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The Getic Nappe be longs to the Cen tral Dacides or Dacia Mega Unit. Grav ity flow de pos its were gen er ated by the Lower Cre -
ta ceous overthrust and up lift of this unit over the Ex ter nal Dacides. In the Piatra Craiului Syncline (part of the Getic Nappe),
such de tri tal de pos its are rep re sented by the Aptian con glom er ates and the up per most Albian-Cenomanian con glom er ates.
Part of the infill of the syncline con sists of a thick pile of NW–SE ori ented con glom er ates. Sedimentological study doc u ments
the pres ence of an as so ci a tion which con sists of three dis tinct fa cies types, rep re sented by: mas sive con glom er ates; al ter -
nat ing con glom er ates, sand stones and microconglomerates; and fin ing- and coars en ing-up wards con glom er ates. These
de pos its were ac cu mu lated through a se ries of de bris flows, and hyperconcentrated or con cen trated flows. The en tire as -
sem blage rep re sents a com plex rout ing sys tem within sub ma rine chan nels, an in ter pre ta tion made by in ter pret ing fa cies as -
so ci a tions, palaeoflow di rec tions and clast fab rics. A large part of this suc ces sion was re moved by post-Albian ero sion.
Thus, the in ter pre ta tion of the depositional sys tem could be as a se ries of feeder chan nels or the sub ma rine sec tor of a
fan-delta sys tem rep re sent ing a fore land ba sin fill.
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INTRODUCTION

Stud ies of con glom er atic de pos its grew with the de vel op -
ment of the first ac cu rate fa cies mod els (e.g., Walker and Mutti,
1973; Walker, 1975; Aalto, 1976; Lowe, 1982). Sim i lar pa pers
pub lished in the last few de cades deal mainly with the in ter play
be tween al lu vial-flu vial con ti nen tal and sub ma rine de pos its and 
the ad ja cent bas ins in cor po rat ing 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 de pos its form ex ten sive out crops in Ro ma nia
but their study is still in cip i ent. Spe cial at ten tion has been given
by var i ous au thors to the Bucegi con glom er ates (Patrulius,

1969; Stan ley and Hall, 1978; Briceag et al., 2009; Jipa et al.,
2013; Olariu et al., 2014) while other de tri tal de pos its (e.g., the
Ceahlău con glom er ates) have been stud ied to a lesser ex tent
(Grasu et al., 1996). The infill of the Piatra Craiului Syncline in -
cludes the Aptian Gura Râului and the up per most Albian -
-Cenomanian con glom er ates.

The main ob jec tive of this study is to de scribe in de tail the
depositional and sedimentological fea tures of the Aptian Gura
Râului con glom er ates by in te grat ing con tent anal y sis and peb -
ble prov e nance de scrip tion meth ods. The grain flow de pos its
con tain ing car bon ate peb bles are stud ied in or der to de ci pher
the geodynamic his tory of their source area (Kostaki et al.,
2013; Gawlick and Missoni, 2015; Strzeboński et al., 2017;
Gawlick et al., 2017).

In this work we de scribe in de tail the sedimentological fea -
tures of the Aptian Gura Râului con glom er ates and to pres ent
sev eral hy poth e ses con cern ing their depositional en vi ron ment . 
We also ex plain the in ter play be tween tec ton ics and depositio -
nal pro cesses on the east ern mar gin of the Getic Nape dur ing
the Early Cre ta ceous, given that tec tonic mo tions are usu ally
re flected in fore land ba sin fills (DeCelles et al., 1991; Field ing et
al., 2007; Olariu et al., 2014; Gawlick et al., 2018). 
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GEOLOGICAL SETTING

The Piatra Craiului Mas sif forms a NW–SE ori ented moun -
tain range 25 km long in the north east ern part of the South ern
Carpathians (Fig. 1). The sed i men tary suc ces sion con tains
Mid dle Ju ras sic, Up per Ju ras sic and Lower Cre ta ceous rocks
which di rectly over lie the meta mor phic base ment of the Cum -
păna and Leaota units (Oncescu, 1943; Gherasi, 1962; Pope -
scu 1966; Gherasi et al., 1966). The en tire suc ces sion com -
prises Mid dle Ju ras sic–Oxfordian siliciclastic and car bon ate
rocks and radiolarites (Popescu, 1966; Patrulius, 1969; Bucur,
1978, 1980; Meszaros and Bucur, 1980; Patrulius et al., 1980;
Beccaro and Lazăr, 2007), 1200 m thick Kimmeridgian -Up per
Valanginian car bon ates (Ungureanu et al., 2015 and ref er -
ences therein) and Aptian to up per most Albian -Ceno ma nian
siliciclastic rocks (Popescu, 1966; Patrulius, 1969; Fig. 1A, B).
Mid dle Ju ras sic sed i ments were de pos ited in a trans gressive
con text. By con trast, the Kimmeridgian-Lower Valan ginian suc -
ces sion forms a large re gres sive megasequence (Bucur et al.,
2009; Pleş et al., 2013; Mircescu et al., 2014). A sed i men tary
hi a tus marks the tran si tion into Up per Valanginian car bon ate
de bris flows and hemipelagic de pos its (Grădinaru et al., 2016).
The fi nal part of the sed i men tary suc ces sion con tains Aptian -
-Cenomanian con glom er ates (Ungureanu et al., 2015). 

TECTONIC FRAMEWORK

The Piatra Craiului Mas sif forms an in te gral part of a larger
tec tonic unit which is known in the geo log i cal lit er a ture as the
Getic Nappe (Murgoci, 1905, 1910; Săndulescu, 1984; Fig.
1C). This unit is in cluded in a larger group of ma jor tec tonic
units which form the Me dian Dacides (Săndulescu, 1984) or the 
Dacia Mega-Unit (cf. Csontos and Vörös, 2004). Their gen e sis
is strongly re lated to Ju ras sic rup ture events (Săndulescu,
1984, 1994). The Neo-Tethys ocean was lo cated be tween the
Tisza and Dacia megablocks. Its lat est Ju ras sic-Early Cre ta -
ceous clo sure (Maţenco et al., 2010) was fol lowed by Cre ta -
ceous con ti nen tal col li sion (Schmid et al., 2008). This mo ment
co in cides with the de vel op ment of the Getic Nappe as a ma jor
unit within the South ern Carpathians (Săndulescu, 1984). The
struc tural evo lu tion of the Getic Nappe is de fined by sev eral
tec tonic events. These are rep re sented by Up per Barremian -
-Lower Cenomanian, Coniacian-Maastrichtian (Codarcea,
1940; Săndulescu, 1984) and Up per Turonian-Coniacian
move ments (cf. Schmid et al., 2008).  The first event is marked
by the overthrust of the Getic Nappe front over the Ex ter nal
Dacides (Codarcea, 1940; Săndulescu, 1984). In this con text,
the cen tral part of the Leaota re gion evolved as a large anticline
which was bor dered by the Bucegi Syncline on its east ern side.
The Piatra Craiului Syncline was lo cated on its west ern side.
Lime stones and con glom er ates were de pos ited in the Dâmbo -
vicioara Couloir. This struc tural unit sep a rated two up lifted ar -
eas (Patrulius, 1969). The sec ond Cre ta ceous tec tonic event
was marked by the fi nal overthrust of the Getic Do main over the 
Danubian one (Săndulescu, 1984). The last ma jor tec tonic
events are re lated to post-Paleogene move ments. Paleogene -
-Mio cene par al lel ex ten sion, dextral and fault-re lated trans -
tentional move ments de fine this tec tonic stage. Older ruptural
ac ci dents were re ac ti vated. As a re sult, the Piatra Craiului Mas -
sif be came an over thrown flank of a par tially cov ered fold
(Popescu, 1966).     

RESEARCH BACKGROUND

Jekelius (1916) in di cated for the first time the pres ence of
up per most Albian-Cenomanian con glom er ates in the Piatra
Craiului Mas sif. Later Popescu (1966) and Patrulius (1969) dis -
tin guished two dis tinct pack ages of con glom er ate de pos its: the
Up per Aptian Gura Râului con glom er ates and the Vraconian
(Up per Albian)-Cenomanian con glom er ates (Fig. 1A). 

Popescu (1966) de scribed the stratotype of the Up per
Aptian Gura Râului con glom er ates from the NE part of the
Piatra Craiului Mas sif. Patrulius (1969) at trib uted to them an
Up per Aptian age by com par ing these de pos its with large
blocks from the gen eral mass of the mid dle-up per Albian Bu -
cegi con glom er ates (e.g., Piatra Arsă, Babele, Obârşia). The
ma trix of these megaclasts con tains abun dant ben thic fora -
minifera (orbitolinids) (Popescu, 1966; Patrulius, 1969). Well-
 rounded car bon ate peb bles (2–10 centi metres in di am e ter)
dom i nate the lithological spec trum.

 In the north ern part of the syncline, the up per most Albian -
-Cenomanian con glom er ates di rectly over lie the Aptian Gura
Râului con glom er ates (Fig. 1D). They are hosted in a car bon -
ate-rich sandy ma trix (Popescu, 1966; Patrulius, 1969). Their
age was in ferred by com par ing these de pos its with sim i lar, Up -
per Albian-Cenomanian ammonite-bear ing con glom er ates
from the Dâmbovicioara Zone (Toula, 1897; Simionescu, 1897;
Popovici-Haïeg, 1898) and the north ern part of the Ghimbavu
Moun tain (Patrulius and Dimitriu, 1962). The gen eral mass of
these con glom er ates con tains interbedded mas sive car bon ate
brec cias, metre-scale lime stone olistoliths (Popescu, 1966) and 
rare meta mor phic blocks (Ungureanu et al., 2017).

Ungureanu et al. (2015) stud ied the con tact be tween the
basal part of these con glom er ates and the over ly ing Tithonian -
-Lower Valanginian car bon ate suc ces sion from the Piatra
Craiului Mas sif. This study high lights sim i lar i ties be tween el e -
ments of these con glom er ates and an a logue com po nents from
the Gura Râului out crop. The same pa per de scribes in de tail
the brec cias and con glom er ates from the basal part of the Gura
Râului con glom er ates. Their ma trix con tains orbitolinid-rich as -
so ci a tions which in di cate an Up per Aptian age.

Ungureanu et al. (2017) iden ti fied pos si ble source ar eas for
the Piatra Craiului con glom er ate de pos its by de scrib ing in de tail 
their clast li thol ogy, clast morphometry and palaeoflow di rec -
tions. Ma trix and peb ble lithological anal y sis in di cates the fol -
low ing par tic u lar i ties for the Aptian Gura Râului con glom er ates: 

Car bon ate peb bles are dom i nant (79%). By con trast, meta -
mor phic and si li ceous peb bles are scarce (16 and 5% re spec -
tively). The meta mor phic peb bles were sourced from the Cum -
păna and Leaota meta mor phic groups (gneiss es, quartzitic
schists, quartzites, seri cite-quartz ite schists and seri cite -chlo -
rite schists). The si li ceous peb bles were sourced from Oxfor -
dian radiolarites. Car bon ate ma te rial was sourced from Mid dle
Ju ras sic (?Bajocian–Lower Callovian)-Lower Cre ta ceous
(Barre mian–Aptian) de pos its. They in clude siliciclastic, shal -
low-wa ter and deep-wa ter pe lagic fa cies types. Up per Titho -
nian - Lower Valanginian car bon ate peb bles are dom i nant
(Ungu re anu et al., 2017). Their source area cor re sponds rou -
ghly with the N–NW proximities of the Piatra Craiului Mas sif.
These ad ja cent ar eas were once cov ered by a thick pile of car -
bon ates. Such sed i ments were prob a bly com pletely eroded
dur ing the Cre ta ceous tec tonic events. One ex cep tion is rep re -
sented by the Codlea re gion where car bon ates form the sed i -
men tary cover of the meta mor phic base ment. This re gion rep -
re sents the only ex ist ing source area where car bon ate de pos its
form good out crops. 
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Fig. 1. Lo ca tion of the study area

A – geo log i cal map of the re gion (1:50 000) and the study ar eas (GR – Gura Râului; PZ1 – Prăpăstiile Zărneştilor; DL – Drumul lui Lehman; PF 
– Padinile Frumoase; G1, G2 – Grind; B – Brusturet; P – Pietricica (re drawn from Dimitrescu et al., 1971; Patrulius et al., 1971; Săndulescu et
al., 1972; Dimitrescu et al., 1974, with slight changes); B  – syn thetic col umn of the sed i men tary suc ces sion from the Piatra Craiului Mas sif,
from Ungureanu et al. (2017); C – ex cerpt from the tec tonic map of  the Alps, Carpathians and Dinarides, re drawn from Schmid et al. (2008); D
– geo log i cal cross-sec tion through the north ern part of the Piatra Craiului Mas sif and Bran Pass (re drawn from Jekelius, 1938, with mi nor
changes)



The same meth od ol ogy was used to iden tify the source
area of the up per most Albian-Cenomanian con glom er ates. Ac -
cord ing to Ungureanu et al. (2017) car bon ate peb bles are dom -
i nant (~88%) while meta mor phic and si li ceous clasts are
scarce. Microfacies and micropalaeontological anal y sis per -
formed on car bon ate peb bles in di cate a Mid dle Ju ras sic–Lower 
Cre ta ceous source area for the con glom er ates (Ungureanu et
al., 2017). The olistoliths are de rived from Up per Tithonian -
-Lower Valanginian car bon ate de pos its and are share sim i lar
char ac ter is tics with the same de pos its from the Piatra Craiului
Mas sif (Bucur et al., 2013). 

METHODOLOGY

 Deci me tre- to metre-scale out crops were stud ied over 4
years in seven rep re sen ta tive lo ca tions: Gura Râului, Prăpă -
stiile Zărneştilor, Padinile Frumoase, Drumul lui Lehman,
Refu giul Grind, Ca bana Brusturet and Pietricica (Figs. 1A and
2). Field anal y sis tech niques in volved gen eral ex po sure ob -
ser va tions. They in clude bed thick ness mea sure ments, con -
struc tion of de tailed sedimentological logs, tex tural anal y sis
(imbrication and bed ding dip mea sure ments), clast morpho -
metry, li thol ogy ob ser va tions and high-res o lu tion pan oramic
pho to graphs. The en tire dataset was cor re lated and syn the -
sized in or der to build the best pic ture of the en tire Aptian con -
glom er ate suc ces sion.

RESULTS

The Aptian con glom er ates cover an out crop sur face which
is 10 km long and 3 km wide. They stretch from NE (Gura
Râului Cha let) and East (Bran area) to wards SE (Pietricica),
par al lel with the mas sif’s crest, cov er ing the en tire syncline area 
(Fig. 1A). This Aptian de tri tal suc ces sion di rectly over lies the
Up per Valanginian marly lime stones. It is com posed of ver ti -
cally stacked suc ces sions of car bon ate polymictic brec cias
(1–3 m), polymictic car bon ate ortho/paraconglomerates
(15–30 m) and polymictic paraconglomerates (~200 m) (Fig.
1B). 

CARBONATE POLYMICTIC BRECCIAS 
(1–3 m) 

 De scrip tion. The first de tri tal ep i sode spans the en tire car -
bon ate suc ces sion from the Piatra Craiului Mas sif. It con sists of 
grain-sup ported brecciated de pos its of vari able thick ness with a 
car bon ate-rich muddy ma trix (Fig. 3A). Peb bles show vari able
di men sions (be tween 0.1–5 cm) and a range of an gu lar to
subrounded shapes (Fig 3A). Com po nents are very poorly
sorted. The clasts and ma trix have a dom i nant car bon ate com -
po si tion (more than 98% are car bon ate clasts). The ma trix con -
tains very well pre served Aptian orbitolinids (e.g., Recto dictyo -
conus giganteus and Palorbitolina sp.) and rare quartz grains
(Ungureanu et al., 2015).

In ter pre ta tion. These sed i ments were de pos ited by a se -
ries of sub ma rine de bris flows. Ev i dence for this in cludes the
sed i men tary fea tures pres ent (muddy ma trix, poor sort ing of
the com po nents, lack of grad ing, ero sional base; Lowe, 1982;
Nemec and Steel, 1984; Sohn et al., 2002). Shelf de po si tion is
in di cated by the abun dance of well-pre served orbitolinids. The
trans ported ma te rial was prob a bly sourced from near to the ba -
sin. This sup po si tion is strength ened by the fol low ing ober -

vations: 1) brec cia com po nents are poorly sorted, with mostly
an gu lar-subangular-subrounded clasts; 2) car bon ate clasts
were sourced from Berriasian-Lower Valanginian and Barre -
mian -Lower Aptian de pos its; 3) microfacies dis tri bu tion is rel a -
tively ho mo ge neous (Ungureanu et al., 2015). 

POLYMICTIC CARBONATE CONGLOMERATES
(15–30 m)

De scrip tion. The brecciated suc ces sion is over lain by
clast -sup ported polymictic car bon ate con glom er ates (more
than 95% are car bon ate clasts). Subrounded to very well
rounded car bon ate clasts have mean di men sions rang ing from
2 to 3 cm. They are hosted by a silty clay-rich ce ment (Fig. 3B).
Ori ented pol ished slabs were ana lysed and the re sult ing data
was cor re lated with field in for ma tion. Ob served fa cies typo -
logies in clude al ter nat ing se quences of mod er ately sorted
ortho conglo merates and graded paraconglomerates with imbri -
cated peb bles. Their ma trix con tains abun dant orbitolinids and
in creased pro por tions of terrigenous quartz if com pared with
the mono mictic brec cia lev els. The up per part of these de pos its
con tains meta mor phic or si li ceous clasts to gether with in crea -
sed pro por tions of terrigenous ma te rial. They show a coars en -
ing-up wards trend.

In ter pre ta tion. These sed i ments were de pos ited by a com -
bi na tion of con cen trated-hyperconcentrated flows (Mulder and
Al ex an der, 2001) or high-en ergy tur bid ity cur rents (Lowe,
1982). This depositional model fol lows the orig i nal in ter pre ta -
tion of Popescu (1966) and Patrulius (1969). Depositional fea -
tures such as mod er ate sort ing, imbrication and a coars en -
ing-up wards trend to gether with ma trix char ac ter is tics sup port
this hy poth e sis. Shelf depositional ac tiv ity was driven by a se -
ries of sub ma rine flows since well-pre served orbitolinids are
abun dant. Clast mor phol ogy sug gests re work ing un der con ti -
nen tal con di tions and prob a bly pro longed trans port pe ri ods.
The di ver sity of clast types sug gests that the main source area
com prises more ex ten sive and di verse ter rain than the equiv a -
lent source area for the polymictic brec cias, as in di cated by the
pres ence of rare meta mor phic and si li ceous peb bles; these
clasts are ab sent in the brec cia lev els. In terms of microfacies
and micropalaeontological com po si tion, most of the car bon ate
peb bles show sim i lar char ac ter is tics with their an a logue com -
po nents from the polymictic brec cia lev els (Ungureanu et al.,
2015).

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

These de pos its were in tensely frag mented by post-Aptian
tec tonic ac tiv ity (Fig. 2B, C, D). They are strongly eroded and
cov ered by veg e ta tion (Fig. 2E).  Anal y sis of ex po sures in di cates
the pres ence of stacked beds, 1 to 5 m thick, each with an ero -
sional base (Fig. 2A, B, E). Depositional fea tures in clude graded
bed ding, imbrications and chan nel-fill struc tures (Fig. 2E).

Peb ble di am e ter ranges from 2 to 6 cm. Subrounded to very 
well rounded clasts are com mon. The ma trix con tains rare
orbitolinids (Fig. 4) and has a mixed clayey-sandy to silty-sandy
com po si tion. Ex otic blocks were rarely iden ti fied and they con -
tain pure car bon ate ma te rial (Fig. 2F). The lithological spec trum 
con tains car bon ate, meta mor phic and si li ceous peb bles (Fig.
3C–F). Abun dant car bon ate peb bles were sourced from Mid dle
Ju ras sic-Lower Cre ta ceous de pos its. They com prise 79% from
the clast in ven tory (Ungureanu et al., 2017). There are good ex -
po sures at Prăpăstiile Zărneştilor, Grind, Brusturet and Pietri -
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Fig. 2. Ex po sures of the Aptian Gura Râului con glom er ates

A, B – erosionally stacked beds from the Brusturet area; C, D – in tensely frag mented out crops from the Grind Area (C –
G1; D – G2); the se quence is partly over turned; E – erosionally stacked me tre-thick beds (1–1.5 m) from Prăpăstiile
Zărneştilor (PZ1); F – subrounded car bon ate block from the Pietricica Area (P); G – chan nel-fill struc tures are marked
with yel low ar rows (Prăpăstiile Zărneştilor) (PZ1); in A–E ero sional sur faces are in di cated by dot ted yel low lines
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Fig. 3. Gen eral de scrip tive and lithological char ac ter is tics of the Gura Râului Aptian con glom er ates

A – poorly sorted car bon ate monomictic brec cias with an gu lar to subrounded peb bles (Drumul lui Lehman – DL); B –
mod er ately sorted car bon ate monomictic con glom er ates with subrounded and rounded peb bles (Padinile Frumoase –
PF); C – car bon ate and meta mor phic clasts (red ar rows) in a gran u lar flow (Padinile Frumoase – PF); D – frag ment com -
posed of al ter nat ing car bon ate con glom er ates and sand stones (Brusturet – B); E – well-rounded, poorly sorted peb bles
(red ar row) in a sand stone ma trix (Grind – G2); F – well-rolled clasts en cased in a micritic-arenitic ma trix with abun dant
ruditic clasts; car bon ate peb bles are quite abun dant, whereas by con trast, meta mor phic (red ar rows) and si li ceous (yel -
low ar row) clasts are rare (Prăpăstiile Zărneştilor – PZ1) (A, B, E, F: scale – 2 cm; C: chisel – 10 cm; D: note book – 15 cm
length)



cica. Three main fa cies types were de scribed by in ter pret ing
the depositional fea tures pres ent. They in clude mas sive un -
graded con glom er ates (fa cies 1; 3–12 m), graded con glom er -
ates (fa cies 2; 4–15 m) and al ter nat ing con glom er ates and
sand stones (facies 3; 2–8 m). 

UNGRADED CONGLOMERATES – FACIES 1 
(3–12 m)

De scrip tion. This fa cies type is char ac ter ized by the pres -
ence of un graded struc tures. Each bed con tains in creased pro -

por tions of peb bles of the same clast size (Fig. 5). Bed thick ness
ranges from 0.2 to 3 m. Mas sive (Fig. 5A, B, D) or amal gam ated
beds (Fig. 5C, E) are sep a rated by ero sional sur faces (Fig. 6).
The poorly sorted micritic-sandy ma trix en com passes peb bles
rang ing from 3–6 cm while the mid dle to up per part of each bed
con tains rare, rounded or an gu lar blocks (Fig. 6C, D). Peb ble
sort ing ranges from mod er ate to good. The a axis of the elon -
gated clasts fre quently shows par al lel ori en ta tion with the bed -
ding plane or with the axis of imbrication (Figs. 5E and 6D, E). In
some re gions, the Aptian con glom er ates form only small oc cur -
rences (e.g., Gura Râului, Padinile Frumoase, Grind). Dis tinc tive
fa cies fea tures in clude lack of grad ing, fre quent imbrication and
the pres ence of rolled car bon ate blocks (mega clasts).
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Fig. 4 Main ce ment types and their com po nents

A – (1n), B – (n+) quartz arenite with pre dom i nant monocrystalline quartz and rare lithic frag ments (car bon ates,
meta mor phic rocks) (Grind – G2); C – (1n), D – (n+) lithic arenite con tain ing car bon ates, quartz  and rare feld spars or
meta mor phic rock frag ments (Prăpăstiile Zărneştilor – PZ1); E, F – (1n) poorly pre served orbitolinid frag ments en -
cased in a con glom er atic ce ment (Prapastiile Zarnestilor – PZ1) (sam ples: A, B – 669E; C, D, E, F – 3403)



 In ter pre ta tion. These sed i ments were de pos ited by a se -
ries of high-den sity, non-co he sive con cen trated grav ity flows
(Ta ble 1 and ref er ences therein). Un graded con glom er ates are
par tic u larly known for their abun dant imbrication, which is nor -
mally pro duced by flow par ti cle in ter ac tion. Dispersive pres -
sures are gen er ated within the flow and they are re spon si ble for 
imbrication de vel op ment (Rees, 1968; Walker, 1975). 

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

Fa cies 2 is the most com mon in the great ma jor ity of the out -
crops. It is de fined by beds with coars en ing-up wards struc tures. 
In rare sit u a tions, the up per part of the beds may con tain
interbedding with fin ing-up wards struc tures (Figs. 7 and 8).
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Fig. 5 Un graded con glom er ates (Fa cies 1)

A – high-den sity con cen trated flows which con tain imbricated clasts or clasts which are par al lel with the bed ding (yel low ar row-de tail,
imbricated peb bles are in di cated by a red cir cle) (zona Brusturet); B – con cen trated flows with high den sity of small equigranular peb bles
(yel low ar row-de tail) (Brusturet area); C, E – amal gam ated struc tures with fre quent imbricated peb bles, long the a axis (E – red cir cle)
(Brusturet area); D – poorly to mod er ately sorted un graded con glom er ates; they are com posed al most en tirely of car bon ate clasts and car -
bon ate ce ment (red ar row – de tail) (C – Brusturet area, D – Pietricica area)
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Fig. 6.  Un graded con glom er ates (Fa cies 1 from Pietricica area)

A – suc ces sion com posed of erosionally stacked, un graded beds with fre quent imbrications (UG – un graded 
con glom er ates; ES – ero sional sur face); B–E – de tails from A; peb ble imbrication can be ob served 

(D, E – red cir cled area); rare megaclasts of car bon ate or i gin (C, D – yel low ar rows)



Bed thick ness ranges be tween 1 and 3 m. Ero sional stack -
ing pat terns are fre quent (Fig. 7). Nu mer ous elon gated clasts
show an a axis type imbrication. Some have ori en ta tion par al lel
to the bed ding plane  (Figs. 7B, D and 8C). Small peb bles are
dom i nant (2–6 cm in di am e ter) while iso lated large peb bles
(cob bles of max i mum diameter10 cm) are very rare. Ma trix pro -
por tion is higher within this fa cies type.

In ter pre ta tion. The coars en ing-up wards struc tures were
rap idly de pos ited by a highly con cen trated trac tion „car pet”
(Lowe, 1982; Pickering et al., 1989). In ter nal dispersive pres -
sures pro duced grain in ver sion in side high-den sity flows. As a
con se quence, large peb bles were de pos ited in the up per part of 
the surge (Postma et al., 1988). The en tire flow pro cess is
heavily in flu enced by clast in ter ac tion. Some of the fa cies char -
ac ter is tics iden ti fied (e.g., in verse grad ing, clast orienation par -
al lel to bed ding, a axis imbrication) sup port this idea (Rees,
1968; Lewis et al., 1980; Surlyk, 1984). 

Fin ing-up wards struc tures are formed when par ti cle ac cu -
mu la tion is in flu enced by their den sity (Walker, 1975). Large
peb bles are con cen trated at the base of such flows (Mutti,
1992). These clasts will form dense beds which act as trac tion
"car pets". Dispersive pres sure im pacts the way sed i ments are
dis trib uted at the base of fin ing-up wards struc tures. As a con se -
quence, sus pen sion-de rived sed i ments will ac cu mu late in the
up per parts of such se quences. Three main mech a nisms de -
fine the ac cu mu la tion of re pet i tive sets with basal coars en -
ing-up wards and top fin ing-up wards trends.  De po si tion is con -
trolled by con cen trated flows (Mulder and Al ex an der, 2001),
grain-by-grain mech a nisms  (Pickering et al., 1989) or high-
 den sity tur bid ity cur rents (R2, R3 divisions of Lowe, 1982).

Al ter nat ing con glom er ates, sand stones and microconglo -
merates – fa cies 3 (2–8 m)

De scrip tion. In this case, sand stone lenses and micro -
conglomerates (thick ness ranges from 15 to 30 cm) are inter -
bedded with con glom er ate units (Fig. 9A, B, D). Con glom er ate
bed thick ness ranges from 0.4 to 2.5 m. They show rare coars -
en ing/fin ing-up wards struc tures and fre quent un graded struc -
tures (Fig. 9A–D). The mas sive se quences con tain un graded
iso lated blocks. Con glom er ate peb bles are poorly sorted. The

sand stone beds con tain small pro por tions of car bon ate peb bles 
(Fig. 9B, D). Imbricated struc tures are com mon  (Fig. 9B). Peb -
ble di men sion ranges from 5 to 15 cm. Sand stone lev els show
ir reg u lar tops and bases. Gradational or ero sional con tacts sep -
a rate these beds from the ad ja cent con glom er ate/micro -
conglomerate lay ers  (Fig. 9D).

Ob ser va tions. Small ex po sures were iden ti fied in the Grind 
area. Ob ser va tions of ex po sures in di cate the pres ence of fin -
ing-up wards struc tures with tran si tions from non-graded con -
glom er ates to microconglomerates and sand stones (Fig. 9E,
F). The en tire suc ces sion is in ter preted as a tran si tion from a
de bris flow to a con cen trated/gran u lar flow (Mulder and Al ex an -
der, 2001).

In ter pre ta tion. This fa cies type is de fined by granulometric
sep a ra tion. Sim i lar de pos its were de scribed by Hendry (1973:
135), Surlyk (1984, fa cies 13) and Kim et al. (1995, fa cies Gs).
The en tire depositional pro cess is strongly linked to a slide or
flow type mech a nism. (Hendry, 1973). This lo cal fa cies was ac -
cu mu lat ing on a dis tal in clined shelf slope. Sed i ment trans port
mech a nisms are marked by a tran si tion from de bris flows to
hyperconcentrated-con cen trated flows (Sohn et al., 2002).
Large vol umes of trans ported ma te rial were de liv ered to the
slope. As a con se quence, rapid progradation oc curred and sed -
i ments be came un sta ble. Such an event can ex plain the pres -
ence of interbedded coars en ing-up wards, fin ing-up wards and
un graded  de pos its in as so ci a tion with sand stones or iso lated
blocks (with a max i mum di am e ter of 35 cm). Sed i ments were
de pos ited by de bris, con cen trated and hyperconcentrated flows 
un der the ac tion of high–den sity tur bid ity cur rents (Lowe, 1982;
Mulder and Alexander, 2001).

DISCUSSIONS

 The Aptian con glom er ates con tain mod er ate to well-sorted
peb ble-sized clasts. The ex ist ing ma trix has a vari able, clay-
 sandy to silty-sandy com po si tion. Three main con glom er ate fa -
cies types are pres ent. They in clude un graded con glom er ates,
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T a  b l e  1

Re la tion ship be tween fa cies types, sed i men tary struc tures and depositional mech a nisms

Fa cies types Depositional fea tures Depositional mech a nisms

Fa cies 1 – un graded con glom er ates

– peb bles of same size

– ero sional con tacts

– imbrications

– car bon ate blocks

– mod er ate to good sort ing

– non–co he sive con cen trated grav ity flows    
(Hampton, 1975; Lowe, 1976, 1982; Mulder 
and Al ex an der, 2001)

Fa cies 2 – fin ing and coars en ing 
up ward con glom er ates

– coars en ing and fin ing-up ward struc tures

– ero sional con tacts

– imbrications

– poor sort ing

– peb bles of small di am e ters

– poor sort ing

– con cen trated flows (Mulder and Alexander,
2001)

– grain by grain mech a nisms (Pickering et al.,   
1989)

– high den sity tur bid ity cur rents (R2, R3 di vi -
sions of Lowe, 1982)

Fa cies 3 – al ter nat ing con glom er ates,
sand stones and microconglomerates

– con glom er ates interbeded with sand stones

and microconglomerates

– coars en ing and fin ing-up ward struc tures

– gradational and ero sional con tacts

– imbrications

– poor sort ing

– car bon ate blocks

– con cen trated and hyperconcentrated flows

(Mulder and Al ex an der, 2001)

– high den sity tur bid ity cur rents (R2, R3
 di vi sions of Lowe, 1982)

– de bris flows (Lowe, 1982)
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Fig. 7.  Fa cies 2 de pos its – graded con glom er ates (Brusturet area)

A – the basal part of a bed which di rectly over lies an ero sional sur face with a fin ing-up wards trend; small di men sions of com po nent
clasts;  B – fin ing-up ward and fre quent imbrications (red cir cle) in a con glom er ate bed which is de lin eated by ero sional sur faces; C –
coars en ing and fin ing-up wards con glom er ates with imbricated peb bles (red frame) and ero sional bases (C – red ar rows) that pass
up ward into amal gam ated beds (E); D, E – de tails of im age C (CU – coars en ing up wards; FU – fin ing-up wards; A, B, D, E – ero -
sional sur face is marked by a dot ted yel low line
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Fig. 8. Fa cies 2 (Brusturet area)

A – suc ces sion of Aptian con glom er ates; one may ob serve sev eral coars en ing- and fin ing-up wards se quences within the same bed; 
B–D – de tailed im ages from A; ev i dent grad ing and peb ble imbrication can be ob served (C) (CU – coars en ing up wards; 

FU – fin ing-up wards; ES – ero sional sur face)
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S P C B

Fig. 9. Fa cies 3 (Pietricica)

A – al ter nat ing con glom er ates, microconglomerates and sand stones (SP – con glom er ate sand stone; CU – coars en ing-up wards con -
glom er ates, FU – fin ing-up wards con glom er ates, UG – un graded mas sive con glom er ates, ES – ero sional sur face; red con tour –
imbricated peb bles); B–D – de tailed im ages from sec tion A; E, F – fin ing-up wards struc ture; base to top tran si tion is ev i dent (from un -
graded con glom er ates to microconglomerates and sand stones) (F) (Grind – G2)



fin ing- and coars en ing-up wards con glom er ates and al ter nat ing
sand stones, con glom er ates and microconglo merates. These
sed i ments were de pos ited by de bris, hy per-con cen trated and
con cen trated grav i ta tional flows (Ta ble 1 and ref er ences there -
in). Such fa cies types char ac ter ize chan nel-fill de pos its (e.g.,
Mastarelz, 1995; McCallum and Rob ert son, 1995). De tailed
sec tions from Brusturet, Pietricica and Grind show un graded
and coars en ing/fin ing-up wards con glom er ates that were prob -
a bly de pos ited by chan nel flows or as coarse overbank spill
lobes. They are linked with the lat eral progradation of mass flow 
de pos its (Fig. 10). Palaeoflow di rec tion mea sure ments in di cate 
the pres ence of dom i nant NE–SE, N–S and SW–NW ori ented
uni di rec tional sub ma rine flows with specific sedimentological
features (Fig. 10).

A sub aque ous or i gin of these de pos its is in di cated by sev -
eral di ag nos tic fea tures. Thus, the ma trix of brec cia and con -
glom er ate lev els con tains in creased pro por tions of orbitolinids.
In ad di tion, clast grad ing is rarely ob served in subaerial flows,
and well-sorted, pack age-grouped struc tures are miss ing
(Nemec and Steel, 1984). Grain size ex cludes the pos si bil ity of
a tide-dom i nated depositional en vi ron ment.

Sev eral depositional sce nar ios were con structed by ana lys -
ing the sedimentological fea tures pres ent. Three depositional
mod els are de fined. They in clude:

– a fault mar gin – fan-delta model (Fig. 11A), 

– a sub ma rine can yon/as sem blage of chan nel-type flows,

which fed a sub ma rine fan (Fig. 11B),

– a com bi na tion of the first two ver sions. The gen e sis of the

third model is strongly linked to Barremian–Cenomanian

pro gres sive tec tonic events (Fig 11C). 

(1) The con glom er ate suc ces sion stud ied was de pos ited in
a fan-delta type en vi ron ment. This hy poth e sis is sup ported by
the sedimentological fea tures pres ent (peb ble size di am e ter,
high fre quency of coars en ing- and fin ing-up wards struc tures,
sort ing) and the pres ence of an ad ja cent tec toni cally ac tive area 
(Nemec and Steel, 1984; McPherson, 1987; Nemec and Steel,
1988). Con ti nen tal al lu vial fan de pos its are ab sent from the
stud ied re gion: Early Albian ero sion has re moved all trace of
such sed i ments. 

(2) Sub ma rine can yon or channelized flow de po si tion is in -
di cated by sev eral fac tors. Sed i ments were routed by a se ries of 
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Fig. 10. Graphic rep re sen ta tion of the most im por tant sec tions (A – Brusturet, B – Pietricica, C – Grind)

Sec tion A in di cates the al ter na tion of fa cies types 1 to 3, with a to tal thick ness of ~60 m; it is dom i nated by fa cies types 1 and 2 rep re sent ing
mostly chan nel-fill de pos its; sec tions B and C rep re sent a com bi na tion of fa cies 3 and 1; they can be in ter preted as de pos ited by channelized 
flows or as coarse lobes 
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Fig. 11. Depositional en vi ron ments – sce nar ios

A – in clined shelf fan delta; ac cel er ated progradation is strongly in flu enced by sig nif i cant
sed i men tary in put; B – sub ma rine can yon with uni di rec tional chan nel flows which were
feed ing a sub ma rine cone; C – short-lived  pseudo-fan-delta; strong sed i men tary in put
and tec tonic up lift due to ad vanc ing nappe fronts were trans form ing this sys tem into an
as sem blage of channelized sub ma rine flows



chan nel flows and uni di rec tional cur rents through sub ma rine
can yons less than 10 km wide (e.g., Stow, 1986). Ad di tional ev -
i dence com prises the pres ence of multiphase flow de pos its
which were gen er ated by flow re ac ti va tion pro cesses as so ci -
ated with un sta ble slopes or banks (Sohn et al., 2002). 

(3) A third pro posed sedimentological-ki ne matic model sug -
gests the de vel op ment of a small-scale pseudo-fan-delta on a
slightly in clined shelf. The for mer struc ture evolved grad u ally
into a sub ma rine can yon/as sem blage of chan nel-type flows,
that fed a sub ma rine fan. In this sce nario, fault scarp gravel -
-dom i nated al lu vial sys tems were prob a bly feed ing this delta
(type A feeder sys tem af ter Postma, 1990). This con cept is sup -
ported by the tec tonic his tory of the area. In this con text, the re -
gion stud ied was lo cated on a fault scarp, not far from an ad ja -
cent high land. Al lu vial fan shelf progradation is fur ther more in -
di cated by the pres ence of abun dant, well-pre served orbito -
linids in the basal part of the suc ces sion (the ma trix of the brec -
cia and basal car bon ate con glom er ates). Shal low wa ter car -
bon ates were pres ent in the prov e nance area. The rapid
progra dation of these de pos its (as feeder chan nels) may have
been trig gered by the sud den up lift of the re gion or by high sed i -
men ta tion rates. This up lift was as so ci ated with sig nif i cant in -
crease of siliciclastic in put. In ad di tion, the ad vanc ing nappes
were producing large amounts of sediment. 

As a con se quence, feeder chan nels started to de liver sed i -
ment to wards a se ries of sub ma rine slope fans. This sce nario is 
sup ported by the fol low ing ar gu ments. Firstly, there is a sig nif i -
cant in crease of con ti nen tal sed i ment in put as so ci ated with the
tan gen tial char ac ter of the flows (Postma and Roep, 1985).
Sec ondly, the ma trix con tains re worked orbitolinids which were
re worked af ter resedimentation.     

RELATIONSHIP BETWEEN DETRITAL EVENTS 
AND TECTONIC ACTIVITY 

The Mid dle Ju ras sic–Cre ta ceous clo sure of the Neo-Tethys 
was fol lowed by Cre ta ceous con ti nen tal col li sion events
(Schmid et al., 2008; Maïenco et al., 2010). Three main events
de fine the ac cu mu la tion of sed i men tary de pos its in the Piatra
Craiului Mas sif. They in clude the Mid Ju ras sic trans gres sion,
the Kimmerdigian-Early Valanginian re gres sion and the Late
Valanginian trans gres sion. De tri tal sed i men ta tion oc curred
mainly af ter the Late Valanginian. The Mid dle Late Aptian up lift
of the en tire re gion may be as so ci ated with the first tec tonic
events. Such move ments de ter mined the ero sion of the sed i -
men tary suc ces sions from the Făgăraş–Leaota–Iezer Păpuşa

re gion. The first part of the de tri tal suc ces sion con tains
Berriasian–Valanginian and Barremian–Aptian polymitic car -
bon ate brec cias (Ungureanu et al., 2015). Low-in ten sity shelf -
-slope de bris flows were gen er ated. They started to re work
eroded ma te rial from prox i mal car bon ate de pos its. Con cen -
trated and hy per-con cen trated flow de pos its be gan to de velop.
The Late Aptian was marked by in ten si fied tec tonic ac tiv ity
which trig gered the up lift of ad ja cent ar eas. As a con se quence,
car bon ate polymictic ortho- and paraconglomerates were de -
pos ited (Ungureanu et al., 2015). At some point the en tire Mid -
dle Ju ras sic–Lower Cre ta ceous suc ces sion was ex posed, in -
clud ing the crys tal line base ment (Ungureanu et al., 2017). In -
cip i ent tec tonic ac tiv ity was marked by the shelf slope de po si -
tion of the Gura Râului polymictic con glom er ates. Fi nally, the
Early Albian re gres sion de ter mined the subaerial ex po sure and
ero sion of the pre vi ous Aptian de pos its. 

CONCLUSIONS

The Piatra Craiului Syncline infill con tains two types of con -
glom er ates: the Aptian Gura Râului and the up per most
Albian–Cenomanian con glom er ates. Three main fa cies types
were sep a rated within the Aptian con glom er ates. They in clude:
(1) mas sive con glom er ates; (2) coars en ing- and fin ing- up -
wards con glom er ates; (3) al ter nat ing con glom er ates, sand -
stones and microconglomerates. Typ i cal chan nel morphologies 
are com mon for these fa cies as so ci a tions. Sev eral hy poth e ses
were de vel oped in or der to de fine their depositional mech a -
nisms. In these in ter pre ta tions, fan–del tas, sub ma rine can yons
or sub ma rine chan nel sys tems fed a sub ma rine fan. The gen e -
sis of the Aptian de tri tal de pos its is strongly linked with Early
Cre ta ceous tec tonic events since they were de pos ited af ter
gen eral up lift of the ad ja cent ar eas.
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