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ROBERT MARSCHAT.KO, PAVOL GROSS* 

DEEP SUBMARINE EROSION IN TURBIDITE SEQUENCES CENTRAL-
CARPATHIAN FLYSCH, LEVOČSKÉ POHORIE Mts. 

(Figs. 1—9) 

A b s t r a c t : L'Jio p r e s e n t ar t ic le gives proofs aboul the Fart, thai in cer ta in 
c o n d i t i o n s , t u r b i d i t y c u r r e n t s cut into former ly ([('posited beds. T h e eros ive 
c h a n n e l was d e e p e n e d as low as the floor b y quick c u r r e n t s in the first p h a s e , 
and then g r a d u a l l y fil led-up. 

I 'urbidi ly c u r r e n t s fil ling-up the c h a n n e l , were uol able to erode in d e p t h . 
they only modified the walls of the c h a n n e l . 

I he format ion of an eros ive c h a n n e l is connected w i t h a s u d d e n t e c t o n i c 
uplift of the floor and with the c h a n g e s of p a l a e o s l o p e in m a r g i n a l facies of 
a c'lysch basin. 

P e 3 jo M e: B craTbe npiiBOUHTCíi jOKasarejibCTBa Toro, q-ro Typ6ua.iibie TeneHHíi 
npn onpenejiciiHbix ycjioBiiax Bpe3biBaiOTca B panee yjiO/KeHHbie CJIOU (Typ6nun-
TOB). Bo3HHKaioinHe 3ppo3noHHbie Kanajibi 6 H J : H B nepBoii t{>a3e 6bicrpbiMii Tene-
HHHMH yrjiyBjíeHHH na zrne, a TOiibKO noTOM nocTenenno 3anojiHeHHW. Typôminbie 
IfiieHHH, KOTOpble 3an0JIHHJIH KaHajI He BMJIH B COCTOHIIHH np0H3B0IUITb 3p03HIO 
BľJiySb, OHII TOJIbKO MOaiIíflHUHpOBajIH 6oKOBbie CTenbi KaHajia. B03HHKH0BeHIie 
Kanajia 3aBHcnT or MrnoueiiHoro TeKTOHi-raecKoro n o í r a m a H CBH3ano c H3nene-
HHHMH najieocKJiona B KpaeBbix cJmiiHHX, ([uinmeBOro ôacceňua. 

Introduction 

It u s e d lo be g e n e r a l l y a c c e p t e d , lha l t u r b i d i t y c u r r e n t s o n l y t r a n s p o r t e d s e d i m e n t s 

o v e r Hal s u b m a r i n e fans w i t h o u t being- a b l e lo cut d o w n i n t o f o r m e l y d e p o s i t e d b e d s 

a n d to f o r m w i d e c h a n n e l s t h e r e . N u m e r o u s c h a n n e l s in t u r b i d i t y f o r m a t i o n s c o n t r a d i c t 

t h e o p i n i o n . A l t h o u g h t h e n a t u r e of t u r b i d i t y c u r r e n t s h a s not b e e n d e t e r m i n e d as v e l . 

slili it s e e m s lha l in s o n i c c o n d i t i o n s ( p u c k c u r r e n t s e r o d e as l o n g as lo r e a c h t h e p r o f i l e 

id e q u i l i b r i u m . O u r r e s e a r c h s h o w s t h a i e r o s i v e c h a n n e l s — e v e n if t h o y c a n n o t be 

I r a c e d all o x e r t h e a r e a of t h e i r e x t e n s i o n — c o n t i n u e as far f rom lbe m a r g i n iď 

a s o u r c e z o n e as lo t h e p l a c e s w i t h g e n t l e s l o p e of t h e floor. C h a n n e l - c u l l i n g w a s not 

o i d y r e l a t e d to t h e n a t u r e ol t u r b i d i t y c u r r e n t s b u t a l so to s y n s c d i m e n l n r y m o v e m e n t s 

ol lbe m o b i l e b o t t o m of a F l y s e h b a s i n , c o n t r o l l i n g t h e uplift of an e r o s i o n bas i s . 

I lie Rocks m Winch a Channel is Deepened 

I he e r o s i o n c h a n n e l is e x p o s e d in l u r b i d i l e s of t h e so-cal led s a n d s t o n e b l v s c h in 

L e v o č s k é p o h o r i e Mls . , cca I kin lo lbe K of llie [ o w n L e v o č a . S a n d s t o n e ľ l v s e h 

r e p r e s e n t s t h e r e a n a p p r o x i m a t e e q u i v a l e n t of t h e so-cal led p r o x i m a l facies. T h e b l v s c h 

is c o m p o s e d ol t h i c k b e d s of g r a d e d - b e d d e d c o a r s e - g r a i n e d a n d s l r u c l u r e l l e s s s a n d s t o n e s 

w i l h a s m a l l a m o u n t of t r a c t i o n s t r u c t u r e s in t h e l o p . b a r l i n g s of s a n d s ' c l n y s l o n e s a r e 

til ill or e r o d e d d o w n . D u e lo (bis a n i a l g a n i l e i l g r a d e d b e d s ocelli ' . In s o m e p l a c e s 

e l a y s l o n e I r a g m e n t s m a y be f o u n d w i t h g l o b i g e r i n a l a n d b e n l b o n i c I d e n d r o p h r y a ) 

IS. M a i's c h a I k u. C. S c . Geological I n s t i t u t e of the Slovak A c a d e m y of Sciences. 
Brat i s lava, Š t e f á n i k o v a id. I I . KXDr. ľ. G r o s s. D i o n ý z Š t ú r I n s t i t u t e of Geologv, B r a t i s l a v a , 
M l v n s k á dol ina I. 
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Fig. I. A. Schematic outline of erosive channel. A channel is 'ill in wide, extending to 
SSN (/d) m) divided into two partial downcuts with particular sedimentary filling-up. I — 
graded-bcdded coarse-grained saodslones: 2 — angular and rounded claystone I'ragnienls: 
• ' — structureless coarse-grained and tnediu in-grained sandstone; 4 — sandstone blocks 
deformed in silty-elaystone matrix: ň — a deformed bed of silty clayslones as a component 
part of a coherent submarine slump. 

microfatma. According to O. S a in u o I (1965) the zone of Globigerina ojjicinalis 
S u h h o I i n a predominates and belongs lo Upper Eocene. Westwards the sandstone 
Flysch passes facially into furbidite scries with greater claystone amount . Palaeo-
geographic reeonstruclions of II. M a r s c h a I k o (1968) proved the transport direction 
in Lurbidilps of sandstone Flysrli from SE to XW and \\ . in some places from XI'. lo 
S\Y\Y and \Y. Owing to this, the basin deepens and the slope becomes more gentle in 
westward direc!ion. 

Erosive Channel with Sedimentary Filling 

Along the whole quarry wall (Fig. I. 2) the channel is exposed to the smallest 
details. It is divided into two not loo deep cuts fa m deep', with their axes perpendi­
cular to the quarry wall. The basis of the cahnnol is irregularly cut in silty claystones 
(Fig. I E). with fractured and deformed sandstone sheets (Fig. 3) displaying directions. 
In the centre of the quarry Fig. I E — I1 silly clayslones form a monolitic block 
displaying deformation along the dip at the higher angle of laminae. (In the extreme 
right side of the quar ry the block passes into sedimentary s lump deposits with angular 
fragments of light clayslones. Fragments of silly clayslones and deformed sandstones 
represent a component part of a partly coherent s lump. The s lump movements have 
not deformed the underlying graded-hedded sandstone including lamination and con­
volution (Fig. I-I'" I), although this could have been expected when supposing a collapse 
of sleep walls upon the graded bed F. We still do know whether (or not), the bed 
F forms the filling of a wider submarine channel, so we may suppose thai the s lump 
deposits (Ľ) form the basis for channel-cutting. 
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Detaily traced sedimentary channel — 
filling shows lhal the beds of ihe left 
partial channel eannol be correlated with 
lhal ní the righl one. ( > 11 the left side the 
lowest part (the bed l-Q is filled with 
graded- bedded coarse-grained sandstone 
with shnrpedged fragments 70 cm) ol an­
gular claystones predominantly, on the top 

big. 'ľ. The channel was downcnt into the 
underlying silly elaysloues (HI with .'!.) — 
10° angle, extending laterally and forming 
channel terraces. The lowesi pari ol the 
iliiwiieiil (channel axis 1 had \\ 2ÍKJ I", 
striking. (In lbe steps of the cut-walls there 
were loolmarkings exposed. I he beds ol 
sandv elaysloues ' \ em and laminated 
sillstone '(> cm) in the lop indicate fading-
oul currenl activity. The revival ol' the 
activity is proved by a coarse-grained 
graded bed (Fig. I B) with abudanl 
rounded claystone fragments. In the lop 
there are thin Iraction structures. (In the 
bottom ihere are groove easts and on the 
contact with the channel-wall — inconspi­
cuous scour marks. 

The right partial charmed display a 
different sedimentary filling (Fig. .">). In 
lbe botloni pari it consists of graded-bed-
iled. well sorted medium-grained sandsto­
nes (Fig. I — I) II) with groove casls 
mul prod casls. The channel-axis is ol 
\Y 200 X striking. To the right, on a thin 
clavslone parling. developed gradually a 
graded bed 'II ('I with unusually I hick 
groove easls and erosive (?) arcuate 
culling* (Fig. b. 7 : . On the extreme right 
side of ihe quarry, the bed gradually 
acquires conslanl thickness and regular 
striking. (In the lop there are liaelion 
slruelures composed of a series of sill la­
minae '! rin . Although llie bed thickness 
is changed in space, the unusually thick 
sole markings indicate thai ihe quick cur­
rent has only left a parts of lis load on ibis 
place. A shorl duration of the smaller cur­
renl activity is indicated by a clavslone 
bed. intensely affected by biolurbalion 

big. H . Approximately in the same level 

file:///KI./K
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Fig-. 3. Deformed sheets of s a n d s t o n e with i r regula r p ro t rus ions on indication- the fonninn 
in plastic stage. P h o t o It. M a r s c l i a l k o . 
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1 '-• ''• T l l c U' f l partial channel cutting, in the basal s lump. Filled with graded-hedded 
mstone. In the middle and on the lop remains of c layslone framents. Photo R. M a r -
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Kig. Ó. The right parita! channel cut in a block of s i l ly c luys tone with deformed laminae. 
The first downcut lmg current filled the channel on ly on the basis (bed II D). The next 
(low ncutting is represented by n thin bed on he right (II C). Photo \\. M a r s c h a l k o 

' ig. G. Cross-section through an ex tens ive iíroove cas 
ded bedding. Photo K. M a r s c h a I k o. 

ľ'? . On the b, conspicuous 
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h'S- '• <-'.iant scour mar-ks(?) of a r cua te cross section an 
'Inclined s l u m p s! [. I 'holo li. AI a r s r h a I k o. 

mallei ' g roove casts cul in 

l-'ifl. S. Organ ic m a r k s on tlie liasis of tlie bei 
Ilic c h a n n e l , Photo li. A] a r s c li a I k o. 

ulicaliiiíj tlie s tage of quiet evolu l im 
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as m llie left part. there is a graded bed (B — II) with a sel cil current-ripple lamination. 
Both partial channels arc idled with massive structureless, coarse-grained sandstone with 
inconspicuous scour marks (Fig. I. A). 

The Process ol I ul and Fill oi a ( liannel 

The channel-orientations could not be traced, since they were exposed perpendicularly 
to the direction of filling', keeping the cutting direction only on J — 2 m distance. 
Still it seems that the orientation ol terraced walls and of the axis of basal cutting' are 
widely correlated with sole-markings on the beds of filling. Measurements show thai 
the currents filling a channel are of SK—XW and N WW course (cf. Fig. !)). The 
analysis of groove and prod casts shows that the currents filling a channel, have only 
a traction carpel. Krosive scour marks on higher levels of the same beds indicate lhal 
in llie higher levels of the flow the traction carpet is absent and the flow has a turbulent 
scouring character. By this fad S. D v. u I y ú s k i and I. E. S a n d e r s' (1962) scheme 
ol the composition ol turbidity currents is supported. In this scheme the overlying 
turbulent flow of a fluid impels the traction carpet. Still in L966 B. ( j . W a l k e i 
emphasized that fully loaden turbidity current with well-developed traction carpet wen 
mil olfective in eroding, (hen the currents filling a channel may only modify tin 
channel walls into terraced cuttings. They are. naturally, different from those culling 
deep and wide channels. T h e velocity and eroding ability of the latter are p a r l h 
documented by larg angular blocks ol clays-tones transported not far from lbe placi 
of erosion and deposited on the channel Moor. 

I wo mam erosion phases may be dist inguished: in the first phase channels were cut-
down In the deepest bottom. In the second phase only llie walls of channels were 
modelled by turbidity currents passing and filling the channel. Velocities of these 
currents wcrv dil lercnl. Deep scouring and giant groove casts on the basis of unequally 
thick graded bed indicated unusual ly quick turbidity current which deposiled a small 
pari ol its load on this place. The absence of traction structures means thai the top part 
of turbidity currents with fine-grained material passed downward the channel. Unequal 
erosion and different filling-up in both channels and llie absence of continuous sand 

I'll:. !). Current-rose diagram, with marked 
;ixcs anil sole markings on lurbidiles. Sepa­
rately marked scour marks, groove casts. 
Conspicuous correlation oF sole markings and 
of the axes of basal dowaciil linir. 
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l i lhng ' u[i to tlie l u p . test i fy llial iM'osion is not n e c e s s a r i l y Followed by d e p o s i t i o n ;ind 

that d o w n o u t t i n g p a s s e d in s e v e r a l p h a s e s . W e m a y s u p p o s e that e a s c a d c e l i a n n e l w a l l s 

w e r e r e p e a t e d l y m o d i l i e d b e f o r e a c q u i r i n g t h e i r p r e s e n t f o r m fil l ing p a t t e r n . 

/ lie Origin oj d ( litiiuii'l mul lis Palacogcogriiphic Importance 

I he c h a n n e l is f i l led-up w i t h t h e faeies ol e q u a l c o m p o s i t i o n as t h e n e i g h b o u r i n g ; 

t u r b i d i t e s e q u e n c e s . I his is o n l y p o s s i b l e w h e n e r o s i v e a b i l i t y of d o w n c u t l i n g c u r r e n t s 

is g r e a t e r t h a n that ol t h e c u r r e n t s d e p o s i t i n g t h e s e q u e n c e s w h i c h t h e c h a n n e l w a s 

c u t in. D o w n c u t l i n g t a k e s p l a c e in a / o n e w h i c h is in a g r e a t e r d i s t a n c e f r o m t h e 

m a r g i n , i. e. a p p r o x i m a t e l y in t h e m i d d l e ol t h e d i s t a l z o n e of a s u b m a r i n e fan w i t h 

l o r m e r l y p r e d o m i n a t i n g d e p o s i t i o n a n d a g e n t l e s l o p e . . \ n w a q u e s t i o n m a y a r i s e : 

w h e t h e r d o w n c u t l i n g m a y p a s s b e l o w t h e e r o s i o n level of t u r b i d i t e c u r r e n t s . T h e a u t h o r s 

s u p p o s e l h a l t h e Hows m a y a c q u i r e t h e v e l o c i t y i n e v i t a b l e for s u b m a r i n e e r o s i o n o n l y 

a f t e r a s u d d e n u p l i f t ol e r o s i o n level . I b i s m a y be c o m p a r e d w i t h d e e p s u b m a r i n e 

v a l l e y s o n t h e w e s t e r n coast: ol C a l i l o r n i a I'", ľ . S h e p a r d. I',. ('. B u f f i n g t o n 

1968) , r e p r e s e n t i n g d i s t a l e x t e n s i o n s ol s u b m a r i n e c a n y o n s on s u b m a r i n e fans . In o u r 

c a s e t h e r e l a t i o n of t h e c h a n n e l I o t h e s u b m a r i n e v a l l e y m a p p e d b y I i. M a r s c h a I k o 

(Hlti ' i) in m a r g i n a l faeies. w a s not t r a c e d on s u c h a d i s t a n c e .'SO k i n ' . Sti l l t h e t u r b i d i t y 

c u r r e n t s — as well as in r e c e n t eases — w e r e e r o s i v e l y effect.ive o n l y ď t h e i r c u r r e n t 

v e l o c i t y w a s c o n t r o l l e d b y s l o p e , t h i e of t h e m o s t d e c i s i v e c a u s e s is p r o b a b l y in s u d d e n 

c h a n g e s d u e ot t e c t o n i c u p l i l i in m i d d l e m a r g i n a l z o n e s . In S h m a r g i n a l z o n e (R. 

M a r s c h a I k o I96V) w e r e t h r e e i m p o r t a n t u p l i l l s ol t h e s o u r c e fo l lowed b y i n f l u x 

of c l a s t i c m a t e r i a l f o r m i n g d i f f e r e n t g r a d i e n t s a n d m o b i l i z a l i n g a n e w t h e e r o s i o n leve ls 

in c o n n e c t i o n w i t h d i s p l a c e m e n t a n d f o r m a t i o n id n e w s u b m a r i n e c h a n n e l s . T u r b i d i t y 

c u r r e n l s f l o w i n g d o w n t h e c h a n n e l s d e s c e n d to d i s ta l z o n e s a n d c r e a t e a n e w prof i le 

of e q u i l i b r i u m . This m a y s e r v o as a n e x p l a n a t i o n of g r e a t e r t h i c k n e s s e s of t h e s a n d s t o n e 

I ' l y s e h in L e v o č s k é h o r y M l s . in c o m p a r i s o n w i t h e q u i v a l e n t m a r g i n a l fae ies . 

T r a n s l a t e d by K. ,( ;i s s i n g e r o v á. 
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