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APPLICATICN OF SHELF AND SLOPE CONCEPTS TO THE SILURIAN BALTIC BASIN

H. Nestor, R. Einasto

Shelf, slope and depression serve as the basic concepts in oceanography and marine
geology. However, unambiguous application of these concepts to the basins of geological
past is somewhat complicated. Firstly, it is due to the diversity of situations at re-
cent continental margins. Secondly,it should be considered that present-day situations
m - prove unrepresentative for the geological past. Particularly great difficulties
urise in connection with the application of actualistic concepts to such a distant past
as Early Paleozoic. Last years disagreements have been arisen with regards to defining
the shelf and slope in the Silurian Baltic Basin. This basin was situated at the
vestern margin of the East Furopean Craton and included North Poland, East Baltic, Got-
land and the areas of the nresent Baltic Sea. The basin was directly connected with the
Central-European Hercynian Geosynclinal Basin, the origin of which is still disputable.
Some investigators (Berry and Boucot, 1967; Krebs and Wachendorf, 1973; Matthews, Chau-
vel, Robardet, 198C and others) supposed that the Mid-European Paleozoic marine basin
developed wholly on the continental crust due to intraplate tectonics and the existence
of a real ocean in this area, at least during the Early Paleozoic, is fairly problema-
tic. Others (Burrett, 1972; McKerrow, Ziegler, 1972; Johnson, 1973; Ziegler et al.,
1677; Tomczyk and Tomczykowa, 1979; Cogne and Wright, 1980; Bard, Burg, Matte, Ribeiro,
1980) assume the presence of a Paleozoic ocean (Rheic, proto-Tethys or paleo-Tethys) in
Middle Furope that <closed during the Hercynian Orogeny. The last point of view seems
quite acceptable for us and we consider the Baltic Basin in Silurian as a marginal sea
of this ocean with clearly distinguished shelf, slope and depression environments.

In 1977 the authors of the present pmaper published a facies-sedimentary model of
the Silurian Baltic Basin (HecTtop, 3#HacTto, 1977).

According to the model, the Baltic Basin was characterized by the lateral succes-
sion of 5 macrofacies belts which we have interpreted as follows: 1) littoral-lagoonal
belt with argillaceous dolomitic sediments; 2) inshore shoal belt with various sparitic
calcarenites, sometimes including reefs; 3) open shelf with nodular micritic calcare-
nites and thin argillaceous intercalations; 4) basin slope with calcareous mudstones,
argillaceous calcilutites or clays; 5) central depression of the basin with graptolitic
mudstones. At that predominantly carbonate sediments of the first three facies belts
were regarded as shelf deposits, whereas fine-clastic deposits of the fourth and fifth
belts distributed mainly within the boundaries of the Baltic Syneclise were already
taken for bathyal deposits. More common is the opinion that the shelf included the
whole cratonic Baltic Basin up to the T&rnquist Line, and the continental slope, if it
existed, started from the Tdrnouist Line. This approach is based on the argument that
the phenomena characteristic of the continental slope (gravity slides, slumps, breccias
and turbidites) are not established within the boundaries of the Baltic Basin.

However, it seems to us that this approach makes the shelf too wide and it does
not coincide with the actualistic shelf conception. According to the fundamental hand-
book of marine geology by F. P. Shepard (llerapn, 1976) the shelf stretches up to the_
first clear break in the gradient of the sea bottom profile. The average width of pre-
sent day shelves is about 75 km, the average depth of their flat part about 60 m, the
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depth of the shelf edge ranges from 20 to 600 m, being 130 m on an average. Continental
slope may be rather wide and within it several terraces may occur. In this case only
the uppermost brzak in the bottom gradient serves as the boundary between the shelf and
slope, whereas the other terraces are included to the continental slope. At places the
continents may be edged by deeply subsided blocks of continental crust, e.g. Blake
Plateau at the eastern coast of Florida, its width is up to 300 km, depth 750-1,000 m.
In a wider sense these plateaus are considered as a part of the continental slope, not
of the shelf. As a rule, slopes are covered by finer-grain deposits than shelves. Sands
are typical of the present-day shelves, muds prevail on slopes. The accumulation of de-
posits is highly dependent upon the gradient of the slope (Stanley and Unrug, 1972). On
a steep slope deposits may be entirely lacking, the thickest deposits are concentrated
on the continental rise. Gravity slides, slumps and turbidites are characteristic
namely of such slopes. If the bottom is gently sloping the deposits may accumulate in
great thickness already on the slope itself as a result of which the slope progrades
offshore direction. Deposits are often lacking at shelf edges and on the upper slope.

Let us try to estimate the position of shelf and slope in the Silurian Baltic Ba-
sin in the light of these data, starting with the most offshore member of the facies
succession, the graptolitic mudstones of the fifth facies belt. Silurian graptolitic
shales and mudstones are prevailingly geosynclinal deposits which reach only as tongues
to the craton margins. It is reasonable to suppose that typical graptolitic shales re-
present the main Silurian oceanic deposits. It could be well seen from the schematic
geological section compiled by H. Jaeger (1976, Fig. 6) from Sweden through Paleotethys
to the Sahara. It shows that at the time when more than 1,000 m of carbonate and clas-
tic sediments accumulated at the margins of Fenno-Sarmatia and Gondwana cratons, the
thickness of the complete Silurian sequence was only 50-70 m of monotonous graptolitic
shales and "ockerkalk" within Paleotethys from Thyringia to Sardinia (see also Fig. 1B
in the present work). It permits to make a conclusion that these were obviously depo-
sits of abyssal plain. On continental margins within the boundaries of continental rise
and bathyal the thickness of graptolitic sediments considerably increases in connection
with the growing intensity of the accumulation of fine-clastic material towards the
source area, however, the basic type of the sediment remains the same. Since graptoli-
tic mudstones accumulated within the boundaries of the Baltic Syneclise on a wide area
and during most of Silurian (about 30 million years) we obviously have not to deal with
a closed shelf depression, but most likely it was a deep-water continental margin pla-
teau immediately connected with the Gentral European oceanic basin.

Evidently the Paleo-Baltic Basin formed in Early Paleozoic as a result of an in-
complete development of rifting in the course of the opening of the Paleotethys (Rheic)
Ocean. In this respect the schemes by E. and H. Tomczyk (1979, Figs 2, 3, 4) on the
development of the Prototethys Ocean are of interest. According to the first scheme
corresponding to the Caradocian the Baltic Basin 1laid on the extension of the opening
Prototethys Ocean and was probably originated by prerift downwarping. Its development
probably stopped while a side rift was formed later in the Silurian (see also Fig. 1A
in the present work).

The bathyal origin of the axial part of the Baltic Basin is also proved by the
history of its development. From North Poland to West Latvia the thickness of the Lower
and Middle Llandovery dark graptolitic shales is only 5-15 m while in Central and South
Estonia the marginal area of the basin, the thickness of contemporaneous carbonate se-
diments is up to 10 times greater (see Fig. 1B, 1C and 2). It shows that a depression
where subsiding was not compensated with the sediment loading developed here at the
initial stage of the Silurian transgression. In the Late Silurian in the course of ful-
filling of the depression in North Poland depositea very thick (up to 1,500 m) flysh-
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like interlayering graptolitic mudstones and siltstones of Siedlce series that could be
interpreted as marginal turbidites.

Thus, the development of the axial part of the Baltic Basin in the Silurian period
includes the elements typical of the development of a depression and it can be con-
sidered as a tongue of the North European miogeosynclinal depression which extends far
into the area of the East European Craton. Regarding this area of the basip as a part
of the shelf would be evidently misleading.

On the other hand, the I-III facies belts (lagoons, shoals and open shelf) of our
model, forming carbonate platform, could be keyond doubt referred to the shelf. In geo-
logical papers the distribution of the shelf is often restricted to the area of car-
bonate deposits rich in shelly fauna. Interesting parallels can be drawn between the
distribution of sediments in the Silurian Baltic Basin and in the north-western part of
the present Black Sea. The flat relief of the surrounding area and wide extension of
Lhe lagoonal cecast, where muds are the prevailing deposits, prevents the transport of
terrigenous material to the open shelf of north-western Black Sea. For these purposes
the latter is mainly covered with carbonate deposits, 30-80 % of which form shells and
their debris (llep6akoB ¥ Op., 1978). The content of shells decreases abruptly on the
continental slope that begins at the depth of 100 m on an average and is covered with
argillaceouscoccolite muds. The distribution of skeletal material is more or less si-
milar in the Silurian Baltic Basin, the first - lagoonal belt is relatively poor in it,
in the second and third facies belts it plays an important role and in the fourth belt
its amount decreases abruptly. F. Shepard (lWlemapm. 1976), J. Stanley, R. Unrug (1972)
and others have also shown that the amount of coarse- and medium-grained material,
among this skeltal sand, decreases abruptly with the transition from shelf to slope.
The sam= phenomenon is typical of the eastern coast of the Caspian Sea (AnekcwuHa,
1962; JlebemeB 4 mp., 1973).

The results obtained through the analyses of the thicknesses of deposits lead to
the same conclusion. In the Baltic Basin the thickness of the deposits of the three on-
shore facies belts grows rather evenly with the depth. A more abrupt increase of thick-
ness takes place on the transition to carbonate-terrigenous muds of the fourth belt. We
connect it with the change irn the sea bottom gradient at the shelf edge. In favour of
the above interpretation speaks the fact that in the onshore sections of the basin the
rocks of the I-III facies belts are interbedding rather frequently, whereas the sec-
tions of its central part with deposits of the fourth and especially of the fifth
facies belt are much more monotonous. This is well known from the section of Wenlock
and Ludlow deposits at the northern margin of the Baltic Basin which shows a distinct
cyclic change of carbonate facies in Estonian sections as far as Ohesaare boring (Fig.
2) . At the same time relatively monotonous argillaceous deposits of the fifth and
fourt facies belts accumulated in West Latvia. To our mind it enables to differentiate
the northern part of the section as the shelf platform on which the comparatively minor
changes in water level gave rise to an extensive facies oscillation that is not re-
flected in bathyal sections in the central part of the basin due to the relatively ab-
rupt increase in depth.

In t.ae same section, given more generalized in Fig. 1 of the present paper, it be-
comes evident that the belt of the greatest thicknesses which coincides with the dis-
tribution of marls and argillaceous calcilutites of the fourth facies belt migrates
gradually towards the basin centre. Evidently it is a reflection of the lenticular de-
position of hemipelagic sediments on the flat basin slope that results in the prograda-
tion of the slope and migration of the shelf edge towards the central part of the ba-
sin.

In favour of the location of the shelf edge between the third and fourth facies
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beits also speak the evidences obtained through the analyses of the distribution of
benthic corganisms. If the second and third facies belts are inhabited by a diverse bot-
iom fauna and benthic algae, then in the fourth belt colonial corals, stromatoporoids,
algae, bryozoans -~ all potential reef-building organisms are practically lacking.The
disappearance of benthic algae shows that the boundary between the third and fourth
facies belts is close to that of the photic zone and thus its absolute depth approaches
te the average values of the outer edge of the recent shelves.

These were the most essential considerations that made us restrict the shelf in
the Silurian Baltic Basin to the I-III facies belts where the carbonate sedimentation
was prevailing.

The concept of the continental slope 1is not as clear as that of shelf. From the
tectonical point of view the continental slope includes the whole subsided part of the
continental crust that remains beyond the shelf edge. In these cases when the deep-sub-
sided plateau is situated at the continental margin, continental slope as a purely geo-
morphological element is actually divided into two independent parts, one of which re-
mains between the shelf and marginal plateau or represents the inner slope of the con-
tinental margin sea, while the other lies between the marginal plateau and ocean floor
and forms the outer slope of the marginal sea.

It is quite possible that such a complicated situation with two-stage slope was
also characteristic of the Silurian Baltjc Basin where the first stage roughly coin-
cides with the boundary of the Baltic Syneclise, the other with the Tdrnquist Line.
Speaking of the slope of the Baltic Basin in a narrow sense, we keep in view the first
one coinciding with our fourth facies belt. The existence of the second slope behind
the Térnquist Line is yet to be proved as there are cases (e.g. the present-day Zam-
besi-Mosambique Channel Basin - Scrutton, Dingle, 1976) when the marginal block of the
continent has subsided to the level of the ocean bottom and the topographical slope is
practically lacking between the marginal plateau and ocean floor.

Summarizing the analysis above one may conclude that according to the strict shelf
definition of the recent oceanography, that fits the shelf edge with the first clear
break in the gradient of the sea bottom profile, it is reasonable to restrict the shelf
in the Silurian Baltic Basin with the belt of shelly carbonate sediments in the margi-
nal part of the basin. The central part of the basin within the Baltic Syneclise, where
graptolitic mudstones accumulated, has been treated here as a tongue of the North
European miocgeosynclinal depression. Probably the slope between the shelf and depres-
sion had a very low gradient and it was hardly comparable to the continental slopes of
the recent oceans. The reason could be the extremely low relief of the Silurian conti-

nents and much less depth of the oceans comparing with nowadays.

References

Bard, I. P., Burg, I. P., Matte, Ph., Ribeiro, A. La chaine hercynienne d'Europe oc-
‘cidéntale en termes de tectonique des plagues. - In: 26 CGI Colloque C 6. Géologie
de 1'Europe du Précambrien aux bassins sédimentaires posthercyniens, 1980, p. 233-246.

Berry, W. B. N., Boucot, A. J. Continental stability - a Silurian point of view. -
Journ. Geophys. Research, 1967, vol. 72, p. 2254-2256.

Burrett, C. F. Plate tectonics and the Hercynian orogeny. - Nature, 1972, vol. 239,

' No, 5360, p. 155-157.

Cogne, J., Wright, A. E. L'orogene cadomien vers un essai d'interprétation paléo-géo-
dynamique unitaire des phénoménes orogéniques fini-précambriens d'Europe moyenne et
occidentale et leur signification a 1'origine de la croute et du mobilisme varisque
puis alpin. - In: 26 CGI Collogue C 6. Géologie de 1'Europe du Précambrien aux

22



bassins sédimentaires post-hercyniens, 1980, p. 29-55.

Jaeger, H. Das Silur und Unterdevon vom thiiringischen Typ in Sardinien und seine regio-
nalgeologische Bedeutung. =~ Nova Acta Leopoldina, neue Folge, 1976, Bd. 45,
No. 224, S. 263-299.

Johnson, G. A. L. Closing of the Carboniferous Sea in western Europe. - In: Tarling,
D. H., Runcorn, S. K. (ed.). Implications of continental drift to the Earth
Sciences. Academic Press, London, 1973,‘p. 845-850.

Krebs, W., Wachendorf, H. Proterozoic-Paleozoic geosynclinal and orogenic evolution of
Central Europe. - Geol. Soc. America Bull., 1973, vol. 84, p. 2611-2630.

Matthews, S. C., Chauvel, J. J., Robardet, M. Variscan geology of north-western Eu-
rope. - In: 26 CGI. Colloque C 6. Géologie de 1'Europe du Précambrien aux bassins
sédimentaires post-hercyniens, 1980, p. 233-246.

McKerrow, W. S., Ziegler, A. M, Paleozoic oceans. - Nature (Phys. Sci.),1972, vol. 240,
p. 92-94.

Scrutton, R. A., Dingle, R. V. Observations on the process of sedimentary basin for-

.

mation at the margins of southern Africa. - Tectonophysics, 1976, vol. 36, p. 143-
.—156.

Stanley, D. J., Unrug, R. Submarine channel deposits, fluxoturbidites and other indi-
cators of slope and base-of-slope environments in modern and ancient marine ba-
sins. - 1In: Rigby, J. K., Hamblin, W. K. Recognition of ancient sedimentary en-
vironments. Soc. Econ. Paleontologists Mineralogists Spec. Publ., 1972, p. 287-
-306.

Tomczyk, H., Tomczykowa, E. The development of the Prototethys Ocean and its influence
on the differentiation of Paleozoic deposits in Poland. - Bull. Acad. polon. Sci.,
ser. Sc. Terre, 1979, vol. 26, No. -2, p. 103-118.

Ziegler, A. M., Hansen, K. S., Johnson, M. E., Kelley, M. A., Scotese, C. R., Van der
Voo, 'R. Silurian continental distributions, paleogeography, climatology and bio-
geography. - Tectonophysics, 1977, vol. 40, No. 1-2, p. 13-51.

AnexkcuHa H. JI. Ocanku H penbed NOOBOOHOI'O CKJIOHA BOCTOYHOr'O no6epexbs CpeldHey dacTH
Kacnurckoro mopss. B KH.: TI'eonoruyeckoe CTﬁoeHHe NMOABOOHOr'O CKJIOHaA Kacnumckoro
mopsa. M., U3g-Bo AH CCCP, 1962, c. 122-193. '

Jle6eneB JI. U., MaesB E. I'., Kynakosa JI. C. Ocanku KXacnu#ckoro mops. M., Hayka, 1973,
118 c.

HecTop X. 3., 3mHacTto P. 3. 1977. daumanprHO-CeOUMEHTOJIOIHYeckas MOOesib CHaypHickoro [a-
J1e06aJITHNCKOrO NEPHKOHTHHEHTAJbHOro 6acceftHa. B kH.: ®auuu H dayHa cunypa lpuban-
Tuku. TannuH, u3g. AH 3CCP, 1977, c. 89-121.

Wenapn ¢. II. Mopckas reonorusa. Jl., Hempa, 1976, 420 c.

Ilep6akoB ®. A., KynpuH [I. H., [lotanosa JI. M. u Op. OcaOkKkOHakKOIUIEHHE Ha KOHTHHEHTAaJIbHOM

OKkpanHe YepHoro mMops. M., Hayka, 1978, 211 c.

23



NMPUMEHEHUE KOHIEIIWHK DIEJIBGA U CKJIOHA K CHIIYPUNCKOMY BAJITUFZCKOMY
BACCENMHY
X. Hectop, P. 3mHaAcTO

. Cunypunckup BaJITHACKHZ 6GaCCenH pacnosiarajics Ha NacCHBHON OKkpanHe KOHTHHEHTa U OT-—
KPHBAJICA HENOCPEeNCTBEHHO B lleHTpPanbHO-EBPONENCKHN I'€OCHHKJIAHANBbHHA GacCelH OKeaHHYSCKON
npupodun. Takas MO3HUHA MO3BOJISET HHTEpPNpeTHpOBaTh EanTHUACKHN 6accelH B CHJIype KaK IepH-
KOHTHHEHTAJIbHOe MOpe C O6O0COGJIeHHEM 1eslIbdOM H MATEePHKOBHM CKJIOHOM. MH CYHTaeM, 4YTO
menesd MOI CkOpee Rcero coBnagaTh C IIOSCOM B OCHOBHOM Kap60OHATHOM CeOUMEHTAUHH, KOTOPHHA
npHyieran K IeHeIJIeHH3HWPOBaHHOMYy ©®eHHo-CapMaTCKOMy MaTepHky. OceBasa 4acTb BanTHRCKOro
6acceltHa C rpanTOJIMTOCONEpPXaMHMM CJIaHLlaMH M aprHJUJIMTaAaMH MOXeT OHTh pacCMOTpPeHa Kak Fiay-
60KO ONnymeHHHN O6JIOK MaTEepPHKOBON OKpPaNHh, KOTOPHM TEKTOHHUYECKH OTHOCHJICA K MaTEepPHKOBOMY
CKJIOHY, HO CeOHMMEeHTOJIOTAYEeCKH NpelcTaBHJI C CO6ON fA3HK KPYINHOR ceBepOeBpPONeNCKON HeKOM-—
NMeHCH)OBaHHON nenpeccuu, IMpPOHHKAaKMEell B CeBepO-BOCTOYHOM HamnpaBJIEHHH BHYTPh BOcCToOYHO-
eBpone#ckon rmuatdopmu. CKIIOH BGacce@tHa B ero 6osee y3KOM, IreoMopdosIOrHYeCKOM MNOHHMaHHH,
BEpPOSTHO, OXBATHBAJI MOAC CEeIOHMEHTALHH H3BECTKOTIO-IJIHHHCTHX HJIOB Mexny wesbPOBHMH Kap6o-
HaTHEMM H IDANTOJIMTOBEMHM NEJMTOBHMH OCaAKaMM LEHTPaJbHON MenpeccHH GaccefHa. 3SppO3HOH-
HHEe KaHaJlH, TYPOHLUHUTH H IOpyTrHe ABJIEHHd, XapaKTepHHEe KPYyTHM MaTEepPHMKOBHM CKJIOHaAM, B Ban-
THHUCKOM CHJIYPHMCKOM 6accefiHe OTCYTCTBOBAJIH H3-3a OTHOCHTEJILHO IIOJIOrOr'o HakKJIOHa MOPCKOI'O

AHG .
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