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The Lower Ju ras sic (Hettangian–Sinemurian) con ti nen tal de pos its of the Mehadia area (Caraê–Severin County) be long to
the Presacina Ba sin, Up per Danubian Units of the South Carpathians, Ro ma nia. This un-named suc ces sion is ex posed
along large ar eas within the Greaïca Quarry where de pos its of a com plex braided river sys tem can be seen. Nine clastic fa -
cies are iden ti fied within the Mehadia sec tion and grouped into two fa cies as so ci a tions re flect ing two main sub-en vi ron -
ments. (A) a fine-grained as so ci a tion, up to 6.5 m thick, com posed of grey ish black and dark grey mas sive and hor i zon tally
lam i nated mudstones interbedded with fine- to me dium-grained sand stones show ing rip ple lam i na tion, tab u lar low-an gle
large-scale cross-bed ding and in some places mas sive sand stones. Within this as so ci a tion coars en ing and fin ing-up ward
se quences are vis i ble, while sub or di nate pensymmetrical-like se quences were ob served. The sed i ments of the fine-grained
as so ci a tion are in ter preted as hav ing been de pos ited along an al lu vial plain from flood wa ters. The sand stone interbeds are
in ter preted as cre vasse chan nel-fills and the thin ner sand stone bod ies as prox i mal cre vasse splays. (B) a coarse-grained fa -
cies as so ci a tion rep re sented by sand stones and con glom er ates, both clast- and ma trix-sup ported, from gran ule to peb ble
clast sizes. Al most all basal mem bers of this as so ci a tion are un der lain by ero sional sur faces, while in ter nal ero sional sur -
faces oc cur at some lev els. The coarse-grained fa cies as so ci a tion is in ter preted as hav ing been de pos ited within ac tive river
chan nels of a sandy braided river sys tem. The oc cur rence of nu mer ous ero sional sur faces, the re cur rence of the fa cies
within this as so ci a tion (chan nel bod ies), as well as the abun dant mudstone and sand stone intraclasts all point to fre quent
con di tions of ero sion (in clud ing redeposition) of pre vi ously de pos ited sed i ments. The rel a tively low fine-grained sed i ment
con tent (<25%) can be ex plained by two fac tors: (1) a cre ation rate for ac com mo da tion space was not enough for the ac cu -
mu la tion of a large amount of overbank de pos its; (2) a lack of larger quan ti ties of fine-grained ma te rial be ing trans ported in
the river sys tem. Both fac tors may have op er ated in de pend ently or in ter acted.
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INTRODUCTION

The Lower Ju ras sic ter res trial for ma tions of the South
Carpathians rep re sent an im por tant field of in ves ti ga tion be -
cause of their coal re serves, key palaeobotanical and
palaeozoological con tents and the sig nif i cance of their
sedimentology and palaeo ge ogra phy (Popa and Van
Konijnenburg-Van Cittert, 2006; Popa, 2009; Kêdzior and
Popa, 2013). Along the north ern bor der of the Tethys realm, the 
Lower Ju ras sic coal-bear ing de pos its of the South Carpathians
show sedimentological, palaeontological and palaeoclimatic
fea tures which can be stud ied within ex tended un der ground

mines or opencast mines (Popa and Van Konijnenburg-Van
Cittert, 2006; Popa, 2009).

The Mehadia area is lo cated in the South Carpathians,
Caraê–Severin County, north of Orêova and Topleï, within the
Presacina Ba sin. It be longs tec toni cally to the Danubian Units
(Codarcea, 1940), and more pre cisely to the In ter nal or Up per
Danubian Units (Fig. 1; Berza et al., 1983, 1994; Mutihac, 1990; 
Iancu et al., 2005). The de pos its of the Mehadia area were
stud ied along the Greaca Val ley, a left trib u tary of the Belareca
River in Mehadia (spelled also Bela Reca, Bella Reca, or Bella
Recca), within a quarry on the east ern side of the town
(Fig. 2A–D). To the east ern end of the quarry oc curs the con flu -
ence be tween the Greaïca and Ciumoasa val leys. Im me di ately
south of the quarry there is the Strãjuï peak, rep re sented by
Perm ian rocks, which are mainly rhyolites.

The first geo log i cal stud ies in the Mehadia area were un der -
taken by Schloembach (1869), Schafarzik (1885, 1886, 1889)
and Schreter (1911), who briefly de scribed the lo cal ge ol ogy.
Mod ern stud ies of the South Carpathians and of the Mehadia
area were pub lished first by Codarcea (1940), who de tailed the
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Fig. 1A–D – geological setting of the Mehadia area, as part of the geological structure of the South Carpathians, 
in the Upper Danubian Units, Presacina Basin
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Fig. 2. Mehadia area, exposures and quarries

A – sat el lite view, the dot ted cir cle marks the ex po sure fig ured here in Fig ure 2E; B – north ern flank of the Greaïca Quarry, base of suc ces -
sion to the left (West), top to the right (East); C – west ern end of the Greaïca Quarry (en trance), Mehadia town and the out crop of the Ohaba
Beds, Pliensbachian–Toarcian in age; D – south ern flank of the Greacïa Quarry, base of suc ces sion to the right (West), top to the left (East);
E – Lower Ju ras sic de pos its in an ex po sure along the Ciumoasa Val ley (cir cled in Fig. 2A)



tec tonic struc ture and the stra tig ra phy of all the tec tonic units of
the South Carpathians, af ter Munteanu-Murgoci (1905) had
iden ti fied the Getic Nappe. The lo cal ge ol ogy was de tailed by
Gheorghiu and Rãileanu (1957), Gheorghiu (1958), Iliescu and
Semaka (1962), Iliescu (1963), Iliescu et al. (1968), Semaka
(1969, 1970), N±st±seanu (1980) and N±st±seanu and
Cernjavska (1980) who de scribed the Ju ras sic sed i men tary
suc ces sions of Mehadia, in clud ing the fos sil fauna, macroflora
and microflora.

Gheorghiu and Rãileanu (1957) briefly dis cussed the con ti -
nen tal suc ces sion, char ac ter iz ing it as be long ing to the Gresten 
fa cies and dat ing it as not youn ger than Pliensbachian. They
dated black, bi tu mi nous shales, con sid ered to be over ly ing con -
glom er atic-sandy de pos its, out crop ping along the Belareca
Val ley as Mid dle Li assic (Pliensbachian–Toarcian) in age. They 
de fined the con glom er atic se quence as the “Strãjuï con glom er -
ates”, with quartz clasts and re worked Perm ian rhyolites and
red sand stones. Gheorghiu (1958) de tailed the ge ol ogy of the
Topleï–Mehadia area, briefly de scrib ing the Lower Ju ras sic se -
quences, with basal con glom er ates, si li ceous sand stone, whit -
ish fossiliferous marls and black shales.

Iliescu and Semaka (1962), Iliescu (1963) and Semaka
(1969, 1970) cited a se ries of fos sil plants col lected from sand -
stone interlayers of the basal con glom er ates along the Greaïca
Val ley and con sid ered the lower part of the basal con glom er -
ates to be Rhaetian. Iliescu et al. (1968) based on the oc cur -
rence of var i ous plant spe cies also con sid ered the base of the
suc ces sion to be Rhaetian. These au thors iden ti fied
Phlebopteris angustiloba, Todites denticulata, Marattiopsis
hoerensis, Williamsonia gigas, Nilssonia polymorpha,
Ginkgoites marginatus, Stachyotaxus elegans and S. sp. (orig i -
nal names of taxa cited here), most prob a bly col lected from pre -
cisely the same fossiliferous lev els we stud ied in 2012 and
2013. They named the suc ces sion as “the angustiloba beds”
and the oc cur rence of Stachyotaxus elegans, Phlebopteris
angustiloba and Marratiopsis hoerensis were con sid ered by
these au thors as a proof for the Rhaetian age of the basal con -
glom er atic suc ces sion from the Greaïca Val ley.

Iliescu et al. (1968) col lected, from an up per, sand stone
suc ces sion in Greaïca Val ley, the fern Todites denticulata and
brachi o pods such as Rhynchonella variabilis and Spiriferina
sp., and con sid ered them to be Hettangian–Sinemurian in age.
They synonymized the “Strãjuï beds” with the “angustiloba
beds”, dat ing them as strictly Rhaetian for the whole con glom -
er atic suc ces sion along the Greaïca Val ley.

N±st±seanu (1980) un der took de tailed palaeontological
stud ies, with some sedimentological ob ser va tions, re gard ing
the Lower Ju ras sic suc ces sions in the Mehadia area, and dis -
cussed their fa cies vari a tions and lo cal struc tures to gether with
their fos sils of fauna, macro- and microflora. N±st±seanu con -
sid ered the thick ness of these de pos its to be up to 1100 m
thick, and the Lower Ju ras sic de pos its with the Gresten fea -
tures to be 550–800 m thick. The Hettangian–Sinemurian was
de scribed as 200–300 m in thick ness, with a basal con glom er -
atic ho ri zon and a sandy ho ri zon. The Pliensbachian–Toarcian
de pos its be long to the “Ohaba beds”, be ing rep re sented mainly 
by fossiliferous black shales said to be a lat eral fa cies of the
“Bogâltin beds”. N±st±seanu de scribed the Aalenian as rep re -
sented by the “Ciumârna beds”.

N±st±seanu and Cernjavska (1980) also de tailed and il lus -
trated a Hettangian microfloral as sem blage along the Greaïca
and Ciumoasa val leys, which were re garded as in di ca tors for
the Lower Ju ras sic (Hettangian–Sinemurian) in Mehadia,
thereby re ject ing the Rhaetian age pro posed by pre vi ous au -
thors. They con sid ered the lo cal Greaïca–Ciumoasa struc ture
with Lower Ju ras sic con glom er ates as a lo cal syncline, ori ented 

west-east, with its axis east of and close to the
Greaïca– Ciumoasa con flu ence. The west ern flank of this
syncline is lim ited by the Mehadia–Cornereva Fault, while the
east ern flank is ex pressed along the Ciumoasa Val ley as an un -
con formity be tween the Hettangian and the Perm ian de pos its.
N±st±seanu and Cernjavska (1980) de scribed the thick ness of
the suc ces sion as 200 m.

The aim of this study is to doc u ment the depositional re cord
from one of the larg est out crops of Lower Ju ras sic con ti nen tal
strata from the Up per Danubian unit of the South Carpathians.
A de scrip tion and in ter pre ta tion of the sed i men tary fa cies also
helps the un der stand ing of the drain age pat tern for the ear li est
Ju ras sic. The anal y sis rep re sents a case study of a Lower Ju -
ras sic coarse-grained flu vial suc ces sion and il lus trates the tem -
po ral en vi ron men tal and, on a lim ited scale, the spa tial changes 
of the sed i men tary en vi ron ments.

GEOLOGICAL BACKGROUND

The Lower Ju ras sic con ti nen tal suc ces sion of the Mehadia
area un com fort ably over lies the meta mor phic rocks of the
Danubian base ment (Neamïu se ries) or the Perm ian vol -
cano-sed i men tary suc ces sions, and is it self un com fort ably
over lain by Mio cene strata.

The Lower Ju ras sic de pos its of the Mehadia area are out -
lined in the fol low ing suc ces sion:

1. A basal con glom er atic, ter res trial suc ces sion, with
sand stone and mudstone interlayers, known as “the
Strãjuï con glom er atic beds”, or “the angustiloba beds”,
50–300 m in thick ness, is ex posed mainly in the Greaïca 
Quarry. The suc ces sion in the Mehadia area (Greaïca
and Ciumoasa val leys) is the sub ject of this pa per. At its
top oc cur si li ceous, white, con glom er ates and sand -
stones, con form ably over ly ing the basal con glom er ates, 
~75 m thick. This suc ces sion is Hettangian–Sinemurian
in age;

2. Black, bi tu mi nous, fossiliferous shales, lo cally
grey-whit ish and marly at their base, con form ably over -
lie the si li ceous sand stone suc ces sion, and are also
known as the “black Li assic se ries”, the “Ohaba beds”
(Fig. 2A, C) and the “Bogâltin beds”. This marly and bi tu -
mi nous suc ces sion is 350–400 m thick where it grades
into black, bi tu mi nous shales which out crop es pe cially
along the right bank of the Belareca River in Mehadia
(along the rail ways, where they of fer a large,
fossiliferous ex po sure). In this pa per the suc ces sion is
con sid ered to be  Pliensbachian–Toarcian in age, with
part of it be ing re lated to the Early Toarcian oce anic
anoxic event (T-OAE).

Within the Greaïca Quarry, the Lower Ju ras sic ter res trial
beds dip eastwards at 50–60°. This at ti tude changes af ter the
con flu ence be tween the Greaïca and Ciumoasa val leys, where
the strata can even be hor i zon tal. Also beds dip ping west wards
can be ob served ~270 m up stream from the con flu ence, along
the Ciumoasa Val ley. This is where N±st±seanu and
Cernjavska (1980) showed the un con formity be tween the
Hettangian and Perm ian suc ces sions, and the oc cur rence of
their first sam ples (their fig. II il lus trated here in our Fig. 2A and
E). We con sider this ex po sure to show the tec tonic con tact be -
tween the Hettangian and Perm ian de pos its, not nec es sary as
an un con formity (Fig. 2E). The Lower Ju ras sic de pos its along
the Ciumoasa Val ley are strongly tectonised up stream from the
con flu ence be tween Greaïca and Ciumoasa, mak ing it dif fi cult
to as sess what might be a monocline or a syncline in the area.
Along Greaïca Quarry, up to the con flu ence be tween the
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Greaïca and Ciumoasa val leys, the lower Ju ras sic de pos its
have monoclinal po si tions, be ing in ter preted as ei ther be long -
ing to a sin gle monocline or to the west ern flank of a syncline.

We re frain from for mally nam ing a new for ma tion for the
Hettangian–Sinemurian strata of the Mehadia area. They have
been pre vi ously named as the “angustiloba beds”, as well as
the “Strãjuï con glom er ates”, but both their base and top are
miss ing in the area, mak ing a for mal strati graphic as sess ment
dif fi cult. The most ap pro pri ate name for the stud ied suc ces sion
is the “Schela Sand stone For ma tion”, which has been de -
scribed pre vi ously from the Danubian Units (Mrazec, 1898;
Manolescu, 1932; Drãghici and Boiciuc, 1969; N±st±seanu et
al., 1981) and shows no fa cies and palaeobotanical dif fer ences
from the Mehadia sec tion.

MATERIAL AND METHODS

Field work was un der taken dur ing the au tumns of 2012 and
2013 when de tailed map ping and sam pling were car ried out in
the Mehadia area, and es pe cially along the Greaïca and
Ciumoasa val leys. The lithofacies clas si fi ca tion was pro duced
us ing the successional de scrip tion at 1:100 scale. The
successional de scrip tion in cludes the li thol ogy, the tex tures and 
the struc tures of the sed i men tary rocks, fos sil oc cur rences and
their ori en ta tion, bioturbation, rock col our, faults and
tectonoglyphs. The com bi na tion of mac ro scopic lithological,
struc tural, tex tural and bi otic fea tures were used for sub di vid ing
the lithofacies and lithofacies as so ci a tions. Draw ings were
made and pho to graphs taken while beds were counted and
mea sured, re corded and sam pled and the sed i men tary struc -
tures doc u mented through the Hettangian–Sinemurian suc ces -
sion. Each layer was re corded, counted, mea sured and pho to -
graphed, in or der to ob tain a highly pre cise and de tailed
sedimentological and palaeontological im age of the sed i men -
tary suc ces sions.

RESULTS

The sed i men tary suc ces sion of the stud ied  Mehadia area is 
>200 m thick and is well ex posed along both sides of a for mer
opencast mine for sand stones and grav els, lo cated within the
Greaïca Val ley, down stream of its con flu ence with the
Ciumoasa Val ley. The val ley mouth has been wid ened giv ing
fresh ex po sures of part of the suc ces sion.

LITHOFACIES DESCRIPTION AND INTERPRETATION

Nine lithofacies are dis tin guished and de scribed in or der of
in creas ing grain-size (Ta ble 1) and the net con tent of the in di -
vid ual lithofacies is shown in Fig ure 3A. This sim ple com par i son 
of the net con tent leads to a con clu sion that the sandy and con -
glom er atic lithofacies (Sr, Sl, Sm, Gm and Gc) (75%) pre dom i -
nate over the fine-grained lithofacies (MM, Mh, MD and Srr)
(~25%).

Mas sive mudstones (Mm). This lithofacies is rep re sented
by grey ish black to me dium dark grey mudstones and
claystones with no clearly vis i ble sed i men tary struc tures
(Fig. 4A) rang ing in thick ness be tween 3–30 cm and up to
50 cm (Fig. 3B) as they form interbeds within sandy or gravel
de pos its. Bound aries with the sur round ing de pos its are both
gradational and sharp, but there is no clear reg u lar ity in the type
of un der ly ing de pos its. In many cases these are fine-grained
sand stones, but some times there are coarse-grained sand -
stones or even con glom er ates. Some traces of root sys tems

and plant re mains were re corded in clud ing coal-coated holes
which are typ i cal rem nants of stems in growth po si tion. In one
place des ic ca tion crack-like struc tures were ob served. The up -
per bound aries are usu ally sharp or ero sional.

This lithofacies was pro posed by Miall (1977) for the mud
drapes oc cur ring within sandy and grav elly braided de pos its,
where they rep re sent ei ther sed i ments ac cu mu lat ing in pools of 
stand ing wa ter dur ing low-stage chan nel aban don ment or the
most dis tal floodplain fa cies, in clud ing de po si tion in floodplain
ponds (Rust, 1978).

Hor i zon tally lam i nated mudstones (Mh). This is rep re -
sented by grey ish black to me dium dark grey mudstones and
claystones with a sub tle hor i zon tal lam i na tion (Fig. 4B). They
are marked by thin, sub-millimetric lenses and laminae of
coarser ma te rial. This lithofacies var ies in thick ness be tween
1–60 cm, but al most 50% of the hor i zon tally lam i nated
mudstones has a thick ness <10 cm (Fig. 3C). The basal and
top bound aries are sharp if the lithofacies is em bed ded in me -
dium to very coarse-grained sand stones. A gradational lower
bound ary has been ob served if mas sive and rip ple-lam i nated
fine-grained sand stones oc cur be low the hor i zon tally lam i nated 
mudstones. These sand stones con tain traces of root sys tems.
The up per bound ary in many cases is ero sional. This
lithofacies, with well-pre served root sys tems and com pres sion
fos sil flora, is typ i cal of overbank ar eas and it rep re sents de po -
si tion from sus pen sion and weak trac tional cur rents.

Diamictites (MD). This lithofacies in cludes both mas sive
and hor i zon tally lam i nated gray ish black to dark gray
mudstones, but its spe cific fea ture is the oc cur rence of dis -
persed quartz grains and clasts up to 2 cm across (Fig. 4C, D),
which are subangular to subrounded and cha ot i cally dis trib uted 
within the mudstone ma trix. The term “diamictite” (Frakes,
1978) is pre ferred, em pha siz ing only a range of par ti cle sizes,
not a “rel a tive abun dance of any or all size classes”. This
lithofacies in not very com mon over all and its thick ness does
not ex ceed 50 cm, 80% <30 cm (Fig. 3D). Its bound aries are
mostly sharp, al though the up per bound ary lo cally shows ero -
sional fea tures. The sur round ing de pos its are nearly al ways
coarse to very coarse-grained sand stones or con glom er ates;
only oc ca sion ally this lithofacies is un der lain by mudstones
(Mm or Mh) and fine-grained sand stones.

The mas sive quartz-bear ing mudstones rep re sent sed i -
ments gen er ated in pools of stand ing wa ter dur ing low-stage
chan nel aban don ment phases, whereas the lam i nated
mudstones were formed in overbank ar eas with their de po si tion 
be ing in flu enced by sus pen sion and weak trac tional cur rents.
The pres ence of scat tered quartz clasts can be ex plained by
sev eral dif fer ent mech a nisms.

The first in volves the quartz clasts be ing at tached to the
roots of plants that had been grow ing on the top most parts of
veg e tated bars that are com posed of sand stones with dis -
persed peb bles or con glom er ates. Dur ing the next high wa ter
level, the trunks were washed out as float ing de bris and peb -
bles sunk as the heavi est par ti cles. The sec ond pos si bil ity in -
volves high-vis cos ity flows, which are able to carry al most all
clasts and then de posit mas sive and cha otic sed i ments. How -
ever, as such a mech a nism needs steep slopes to gen er ate de -
bris flows, de po si tion could have taken place fol low ing phases
of ero sion of banks that were com posed of co he sive ma te rial
pos si bly sta bi lized by a dense root net work. An other ex pla na -
tion of the oc cur rence of diamictites re lates to the mi gra tion of
bars on a muddy sub strate. The grav els roll ing down the
slipface may have formed lay ers within the mud (Fig. 4D) or be -
come cha ot i cally dis persed within it (Fig. 4C) with mud in fill ing
the spaces be tween clasts (Dashtgard et al., 2006). The lim ited
ex po sure of the diamictite lay ers means that the muddy sub -
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T a  b l e  1

Lithofacies of the Schela For ma tion in the Mehadia sec tion
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Fig. 3. Contents of the individual lithofacies and their thickness distribution
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Fig. 4. Fine-grained lithofacies

A – mas sive mudstone (Mm) lithofacies; B – hor i zon tally lam i nated mudstone (Mh) lithofacies over lain by mas sive sand stones (Sm
lithofacies) with ero sional sur face at the base; C, D – diamictites (MD) lithofacies: C – dis persed poorly sorted (peb ble to gran ule size) quartz
grains; D – well-sorted gran ule size quartz grains; E, F – root-re worked sed i ments (Srr) lithofacies: E – bedding sur face view; F –
perpendicular to bed ding sur face view



stra tum might rep re sent an infill of gul lies de vel oped on top of
the chan nel bars or aban doned chan nels.

Root-re worked sed i ments (Srr). This lithofacies in cludes
both mudstones and fine- to me dium-grained sand stones. It is
rare in the sec tion stud ied and only 12 lev els of this type were
found. The orig i nal sed i men tary struc tures are blurred, ob -
scured or de stroyed by root net works and bioturbation (Fig. 4E,
F) and a sin gle rem nant of a stem in a growth po si tion has been
found. The thick ness of this lithofacies ranges be tween
5–60 cm, but usu ally it is <25 cm (Fig. 3E). The lower bound -
aries are usu ally gradational if they over lie rip ple-lam i nated to
cross-bed ded sand stones. The up per bound aries are sharp or
have ero sional fea tures. This lithofacies is com mon on veg e -

tated floodplains, in clud ing nat u ral levee ar eas, and rep re sents
soil de vel op ment in a hu mid cli mate.

Rip ple-lam i nated sand stones (Sr). This lithofacies is rep -
re sented by me dium dark grey to grey fine- and me -
dium-grained sand stones with asym met ri cal rip ples (Fig. 5A).
The lam i na tion is typ i cally marked by silt ad mix ture or fine plant
de tri tus. The thick ness of the in di vid ual sets var ies from a few
milli metres up to 3 cm. The coset thick ness at tains not more
than 35 cm (Fig. 3F). The de pos its of this lithofacies usu ally
pass gradationally from coarser de pos its of the Sl lithofacies,
al though lo cally the lower bound ary is sharp if they are un der -
lain by mudstones of the Mh and Mm lithofacies. The lithofacies 
is fol lowed by Mh and Mm lithofacies, but spo rad i cally a coars -
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Fig. 5. Sandstone lithofacies

A – ripple-laminated sandstone (Sr) lithofacies, bedding surface view; B, C – large-scale cross-bedded sandstone (Sl) lithofacies: B –
very coarse-grained sandstone with faint tabular cross-bedding; C – parting lineation – bedding surface view; D – massive sandstone

(Sm) lithofacies with sharp boundary of overlying Sl lithofacies



en ing-up wards depositional se quence oc curs, and in such
cases the Sr lithofacies is over lain by cross-bed ded sand -
stones. In the coars est rip ple-lam i nated sand stones the bound -
ary be tween lithofacies is ac cen tu ated with sharp or even ero -
sional sur faces. The Sr lithofacies is re lated to the mi gra tion of
small rip ples in con di tions of rel a tively low-en ergy flows (lower
flow re gime).

Large-scale cross-bed ded sand stones (Sl). This
lithofacies is the most com mon in the whole suc ces sion (28%).
De pos its with in clined in ter nal strat i fi ca tion are typ i cal, with the
ma jor ity hav ing low-an gle cross-bed ded fea tures with only
three beds be ing trough cross-bed ded. The dip var ies from 1.5° 
up to 11° and only in two cases ex ceeds 15°, usu ally with as -
ymp totic con tacts with bound ing sur faces. Low an gle
cross-bed ding is com monly vis i ble, be ing em pha sized by the
oc cur rence of in clined coarser ma te rial string ers. The dom i nant 
type of the cross-bed ding oc curs in a broad range of grain
sizes, from con glom er atic to me dium-grained sand stones
(Fig. 5B). The thick nesses of the lamina-sets vary from a few
centi metres up to sev eral decimetres, whereas lay ers of Sl
lithofacies usu ally con sist of cosets that can be up to sev eral
metres thick (Fig. 3G). The sed i ments of this lithofacies are
usu ally interbedded with mas sive sand stones and con glom er -
ates, and as mem bers of a fin ing up wards se quence, they are
over lain by rip ple-lam i nated sand stones. Only in a few cases
the up per bound ary is sharp where the mudstones of the Mm
and Mh lithofacies were ob served di rectly over cross-bed ded
sand stones. Lo cally ero sional sur faces ex ist where the Sl
lithofacies is over lain by con glom er ates and a strong lithological 
con trast is ob served. In some places, pri mary cur rent lineation
is vis i ble (Fig. 5C), sug gest ing a NNW–SSE trans port di rec tion. 
The Sl lithofacies ei ther in di cates dis tinct bedform ge om e tries
like washed-out dunes or hump back dunes oc cur ring at the
tran si tion be tween subcritical and super criti cal uni di rec tional
flow or may rep re sent plane beds de vel oped on ini tially dip ping
sur faces, such as scour hol lows.

Mas sive sand stones (Sm). Mas sive con glom er atic to
fine-grained sand stones are the sec ond most fre quent (25%)
among all lithofacies. In mesoscopic scale, no sed i men tary
struc tures can be dis tin guished, the rocks be ing per ceived as
gen er ally mas sive (Fig. 5D). The thick ness of this lithofacies
changes in a broad range from sin gle centi metres up to 3.5 m
(Fig. 3H). The bound aries are usu ally des ig nated ar bi trarily, ex -
cept for those places where a strong lithological con trast is ob -
served. Only lo cally the ero sional sur faces at the con tact of sim -
i lar frac tion oc cur. The mas sive sand stone bod ies are in ter -
preted as the prod uct of sub aque ous grav ity flows (Jones and
Rust, 1983; Rust and Jones, 1987; Turner and Monro, 1987;
Wizevich, 1992), braid bar dis sec tion by re di rec tion of cur rent
flow (Hodgson, 1978), or as the re sult of chan nel bot tom sed i -
men ta tion dur ing peak flow events (Conaghan and Jones,
1975; Conaghan, 1980; Wizevich, 1992). Thus, the mas sive
sandbodies are be lieved to be the de pos its of highly con cen -
trated sed i ment/wa ter mix tures which lie in the con tin uum from
cohesionless sed i ment flow to stream flow with nor mal sed i -
ment con cen tra tion. The mas sive sed i ments are compo -
sitionally iden ti cal to the struc tured sand stones with which they
are as so ci ated and they are in ter preted as the re sult of de po si -
tion from highly con cen trated stream flows de vel oped through
flood ing and en train ment of sandy floodplain ma te rial (Mar tin
and Turner, 1998). Sed i ment de po si tion oc curred di rectly from
rapid sus pen sion fall out from a trac tion car pet, thus pre clud ing
the de vel op ment of bedforms. The sandbody ge om e try of the
mas sive sand stones is in ter preted to be con trolled by the in ter -
re la tion of cli mate and sed i ment sup ply. To pro duce highly con -
cen trated open chan nel flows, large quan ti ties of sus pended

sed i ments are re quired. Mod ern hyperconcentrated flows oc cur 
in ar eas with high soil ero sion and low veg e ta tion cover. The
De vo nian–Cre ta ceous time in ter val was a pe riod of in creas ing
sta bi li za tion of land sur faces by veg e ta tion and soil ero sion is
in ferred to have been greater prior to the Cre ta ceous, when
interfluve and up land ar eas started to be col o nized by plants ca -
pa ble of sur viv ing se vere weather and cli ma tic fluc tu a tions
(Miall, 1996). Fi nally, with the ap pear ance of grasses dur ing the
Ce no zoic Era, the re la tions be tween cli mate, veg e ta tion, ero -
sion, and run off be came much as to day (Schumm, 1968), but
hyperconcentrated flows are pres ent even in hu mid cli ma tic
con di tions with well-de vel oped veg e ta tion driven by tor ren tial
flood and heavy wa ter run off or bank ero sion as well as by tec -
tonic fac tors (e.g., earth quakes af fect ing wa ter-laden de pos its)
(Costa, 1984; Guzzetti et al., 2008; Norhidayu et al., 2016;
Widera, 2017).

Clast-sup ported con glom er ates with abun dant ma trix
(Gm). This lithofacies con tains poorly sorted mas sive as well as 
crudely hor i zon tally lam i nated and crudely cross-bed ded con -
glom er ates (Fig. 6A). The ma trix of these con glom er ates is
com posed of coarse to very coarse-grained sand stones. Most
of the clasts con tain iso met ric quartz grains up to 5 cm in di am -
e ter, al though some in clude in fre quent chert and quartz ite par ti -
cles of gran ule and peb ble size as well as elon gated mudstone
and fine-grained sand stone intraclasts up to 10 cm long. The
quartz grains are mostly an gu lar and subangular, with a small
ad mix ture of subrounded par ti cles. The thick ness of this
lithofacies is highly vari able from 5 cm to 4 m al though it usu ally
reaches >30 cm (Fig. 3I). The lower bound aries of this
lithofacies are usu ally ero sional, es pe cially in the lower part of
the suc ces sion (see Fig. 7) In con trast, the up per bound aries
are ei ther sharp, if the dis tinct lithological con trast oc curs, or
gradational, if the only faint grain-size vari a tions oc cur. This
type of de posit can be ei ther re lated to braided chan nels de vel -
oped at the top of al lu vial fans, cat a strophic floods, braided river 
sys tems, or even to a me an der ing chan nel pat tern (Steel and
Thomp son, 1983). The coarse ness, poor sort ing and abun dant
ma trix in the con glom er ates as well as the struc ture of the
lithofacies sug gest rapid de po si tion of sand and peb bles from a
flow of high con cen tra tion (Steel and Thomp son, 1983). How -
ever, they may also be re lated to braided streams form ing lon gi -
tu di nal, di ag o nal or trans verse bars (Rust, 1978), that may be
in ter nally com plex (Bluck, 1976).

Clast-sup ported con glom er ates (Gc). This lithofacies
con tains both well and poorly sorted iso met ric grains of gran ule- 
to peb ble-size (Fig. 6B). The iso met ric shape of the grains ob -
scures the sed i men tary struc tures, but the crudely vis i ble
imbrication of more elon gated clasts sug gests a hor i zon tal
strat i fi ca tion. The clast in ven tory is sim i lar to that of the Gm
lithofacies with pre dom i nant quartz grains, but the grain sizes
are typ i cally smaller. Well-sorted gran ule and small (up to 1 cm)
peb ble-sized clasts are most abun dant, be ing usu ally an gu lar
and subangular, with only a por tion be ing subrounded. The
thick ness of this lithofacies changes from 2 cm (al most sin gle
lamina scale) up to 80 cm and only one layer is thicker than that
(Fig. 3J). This lithofacies is rel a tively rare within the whole suc -
ces sion (3.6%). The lower bound aries are usu ally eroded, but
where the grain-size is small, the bound aries are sharp or even
gradational. The up per bound aries are mostly gradational while
this fa cies passes into the coarse- to very coarse-grained sand -
stones of the Sm and Sl lithofacies. Only in a few cases do
mudstones oc cur di rectly over clast-sup ported con glom er ates.
This lithofacies is in ter preted as a lag de posit or as lon gi tu di nal
bedforms. The thicker beds prob a bly rep re sent grav elly low-re -
lief lon gi tu di nal bars var i ously in fil trated with sand (see Miall,
1977; Nemec and Postma, 1993), whereas thin ner lay ers are
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in ter preted as chan nel-floor lag de pos its. The bars were prob a -
bly formed shortly af ter chan nel in ci sion, at the stage of high est
flow power and gravel trans port. The lack of high-an gle
cross-strat i fi ca tion sug gests an ab sence of trans verse or
oblique braid bars (cf. Steel and Thomp son, 1983; Miall, 1996).

VERTICAL LITHOFACIES TRANSITIONS

Anal y sis of the tran si tion fre quency be tween in di vid ual
lithofacies (Fig. 6C) re veals that the most fre quent tran si tions oc -
cur be tween the sandy lithofacies Sm/Sl (41) and Sl/Sl (42), less
com monly been ob served be tween Sl/Sm (38) and Sm/Sm (34)
lithofacies. The sec ond clus ter of the most fre quent tran si tion is

ob served at sand stone/mudstone lithofacies changes Sl/Mh
(30), Sm/Mm (28) and Sm/Mh (24). The third clus ter is com -
posed of muddy and sandy lithofacies, which are less com mon in 
com par i son with oth ers, but this can be ex plained by the rel a -
tively low amount of fine-grained de posit within the whole sec tion
(see Fig. 3). The tran si tion be tween hor i zon tally lam i nated
mudstones and sand stones (Mh/Sm, Mh/Sl) oc curs 24 and 23
times re spec tively, whereas the pas sage from mas sive
mudstones into sand stone lithofacies is less com mon (Mm/Sm – 
21 and Mm/Sl – 17). The last clus ter is rep re sented by tran si tions 
from con glom er ates (Gc and Gm lithofacies) into sand stones
(Sm and Sl) lithofacies with fre quen cies of less than 15 each.
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Fig. 6. Conglomeratic lithofacies (A, B) and (C) frequency of the transition between individual lithofacies

A – clast-supported conglomerates with abundant matrix (Gm) lithofacies composed of pebble- to granule-sized vein quartz 
and an admixture of other lithic grains; B – clast-supported conglomerates (Gc) lithofacies containing angular pebble- 

to granule-sized grains of vein quartz
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The most abun dant tran si tions re flect ei ther the fre quency
of the sandy lithofacies in the Mehadia sec tion and changes in
flow strength, or flow ve loc ity fluc tu a tion. The most fre quent
Sl/Sl tran si tion in di cates short-term breaks in de po si tion, which
might be re lated to in crease in flow ve loc ity caus ing omis sion or
even in ter nal ero sional sur faces. Al most the same fre quency of
the tran si tion Sm/Sl from weakly or ga nized to better struc tured
de pos its with less ma trix is gen er ally in dic a tive of a de creas ing
flow strength and better hy dro dy namic sort ing of the par ti cles.
The abun dance of the tran si tions be tween Sl/Sm and Sm/Sm
lithofacies can be ex plained by pe ri odic and lo cal sed i ment
grav ity flows (Jones and Rust, 1983; Rust and Jones, 1987;
Turner and Monro, 1987; Wizevich, 1992), typ i cally re lated to
braid-bar in ci sion (Hodgson, 1978) or bank col lapse (Miall,
1996). The pas sages from sand stones lithofacies into both
mas sive and lam i nated mudstones re flect a sud den drop in flow 
ve loc ity and the de po si tion of sus pended fine-grained ma te rial.
The oc cur rence of the Mh lithofacies in di cates the per sis tence
of flow and sug gest that the top most parts of the bedforms were
still cov ered by wa ter, whereas mas sive mudstones in di cate
rapid emer gence of the bar top and de po si tion from sus pen sion
in pools of stand ing wa ter. The mudstones are mainly fol lowed
by sand stones, with the grav elly lithofacies oc cur ring only
rarely. The high lithological con trast be tween mudstones and
struc tured me dium-grained to con glom er atic sand stones sug -
gests a rapid flood ing of the overbank ar eas and that the flood -
ing was strong enough to cause ero sion of pre vi ously de pos ited 
mudstones. The tran si tion from the both muddy lithofacies (Mh,
Mm) to mas sive sand stones (Sm) can be ex plained by the de -
po si tion of ma te rial from eroded banks and their sub se quent
col lapse pro duc ing lo cally hyperconcentrated flows, al though it
is pos si ble that tran si tions of Sm/Mm/Sm lithofacies can also be 
ex plained by liq ue fac tion of wa ter-laden sed i ments and re lated
to earth quakes. The typ i cal tran si tions be tween con glom er ates
and over ly ing sandy de pos its (Gm/Sl, Gm/Sm and Gc/Sm,
Gc/Sl) may re flect de creas ing wa ter depths over the grow ing
bedform, which leads to de creased shear stress and to a cor re -
spond ing up wards re duc tion in clast size (Miall, 1996). Some
grav elly bedforms show seg re ga tion of gravel and sand within
the same bedform. Well-sorted sands form topset beds, and
bottomset beds com posed of cross-bed ded gravel show a con -
tin u a tion of bed ding from the gravel up into the sand. Al though
gravel clasts ac cord ing to Miall (1996) should be rounded to fa -
cil i tate sort ing by roll ing on the bed, is it pos si ble that the iso met -
ric shape of the clasts, de spite their round ness, would be suf fi -
cient to sup port roll ing. Bedforms with such fea tures de velop
un der plane-bed con di tions (Miall, 1996).

The in ter pre ta tion of the most fre quent tran si tions within the
Mehadia sec tion leads to the con clu sion that, dur ing the de po si -
tion of coarse-grained ma te rial, rel a tively sta ble flow con di tions
pre vailed, with only mi nor fluc tu a tions, pro duc ing changes in
sed i men tary struc tures or/and sub tle grain-size vari a tions. The
more prom i nent changes are re lated to pe ri odic de crease and
in crease in flow ve loc ity be ing re spon si ble for the strong
lithological con trasts be tween in di vid ual beds and they can be
in ter preted as switch ing be tween in-chan nel and overbank de -
po si tion or as a sud den drop and rise of the wa ter-ta ble level
within the chan nel. Both pro cesses are char ac ter is tic of the
braided river en vi ron ment.

LITHOFACIES ASSOCIATIONS

Fine-grained as so ci a tion (FA1). This lithofacies as so ci a -
tion is com posed of mudstones (lithofacies Mm, Mh and MD)
and of var i ous sand stone frac tions (mainly fine- to me dium-
 grained Sr, Srr and Sl lithofacies). The thick ness of the de pos its 

at trib uted to this as so ci a tion is highly vari able, from a few centi -
metres up to >6.5 m (Fig. 7). The to tal con tent of the FA1 de -
pos its is ~20%. In al most all cases, ero sional sur faces have
been ob served at the up per bound aries. The anal y sis of the
ver ti cal se quence of the lithofacies al lows the rec og ni tion of
sev eral depositional subenvironments re lated to overbank ar -
eas. Within gravel- and sand-bed river sys tems the overbank
ar eas oc cupy only a mi nor part of the al lu vial val ley (e.g.,
Reinfels and Nanson, 1993).

Nat u ral levee de pos its (LV). These de pos its oc cur es pe -
cially in the lower part of the suc ces sion (Fig. 7). They are com -
posed of interbedded hor i zon tally lam i nated mudstones (Mh
lithofacies) and fine-grained rip ple-lam i nated sand stones (Sr
lithofacies). Traces of coalified root sys tems were spo rad i cally
ob served. The thick ness of the in di vid ual beds is rel a tively low
(5–40 cm), and the levee bedsets can reach 1.9 m in thick ness
(Fig. 8A), al though it is usu ally <1 m (Fig. 8B–F). This set of fea -
tures is typ i cal of the nat u ral levee subenvironment, al though
some parts can be also in ter preted as var i ous parts of the
floodplain with cre vasse splays (Fig. 8A, F). The def i ni tion given 
by Brierley et al. (1997) em pha sized four com po nents: (a) prox -
im ity to chan nel mar gin; (b) ad ja cent to ac tive pris matic bod ies,
tri an gu lar in cross-sec tion, ridge or wedge-shaped fea tures,
raised above the ad ja cent floodplain, as the basal con tact may
be poorly de fined; (c) rib bon-like, elon gate fea tures, aligned
par al lel to chan nels; (d) el e va tion is greater at or close to the
edge of the chan nel, where they com monly form steep banks,
and from where they gently slope away into the floodbasin at
some dis tance from the chan nel. This hap pens when the chan -
nel mar gin slope is better de fined than the floodplain (dis tal)
mar gin, as the levee may grade into ad ja cent floodplain units. In 
most cases, lev ees are com posed of thinly interbedded
flood-cy cle de pos its that re flect sed i men ta tion in flu enced by an
ris ing and fall ing wa ter-ta ble with each sed i men tary rhythm rep -
re sent ing a flood event. Up ward-coars en ing se quences are
com mon, re flect ing an in creased bed shear stress re lated to
ris ing flood events (e.g., Wizevich, 1992). Dur ing the high stage 
of the floodwater, lev ees are only oc ca sion ally cov ered by wa ter 
and they typ i cally have veg e tated sur faces. Ac cord ingly, their
de pos its may have a sig nif i cant pro por tion of roots and or ganic
mat ter (Brierley et al., 1997).

Cre vasse chan nel and cre vasse splay de pos its (CR-S).
Within the FA1 as so ci a tion there are se quences start ing with
ero sional sur faces be ing char ac ter ized by an al most com plete
lack of con glom er ates. A basal mem ber is com posed mainly of
very coarse- to coarse-grained sand stones of the Sm and Sl
lithofacies, in many in stances di rectly over lain by mudstones of
the Mh lithofacies (Fig. 9). The max i mum thick ness of iso lated
sand stone beds (Fig. 9A) typ i cally ranges from 20 to 40 cm and
never ex ceeds 85 cm. Sub or di nate coars en ing-up wards se -
quences have been ob served (Fig. 9B). Such se quences start
with fine- to me dium-grained sand stones of the Sr or Sl
lithofacies, with spo radic ero sional sur faces at the base, and
they grad u ally pass into coarser sed i ments, mainly of the Sl
lithofacies. The thick ness of those se quences is typ i cally
<0.5 m. In a few cases, fin ning-up wards se quences oc cur
(Fig. 9C) but only oc ca sion ally were pensymmetrical-like se -
quences iden ti fied (Fig. 9D). The fin ing-up wards se quences
are thin ner than the coars en ing ones, and they do not ex ceed
sev eral tens of centi metres. The pensymmetrical-like type is
char ac ter ized by coars en ing of the up per sed i ment frac tion fol -
lowed by a grad ual de crease in grain size. The thick ness of the
de pos its reaches >1.0 m. Both se quences start with coarse- to
very coarse-grained sand stones of the Sl lithofacies and an
ero sional sur face al ways oc curs at the base of the low er most
mem ber se quence.
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The com mon fea tures of all these se quences are the re -
duced thick ness (decimetres up to 1.5 m) in com par i son with
in-chan nel de pos its; the grain-size is dis tinctly smaller than in
the thicker con glom er atic and sandy beds; the oc cur rence of
sed i men tary struc tures (rip ple lam i na tion and large scale
cross-bed ding in me dium- to fine-grained sand stones – Sr and
Sl lithofacies), and the sharp or spo rad i cally ero sional lower
bound ing sur face are typ i cal of de po si tion from weaker flow;
and the wide spread oc cur rence of the root sys tems.

The as sem blage sug gests these se quences are cre vasse
chan nel and cre vasse splay de pos its. The chan nels are in cised 
into levee and other overbank or backswamp de pos its, be com -
ing shal lower away from the main chan nel and car ry ing finer
ma te rial due to de creased flow ve loc ity away from the main
chan nel and to ward the lim its of the splay (Miall, 1996). The fin -
ing-up ward se quences may be in ter preted as the grad ual pas -
sage from cre vasse chan nel to cre vasse splay de pos its. The
sed i ment was in tro duced in floodplain ar eas by cre vasse chan -
nels and it was de pos ited as a re sult of flow ex pan sion and of
flow ve loc ity de crease. The most dis tal parts of the cre vasse
splays are places of de po si tion for the most fine-grained ma te -
rial, as this ma te rial may in di cate the most dis tal floodplain fa -
cies, in clud ing de po si tion in floodplain ponds.

Coarse-grained as so ci a tion (FA2). The sed i ments of the
coarse-grained as so ci a tion in clude mainly me dium- to very
coarse-grained sand stones of the Sm and Sl lithofacies and
sub or di nate fine- to me dium-grained sand stones of the Sr
lithofacies, as well as ma trix-rich (Gm) and clast-sup ported con -
glom er ates (Gc). The thick ness of the coarse-grained pack -
ages var ies from 2.5 m to 11.5 m (see Fig. 7). The cross-bed -
ded and mas sive sand stone lithofacies pre dom i nate within the
FA2 as so ci a tion with its to tal con tent ex ceed ing 70%. Usu ally
interbedding be tween these two lithofacies oc curs, al though the 
Sl lithofacies is slightly more abun dant (see Fig. 3A, G, H) and
the to tal thick ness is mark edly greater (103 m vs. 85 m). The
mean grain-size of the Sm lithofacies is more coarse-grained
than the Sl lithofacies and it con tains a greater mix ture of peb -
ble-sized quartz and other lithic grains. Within the pack ages of
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Fig. 8. Natural levee

A – interbedding of the Mh and fine- to me dium-grained Sr and Sm lithofacies that may be also in ter preted as dis tal cre vasse splay de pos its;
B, C – nat u ral levee de pos its cut off by cre vasse chan nel de pos its with pensymmetrical-like ar range ment; D, E – nat u ral levee de pos its with
dense coalified root sys tem (Srr lithofacies) interbedded with mudstones; F – interbedding of the Mh and me dium- to coarse-grained Sm and
Sl lithofacies that may be also in ter preted as prox i mal cre vasse splay de pos its; vertical scale in me tres

Fig. 9. Crevasse channels and crevasse splays

A – iso lated sand stone bod ies of the cre vasse chan nels; B – coars -
en ing up wards se quences of the cre vasse de pos its; C – fin ing up -
wards se quences; D – pensymmetrical-like ar range ment of the
cre vasse de pos its; ar rows mark trends of grain-size in crease or de -
crease; ver ti cal scale in metres; ex pla na tions as in Figure 8



the FA2 as so ci a tion con glom er ates also oc cur, both clast- and
ma trix-sup ported. The lo ca tion of the con glom er atic lay ers
shows no reg u lar ar range ment. The lower bound aries of the
coarse-grained as so ci a tion are sharp and in places marked
with ero sional sur faces. To wards the top, grain-size rap idly de -
creases as a tran si tion from very coarse- to coarse-grained (Sm 
and Sl lithofacies) through me dium- to fine-grained (Sl and Sr
lithofacies) sand stones. They are capped with root-re worked
sed i ments (Srr lithofacies) and mudstones (Mh and Mm
lithofacies). The fin ning-up ward se quences (Fig. 10A) are not
com mon and pensymmetrical-like se quences (Fig. 10B) oc cur
only ex cep tion ally. The thick ness of the fully de vel oped fin -
ing-up ward se quences (ero sional sur face-Gc/Gc/Sm-Sl-
 Sr-Mh/Mm) at tains 4.8 m, re flect ing grad ual de crease of the
flow ve loc ity. In many places, the coarse-grained as so ci a tion
de pos its are interbedded with thin (sev eral centi metres), mas -
sive and lam i nated mudstone lay ers. This fea ture may be ex -
plained by a rapid de crease of the wa ter ta ble and sub se quent
fill ing of the lo cal de pres sions de vel oped at the top of the emer -
gent bedform. In ter nal ero sional sur faces are com mon within
the FA2 as so ci a tion and they sub di vide this unit into smaller in -
ter vals. The clast in ven tory of the FA2 as so ci a tion is rather poor 
and it con tains the most re sis tant ma te rial i.e. quartz, quartz ite
and chert grains and to a lesser ex tent lo cal sand stone and
mudstone intraclasts. Typ i cally, the grains are an gu lar and
subangular, and only oc ca sion ally subrounded.

The over all sed i men tary struc tures and the ver ti cal se -
quences of the coarse-grained as so ci a tion sug gest de po si tion
within flu vial chan nels with bedload dom i nance. The low con tent
of clastic fines and the rel a tively high con tri bu tion of con glom er -
ates sug gest a gravel-dom i nated flu vial sys tem. A de tailed def i ni -
tion of ar chi tec tural el e ments was im pos si ble be cause the ex -
posed faces were small. The in ter pre ta tion of the lithofacies suc -
ces sion is de scrip tive in terms of vari a tion (in creas ing or de -
creas ing) of flow ve loc ity. The se quences of the FA2 as so ci a tion
that start with the Gc lithofacies, which are in ter preted as the lag
de pos its and lon gi tu di nal gravel bars, rep re sent the deep est part
of the chan nels. As sum ing a con stant flow depth, the fin ning-up -
ward or der of the lithofacies sug gests de creas ing flow ve loc ity

and de vel op ment of sandy bedforms of var i ous types: lon gi tu di -
nal bars, washed-out dunes and hump back dunes. The
interbedding of the mas sive, mostly con glom er atic, and very
coarse-grained struc tured (be ing slightly finer) sand stones is the
most com mon fea ture of the suc ces sion. The mas sive de pos its
are com monly linked to a mudclast brec cia and/or to a mas sive
sand stone with crude laminae de vel oped par al lel to the basal
scour mar gin (Mar tin and Turner, 1998). The lo cal, small-scale
grav ity flows can be re lated to flu vial bank and/or bar col lapse.
The low-an gle cross-bed ding is usu ally re lated to washed-out
and hump back dunes. The re cur rence of the mas sive and strat i -
fied sand stones re flects rapid changes of flow com pe tence. The
pres ence of ero sional sur faces at the base of mas sive de pos its
are in dic a tive of flood crests, whereas over ly ing cross-bed ded
sand stones of the washed-out dunes are re lated to the tran si tion
be tween up per and lower flow re gime (Simons and Rich ard son,
1966) re flect ing ini tial phases of fall ing flood level. The mas sive
sand stones that lack ero sional sur faces may be a re sult of bank
or bar col lapse.

The fully de vel oped fin ing up wards se quences are not nu -
mer ous, and pack ages of the coarse-grained as so ci a tion usu -
ally con tain in ter nal ero sional sur faces. Sand body thick ness is
com monly used as a guide to orig i nal chan nel depth. The max i -
mum thick ness of the fully de vel oped fin ing-up ward se quence
at tains 4.8 m (see Fig. 10A) in the sec tion stud ied, there fore it
may be used as a proxy for chan nel depth.

DEPOSITIONAL ENVIRONMENT 
OF THE MEHADIA SECTION DEPOSITS

A va ri ety of clas si fi ca tions of al lu vial chan nels pat terns have 
been cre ated, but no sat is fac tory clas si fi ca tion for the all re -
search ers has yet been de vel oped, de spite at tempts at re fin ing
ex ist ing ones. The clas si fi ca tions used some times mu tu ally
over lap and ap ply con flict ing ter mi nol ogy (see Beechie et al.,
2006). Fos sil al lu vial sys tems are usu ally not well ex posed and
gen er ally do not of fer deeper in sight into de tailed bar-form ar -
chi tec tures. A sim ple clas si fi ca tion based on ver ti cal suc ces -
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Fig. 10. In-channel sequences of the coarse-grained association

 A – fining-upwards sequences; B – pensymmetrical sequences; arrows mark trends of grain-size increase or decrease; vertical scale in
metres; explanations as in Figure 8



sion of the lithofacies is some times pre ferred re lat ing to the
clas si fi ca tion of Leopold and Wolman (1957) which en com -
passes braided, me an der ing, straight and anastomosing ma jor
pat terns. In other clas si fi ca tions au thors in tro duced the
anabranching (both in ac tive and ac tive lat er ally) term (Nanson
and Knighton, 1996) and wan der ing (Church, 1983). For the
Lower Ju ras sic de pos its de scribed from the Mehadia area,
Miall’s (1977, 1978, 1996) clas si fi ca tion seems to be the most
ap pro pri ate, which al lows the rec og ni tion of gravel- and
sand-dom i nated rivers of low and high sin u os ity as well as
anastomosing flu vial sys tems. This clas si fi ca tion also al lows
ref er ence to the sed i men tary suc ces sion of mod ern an a logues.

We gen er ally in ter pret the sed i ments stud ied in the
Mehadia area (Greaïca and Ciumoasa val leys) as be ing de pos -
ited within a braided flu vial sys tem com posed of chan nel tracts
and floodplains. A braided flu vial sys tem is dem on strated by the 
dom i nance of coarse-grained de pos its within the whole sec tion
and by the lesser con tent of overbank fines. The com par i son
with mod els of sed i ment se quences pre sented by Miall (1977,
1978, 1996) points to the great est sim i lar ity with a deep,
gravel-bed braided river of Donjek type. This sim i lar ity is sup -
ported by the high amount of con glom er ates and of con glom er -
atic sand stones, and also by the small con tent of trough
cross-bed ded sand stones. The deep, gravel bed braided rivers
are char ac ter ized by sev eral dis tinct top o graphic lev els in clud -
ing ma jor and mi nor chan nels, bar sur faces, and floodplains.
This type of rivers is char ac ter ized by low to in ter me di ate sin u -
os ity, with a dom i nance of gravel bars and sandy bedforms. Ac -
cord ing to Miall (1977, 1996), four depositional lev els were
iden ti fied within the Donjek River: (1) a level of main chan nels
and of prin ci pal sed i ment dis persal routes, with lit tle or no veg e -
ta tion, and with bars ex posed only dur ing low stage; (2) a level
ac tive dur ing flood stages, with few ac tive chan nels at other
times, and sparse veg e ta tion cover; (3) a level with ephem eral
streams, low en ergy flow dur ing flood stages, and with mod er -
ate veg e ta tion cover; (4) a level with dry is lands cov ered by
dense veg e ta tion. These four lev els may rep re sent stages of
pro gres sive down-cut ting by the river it self, and they are most
rec og niz able in ar eas un der go ing ac tive deg ra da tion. Be cause
of the rel a tively small di men sions of the ex po sure, it is pos si ble
that the sec tion stud ied may rep re sent a gravel-bed me an der -
ing flu vial sys tem (Miall’s model 4) with one ac tive chan nel and
scat tered bars and is lands (Miall, 1985, 1996). But, as
emphasised by Miall (1996), in for ma tion about the floodplain of
this river sys tem is lim ited, with no de tailed data whether or not
crevassing and cre vasse splays are com mon. Braided flu vial
sys tems may have well-de vel oped overbank ar eas, where thick 
pack ages of overbank fines ac cu mu late (Ielpi et al., 2014; Lojka 
et al., 2016) in places con tain ing thick coal seams (Doktor,
2007; Kêdzior, 2016). The area stud ied dur ing Early Ju ras sic
time was prob a bly lo cated near the trop ics and a hot and wet
cli mate was con trolled by sea sonal, mon soonal type heavy
rain fall (Popa and Van Konijnenbrug-Van Cittert, 2006; Kêdzior
and Popa, 2013), thus rapid ero sion and ef fi cient run off oc -
curred only pe ri od i cally. The study of mod ern moun tain rivers
per formed by Beechie et al. (2006) of ten shows the re ju ve na -
tion of floodplain sur faces re lated to rivers of is land-braided and 
braided chan nel pat tern (mean age of floodplain sur faces 41
and 12 years re spec tively).

In other clas si fi ca tions, the Early Ju ras sic flu vial sys tem de -
scribed from Mehadia can be termed as lat er ally ac tive sys tems 
of an anabranching sys tem if braided or me an der ing chan nels
were sep a rated by veg e tated semi-per ma nent is lands (Nanson 
and Knighton, 1996). But, for the sec tion stud ied, there is a lack
of ev i dence that mul ti ple chan nels were ac tive si mul ta neously
(see also Gibling et al., 2014). Some gravel rivers can be also

de fined as wan der ing gravel-bed rivers that are con sid ered as
tran si tional be tween me an der ing and braid ing show ing an ir reg -
u lar pat tern of chan nel in sta bil ity (Church, 1983) and char ac ter -
ized by mul ti ple chan nels around is lands, aban doned chan nels
within the floodplains (Burge and Lapointe, 2005) while the in di -
vid ual ana branch es sur round ing is lands are con nected by sin -
gle-thread chan nels show ing braid ing or me an der ing char ac ter -
is tics (Burge, 2005). On the other hand, ev i dence has been
found that sug gests the pres ence of dense veg e ta tion (root-re -
worked sed i ments). Drifted logs can also be in dic a tive of the
pres ence of veg e tated is lands (Rust and Gibling, 1990; Field ing 
et al., 2009; Gibling et al., 2010; Ielpi et al., 2014) and can also
in di cate wan der ing or is land-braided rivers (Gibling et al.,
2014).

The clast in ven tory of the con glom er ates is very poor and
con sists ex clu sively of the ma ture, most re sis tant par ti cles such 
as quartz, quartz ite and chert. An ad mix ture of intrabasinal lithic 
grains (sand stones and mudstones) also oc curs in the Mehadia 
area. The shapes of the grains, mostly an gu lar to subrounded,
sug gest that the clasts have not been sub jected to multiphase
de po si tion and re ac ti va tion pro cesses. There fore, we con sider
that the source area for the ba sin fill was closely lo cated to the
sed i men tary ba sin and that the source rocks con tained a large
amount of quartz. The Lower Ju ras sic con ti nen tal de pos its in
Mehadia area un con form ably over lie granitoids, mica-schists,
gneiss es and rhyolites of the Danubian units, mak ing these the
po ten tial source rocks.

CONCLUSIONS

This pa per pres ents the re sults of the first sedimentological
study of the Lower Ju ras sic de pos its be long ing to the Presacina 
Ba sin. The de tailed palaeoenvironmental char ac ter is tics of the
Early Ju ras sic of this re gion were un clear un til now. This
sedimentological study of the Hettangian–Sinemurian con ti -
nen tal sed i ments leads to the fol low ing main con clu sions.

1. The de pos its stud ied in the Mehadia area are gen er ally
in ter preted as de pos ited within a braided flu vial sys tem com -
posed of chan nel tracts and floodplains. Com par i sons with
mod els of sed i ment suc ces sions shows sim i lar fea tures to a
deep, gravel-bed braided river, with low to in ter me di ate sin u os -
ity and dom i nant gravel bars and sandy bedforms (Donjek type
of Miall, 1977, 1978, 1996), or with gravel me an der ing (Miall’s
type 4, 1985). Deep, gravel-bed braided rivers are char ac ter -
ized by sev eral dis tinct top o graphic lev els in clud ing ma jor and
mi nor chan nels, bar sur faces, and the floodplain, whereas
gravel-bed me an der ing rivers are char ac ter ised by one main
ac tive chan nel with de po si tion oc cur ring on large flat point bars
and side-bar com plexes (Miall, 1996).

2. The coarse-grained fa cies as so ci a tion (FA2) rep re sents
de po si tion within flu vial chan nels with bedload dom i nance. The
se quences of the FA2 that start with grav elly fa cies are in ter -
preted as: (1) the lag de pos its or (2) the lon gi tu di nal gravel bars
and rep re sent the deep est part of the chan nel.

3. The sub aque ous grav ity flow and sed i men ta tion dur ing
peak flow events are re spon si ble for the for ma tion of mas sive
coarse- to very coarse-grained sand stones. The lo cal,
small-scale grav ity flow de pos its may also rep re sent flu vial
bank and/or bar col lapse.

4. The nor mal, fin ing-up ward or der of the lithofacies sug -
gests de creas ing flow ve loc ity. Fully de vel oped fin ing-up wards
se quences are not nu mer ous. The fin ing-up ward sand body
thick ness used as a guide to orig i nal chan nel depth in di cates
~5 m as the max i mum depth for the chan nels in the Mehadia
sec tion. The fine-grained fa cies as so ci a tion (FA1) is con sid ered 
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to have been de pos ited on the floodplain ar eas and it rep re -
sents sev eral subenvironments as: (1) nat u ral levee; (2) cre -
vasse chan nel; (3) prox i mal and dis tal cre vasse splay. The cre -
vasse chan nels are in cised into levee and into other
backswamp de pos its. The fin ing-up wards se quences are in ter -
preted as the grad ual pas sage from cre vasse chan nel to cre -
vasse splay de pos its. The sed i ment was sup plied to the
floodplain area by cre vasse chan nels be ing de pos ited as a re -
sult of flow ex pan sion and de crease in flow ve loc ity. The most
dis tal parts of the cre vasse splays are places of de po si tion for
the most fine-grained ma te rial, in clud ing de po si tion in floodplain 
ponds. Thin mudstone interbeds within coarse-grained sed i -
ments are re lated to sed i men ta tion in pools of stand ing wa ter
dur ing low-stage chan nel aban don ment, when the wa ter ta ble
sud denly fell.

5. The clast in ven tory of the con glom er ates con sists of ex -
clu sively ma ture, most re sis tant par ti cles such as quartz and
also quartz ite and chert, with a small amount of intrabasinal

lithic grains, such as sand stones and mudstones. The mostly
an gu lar to subrounded shape of the grains sug gests a rel a tively 
short dis tance of trans por ta tion. The source area for the ba sin
fill was lo cated close to the sed i men tary ba sin and its source
rocks con tained large amount of quartz. The crys tal line base -
ment com posed of granitoids and rhyolites of the Up per
Danubian Units rep re sent the po ten tial source rocks.
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