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SEDIMENTOLOGICAL FEATURES IN THE TURBIDITIC SUCCESIONS FROM

THE PETROVA NAPPE IN THE PIENIDIAN UNITS OF MARAMURES (ROMANIA)

Carlo AROLD!"

Abstract. The Pienides represent a sedimentary group of units formed in deep-water environments
and consisting mainly of Middle Jurassic - Oligocene successions in which turbidite deposits are
predominant. These successions are supposed to be supported by an oceanic crust which was not
found in the study area but deduced either by geophysical data or by stratigraphic correlations with
analogue successions from the Western Carpathians (Magura Group of Poland Slovakia and
Ukraine).

In Maramures the Pienidian Units recorded two important tectonic phases, the first one occurred
during the Latest Cretaceous and the second one (the strongest) during Burdigalian.

The studied turbidite deposits show a general prograding trend, from more distal facies of outer fan
and basin plain (thin-bedded turbidites) at the base to typical lobe deposits and channel-fill coarse-
grained deposits at the top. An associated syn-depositional tectonic activity during Eocene and
Oligocene times is demonstrated by the occurrence of slump deposits and growth faults associated
with an abrupt variation of paleocurrent directions.

Sedimentological data, combined with stratigraphic and petrographic analysis and the study of
dispersal pattern, allow to frame an overall paleogeographic and paleotectonic context which belongs
to an accretionary wedge.

Keywomé: Pienidian Units, Turbiditic successions, Lobe deposits, Channel-fill, Syn-depositional

tectonics, Accretionary wedge.

INTRODUCTION

The Carpathian orogen belongs to the
Alpino-Carpato-Pannonian System and is the
result of the deformation and uplift of the
Tethyan Basin and of its continental margins,
the European and the Pre-Apulian ones.

The tectogenetic compressive movements
deformed the continental margins (Inner and
Median Dacides, according with Sandulescu,
1975 and 1984) during Early Cretaceous.

The units belonging to the Tethyan Suture,
the Transylvanides and the Pienides, were
deformed during Late Cretaceous and Early
Miocene.

The Pienides represent deep-water
sedimentary units consisting of Middle Jurassic
- Oligocene successions, lacking any evidence
of oceanic crust. The oceanic origin was
deduced only by structural extrapolations based
on geophysical data and by stratigraphic
correlations with analogue sequences from
Slovakia, Poland and Ukraine.

The Pienides recorded two important
tectonic phases, during the Latest Cretaceous
(with formation of imbrications) and the

Burdigalian (with formation of overthrusts).
These episodes produced important tectonic
deformations and overthrust the Pienidian
nappes overfthe post-tectogenetic cover of the
Median Dacides. During the Burdigalian, the
moving of an important tectonic line with strike-
slip components, the Bogdan Voda Fault
(probably  representing former  oceanic
transform faults) occurred.

The Figure 1 shows the geotectonic
structure of the Carpathian Belt in Romania and
the location of the study area.

LITHOSTRATIGRAPHY

The Pienides in Maramures are formed by
several nappes subdivided in four groups of
tectonic units: the Magura Group, the Pieniny
Klippen Zone, the Botiza-Kricevo Unit and the
Babesti-Tijacovo Unit.

The Magura Group is formed by the Petrova
and Leordina nappes, situated north of the
Bogdan Voda Fault (Figure 2), and by the
Wildflysch Nappe, located south of this major
dislocation. The present work refers to the
deposits belonging to the Petrova Nappe, which
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shows a composite tectonic vergence, ranging
from NE to SW.

The Bogdan Voda Fault, dislocated by
Neogene tfranstensive tectonic episodes, shows
an evident, both from the surface and subsurface
geological data, left-lateral strike-slip offset.

The Petrova Nappe, located in an inner
tectonic position in respect to the Leordina
Nappe, shows a greater overall thickness (up to
3000 m along the profile of the Iza Valley). The
front of the nappe is curved in shape from a
W-NW direction in its northern part to a S-SW
direction in its southern part. An important
duplex structure, NE-SW directed, is located
between Petrova and Stramtura villages, inside
the Petrova Formation.

The - Petrova Nappe includes three
lithostratigraphic ~ units:  the ~ Dumbrava
Formation, the Petrova Formation and the
Stramtura Sandstone.

The Dumbrava Formation (Maaastrichtian -
Paleocene) outcrops near the village of Rona
de Sus and rests at the base of two frontal
scales of the nappe. It shows similarities with
the Cretaceous calcareous flysch present in the
Carpathians and the Alps (the Inoceramus beds
of the Magura Nappe System in Poland and
Slovakia or the flysch with Helminthoids in the
Alps) and consists of typical calcareous
turbidite deposits.

The . Petrova Formation (Lutetian-
Priabonian) represents the most extended part
of the nappe and crops out along its entire front.
It consists of a succession formed by fine
turbidite deposits (couplets sandstone-pelite)
which are fine-grained and thinner at the base
of the formation and coarser and thicker at the
top. At certain levels and only in some
successions, intervals of red clays or massive
sandstone beds (10-15 m of thickness) are
present.

The Stramtura Sandstone (Upper
Priabonian) outcrops between the villages of
Barsana, Stramtura and Slatioara (lza and
Slatioara valleys) and also in a detached
position at the south-western border of the
Ocna Sugatag Neogene basin, south-west of
the village of Mara. It is formed by turbiditic
massive sandstones (with subordinate pelitic
levels), in some cases microconglomeratic, in
beds occasionally exceeding 5 m, especially in
the upper part of the formation.

TURBIDITE SEDIMENTATION

A turbidite s.s. is considered as the bulk of
sediment deposited, in a single sedimentary
episode, by a turbidity current, and generally
subdivided in a coarser lower portion (sandy or
“microconglomeratic) and a finer upper portion
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(pelitic). In a more general meaning, turbidites
are formed by a set of both erosional and
depositional features.

Submarine fans are those distinctive deep-
water depositional features, made prevalently of
turbidites, that develop at the base of the slope,
seaward of a major sediment point source or
beyond a main cross-slope supply route.
Submarine fans are very variable in size,
ranging from a few Kilometres to over 2000 km,
with a shape ranging from a true fan to a more
elongate or lobate form.

Normark (1978) proposed a general model,
the submarine fan model (Figure 3), widely
accepted and successfully applied (with some
important differences) by Mutti & Ricci Lucchi
(1972) to ancient turbidite deposits.

Figure 3 - Depositional environments on a submarine
fan model (after Normark, 1978)

&

This model subdivides the fan in:

- inner fan, with a single leveed channel,
formed by very coarse sand and gravel in
structureless or crudely graded beds;

- mid fan, consisting of narrower and
shallower channels feeding a depositional lobe
or suprafan showing a typical progradational
geometry and a lateral continuity of beds,

- outer fan, topographically smooth and
grading into a basin plain, formed by laterally
continuous  thin-bedded  turbidites  and
hemipelagic mudstones.

Slgpe-anron deposite Demgwmater Tan Sepunity Bty pilabes St
- Upper siope. | pper . ED

Figure 4 - Facies associations characteristics of different
deep-water turbidite depozitional systems (after Mutti &
Ricci Lucchi, 1972)
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The ideal vertical sequence formed during fan
progradation was defined by Walker (1978) for
modern systems and by Mutti and Ricci Lucchi
(1972) for ancient systems (Figure 4).

Turbidite deposits from the Petrova
Nappe

The studied outcrops are located along two
sections: the Section 1 along the Iza Valley,
between the villages of Barsana and Stramtura,
and the Section 2 along the Mara Valley,
between the village of Mara and the Gutai
Pass.

Section 1

The outcrops of the Stramtura Sandstone
are located along the Iza Valley, near the
Barsana Monastery (Piatra Tiganului), and in
the lower Slatioara Valley. The Petrova
Formation outcrops along the lza Valley and
near the village of Stramtura.

The Stramtura Sandstone is formed, in its
lower and middle part, by medium and coarse-
grained massive or normal graded sandstone
beds of large lateral extension. Fining-upward
sequences are prevalent, in many cases
showing complete Ta-e Bouma division, with
sporadic presence coarser facies (Figure 5).

Water escape structures and sole marks are
abundant, together with rip-up clasts of several
centimetres, usually located in the upper part of
thicker sandstone beds. Load casts, flame
sfructures and pseudo-nodules are also
present, sometimes showing an evident chaotic
“slurried” texture.

The upper part of this formation is
represented by beds of inverse graded coarse-
grained sandstones, microconglomerates and
pebbly sandstones, organised in channelled
bodies, up to 10 m thick, with evident erosional
base. Floating pebbles, and coarser-grained
deposits in general, are located in the upper
part of the beds together with large (up to 10
cm) flat-shaped rip-up clasts. These features
demonstrate the existence of gravelly high-
density turbidity currents. Finer-grained facies,
representing channel-related overbank
deposits, are present in stratigraphic onlap with
the channelled deposits.

The Petrova Formation is formed by
couplets of medium and fine-grained
sandstone beds and mudstone, with sand/shale
ratio =1 or < 1 in the middle and upper part and
<<1 in the lower part. Sandstone beds are
massive or normal graded. Turbidite facies, with
complete Bouma divisions, are present in the
upper part of the formation, while at the bottom,
facies with base-missing Bouma divisions
occur. Sole mark are common sedimentary
structures.

Section 2

The outcrops are located along the upper
Mara Valley, S of the village of Mara, in a folded
(fold axes are E-W oriented) and probably
innermost portion of the Petrova Nappe.

Along this profile, only the characteristics of
the Stramtura Sandstone are observable. This
formation include massive or normal graded
medium-grained sandstone beds (up to 5
metres thick) with thin pelitic inter-layers.
Sandstone beds show a large lateral extension
with dominant thickening and coarsening-
upward sequences (Figure 6) with complete or
top-missing Bouma divisions. Armoured rip-up
clasts are present in the middle part of the
thicker and coarser beds. Sole marks (groove
and flute casts) are quite abundant in the whole
succession.

Reverse graded polygenic coarse-grained
conglomerates, probably emplaced by cohesive
debris flows, are present in the upper part.
These sedimentary bodies could represent
channelled deposits, although their base is not
clearly visible.

Depositional models

The turbidite complex of the Petrova Nappe
consists of three distinct turbidite systems (Mutti
and Normark, 1991), showing an -overall
progradational trend. The presence of distal
facies of basin plain and outer fan at the base,
laterally continuous thick sandstone bodies of
mid fan or suprafan in the middle part (with
prevalent thickening and coarsening-upward
sequences) and channelled systems in the
upper portion, support this consideration.

Thick massive sandstone bodies are present
in lower and middle part of the Petrova
Formation. These can be related, at the basinal
scale, to tectonically induced episodes like
seismo-turbidites (turbidite currents seismically
induced, Ricci Lucchi, 1986).

The presence of coarse and very coarse-
grained channel-fill deposits, erosional features
and channel-overbank sediments, together with
the great lateral continuity and areal extension
of sandstone lobes reveal the existence of
sand-rich fan systems (Mutti, 1985) in the upper
part of the succession. These systems are
normally associated with periods of sea-level
fall (low-stand bodies).

SYN-DEPOSITIONAL TECTONICS
In areas of deformed sedimentary
successions, a distinction must be made

between the deformation structures formed in
unconsolidated sediment and those formed
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after lithification. The former, called syn-
depositional deformation  structures, are
generally caused by tectonic forces acting into
the basin during sedimentation or early
diagenesis. The characteristics of syn-
depositional structures are of crucial impertance
in order to establish if, and how intensively,
tectonic forces acted during the deposition of
the studied turbidite successions.

Slump structures consist in overturned folds
formed by the downslope mass sliding of semi-
consolidated sediment under the influence of
gravity, and generally triggered by seismic
movements or tectonic tilting.

Syn-depositional - folding is commonly
associated  with  disturbed sedimentary
sequences, like syn-sedimentary extensional
faulting, convolute laminations, ball-and-pillow
structures, dewatering structures, sand and
mud volcanoes.

Syn-sedimentary faults

The syn-sedimentary faults consist of
fractures showing offsets of the two adjacent
blocks ranging from few centimetres up to 1
meter. These faults are typically listric in shape
(with rotation of the hangingwall block), irregular
in plain (often curved) and do not affect the
whole stratigraphic sequence, being overlain by
unfaulted sediments in depositional contact.

A particular and frequent type of syn-
depositional structures is represented by growth
faults. They are typically extensional faults,
listric in shape, in which movement repeatedly
occurs during sedimentation. In this way the
resulted deposited sediment is thicker on the
down-faulted side with increasing throw from
the top to the base of the faulted interval .

The syn-depositional tectonics is
widespread in all the tectonic units of the
Pienides in Maramures, although the
deformational  structures show different
frequency, intensity and characters from a
succession to another.

Evidences of active syn-sedimentary
tectonics are abundant in the profile of the lza
Valley, in the Stramtura Sandstone (upper-
middle part of Section 2). The observed
structures are:

a) normal syn-sedimentary faults (in some
cases listric in shape), showing offsets of 5-20
cm and sealed at the top by thick (up to 5
meters) sandstone beds;

b) extensional associated growth faults, with
increasing throw towards the base (from 20 to
meters);

c) 60 cm), in couplets of metric sandstone/
mudstone beds;

d) slurried and chaotic mudstone beds;
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e) slumped beds (Figure 7) showing a
preferred SW vergence in recumbent folds,
concordant with the average fault dipping.

All these structures are associated with thick
turbidite sandstone beds, rip-up clasts, debris-
flow deposits and deep sole marks.

CONCLUSIONS

The tectonic model for the accretionary
wedge (Aroldi, 2001) represents the most
probable tectonic setting involved for the
Pienides in Maramures.

In this model, the vertical sequences involve
a gradual thickening and coarsening-upward
succession, as the oceanic basement, together
with the overlying abyssal-plain sediments,
approaches the subduction zone where the
whole succession is buried by the sandy
turbidite deposits of the trench wedge.

The overlying turbidite deposits generally
consist of submarine fans formed by
depositional lobes and a radial or axial pattern
of  distributor channels, channel-levee
complexes and hemipelagic mud associated
with debris-flow deposits.

The nappe of Petrova, the most typical in
order to verify this model, shows a thickening
and coarsening-upward trend, with a fransition
from finer turbidite sediments (Petrova
Formation)” with thin-bedded turbidites and
outer fan deposits, to coarser and laterally
continuous sandsione lobes (Stramtura
Sandstone). The top of the succession is
formed by channelled deposits which confirm
an overall shallowing-upward trend.

The presence of evident syn-sedimentary
tectonic episodes, mostly of extensional type
and scattered over all the examined
successions, proves an active tectonic context
at least during the Middle-Late Eocene and
during the Early Oligocene.

Normal syn-sedimentary faults has been
described in the section 2; these probably
correspond to the extensional episodes
widespread on the top of the accretionary
wedge during sedimentation. On the other
hand, paleostress measurements show both
compressional and extensional features
(Huismans et al., 1997). Syn-sedimentary
tectonic activity was also proved by the onset of
slumped sandstone beds in the turbidite
successions and formation of chaotic deposits
inter-bedded between the normal marine
sedimentation.

The paleocurrent analysis are consistent
with an approximately E-W oriented trench and
an accretionary process characterised by north-
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verging thrusting.

A change in the basin geometry and
basin slope is also associated to a clastic
fransport directed along the trench axis (from E
o W, with some ‘ponding’ effects due to the
sregular shape of the basin itself). This last
possibility is confirmed by frequent syn-
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EXPLANATIONS OF FIGURES
Figure 1 - Overall geotectonic structure of the Eastern Carpathians and location of the study area (from Aroldi,
2001).

Figure 2 - The nappes of Petrova (inner) and Leordina (outer). Reduced from the original scale 1:100.000 (from
Aroldi, 2001)

Figure 5 - Normal graded debris-flow overlying tractive deposits in the Stramtura Sandstone (Slatioara Valley).
Figure 6 - Thickening-upward cycle in the Stramtura Sandstone (Mara Valley).

Figure 7 - Slumped fine-grained levels in the Stramtura Sandstone (Slaticara Valley).

Figure 8 - Variation in the mean paleocurrent trend in the succession of the Petrova Nappe along the profile of the

lza Valley. A and B represent levels of tectonic activity demonstrated by the presence of syn-
sedimentary deformation structures (after Aroidi, 1998 and 2001).
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