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Abstract 

 

The Oligocene age Bituminous Marl Formation (BMF) of the East Carpathians is a laterally extensive source rock succession in 
the Moldavide Basin of Romania, and historically was thought of as a rather monotonous lithostratigraphic unit of largely 
pelagic origin. It contains, however, a wide spectrum of lithofacies that are characterized by sedimentary structures such as 
intraformational slump folds, clastic dykes, cross-bedding, hummocky cross-stratification, current and wave ripples, and mm-
scale fine lamination. Some of these structures are consistent with a slope and deeper water depositional setting, but wave 
generated features suggest that intermittently the seabed was within the reach of storm waves. On the basis of flume 
experiments, the pervasive mm-scale fine laminae suggest that a substantial portion of the BMF was deposited and redistributed 
via floccule ripples by bottom currents, an interpretation that is supported by the presence of ripples wherever sand size particles 
are available. The BMF contains fish debris, occasional bivalves and isopods on bedding planes, and macroscopic bioturbation 
features are rare. The most remarkable feature of the BMF are true cross-beds with sigmoidal foresets (10-15 degrees dip).  
 
Cross-bedded marls occur either as thin (5-10 cm) or thick to very thick (1-1.2 m) bedsets. Differential compaction features 
indicate that surficial sediments had a water content of approximately 70%. When this is taken into account, the decompacted 
foreset slopes of above bedforms dipped at 30-40 degrees, and the bedforms themselves should have produced from a few dm to 
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as much as 4-5 meters relief respectively. The BMF shows a full suite of traction-produced muddy bedforms, including cm-scale 
ripples, dm-scale megaripples, and m-scale mudwaves. Although part of the sediment probably arrived at the seafloor via 
pelagic settling, reworking and transport of flocculated muds in bedload appears to have been a major factor in producing 
bedding features from the mm- to m-scale. The observed level of bottom current activity seems incompatible with previous 
scenarios of anoxic bottom waters as the cause for preservation of lamination and organic matter. Instead, frequent bedload 
transport of flocculated muds may have prevented the establishment of a burrowing infauna and through formation and rapid 
burial of organo-mineral aggregates may have promoted organic matter preservation and enhanced source rock potential. 
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SU M MARY: The Oligocene age Bituminous Marl 

Formation (BMF) of the East Carpathians is a laterally extensive 
source rock succession in the Carpathian-Balkanian Basin 
Province of Romania, and was long considered a rather 

monotonous lithostratigraphic unit of largely pelagic origin. 
When observed carefully, however, it contains a wide spectrum 
of lithofacies that are characterized by sedimentary structures 

such as intra-formational slump folds, clastic dykes, 
cross-bedding, current ripples, and mm-scale fine lamination. 
These structu res are consistent with a slope and deeper water 

depositional setting, 

There are potential oscillatory current generated features that 

would place the succession intermittently within the reach of 
storm waves, but these featureres require further verification . In 
light of recent nume experiments with clays and carbonate 

muds, the pervasive mm-scale fine laminae suggest that a 
substantial portion of the BMF was deposited and redistributed 
as mud aggregates in the form of ripples that migrated under 

the influence of bottom currents. This interpretation is 
supported by the presence of ripples wherever sand size 
particles are available. Macroscopic bioturbation features are 

rare, but meiofaunal burrowing is evident in t hin sections. 

The most remarkable sedimentary feature of the BMF is the 

observation of true cross-bedding in outcrops with sigmoidal 
foresets that dip at 10-15 degrees. These cross-bedded marls 
occur either as thin (5-10 cm) or thick to very thick (1-1.2 m) 
bed sets, Differential compaction of marl around sandy ripples 

and sand-filled scours indicates that surficial sediments 
contained "'70% water. When this is taken into account, the 
decompacted foreset slopes of these bedforms dipped at 30-40 

degrees, and the bedforms had from a few dm to as much as 4-5 
meters relief. 

The BMF shows a fu ll suite of traction-produced muddy 
bedforms that includes cm-scale ripples, dm-scale megaripples, 
and m-scale mudwaves. The sediment arrived at the seafloor via 

pelagic settling, was then reworked and transported (as soft 
rip-up clasts) in bedload. The observed level of bottom current 

activ ity is incompatible with previous scenarios of anoxic bottom 
waters as the cause for preservation of lamination and organic 
matter. Instead, frequent bedload transport of agregated mud 

interfered with the establishment of burrowing infauna. 
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SEDIMENTARY. 

Even In absence o[ sandy ripples, sand 
grains are common (yellow arrows) at 

the bose oj mm-thlck mudstone beds In 

places they con define low-angle down
lapping laminae (red arrows) 

Sandy current npples are the other cnti

cal element They consist of a mixture af 
qtl, jsp, and soft-deformed mud np-ups 
(see thin section view at right) 

COMPOSITION MUDSTONE, DEPOSITION - JUST LIKE SANDSTONE 

EXAM P. LES AND FABRICS 

MarcaSite In shales IS an indicator that the redox boundary intermittently migrated downwards within the 
sediment (Schieber, 2011) and that the overlYing waters were there/ore not anOXIC, but at best 5uboXIC 
fA) shows marcasite grams (m) next to a PYrite jrambold, (8) shows charactensnca/ly bladed marcasite 
(arrows) In an area of replaced fossil debns, and (e) shows marcasite (m) that grew replaC/vely In a calcite 
(cc) shell. 
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Image 89TT, thm section view from lower left of (C) Interna/lay
erlng 0/ same type as In "normal" lammated BMF, With vonoble 
amounts of scattered sand (red arrows) suggestlng deposoon of 
mixture 0/ soft mud aggregates and sand grams Water-rich 
sedIment mdlCated by load casts (yellow orrows) 

898 and 89C Images are from corresponding areas In (e), and 
show that sand groms are separated by fine ground moss 
Like It was explamed In the prevIOus panel, these relatlOnshlps 
strongly suggest that the sand grains travelled In bedload to
gether With soft mud-rip-up clasts 

There IS no eVidence of shear along foreset planes, and Internally the layers wlthm /oresets show the 
same inclination The bottom and top set boundaries show no eVidence of sheanng and are sedimen
tary In nature Samples from this exposure show the some textures as npple laminated and megar
Ipple matenol, With scattered sand grains and soft mud np-up clasts The Inclmatlon of foresets IS In 

the same range 05 the megonpp/es, and when decompacted IS at angle of repose for sandstones l=30-1000 m, H=l S-lS m 

CONCLUSIONS 
The Bituminous Marl Formation (BMF) shows a ful l suite of traction-produced muddy bed

forms, from em-scale ripples, over dm-sca le megaripp les, to m-scale mudwaves. 

Seafloor erosion of previously deposited pelagic muds provided up to mm-size soft rip-up 
clasts that acted as "sand" grains during bottom current activity. 

The exact cause behind the observed hierarchy of traction current bedforms is not fu lly under
stood at this time, but probably reflects the combined influences of the amount of avai l
able bedload sediment (mud clasts) and the duration of current events. It does not reflect 
significant differences in flow velocity. 

Subt le bioturbation by meiofauna and the presence of marcasite in these sediments suggest 
suboxic bottom waters at the time of deposition. The abundance of current activity sug
gested by these sediments probably was an additiona l factor that limited bioturbation. 

In spite of its likely dista l and relatively deep depositional setting, the sedimentary record of 
the BMF is discontinuous and characterized by intermittent erosion 
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