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Abstract. Changes in ostracode diversity and mineralogical composition of insoluble residue were
studied to document environmental and biological events in the Volkhov succession of North
Estonia. The most prominent bioevents occur in the basal and middle parts of the stage. The higher
quartz/K-feldspar ratio in silt fraction of insoluble residue of the early Volkhov carbonates is
interpreted as indicative of extensive reworking and redeposition of Cambrian—earliest Ordovician
terrigenous formations. The data are discussed in the context of different models of sea level
changes.
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INTRODUCTION

In the mid-Arenig, during the Billingen—Volkhov time, normal-marine
carbonate sedimentation started in the eastern part of the Baltoscandian
Palaeobasin, for the first time during its history. This transgressive episode has
been interpreted differently with respect to smaller-scale sea level fluctuations,
based on the variation of the sediment supply, the faunal succession, and
palacogeography. The sedimentary sequence of North Estonia, which probably
characterizes the shallowest part of the palacobasin, is supposed to have been
most sensitive to sea level changes. The aim of the present study was to recognize
the environmental and biotic events in the Volkhov succession of North Estonia
and to reveal the relationships between the events and the detailed sea level curves
elaborated for different parts of the Baltoscandian Palaeobasin (Nielsen, 1992,
1995; Dronov et al., 1998).
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PALAEOGEOGRAPHICAL SETTING

The Baltoscandian Palaeobasin, which was situated approximately at 35-45°
southern palaeolatitudes during the Arenig (Torsvik et al., 1996), is characterized
by a regular distribution pattern of the main lithofacies. This large-scale zonation,
introduced as facies zones by Minnil (1966) and later developed into a concept
of confacies belts by Jaanusson (1976, fig. 7), comprises two areas, southern
and northern, within the today’s territory of Estonia. In southern Estonia
predominantly argillaceous—carbonate sedimentation took place in the conditions
of lower ramp. The area is, together with western Latvia and northwestern
Lithuania, regarded as a part of the Central Baltoscandian Confacies Belt. The
North Estonian Confacies Belt lies in the marginal area of the palaeobasin. It is
characterized by discontinuous sedimentation, probably referring to a middle—
upper ramp zone near fair-weather wave base. Differences in sedimentation and
environmental parameters within the confacies belts are expressed in the
distribution of most fossil groups in the Viru and Harju series of Estonia.
Preliminary ostracode data suggest similar differences for the Ontika Subseries,
although generally faunal differentiation is less distinct there (Ménnil, 1966).

The Volkhov age is known as an episode of a rise in faunal diversity, although
in part it is apparently an effect of more favourable conditions of preservation for
shelly fossil groups. In this interval the succession of graptolites, conodonts, and
lingulate brachiopods is complemented with diverse assemblages of trilobites,
brachiopods, ostracodes, and many other groups, generally regarded as typical of
the Ordovician.

STRATIGRAPHY

The Volkhov Stage, roughly corresponding to the “Glauconite Limestone” by
Schmidt (1879, 1881) and subsequent authors, forms a lithologically distinctive
unit in the sections of the North Estonian Klint and nearby river valleys. It is the
oldest stage in the Ordovician of Estonia where the carbonate sediments are
prevailing. Biostratigraphically, the Volkhov Stage is defined by the trilobite
succession ranging from the base of the Megistaspis polyphemus Zone to the top
of the Megistaspis limbata Zone (Mannil, 1966; Ménnil & Meidla, 1994).

Distinction of three substages in the Volkhov Stage, introduced by Lamansky
(1905) for the St Petersburg Region, was originally also based on trilobite
zonation. However, in Estonia microfossils are reported to be more abundant in
the stage (Sarv, 1959, 1963; Viira, 1974; Nolvak & Grahn, 1993; Meidla, 1997),
whereas macrofossils are rare (Mégi, 1984, 1990). The data on trilobite
distribution, which originally served as a basis for defining the substages of the
Volkhov Stage in Estonia, remained almost unrevised for a considerable time
(Opik, 1937; Minnil, 1966; see Aru, 1990 and R66musoks, 1997 for a review).
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In Scandinavia a tripartite biostratigraphical subdivision of the Volkhov Stage
based on the trilobite succession was proposed by Tjernvik (1956). He also
suggested that the tripartite subdivision of the Volkhov Stage in Scandinavia was
not consistent with the East Baltic usage (Tjernvik, 1980). Recently the
differences between the East Baltic and Scandinavian substages were summarized
by Nielsen (1995, fig. 32; see Meidla, 1997 for a review).

The currently used lithological tripartite subdivision of the Volkhov Stage was
adopted for Estonia by Orviku (1958, 1960) in agreement with the substage
concept of Lamansky (1905). In modern terms the stage is nearly equivalent to the
Toila Formation (Fm.) in North Estonia. The formation represents a complicated
stratum of various partly dolomitized glauconitiferous limestones resting on
sandstones of the Leetse Fm. The basal part of the Toila Fm., the Paite Member
(Mb.) of the Billingen Stage, is separated from the main part of the formation by a
smooth discontinuity surface with “amphora-like borings” (Orviku, 1960) or the
so-called Piistakkiht (Orviku, 1961; also known as Steklo, Blommiga Bladet,
Flowery Sheet). In North Estonia the Volkhov age part of the Toila Fm. is
subdivided into five members (Saka, Telinomme, Kiinnapohja, Lahepera, and
Kalvi Mbs. — see Fig. 1). The lower part of the Sillaoru Fm. (Pada Mb.), locally
resting on the Toila Fm., has also been tentatively assigned to the Volkhov Stage
(Orviku, 1960).

Recently, Volkhov conodont successions of Scandinavia were studied in detail
by Stouge (1989) and Lofgren (1995). They give a thorough analysis of relations
between the trilobite and conodont zones proposing conodonts as another key
group for subdividing the Arenig in Baltoscandia. The Estonian substages have
also been redefined in terms of conodont record (e.g. Minnil, 1990).
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Fig. 1. Cross-section of the Toila Formation along the North Estonian Klint (after Orviku, 1960 and
Meidla, 1997) and the location of the studied sections.
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MATERIAL AND METHODS

In North Estonia two sections of the Toila Fm. were studied (Fig. 1). The Saka
klint section is situated on the coastline in northeastern Estonia, 2 km west of the
village of Saka. The Harku trench section is located near Tallinn, 1.5 km south of
Lake Harku, south of the Tallinn—Keila road. In both studied sections the Volkhov
Stage has a fairly similar thickness, but the overlying Kunda Stage is considerably
thicker at Saka. The succession of local members is different in these sections. At
Saka the Toila Fm. is represented (from the base) by the Péite, Saka, Telindmme,
Kiinnapdhja, and Kalvi Mbs., in the Harku section by the Piite, Saka, Telindmme,
and Lahepera Mbs. In both sections the succession of the Volkhov Stage is
assumed to be nearly complete, with no essential parts (substages) missing.

Samples from both sections were subjected to sedimentological and minera-
logical analysis. The carbonate component of the samples (with initial weight of
50 g) was dissolved in diluted (3.5%) hydrochloric acid. Insoluble residue (i.r.)
was fractionated by gravity sedimentation and sieving into the following fractions:
<2, 2-8, 8-63, and >63 um. Qualitative and semiquantitative mineralogical
composition of the 8—63 um fraction was analysed by X-ray diffraction (XRD)
using the DRON-0.5 diffractometer (Mn-filtered Fe-Ko radiation). For the
ostracode record, the sets of bed-by-bed samples were processed using a treatment
with sodium hyposulphite, with subsequent picking of the shells under the
binocular microscope (see Meidla, 1996 for details).

COMPOSITION OF CARBONATE ROCKS AND CHANGES IN
TERRIGENOUS INFLUX

The Toila Fm. is represented by glauconitic limestones and secondary dolomites.
Carbonates make up 80-95% of the rock (Fig. 2). Thin clayey intercalations (up to
2 cm) with a carbonate content of 20-35% occur in the middle and upper parts of
the formation (Telindmme, Kiinnapdhja, and Kalvi Mbs.). In both studied sections
the content and grain size of i.r. is nearly stable throughout the middle-upper part
of the formation, whereas the lower part of the formation is enriched with sand-
sized glauconite, the prevailing mineral in i.r. sand fraction. The fraction 8—63 pm,
studied by XRD, makes 10-20% of i.r. and consists of a mixture of glauconite,
quartz, and K-feldspar. The ratio of quartz 101 to K-feldspar 002 XRD peak
intensities varies between 3 and 10 in the 8-63 um fraction of i.r., generally
decreasing upward in the sections (Fig. 2). According to these peak intensity
ratios, the contents of quartz and K-feldspar in the coarse silt fraction are nearly
equal in the main part of the Toila Fm., whereas quartz is clearly prevailing over
feldspar in the lower part of the Saka Mb. and in the Pdite Mb. of the Toila Fm.

The Sillaoru Fm. is represented by oolitic limestones. The carbonate content is
60-90%, in clayey intercalations 25-35%. The sand fraction (0.063-2.0 mm) of
i.r. (3-60% of i.r.) consists mainly of iron (goethitic) ooids, only a sample from the
Pada Mb. contains some glauconite as well. The fraction 8-63 um of i.r. (10-15%
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of ir.) contains goethite, quartz, and K-feldspar; the quartz/K-feldspar ratio is
similar to that in the upper part of the Toila Fm.

The possible sources of terrigenous material in early Ordovician carbonates
of North Estonia are Cambrian and Tremadoc sandstones and siltstones, and
weathered bedrock material transported from land and coastal areas. Cambrian and
Lower Ordovician sandstones and siltstones are very rich in quartz due to long
redeposition history. According to previous optical mineralogical analyses of
coarse silt-fine sand fraction (0.05-0.1 mm), quartz dominates over feldspar in
North Estonian sections in this interval. In the Tiskre Fm. the quartz and feldspar
make up 50-95% and 2-40% (Mens & Pirrus, 1977; Mens et al., 1989, 1996), in
the Ulgase, Tsitre, and Kallavere Fms. 84-98% and 1-13% (Mens, 1984; Mens et
al., 1989, 1996; Heinsalu et al.; 1991), in the Varangu Fm. over 50% and 5-10%,
and in the Leetse Fm. 10-60% and 0.5-3.0% (Kleesment & Migi, 1975),
respectively. In several cases the distribution areas of these sandstone bodies have
obviously erosional boundaries (Heinsalu, 1987).

A high feldspar content in the limestones of the Toila Fm. may reflect intensive
authigenic formation of K-feldspar during the diagenesis, or high terrigenous input
of feldspar-rich fresh-weathered material into the study area. As we have insufficient
data on the genesis of feldspar in carbonate rocks of Estonia, we suppose that
feldspar is a mixture of diagenetic crystals and terrigenous grains. In this case
the curve of the quartz/K-feldspar ratio may reflect both the trends in original
terrigenous mineralogy and in diagenetic crystallization. The generally homogeneous
lithology of the Toila Fm. and minimum fluctuations of the base line of the curve
in the main part of both sections (Fig. 2) suggest that the rate of diagenetic formation
of silt-sized K-feldspar was nearly constant in the Volkhov carbonates and did not
cause a relative enrichment of the material with quartz at certain stratigraphical
levels. Thus, the increased quartz/K-feldspar ratio in these beds is interpreted here
as an evidence of extensive reworking and redeposition of older, Cambrian and/or
Ordovician terrigenous formations rich in quartz. The intensity of erosion of the
poorly cemented sandstones/sands in the coastal areas but also inland by ancient
rivers was most likely dependent on the changes in the erosion base. The increased
quartz/K-feldspar ratio may be correlated with relative sea level falls.

OSTRACODE DATA

The ostracode record of the Latorp and Volkhov stages in Estonia previously
documented by Opik (1935) and Sarv (1959, 1960, 1963) shows a comparatively
low diversity of the ostracode assemblage. According to Sarv (1968), the early
Ordovician ostracodes represent a uniform group of fauna throughout the East
Baltic, with more than 50 species of 25 genera from the Billingen, Volkhov, and
Kunda stages. The published distribution data are usually given by stages and
substages, rarely (Sarv, 1960; Mégi, 1984; Meidla, 1997) in more detail.

The results of the present study (Fig. 3) extend the faunal list of the Volkhov
Stage. It is dominated by palacocopes which are mainly represented by the
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superfamily Hollinacea. This group comprises species of 8 genera of the families
Tetradellidae, Ctenonotellidae, and Tvaerenellidae. The eurychilinacean genus
Laccochilina has been reported as one of the common genera in the Volkhov
Stage of the Estonian sequence. Yet, in the studied sections the representatives of
the genus have been tentatively identified only in the Pdite Mb. (in the Harku
section) which is considered to be of Billingen age. The earlier record of
eridostracan ostracodes in the Volkhov Stage has been confirmed. It comprises
several species of the genus Conchoprimitia, one of which (C. gammae) has also
been recognized in the Pdite Mb. together with “Pinnatulites” sp. nov., a species of
uncertain taxonomic position.

Binodicopes are represented by two genera, Miniconchoides and Incisua, both
of uncertain family affinity (Schallreuter, 1993). Miniconchoides is very common
in both studied sections. A possible paraparchitocope Hemeaschmidtella sp. A
was recorded in the Lahepera Mb. in the Harku trench section. As compared to the
other orders, podocopes form a minor group which is represented by a specimen
tentatively referred to Rectella.

Detailed faunal logs have been compiled for the Toila Fm. and the Pada Mb. in
the two studied sections. In the Saka section the lower, Piite and Saka Mbs. are
dolomitized. The test samples from the Saka Mb. were partly unfossiliferous, but
the two lowermost beds yielded abundant Tallinnellina primaria (see Figs. 3, 4).
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Fig. 4. Saka section, structure of ostracode assemblages, number of specimens, and changes in the
Simpson’s diversity index. For lithology see Fig. 2.
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A continuous faunal log begins in the lower part of the Telinomme Mb. in this
section. A bed-by-bed sampling revealed several ostracode assemblages of
comparatively stable composition and structure in that part of the sequence (Fig. 4,
see also Meidla & Ainsaar, 1996 for a review).

The Harku trench section (Figs. 3, 5) provided a nearly complete record of bed-
by-bed changes in the ostracode composition, and the obtained data generally
agree with ostracode distribution in the Saka section. Rare unfossiliferous samples
occurred only in the upper part of the Pdite Mb. and in the topmost Saka Mb.
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Fig. 5. Harku trench section, structure of ostracode assemblages, number of specimens, and changes
in the Simpson’s diversity index. For lithology see Fig. 2.

The topmost beds of the Billingen Stage, the Pdite Mb., contain a low-diversity
assemblage of straight-hinged, partly undescribed ostracodes. Quadrilobate taxa,
which are most characteristic of the Volkhov Stage, are absent in this part of the
sequence, although they have been documented in this stratigraphical interval
from the Latvian sections (Gailite in Ulst et al., 1982).

The lowermost Saka Mb. above the Piistakkiht is already characterized by a
low-diversity assemblage of quadrilobate hollinomorphs, Rigidella mitis and
Tallinnellina primaria. In both sections an increased quartz/K-feldspar ratio in silt
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fraction of i.r. has been recorded on this level (see Fig. 2), possibly referring to a
regressive episode.

In the middle part of the Saka Mb. a new assemblage appears. It is dominated
by Ogmoopsis bocki and contains several ostracode taxa formerly not recorded in
the Volkhov Stage in Estonia (Miniconchoides and Unisulcopleura).

The ostracode record of the lower part of the Telindmme Mb. is dominated by
Ogmoopsis bocki and it generally coincides with that of the upper part of the Saka
Mb. The mid-Volkhov ostracode succession shows great similarity in both studied
sections. Very high abundance of Brezelina palmata (60-90% of the total number
of specimens) has been recognized in a very short interval, in the middle part
of the Telindmme Mb. at Harku (Fig. 5) and in the Telindmme-Kiinnapdhja
transitional beds at Saka (Fig. 4).

Upwards the very specific B. palmata assemblage is replaced by a more
variable association which ranges into the Lahepera and Kalvi Mbs. Several
members of the new association (Glossomorphites, Elliptocyprites) identified at
Saka (Fig. 4) are common with the sections of South Estonia (Tartu core: Poldvere
et al., 1998) and Dalarna (Hessland, 1949). The contemporaneous assemblage
at Harku is remarkably impoverished in the upper part of the Volkhov Stage.
These differences may reflect different facies development in northeastern and
northwestern Estonia during the late Volkhov time grading into a specific facies
pattern of Kunda age (Orviku, 1960).

The data from the two studied sections show that in the lowermost and
middle parts of the Volkhov Stage the ostracode samples are characterized by
strong predominance of one or two species which persist for a considerable time.
This presumably reflects high environmental stress and suggests rather a
physical than biological control over the faunal composition in this interval. The
mass appearance of B. palmata and its subsequent replacement by a more variable
association are the most prominent faunal changes in the middle part of the stage.
Approximately in the same interval, judging from Nielsen (1995), the boundary of
the upper substage of the Volkhov Stage by Tjernvik (1956) should be drawn.

Although most of the recorded taxa make their first appearance in the Volkhov
Stage, the poor knowledge of the distribution of species in the lower part of
the stage still complicates the usage of the presence and absence data for
biostratigraphical purposes. There are several ways for interpreting the ostracode
composition and faunal dynamics in the Volkhov succession. Most of the
recognized taxa have been recorded, except for North Estonia, also in other
parts of the palaeobasin (Thorslund, 1940; Hessland, 1949; Ulst et al., 1982;
Sidaraviciene, 1992, 1996; Poldvere et al., 1998) or from the erratic material
(Schallreuter, 1988, 1989, 1994; etc.). However, the data set is too fragmentary for
summarizing the faunal dynamics for the entire palaeobasin or for its relevant part.

The modes of life and habitats of individual early Palaeozoic ostracode taxa are
still largely unknown. The relationship between the external features of ostracode
carapace and particular habitats, even in Recent environments, is doubtful. In
Recent ostracodes the morphology of the carapace seems to be more closely
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correlated to the mode of locomotion, which enables us to distinguish between
swimming and crawling taxa (Henningsmoen, 1965). Many palaeocope ostracodes
are supposed to be bottom-dwelling swimmers, but their relationship with the
depth and type of substratum is poorly known yet.

The ostracode abundance and diversity pattern is greatly variable in the studied
sections. The obtained data set comprises altogether 21 ostracode species
identified in the studied sections, which shows a considerably higher diversity
than known earlier for North Estonia. The number of ostracode specimens varied
in the fossiliferous samples from the Saka and Harku sections, but the diversity
was low. In the Piite and lower Saka members the samples contain usually
2-4 species, higher up the diversity increases, mostly reaching 5-8 species per
sample. These values are generally lower than the ostracode diversity in the
equivalent upper Viru and Harju samples, except for mudstones and coarse-
grained sediments.

Watkins (1979) analysed the relationship between the increasing size of
a palaeontological sample and the measurement of relative abundance. He
concluded that data on relative abundance of fossils are of good reliability (error
of relative abundance less than 3%) at sample sizes of above 50 specimens.
Analogous estimates show that the reliability of our data is satisfactory. Most
samples from Harku yielded more than 50 specimens. The Saka section was less
fossiliferous, but it was still possible to follow the most prominent change in it.

The ostracode diversity data were quantified by means of the Simpson’s
diversity index (for the description and discussion see Pokorny, 1971). Changes in
ostracode diversity in normal marine environments are related to water depth
(Pokorny, 1971; van Harten, 1986; Brouwers, 1988). In Recent environments the
diversity of ostracode assemblages is highest in deeper shelf areas of marine
basins, at or below the base of the photic zone, showing a gradual decrease in both
directions (van Harten, 1986). With some caution a similar distribution pattern can
be suggested for Palacozoic assemblages (e.g. Siveter, 1984).

The changes in the Simpson’s diversity index in the Harku section (Fig. 5)
display two distinct minima, in the lowermost and middle parts of the stage. The
elevated values are recorded in the lower part of the stage (with a continuous
decrease upwards) and in its upper part. The data from the fossiliferous part of the
Saka section also show relatively lower values in the middle part of the stage and
higher values in the upper part, but the diversity curve is in obvious correlation
with the number of specimens on certain levels (Fig. 4).

SEA LEVEL CHANGES

For the eastern Baltic area, the earliest detailed model of sea level changes of
Volkhov age was proposed by Lamansky (1905) and mainly confirmed by
subsequent authors. Ménnil (1966) characterizes the Ontika epoch as that of a
developing transgression. He reported the similarity of the sea level conditions
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during the Billingen and early Volkhov ages, with a regression at the
Billingen/Volkhov boundary, and tied this boundary to Piistakkiht, a characteristic
surface recognizable over a distance of 1200-1500 km (Miénnil, 1966). The
appearance of nodular, argillaceous limestones and marls in the middle Volkhov
was interpreted by him as an indicator of a developing transgression. It was
followed by a new shallowing during late Volkhov age which terminated as a
period of nondeposition during the Hunderum (early Kunda age).

This model, with the deepest-water episode in the mid-Volkhov, has generally
been accepted for Estonia and extrapolated to the whole eastern part of the
Baltoscandian Palacobasin. Ménnil (1966, p. 108) proposed also a different way
of development for the easternmost part of the palaeobasin, suggesting the
deepest-water conditions during late Volkhov age for the vicinity of the Volkhov
River, Russia. However, the latter viewpoint was not supported by recent
investigations by Dronov et al. (1998).

A detailed sea level curve, based on the interpretation of the trilobite biofacies
and lithofacies features, has been elaborated by Nielsen (1992, 1995). He
established the tripartite biozonal subdivision of the Volkhov Stage in the Scania—
Bornholm area, where each zone is bound by distinct palacoenvironmental
changes which have been caused by major sea level events and are supposedly
synchronous throughout Baltoscandia. In terms of Scandinavian trilobite zones, he
reported upon the maximum transgression corresponding to the polyphemus Zone
(= early Volkhov age in the East Baltic sense), a major regression in the simon
phase (early middle Volkhov), a developing transgression and deep-water
conditions beginning from the boundary of the limbata Zone (late middle
Volkhov), and a regression culminating at the beginning of the Hunderum age
(early Kunda age). According to this interpretation two transgressive cycles
occurred during Volkhov age, which was not the opinion of Lamansky (1905) and
Miinnil (1966).

Our data show that the highest values of the quartz/K-feldspar ratio are tied to
the Piistakkiht in the lower part of the Toila Fm. This surface very likely marks the
level of a most prominent regression event in the study area and neighbouring
regions which is similarly interpreted in different reconstructions (Ménnil, 1966;
Nielsen, 1995). The lowering of the erosional base was probably caused by a
eustatic sea level change, judging by the extensive territory where the marker
horizon can be recognized. The present data reveal simultaneous changes in the
composition of the terrigenous influx.

Above the Piistakkiht the ratio of quartz to K-feldspar decreases rather
smoothly towards the top of the Volkhov Stage. This general trend may be related
to the circumstance that older quartz-rich sediments were already covered
by carbonates and possibly explains the low quartz/K-feldspar ratio in the
Volkhov/Kunda boundary beds where its new rise could be expected. Only
slightly elevated values of the ratio are documented from the Pakri Fm. of the
Kunda Stage, whereas in the underlying strata (Sillaoru Fm., Lahepera Mb. of the
Toila Fm.) the values are close to the base line of the curve. However, some minor

152



“quartz peaks” are recorded in older strata in the Saka section (Fig. 2). They co-
occur with the faunal changes and some discontinuities (Meidla & Ainsaar, 1996),
but have no analogues in the Harku section.

The ostracode diversity data could be also interpreted in respect of sea level
changes, based on Siveter (1984) and van Harten (1986). According to the facies
models for the Ordovician Palaecobasin of Baltoscandia (Nestor, 1990), the
Volkhov age sedimentation in northern Estonia has been suggested to have taken
place in the upper ramp conditions. In this part of the basin the decrease in the
diversity might reflect a sea level fall. The ostracode diversity changes at Harku
are in general agreement with the sea level history of the area, indicating
deepening of the basin and a diversity rise in the lower part of the Volkhov Stage
and a diversity fall in its uppermost part. However, in the middle Volkhov interval
the diversity changes can be interpreted as contradicting the former interpretations
by Lamansky (1905) and Ménnil (1966). The decrease in the diversity index can
be considered as indicative of a high degree of environmental stress on the
assemblages. This suggests a shallowing during mid-Volkhov age, which is
present in the model of sea level changes proposed by Nielsen (1995).

The discussed material is summarized in Fig. 6. It displays a number of biotic
and sedimentological events which probably can be recognized more widely in
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North Estonia, judging by the data from two distant sections. The data remain
controversial in some aspects, however, they confirm the usefulness of both
mineralogical and palaeontological criteria for sea level studies.
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VOLHOVI LADE POHJA-EESTIS JA MERETASEME MUUTUSED
Tonu MEIDLA, Leho AINSAAR ja Oive TINN

Ostrakoodide mitmekesisuse ja karbonaatkivimite lahustumatu jadgi mineraalse
koosseisu muutuste uurimise eesmirk oli keskkonna- ja biosiindmuste doku-
menteerimine Volhovi lademe 14bildikes Pohja-Eestis. Olulisemad biosiindmused
on seotud lademe basaalse osaga ja keskosaga. Korgemaid kvartsi/kaalium-
pievakivi suhte viirtusi Volhovi-ealiste karbonaatkivimite lahustumatus jadgis
tolgendatakse viitena perioodilisele ulatuslikule kambriumi—varaordoviitsiumi
terrigeensete setendite kulutamisele ja iimbersettimisele. Materjali on analiitisitud
meretaseme koikumise erinevate mudelite kontekstis.

BOJIXOBCKHM T'OPU30HT B CEBEPHOM SCTOHUU U
KOJIEBAHUS YPOBHS MOPSI

Temy MEUIIJIA, Jlexo AUHCAAP u Oiiee TUHH

H3y4eHsl OCTpaKOmbl M HEPAaCTBOPHMBIA OCTATOK KapOOHATHBIX IIOPOX B
LEsSX BBIIBIEHUS OHMOTHYECKMX M 9KOJOTHYECKMX COOBITHIA B paspese
BOJXOBCKOrO0 TOpu30HTa B CeBepHOM ODCTOHWH. BaskHeHIne OHOTHYECKHE
COOBITHSI CBSI3aHBI C HVMIKHEM WM CpeTHEN YacTSIMHM BOJXOBCKOIO TOPH30HTA.
IloBbIllIEHHBIE 3HAYEeHUSI OTHOIIIEHUS KBaprua u K-mojmeBoro Immara B
HEpacCTBOPMMOM OCTAaTKE BOJXOBCKMX KapOOHATOB HMHTEPIIPETHPYIOTCS KakK
JIOKa3aTEIbCTBO TMEPUOTUYHON IIOBBIIIEHHON 9PO3UM W IIEPEOTIOKEHUS
KEMOPUUCKUX M DPAaHHEODPIOBUKCKMX TEPPUTeHHBIX dopMamuii. JaHHLIE
IUCKYTUPYIOTCSI B KOHTEKCTE Pa3HBIX MOJIEJIEN KOJIeOaHUs YPOBHI MODSI.
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