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ROBERT MARSCILALIO®

THE ORIGIN OF DISTURBED STRUCTURES IN TURBIDITES
THE FLYSCH OF CENTRAL CARPATHIANS

(Figs. 1—10

Abstraect: In the present paper the most frequent cases ol the so-ealled
disturbed structures in turbidites of the centeal Carpathian Flvseh arve dealt
with, Analysis ol these beds shows that distaebed  Gdelormational) steaetu-
res have not been evoked by postdepositional geavitation movements  (post-
depositional gravity slumping of beds on slopesi, These structures in turbidites
are different from these arvising in the slumps o shorter duration, By that
time, the author aceepts the opinion, that by the slumping of beds in the
distal zones ol the Flvseh no tvpieal tuebidites may avise, and the disturhed
structures eoclosed o the Tormer, have therelore dilferent origing

Introduction

The investigation of submarine gravitational slope Tailures in tepical Flvseh sediments
is devoled greater attention. sinee there is a supposition that the submarine slopes along
which transport and deposition ol turbidity cureents passed were so low  that no
gravitalional slope failures were possible (Ph, 1L Kuenen 1964 D G, Moore
1961).

Iportant inerease ol gravitational processes takes place in arcas proximal to the
source zones, This topographical dependence was Tound by the study of sedimentasy
steuctures in subaquacous gravity deposits of proximal zones that were considerably
different from graded-bedded turbidites of distal zones.

Yet the oceasional rescarch of modern submarine slope Tailures, carried oul on the
seashore and delta front by Ko Terzaghi (1957, and the study of flow of the
deepwater sands over the steep sloping [oor of submarine canvons (R, 1. Dill 1964
leads o doubts the opinion on such mechanisms as slumps or slides. largeseale mass
movemenl ol metastable sands and creep ol sediments being able w0 cause the
movement ol tarbidity currents.

Considering these facts. | dealt with such sedimentary structures (intraclasts) in the
Flyvseh sandstones as:: crumpled Tragments of elay Tavers. mudstones. chips. lumps and
pebbles. that were Tormed by subaqueous gravity depositional processes. espeeially in
sequences with eohesive clavstone partings where they produced  disturbed  bedding
LG Crowell el ale 1966) or slurey beds (A Wood, Ao J. Smith 1959). [t was
vight to emphasize wider range ol plasticity ol clavstone sediments, The vise of

mudstone lumps and crumpled fragments enclosed in sandstones is therelore usually
aseribed o submarine slumping of combined Flyseh sequences on the slope. Large
blocks ol consolidated elavstone rocks ol the composition similar 1o that of the surroud-
g beds irregularly distributed in sandstone matrix. indicate that original bed forms
were completely disturbed.

From the methodieal point of view it is important to give the dinamie picture of the
development of these structures in different stages of transport and deposition Tollowed

on the base of primary current conditions. Another important task is 1o judge the active

forces according 1o the shape and deformation of fragments.
- B
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General Lithological Charvacteristies of the Flyseh Sequence
with Disturbed Structures

T'he majority of these struetures were studicd in the Tower sevies of Centeal-Carpathian

Flvseh in the aven of the lezmarok and Spis basing (n geographical sensel. This e
wis :|l\\'.‘1_\'.~«' .~=I|':1Ii§_f|'.‘l|1f|il':!||}' andd wl|i|1||-Illn|n_'_'.it‘;||[_\' inleresting. since the lower series
of the Flyseh was ore-bearing. By means of detail prospection and deilling works
. Pricehodska 193400 basal Tormation  (Cretaceons?—Lutetian). clavstone litho-

facies (Lutetian — Lower Priaboniant with Targer loeal acenmulation of Muo-ores

with tarbidite heds with the interval of Tower paralicl and corrent-ripple unination.

were distinguished there, Transition into tvpieal Flvseh sequenee is geadual, Ts Lower —
l‘|IE1!'I' I‘i'i”l"]”ii!” :lgl' Wils []"ll'!'lni“l'll I]\ s ll!l |I|i' _‘_'_'[“]li_‘_"l"l'i]l;ll |||.i|'|'“|lil”||;l
(0, Samuel 1965, In the Flyseh. the upward inerease ol graded and stroetireless
gravwackes and subgravwackes may be observed. The Flyseh with prevalenee of
sindstones in the Levoeske oy Mise was oot incladed i this study,

Fie. 1. Disturbed hedding. In sudden deposition of the load and at the impact on the hottom.
the cnrrent got slower. This change of veloeity caused the formation of traction structures.
i. e of shavpsuperimposed set of parallel Tamination. The figure shows a detail of volled
clavstone sheets followed along the whole hottom part of the bed in the continuous horizon.
The locality Levotsky pote
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The position of the lower series o the Flvseh in orelation 1o the souree zone was
studied by means of paleocurrent analysis by R Marsehalkoand A, Radomski
(1960). These and following investigations (. Marschalko [968) showed that
deposition of Flvsch took plaee at the beginning and in the cowrse of the main filling
of the basin in the distance of 35=50Lkm [rom the sources in NI and S In the
Flyseh there were no lens shapes ol coarse clastics of the pebble mudstone type —
these arve vather characteristic of marginal Tacies. In cureent direction from 15 o N,
SWAVL the deeor 1o A0—=60 e and prevalence of
calearcous clavstones may be observed, Tn this direction deepening of the basin with the

ase ol bed thickness Trom n

respective modilication of slopes may he observed,
Main Types ol Disturbed Steructores in Sandstones

Case 1. More or less continnous cenmpled sheets and Jragments of claystone layers near
the base or inside sandstones with traction steactares planparallel laminae) in the top

Inside the sandstanes there are crumpled sheets of elavstone layers in conlinuous
position eneclosed near the base and higher up (Tig, 1. The entive. parctly rolled lavers
with accompanying silt laminae are usuallv surrounded by conrses sand grains,

Not only the crumpled Tragments and sheetss hut also geaded beds resting apon the
former. or the accompanying graded mateix indicate that the original elavstone heds

were gradually disturbed by the cenmpling Trome below, and partly or completely

displaced Torward from the place of their original occurrence. Although these structures
indicate the possible slump origin in non-turbulent flow, a set of conrse parallel
lamination in the top of the sandstones (g, 11 points out to the Torming under the
condition ol the main deposition of the turbidity corrent. The curveent pattern o the
aden

forming ol such bed s approximately as Tollows: As soon as the sedimen-
turbidity corrent becomes insulficient Lo mainlain geaing in suspension. qick deposition
takes place. and decreased current velocity represents conditions Tor the Torming of
traction structures. Sudden transition Trom the Tagher 1o the lower eurrend velocity
produced a superimposed sel ol coarse gradation Taminae in the wp g, 1), Freezing
of high concentration ol grains in the corrent and sodden deposition and impact of
sediment load caused considerable disturbation and interruption of the weak-cohesive
claystone laver. Owing 1o the cinert”™ movement of How i very shoet time and distance.
dragging ol the Tragments and their disturbancee take place. Thus the Torming of
disturbed structures is not connected with the slumping of beds on the slope. J. (L
Crowell etal, (1966) were eight when emphasizing the teem distoebed strue-
Lures o be more snitable than .~;||r1r|}| slruetores,

The importance of a sudden Tailore and distuebanee influenced by the arvival and
impact of the heavy sand-liden corrent was proved experimentally by S, D2 ol v n-
skic v Radomski (1966 beinging thus a new view ol Trequent tvpes ol delor-
mational slump-like steaetures. The main charneteristies differing these struetures from
slumps are the Tollowing:

Lo Distuched Teagiments and sheets — concenteated i evidently continuous posilion
most requently neie the base ol the bed — are usually accompanied  and  mixed
with coarse-grained eeaded matrix,

20 The steata with these: Tragments muost inclode the traction steactures showing

turbulent fow conditions and excluding plastic mass Tow and spontancous liguelaction.
the so-called subsidence flow (K. Terzaghi 19570 that eause destenetion ol raction

slroelures,
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Fiw. 2. Varvious tvpes of chips, cenmpled fragments, intraclasts and pebbles of elax in geaded
and stenctureless sandstones of the lower division. All beds had lower parallel lamination
with more or less continuous transition into overlying claystones. The beds were surrounded
alwavs by ealenreous clayvstones. A — Unrounded elongated fragments of clavstones, parallel
with the bed surface. Borehole B-83, 132,50 m. B — Treegularly distributed rounded fragments
and pebbles generally represent normal manner of occurrence. Borehole T 1-3, 28870 m. €0 —
Larvze, anguler elay Tragment diveetly in coarse feaction. Borehole N-4G, 8770 m. D — Chips
and erumpled Teagments of elavstone, Bovehole B-51L 96,10 m. - — Parallel-arranged crumpled
feagments of elavs with deformed internal struetures. Borehole B-4AG, 13645 m. ° —  lree-
culaely disteibuted  elay Teagments with internal silt laminae in the upper part ol bed.
Borvehole B-5380 7390 . G — Freagment with diffusive margins, On the hase of hed — drag
marks, Borehole B-51, 7070 m.
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Fig. 3. Bed of structureless sandstone

withoul traction stractures in the top.
Fragments of various shapes, ircegulacly
orvicuted, are not in contael. Distinet drag
marks  erossing in the angle ol 257,

Case 2. Mudstone lumps. [ragments
and pebbles in graded ane structureless
lower division with or without Lraction
struetures in the top.

Mudstone fragments  and  pebbles
are frequent phenomena in the series
of the Flyseh sandstones in the KeZ-
marok and Spis depressions. In natu-
ral exposures. these slructures were
studied in conneetion with substratal
lineations (sole markings) and traction
structures in the top of beds. Excellent
inner details of these fragments were
found in drill cores. In this paper
only a part of various occurrences and
forms are presenled,

Fragments and pebbles were pre-
sent mostly in the upper part of the
lower graded division (Fig. 2). In
structureless beds along  the  whole
thickness  (Fig. 3). The inereasing
amount of fragments was observed
with the decreaes of coarse [raction.
In one bed there were often [lat. elon-
caled, diseoid and irregular forms with
sharp edges: inleresling were erum-
pled Teagments and pebbles with de-
Formed structure of silistone laminae
(Fig. 2 D. E. F., Fig. 4. 5. 6) or with
completely diffusive edges. (Fig. 2 G).

The size of fragments rarely exceed-
e the thickness of elavstone parting
and moved within 2—15—=25 em. No
acenmulation and  areangement  of
ragments in the base of graded beds
nor their sorling aceording 1o their
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sizeo were observed, The Tragments were nol in contact with one another. neither pebbles
and Tlat Teagments did forme imbricated stractores and pavements. That is why they
|
ditions of Tow. but they woere enrvied. propped and Tloated in the Tlow ol Tine wrains.

were nol scleetively rolled over the substeatum as e g stream pebbles i certain con-

They were not Tound in the division of Tower parallel Tonination ol these beds, Theie
turning over the smooth substratom of Tlat Taminae would be, though. possible, but the
current velocity was insulficient. Consequently. the velocity of flow with Teagments
veached quite high values, This is Tully demonsteated by linear sole markings produced
by these currents. Permanently parvallel and especially erossing dreag marks. Torned
downward quick current with the charaeter of a traction carpet in the sense of 5, D 7 o-
Ivnskic o EoSanders (196210 were Tound there, Graded nature of the carpet s

evident in many cases. and i oagreement with R Go Woal ke (165 we may admil
the traction carpet o represent an elfeetive mechanism Tor the separation ol coarse
grains [rom the toebidity cureent, o Me Breide (9620 and Jo T Spott's (1964
investigations ol the geain orientation in tuebidites showed the paths of grains Tollowing
forces Linear with the flow of current. e grains oviented  pavallel with the flow, in
.'-i|JiI:l ol the l'.'l|)i(| t|l-|m.~;ilinn, Thus 11 Illifr’.'hl seent hat Tlat lragments and ]u-hh[rs carried

Fie. 4. Graded hed in calearcous clavstones. Deformational fragments of clavstones (intrackists
distributed approximately hovizomally in the central part of the bed. The Tragments left
cavities and the internal stroeture cannot be followed, On the base of the bed there are
drag marks. In the top no lamination oceurs,
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by this Tlow should have the
position parallel with the long
axis in the cureent direction.
This was. however, nol observed
inany of several cross-seclions
parallel with  the flow ol the
current (Mg, 71,

Two explanations of this phe-
nomenon nay bhe offered:

L. The carveied Tlat Tragments
withoul contaet with the for-
ming  hydroplastic substratum
af the traction carpet arve Lilted
— due o high webaleney —
and again abraptly thrown on-
der various  angles  into  the
substratum, regularity of orien-
tation deereasing with the in-
creasing veloeily of turbuleney,
Owing 1o this. the extremely
M Teagments quickly loose
their stability and change their
orientation. The more irregular
feagments, the poorer orienta-
ton. 10 tarbulenee deereases
with  the Tading slope to such
ancextent that the Teagments —
i ospite of their weight — Tall
dowin to the base of the flow
they are Tinally driven forward
with gradually growing traction
vinrpel.

20 Another explanation po-
ssibles espeetally suitable Tor
sharp-edged  feagments ad
fmps s that were carried in
the Tlow ol grains without tur-
buleney — en mass. Dispersive
stress al grain collision main-
tined geains in dispersion. anl
the flow ol grains with mud-
stone Tragments  continued  in
non-turbulent flow., inertly, the-
velore it was callod inertia ow
of sand grain by 1 San-
doers (1965 Mudstone [y
menls  were nol luened  in
turbulent suspension above the

Fiw, S0 Geaded bed with ehips and Tragments
with  distinet deformed  lamination, Higher
concenteation is in the upper part of the bed,
and partly also in laminae not presented on
the photograph, The light lenticle vepresents
the pebble af muddy limestone, Bovehole J-22,
152,50 m,
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Fig. 6. An unusual shape of the crumpled claystone fragment is flowing™ in a graded bed
with distinet traction structures (parallel laminac) in its top. On the latter there is again
a bed with initial grading. Lokality Brezovica.

livdroplastie substartum of the carpel as in the preceding ease. but were carvicd divectly
in the substeatum ol the geain ow. At high veloeity Tinear dreag marks were produoced
by the flow, Owing 1o the absence of dreiving by turbulent suspension, no traction
stractures in the top of beds were Tormed by the grain low. The grains in an inerlia
How follow linear paths. sinee the grain collision evokes a mass effect (R, AL Bagnold
1956). Paths of flat clongated Tragments should Tollow the forees linear with the Tow
and be oriented parvallel o the latter. 10 this condition is not given, and the Teagments
arve more or less irvegularly disteibuted in graded beds with Tute casts or dreag marks
on the base and with traction structures in the top. then rather the Tiest explanation
should he aceepted.

The last mentioned eurrent features cannot be Tound in submarine postdepositional
slumps where chaotic mixing of comparatively cohesive sand clay layers are accom-
panied by rotation or by the forming of slump lolds.

On suitable slope. however. the plastic mass flow gets quicker. gravitation foree
overtakes internal friction. and gradual rearrangement of solids and [ragments is quite
probable. Due 1o the internal stress there appears parallel position ol fragments.
differences between the arrangement of solids in a mature slide or in an inertia flow
of sand grain will not be great, and differences between slide marks produced by
gravily slumping and drag marks produced by flow of grain, may be unimportant.
as well, The study of slumps oceurring diveetly in sequences shows that suitable slopes
offering the above conditions did not exist
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Consequently. the conclusion may be drawn. that mudstone Tragments and pebbles
included in graded sandstones were transported in turbidity currents and in inertia
llows of sand grains in large distance. They may be well distingnished from slides
owing lo numerous [eatures. of which current structures. scour marks. drag marks.
current lamination and arrangement of fragments ave the features of greatest importance,

Case 3. Slumps with Current Traection Structures Missing.

The presence of crumpled fragments of clay with slump-like” structure in turbidites
evokes the question whether or not the turbidity currents may rise due to the slumping
of several alternating turbidites separated by elaystone partings. The structures of
slumps may be well distinguished. since the beds lose their continuity. they are rolled
and accumulated from a larger area 1o smaller one. It was alveady Tound (R, M ar-
sehalko 1963) that slump Tolds of turbidites in claystones did not pass into slump
avalanches, Continuity of these beds may be followed. although some switeh and
amalgamation of the sand beds due 1o the interruption of clay parting mav be expected
(e, 9. 10). These and other «

s indicate that eohesion offered sullicient degree of
ability ol sandstones. the shear stress never exceeded the vield Timit and the plastic
mass flow was not changed into viscous fluid fow and turbidity current (R H. Dot
1963).

There are cases, however, when high speed turbidity currents run before the slower
slumps. and the structures of the latter are Tormed and deposited over the former

=1

Fig. 7. Bed of struetureless sandstone with flat angular [ragments and  pebbles. Sections
parallel with current divection ave presented in axonometreie projection. Direetion flow arrow-
hiead Tound aceording to tool marks. Loe. Hindovee, qumn
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FFig, 00 100, We may suppose then, that distances between the moving slumps and
turbidity currents are the simes and the origin of hoth cannol be sought in loco. It
~cems that ernmpled Teagments and chips ol elavstones aecumulated and inelosed i
turbidite sands did nol rise by the slumping of the proper tuebidity beds on gentle
slopes. Their origin may be axplained: :

1. by gravily movements of sliding mass over the steeply inelined slopes composed
of elavstones. The sliding masses eroded varions consolidated elaystones in substratum
and drageed them down into movement.

Il such a slump passed the eritical melination of slope. and movement of longer
duration. then it acquired the nature of an ineetin grain flow and - behavione of
a turbidity current. oo such cose the sorting ol grains is good and chips. Tragments
rel elongated and get rounded shape.

2, By the impact of heavy sediment laden turbidity corvent or slide on combined
sequences of sandstones and impermeable beds ol elavs. Owing to this the exeess
water [rom the pores of sands cannot eseape. and prevents any volume change, In the

ol clavs

Fie, 8 Sedimentary slump took place in consolidated beds, Sand beds, separated by elay
partings preserved their partial identity, although claystones were completely compressed.
Clay partings, and especially sandstones have great eange of cohesion, therefore the plastic
mas [low does not pass into viscous turbidity current. The locality Holohwmnica.
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e e I the top ol the tuehidite with deformed Tragments Fieo 100 Greaded  sand-
ol ety and il there s o stump bed. Due o gradual transi- stone with slwp strue-
v, Torming of these beds is oot o question and it s tures o the top, G-
uite probable that the tebidity carrent ook place heloee dual  transition Trom
the slump. Crossing of deag marks on the base of the hed craded  turbidite  into
climinates the possibility of the rise of beds by slow ereep slump is noteworthy,
ol sands The locality: Kezmarok, cut of Poprl, Bovishiole B3-85, 130,000,

whole body the pressure ol pore water is mobilized by compress. The shear steess
causes spontancous liquelaction of sand mass, This evokes reduction of shear resistence
and sliding, The mass ow may thus change into inertia low and tebidite enreent
on suitable slope.

Conclusion

. The study ol disturbed struetures in turbidites is ol great importance Tor the
knowledge of subagueons gravity mass [low processes, By the analysis of the dinamie
picture of disturbed structures and by means ol current substeatal Tineations and
current traction struetures dependent upon hydrodyvnamic conditions of flow. it was
possible 1o show that the inertin fow ol sand grains and tebidite current are the
tevminal constituents of differentiation in subagueons gravity depositional processes,

2. Distuebed struetures in tuebidites are distinetly differing from those originating in
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slumps of short duration ol coliesive mass over moderate slopes of the distal zone, The
presence ol slumps following the turbidity current od not viee versa) being graduoalls
deposited over the latter. indicates that they do not originate in some near place. bul
overtake quite long distances. and that tarbidity currents were not preceded by shides
on moderate slopes, The slumping of heds i distal zones of Flyseh cannot canse the vise
of tvpical turbidites and the clavstone ceumpled [eagments have different origin.

S0 conditions of the slope were insullicient, the impacet of sediment-laden tuebidin
current on the substratum caused only the Tailure and disturbed bedding. that may he
well distinguished Trom the postdepositional shunping owing o numerons characteristic
features, It is very probable that on suitable slopes this mechanism is decisive Tor the
rise of these structures. By Turther movement the ernmpled T
are included mto the flow.

aments and ehips of clavs

4 A\|l]m||§_"h the |)i|.l[‘('l§|l1{!(' — over which the Lransporl and l[l'pusiliurl ol tuebidites
ol the Tower series of the Central-Carpathian Flyseh passed. was low, the distance from
proximal zone was nol so greal. Inocase ol Tateral Tilling of the basin this area. the
slopes in proximal zones must have been steep.

The preservation of disturbed structures was possible in case of non-existing hottom
currents with the supposition ol a closed and deeper rough.

Translaled by & Jassingerova.
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