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The Getic Nappe belongs to the Central Dacides or Dacia Mega Unit. Gravity flow deposits were generated by the Lower Cre-
taceous overthrust and uplift of this unit over the External Dacides. In the Piatra Craiului Syncline (part of the Getic Nappe),
such detrital deposits are represented by the Aptian conglomerates and the uppermost Albian-Cenomanian conglomerates.
Part of the infill of the syncline consists of a thick pile of NW—SE oriented conglomerates. Sedimentological study documents
the presence of an association which consists of three distinct facies types, represented by: massive conglomerates; alter-
nating conglomerates, sandstones and microconglomerates; and fining- and coarsening-upwards conglomerates. These
deposits were accumulated through a series of debris flows, and hyperconcentrated or concentrated flows. The entire as-
semblage represents a complex routing system within submarine channels, an interpretation made by interpreting facies as-
sociations, palaeoflow directions and clast fabrics. A large part of this succession was removed by post-Albian erosion.
Thus, the interpretation of the depositional system could be as a series of feeder channels or the submarine sector of a
fan-delta system representing a foreland basin fill.
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INTRODUCTION 1969; Stanley and Hall, 1978; Briceag et al., 2009; Jipa et al.,
2013; Olariu et al., 2014) while other detrital deposits (e.g., the

Ceahlau conglomerates) have been studied to a lesser extent

Studies of conglomeratic deposits grew with the develop-
ment of the first accurate facies models (e.g., Walker and Mutti,
1973; Walker, 1975; Aalto, 1976; Lowe, 1982). Similar papers
published in the last few decades deal mainly with the interplay
between alluvial-fluvial continental and submarine deposits and
the adjacent basins incorporating them (e.g., Ethridge and
Wescott, 1984; Surlyk, 1984; McPherson et al., 1987; Higgs,
1990; Postma, 1990; Sohn et al., 2002; Bernhardt et al., 2011).
These types of deposits form extensive outcrops in Romania
but their study is still incipient. Special attention has been given
by various authors to the Bucegi conglomerates (Patrulius,
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(Grasu et al., 1996). The infill of the Piatra Craiului Syncline in-
cludes the Aptian Gura R&ului and the uppermost Albian-
-Cenomanian conglomerates.

The main objective of this study is to describe in detail the
depositional and sedimentological features of the Aptian Gura
Raului conglomerates by integrating content analysis and peb-
ble provenance description methods. The grain flow deposits
containing carbonate pebbles are studied in order to decipher
the geodynamic history of their source area (Kostaki et al.,
2013; Gawlick and Missoni, 2015; Strzebonski et al., 2017;
Gawlick et al., 2017).

In this work we describe in detail the sedimentological fea-
tures of the Aptian Gura Raului conglomerates and to present
several hypotheses concerning their depositional environment .
We also explain the interplay between tectonics and depositio-
nal processes on the eastern margin of the Getic Nape during
the Early Cretaceous, given that tectonic motions are usually
reflected in foreland basin fills (DeCelles et al., 1991, Fielding et
al., 2007; Olariu et al., 2014; Gawlick et al., 2018).
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GEOLOGICAL SETTING

The Piatra Craiului Massif forms a NW-SE oriented moun-
tain range 25 km long in the northeastern part of the Southern
Carpathians (Fig. 1). The sedimentary succession contains
Middle Jurassic, Upper Jurassic and Lower Cretaceous rocks
which directly overlie the metamorphic basement of the Cum-
pana and Leaota units (Oncescu, 1943; Gherasi, 1962; Pope-
scu 1966; Gherasi et al., 1966). The entire succession com-
prises Middle Jurassic—Oxfordian siliciclastic and carbonate
rocks and radiolarites (Popescu, 1966; Patrulius, 1969; Bucur,
1978, 1980; Meszaros and Bucur, 1980; Patrulius et al., 1980;
Beccaro and Lazar, 2007), 1200 m thick Kimmeridgian-Upper
Valanginian carbonates (Ungureanu et al.,, 2015 and refer-
ences therein) and Aptian to uppermost Albian-Cenomanian
siliciclastic rocks (Popescu, 1966; Patrulius, 1969; Fig. 1A, B).
Middle Jurassic sediments were deposited in a transgressive
context. By contrast, the Kimmeridgian-Lower Valanginian suc-
cession forms a large regressive megasequence (Bucur et al.,
2009; Ples et al., 2013; Mircescu et al., 2014). A sedimentary
hiatus marks the transition into Upper Valanginian carbonate
debris flows and hemipelagic deposits (Gradinaru et al., 2016).
The final part of the sedimentary succession contains Aptian-
-Cenomanian conglomerates (Ungureanu et al., 2015).

TECTONIC FRAMEWORK

The Piatra Craiului Massif forms an integral part of a larger
tectonic unit which is known in the geological literature as the
Getic Nappe (Murgoci, 1905, 1910; Sandulescu, 1984; Fig.
1C). This unit is included in a larger group of major tectonic
units which form the Median Dacides (Sandulescu, 1984) or the
Dacia Mega-Unit (cf. Csontos and Voéros, 2004). Their genesis
is strongly related to Jurassic rupture events (Sandulescu,
1984, 1994). The Neo-Tethys ocean was located between the
Tisza and Dacia megablocks. Its latest Jurassic-Early Creta-
ceous closure (Matenco et al., 2010) was followed by Creta-
ceous continental collision (Schmid et al., 2008). This moment
coincides with the development of the Getic Nappe as a major
unit within the Southern Carpathians (Sandulescu, 1984). The
structural evolution of the Getic Nappe is defined by several
tectonic events. These are represented by Upper Barremian-
-Lower Cenomanian, Coniacian-Maastrichtian (Codarcea,
1940; Sandulescu, 1984) and Upper Turonian-Coniacian
movements (cf. Schmid et al., 2008). The first event is marked
by the overthrust of the Getic Nappe front over the External
Dacides (Codarcea, 1940; Sandulescu, 1984). In this context,
the central part of the Leaota region evolved as a large anticline
which was bordered by the Bucegi Syncline on its eastern side.
The Piatra Craiului Syncline was located on its western side.
Limestones and conglomerates were deposited in the Dambo-
vicioara Couloir. This structural unit separated two uplifted ar-
eas (Patrulius, 1969). The second Cretaceous tectonic event
was marked by the final overthrust of the Getic Domain over the
Danubian one (Sandulescu, 1984). The last major tectonic
events are related to post-Paleogene movements. Paleogene-
-Miocene parallel extension, dextral and fault-related trans-
tentional movements define this tectonic stage. Older ruptural
accidents were reactivated. As a result, the Piatra Craiului Mas-
sif became an overthrown flank of a partially covered fold
(Popescu, 1966).

RESEARCH BACKGROUND

Jekelius (1916) indicated for the first time the presence of
uppermost Albian-Cenomanian conglomerates in the Piatra
Craiului Massif. Later Popescu (1966) and Patrulius (1969) dis-
tinguished two distinct packages of conglomerate deposits: the
Upper Aptian Gura Raului conglomerates and the Vraconian
(Upper Albian)-Cenomanian conglomerates (Fig. 1A).

Popescu (1966) described the stratotype of the Upper
Aptian Gura Raului conglomerates from the NE part of the
Piatra Craiului Massif. Patrulius (1969) attributed to them an
Upper Aptian age by comparing these deposits with large
blocks from the general mass of the middle-upper Albian Bu-
cegi conglomerates (e.g., Piatra Arsa, Babele, Obéarsia). The
matrix of these megaclasts contains abundant benthic fora-
minifera (orbitolinids) (Popescu, 1966; Patrulius, 1969). Well-
rounded carbonate pebbles (2-10 centimetres in diameter)
dominate the lithological spectrum.

In the northern part of the syncline, the uppermost Albian-
-Cenomanian conglomerates directly overlie the Aptian Gura
Raului conglomerates (Fig. 1D). They are hosted in a carbon-
ate-rich sandy matrix (Popescu, 1966; Patrulius, 1969). Their
age was inferred by comparing these deposits with similar, Up-
per Albian-Cenomanian ammonite-bearing conglomerates
from the Dambovicioara Zone (Toula, 1897; Simionescu, 1897;
Popovici-Hateg, 1898) and the northern part of the Ghimbavu
Mountain (Patrulius and Dimitriu, 1962). The general mass of
these conglomerates contains interbedded massive carbonate
breccias, metre-scale limestone olistoliths (Popescu, 1966) and
rare metamorphic blocks (Ungureanu et al., 2017).

Ungureanu et al. (2015) studied the contact between the
basal part of these conglomerates and the overlying Tithonian-
-Lower Valanginian carbonate succession from the Piatra
Craiului Massif. This study highlights similarities between ele-
ments of these conglomerates and analogue components from
the Gura Raului outcrop. The same paper describes in detail
the breccias and conglomerates from the basal part of the Gura
Raului conglomerates. Their matrix contains orbitolinid-rich as-
sociations which indicate an Upper Aptian age.

Ungureanu et al. (2017) identified possible source areas for
the Piatra Craiului conglomerate deposits by describing in detail
their clast lithology, clast morphometry and palaeoflow direc-
tions. Matrix and pebble lithological analysis indicates the fol-
lowing particularities for the Aptian Gura Raului conglomerates:

Carbonate pebbles are dominant (79%). By contrast, meta-
morphic and siliceous pebbles are scarce (16 and 5% respec-
tively). The metamorphic pebbles were sourced from the Cum-
pana and Leaota metamorphic groups (gneisses, quartzitic
schists, quartzites, sericite-quartzite schists and sericite-chlo-
rite schists). The siliceous pebbles were sourced from Oxfor-
dian radiolarites. Carbonate material was sourced from Middle
Jurassic (?Bajocian—Lower Callovian)-Lower Cretaceous
(Barremian—Aptian) deposits. They include siliciclastic, shal-
low-water and deep-water pelagic facies types. Upper Titho-
nian-Lower Valanginian carbonate pebbles are dominant
(Ungureanu et al., 2017). Their source area corresponds rou-
ghly with the N-NW proximities of the Piatra Craiului Massif.
These adjacent areas were once covered by a thick pile of car-
bonates. Such sediments were probably completely eroded
during the Cretaceous tectonic events. One exception is repre-
sented by the Codlea region where carbonates form the sedi-
mentary cover of the metamorphic basement. This region rep-
resents the only existing source area where carbonate deposits
form good outcrops.
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Fig. 1. Location of the study area

A—geological map of the region (1:50 000) and the study areas (GR — Gura Raului; PZ1 — Prapastiile Zarnestilor; DL — Drumul lui Lehman; PF
— Padinile Frumoase; G1, G2 — Grind; B — Brusturet; P — Pietricica (redrawn from Dimitrescu et al., 1971; Patrulius et al., 1971; Sandulescu et
al., 1972; Dimitrescu et al., 1974, with slight changes); B — synthetic column of the sedimentary succession from the Piatra Craiului Massif,
from Ungureanu et al. (2017); C —excerpt from the tectonic map of the Alps, Carpathians and Dinarides, redrawn from Schmid et al. (2008); D
— geological cross-section through the northern part of the Piatra Craiului Massif and Bran Pass (redrawn from Jekelius, 1938, with minor
changes)
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The same methodology was used to identify the source
area of the uppermost Albian-Cenomanian conglomerates. Ac-
cording to Ungureanu et al. (2017) carbonate pebbles are dom-
inant (~88%) while metamorphic and siliceous clasts are
scarce. Microfacies and micropalaeontological analysis per-
formed on carbonate pebbles indicate a Middle Jurassic—Lower
Cretaceous source area for the conglomerates (Ungureanu et
al.,, 2017). The olistoliths are derived from Upper Tithonian-
-Lower Valanginian carbonate deposits and are share similar
characteristics with the same deposits from the Piatra Craiului
Massif (Bucur et al., 2013).

METHODOLOGY

Decimetre- to metre-scale outcrops were studied over 4
years in seven representative locations: Gura Raului, Prapa-
stile Zarnestilor, Padinile Frumoase, Drumul lui Lehman,
Refugiul Grind, Cabana Brusturet and Pietricica (Figs. 1A and
2). Field analysis techniques involved general exposure ob-
servations. They include bed thickness measurements, con-
struction of detailed sedimentological logs, textural analysis
(imbrication and bedding dip measurements), clast morpho-
metry, lithology observations and high-resolution panoramic
photographs. The entire dataset was correlated and synthe-
sized in order to build the best picture of the entire Aptian con-
glomerate succession.

RESULTS

The Aptian conglomerates cover an outcrop surface which
is 10 km long and 3 km wide. They stretch from NE (Gura
Raului Chalet) and East (Bran area) towards SE (Pietricica),
parallel with the massif’'s crest, covering the entire syncline area
(Fig. 1A). This Aptian detrital succession directly overlies the
Upper Valanginian marly limestones. It is composed of verti-
cally stacked successions of carbonate polymictic breccias
(-3 m), polymictic carbonate ortho/paraconglomerates
(15-30 m) and polymictic paraconglomerates (~200 m) (Fig.
1B).

CARBONATE POLYMICTIC BRECCIAS
(1-3 m)

Description. The first detrital episode spans the entire car-
bonate succession from the Piatra Craiului Massif. It consists of
grain-supported brecciated deposits of variable thickness with a
carbonate-rich muddy matrix (Fig. 3A). Pebbles show variable
dimensions (between 0.1-5 cm) and a range of angular to
subrounded shapes (Fig 3A). Components are very poorly
sorted. The clasts and matrix have a dominant carbonate com-
position (more than 98% are carbonate clasts). The matrix con-
tains very well preserved Aptian orbitolinids (e.g., Rectodictyo-
conus giganteus and Palorbitolina sp.) and rare quartz grains
(Ungureanu et al., 2015).

Interpretation. These sediments were deposited by a se-
ries of submarine debris flows. Evidence for this includes the
sedimentary features present (muddy matrix, poor sorting of
the components, lack of grading, erosional base; Lowe, 1982;
Nemec and Steel, 1984; Sohn et al., 2002). Shelf deposition is
indicated by the abundance of well-preserved orbitolinids. The
transported material was probably sourced from near to the ba-
sin. This supposition is strengthened by the following ober-

vations: 1) breccia components are poorly sorted, with mostly
angular-subangular-subrounded clasts; 2) carbonate clasts
were sourced from Berriasian-Lower Valanginian and Barre-
mian-Lower Aptian deposits; 3) microfacies distribution is rela-
tively homogeneous (Ungureanu et al., 2015).

POLYMICTIC CARBONATE CONGLOMERATES
(15-30 m)

Description. The brecciated succession is overlain by
clast-supported polymictic carbonate conglomerates (more
than 95% are carbonate clasts). Subrounded to very well
rounded carbonate clasts have mean dimensions ranging from
2 to 3 cm. They are hosted by a silty clay-rich cement (Fig. 3B).
Oriented polished slabs were analysed and the resulting data
was correlated with field information. Observed facies typo-
logies include alternating sequences of moderately sorted
orthoconglomerates and graded paraconglomerates with imbri-
cated pebbles. Their matrix contains abundant orbitolinids and
increased proportions of terrigenous quartz if compared with
the monomictic breccia levels. The upper part of these deposits
contains metamorphic or siliceous clasts together with increa-
sed proportions of terrigenous material. They show a coarsen-
ing-upwards trend.

Interpretation. These sediments were deposited by a com-
bination of concentrated-hyperconcentrated flows (Mulder and
Alexander, 2001) or high-energy turbidity currents (Lowe,
1982). This depositional model follows the original interpreta-
tion of Popescu (1966) and Patrulius (1969). Depositional fea-
tures such as moderate sorting, imbrication and a coarsen-
ing-upwards trend together with matrix characteristics support
this hypothesis. Shelf depositional activity was driven by a se-
ries of submarine flows since well-preserved orbitolinids are
abundant. Clast morphology suggests reworking under conti-
nental conditions and probably prolonged transport periods.
The diversity of clast types suggests that the main source area
comprises more extensive and diverse terrain than the equiva-
lent source area for the polymictic breccias, as indicated by the
presence of rare metamorphic and siliceous pebbles; these
clasts are absent in the breccia levels. In terms of microfacies
and micropalaeontological composition, most of the carbonate
pebbles show similar characteristics with their analogue com-
ponents from the polymictic breccia levels (Ungureanu et al.,
2015).

GURA RAULUI POLYMICTIC CONGLOMERATES
(SENSU POPESCU, 1966) (~200 m)

These deposits were intensely fragmented by post-Aptian
tectonic activity (Fig. 2B, C, D). They are strongly eroded and
covered by vegetation (Fig. 2E). Analysis of exposures indicates
the presence of stacked beds, 1 to 5 m thick, each with an ero-
sional base (Fig. 2A, B, E). Depositional features include graded
bedding, imbrications and channel-fill structures (Fig. 2E).

Pebble diameter ranges from 2 to 6 cm. Subrounded to very
well rounded clasts are common. The matrix contains rare
orbitolinids (Fig. 4) and has a mixed clayey-sandy to silty-sandy
composition. Exotic blocks were rarely identified and they con-
tain pure carbonate material (Fig. 2F). The lithological spectrum
contains carbonate, metamorphic and siliceous pebbles (Fig.
3C-F). Abundant carbonate pebbles were sourced from Middle
Jurassic-Lower Cretaceous deposits. They comprise 79% from
the clast inventory (Ungureanu et al., 2017). There are good ex-
posures at Prapastiile Zarnestilor, Grind, Brusturet and Pietri-
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Fig. 2. Exposures of the Aptian Gura Raului conglomerates

A, B — erosionally stacked beds from the Brusturet area; C, D — intensely fragmented outcrops from the Grind Area (C —
G1; D — G2); the sequence is partly overturned; E — erosionally stacked metre-thick beds (1-1.5 m) from Prapastiile
Zarnestilor (PZ1); F — subrounded carbonate block from the Pietricica Area (P); G — channel-fill structures are marked
with yellow arrows (Prapastiile Zarnestilor) (PZ1); in A—E erosional surfaces are indicated by dotted yellow lines
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Fig. 3. General descriptive and lithological characteristics of the Gura Raului Aptian conglomerates

A — poorly sorted carbonate monomictic breccias with angular to subrounded pebbles (Drumul lui Lehman — DL); B —
moderately sorted carbonate monomictic conglomerates with subrounded and rounded pebbles (Padinile Frumoase —
PF); C — carbonate and metamorphic clasts (red arrows) in a granular flow (Padinile Frumoase — PF); D — fragment com-
posed of alternating carbonate conglomerates and sandstones (Brusturet — B); E — well-rounded, poorly sorted pebbles
(red arrow) in a sandstone matrix (Grind — G2); F — well-rolled clasts encased in a micritic-arenitic matrix with abundant
ruditic clasts; carbonate pebbles are quite abundant, whereas by contrast, metamorphic (red arrows) and siliceous (yel-
low arrow) clasts are rare (Prapastiile Zarnestilor — PZ1) (A, B, E, F: scale — 2 cm; C: chisel — 10 cm; D: notebook — 15 cm
length)
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Fig. 4 Main cement types and their components

A - (1n), B — (n+) quartz arenite with predominant monocrystalline quartz and rare lithic fragments (carbonates,
metamorphic rocks) (Grind — G2); C — (1n), D — (n+) lithic arenite containing carbonates, quartz and rare feldspars or
metamorphic rock fragments (Prapastiile Zarnestilor — PZ1); E, F — (1n) poorly preserved orbitolinid fragments en-
cased in a conglomeratic cement (Prapastiile Zarnestilor — PZ1) (samples: A, B — 669E; C, D, E, F — 3403)

cica. Three main facies types were described by interpreting
the depositional features present. They include massive un-
graded conglomerates (facies 1; 3—12 m), graded conglomer-
ates (facies 2; 4-15 m) and alternating conglomerates and
sandstones (facies 3; 2—8 m).

UNGRADED CONGLOMERATES - FACIES 1
(3-12 m)

Description. This facies type is characterized by the pres-
ence of ungraded structures. Each bed contains increased pro-

portions of pebbles of the same clast size (Fig. 5). Bed thickness
ranges from 0.2 to 3 m. Massive (Fig. 5A, B, D) or amalgamated
beds (Fig. 5C, E) are separated by erosional surfaces (Fig. 6).
The poorly sorted micritic-sandy matrix encompasses pebbles
ranging from 3—-6 cm while the middle to upper part of each bed
contains rare, rounded or angular blocks (Fig. 6C, D). Pebble
sorting ranges from moderate to good. The a axis of the elon-
gated clasts frequently shows parallel orientation with the bed-
ding plane or with the axis of imbrication (Figs. 5E and 6D, E). In
some regions, the Aptian conglomerates form only small occur-
rences (e.g., Gura Raului, Padinile Frumoase, Grind). Distinctive
facies features include lack of grading, frequent imbrication and
the presence of rolled carbonate blocks (megaclasts).
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Fig. 5 Ungraded conglomerates (Facies 1)

A — high-density concentrated flows which contain imbricated clasts or clasts which are parallel with the bedding (yellow arrow-detalil,
imbricated pebbles are indicated by a red circle) (zona Brusturet); B — concentrated flows with high density of small equigranular pebbles
(yellow arrow-detail) (Brusturet area); C, E — amalgamated structures with frequent imbricated pebbles, long the a axis (E — red circle)
(Brusturet area); D — poorly to moderately sorted ungraded conglomerates; they are composed almost entirely of carbonate clasts and car-
bonate cement (red arrow — detail) (C — Brusturet area, D — Pietricica area)

Interpretation. These sediments were deposited by a se-
ries of high-density, non-cohesive concentrated gravity flows
(Table 1 and references therein). Ungraded conglomerates are
particularly known for their abundant imbrication, which is nor-
mally produced by flow particle interaction. Dispersive pres-
sures are generated within the flow and they are responsible for
imbrication development (Rees, 1968; Walker, 1975).

FINING AND COARSENING UPWARD CONGLOMERATES —
FACIES 2 (4-15 m)

Facies 2 is the most common in the great majority of the out-
crops. Itis defined by beds with coarsening-upwards structures.
In rare situations, the upper part of the beds may contain
interbedding with fining-upwards structures (Figs. 7 and 8).
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Fig. 6. Ungraded conglomerates (Facies 1 from Pietricica area)

A — succession composed of erosionally stacked, ungraded beds with frequent imbrications (UG — ungraded
conglomerates; ES — erosional surface); B—-E — details from A; pebble imbrication can be observed
(D, E —red circled area); rare megaclasts of carbonate origin (C, D — yellow arrows)
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Table 1

Relationship between facies types, sedimentary structures and depositional mechanisms

Facies types

Depositional features

Depositional mechanisms

— pebbles of same size
— erosional contacts

— imbrications

— carbonate blocks

Facies 1 — ungraded conglomerates

— moderate to good sorting

— non—cohesive concentrated gravity flows
(Hampton, 1975; Lowe, 1976, 1982; Mulder
and Alexander, 2001)

— erosional contacts
— imbrications
— poor sorting

Facies 2 — fining and coarsening
upward conglomerates

— poor sorting

— coarsening and fining-upward structures

— pebbles of small diameters

— concentrated flows (Mulder and Alexander,
2001)

— grain by grain mechanisms (Pickering et al.,
1989)

— high density turbidity currents (R2, R3 divi-
sions of Lowe, 1982)

Facies 3 — alternating conglomerates,

sandstones and microconglomerates : o
— imbrications

— poor sorting
— carbonate blocks

— conglomerates interbeded with sandstones
and microconglomerates

— coarsening and fining-upward structures

— gradational and erosional contacts

— concentrated and hyperconcentrated flows
(Mulder and Alexander, 2001)

— high density turbidity currents (R2, R3
divisions of Lowe, 1982)

— debris flows (Lowe, 1982)

Bed thickness ranges between 1 and 3 m. Erosional stack-
ing patterns are frequent (Fig. 7). Numerous elongated clasts
show an a axis type imbrication. Some have orientation parallel
to the bedding plane (Figs. 7B, D and 8C). Small pebbles are
dominant (2-6 cm in diameter) while isolated large pebbles
(cobbles of maximum diameter10 cm) are very rare. Matrix pro-
portion is higher within this facies type.

Interpretation. The coarsening-upwards structures were
rapidly deposited by a highly concentrated traction ,carpet”
(Lowe, 1982; Pickering et al., 1989). Internal dispersive pres-
sures produced grain inversion inside high-density flows. As a
consequence, large pebbles were deposited in the upper part of
the surge (Postma et al., 1988). The entire flow process is
heavily influenced by clast interaction. Some of the facies char-
acteristics identified (e.g., inverse grading, clast orienation par-
allel to bedding, a axis imbrication) support this idea (Rees,
1968; Lewis et al., 1980; Surlyk, 1984).

Fining-upwards structures are formed when patrticle accu-
mulation is influenced by their density (Walker, 1975). Large
pebbles are concentrated at the base of such flows (Mutti,
1992). These clasts will form dense beds which act as traction
"carpets". Dispersive pressure impacts the way sediments are
distributed at the base of fining-upwards structures. As a conse-
quence, suspension-derived sediments will accumulate in the
upper parts of such sequences. Three main mechanisms de-
fine the accumulation of repetitive sets with basal coarsen-
ing-upwards and top fining-upwards trends. Deposition is con-
trolled by concentrated flows (Mulder and Alexander, 2001),
grain-by-grain mechanisms (Pickering et al., 1989) or high-
density turbidity currents (R2, R3 divisions of Lowe, 1982).

Alternating conglomerates, sandstones and microconglo-
merates — facies 3 (2—8 m)

Description. In this case, sandstone lenses and micro-
conglomerates (thickness ranges from 15 to 30 cm) are inter-
bedded with conglomerate units (Fig. 9A, B, D). Conglomerate
bed thickness ranges from 0.4 to 2.5 m. They show rare coars-
ening/fining-upwards structures and frequent ungraded struc-
tures (Fig. 9A-D). The massive sequences contain ungraded
isolated blocks. Conglomerate pebbles are poorly sorted. The

sandstone beds contain small proportions of carbonate pebbles
(Fig. 9B, D). Imbricated structures are common (Fig. 9B). Peb-
ble dimension ranges from 5 to 15 cm. Sandstone levels show
irregular tops and bases. Gradational or erosional contacts sep-
arate these beds from the adjacent conglomerate/micro-
conglomerate layers (Fig. 9D).

Observations. Small exposures were identified in the Grind
area. Observations of exposures indicate the presence of fin-
ing-upwards structures with transitions from non-graded con-
glomerates to microconglomerates and sandstones (Fig. 9E,
F). The entire succession is interpreted as a transition from a
debris flow to a concentrated/granular flow (Mulder and Alexan-
der, 2001).

Interpretation. This facies type is defined by granulometric
separation. Similar deposits were described by Hendry (1973:
135), Surlyk (1984, facies 13) and Kim et al. (1995, facies Gs).
The entire depositional process is strongly linked to a slide or
flow type mechanism. (Hendry, 1973). This local facies was ac-
cumulating on a distal inclined shelf slope. Sediment transport
mechanisms are marked by a transition from debris flows to
hyperconcentrated-concentrated flows (Sohn et al., 2002).
Large volumes of transported material were delivered to the
slope. As a consequence, rapid progradation occurred and sed-
iments became unstable. Such an event can explain the pres-
ence of interbedded coarsening-upwards, fining-upwards and
ungraded deposits in association with sandstones or isolated
blocks (with a maximum diameter of 35 cm). Sediments were
deposited by debris, concentrated and hyperconcentrated flows
under the action of high—density turbidity currents (Lowe, 1982;
Mulder and Alexander, 2001).

DISCUSSIONS

The Aptian conglomerates contain moderate to well-sorted
pebble-sized clasts. The existing matrix has a variable, clay-
sandy to silty-sandy composition. Three main conglomerate fa-
cies types are present. They include ungraded conglomerates,
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Fig. 7. Facies 2 deposits — graded conglomerates (Brusturet area)

A —the basal part of a bed which directly overlies an erosional surface with a fining-upwards trend; small dimensions of component
clasts; B —fining-upward and frequentimbrications (red circle) in a conglomerate bed which is delineated by erosional surfaces; C —
coarsening and fining-upwards conglomerates with imbricated pebbles (red frame) and erosional bases (C — red arrows) that pass
upward into amalgamated beds (E); D, E — details of image C (CU — coarsening upwards; FU — fining-upwards; A, B, D, E — ero-
sional surface is marked by a dotted yellow line
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Fig. 8. Facies 2 (Brusturet area)

A — succession of Aptian conglomerates; one may observe several coarsening- and fining-upwards sequences within the same bed;
B-D - detailed images from A; evident grading and pebble imbrication can be observed (C) (CU — coarsening upwards;
FU — fining-upwards; ES — erosional surface)
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Fig. 9. Facies 3 (Pietricica)

A —alternating conglomerates, microconglomerates and sandstones (SP — conglomerate sandstone; CU — coarsening-upwards con-
glomerates, FU — fining-upwards conglomerates, UG — ungraded massive conglomerates, ES — erosional surface; red contour —
imbricated pebbles); B-D — detailed images from section A; E, F —fining-upwards structure; base to top transition is evident (from un-
graded conglomerates to microconglomerates and sandstones) (F) (Grind — G2)
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fining- and coarsening-upwards conglomerates and alternating
sandstones, conglomerates and microconglomerates. These
sediments were deposited by debris, hyper-concentrated and
concentrated gravitational flows (Table 1 and references there-
in). Such facies types characterize channel-fill deposits (e.g.,
Mastarelz, 1995; McCallum and Robertson, 1995). Detailed
sections from Brusturet, Pietricica and Grind show ungraded
and coarsening/fining-upwards conglomerates that were prob-
ably deposited by channel flows or as coarse overbank spill
lobes. They are linked with the lateral progradation of mass flow
deposits (Fig. 10). Palaeoflow direction measurements indicate
the presence of dominant NE-SE, N-S and SW-NW oriented
unidirectional submarine flows with specific sedimentological
features (Fig. 10).

A subaqueous origin of these deposits is indicated by sev-
eral diagnostic features. Thus, the matrix of breccia and con-
glomerate levels contains increased proportions of orbitolinids.
In addition, clast grading is rarely observed in subaerial flows,
and well-sorted, package-grouped structures are missing
(Nemec and Steel, 1984). Grain size excludes the possibility of
a tide-dominated depositional environment.

Several depositional scenarios were constructed by analys-
ing the sedimentological features present. Three depositional
models are defined. They include:

— afault margin — fan-delta model (Fig. 11A),

— a submarine canyon/assemblage of channel-type flows,
which fed a submarine fan (Fig. 11B),

— a combination of the first two versions. The genesis of the
third model is strongly linked to Barremian—Cenomanian
progressive tectonic events (Fig 11C).

(1) The conglomerate succession studied was deposited in
a fan-delta type environment. This hypothesis is supported by
the sedimentological features present (pebble size diameter,
high frequency of coarsening- and fining-upwards structures,
sorting) and the presence of an adjacent tectonically active area
(Nemec and Steel, 1984; McPherson, 1987; Nemec and Steel,
1988). Continental alluvial fan deposits are absent from the
studied region: Early Albian erosion has removed all trace of
such sediments.

(2) Submarine canyon or channelized flow deposition is in-
dicated by several factors. Sediments were routed by a series of
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Fig. 10. Graphic representation of the most important sections (A — Brusturet, B — Pietricica, C — Grind)

Section A indicates the alternation of facies types 1 to 3, with a total
mostly channel-fill deposits; sections B and C represent a combinati
flows or as coarse lobes

thickness of ~60 m; it is dominated by facies types 1 and 2 representing
on of facies 3 and 1; they can be interpreted as deposited by channelized
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Fig. 11. Depositional environments — scenarios

A —inclined shelf fan delta; accelerated progradation is strongly influenced by significant
sedimentary input; B — submarine canyon with unidirectional channel flows which were
feeding a submarine cone; C — short-lived pseudo-fan-delta; strong sedimentary input
and tectonic uplift due to advancing nappe fronts were transforming this system into an
assemblage of channelized submarine flows
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channel flows and unidirectional currents through submarine
canyons less than 10 km wide (e.g., Stow, 1986). Additional ev-
idence comprises the presence of multiphase flow deposits
which were generated by flow reactivation processes associ-
ated with unstable slopes or banks (Sohn et al., 2002).

(3) A third proposed sedimentological-kinematic model sug-
gests the development of a small-scale pseudo-fan-delta on a
slightly inclined shelf. The former structure evolved gradually
into a submarine canyon/assemblage of channel-type flows,
that fed a submarine fan. In this scenario, fault scarp gravel-
-dominated alluvial systems were probably feeding this delta
(type A feeder system after Postma, 1990). This concept is sup-
ported by the tectonic history of the area. In this context, the re-
gion studied was located on a fault scarp, not far from an adja-
cent highland. Alluvial fan shelf progradation is furthermore in-
dicated by the presence of abundant, well-preserved orbito-
linids in the basal part of the succession (the matrix of the brec-
cia and basal carbonate conglomerates). Shallow water car-
bonates were present in the provenance area. The rapid
progradation of these deposits (as feeder channels) may have
been triggered by the sudden uplift of the region or by high sedi-
mentation rates. This uplift was associated with significant in-
crease of siliciclastic input. In addition, the advancing nappes
were producing large amounts of sediment.

As a consequence, feeder channels started to deliver sedi-
ment towards a series of submarine slope fans. This scenario is
supported by the following arguments. Firstly, there is a signifi-
cant increase of continental sediment input associated with the
tangential character of the flows (Postma and Roep, 1985).
Secondly, the matrix contains reworked orbitolinids which were
reworked after resedimentation.

RELATIONSHIP BETWEEN DETRITAL EVENTS
AND TECTONIC ACTIVITY

The Middle Jurassic—Cretaceous closure of the Neo-Tethys
was followed by Cretaceous continental collision events
(Schmid et al., 2008; Matenco et al., 2010). Three main events
define the accumulation of sedimentary deposits in the Piatra
Craiului Massif. They include the Mid Jurassic transgression,
the Kimmerdigian-Early Valanginian regression and the Late
Valanginian transgression. Detrital sedimentation occurred
mainly after the Late Valanginian. The Middle Late Aptian uplift
of the entire region may be associated with the first tectonic
events. Such movements determined the erosion of the sedi-
mentary successions from the Fagaras—Leaota—lezer Papusa

region. The first part of the detrital succession contains
Berriasian—Valanginian and Barremian—Aptian polymitic car-
bonate breccias (Ungureanu et al., 2015). Low-intensity shelf-
-slope debris flows were generated. They started to rework
eroded material from proximal carbonate deposits. Concen-
trated and hyper-concentrated flow deposits began to develop.
The Late Aptian was marked by intensified tectonic activity
which triggered the uplift of adjacent areas. As a consequence,
carbonate polymictic ortho- and paraconglomerates were de-
posited (Ungureanu et al., 2015). At some point the entire Mid-
dle Jurassic—Lower Cretaceous succession was exposed, in-
cluding the crystalline basement (Ungureanu et al., 2017). In-
cipient tectonic activity was marked by the shelf slope deposi-
tion of the Gura R&aului polymictic conglomerates. Finally, the
Early Albian regression determined the subaerial exposure and
erosion of the previous Aptian deposits.

CONCLUSIONS

The Piatra Craiului Syncline infill contains two types of con-
glomerates: the Aptian Gura Ré&ului and the uppermost
Albian—Cenomanian conglomerates. Three main facies types
were separated within the Aptian conglomerates. They include:
(1) massive conglomerates; (2) coarsening- and fining- up-
wards conglomerates; (3) alternating conglomerates, sand-
stones and microconglomerates. Typical channel morphologies
are common for these facies associations. Several hypotheses
were developed in order to define their depositional mecha-
nisms. In these interpretations, fan—deltas, submarine canyons
or submarine channel systems fed a submarine fan. The gene-
sis of the Aptian detrital deposits is strongly linked with Early
Cretaceous tectonic events since they were deposited after
general uplift of the adjacent areas.
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