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Schodkowa lineacja tektoniczna we fliszu magurskim
(PL I—VI i ¢ fig.)

Abstract: The present paper gives the first description of tectonic lineation
parallel to fold axes from the area of the Polish Outer Carpathians. The lineation
is defined by the intersection of bedding planes and surfaces of bedding fissility
with slip-surfaces of step micro-faults. The origin of the micro-faults and, conse-
quently, the lineation is connected with shear failure of buckled sandstone layers.

' STEP-LIKE LINEATION

In several outcrops of folded but unmetamorphosed Magura flysch
deposits (mainly of Paleogene age — see Bieda, Jednorowska, Ksigzkie-
wicz, 1967) of the Babia Gora region, sets of linear structures are obser-
vable on the surfaces of sandstone layers. Sometimes, on slightly weath-
ered bedding surfaces, they resemble crenulation lineation known from
metamorphic terrains, in other cases — small asymmetric ripples (PL I,
11, 1II and IV).

The presence of these sets of structures simultaneously on the upper
and lower surfaces of layers, as well as on the surfaces of bedding fissility
(PL II Fig. 2) suggests their tectonic origin. This supposition has been
confirmed by parallelism of these structures to axes of mesoscopic folds
(Fig. 1) and by observations made on polished sections of hand specimens
(Figs. 2, 3 and 4; Pl. V Fig. 2; PL. VI).

The discussed linear structures, being penetrative with regard to sur-
rounding rock medium (sensu Turner, Weiss, 1963, pp. 21—22), may
be termed lineation (Ibid., pp. 31, 101). The latter has most often been
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Fig. 1. Orientation of the step-like lineation with respect to mesoscopic folds.

Projection on the upper hemisphere of the equal-area net. 1 — step-like lineation;

2 — poles to orientation of the bedding surface measured within the folds. A. Za-

woja Gotlynia, sandstones of the Hieroglyphic beds; B. Juszezyn Frydlowka, sandsto-

nes of the Hieroglyphic beds; C. Zubrzyca Goérna, marly shales of the Beloveza
beds; D. Juszczyn Polany, the Magura sandstone

Fig. 1. Orientacja lineacji schodkowej w obrebie faldow mezoskopowych. Projekcja
na goérng poétkule siatki réwnopowierzchniowej. 1 — lineacja schodkowa; 2 — bie-
guny sfaldowanych powierzchni utawicenia. A. Zawoja Gotynia, piaskowce warstw
hieroglifowych; B. Juszczyn Frydlowka, piaskowce warstw hieroglifowych; C.
fupki margliste warstw beloweskich; D. Juszczyn Polany, piaskowce magurskie

observed in thick- and medium-bedded sandstones of the Magura beds
as well as in medium-bedded sandstones of the Hieroglyphic and %gcko
beds. It seems that the increase in thickness of sandstone layers is a fac-
tor favourable for producing the lineation. Amnother prerequisite is the
neighbourhood of a fold hinge and the curvature of layers connected
with it. In the case of the thin-bedded Beloveza and Hieroglyphic beds,
the discussed lineation may also be present in marly shales (PL. III fig. 2).

Analogous structures have also been observed in the Magura unit
east of the investigated area (the Dunajec River Valley in the vicinity
of Tylmancwa; Pl. III fig. 1; PL. IV; A. K. Tokarski, personal communi-
cation).

It is here proposed to term the described structure the step-like li-
neation.
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DESCRIPTION

Our lineation has the shape of more or less parallel, rectilinear or
somewhat curved sets of steps, which are from a fraction of a millime-
tre to about one centimetre high. Succesive steps are a few millimetres
to some centimetres apart (when measured along the bedding plane per-
pendicularly to the structures). Sometimes, steps of two orders of magni-
tude appear: the smaller ones are parallelly superimposed on the larger
ones (Pl II Fig. 1).

In some cases, the step-like lineation is associated with slickenside
striae on the fissility surfaces parallel to bedding. The striae are then per-
pendicular to the lineation (Pl. II Fig. 1; Pl. III Fig. 1) and are probably
caused by bedding — and fissility-slip phenomena during folding (Pl. V
Fig. 2). ,

4

- O
—‘

Fig 2. Schematic sketch of micro-dislocations visible on a polished section cut

perpendicularly to the step-like lineation (cf. P1l. II Fig. 1). Sandstone from the

Hieroglyphic beds. Ochlipéw. B — fissility plane parallel to bedding; calcite fillings
hatched

Fig. 2. Schematyzowany szkic mikrodyslokacji na powierzchni zgladu piaskowca

(por. pl. II fig. 1). Warstwy hieroglifowe. Ochlipéw. Lineacja schodkowa prostopadla

do powierzchni rysunku. B — powierzchnia oddzielnosci rownolegla do ulawicenia,
zakreskowane — wypelnienia kalcytowe

Investigations of the lineation in mnatural exposures and on polished
cections proved that the sets of parallel steps had been produced within
a layer as a result of slip-movements along sets of step-micro-faults (the
term ,,micro-fault” is here used after Hills, 1963, p. 25, although, on the
ground of their size, the minor faults under consideration obviously must
be classed as mesoscopic structures) and/or, less often, micro-flexures
(Figs. 2, 3 and 4; PL. V Fig. 2; Pl. VI). The micro-faults usually do not
exceed the boundaries of individual sandstone layers, being compensated
by ductile deformation within adjoining shales. The slip-planes most often
intersect with the bedding plane at an angle of 60°—80°; sometimes the
angle increases up to 90° or may be'somewhat less than 60°. The micro-
-dislocations (faults and flexures) are, as a rule, normal ones (Figs. 2 and
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Fig. 3. Schematic sketch of micro-faults visible on a polished section cut perpen-
dicularly to the step-like lineation. Sandstone of the Hieroglyphic beds. Ochlipow.
B — bedding plane; 1 — fractures older than the micro-faults; 2 — surfaces of
longitudinal joints; 3 — micro-dislocations. The lamination is locally marked
Fig. 3. Schematyzowany szkic mikrodyslokacji na powierzchni zgtadu, prostopadlego
do lineacji schodkowej. Piaskowce warstw hieroglifowych. Ochlipéw. B — po-
wierzchnia lawicy; 1 — spekania starsze od mikrouskokéw; 2 — powierzchnie cio-
sowych spekan podluznych; 3 — mikrodyslokacje. Fragmentarycznie uwzgledniono
laminacje
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Fig. 4. Schematic sketch of a polished section of a sandstone specimen cut perpen-

dicularly to the step-like lineation. The Hieroglyphic beds. Ochlipéw. B — fissility

plane parallel to bedding; 1 — locally marked lamination; 2 — calcite filled frac-
tures marking the flexural-slip movements

Fig. 4. Schematyzowany szkic powierzchni zgladu, prostopadlego do lineacji schod-

kowej. Piaskowce warstw hieroglifowych. Ochlipéw. B —powierzchnia oddzielnosci

réwnolegla do ulawicenia; 1 — lokalnie zaznaczona laminacja; 2 — spekania wy-

pelnione kalcytem, odzwierciedlajace ruch $lizgowy roéwnolegly do ulawicenia, wy-
nikajagcy z faldowania przez zginanie

4), seldom they are reverse (some of the faults on Fig. 4; Pl. V Fig. 2).
Normal micro-faults in one part and reverse ones in the other part of
the layer have also been observed (Fig. 3). One can often see cojugate
sets of micro-faults (Fig. 4; Pl. V Fig. 2; P1. VI) but usually one of these
sets is predominat in producing the step-like lineation. Subtile sets of
micro-faults are often hardly perceptible or even invisible on polished
sections in the case when lamination is lacking. When the step-like linea-
tion is well developed, slickenside striae on the surfaces of micro-faults,
running usually perpendicularly to the lineation, may sometimes be
observed. The planes of micro-faults are only seldom covered with cal-
cite (Fig. 2).

ORIGIN

In the light of the above data, the step-like lineation is a tectonic
lineation defined by intersection of a bedding surface and/or internal
fissility planes parallel to it with slip surfaces of micro-dislocations. The
formation of sets of micro-dislocations is most probably connected with
the folding process, as is shown by their regular orientation with respect
to fold axes. The development of conjugate sets of mon-kathetal dislo-
cations! can be explained by the process of shear failure of the layers
being folded by buckling, after exceeding their ability for elastic flow
(Jaroszewski, 1974, p. 226, Fig. 248). In such a case, the normal or re-
verse character of dislocations would depend mainly on their position
within the folded layer (on the inner or outer side of the neutral surfa-

1 Kathetal disiocation — dislocation perpendicular to bedding planes.
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ce; cf. Fig. 3). As may be inferred from the above consideration, the
presence of sets of shear planes in a cross section of the layer is the
necessary criterion to identify the step-like lineation. If only a bedding
surface is accessible for inspection, the step-like lineation may be con-
fused with other structures, which sometimes have similar appearance
(small ripple-marks, step-like breaks running across slickensides, inter-
section traces of cross-bedding on bounding surfaces of layers or, cre-
nulation lineation, although the latter is absent in the Babia Gora re-
gion).

It should be also mentioned that dip-slip movements synchronous
with folding occurred mot only along the surfaces of micro-dislocations
in question but also along the joint planes: the pre-existing ones or pro-
duced simultaneously with folding (see Ksigzkiewicz, 1968; Tokarski,
1975). The resultant steps on bedding surfaces may also be more or less
parallel to fold axes but differ considerably from the step-like lineation
in their scale and morphology (Pl. V Fig. 1). Such steps should not be
confused with the step-like lineation as well.

Folds in the sandstone layers of the investigated area, characterized
by concentric geometry (at least on the msoscopis scale) and—most
often — by approximately monoclinic symmetry, were formed by
buckling. It may be inferred that these folds were produced by a me-
chanism close to flexural-slip folding (slip-movements parallel to bed-
ding are possible within the sandstone beds due to the development of
bedding fissility — Pl. V Fig. 2) with a component of flow added in the
case of shaly members of the flysch sequence (where departures from
constant thickness and concentric geometry of folded layers may be
noticed). Based on the symmetry of observed folds and the deduced fol-
ding mechanism (see Turner, Weiss, 1963, pp. 400, 478), a parallelism
may be assumed between the direction of step-like lineation (parallel, in
turn, to fold axes) and the b kinematic axis. This rule should be treated
with caution and applied only on a local scale. This limitation, which
also concerns the assumed monoclinic symmetry of folds, is due to stron-
gly marked noncylindricity of fold structures in the area investigated.

COMPARISONS

Analogous lineations were sometimes described as pseudo-ripple-marks.
Ingerson (1940) gave examples of pseudo-ripple-marks from metamor-
phic Weisner quartzite of the Southern Appalachians. They appear along
shear-zones intersecting at a high angle with the bedding surface. The
petro-structural amalysis shows that the muscovite flakes are arranged
parallel to the shear-zones in the quartzite and that the orientation of
quartz optical axes, when plotted on the stereo-net, makes a pole girdle
perpendicular to the shear-planes and another, non-continuous girdle, the
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axis of which is parallel to the pseudo-ripple-marks. These features show,
according to Ingerson, that the prseudo—rﬁpple—maﬁk;s are perpendicular
to the b kinematic axis and parallel to the a-axis.

,,Tectonic ripples” on bedding surfaces of greywackes (the Aberyst-
wyth Grits) are known from Wales. They are parrallel to axes of minor
folds and were interpreted by Price (in Wood, 1958, p. 28, Pl. 1) as shear
structures related to drag folds. '

Hills (1963, p. 25) described pseudo-ripple-marks from Ordovician san-
dy slates of the South-Eastern Australia and interpreted them as a result
of slip-movements along cleavage planes.

FINAL REMARKS

The step-like lineation here described has not been kmown from the
. area of the Polish Outer Carpathians so far. Due to its rather infrequent
occurrence (at least in the investigated region), its geological significance
should not be overestimated. Being parallel to fold axes, the lineation
may be helpful — if caution in the interpretation is being kept in
mind — in determining. of their local orientation. Being synchronous
with folding, it may also help to prove the pre- or post-folding ages of
varicus mesoscopic structures.
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STRESZCZENIE

W niektorych odstonieciach fliszu magurskiego w rejonie Babiej Gory
na powierzchniach lawic piaskowcéw mozna napotkaé¢ zespoly struktur
linijnych, przypominajace czasem gufraz badz drobne riplemarki (pl. I.II;
pl. I1I fig. 1; pl. IV). O ich tektonicznej genezie §wiadczy obecnosé tych
struktur na powierzchniach stropu i spagu lawic, jak rowmiez na réwno-
legtych do nich wewngtrztawicowych powierzchniach oddzielnosci (pl. II
fig. 2), rownoleglosé ich do osi faldow mezoskopowych (fig. 1) oraz re-
zultaty badan nad powierzchnig zgladow (fig. 2, 3, 4; pl. V fig. 2; pl. VI).

Ze wzgledu na swa penetratywnosé wzgledem otaczajacego osrodka
skalnego struktury powyzsze moga by¢ okreslane jako lineacja (Turner,
Weiss, 1963, s. 21—22). Proponuje sie dla niej mazwe lineacji schodkowe].

Wyksztalceniu opisywanej lineacji zdaje sie sprzyja¢ wzrost migzszos-
ci tawic piaskowcowych oraz bliskos¢ przegubéw faldéw. Lineacje schod-
kowa obserwowano w warstwach magurskich, lgckich i hieroglifowych.
W cienkolawicowych warstwach beloweskich notowano jej obecnos¢
w lupkach marglistych (pl. III fig. 2). Podobne struktury napotkat
A. K. Tokarski (inf. ustna; pl. III fig. 1; pl. IV) réwniez w dolinie Du-
najea.

Opisywana lineacja ma wyglad réwnoleglych, schodkowo ulozonych
stopni o wymiarach (wysoko$¢, odstepy) rzedu 0,1—10 mm. Zespoly row-
noleglych stopni wytworzyly sie wskutek poprzesuwania wzgledem siebie
poszczegblnych fragmentow lawicy wzdtuz zespotéw schodowych mikro-
uskok6w (terminu ,,mikrouskoki” uzyto tu za Hillsem, 1963, s. 25, cho-
ciaz rozwazane tu drobne uskoki mieszcza sie jeszeze w zakresie skali
mezo-) rzadziej mikrofleksurek (fig. 2, 3, 4; pl. V fig. 2; pl. VI). Naj-
czescie] obserwuje sie obecno$¢ sprzezonych zespoléw mikrodyslokacji
(fig. 4; pl. V fig. 2; pl. VI) z przewaga jednego z tych zespolow w two-
rzeniu lineacji schodkowej.

Opisywana strukture uzna¢ nalezy za lineacje z przeciecia powierzch-
ri oddzielnosci, réwnoleglych do utawicenia, z powierzchniami slizgowy-
mi mikrodyslokacji. Powstanie lineacji schodkowej mozna odnie$¢ do pro-
cesu faldowania i wyjaéni¢ Scieciowym zniszczeniem lawicy faldowanej
przez zginanie po przekroczeniu zdolnoSci materialu do plyniecia spre-
zystego (Jaroszewski, 1974, s. 226, ryc. 248).

Do zrzutowych ruchow $lizgowych doszlo podezas fatdowania nie tyl-
ko wzdluz powierzchni mikrodyslokacji, lecz réwniez wzdluz powierzchni
spekan ciosowych. Powstale w tym ostatnim procesie schodkowe stopnie
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na powierzchniach lawic mogg by¢ réwniez rownolegte do osi faldow, ale
réznia sie od lineacji schodkowej morfologia i wiekszymi rozmiarami
(pl. V fig. 1).

Bez rozpoznania ma poprzecznym przekroju lawicy mikrodyslokacji
odpowiedzialnych za wytworzenie lineacji, mozna, na podstawie obser-
wacji dokonanych jedynie na powierzchni ulawicenia, pomyli¢ lineacje
schodkows z innymi strukturami, niekiedy przypominajgcymi jg wygla-
dem (gufraz, drobne riplemarki, schodkowe zadziory tektoniczne, $lady
przeciecia powierzchni ulawicenia przez warstwowanie przekatne). Ze
wzgledu na panujgcy we fliszu magurskim mechanizm faldowania przez
zginanie z poslizgiem (por. pl. V fig. 2), z ewentualnym udzialem pty-
niecia w obrebie wkiadek tupkowych i na jednosko$ng symetrie powsta-
tych fatdow (zatozenie to mozna przyjaé¢ dla miewielkiego pola obserwacji),
mozna utozsamiaé¢ kierunek lineacji schodkowej z lokalnym kierunkiem
kinematycznej osi b (Turner, Weiss, 1963, s. 400, 478).

Podobne lineacje opisywano kilkakrotnie jako pseudoriplemarki (In-
gerson, 1940; Wood, 1958; s. 28, pl. 1; Hills, 1963, s. 25). }
~ Znaczenie geologiczne lineacji schodkowej, opisanej tu po raz pierw-
szy z obszaru polskich Karpat zewnetrznych, jest ograniczone jej spora-
dycznym (przynajmniej w rejonie babiogérskim) wystepowaniem. Przy
ostroznej interpretacji moze by¢ ona pomocna w lokalnym wyznaczaniu
osi faldéw, jak rowniez w okreslaniu wzglednego wieku réznych mezo-
struktur w stosunku do deformacji fatdowej.

EXPLANATION OF PLATES — OBJASNIENIE PLANSZ

Plate — Plansza I

Fig. 1. Step-like lineation on the bedding surface of the Magura sandstone. Ju-
~ szczyn Polany.

Fig. 1. Lineacja schodkowa na powierzchni lawicy piaskowca magurskiego. Ju-
szczyn Polany.

Fig. 2. Step-like lineation on the bedding fissility plane in the Magura sandstole,
Juszczyn Polany.

Fig. 2. Lineacja schodkowa na réwnolegtej do stropu wewnatrztawicowej powierzch-
ni oddzielnosci w piaskowcu magurskim. Juszczyn Polany.

Plate — Plansza II

Fig. 1. Step-like lineation on the bedding fissility surface of the sandstone bed.
The Hieroglyphic beds. Ochlipé6w. The steps are of two orders of magnitude.
The polished section is shown in the Fig. 2 in the text.

Fig. 1. Lineacja schodkowa na wewnatrzltawicowej powierzchni oddzielnosci pias-
kowca. Warstwy hieroglifowe. Ochlipéw. Schodkowe stopnie dwoch rzed6w
wielkoéci, Powierzechnia zgladu jest przedstawiona na fig. 2 w tekscie.

" Fig. 2. Step-like lineation on two neighbouring bedding fissility surfaces in the
Magura sandstone. Grzechynia.
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. Lineacja schodkowa na dwéch sasiednich wewnatrzlawicowych powierzch-

niach odzielnosci w piaskowcu magurskim. Grzechynia.

Plate — Plansza III

. Step-like lineation on the infra-layer fissility surface in the Magura sand-

stone. v Dunajec River Valley near Tylmanowa (specimen collected by
A. K. Tokarski). Note the slickenside striae on the fissility plane.

. Lineacja schodkowa na wewnatrztawicowej powierzchni oddzielnosci w pia-

skowcu magurskim. Dolina Dunajca kolo Tylmanowej (okaz zebrany przez
A. K. Tokarskiego). Na powierzchniach oddzielno$ci widoczne rysy $lizgowe,
prostopadle do lineacji.

. Step-like lineation in marly shale from a hinge zone of a mesoscopic fold

(cf. Fig. 1c in the text). The Beloveza beds. Zubrzyca Goérna.

. Lineacja schodkowa w lupku marglistym, wystepujaca w przegubie faidu

mezoskopowego (por. fig. 1c w tekscie). Warstwy beloweskie. Zubrzyca Gorna.

Plate — Plansza IV

Step-like lineation on the bedding surface of the Magura sandstone. Dunajec Ri-
ver Valley near Tylmanowa (photo by A. K. Tokarski).

Lineacja schodkowa na powierzchni lawicy piaskowca magurskiego. Dohna Dunajca
kolo Tylmanowej (fot. A. K, Tokarski).

Fig.

Fig.

Fig.

Fig.
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Plate — Plansza V

. Steps on the bottom surface of a sandstone layer produced by the slip-mo-

vement along the longitudinal joint planesi(L). The Hieroglyphic beds Zawoja
Gotlynia. Some L-joints are filled with calcite or shaly material. The calcite-
-covered joint plane in the foreground belongs to the transversal set (T).

. Schodkowe stopnie na spagowej powierzchni piaskowca, spowodowane Sliz-

giem na plaszezyznach podiuznych spekan ciosowych (L). Warstwy hierogli-
fowe. Zawoja Golynia. Niektére spekania L sa wypelnione kalcytem badz
materialem ilastym. Widoczna na pierwszym planie, pokryta kalcytem po-
wierzchnia ciosu nalezy do zespolu poprzecznego (T).

. Polished section of a sandstone specimen cut perpendicularly to the step-
-like lineation. The Hieroglyphic beds. Ochlipéw. Note the slip-effect paral-

lel to the bedding observable in the calcite-filled fracture (f). This effect
is caused by flexural-slip folding.

. Powierzchnia zgladu w piaskowecu, prostopadia do lineacji schodkowej. War-

stwy hieroglifowe. Ochlipéw. Wypelnione kalcytem pekniecie (f) zarejestro-
walo ruch $lizgowy réwnolegly do ulawicenia, spowodowany faldowaniem
przez zginanie z poSlizgiem.

Plate — Plansza VI

. Polished section of a sandstone specimen cut perpend1cular1y to the step-

-like lineation (which is present on the upper surface of the spec1men—B-——
bottom plate of the layer). The Hieroglyphic beds. Zawoja Gotynia. Note
two conjugate sets of minor faults: the prevailing one (2) and the set not -
so prominent (1).
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Fig. 1. Powierzchnia zgladu w piaskowcu, prostopadia do lineacji schodkowej (wy-
stepujacej na gérnej powierzchni okazu — B — powierzchni spagowej lawi-
cy). Warstwy hieroglifowe. Zawoja Golynia. Widoczne dwa zespoly sprzezo-
ne drobnych uskokéw: zespél przewazajgcy (2) i stabiej zaznaczony (1).

In all the plates — scale in centimetres
Na wszystkich planszach — skala w centymetrach,
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