siliciclastic deposits. The carbonate particles are in the
first instance produced within the basin and often accumulate
more or less in situ. The main part of the carbonate particles is
produced by organic activity, as skeletal parts, and their size,
shape and sorting are thus first of all a function of the biota
producing it. Sorting based on tractive transport processes is
less important for grain-size distribution than the assemblage



Facies and depositional environment of the Pridoli carbonate ramp in the Silurian Baltic Basin, Lithuania 265

of species producing carbonate as a result of metabolic pro-
cesses or by other organisms producing fine-grained material
through bioerosion of the primary skeletal or also non-skeletal
particles. The sediment texture is thus more related to envi-
ronmental factors such as nutrient availability, water depth
and light penetration, and substrate type than to water energy.
These environmental factors probably have changed in relative
importance through the evolution of the carbonate-producing
fauna and flora and may not be the same for the Palaeozoic,
making direct comparative studies with present-day carbonate
environments difficult.

The distribution of reservoir properties in carbonate may
thus be more complex than in siliciclastic sediments. Never-
theless, one may hypothesise that carbonate facies are indeed
important because their primary porosity and permeability dis-
tribution is related to the fabric of the sediment, i.e. grain- or
matrix-supported fabric, and the content of carbonate mud. The
temporal development of these properties is most likely related
to the initial mineralogical composition of the sediment. The
susceptibility for diagenetic processes depends largely on the
mineralogy, but also on the texture of the particles (i.e. specific
surface area). The changes in depositional porosity may thus still
be related to depositional facies since each facies has a different
diagenetic susceptibility and thus may follow a different path-
way for diagenesis.

OBJECT OF STUDY

It is often stated that Silurian carbonates form an excellent
target for hydrocarbon exploration. This statement is based
on the fact that Silurian shales are the source rock for the eco-

nomic hydrocarbon reservoirs in the underlying Cambrian
sandstones, and some oil spots or bitumen have been found
in Silurian as well as in Ordovician core material. Also, the
literature has suggested that good porosity and permeability
could be found in Silurian carbonates. Since production from
Cambrian reservoirs is decreasing in the last years, the atten-
tion is thus changing towards the Ordovician and Silurian car-
bonates. As the demands are still rising, potential reservoirs in
the Silurian would be welcome.

To further test the possibility of reservoir occurrences in the
Silurian, the present study focused on the description of litho-
facies and their petrophysical properties.

The Minija regional stage (Pridoli) carbonates in the Silurian
Baltic Basin (Fig. 1) are a good example of a carbonate ramp
system with a stromatoporoid-crinoid-brachiopod dominated
carbonate factory. The Silurian Baltic Basin is located at the mar-
gin of the Baltic craton, which was in the tropical climate a belt
just south from the equator during the Silurian (Cocks, Torsvic,
2005).

The Silurian stratigraphy has been studied for decades, re-
sulting in the availability of a good stratigraphic framework
(Paskevicius, 1997; Brazauskas, 2005) (Fig. 2). The carbonates
are extensively drilled and cored in the eastern part of the ba-
sin for hydrocarbon exploration and production of oilfields
in the Middle Cambrian siliciclastic sandstones in Lithuania,
Kaliningrad Region and Poland. Silurian shales are one of the
2004). Current interest exists in Ordovician and Silurian car-
bonates because of the oil shows in Gotland and in Lithuania
(Paskevi¢ius, 1997; Zdanavi¢iaté, Bojesen-Koefoed, 1997;
Lapinskas, 2000; Stentoft et al., 2003 Sivhed et al. 2004).

Fig. 1. The main facies belts of the Pri-
dolian ramp in the Baltic Basin. 7 — Sab-
kha; 2 — Inner-shallow ramp; 3 — mid
ramp; 4 — outer ramp; 5 — lower ramp slo-
pe — deep basin. TTZ - Tornquist—Teisseyre
0ne

1 pav. Pagrindinés facijy zonos Baltijos
sedimentacinio baseino przidolio ram-
poje: T — sabka; 2 — vidiné sekli rampa;
3 — viduriné rampa; 4 — iSoriné rampa;
5 — zemesnis rampos $laitas — gilus ba-
seinas. TTZ — Tornkvisto—Teizerio zona
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Fig. 2. The Silurian biostratigraphic scheme according to J. Paskevicius (1997)

2 pav. Siluro biostratigrafiné schema pagal J. Paskeviciy (1997)

MATERIALS AND METHODS

742 core samples from 43 wells were studied (Fig. 3). Geophysical
logs from 17 wells were available for investigations. In total, 313
thin sections (20 pm thick) from 36 wells were prepared for pet-
rographic analysis. Some of the thin sections were selected for
scanning electron microscopy (SEM). The sediments were clas-
sified using the Dunham (1962) classification system expanded

by Embry and Klovan (1971). This system classifies carbonate
sediments mainly according to their depositional texture, i.e.
mud-supported or grain-supported, and the abundance of detri-
tal grains. The texture as such is linked to the initial type of pores.
A standard industry helium porosimeter was used for collecting
porosity data (N = 503), which were done by the authors at the
Technical University of Denmark. Industry reports from deep
drilling projects provided additional data on porosity (N = 254).
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Fig. 3. Location of wells and study cores with the main depositional environments of the carbonate ramp in Lithuania and the erosional outlines of Pridoli deposits
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Geological setting

This study is concentrated on the Minija regional stage, which
forms the lower sequence of the Pridoli (Paskevi¢ius, 1997)
(Fig. 2). The carbonates studied represent depositional en-
vironments ranging from proximal, shallow marine in East
Lithuania to distal marine in West Lithuania. Tectonic activity
was minor due to deposition along the passive cratonic margin.
During the Caledonian Orogeny, the Baltica continent collided
with Laurentia in the west and with Avalonia in the south. This
collision led to the closure of the Iapetus Ocean in the early
Devonian. This explains the progressive increase in subsid-
ence and accommodation during the late Silurian. The most
proximal facies in the eastern part of the basin are partly lack-
ing due to the post-depositional uplift and denudation (lower
Devonian) (Lapinskas, 2000). The Minija regional stage succes-
sion consists of parallel facies belts ranking from dolostones in
the east, passing into marine bioclastic limestones with vari-
able dolomite content and with increasing numbers and thick-
ness of marl or sometimes marly shale interbeds towards the
western part of the basin; bioclastic limestones change into
nodular limestone. Shales and black shales occur in the deepest
part of the basin.

Petrophysical properties in the Minija regional stage

The main petrophysical properties determining the hydrocar-
bon reservoir quality are porosity and permeability. Usually, in
oil reservoirs these properties have a positive correlation: the
higher the porosity the higher the permeability. This rule does
not hold in this case. The porosity data distribution related to
microfacies is presented in Fig. 4. The critical point is that most

of the carbonates are impermeable and show permeability be-
low the detection limit of the equipment. Permeability data are
presented in Fig. 5.

Contrary to expectations and contrasting with siliciclastic
deposits, the finer grained carbonates are most porous, although
their porosity in general is very low. The better reservoir pro-
perties are found in the dolomudstones that have slightly hi-
gher average porosity than other carbonates (Fig. 4). Most of the
pores in dolomudstones are micro-intercrystalline and moldic,
but some of them could be interpreted as fenestral, too. In ge-
neral, all carbonate types have inter- and intra-particle, mouldic
and intercrystalline pores. Fractures which temporally increased
porosity were filled with calcite and dolomite cement. A similar
scenario happened to all pores, most diagenetic processes led to
the reduction of porosity mostly by mechanical and chemical
compaction which further evoked precipitation of burial calcite
and dolomite cements. Diagenesis overprints the primary porosi-
ty patterns largely and reduces porosity regardless of the depo-
sitional facies. Comparing the porosity values across the various
depositional facies, it is evident that postdepositional processes
(diagenesis) reduced the depositional porosity, but further dis-
cussion of diagenesis is beyond the scope of this paper.

DISCUSSION AND PALAEOENVIRONMENTS

It appears that most of the microfacies are mud-dominated
and have a matrix-supported fabric. Microporosity is dominant
in such sediments, and permeability is thus low. Only grain-
stones and, to a lesser degree, packstones had larger-sized in-
terparticle pores and thus an initially appreciable permeability.
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Standard |Number of

. :
Carbonate type| Porosity % |Average| Min. | Max. Deviation | analyses

0 s 10 15 20 23
P

Total —— 4,97 0.32 | 21.92 3.44 758
0 5 10 15 20 25

Mudstones Lo | 7.95 1.67 | 21.92 4.59 110
0 s 10 20 25

Wackestones — 6.21 0.32 | 17.11 343, 176
) s 1 s 20 29

Packstones —— 3.93 0.63 | 17.12 2.89 100

Grainstones | 3.45 0.90 | 10.46 2.15 46

Float/rudstones I 3.62 0.55 | 15.04 2.70 76

Fig. 4. The distribution of porosity values in different types of carbonate rocks. Note that mudstone includes both lime- and dolomudstones. To determine the analytical accuracy,
two samples with distinctly different porosities (around 2% and 22%) were measured 100 times each. For the porosity values of 2% and 22%, standard deviations of 0.061% and
0.209%, respectively, were obtained, indicating a high accuracy of the equipment

4 pav. Poringumo reikSmiy pasiskirstymas skirtinguose karbonatiniy uolieny tipuose. Pazymétina, kad mikritinis tipas jungia tiek kalcitine, tiek ir dolomitine dalj. Nustatant
analitinio tyrimo tiksluma buvo pasirinkti du skirtingo poringumo reikSmiy (apie 2 ir 22%) méginiai ir ty paciy méginiy poringumas buvo matuojamas po 100 karty. Nustatytas
standartinis Siy méginiy nuokrypis (atitinkamai 0,061 ir 0,209%) patvirtina instrumento tiksluma

105

90

75

(=2
o

Data points

Fig. 5. A histogram showing the permeabi-
lity values of the carbonates of the Minija re-
gional stage. The permeability values have a
lognormal distribution in a single population.
Most of the measured permeability values are 30
below 0.1 mD. Note that more samples have
been measured, but most of the samples
showed permeability below the detection
limit of the equipment 15
5 pav. Karbonatiniy uolieny i3 Minijos regio-
ninio auksto skvarbumo reikSmiy histograma.
Skvarbumo reikSmés rodo lognormaly pa-
siskirstyma vienoje populiacijoje. Dauguma
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The proximal dolostones are probably the resultant of early et al., 2003) with a central reef belt. Most of the platforms in
dolomitization processes related to the depositional environ-  the Palaeozoic are apparently accompanied by reef belts. The
ment and as such show an appreciable mouldic porosity from  critical point here is what exactly is meant by a ‘reef’. From the
dissolved shells, in addition to intercrystalline porosity. sedimentological point of view, a reef can be defined as a struc-

So far, the Silurian Baltic Basin has usually been interpreted  ture having a stable and thus interconnected framework of ses-
as a carbonate platform (Kaljo, 1977; Lapinskas, 2000; Stentoft  sile carbonate fossils, which distinctly arises above the sea floor,
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is early marine-cemented and thus able to resist the action of
waves and currents. This kind of structure should be accom-
panied by talus deposits in the front and back of the reef. In
the study area, no such structures have been observed either in
outcrops, cores or thin sections. In platforms, as a result of the
presence of reef barriers, lagoons develop behind the reefs with
a more or less restricted water circulation. In the lagoons, the
salinity therefore tends to be higher than normal marine, which
results in decreased bioturbation and reduced or less diverse
biota and biogenic activity. Lagoonal sediments, therefore, may
be laminated and often contain evaporitic minerals like gyp-
sum, anhydrite, or halite.

In a lagoon depositional environment, there should be some
depositional features indicating low-energy depositional envi-
ronments with (semi)closed connection with the open sea, but
no such features were found. In all facies, apart from the most

BLI150
946.9

proximal dolomudstones, bioturbation is abundant, and usu-
ally sedimentary structures resulting from tractive transport are
absent. Evaporitic minerals or laminated structures indicating a
lack of oxygen or reduced open marine circulation are also ab-
sent. More importantly, there was no physical barrier that could
close off the lagoons from the open sea. A lagoon, therefore, was
absent. Only the dolomudstone facies had laminated structures,
indicating the stromatolitic origin of the laminae with inter- to
supratidal conditions.

Petrographic studies of rock samples and thin sections re-
vealed seven main microfacies based on the Dunham system
(1962): marly shale, mudstone, brachiopod-crinoid wackestone,
crinoid-brachiopod packstone, crinoid grainstone, stromato-
poroid-crinoid or coral-crinoid float rudstone and dolomud-
stone. These microfacies are summarised in Table 1 and shown
in Figs.6 and 7.

@B

R

BLI156
916.3

Fig. 6. Photographs of polished core samples. A — stromatoporoid-crinoid floatstone (limestone) with dm-sized stromatoporoids typical of the central facies belt; B — coral-

crinoid rudstone (limestone) with small tabulate coral colonies

6 pav. Ant3lifiy nuotraukos. A — stromatoporoidiné-krinoidiné stambiaporfyriné (floatstone) klintis su dm dydzio stromatoporoidéjomis i$ centrinés facijinés zonos, B — koraliné-
krinoidiné stambiaraSmeniné (rudstone) klintis su nedidelémis sluoksniuoty koraly kolonijomis
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Table 1. Carbonate microfacies description in the Minija regional stage (Pridoli) of Lithuania based on the Dunham carbonates classification system (1962)
1 lentelé. Minijos regioninio auksto (prZidolis) karbonatiniy mikrofacijy aprasymas Lietuvos teritorijoje remiantis Dunham karbonaty klasifikacijos sistema (1962)

Microfacies | Grains | Grain size | Matrix | Fauna
Dominated by carbonate
Marly shale Non or few bioclasts <2mm mud (micrite) and terri- Brachiopods
genic siliciclastic material
Mudstone Non or few bioclasts <2mm Dominant cgrponate mud Crinoids, brachiopods, ostra-
(micrite) cods, bivalves
Dominated by carbonate Crinoids, brachiopods, trilobites,
Crinoid wackestone Bioclasts <2mm mud (micrite) composed ostracods, bryozoans,
of calcite gastropods, bivalves, pellets
Crinoid-brachiopod Bioclasts <2mm Minor admixture of car- Crinoids, brachiopods, trilobites,
packstone bonate mud (micrite) ostracods, bryozoa, pellets
o . Usually well rounded Crinoids, brachiopods, trilobites,
Crinoid grainstone <2mm Non

bioclasts

ostracods, bryozoans

Stromatoporoid-
crinoid or coral-crinoid
rudstone

Different bioclast
shapes from well
rounded to angular

Dominated by >2 mm,
but smaller ones also
occur

Minor admixture of car-
bonate mud (micrite)

Stromatoporoids, tabulate and
rugose corals, crinoids,
brachiopods, bryozoa

Stromatoporoid-
crinoid or coral-crinoid
floatstone

Different bioclast
shapes from well
rounded to angular

Variable size

Dominated by carbonate
mud (micrite)

Stromatoporoids, tabulate and
rugose corals, crinoids,
brachiopods, bryozoa

Dolomudstone

Non or few badly
preserved

<2mm

Dominated by carbonate
mud (micrite) composed
of dolomite

Bivalves, gastropods, algae

Fig. 7. Thin section microphotographs of different microfacies. A — coral-crinoid rudstone (limestone) dominated by coarse-grained tabulate colonies and crinoids from the
central facies belt (note stylolites among the grains); B — crinoid grainstone (limestone) from the central facies belt, consisting almost entirely of crinoid grains overgrown with
syntaxial cement; € — brachiopod-crinoid packstone (limestone) from the central facies belt consisting of brachiopod and crinoid grains; D — Brachiopod-crinoid wackestone

(limestone) from the outer ramp with a matrix supported fabric

7 pav. Skirtingy mikrofacijy 3lify nuotraukos. A — koraliné-krinoidiné stambiarasmeniné (rudstone) klintis i$ centrinés facijinés zonos, kurioje vyrauja stambianuolauzinés koraly
kolonijos ir krinoidéjos (nuotraukoje tarp daleliy taip pat matomas stilolitas); B — krinoidiné griidéta (grainstone) Klintis i$ centrinés facijinés zonos, susidedanti beveik vien tik
i8 krinoidéjy, kuriy dalelés apaugusios sintaksiniu cementu; C — brachiopodiné-krinoidiné rameniné (packstone) Klintis i centrinés facijinés zonos, daugiausia susidedanti i
brachiopody ir krinoidéjy daleliy; D — brachiopodiné-krinoidiné porfyriné (wackestone) klintis i$ iSorinés rampos, kuriame vyrauja mikritas
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Based on microfacies, lithofacies and faunal distribution, a
depositional ramp model in Pridoli carbonates was constructed
(Fig. 8). The ramp system can be subdivided into five major,
parallel depositional facies belts with typical lithofacies associa-
tions (Fig. 3). From the proximal, near coastal to the distal, cen-
tral basin these are: 1 - a near-coastal facies of dolomudstones
with intertidal and shallow subtidal features (intertidal-subtidal
inner-shallow ramp); 2 - a shallow facies above the wave base
with wackestones and mudstones with some coarser bioclastic
coarse-grained packstones, grainstones or rud- and floatstones.
The fauna consists of bivalves, ostracods, gastropods, crinoids
and brachiopods (Inner-shallow ramp); 3 - a central facies with

Table 2. The main features of sediments in the various depositional facies belt
2 lentelé. Skirtingy sedimentaciniy facijiniy zony pagrindiniai bruozai

coarse-grained bioclastic stromatoporoid — coral biostromal
and crinoid deposits ranking from grainstones to rudstones
(mid-ramp); 4 - a deeper slope, a fine-grained muddy facies
belt with some coarser-grained bioclastic packstones (outer
ramp); 5 - a deepest ramp slope facies with marl-shales and
black shales (lower ramp slope — deep basin). The depositional
environments are briefly summarised in Table 2. Basically, in a
ramp, the major control factor on the facies is water energy, i. e.
the depth of the fair-weather wave base and storm-wave base,
variations in topography and depositional slope, and material
transport by storms, waves and tides (e. g., Pomar, 2001; Fliigel,
2004).

Lithofacies | Microfacies | Dominant fauna Structures Depositional environment | Ramp facies belt
dolomudstones, ostracods, . intertidal to shallow
dolostones dolowackestones bivalves laminated-bedded subtidal deposition sabkha
limestones, mudstones,
some wackestones, cr|n0|d§, ostracods, bivalves, bloturba.ted, bed- subtidal, inner-shallow
dolostones packstones brachiopods, gastropods  ded to thin bedded well oxygenated ramp
rudstones, floatstones, stromatopormdls, tak.)ulgée and bioturbated, berLO\iY wave ba;e, beflqw
limestones grainstones, brugose corz s, Cr:!nOI j bedded, p tohlc zct)ne, ab ove ba?lr mid ramp
packstones ryozoans, brachiopods, interbedded weather storm base, bios-
trilobites tromes, storm reworking
i mudstones, crinoids. brachiopods bioturbated, low energy, below wave
|mfstohne|s, wackestones, astropeds. ora tF:)Iite's nodular bedded, base, pelagic and storm outer ramp
marls, shales packstones 9 pods, grap interbedded deposition
mudstones, ) ‘ d:c;2~i'~g?1als$-'§~t§;g;2 lower ramp
shales, marls wackestones graptolites bedded-laminated position, siliciclastic low slope —.deep
energy deposition basin
BLI154 BLI1S2 BEB108 o\ \0-
BLI153 \BLI150/BLI155/5, 158
BLI151 BEB110 GEL114
VADS5 PAMOS
LAP124 GEL99
LAP123 GEL115
BEB111 JAK104
MIL103 LED179BER185 PAU192 JAC299
0 ) =
- Marly shales
yaWes!
:\ - Mudstones
)
[ Brachiopod-crinoid wackestones
- Crinoid-brachiopod packstones
Crinoid grainstones
Stromatoporoid-crinoid and
coral-crinoid float- rudstones
- Dolomudstones
150 m
Y

Fig. 8. Lithological cross section of the Minija regional stage deposits in the Lithuanian part of the Silurian Baltic
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The central facies belt is richest in fauna with respect to its
quantity and diversity. It is difficult to assess the exact propor-
tions in carbonate production in the various facies throughout
the ramp, but it is probable that the central facies belt in the ba-
sin was the main carbonate factory in the system. The correct
identification of this facies belt is of particular importance for
interpreting the whole system and can lead to a misunderstand-
ing of the carbonate system in the Silurian Baltic Basin. This is
the case not only for this region, but also all over the world. The
presence of the central facies belt with particular fauna (e. g.,
stromatoporoids, crinoids, bryozoa and tabulate or rugosa cor-
als) almost spontaneously leads to identification of reefs and
thus the interpretation of the pertinent system as a carbonate
platform. However, this facies is composed mainly of floatstones
and rudstones associated to biostromes instead of reefs as ear-
lier defined. Small reefs, usually some decimeters to a metre in
size, have been described from Gotland, but these are evidently
a minor part of the system occurring behind the biostromes and
thus better should be called patchreefs.

Of course, it is difficult to assess the exact shape of stromat-
oporoids from core samples and particularly from thin sections,
but it is possible to determine that most of the stromatoporoids
are relatively small, flat to bulbous or domical-shaped and more
rarely laminar. Most of the stromatoporoids were not in situ but
turned over and / or displaced (Fig. 9). They were overturned
or broken by waves and currents which were probably caused
by storms. The angular shape of many of the stromatoporoids
suggests that they were transported for short distances, whereas
well-rounded shapes indicate transportation over longer distan-
ces. Moreover, no stromatoporoids were encountered attached
to hard substrates, but instead appeared to have grown on soft
substrates, i. e. muddy, fine-grained sediments. They were thus
not bound together and did not build a rigid, stable framework.
Recent research has provided evidence that stromatoporoids
alone are not able to produce a stable framework. Evidence that
stromatoporoids and Palaeozoic corals alone are not capable to
build a framework was presented, e. g., by Nose et al. (2006). For
a stable framework, encrusting stromatoporoids, microbialites,
calcimicrobes or calcareous red algae are needed (Meyer, Price,
1993; Nose et al.,2006). However, it may be difficult to determine
whether or not the fossils are indeed in place and undisturbed,
especially if the fauna did not build a framework (Sandstrom,
Kershaw, 2002). Sandstrom and Kershaw (2002) argue that stro-
matoporoids did not fixate themselves to a hard substrate at all.
Large ones are unstable and easily turned over, smaller and flat
ones being more stable but potentially mobile. Kershaw (1998)
and Sandstrom and Kershaw (2002) presented experimental
evidence that currents could move stromatoporoids without
overturning them. In the study area, indeed, no framework has
been observed.

Most of the modern scleractinian corals that build reefs are
colonial, fixed to hard substrates or shelly carbonate sands, and
are prone to build rigid and stable frameworks through inter-
connected colonies. In contrast, Silurian corals like tabulates or
rugosa are mostly solitary and occur in mud-rich sediments, i.e.
they grew on soft substrates similar to stromatoporoids. Colonial
tabulates do occur, but are a minor component, except of some
deposits described on Gotland. Some researchers (e. g., Scrutton,
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Fig. 9. A typical stromatoporoidal rudstone (limestone) with coarse, unsorted and
random oriented remains of stromatoporoids from the central facies belt

9 pav. Tipiné stromatoporoidiné stambiarameniné (rudstone) Klintis su stambia-
nuolauzinémis nerdsiuotomis ir be tvarkos orientuotomis stromatoporoidéjomis i
centrinés facijinés zonos

1998,1999) inferred that rugosa and tabulate corals lived, at least
partly, on soft sediments. Thus, all the above-mentioned features
suggest that the Minija regional stage does not contain any reefs
or even a barrier reef, but stromatoporoid and coral carbonate
production gave rise to biostromal shaped bodies. Most of the
described stromatoporoid-rich sediments in Gotland lack talus
deposits and thus lack a relief (Manten, 1971).

Although carbonate mud is abundant throughout the sys-
tem, grainstones are common in the mid ramp. These grain-
stones usually are rich in crinoid remains and also contain
disarticulated brachiopod shells. The well-sorted nature and
the absence of micrite in some layers suggest an environment
with occasionally well-agitated water and / or a high local grain
(mostly crinoid) productivity which had a great influence on the
sediment structures. Postdepositional matrix accumulation ei-
ther by infiltration or through bioturbation or infaunal activity,
turned part of these grainstones into packstones.

CONCLUSIONS

The Pridoli sediments from the Minija regional stage in the
Silurian Baltic Basin are interpreted as a ramp system. According
to the lithofacies distribution, the ramp can be subdivided into



Facies and depositional environment of the Pridoli carbonate ramp in the Silurian Baltic Basin, Lithuania

273

five major parts: intertidal-subtidal inner-shallow ramp; inner-
shallow ramp; mid-ramp; outer ramp; lower ramp slope — deep
basin.

The systematic variation in lithofacies in each part of the
ramp enabled to interpret the depositional environments rang-
ing from shallowest (intertidal) dolomudstones along the basin
margin in the east to the deepest part of the ramp in the west
with dominant shales and marls.

The assemblages of coarse bioclasts in the mid-ramp in
rudstones or floatstones are interpreted as biostromal deposits.
Although the biostromes occur within a narrow facies belt, they
are neither reefs nor a reef belt.

The best petrophysical properties are found in dolomud-
stones that occur in several facies belts. Diagenesis is evidently
the main factor determining the eventual reservoir properties,
obliterating largely the original differences in properties of the
various lithologies.

Depositional facies models are thus important for modelling
the petrophysical properties of carbonate systems, but apparent-
ly less important than in case of siliciclastic deposits. Primary
porosity patterns may be reversed by diagenesis.
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PRZIDOLIO KARBONATINES RAMPOS
FACIJOS IR SEDIMENTACINE APLINKA SILURO
SEDIMENTACINIAME BASEINE (LIETUVA)

Santrauka

Siandien nafta yra svarbiausias energijos Saltinis, taciau jos atsargos
nepaliaujamai senka, ir mokslininkai stengiasi atrasti iseitj i§ tokios
situacijos. Norint iSlaikyti bent $iandieninj naftos i$gavimo lygj, bati-
na atrasti naujus naftos telkinius, sukurti metodika, kuri padéty kuo
daugiau i$gauti naftos i$ ty paciy telkiniy, arba pakeisti jq alternatyviais
energijos altiniais.

Keliolika milzinisky naftos telkiniy yra dislokuota paleozojaus
karbonatinése uolienose. Norint islaikyti ta patj gavybos lygj ir opti-
mizuoti gavyba, ypa¢ svarbu turéti tinkama geologinj modelj, kuris
leisty tiksliau apibrezti telkiniy litologines ir petrofizines savybes. Dél
skirtingos karbonatinés medziagos kaupimosi paleozojaus karbonatai
yra visi$kai kitokie negu mezozojaus ir kainozojaus. Tam pagrinding
jtaka turéjo skleraktininiy koraly jsivyravimas nuo mezozojaus, kurie
daznai karbonatinés platformos profiliui suteikia i$gaubima, vadinama
rifu. Paleozojaus karbonatiné medziaga kaupési nevienodai, nes joje
daugiausia stromatoporoidéjy, dugneliniy ir keturspinduliniy koraly
bei dumbliy asociacijy. Lietuvos Baltijos baseino silaro karbonatai la-
bai tinka tokiems tyrimams, nes gausi greziniy kerno medziaga rep-
rezentuoja karbonatine sistema nuo seklios iki gilios sedimentacinés
aplinkos.

Sis tyrimas stratigrafine prasme apima Lietuvos Baltijos baseino
silaro apating przidolio dalj. Remiantis Dunham (1962) karbonatiniy
uolieny Klasifikacija, buvo isskirtos $ios pagrindinés mikrofacijos: mo-
lingy mergeliy, mikrity (mudstone), brachiopodiné-krinoidine-porfy-
riné (wackestone), krinoidiné-brachiopodiné-ra§meniné (packstone),
krinoidiné gradéta (grainstone), stromatoporoidiné-krinoidiné arba
koraliné-krinoidiné-stambiaporfyriné (floatstone), arba stambiara$me-
niné (rudstone) ir dolomikrity (dolomudstone). Minétos mikrofacijos
yra paplitusios lateraliai i§sidésciusiose sedimentacinése facinése zonose.
Nuo sekliy iki giliavandeniy $ios zonos gali bati jvardytos kaip sabka, vi-
diné sekli rampa, viduriné rampa, i$oriné rampa, Zemesnis rampos $lai-
tas — gilus baseinas.

Tenproc buukayckac, Hukomaac Monenaap

DALV VI CEIVIMEHTAIIMMIOHHBIE ObCTAHOBKI
KAPBOHATHOV PAMIIBI IIPKUIOJINA B
CUJIYPUVICKOM CEJVIMEHTAIIVIOHHOM BACCEINHE
JINTBBI

Peswme

Heocrnopumo, 4to He(Tb sAB/AETCS INABHBIM MCTOYHMKOM IHEPIMIL
OnHako e€ 3amachl MOCTEIIEHHO YMEHBIIAIOTCA, M YUeHbIe CTApATCs
HAJITU BBIXOJl U3 CO3faBlelics curyauun. [[is coxpaHenus HeTeno-
ObIYM Ha IIpeXXHeM YPOBHE CYILIeCTBYeT HeCKOIbKO IyTell: OTKPHITh
HOBbIEe MeCTOPOXIEHN, CO3[aTh METOMVKY, 03BOJLIONIYIO M3B/Iedb
Oonblre HeTH 13 MECTOPOXK/EHNIL, 3aMEHUTb He(Th a/IbTepPHATUB-
HBIMI MCTOYHUKAMY S9HEPTUIL.

MHOXeCTBO KPYIIHBIX Vi OYeHb KPYIHBIX MECTOPOXIeHMIT HeTr
0OHapy)XeHBI B I1a/1e030/ICKMX KapOOHATHBIX MOPOfiax. B memsix ontu-
MU3ALNK U TOAfeP>KaHMA HeTeoObIuN U3 KapOOHATHBIX TIOPOJ Ha
HpEXXHEM YPOBHE BaXKHO MMETD IIOAXOAIIYIO Fe0/IOTIUeCKY 0 MOJIeb,
KOTOpas I03BOMIIA ObI TOUHEe OIPeeUTb TUTONIOTMYeCKIE U IeTPO-
¢usmyeckue CBOCTBA MeCTOPOXeHNUs. V3-3a pasnuumit o6pasoBa-
HIS U3BECTKOBICTOTO MaTepuaa KapOOHaThI I1aIe030iiCKue OTInda-
I0TCA OT ME3030JICKMX I KalfHO30MCKMX. B IByX IIOCTIEfHNX OCHOBHYIO
ponb urpamu puoobpasyolye CKIepaKTHHOBbIE KOPAJIIbl, KOTOPbIE
4acto B nmpodune kapOOHATHBIX M1aTdhopM 00pasylT BBITYKIOCT,
HasblBaeMylo pudom. B kapOoHaTHBIX 00pasoBaHMAX IAIe0305
npeolaaoT CTPOMATONpon/ien, TAGY/IATHI i Pyro30Bble KOPAIbl, a
TAKKe accolyalyy Bogopocieii. KapboHaTHbIE IOPOJIbI CUTY PUIICKOTO
CelIMEHTALIOHHOTO 6acceiiHa JIUTBBI CO3/AI0T IPEKPACHYIO BO3MOXK-
HOCTD MPOBEJIEHNS UCCTIE0BAHMIT G/Iarofiapsi 00MIbHOMY MaTepyay
KepHa U3 OYPOBBIX CKBaXMH, KOTOPBIIT MPECTaB/seT KapOOHATHYIO
CHCTeMY OT MeJIKO- 0 IMyGOKOBOJHBIX CEAMMEHTAIMOHHBIX 00CTa-
HOBOK. J[aHHBIe MCC/IEOBaHMA B CTPATUrpapuueckoM OTHOLICHUM
OXBAThIBAIOT HIDKHIOK 4acTb NPXKUJOMBCKOTO SAPyca CUITYPUIICKOTO
CelVIMEHTAIIOHHOTO OacceitHa JINTBbL.

Ha ocnoBe knmaccudukanmu kap6oHatusix nopop P. V. lanxama
(Dunham, 1962) BbieneHbl OCHOBHbIE MUKPOGALMN: [IVHUCTBIE
Meprenu, MUKPUTbI (mudstone), GPaxuoONOIOBO-KPUHOUHBIE TOP-
bupsr (wackestone), KpuHOMIHO-OpaxuONOAHbIE Y30pbI (packstone),
KpUHOUJIHbIE 3epHa (grainstone), CTPOMATONOPOBO-KPUHOUHBIE WV
KOpPAJITIOBO-KPYHON/IHbIE KpyIHOIOpQupsI uin KpymHoysops! (float-
rudstone) u goomuxpurst (dolomudstone).

BblmenasBaHHble MMUKPOQALMN PacHpOCTPaHEHBl B PACIONo-
JKEHHBIX MapaJUIeNbHO CeAMMEHTAIMOHHBIX (alMaabHbIX 30HaX (0T
6eperoBoit MMHIN K MOPIO), KOTOPbIE MOKHO OIIPEfE/IATh CIIEAYIOLINM
00pasoM: cebxa, BHYTPEHHsA MENKOBOJHAsA PaMIIa, CPEHsAA paMIa,
BHEIIHA PaMIIa, HIDKHMIT CKJIOH paMIIbl — Iy6oKas 4acTb GacceiiHa.



