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or dewatering structures – high rate of accumulation and in-
stability generated by shocks, storms or earthquake (proba-
bly also very frequent in the past of the Vrancea seismic area, 
where the study is located).

Sandstone with bioclasts. Decimetre-scale sandstone with 
bivalves (allochem limestone) massive to horizontal (Plate 
6) or trough cross-stratified (SAL mh, SAL mt) with very high 
degree of crashing of shells. These could be consider storms 
product which frequently eroded shells of bottom-dwelling 
faunas, accumulating them landward to the normal beach, 
barrier zone, or in the vicinity of shoreface environment.

Conglomerate. Decimetres-scale massive and coarse-
grained sandstone with conglomerate frequently graded 
upwards into medium horizontal laminated sandstone (Plate 

5, B3). This unit shows lower erosional boundaries. Few bio-
clasts highly disarticulated and randomly distributed within 
the unit. The lateral migration of the channel is visible and cut 
the underneath mud unit.

3.3. Facies associations III – transition (deltaic) 
system

Consist of conglomerates which are the most common, 
sandstone and mud. 

Conglomerates are bipartite clast- and matrix-supported, 
poorly sorted with erosional lower boundaries. Internal struc-
tures reveal different variations from massive (GyS mg) (Plate 
5, A1, A2, A3) where pebbles are randomly distributed and 
incorporated into sandy matrix to cross-lamination (GyS mt). 
These units are underlined by horizontally laminated or mas-

	Plate 5 Deltaic (A1-3), shallow marine (B1-10) and deep marine (C1-4) facies associations. (A1) Gravelly-sand basal lag formed by horizontall 
and cross-stratified unit, separated by massive sand units; A2) amalgamated fluvial channels (GyS mg); A3) lower erosional base of a channel 
and basal lag. (B1) Bioturbated massive sand, (B2) low angle cross stratification (foreshore)(B 3) massive conglomerate with few bioclasts that 
grade upwards, into horizontally stratified sandstones (upper shoreface); (B4, 6) low-angle cross-stratification followed by horizontal lamination 
(shoreface); (B5) climbing ripple; (B7) flaser-like internal structure; B8) articulated and disarticulated bivalves interbedded with massive sand 
represented by storm deposits; (B9, 10) wave ripples top and wave migration internal structure; Proximal (C1, 2) and distal (C3) fan deposits 
consist of meters of Bouma-type sequences. The lower base is non-erosional and some sandstone units contain mud clasts. The lateral extend 
is considerable. C4) hemipelagite and C5) sulphate nodules. The abbreviation of lithofacies areas is the following: G – gravel, S – sand, F – fines 
(shale, marls), h – horizontally laminated, r – ripple-laminated, t – trough cross-bedded, h – horizontal, l –low-angle cross-bedded, m – mas-

sive, g – graded, and l – fine laminated. According to Ghibaudo (1992) and Miall (1996) nomenclatures.
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sive coarse to medium-grained sandstone that are finning 
upwards. Vaguely pebbly imbrication has been recorded at 
the base of massive sandstones. Occasionally, mud rip-ups 
can occur. The petrography of gravels clasts indicate meta-
morphic, sedimentary and seldom volcanic sources (Anasta-
siu et al., 2009). Their morphology varies from subangular to 
subrounded. 

The massive conglomerates of massive to laminated 
sandstone units are considered to be the product of hyper-
concentraded flows that were followed by tractive currents 
progressively decelerating (Bouma, 1962). The presence of 
the fine laminated or massive fine sediments (mud and silt) 
are considered to be the results of decelerating currents and 
overbank accumulation.

4. Model of evolution

The facies model suggests that, in the lower part of the 
Sarmatian succession (Macrosequence I, Plate 6) fine deposits 
have been accumulated. This kind of deposition is propably 
linked to a deep sea (deeper than 200 m) palaeoenviron-
ment, indicative of a constant increasing of the relative sea 
level, followed by a transgression when a transgressive sys-
tem track (TST) took place. This the moment when fine and 
bipartite sand-mud deposits have been accumulated as a re-
sult of suspension fall-out in a quiet environment, occasion-
ally perturbed by thin sand units in response to the turbiditic 
flows. These deposits have been interpreted as distal lobes 
specific to a mud-rich system. 

The further changes in the sand-mud ratio triggered by 
an increasing in the sediment supply; a source area reacti-
vation or a normal regression induced the thickening of the 
sandstone strata (aggradational stage). The presence of ero-
sional features such as flute cast and sole marks at the base 
of sand-mud first order sequences allow to allocate them the 
attribute of Bouma-type (complete or not) as a turbiditic flow 
accumulation in proximal lobes.

The middle succession (Macrosequence II) is characterized 
by a gradually thicker and coarser sand deposits that tend to 
accumulate as a continuous, but slow decreasing of the sea 
level (normal regression). The general trend is coarsening-
upwards progradational pattern, consisting of facies ranging 
from distal shelf to foreshore. The presence of a high amount 
of bivalves, >90 % of them being broken and randomly amal-
gamated with siliciclastics (sand and conglomerates) have 
been interpreted as autochthonous storm deposits accumu-

lated under high regime flow in the proximity of shoreline. 
Their preservation in situ occurred due to rapid burial. 

The climax is reached in the upper part of the succes-
sion (Macrosequence III), when facies changes dramatically 
their physiognomy and become more and more coarser 
(conglomerates) and thicker with the same progradational 
stacking pattern. Finally, their exhumation lead to subaerial 
alteration and development of soils interpreted as sequence 
boundary that marks the regressive stage (RST).  

5. Conclusions
In all, 21 facies have been described and interpreted by 

using sequential analysis.

Facies analysis leads to separate gravel (conglomerate), 
sand, couples of sand-mud and mud-sand, respectively, mud 
lithofacies with various internal structure. Their association 
pattern allowed the reconstruction of the geometries of 
the sedimentary body and the architectural model that was 
ranked into micro-, meso-, macro- and megasequences. 

The overall successions are composed, form the base 
towards the top, by three macrosequences: (i) The Lower 
Sequence (Macrosequence I) represented by fine siliciclastic 
deposits made by mesosequences of lobes and channels; (ii) 
The Middle Sequence (Macrosequence II) characterized, main-
ly, by sand bars and dunes, with high amount of chaotic/de-
sarticulated bioclast deposits and, (iii) The Upper Sequence 
(Macrosequence III), predominantly made by conglomerates, 
represents a depositional sequence (Megasequence) consid-
ered to be the Sarmatian megasequence.

The association of these three macrosequences indicates 
an evolution from an initial transgresive stage, when deep 
marine environments prevailed, followed by a short moment 
of highstand with shallow water into a final regressive stage 
with deltaic deposits. The Sarmatian megasequence has been 
deposited in response to the changes of the ratio between ac-
comodation space and sediment supply which became pro-
gressively high. The base of the megasequence corresponds to 
an aggradational (para)sequences, while the upper, to a pro-
gradational one, conditionated by an transgressive-regressive 
cycle with a mixed, i.e., tectonic and eustatic, control.  
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