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ROBERT MARSCHALKO, MIROSLAY PULEC!
SEDIMENTOLOGY OF THE LUNZ BEDS
(Fig. 1—8, PL. XNH—=XXIV)

Abstract: In this work the analysis of the paleocurrent system and com-
position of the clasties of the Lunz beds in the West Carpathians (the lower
part of the Upper Triassic) is presented, It has been Tound that the paleoewrrent
analvsis may contribute not rml)' 1o the reconstruction ol the :-il‘l“uwu]nl'y
basin, but also 1o the solving of paleotectonic problems concerning mountain
TanIes wilh nappes steaclhores,

The Lunz beds are present in the Treinssie ol the two maim AWest Carpathinn unils:
the Krizna and the Choe units. The study ol sedimentation. the paleocurvenl investiz-
ation and the reconstruction of the basin are elosels conneeted with the problem of
allochthonily of these tectonie wnits. The Taet. that the Keizna and the Chod teetonie
units are the original sedimentary mantles completely separated Trom their original
cevslalline substratum, and overthrust 1o the Novth upon the Tatvides in the Torm ol
extensive overthrust mass, while their cevstalline substratum remnined on the south
where it was resorhed and in dependentls Tolded. — then this Tael was wenerally aflie-
med by the caclier works by AL Matdjka Do Andreusoy (1931, J. Koutek
(931, V. Zoubek (1931) and R, Kettner (19300 as well as by ihe Iater
investizations of D, Andrusov (1959—1064. A, Biely., O, Fusdan (1965).
o Bysteieky, Ao Biely (19640 M. Mahel (1965 1967). The sedimentation
area of the IKrizna tectonie unit lay Tacther 1o the Noreth of the Choe aren ol se-
dimentation in the Triassic, and — according o the later opioions of A Dicely.
O, Fusan (1965), M., Mahel (1967) — it was separated by the submarine rise of
the Vepor ervstalline, The disproportion between the widths of the areas of sedimen-
lation of both the units (50-F30 km in common! and the width of the e

stalline sub-
steatim overlapped by the former. led to completely different interpretations of the
original tectonic scars. Although the present shape ol the overthrust masses shows
distinet traces ol the post-Paleogene tectonie movement, still the formation of the
overthrust masses is pre-Senonian, The erosional effects upon the Choé nappe formed
mostly of the Triassic. were caused by the post-Paleogene movements. Therelore now
the Chot nappe has the outlook ol tectonic outliers rvesting on the Cretaccous of the
lower Krizna nappe. In the stroeture of the nappes simple Tolds and digitations with
thetr axes more or less parallel 1o the course of the axis ol the West Carpathians may
be observed, This act was considered in the votation ol the measured azimuths of 1he

oriented sedimentary structures 1o get the picture existing belore the tectonic de-
formation. The systematie deviation of the paleomagmatic declination in the Chod nappe
was determined by the Tast paleomagmatic studies by J. Notdasek. M. Koes (1965
in the Upper Permian and the Lower Trinssic of the West Cirpathizns, Thos it ny
be stated that the alpine tectonie movements in the Chod nappe had o votational effee
I'l'ill:llim._[ 457 Trom the near pole ol declination derived stanstically Tor the Teissie
[romn the published datic concerning the Faro-Asiatic continent, The Tact eannot he
alfected by the palcomagnelic data of the Choe nappe colleeted Team the sonthernmos)
margimal zone nearer o the teetonie sears. Botation ol the nappe round e vertieal

"R Marsehalko, Cse. Geological Institute of the Slovak academy of Seiences. Bra-
tislava, Obrancov micen 41, ML Pul c.c; |)i|_r||_\"z Stire Institute of |:q-||[[1:_{')" Bratislava, \[|_\'||_~].:'|

ll“]. ]



SCHALKO

ATRY

L

— 1 Cvuznep oeysaodrp —

RDIATIPO,] — ¥ CPRWIaUNN — ¢
|
11 ur g
S goiy pue

e

T et

pread™)

Fo3
L

e o
4
H



SEDIMENTOLOGY OF THE LUNE BEDs 333

axis caused the rotation of all the current data in o given value, therelore it ought to
be considersd in their interprefation.

Stratigraphical and Facial Relations

The Lunz beds consisting of darkgrev to black clavstones and grevgreen sandslones
vepresent the abrupt interruption of the thick predominantly carbonatie formation of
the Middle Triassic of the Krizna and Chot units. On the base of the Lunz beds in the
Krizna unil there arve [inegrained to microcrystalline dolomites. light to black in colours.
200—400 m thick. They originated from the marine carbonatic oolites, coral limeslones
and muds. In the Chod unit, the dolomites contain abundant remains of algae, indicating
theie Middle-Trinssic (Ladinian) age, Above the zone of dolomiles in this unit there
are loeal ocenrrences of eryplocevstalline darkarey lmestones with cherts (50—=701n
thick) including the Globochaeta alpinag T.ombard association, In Do Andru-
sovis (19580 and M. Misilk’s {1966/ opinions they represent pelagic sediments
neritie. shallow bathyval. usually developed in the substratum of thicker Lunz beds. The
Aonian limestones (Aonschiefer), 2—30 m thick. found in the nearest substralum ol the
Lunz beds correlated with the Aonian beds of the Eastern Alps, contain fauna (Tra-
chyeeras aonides) 1ypical of the Lower Carnian. The Lunz beds and their Lower-
Carnian age were determined by Do Stare (18680 in the West Carpathians, The detail
paleontological and lithologieal investigations by M. Pulece (1965 proved that the
forms Leda defneri O ppel. Entolium discites Sehloth. Halobia rugosa G i m-
hel, Carnites floridus Wulfen belonged to the upper zone ol the Lower Julian.
The faunistic associalion were found exclusively in the clayev-sandy o siltstone beds
on the basis of the sequence (10—20 m), Aceording to J. Sened (oral communication)
this association is lyvpical of the deeper parts of the neritic to shallow hathyal. having
lived i the sea of normal salinity, In the upper horizons there is no maerofauna present.
exeepl benthonie and planktonic foraminiferal association, There are exceptional Tind-
of plant remains in sandstones. In the overlier of the Lunz beds there sharply ress
masses of bedded and massive dolomites and limestones of the Triassie. thal reach even
200—300 m in the Cho# unit and 50 m in the Krizna unit. as Tar as theie thickness is
concerned. They contain the marine fauna including Megalodon triqueter.

The continuous and uninterrupted development of the marine fannistic associalions
[eom the Middle 1o the Upper Triassic proves thal the cause of the abrupt facial chan.
ves from the earbonatie sedimentation to the clastic sedimentation of the Lunz shonld

he sought in the paleogeographical changes that took place in arens nnavailable Tor
the study, The Lunz beds are nowhere replueed with the nnderlving or overlving facies
in the finger-like manner. This phenomenon proves that they arose i the course of
the subsidence of the basement in the whole area of 1the West Carpathians,

The analvsis ol thicknesses showed that the subsidence in the Chot unit passed
Feoin the NW o the SE and Soothe maximuom thicknesses (Mg, 1L locality: Kvacany 230,
loe, Lipt. Theadok 14—15. loe. Lipt. Luznd 11 loe. Balunky 8. loe. Sipkov 9. lae, [o-
molka 100 100—=300 m decreasing 1o the SF and S in agreement with the transporl
direction. n the Krizna unit the mean values aee L0530 e o the maxinnom S0,
and subsidence in the separated zones is not so distinet. In the mantle series of the
Tatrides 10 the N of the Keizona avea of sedimentation. there are no Lunz beds. their
cquivalent — the Carpathinn Keuper — heing considered o lagoon marine Tormation.

Opinions about the penesis ave different. D Andruscov (1959 and M, Mahel
(1967 considered the Tanz beds as o Flvsehoud formation conneeted with the phase
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of lectonie proeesses. M. Pulee (19590 partly explained the rise of the Lunz beds
by the activities of the tarbidity carrents. The Tacts that the beds did not rise in the
culmination stage of the main orogene bul al its commencement, that they do not
contiin any conrse clasties nor do they transgrende upon the older ervstalline substeatim
asowell as their extension in the West Carpathinms and in the Aps — all this makes the
stidy of the Tunz heds gquite urgent.

RBed Thickness and Shape

The distribution of bed thickoness of sandstones in two sections of the Chod anil
shows drregular course fig. 20, indicating thus reather the tendeney 1o the normal
disteibution only in the beds with medium thickness (up o 20 em). Suchs were (lg, 2.
N 119, the profile Brusno) predominantly in the section situated 40 km 1o the SW of
the preceding one. The thick beds of sandstones were sharply alternating with the thin
claystones in the series 20350 m thick. especially in the middle and upper parts of the
formation, in the northernmost zones of the Choé unit. The decrease of the thickness
ol sandstones 1o the SE and S, and the comparalive increase ol claystones are in an
agreement with the fading out of the enrrent svstem. Instances of the sharp wedging
oul of beds are known (pl. XXI. fig. 1) in the upper part of the formation. No erosive
channels of the 1vpes as detaily deseribed by B Frevberg (1963 from the Ger-
man Keuper, were observed there, The sandstone beds are distinetly delined in black
clavstones, the rhyvthmical alteenation indicating the obviously Flvseh charvacter of 1he
formation (pl. XXI. Tig. 2).
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Yo Lowarvithmie probability plets of thickoess of sandtone beds, The upper row —
profile Liptovsky Hedok i, 1L loes 14—15), The lower row — prolile Brusno (fig. 1, loe. 19).

1 3, Coevent rose dingeam, Observations plotted: A, Scours marks (Flute marks). B. Cur-
vent vipple Eonination, Co Direction of movement of slump deformations ealeulated from the
oricntation of the long axes of stump Tolds. Proflile Liptovsky Headolk, 1T — The lower parl
ol the Lang beds, 2 Middie part of the profite. 3 — Upper part of the peofile Podiareen
1[||.'||‘|'_\ (9



SEDMENTOLOGY OF T LUNZ BEDS

Types of Bedding wied Their Origin

Massive bedding (not geaded bedding) was most Teequent o the thick beds. There
are completely homogenously disteibuted grains without any signs ol gradation. The
grain size analyses (of thin sections) of the two sumples from the base and the top ol

the massive hedded strata showed slight Tessening ol the conrse srains in divection

from the bottom 1o the top with the tendeney 1o better sorting. heginning at the hase, In

75 per. cent ol cases the massive bedding passed up into the lower interval ol paeallel
lamination (B) (pl. XX, Tig. 30 and current vipple Tomination (CL and vepresented thus
only the lower part of the beds, In smaller number of eases (20 pers cont! the massive
bedding covered the whole thickness of sandstones sharply limited up ad down, The
prescnee ol the massive bedding aod the absence of the graded bedding need not ex-
clude the classification of these deposits as turbidites. sinee in most studied beds (75
per. cent) there is regular sequence of sedimentaey straetures as deseribed by Pl 1L
Kuenen (1953). M., Ksiazkicewicz (195340 and in the Jast vears by A0 T
Bouma (1062 1964) in the facies model of taebites,

The interval of 1the lower parallel lamination |
vipple lamination (5—11 em. pl. XXI. Tig. 47 re:
of the beds, or they form separate bed units. The investigntions showed that the pro-
cess of the Tormation of these lammations ook place in the course ol the main de-
positional stage of the current. Together with the massive bhedding they represent one
closed sedimentary unit. It is proved especially by rather  charvacteristic  gradation

27 cm thick! and of the eureent

il.l)ﬂ\'[_‘ 1'2I.t‘.]| lf”ll"l' iFI -]III'. LEprpaer IHII’"

features of the parvallel Tamines (pl. XXT1L fig. 1) and the tvpical development of the
non-truncaled superimposed eurvent vipple lamination (pl. XX fig. 2). which —
according to J. F. Sanders (1063, B G Walker (1965 — may arise only
under the conditions of the traction shilting of sand in vipples during the continuouns
[all-out of grains lvom the curvent. Sets of elimbing ripples showed rather low angles of
climb indicating the slower Tall-out of grains and quicker forward movement ol the
ripples (R, G. Walker 1963). The direction of the dip of current lnmination was
equally oriented in several sels of one bed, and it was measured and estimated on
a map (le. 1), Corvent ripples were often preserved on the top surfaces of beds wilh
parallel steaight evest (pl. XXILL Mg, 3 or ol linguoid shapes. Begular symmelrical
dipples of the wave orvigin (oscillation rvipple marks R Be Shiroek 1943) have not
been found. The vipples were nol covered by traces of the crawling of antmals. this

indicating the unsuitable iving conditions in the basin — logel
absence ol macrolauna.

wer with the eomplele

The complete sequence of intervals o the Lunz beds is extended by eather vare
convolube Tiination developing within one bed. 1t was Tonnd mainly in the interval
of the lower parallel Tamination. having been Tormed ol the Tormer by the shearving of
currents flowing over the cohesive hydroplastic botlom suelace 01 o Sanderes
1960).

\e thepe were some stages during the teansport o the eavrent. so the sequences of
sedimentary steuctures above cach other were preserved. oo, Usually the sequence
consisls of the massive hedding (AL lower parallel Tamination (B cuerent vipple Ta-
mination (G or combinations ACo DA, Foree and velocity of the current at the vise
ol the massive bedding must have been greater than with the parallel Tamination aod
vipples, since the elay feagments were up o 14 em long, accumulaled in various levels.
lrequently devegularly, and only in this bedding (pl. XXITIL fig. 3). Abundant scour
marks (pl. XX fig. 1. 20 of varions shapes. present on the bottom surface of beds
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must have required high speeds of curvents and their accompanyving turbulent character
(3. Dzulynski J. I Sanders 1962, S, DZ2ulvnski. . K. Walton
1965). There are some indiealions that the traction carpet cither did nol exist in the
ctirrent or lasted only Tor a short time. and the coarser grains kept dispersed in the cur-
rent. The presence of the tool marks is just slight. representing only 20 per. cent of
the whole amount in the studied profiles. This may indicate that the deposition from
the cwrrent took place hefore the formation of the turbidity eurrent with the typical
fraction carpet. Therelore the rise of the massive non-graded bedding may be aseribed
to the semi-mature turbidity currents, In fact, deseriptions of this type of bedding from
the turbidity formations are not rare (A. Wood, A, J. Smith 1959, K. Marschal-
ko 1961, K. G, Walker 1965) and the opinions are in agrecment coneerning
the most suitable conditions of deposition from these currents in shorter distinee from
the source. in the so-called marginal or proximal facies ol the Flvseh,

Deformational Sedimentary Structures and Paleoslope

Different varieties of delormational structures are accompanied by series with the
increased  share of thick beds of sandstones and silistones. Mudflows conlaining
completely stirred fragments of the original beds and sand lamines. are rather rare
(pl. XXII1L. fig. 4), indicating that the replacement along the slope proceeded on large
distances. More [requent are sandflows wilh elay [ragments, often in chaolic position.

Subaguacous slumps with distinet deformations of beds (pl. NXNIV. fie. 1) into
more or less symmelrical folds — separated or accumulated above each other —
formed a group of coherent slumps (S, DZzulynaski 1963, Movemenls of these
slumps were gravitationally controlled. In case the angle of slope along that they
were moving, was hich (B Marscehalko 19630 the axes of the deformed lolds
were oriented perpendicularly Lo the direction of movement. The study of these de-
formations in the profile Liptovsky Hradok—Podturen (fig. 1. loc. 13—15. fig. 3)
showed that the dip of the slope conditioning the movements of the delormations.
cansed also the movements of eurrents, 1. e. the movement medinm was in an agree-
menl with geavitation Torees. The gravitation control ol deformations is possible and

it has heen documented Trom the turbidite Tormations adjacent to the uplilied souree
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Other Types of Sedimentary Struetures

The exception from the general picture is represented by the uppermost pact ol the
Lunz beds on their passage lo dolomiles. There ave sels of megaripples (pl. XXV,
fig. 2), lens-like shapes of beds and sedimentary deformations of the tyvpe of [low
rolls rising beennse ol the vertical  sinking  of  the  lenticular sand bodies into the
vnderlving elay without hovizontal replacement (10 Fo Soraal 1965). Interbedded
clavstones hecome steongly sandy and ealearcous. characterized by lighi colours, Tn
the Krizna unit the development of the current ripple lnmination in greater thickness
was found. vet it could not be determined whether it was o complex ol several sedi-
mentary unils, The thickness of the units was H0—170 cm.

Mutual Granulometrie Belations of Clasties and Their Composition

fn order to determine the source vocks and the provenience of the Lunz beds. their
composition and grain size were analyvzed. The modal analvsis was carrvied out from
thin seetions by the planimetvic method, Grain size disteibution was studied by the
method of €0 W, Kreroumbein (1935, in more than 400 long axes of grains in
cach thin section, From the cumulative curves by Do Lo Toman (19521 sehemes
the parametres Median (Mo). sorting coelficient (So). Skewness (Sk) were gained

that — according to the present state of the study of the granulometric composition
ol turbidites — may be best compared refllecting the genesis of the former (Z, Kulkal

[958, 1964, G. Kelling 1962, T. Durkovie 1961 R Unrug 1963, H. Okada
1966, S. Dzulynski E K Walton 1965).

Although it was delermined that sediments of the tarbidity currents were not cha-
raclerized by any special grain size distribution, the majority ol the sediments (7.
wulkal 1964) had the Md @ ol the silt and [ine-sandy grain size with the S0 @
koelTicient 0.L5—1.0. The Median (@1 of the Lunz sandstones falls to the pole of. me-
diumgrained sandstones to sillstones ([ig. 4. table 1), their So (@) showing the maxima
S22 000 within 0.6—1.2 corresponding to the medium well and mediom sorted sand-
stones and siltstones. The research showed that the sorting of the Lunz elastics
depended upon the grain size (lig. 5). Deerease of sorting oceurs within 2.5—50 Md @,
Similar relation was deseribed by G, Kelling (1962), R, Unrue (1963) Teom
the fluxoturbidite formations. The values of the Sk were mostly positive (73 %,
indicaling that fractions coarser than Nd were less sorted. This rvesult did not cor-
respond 1o the C=M diagram by R. Passcga (1964). according 1o which there
was no change in the sorting of the coarser fraction sinee distribution was svmmelrieal
with the C=M pattern (lig. 6],

On the base of the comparison ol the parametres gained it may he supposed that
the sediments were not deposited on beaches, sinee they had substantinlly  higher
koefficient of sorting (Sol. The sandy and silt Teactions are in relative cquilibeium
as well as in sediments deposited Trom the unidireetional eurrent. These data e
well illustrated by the petrogenphic composition of the clasties (lig, 7, table 1), On
the ground of the high content of irvesistent Teldspars and igneous fragments of rocks
aranites) (295990 they may be arranged 1o immature arcoses (72 %) and subiae-
coses. according to the classification by R L. Folk (1961 and E. F. MeBride
196351, Tt is probable. that the quick transport of the Teldspathic sand was supporied by
topography. the selective abrasion of the Teldspar grains being of small importanee, The
iercasing share ol Teldspurs with the grain size alfiem this supposition (fig, 8 (¢l 1,

v
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8A XS ) 3,35 0040 | LT | 9288 |
8B | 077 3,49 0,079 | 3.5 = -
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0 ' .11 4 86 0,59 i = =
o1 1 330 | 5,60 0.67 3,4° j — _
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12 ' [ == s — | 6 3.3 7.7
1 ! 088 | 3.44 0.057 3! - —
130 ; | 097 392 | 0195 3, A | 27 49,9
14 ' 1.06 3.60 | 0395 3, 4.0 47.2
14A [ 08 341 0,062 3, = S =
| 14B 088 | 343 0,136 3.5 53.5 L4 | 451
. bt 0,75 2,85 0,16 273 36,2 5.2 38,6
154 0,88 5.28 0,034 525 | D54 15 2,1
1513 [ 0,78 3.29 0,22 305 | 480 5.7 46,3
G [ | 092 3,07 0,24 375 | 385 | 3.1 584
17A [ 1,04 3,79 0,036 3.74 41,5 4.0 545 |
178 [ 0,99 3,56 0.011 3,57 = ) = e
|17 i [ 074 332 0012 261 N e
L 17D LG | o038 | 0,074 BAG | = — | =
I 0,74 2,49 0,067 256 | 685 | 25 | 290
| 18A 0,76 3.34 0,145 323 | 594 40 | 370 |
| 18D | 1,10 4,95 0,29 463 | 490 | 75 | 435 |
| 19 ‘ — = — 6.17 83,5 ‘ LS | 147 |
91 1,77 3.18 3,76 58,0 1.6 ‘ 404 |
a2 | 2.04 5.57 b 4LA 15 574 |
93 ' 080 | 384 | 0425 | 350 LA S - |
24 ; 081 | 319 0148 | 307 | 400 1.0 59,0 |
25 | 0.65 | 2,60 0.047 257 | 575 12.1 304 |
. | ! | | J |
Notes: () — quartz, quartzite, sillicite: M — metamorphic fragments of rock, mica: F —
[eldspars. dgneous Tragments of rocks: 1—7 — Krizna unit: 8A—25 — Chod unit.

O kada 19660 and the preceding opinion about the movement medinm in agreement
with the gravitation Torces cansing the quick transport of the clastic material into the
1|f!hi||,

The origin of sandstones may be best indicated by the Teldspars. They form an impor-
tant component in sandstones. Tnoabout 20 %% of the samples studied. Teldspars predomi-
make over gquarlz, Mostly they are steongly decomposed, rarely solid. Transitions [rom
slinghtly 1o strongly decomposed up 1o completely alternated Teldspars may be ob-
served, The most Trequent vpe of metamorphosis is either sevicization, kaolinisation
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or carbonatization, Most intense is carbonatization, In some cases complete caleilication
ol feldspars mav be obscrved. No dilferences in the spacial distribution of the ratio
plagioclase: orthoelase have been observed. Generally  orthocelase predominates over
the acid plagioclase (oligoclase) in 9:1.

NDuartz (A0—959) is usually slinghily undulose. On the locality Svarin (fig. 1.
o, 170, Podbrezovia (loe, 2200 Kunerad (loe. 230 there is the quartz with undulose
extinetion. Grains are angular, subrounded, rarely rounded. Spindle-like shape of
arains may be found, oo, Inelusions of indetermined minerals (ehlorite, rutile?) are
present. In many grains theee were gas and Liquid enelosures, Calette cement enused
shieht corosion in some quarlz grains.,

From among rock Tragments quartzite and evistalline schists are most feequent. Inteac-

lasts of claystones are quite frequent. Feazments of basis rocks ave very rare. Neither
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micas have high representation (0.2—3.2 940, Biotite was baueritized. As Tor the accesso-
vies, zivkon is most abundant. then tourmaline with brown pleochrosm. Corundum oce-
cured on the loealities Liptovsky Hreadok (fig. 1, Nv. 14, 15) and Cierna Tora (N, 7.
and rutile and titanite on the locality Svarin (Ne. 17).

Glaunconite belonge to the rare minerals, too. There are no more than 5 grains in
a thin section. Its shape is irregular. colour lightgreen and green. Rare darkgreen
glanconites are there, too. The glauconite is nol component part of the cement among
arains, it is supposed o have been resedimented. Higher concentrations were there
on the localities Liptovsky Hradok (fig. 1, Nr. 13, 15, 17, 18).

It was difficult to differenciate the malrix of sandstones from the products of the
desintegration of feldspars. In the thicker beds matrix was only slichtly present, while
in thin beds (2—15 cm) its content was quile a high one, especially in lamines (pl.
XXII, fig. 1). Chemical cemenl is carbonalic, rarcly chalcedonic. Feldspars are often
veplaced by carbonatic cement. The chaleedonie cement rose by recrystallizalion of
the opal, most probably,

QUARTZ, QUARTZITE CHERT

X

\\
09 50% 10
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FELDSPAP ROCK FRAGMENTS
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M@ =141 +1+20 +20 +4 +h+ 765
Fig, 7. Mineral composition of primary clustic components of the Lunz beds. Classification
tvpes according to [ L. Folk (1961). 1 — Orthoquartzite. 2 — Subgraywacke. 3 — Feld-
spathic subgraywacke. 4 — Subarkoese., 5 — Graywacke, 6 — Feldspathie gravwacke, 7 —

Iipnree arkose, 8 — Arkose,
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According 1o the mineral composition and aranulometric parameters it may be
supposed thal the immature arkoses and subarkoses were slightly modified during
their transporl into the basin. High content of orthoclase and feldspars in general
indicates their origin in the acid igneous rocks (graniles) or partly in arkeses. 1
Kettner and J. Koutek (1927) supposed the origin of sandstones in the basie
voeks of Lthe Lower Triassic melaphyre series, on the ground of the oceurrences of
chaleedony and  serpentine. D, A n-
drusov (1958) considered resedi- 50( R
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mentation of clasties from  the Car-
pathian Kenper and saw their origin
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the transport by the quick turbidity
currenls,

Paleocurrent Investization and Paleogeographic Considerations

The invesligations proved that sediments in one limited hed had been deposited
over the bottom from one current, therefore the sedimentary structures were oriented
in the direction of the current aclivity. Determination of the current direction and the
dip of the bottom are presented on current rose diagrams on the map in the observation
points and profiles (azimuths are in intervals of 22.5 %), The current rose diagram
shows the per. cent amout of observalions in each class as well as the modal eclass
interval suitable for the graphical interpretation. Simultancously varviability of current
data may be determined. which may be very important in the determination of the
eurrent gradient (P. . Potter. F. J. Pettijohn 1963). especially in the cross
bedding (in this case current vipple lamination studied and presented herel, '

On the map several different current systems may be observed.

. In the Krizna wnit (the novthern zone) the direction of the cuvrent system cor
responds to the teetonic axis of the West Carpathians running from the SW to the NIS
and I, lurning at the end near Kodice to the SE. the variability of currents forming
the current ripple lamination, fluctuating within 40—120° In the southern zone of
the Krizna unit (the series of Velky Bok, ef. the squared rasier on the [ig. 1) the
course of currents turns from the NNW to the SSE and SE. with just a low varia-
bility. . i
1. Tn the Chot unit the directional homogenity is stable enough, sull the precise
measurings in the sequence near Liptovsky Hradok (fig. 3 showed the trn of the
current field from the base upwards in 80° in dircction of the walch hands. The
turning of the currents observed especially in the novthern part of the Chot unit is
vellected cither by the bimodal distribution in eurrent rvose diagram (fiz. 1, loc. 8. 4
10, 18) or partly by geadual variability ol modes (loe. 19, 21. 22). The eureent
variability does not exceed the limits below 40 and over 1 309 in the separate profiles:
Polar alternation of currents has not been followed.

The definite interpretation of the paleocurrent data in the Chod unit has to include
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the rotation of the unit around the vertical axis in 457 as a result of the alpine
orogenesis. Then i the measured current direction, evaluated in the map s Lurned
in this value (i. e. 45° opposile the direction of the watch hands — ef. J. Kotasek.
M. Krs 1965), the dispersion of enreenls has the following course: in the lower
series the current dircetion from W—I5, NWW—_SS is parallel or oblique 1o the
teetonie axis of the mountlain rvange. while the distinel direction from NNW 10 SSIS
and 5 is perpendicular to the axis,

The margins ol the basin were supposed in places where the maxima of the sub-
marine slope failures had been localized, and the thick deposits of the slopes along
that the turbidity currents were running down — accumulated. Thus the preferred
NWW—55E and S current directions and slump movements in the Chod unit represent
the direction of the paleoslope and sedimentation. The source zone might have been
localized to the N ol this direction, i. e. 1o the N of the area of sedimentation of the
Cho¢ unil. This zone of uplift modified the transport of elastics by the turbidity
currents into the basin resting in the S, where the greatest depths oceured. On the base
ol the Upper Triassic the Choé unit represented an independent basin filled first [rom
the intrageosynelinal source — longitudinally, and later on — laterally, Actually there
exist only few indications of the existence of this source zone, Now here in the West
Carpathians any transgression of the Lunz beds upon the underlying granites may he
observed, and even the decisive amount of gravels typical of the Flysch facies near
cordilleras (Ph. H. Kuenen 1958), is missing, The only find of granite pebbles in
the mudflow near Vychodna signalizes that the source zone offered the coarse elasties.
100,

One of the possible explanations is thal the considerable part of these facies was
reduced in the course of the tectonie oventhrusts and the original source zones remained
resorbed deep in the erystalline below the overthrust plains, [T the widith of the
source zone with the proximal facies was 15—20 km, then the width of this zone has
to be caleulated in estimation of the horizonlal shortening of the geosyncline. This
supposition is supported mainly by the facial changes, increase in the thickness of
sandstones, localization ol the slope failures  distict in the northern marginal part
of the Cho¢ unit — in ils frontal part. Thus the orviginal intrageosynelinal zone might
represent the primary lines of weakening, along which the separation of nappes took
place in the course of horizontal overthrusts. Although the experience from the Flysch
Carpathians (M. Ksiazkiewicz 1960. Z. Roth 1961) could lead to such a
conclusion, yet the rough comparison of the Lunz formation with very thick Flysch
facies of the outer units of the West Carpathians would not be right. The lasting
al the clastic sedimentation of the Lunz is chronologically limited and the uplift of
sources must have been abrupt and short as to time. Therefore the absence of coarse
clasties is surprising, strongly contradicling to the previously formed opinion about
their origin in the intrageosynclinal source. Yet the high content of feldspars, low
roundness of grains point to the origin of clastics being mot in the distanced areas
and the granite or arkose source not supplying too conrse grained detritus.

Lateral transport of clasties by the turbidily currents deposition and wedging oul
of the beds outwards from the centre of the geosyneline 1o its margins (ef. A, Toll-
mann 1963, W. Medwenitseh, W.Schlager 1964). and especially the euxine
type ol Tacies lead 1o the ordering of the clastie sediments of the Lunz to the Flysch
formation that arose at the commencement of the development of the Alpine-Carpathian
geosyneline, Stll there is o bad need 1o verily these linds on the Alpine material,

Teanslated by K, Jassingerovi.
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FENXPLICATIONS OF THIE PLATIES
Plate XXI

Fig. 1. Wedging ont of the sandstone bed in elaystones. Cut of the Vah r. — Podtures, —
Fig, 2. Rhythmical alternation of sandstone and clavstone beds. The Podinren quarry. —
IFig. 3. Massive bedding with the interval of the lower parallel lamination. Cut of the Vil

roo— Podturen, — Fig, 4. Massive bedding with the interval of the superimposed current
ripple lamination, Liptovsky Heddok, Photo B, Marsehalko.

Plate NXIT
Fig. 1. Graded bedded lamines of the lower parallel lamination. Magnified 243, Photo M.

Pulee. — Fig. 2 Superimposed enrrent vipple lnmination, Seale fin em) in the top right
corner, Liptovsky Hriadok, Photo M. Pulee. — Fig. 3. Asvmmetrieal current ripples with

|-|r.|il|| course ol crests. Upper surface. Size 22315 em. Maluzing, Photo L. Osvald, —
Fie. A Asymmetrieal eurrent ripples in parallel rows (lower bed) and linguoid ripples (apper
bed), Podinren guares, Photo R, Mavsehalko.

Plate NXTI
Fig. 1. Flute casts. Size 223 15 en. Svarvin. Photo L. O svald, — Fia, 2. Longitudinal fur-
rows and ridges. Size 3018 em. Vichodni. Photo 1. Osvald. — Fie. 3. Rounded clay-
stone fragments (pebbles), their impressions in the bed. Pebbles mlmlll‘(l along the long axis.
Cut of the Vah r. — Podtureii. Photo B, Marschalko, — Fig. 4. Mudflow “with :Iuho_\er[
sl mixed beds of sandstone, Cut of the Vah r. — Padtnren. I']n'lu B. Marsehalko

Plate XXV
P 1o Stump fold with Tamines bended downwards. The Podturenn gquaresy. — Fie, 2. Me-
warippels, The Poadtveen guarey. Photo B, Marsehallk o,
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