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APPL I C AT I ON OF SHELF AND S L OPE CÖNCEPTS T O  THE S IL ÖRI �� B ALT IC B AS IN 

H .  Nes tor , R .  Eina s te 

She l f , s lope and depr e s s ian s erve as the bas i c  concepts in o ceanography and marine 

geology . H owever , unamb iguou s appl ication of thes e  concepts to t he basins of geolog ical 

pas t  i s  somewhat comp l icated . F i r s tly , it is due to the d iver s i ty o f  s ituations at re

cent continenta l marg ins . Seco ndly , it s r.ould be cons idered that pres ent-day s ituations 

rn· " prove unrepr e s entative for the geo l'o gical pas t . Particular ly great d i f f icu l t i e s  

ur i se in connec tion wi th t h e  application of actua l i stic concepts to s u c h  a d i s tant p a s t  

as E a r l y  Pa leozoic . La s t  years di sagreements have been ari s en with r e gards to defini ng 

the she l f  and s l ope in the S i lurian Ba ltic Bas i n . Th i s  bas i n  was s i tua ted at the 

l·'es tern marg in o f  the East European Craton and i nc luded North Poland, Eas t Baltic , Got

land and the areas of the �r e s ent Baltic Sea . The basin wa s directly connec ted wi th the 

Central-Europ�a n He rcynian Geosync l i nal Ba s i n , the origin of which is sti l l  d i sputabl e . 

Some inve s t igat ors (Berr y and Boucot , 1 9 6 7; Krebs and Wachendorf ,  1 9 7 3; Hatthews , Chau

v el , Robardet , 1 980 and other s )  suppo s ed tha t the Mid-European Paleozoic mar ine bas in 

developed who l ly on the cont inenta l crust due to intraplate tectonic s and the exi s tence 

of a real ocean in th i s  area , a t  least dur i ng the Ear ly Paleo z o i c ,  i s  fairly probl ema

tic . Others ( Burrett , 19 7 2; HcKerrow , Z iegl er ,  1 9 7 2; Johnson , 1 9 7 3; Z i egler et al . ,  

19 7 7; Tomc zyk and To mc zykowa , 1 9 7 9 ; Cogne and Wr ight , 1 98 0; Bard , Burg , Matte , Ribeiro , 

1 98 0 )  as sume the pr esenc e o f  a Paleozoic ocean ( Rheic , proto-Tethys or paleo-Tethys ) in 

tUdd l e  Europe that c l o s ed dur ing the Hercyn ian Orogeny . The last point o f  v iew s eems 

quite acc epta bl e  for us and we cons ider the Baltic Basin in S i lur ian as a marg ina l  s ea 

of th i s  ocean with c l early d i s t i.ngu i s hed s h e l f , s lope and d epres s ian environments . 

In 1 9 7 7  the authors of the pres ent ?aper pub l ished a f ac i e s - s e dimentary model of 

the S i lurian Ba l t i c  Ba s in ( H ecTop , 9�Hac To , 19 7 7 ) . 

Accor ding to the mo del , 

s ion of 5 macro fac i es belts 

the Baltic Bas �n was cha racter iz ed by the lateral succ es

wh ich we have inter preted a s  fol lows : 1 )  l i ttoral- lagoonal 

belt with arg i llac eous do lomitic sediment s ;  2 )  inshor e s hoal belt with var iaus s paritic 

calcarenit e s , somet i me s  includ ing reefs ; 3 )  o pe n  shelf with nodu lar mic r itic calcare

nites and th in argil l aceous intercalations ; 4 )  ba s in s lope with eal eareaus muds tones , 

arg i l l �c eous calc ilutites or c l ays ; 5 )  central d epres s ian of the bas i n  with graptol itic 

mud s tone s .  At that pr edominantly carbonate s ediments of the first thre e  facies belts 

wer e r egarded as s h e l f  depos i ts , whereas fine-c las tic depo s i ts of the fourth and f i f th 

belts d i s tr ibuted ma inly within the boundar ies of the Baltic Synec l i s e  were a lready 

taken for bathya l depo s i t s .  More common is  the opinion that the she l f  inc luded the 

who l e  cratonic Ba l t ic Bas in up to the Törnqu i s t  Line , and the continental s lope , i f  it 

ex i s ted , s tarted from the T ör n qu i s t  Line . Th is approach is ba sed on th e argument that 

t he pheno rnena charac ter i s t ic of the continenta l s lo pe (gravity s l ides , s l umps , breccias 

and t urb idite s )  are no t e s tab l i shed within the boundar ies of the Ba ltic Bas in . 

However , it s e ems to us that th i s  approach makes the shelf too wide and it does 

no t co inc ide with the actua l is t ic shelf conc e pt ion . According to the fundamental h and

ho ok of mar i ne geo logy b y  F. P .  Shepard ( IIIe r.ap.r:t, 1 9 7 6 )  the she l f  stretches up to the 
f i r s t  c l ear break i n  the gradient o f  the s ea bottom prof i l e . The av erage width of pre

s ent day shelves i s  abou t 7 5  km , the average depth o f  the ir f l a t  part a bout 60 m ,  the 
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depth of the shel f edge r ang es fro m  20 to 600 m, being 130 m on an avera ge . Continental 

s lo pe m�y be rather w i de and wi thin it s everal terraces may occur.  I n  thi s  c ase only 

the up permo s t  br eak in the bottom gradient s erves as the böundary b etwee n  the she l f  and 

s l ope , whereas the other terrace s  are inc l uded to the cont�ne r,ta l s lope , At places th e 

continents may be edg e d  by dee p l y  sub s i ded blocks of conti nenta l crus t, e . �. Blake 

P l a teau at the e a s tern coa s t  o f  Flor i da ,  its wi dth is up to 3 00 km , depth 7 50- 1 , 000 m .  

I n  a wider sense the se plateaus are cons i dered a s  a part o f  the continental s lope , not 

of the she l f . As a rule , s l o pe s  are c overe d  by f i ner-grain depos i ts than shelve s . S an ds 

are typi cal of the pre sent-day shelve s , muä s preva i l  on s lopes . The accumulation o f  de

pos i t s  is highly dependent upon the gradient of the s lope (S tanley and Unrug , 1 9 7 2 ) . On 

a s �eep s lope depo s i t s  may bP. entirely lacking , the thickes t  depo s i t s  are concentrated 

on the conti nenta l r i s e . Gravity s l i de s, s lumps and turbidites a r e  charactens tic 

namely o f  such s lo pe s . I f  the bottom i s  gently s loping the depo s i t s  may accumulate i n  

grea t thi ckne s s  alrea dy on t h e  s lope i t s e �f a s  a result of wh ich t h e  s l ope prog rades 

off shore direc tion . Depo s i ts are o f ten.lack i ng at she l f  edges and on the upper s lope . 

Le t us try to e s t i �ate the po s i tian of she l f  and s lope in the S i luri an Baltic Ba

sin in the l i ght o f  the se da ta , starting with the mo s t  o f f shore member of the fac ies 

succ e s s ion , t l1e grapto l i ti c  muds tones o f  the f i fth facies belt . S i luri an grapto l itic 

sha l e s  and mu ds to ne s  are preva i l i ng ly geosync l inal depo s i ts which reach only a s  tongue s 

to the craton marg i n s . It i s  reasonab le to suppas e  that typical grapto l i t i c  shales re

pre s ent the ma i n  S i lurian oc eanic de po s i t s . It could be we l l  seen from the schematic 

geolog i c a l  section c o mpi l e d  by H .  Jaeger ( 1 9 7 6 , Fig . 6 )  from Sweden through P a leotethy s  

to the Sahara . I t  s hows tha t at the time whe n  more than 1 , 000 m of carbonate and c la s 

t i c  s e diments accumu lated a t  the marg ins o f  Fenno-S armatia and Gondwana craton s , the 

thi cknes s o f  the comp l e te S i lurian sequence wa s onl y  50- 7 0  m of monotonous grapto l i ti c  

s ha l e s  and " ockerka l k "  wi thin l'a leotethys from Thyringia t o  S ardinia ( see a l s o  F ig . I B  

in the present work ) . I t  permits to make a cone lusian t hat the s e  were obviou s ly depo

s i t s  of aby s s a l  plain.  On continental margins within the boundar i e s  of continenta l r i s e  

and bathya l the th i c kn e s s  o f  grapto l itic s ediments cons iderably increa s e s  i n  connection 

with the growi ng inten s i ty o f  the accumulation of fine-clastic mater ial towards the 

source area , how.ever , the b a s i c  t ype of the s ediment remains the s ame . S ince grapto l i 

t i c  mud s tones accumulated within the bou ndar i e s  o f  the Ba ltic S yne c l i s e  on a wide area 

and duri ng mo s t  of S i lurian ( about 30 mi l l ion year s) we obvious ly have not to deal wi th 

a c l o sed she l f  depre s s ion , but mo s t  likely i t  was a deep-water continental margin pla

teau immediately connected with the Gentral European oceanic basin . 

Evidentl y  the P a leo-Ba l t i c  Ba s i n  formed in Ear ly Paleozoic as a result of an in

complete development o f  r i fting in the cour s e  of the open ing of the Paleote thys ( Rhe i c ) 

Ocean . I n  thi s re spee t the s cheme s by E. and H .  Tomc zyk ( 1 9 7 9 , Figs 2 ,  3 ,  4 )  on the 

devel o pment of the Prototethys Ocean are of interes t . According to the f i r s t  scheme 

corre spondi ng to the Caradoc i an the Baltic Ba s i n  laid on the extension of the opening 

Prototethys Ocean and wa s probab ly originated by prer i f t  downwarping . I t s  deve lopment 

probably s topped whi le a s ide r ift wa s formed later in the S i lur ian ( see also Fig . lA 
in the pr esent work ) • 

The bathyal origin o f  the axial part o f  the Ba ltic Ba s i n  i s  a l s o  proved by the 

h i s tory of i t s  development .  From North Poland to We s t  Latvia the thi ckne s s  of the Lower 

a nd Mid dle Ll andovery dark grapto l i t i c  sha l e s  is only 5 - 1 5 m whi le in Ce ntra l  and South 

E s tonia the marg inal area of the ba s in , the thickne s s  o f  contemporaneous carbonate se

diments is up to 1 0  time s greater ( see Fig . 1 B ,  lC and 2 ) . I t  shows that a depr e s s ian 

where sub s i di ng was not c ompe nsated w i th the s e diment loading deve loped here at the 

ini tial s tage o f  the S i lurian transgre s s ion . I n  the Late S i lur ian in the cour se o f  fu l 

f i l l ing o f  the depr e s s ian in Nor th Polan d depos i te a  very thi c k  ( up t o  1 , 5 00 m )  flysh-
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like interla.yering 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 t;ypical of the development of a deprP.ssion 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 plätform, could be reyond 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 Baain and in the north-westernpart of 

the present Black Sea. The flat relief of the surrounding area and wide extension of 

�he lagoonal coast, 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 (�ep6aKoB H ,J:tp., 1978). The content of shells deereases abruptly on the 

co�tinental slope that begins at the depth of 100 m on an average and is covered with 

argillaceouscoccolite rnuds. The distributioll 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 arnount deereases abruptly. F. Shepard (lllenap.J:t: 1976), J. Stanley, R. Unrug (1972) 

and others have also shown that the arnount of coarse- and medium-grained materio.l, 

among this skeltal sand, deereases abruptly with the transition from shelf to slope. 

The sam; phenomenon is typical of the eastern coast of the Caspian 

1962; JieCie,J:teB rl ,J:tp., 1973). 

Sea (AneKCHHa, 

The resülts ohtained 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 take s place on the. trans i tion to carbonate-terrigenous muds of the fourth bel t. We 

connect it with the change in 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 ühesaare 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 no�thern 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.1e 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 i� 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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belts also speak t.he evidenees ohtained through the a"nalyses of the dj.stribution of 

benthic organisms. If the second and third facies belts are inhabited by a diverse bot

·i:om fauna and benthic algae, then in the fourth belt colonial corals, strornatoporoids, 

algae, bryozoans all potential reef-building organisrns are practically lacking.'lhe 

disappearance of benthic algae shows that the boundary between the third and fourth 

facies helts is close to that of the photic zone and thus its absolute depth approaches 

tr) 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 r.arbonate sedimentation 

was prevailing. 

The concept of the continental slope is not as clear as that of shelf. From the 

teetonieal 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 marginai plateau or represents the inner slope of the con

tinental margin sea, while the other lies between the marginai plateau and ocean floor 

and forms the outer slope of the marginai sea. 

It is quite possible that such a complicated situation with two-stage slope was 

also characteristic of the Silurian Balt�c Basin where the first stage roughly coin

cides with the boundary of the Baltic Syneclise, the other with the Törnquist 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 Törnquist Line is yet to be proved as there are cases (e.g. the present-day Zam

besi-Mosambique ehannel Basin - Scrutton, Dingle, 1976) when th.e marginai block of the 

continent has subsided to the level of the ocean bottom and the topographical slope is 

practically laeking between the marginai plateau and ocean floor. 

Summarizing the analysis above one may conelude 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 \olithin the Baltic Syneclise, where 

g:r-aptolitic mudstones accumulated, has been treated here as a tongue of the North 

European miogeosynclinal depression. Probably the slope between the shelf and depres

sian 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 cornparing with nowadays. 

References 

Bard; I. P., Burg, I. P., Matte, Ph., Ribeiro, A. La chaine hercynienne d'Europe oc

'cidentale en termes de teetenique des plaques. - In: 26 eGI Colloque e 6. Geologie 

de l'Europe du Precambrien aux bassins sedimentaires posthercyniens, 1980, p. 233-246. 

Berry, w. B. N., Böucot, A, J. Continental stability a Silurian point of view. -

Journ. Geophys. Research, 1967, vol. 72, p. 2254-2256. 

Bur.re·tt, e. F. Plate tectonics and the Hercynian orogeny. - Nature, 1972, vol. 239, 

NO. 5360J p. 155-157. 

eogne, J., Wright, A. E. L'orogene cadomien vers un es.sai d'interpre tation paleo-geo-, 

dynamique uni taire des phenomenes orogeniques fini-precambriens d' Europe moyenne et 

occidentale et leur signification a 1' or;lgine de la croute et du mobilisme varisque 

puis alpin. - In: 26 eGI Colloque e 6. Geologie de liEurope du Precall\brien aux 

22 



ba s s ins s edimentaires pos t-hercyniens , i 9 80, p . 2 9 - 5 5 . 

Jaeger , H .  Das S i lur und Unterdevon vom thür ing i s chen Typ in Sardini en und s e ine reg i o -

nalgeolog i s che Bedeutung . Nova Ac ta Leopoldina , neue Folge , 1 976 , Bd . 4 5 ,  
No . 2 2 4 , S .  2 6 3 - 2 9 9 . 

Johnson , G .  A. L .  C l o s ing o f  the Carboni f erous Sea in we s tern Europe . - I n :  T a r l ing , 
D .  H . , Runcorn , S .  K .  ( ed . ) .  Imp l i c a tions of continental drift to the Ear th 

S c ience s . Academic Pre s s , London , 1 9 7 3 , . p .  8 4 5 - 8 50 . 

Kreb s , W . , Wachendorf , H .  Protero zoic -Pa leozoic geosync l inal and orogenic evo lut ion o f  
Central Europe . - Geo l . - Soc . Amer ica Bul l . ,  1 9 7 3 , vol . 8 4 , p .  2 6 1 1 - 2 6 30 . 

Hatthews , s .  e. , Chauve l , J .  J . , Robardet ,  M .  Var i sean geology o f  north -we s tern Eu

rope . - I n : 2� CGI . Col loque e 6 .  Geologie de ! ' Europe du Prec ambr ien aux bas s in s  

s�dimenta ires pos t-hercyniens , 1 9 80 ,  p .  2 3 3 - 2 4 6 . 

McKerrow , W .  S . , Z i eg l er ,  A. M .  Paleo z o i c  oceans . - Na ture ( Phys . S c i.) , 1 9 7 2 , vo l . 2 4 0 , 

p .  9 2 - 9 4 . 

Scrutton , R .  A. , Ding l e , R .  V .  Observations on the proce s s  of sedimentary bas in for

ma tion a t  the marg i n s  o f  souther n  Africa . - Tec tonophys i c s , 1 9 7 6 , vo l .  3 6 , p .  1 4 3 -

. - 1 5 6 . 

S tanley , D .  J . , Unrug , R .  Submar ine channe l depos i ts , fluxoturbidites and other ind i 

c a t o r s  o f  s lope and base-of - s lope environments in modern a n d  ancient mar ine ba

s i n s . - In : Rigby , J .  K . , Hamb l in , W .  K .  Recognition of ancient s ed imentary en

vironments . Soe . Econ . P a l eontolog i s t s  Mineralog i s t s  Spec . Publ . ,  1 9 7 2 , p .  2 8 7 -

-306 . 

Tomc zyk , H . , Tomczykowa , E .  The development o f  the Prototethys Ocean and i t s  inf luence 

on the dif ferentiation o f  Paleozoic depos i ts in Poland . - Bul l  . .  Acad . polon . Sc i . ,  

ser . S c . Terre , 1 9 7 9 , vol . � 6 ,  No . 2 ,  p .  1 0 3 - 1 1 8 .  

Z iegler , A .  M . ,  Hansen , K .  S . , Johnson , M .  E . , Ke l l ey , M .  A . , Scote s e , C .  R . , Van der 

Voo , ' R .  S i lur i an continental d i s tr ibut ions , paleogeography , c l imato logy and b io

geography . - Tec tonophy s i c s , 1 9 7 7 , vo l . 4 0 , No . 1 - 2 ,  p .  1 3 - 5 1 . 

AneKCHHa H .  n .  0C�KH H penbe� nO�BO�HOrO eKnOHa BOe TO�HOrO no6epe*b� cpe�HeA �aCTH 

KaenH�e Koro Mop� . B K H . : reonorH�eeKoe e TpoeHHe no�BO�Horo eKnoHa KaenHACKoro 

MOp� . M . , H3�-BO AH CCCP , 1 9 6 2 ,  e .  1 2 2 - 1 9 3 .  

ne6 e�eB n .  H . , MaeB E .  r . ,  KynaKOBa n .  e .  Oea.rtKH KaenHaCKOrO MOp� . H . , HayKa , 1 9 7 3 ,  
1 1 8 e .  

HeCTOP X .  3 . ,  3 A HaeTO P .  3 . 1 9 7 7 . �aUHanb HO-e�HMe H TOnOrH�ecKa� MO�enb CHnypHAeKoro ila

neo6anTHAeKoro nepHKOHTHHeH Tanb HOrO 6aeceAHa . 8 K H . :  �aUHH H �ayHa CHnypa llpH6an

THKH . TannH H ,  H 3� . AH 3CCP , 1 9 7 7 , e . 8 9 - 1 2 1 . 

Wenap� o .  n .  MopcKa� reonorH� . n . , He�pa , 1 9 7 6 , 4 20 e .  

�ep6aKOB � - A . , KynpHH n .  H . ,  iloTanoBa n .  M .  H �p . Oea�KOHaK onneHHe Ha KOHTHHeH TanbHOA 

OKpaH He qep HOrO MOp� . l-1. 1 H ayK a , 1 9 7 8 , 2 1 1  e .  

2 3  



ПРИМЕНЕНИЕ КОНЦЕПЦИИ ШЕЛЬФА И СКЛОНА К СИ�JРИйСКОМУ RАЛТИР.СКОМУ 

БАССЕЙНУ 
х. Нестор, Р. Эйнасто 

. Силурийский Балтийский бассейн раслолагался на лассивной окрайне контине�та и от
крывался непосредственно в Цент9ально-Евролейский геосинклинальный бассейн океанич�ской 
лрироды. Такая позиция позволяет интерпретировать Балтийский бассейн в силуре как лери
континентальное море с обособленным шельфом и материковым склоном. Мы считаем, что 

шельф мог скорее �сего совладать с поясом в основном карбонатной седиментации, который 

лрилегал к ленелленизированному Фенно-Сарматскому материку. Осевая часть Балтийского 
бассейна с гралтолитосодержащими сланцами и аргиллитами может быть рассмотрена как глу
боко опущенный блок �1атериковой окрайны, который тектонически относился к материковому 
склону, но седиментологически представил с собой язык крупной севераевропейской неком
ленси�ованной депрессии, лроникающей в северо-�осточном направлении внутрь Восточно
европейской платформы. Склон бассе�на в его более узком, геоморфологическом лонимании, 
вероятно, охватывал пояс седиментации известкаго-глинистых илов между шельфовыми карбо

натными и гралтолитовыми пелитовымя осадками центральной делреесии бассейна. Эррозион
ные каналы, турбидиты и другие явления, характерные крутым материковым склонам, в Бал
тииском силурийском бассейне отсутствовали из-за относительно поЛогого наклона морского 
дна. 
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