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Abstract The carbonate succession cropping out in the Dâmbovicioara Gorges (Cheile Dâmbovicioarei), eastern part 

of the Getic Carbonate Platform, consists of uppermost Tithonian-lowermost Valanginian limestones. Three distinct 

packages were distinguished: (i) reef limestones, (ii) intraclastic/bioclastic-dominated shoals and (iii) peritidal lime-

stones. The reef limestones consisting of coral-microbial boundstones form massive structures which are typical for 

environments associated with the upper reef slope, near the proximal shelf margin. The bioconstruction organisms 

colonised the substrate while the reef framework was consolidated by microbial products and microencrusters. Mi-

crobialites formed a suitable substrate subsequently colonised by corals and sponges. The intraclastic/bioclastic-

dominated shoals form the transition from reef to peritidal depositional settings. Meter- to decimeter thick beds con-

tain rudstone, coarse bioclastic grainstone and intraclastic-bioclastic packstone facies types. The grains morphology 

suggests deposition under high energy conditions, in an agitated environment, with carbonate material derived either 

from reef or inner platform areas. These deposits have been interpreted as outer platform bioclastic shoals which were 

accumulating at the platform margin. Black pebbles imply subaerial exposure, development of paleosoils and their 

subsequent reworking. Peritidal limestones consist of centimeter-, decimeter to meter thick carbonate beds. Locally, 

millimeters to centimeter thick sets of laminae are present. Normal marine subtidal, restricted-subtidal, intertidal and 

supratidal/coastal subenvironments form the main components of the overall peritidal depositional setting. These 

depositional subenvironments comprise an ideal sequence which evolves from subtidal to supratidal. The facies evo-

lution indicates a transition between these three environments. This transition can be observed at a bed or bedset scale 

by following the deposition of carbonate material in lagoons and ponds, beaches, tidal bars, tidal plains, swamps or 

lakes. The associated carbonate depositional environments point to an important progradation of the Getic Carbonate 

Platform during the late Tithonian-earliest Valanginian. 
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INTRODUCTION 

 

White massive limestones, commonly referred to as the 

Štramberk-type limestones, are well known from various 

areas of the Romanian Carpathians, stretching from the 

Eastern Carpathians to the Apuseni Mountains, and fre-

quently form spectacular geological structures (e.g. Vân-

turariţa and Piatra Craiului Massifs from the Southern 

Carpathians). These deposits were previously attributed 

to the Kimmeridgian-Tithonian interval based on macros-

copic observations and relatively scarce macrofauna. Stu-

dies in the last decades have brought new data regarding 

the paleontological content of the Carpathian Štramberk-

type limestones, by implementing various analysis tec-

hniques (micropaleontological, microfacies and sedimen-

tological studies). These studies have shown that the up-

per part of the Štramberk-type successions includes both 

the Berriasian and locally the lower Valanginian. 

The main objective of this study is to describe the carbo-

nate succesion from Dâmbovicioara Gorges (Cheile 

Dâmbovicioarei; Fig. 1) by providing new stratigraphic 

and sedimentological data.  

 

GEOLOGICAL SETTING 

 

The Mesozoic deposits of the Dâmbovicioara area belong 

to the eastern  part of the  Getic Carbonate Platform, a se- 

 

dimentary cover of the Getic Nappe (the Median Dacides 

sensu Săndulescu, 1984). The sedimentary formations of 

the Dâmbovicioara zone include Triassic, Jurassic and 

Cretaceous deposits (Patrulius, 1969). 

Jurassic and Cretaceous deposits are the only sediments 

occurring in the southern area of the Dâmbovicioara zo-

ne. The Jurassic sediments generally comprise Bajocian 

conglomerates and sandstones, Bathonian marls, Callovi-

an marly-limestones and Oxfordian limestones and radio-

larites. The Bathonian-Callovian interval is marked by 

hardgrounds and condensed levels (Lazăr et al., 2017). 

Limestones overlying the radiolarites represent a general 

regressive succession, beginning with  slope carbonate 

deposits, continues with platform-edge deposits, and fi-

nally sediments of inner platform and peritidal environ-

ment. The age of these successions, also known as the 

Štramberk-type limestones, was considered as Kim-

meridgian-Tithonian (Patrulius, 1969) or Kimmeridgian-

?Berriasian (Patrulius, 1976; Bucur, 1978) and was 

subbsequently attributed to Kimmeridgian-lower Valan-

ginian (Patrulius in Patrulius et al., 1980; Bucur et al., 

2009, Grădinaru et al., 2016). The upper part of these 

limestones was separated by Patrulius (1976), Patrulius et 

al. (1980), and Patrulius & Avram (1976)  as the Cheile 

Dâmbovicioarei Limestone, and the Cheile Dâmbovicioa-

rei Formation respectively. 
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An intra-Valanginian unconformity exists between the 

Berriasian-lowermost Valanginian limestones and the 

upper Valanginian-lowermost Hauterivian limestones 

known  as the Cetatea Neamţului Member of the Dâmbo-

vicioara Formation (cf. Patrulius and Avram, 1976). A 

detailed study of this unconformity was recently perfor-

med by Grădinaru et al. (2016). Hauterivian marls and 

marly limestones of the Dealul Sasului Member are 

followed by Barremian-lower Aptian marls with patch-

reef intercalations  of the Valea Muierii Member (Dâm-

bovicioara Formation). 

The Upper Jurassic-Lower Cretaceous deposits of the 

southern part of the Dâmbovicioara zone are unconfor-

mably overlain by upper Aptian and uppermost Albian-

Cenomanian conglomerates. 

 

The Cheile Dâmbovicioarei Formation 
Patrulius (in Patrulius et al., 1980) defined the limestones 

from Cheile Dâmbovicioarei as the “Cheile Dâmbo-

vicioarei limestone” (= Cheile Dâmbovicioarei Formation 

of Patrulius, 1976; and Patrulius & Avram, 1976). The 

type section of these carbonate deposits is located be-

tween the Podu Dâmboviţei and Dâmbovicioara localities 

(Fig. 1). The Cheile Dâmbovicioarei limestones are well 

bedded and form extensive outcrops which have a total 

thickness of 400 m (Patrulius et al., 1980). They consist 

of mudstone and wakestone with rare macro- and micro-

fossils. Cyanobacteria (porostromatic) nodules  are the 

most representative microfossils within the entire carbo-

nate succession (Patrulius et al., 1980). This formation is  

underlain by the so called „Upper massive limestone” 

(described in Giuvala and Cheile Dâmboviţei profiles by 

Patrulius et al., 1980; Cheile Dâmboviței Formation cf. 

Dragastan, 2010). A gradational transition exists between 

these formations. Following Patrulius et al. (1980) the 

uppermost part of the “Cheile Dâmbovicioarei limestone” 

(Podu Dâmboviţei, Cetatea Neamţului and Padina 

Braşoavei sections) contains microfossil assemblages 

which include Pseudotextulariella salevensis (Charollais, 

Brönnimann & Zaninetti) in association with Trocholina 

alpina (Leupold), T. elongata (Leupold), Pfenderina sp. 

and Paracoskinolina sp. According to these authors the 

mentioned microfossils point to Valanginian age of the 

uppermost part of this succession. In addition, the Juras-

sic-Cretaceous (Tithonian-Berriasian) boundary is placed 

between the „Upper massive limestone” and the “Cheile 

Dâmbovicioarei limestone”. 

 

CARBONATE FACIES AND MICROFACIES 

 

The uppermost Tithonian-lowermost Valanginian succes-

sion from the Cheile Dâmbovicioarei is predominantly 

represented by peritidal limestones. Approximately 70 m 

thick reef limestones form the lower part of the succes-

sion that pass gradually into 50 m thick black pebbles-

bearing intraclastic/bioclastic-dominated shoals which are 

well exposed near the road crossing the Dâmbovicioara 

Gorges. The contact with the peritidal limestones is locat-

ed approximately 175 meters, upstream from the gorge 

entrance. In terms of lithological units, the Cheile 

Dâmbovicioarei section consists of three distinct packag-

es: 1) reefal limestones; 2) intraclastic/bioclastic-

dominated shoals and 3) peritidal limestones. 

 

A. Reefal limestones 

Coral-microbial and sponge-microbial boundstones are 

the main component of the massive limestones well out-

cropped near the Podul Dâmboviţei locality, in the prox- 

 
Fig. 1 Location of the Cheile Dâmbovicioarei within the Dâmbovicioara Area. a Location of the Dâmbovicioara zone on the 

Romanian map; b Location of the sampled profile on the geological map 1:50000 (redrawn from Dimitrescu et al., 1971 and 

Patrulius et al., 1971). 
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Fig. 2 Reefal facies. a-c Coral-microbial boundstone; coral colonies are heavily encrusted by problematic microorganisms (a) 

or bordered by syndepositional, radiaxial-fibrous cements (b). d-h Bioclastic packstone (d, e, g-h) and bioclastic grainstone 

(f) internal sediment with dasycladalean algae [Steinmanniporella kapelensis (Sokač & Nikler)] (d), sponges (e), mollusks, 

corals, Crescentiella (f), microstalactitic (g) and microthrombolitic (h) microbial crusts. 
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imity of the Dâmbovicioara Gorges entrance. Stratigraph-

ically these limestones belong to the uppermost parts of 

the „Upper massive limestone” (Patrulius et al., 1980) or 

Cheile Dâmboviței Formation (cf. Dragastan, 2010). 

Coral-microbial boundstones with abundant microbial 

crusts and problematic microorganisms is the main type 

facies (Fig. 2 a-c; e; g-h). Macroscopic components in-

clude branching and lamellar corals which are intensely 

encrusted by problematic microorganism and syndeposi-

tional radiaxial-fibrous cements (Fig. 2 b). Other biotic 

components include sponges (Fig. 2 e), peloidal micro-

stromatolitic crusts (Fig. 2 g), microthrombolites (Fig. 2 

h), and problematic microorganisms [Crescentiella mor-

ronensis (Crescenti), Radiomura cautica (Senowbari-

Daryan & Schäffer, Koskinobullina socialis (Cherchi & 

Schroeder), Lithocodium aggregatum (Elliott)]. The in-

ternal sediment is composed of peloidal-bioclastic pack-

stone (Fig. 2 e) and bioclastic grainstone (Fig. 2 f) with 

dasycladalean algae [Steinmanniporella kapelensis 

(Sokač & Nikler)] (Fig. 2d), Rivularia-type cyanobacteria 

(Fig. 2 b), foraminifera, echinoderm plates, crabs, mol-

lusks, bryozoans (Fig. 2 e) and worm tubes.  

 

Interpretation   

Coral, coral-sponge and coral-microbial boundstones are 

typical for environments associated with the upper reef 

slope, near the proximal shelf crest (Mullins et al., 1984; 

McIlreath & James, 1984; Grammer et al., 1991; Gin-

sburg et al., 1991). Corals and sponges were colonising 

the substrate while the reef framework was consolidated 

by microbial crusts and microencrusters (Riding, 1991; 

2000; Schmid, 1996; Shapiro, 2000). Microbial deposits 

formed the ideal substrate for the subsequent colonisation 

by corals and sponges.  

 

B. Intraclastic/bioclastic-dominated shoals 

These limestones form the transition from reef to peritidal 

depositional settings. They represent the boundary be-

tween the „Upper massive limestone” (Patrulius et al., 

1980 or Cheile Dâmboviței Formation cf. Dragastan, 

2010) and the Cheile Dâmbovicioarei Formation. Meter- 

to decimeter thick beds contains alternating packages of 

calcirudites, coarse bioclastic grainstone and intraclastic 

bioclastic packstone facies types (Fig. 3). Well rounded 

to subrounded clasts are common (Fig. 3). Carbonate 

material was sourced from various depositional settings 

such as reefs (coral fragments, sponge fragments, micro-

bial crusts or microproblematic organisms) or inner plat-

form areas. The former are indicated by the abundance of 

oncoid-bearing intraclasts, bioclastic mudstone-

wackestone fragments and micritised intraclasts. Other 

components consist of normal and incipient ooids, va-

doids (Fig. 3 g-h), oncoids and peloids. Bioclasts were 

identified both in the intraclasts and in the matrix sedi-

ment. They cover a large spectrum which ranges from 

large benthic foraminifera (Fig. 3 a, c, d) to coral frag-

ments (Fig. 3 b, d, e), Rivularia-type cyanobacteria (in-

cluding Diversocallis sp.) (Fig. 3 c), bivalve and echino-

derm fragments, dasycladalean algae [Clypeina sulcata 

(Alth)] (Fig. 3 a) and gastropods (Fig. 3 f). 

The most characteristic feature is the presence of abun-

dant intraclasts and blackened bioclasts (black pebbles) 

(Fig. 3 a, c, d, f, h). These clasts are hosted within car-

bonate beds which mark the boundary between the granu-

lar and peritidal limestones (Fig. 4). Siltic to arenitic-

sized blackened bioclasts are randomly distributed within 

the rock mass.  

 

Interpretation     

Clast morphology suggests deposition under high energy 

conditions with carbonate material being sourced either 

from reef settings or from inner platform areas. These 

deposits have been interpreted as outer platform bioclas-

tic shoals which were accumulating at the platform mar-

gin. The limestones have accumutated over upper slope 

reefs environment due to the decrease of eustatic level or 

the accommodation space and the bioclastic shoals have 

migrated to the edge of the platform. They represent the 

transition between the upper slope facies to the shalower 

facies in the marginal zone of the platform. The tidal cur-

rents control the morphology and distribution of the re-

cent bioclastic banks from the shelf margins. Such struc-

tures reflect the orientation and topographic complexity 

of the platform margins (Davies, 1970; Enos, 1977; Hal-

ley et al., 1983) and these sediments may border lagoons 

or shallow subtidal areas (e.g., Bahamas and Florida) 

(Tucker & Wright, 1990). Subsequent reworking of pale-

osoils is indicated by the presence of black pebbles, thus 

highlighting the importance of these intraclasts (Francis, 

1986; Strasser & Davaud, 1983; Shinn & Lidz, 1988; 

Vera & Cisneros, 1993). Black pebbles are frequently 

associated with intertidal, supratidal, brackish and lacus-

trine evironments (Strasser & Davaud, 1983; Vera & 

Cisneros, 1993; Săsăran, 2006). Blackened bioclasts and 

intraclasts could be sourced from pedogenetically altered 

subtidal, intertidal or supratidal depositional settings 

(Strasser, 1984; Shinn & Lidz, 1988). 

The intraclastic/bioclastic – dominated shoals and the 

peritidal limestones are separated by a sharp limit (Fig. 

4). Subaerial exposure is evident at the topmost part of 

the intraclastic/bioclastic limestone (described above) 

(Fig. 5). This process is indicated by the presence of me-

niscus and microstalactitic cements in association with 

matrix dissolution features (Fig. 5 c, d), micritised car-

bonate clasts, vadoids and blackened intraclasts (Fig. 5). 

These sediments were affected by vadose and meteoric 

fresh-water phreatic diagenesis (Fig. 5a-d). Grains and 

cavities are bordered by meniscus, microstalactitic and 

fine crystalline equigranular cements. Moreover, cavities 

are filled with vadose silt which contains large crystals of 

equigranular calcite (Fig. 5 c, d). 

Meniscus and microstalactitic carbonate cements were 

previously described from vadose and meteoric phreatic 

diagenetic environments (Longman, 1980; Harris et al., 

1985). These types of cements are associated with vadose 

diagenetic environments. By contrast, equigranular ce-

ments are the main product of fresh-water diagenesis.  

 

C. Peritidal limestones 

This pile of carbonate rocks is the most representative 

lithological unit from the entire succession, reaching a 

total thickness of 400 m (Patrulius et al., 1980). Well 

bedded (Fig. 6), centimeters to decimeter thick carbonate 

beds form the most significant macroscopic feature of 

this unit. The peritidal succession overlying the bioclastic 

shoals  consists  of  centimeter/decimetre  to  meter  thick  
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Fig. 3 Intraclastic/bioclastic-dominated shoals. a-f Coarse intraclastic-bioclastic grainstone and rudstone containing 

intraclasts, oncoids, peloids, normal and incipient ooids. g-h Intraclastic-bioclastic grainstone and rudstone with va-

doids. Bioclasts are represented by large benthic foraminifera (a, c-d), coral fragments (b, d-e), rivulariacean-type 

cyanobacteria (e.g. Diversocalis sp.) (c), bivlave fragments, echinoderm fragments, dasycladalean algae [Clypeina 

sulcata (Alth)] (a) and gastropods (f); intraclasts and blackened bioclasts (black pebbles) (a, c, d, f, h). 
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Fig. 4 Contact between the intraclastic/bioclastic-dominated shoals (A) and 

peritidal limestones (B) in the Dâmbovicioara Gorges. 
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carbonate beds (Fig. 7 a,b).  In some cases, milimeter to 

centimeter thick laminae and sets of laminae with distinct 

granulometry are present (Fig. 7 c). Another feature is 

represented by fenestral structures, parallel with the bed-

ding planes (Fig. 7 c).  

 

Interpretation     

Recent peritidal limestones were thoroughly studied by 

various authors (Lucia 1972; Ginsburg 1975; Shinn 1983; 

Tucker & Wright 1990, Pratt et al., 1992). Three distinct 

bathymetric zones (subtidal, intertidal, supratidal) were 

defined within the peritidal depositional setting, by taking 

into account the existing tidal processes (Shinn 1983, 

Tucker & Wright 1990, Pratt et al., 1992).  

Normal marine subtidal, restricted subtidal, intertidal and 

supratidal/coastal subenvironments form the main com-

ponents of the overall peritidal depositional setting. These 

depositional subenvironments comprise bed scale ideal 

sequences which evolve from subtidal to supratidal units. 

Generally, the carbonate succession from the Cheile 

Dâmbovicioarei Formation consists of incomplete se-

quences.  Bed scale facies evolution indicates a transition 

between subtidal, intertidal and supratidal environments. 

One may follow this transition at the bed or bedset scale 

by highlighting the deposition of carbonate material in 

lagoons and ponds, beaches, tidal bars, tidal plains, 

swamps, lakes or algal-microbial mats. Cycle scale depo-

sitional environment changes are controlled by various 

factors  such  as   morphology,  hydrodynamics,  nutrient  

 

levels and physical/bio-physical changes (Shinn 1983, 

Tucker & Wright 1990, Pratt et al., 1992).    

 

C1. Normal marine subtidal carbonates 

These limestones form the lowermost part of the peritidal 

carbonate beds. They consist of intensely bioturbated 

peloidal-bioclastic micrites (Fig. 8). The microfossil as-

semblage comprises dasycladalean algae [Seliporella 

neocomiensis (Radoičić)] (Fig. 8), echinoderm fragments, 

bivalves, gastropods, miliolids and rivulariacean-type 

cyanobacteria. Other components include oncoids, 

peloids and intraclasts embedded in a micritic matrix. The 

most representative facies is wackestone/packstone with 

dasycladalean algae and foraminifera (Fig. 8)  

 

Interpretation 

The microfacies characteristics point to a shallow, low 

energy, normal marine environment. Marine subtidal 

conditions are indicated by the distribution of various 

carbonate components (bioclasts, peloids, oncoids, intra-

clasts) in a dominant micritic matrix (Ginsburg, 1975; 

Shinn, 1983a; Hardie & Shinn, 1986; Tucker & Wright, 

1990; Pratt et al., 1992).  

 

C2. Marine, restricted subtidal carbonates 
These deposits form the most representative component 

of the entire Cheile Dâmbovicioarei succession. In this 

case, centimeters to meter thick limestones have a lateral 

extent  of ten to hundreds of meters. They  are  frequently  

 
 
Fig. 5 Pedogenetically altered granular limestones. a, b Peloidal-bioclastic grainstone bearing vadoids and black pebbles, 

micritised intraclasts and meniscus cements. c-d Dissolution features associated with microstalactitic and equigranular 

cements which are developed arround cavities and grains; cavities are filled with vadose silt in association with large 

crystals of equigranular calcite. 
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interbedded with marine subtidal and supratidal facies 

types. A gradual transition exists between the marine 

subtidal and restricted facies. As a consequence, it is dif-

ficult to establish the exact limit between these units. Fa-

cies components include mudstone with cyanobacteria, 

oncoidic bioclastic wackestone with cyanobacteria, fenes-

tral peloidal bioclastic packstone with cyanobacteria (Fig. 

9). Microfossils show low diversity values with cyano-

bacteria being dominant (Fig. 9). Other fossils are repre-

sented by rare foraminifera, ostracods, gastropods, thin 

shell bivalves and microproblematic organisms [baci-

nellid structures, Lithocodium aggregatum (Elliott) and 

Taumathoporella parvovesiculifera (Raineri)]. Intraclasts 

and bioclasts lack any microstructure since they are 

strongly micritised.  

 

Interpretation 

The entire microfossil assemblage characterizes a re-

stricted subtidal subenvironment. Shallow marine sub-

tidal conditions are present mainly in the lower part of the 

peritidal beds. Cyanobacteria and ostracods colonized the 

sediment in restricted conditions which favored bioclast 

micritisation and low biotic diversity. Such restricted 

settings may be associated with intertidal ponds or inter-

nal platform lagoons. Environmental conditions vary sig-

nificantly within intertidal ponds with marked transitions 

from initial normal marine conditions to processes asso-

ciated with restricted settings or even subaerial exposure 

(Tucker & Wright, 1990; Shinn, 1983a; Ginsburg, 1975; 

Pratt et al., 1992).  

  

 
 

Fig. 6 Peritidal limestones from the Dâmbovicioara Gorges. 
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Fig. 7 a, b Well bedded, decimetre- to meter-thick limestones from the peritidal succession of the Cheile Dâmbovicioarei; 

c fenestral structures and millimeter to centimeter-thick sets of laminae are present. 



Emanoil Săsăran, Ioan I. Bucur, Cristian Victor Mircescu & Ciprian Gheorghiţă Ungur 

34 

 

C3. Intertidal carbonates 

The following microfacies types were identified within 

these limestones: peloidal oncoidal grainstone, fine lami-

nated peloidal grainstone (Fig. 10 a), fenestral peloidal-

bioclastic grainstone (Fig. 10 b) and fenestral peloidal-

bioclastic intraclastic packstone.  These facies occupy the 

middle-upper part of the peritidal carbonate beds forming 

interbedded structures between the lower micritic subtidal 

units and the upper laminitic supratidal limestones.  

These limestones contain well sorted components which 

consist of siltic-arenitic intraclasts, bioclasts, peloids, 

ooids and vadoids. Other features include the presence of 

scarce fauna and flora, micritized bioclasts and various 

sedimentary structures such as fenestral structures, ero-

sional surfaces, millimeter-scale firmgrounds and alterna-

tion of millimeter-scale oblique lamination. Voids are 

geopetally filled with cement, and/or internal sediment. 

Facies associations form intercalated centimeter-

decimeter to meter thick banks across the entire outcrop 

surface.  

Ripple laminations can be observed within well-sorted 

deposits (Fig. 10 a). Intraclasts represent non-

fossiliferous mudstone and marine-fauna rich wackestone 

(Fig. 10 b). Flat, elongated intraclasts may be associated 

with rounded, subangular components. The biotic spec-

trum includes ostracods, thin-shelled gastropods, miliol-

ids and cyanobacteria. Micritic meniscus type cement 

(Fig. 10 b) is binding the main components. Irregular, flat 

to rounded millimeter sized fenestral structures are com-

mon (Fig. 10 b).  

Millimeter scale discontinuity surfaces (firmgrounds) 

occur (Fig. 11). Primary structures are covered by an in-

tensely micritised grains which fills the lower part of the 

discontinuity surfaces (Fig. 11). However, the micropale-

ontological assemblage of the latest deposits shows high 

diversity values if compared with the intertidal lime-

stones. Micritic envelopes are formed by cyanobacteria 

around various bioclasts.  

 

Interpretation 

The intertidal depositional environment is characterized 

by the abundance of intraclasts and peloids. High energy 

conditions are indicated by wave and current ripples. Fe-

nestral structures are typical for intertidal environments 

(Shinn, 1968; Lucia, 1972; Shinn, 1983a; 1983b; Tucker 

& Wright, 1990). Fenestral structures are associated with 

gas escape features resulting from organic matter decom-

position. Other hypothesis links them with sediment con-

traction and dehydration processes (Shinn, 1968). In 

some cases, fenestral structures present traces of meteoric 

water influence (vadose silt or microstalactitic cement) 

(Fig. 10 b). Some bioclastic banks contain dissolution 

structures and reprecipitation features generated by mete-

oric water influence (Fig. 11). Confusion with upper sub-

tidal carbonates is possible. 

 

C4. Supratidal limestones   

Supratidal limestones form the top of each peritidal car-

bonate bed. The centimeter to decimeter thick carbonate 

beds have variable lateral extension in terms of facies 

distribution. Facies diagnostic tools include the identifi-

cation of algal-microbial mats, non-fossiliferous laminat-

ed mudstone and fenestral muds with desiccation cracks. 

Algal-microbial mats can be composed of very fine, mi-

critic laminae (occasionally of cyanobacterial origin) 

(Fig. 12). They separate thicker sets of laminae which 

were produced by calcified cyanobacteria skeletons (Fig. 

12 a, b). Agglutinated sediment is present within cyano-

bacteria rich laminae. It consists of fine peloids and os-

tracods (Fig. 12 b). 

Fig. 12 c, d illustrates another example of algal microbial 

mats. Microlamination is created by cyanobacteria in 

association with small sized, irregular shaped fenestral 

structures. The preservation potential of small sized fe-

nestral structures is induced by the irregular growth of 

cyanobacteria (Monty, 1976; Playford & Cockbain, 

1976). Rivulariacean-type cyanobacteria are also present 

(Fig. 12 c). Generally algal-microbial mats are associated 

with laminae or thin beds composed of ostracod-bearing 

mudstone and cyanobacteria nodules. Horizontal lamina-

tion is created by interbedded, small scale levels of algal-

microbial mats and ostracod-bearing mudstones. Millime-

ter to centimeter-thick mudstone layers are interbedded 

between algal-microbial mats. Bioclasts are represented 

by ostracods and millimeter-submillimeter sized cyano-

bacteria nodules.  

Non-fossiliferous laminated mudstone and fenestral muds 

with desiccation cracks (Fig. 13 a) are present within this 

depositional subenvironment.  

Horizontal or wavy lamination is common for the non-

fossiliferous mudstone facies. The laminated sediment is 

generally fine-grained and micritic with coarser, siltic 

intercalations. Fenestral muds are present in the upper 

part of the peritidal beds. These deposits are intensely 

fractured and their upper part contains desiccation cracks 

(Fig. 13 a, b, c).  The resulting carbonate breccia is com-

posed of elongated-tabular intraclasts which contain the 

same facies associations as the original carbonate rock 

(Fig. 13 a). Desiccation generated horizontal, vertical and 

oblique cracks (Fig. 13 a). These sedimentary structures 

are filled with cement, vadose silt or a combination of 

these two components. 

  

Interpretation  

Supratidal carbonates can be strongly affected by pedo-

genetical alteration (Fig. 13 b, c). Such processes include 

the development of a distinct diagenetic overprint (mi-

crostalactitic and meniscus cements) together with the 

formation of other components (micritic carbonate clasts, 

pisoids, vadoids, horizontal, vertical and oblique cracks, 

vadose silt filling voids and fractures) (Fig. 13 b, c). Sub-

sequent lithification of the supratidal sediments leads to 

the formation of calcretes (Tucker and Wright, 1990). 

Recent algal-microbial mats are mainly composed of fil-

amentous cyanobacteria in association with other mi-

crobes (Pratt, 1979; Tucker & Wright, 1990). Tidal flat 

sediments are washed away before they are agglutinated 

by cyanobacteria filaments (Pratt, 1979; Tucker & 

Wright, 1990). Such algal-microbial mats are common 

for the supratidal environment with their upper limit be-

ing controlled by desiccation processes (Tucker & 

Wright, 1990). Their association with ostracod-bearing 

mudstones indicates deposition under restricted condi-

tions in supratidal swamps (Shinn & Lloyd, 1969). Non-

fossiliferous fenestral limestones are typical for the upper 

intertidal-supratidal   depositional   environments  (Shinn,  
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1968; Lucia, 1972; Shinn, 1983a; 1983b; Tucker & 

Wright, 1990). Desiccation processes can be associated 

with supratidal flats and upper intertidal areas (Shinn, 

1983a; Hardie & Shinn, 1986; Tucker & Wright, 1990). 

The supratidal deposits (Fig. 14) contain millimeter-

centimeter-scale cycles. Spring tides, storms and phreatic 

level oscillations were responsible for the formation of 

tidal flat depositional micro-cycles. Such an example can 

be observed in Fig. 14. In this case, bioclastic micrites or 

desiccated non-fossiliferous mudstones [Fig. 14 (1)] are 

interbedded with storm deposits [Fig. 14 (2)] and pond 

type facies (ostracod bearing mudstone) [Fig. 14 (3). 

Continentally driven storm deposition is indicated by the 

presence of fine grained material within bioclastic or non-

fossiliferous micrites (Pratt et al., 1992). 

 Another example of micro-cycles is indicated by the 

presence of alternating algal-microbial mudstones and 

cyanobacteria nodules. The algal-microbial mats contain 

disarticulated ostracods and fine peloidal sediments ag-

glutinated by cyanobacteria. These data suggests high 

energy sedimentation within shallow swamp areas (Fig. 

12 a, b). Filamentous cyanobacteria can form fenestral 

structures in shallow, low energy swamps by developing 

irregular growth features (Fig. 12 c, d). Algal-microbial 

mat development may be hampered by sea level growth 

or increasing turbidity. Such sea level growth is indicated 

by the presence of interbedded ostracod-bearing mud-

stones. In these situations the sediment is derived mainly  

 

from suspension since current wave sedimentary struc-

tures are missing. 

 

D. The upper part of the limestone succession 

The uppermost part of the Cheile Dâmbovicioarei Forma-

tion is well exposed in the Padina Braşoavei area. The 

section is located in the northen part of the Padina 

Braşoavei (Urdăriţa Horst area), approximately 2 km east 

of the Dâmbovicioara Gorges. In terms of age constraints, 

Patrulius [in Patrulius et al. (1980] identified a foramini-

feral association considered to characterize the Valangi-

nian. Moreover, the same authors described a Berriasian-

Valanginian discontinuity from this section (Fig. 15). 

These limestones form a 10 m thick succession which is 

located in the vicinity of the Braşov-Câmpulung Muscel 

national road (Fig. 15).  

Patrulius et al. (1980) described the following succession, 

from the base to the top: 

1) 2-2.5 m of limestones with vague bedding surfaces 

marked by microfacies boundaries and stylolites;  

2) 10 cm of breccia with green-greyish clay rich matrix 

and grey micritic elements. It contains rare foramini-

fera (Pseudotextulariella salevensis Charollais, 

Brönimann & Zaninetti and Pfenderina sp.); 

3) One limestone bed composed of bioclastic packstone; 

4) 10 cm of grey micritic limestone with centimeter size 

clasts of black limestone; it contains ostracods and ra-

re foraminifera (including lituolids and miliolids);  

 
 

Fig. 8 a-d Normal marine subtidal limestones. Bioturbated bioclastic packstone with dasycladalean algae [Selliporella 

neocomiensis (Radoičić), Terquemella sp.]; miliolids, ostracods and bivalve fragments. 



Emanoil Săsăran, Ioan I. Bucur, Cristian Victor Mircescu & Ciprian Gheorghiţă Ungur 

36 

 

 

5) Interbedded layers of micrites and fenestral packsto-

nes with peloids, porostromatic nodules, rare foraminifera 

(miliolids and Pseudotextulariella salevensis Charollais, 

Brönimann & Zaninetti) and nerineids. The breccia over-

laying the discontinuity contains voids and cavities filled 

with orange calcisiltites (Patrulius et al., 1980). 

Well-bedded limestones form the entire carbonate suc-

cession from the Padina Brasoavei area (Fig. 15, 16 a, b). 

Fenestral structures are present both in the lower (Fig. 16 

c) and upper part of the succession (Fig. 16 d). Patrulius 

et al. (1980) described two distinct breccia levels from 

this section. The authors of the present study identified 

the same carbonate layers which are described further in 

detail.  

Alternating levels of peloidal oncoidic-bioclastic grain-

stone, peloidal fenestral grainstone/packstone and fenes-

tral intraclastic grainstone form the lower and upper part 

of this section. These limestones contain mainly rivulari-

acean-type cyanobacteria, rare benthic foraminifera (mi-

liolids) and ostracods. Sedimentary structures include 

firmgrounds, fenestral pores and angular to subrounded 

fragments of non-fossiliferous peloidal mudstones.  

Centimeter-thick brecciated levels (Fig. 16 a, indicated by 

yellow and red arrows) may show variable lateral exten-

sion (Fig. 16 e).  There is a strinking microfacies similari-

ty between the breccia clasts and the underlying limesto-

nes. This feature indicates an in situ brecciation (Fig. 17). 

The lowermost boundary of these limestones is marked 

by a transitional passage towards the non-altered bedrock. 

The angular to subrounded breccia clasts are frequently 

embedded  in a  greenish-grey marl (Fig. 16 e) which fills 

 

embedded in a greenish-grey marl (Fig. 16 e) which fills 

the vertical and oblique fractures from the underlaying 

carbonate bed. The fauna and flora occur within breccia 

clasts. It consists of foraminifera (Fig. 17 d), ostracods 

and cyanobacteria (Fig. 17 a-d). Micritisation and  disso-

lution are common within these subaerially exposed li-

mestones. The newly formed cavities contain vadose silt 

and continental terrigenous material (clay minerals and 

silt size quartz fragments) (Fig. 17 e).    
 

Interpretation 

Three distinct stages were responsible for the formation 

of these deposits. Firstly, the initial sediments were ac-

cumulated in ponds and supratidal swamps. In a second 

stage, these sediments were subaerially exposed. Finally, 

pedogenetical alteration occurred.  Pedogenetical alterati-

on lead to the formation of specific textures and structu-

res which include brecciated features or vertical and hori-

zontal circumgranular cracks (Fig. 17 e-f). Such proces-

ses affected the pre-existing rock on a variable scale. Pe-

dogenetic processes acted as the main trigger for the for-

mation of these brecciated features with structures and 

textures resembling palustrine limestones.  These type of 

limestones have been described from continental as well 

as marginal marine successions (Freytet, 1973; 1984; 

Platt, 1989; Fernandez & Melendez, 1991; Platt & 

Wright, 1991; Platt, 1992; Platt & Wright, 1992; Wright 

& Platt, 1995; Wright et al., 1997; Armenteros et al., 

1997; Armenteros & Daley, 1998; Dunagan & Driese, 

1999; Tandon & Andrews, 2001; Freytet & Verrecchia, 

2002;  Alonso-Zarza &  Wright,  2010). Is  is  frequently  

 
 

Fig. 9 Restricted marine subtidal limestones. a-d Oncoidal-bioclastic packstone with cyanobacteria nodules. 
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Fig. 10 Intertidal limestones. a Fine laminated peloidal grain-

stone; well-sorted limestones with frequent ripples (1) and hori-

zontal or small-scale oblique laminations (2). b Subaerially 

exposed fenestral peloidal-bioclastic grainstone with vadose 

microstalactitic cement (arrowed). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

difficult to identify this environment because pedogenetic 

changes of the marginal lacustrine limestones are simmi-

lar with changes identified within the facies of the periti-

dal environment (Wright & Platt, 1995). 

 

Age constraints 

The lower part of the succession from Cheile Dâmbovici-

oarei, dominated by bioconstructions, contains corals and 

diverse microencrusters including Psudorothpletzella sp. 

and frequent Crescentiella morronensis (Crescenti). The 

rudstones and grainstones following the bioconstructions 

contain foraminifera (Coscinoconus alpinus Leupold  and 

Bramkampella arabica Redmond) (Fig. 18 a) and calca-

reous algae (Clypeina sulcata (Alth)) suggesting a late 

Tithonian age. 

The passage to fenestral micrites makes the beginning of 

the Cheile Dâmbovicioarei Formation. Within the more 

than 350 m limestone succession of this formation, a rela-

tively rich assemblage of calcareous algae and foramini-

fera was identified. Among algae, the following species 

have been identified: Selliporella neocomiensis (Ra-

doičić) (Fig.18 b), Pseudocymopolia jurassica (Dragas-

tan) (Fig. 18 c), Salpingoporella praturloni (Dragastan) 

(Fig. 18 d), Salpingoporella cf. circassa Farinacci & Ra-

doičić, Salpingoporella sp., ?Neomeris sp., Humiella sp., 

Pseudotrinocladus piae (Dragastan), ?Permocalculus sp. 

and Thaumatoporella parvovesiculifera (Raineri) (Fig. 18 

q). The foraminiferal assemblage consists of Earlandia? 

conradi Arnaud-Vanneau, Pseudocyclammina sp., Ever-

ticyclammina div. sp., Haplophragmoides joukowskyi 

Charollais, Brönnimann & Zaninetti (Fig. 18  e,f), 

Montsalevia salevensis (Charollais, Brönnimann & Zani-

netti) (Fig. 18 g), Protopeneroplis ultragranulata (Gor-

batchik) (Fig. 18p), Pfenderina neocomiensis (Pfender), 

Pseudotextulariella courtionensis Brönnimann (Fig. 18 

i), Scythiolina div. sp. (Fig. 18 h), Vercorsella sp., Frei-

xielina planispiralis Ramalho, Siphovalvulina variabilis 

Septfontaine, Kamiskia sp., Ammobaculites sp., Nautilo-

culina sp., Gaudryina sp., Troglotella incrustans Wernli 

& Fookes, Danubiella gracilima Neagu (Fig. 18 m), 

Meandrospira sp.,  Spiroloculina  sp.  and  diverse  other  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 11 a Intertidal carbonates (micro-cycles delimitated by firmground type surfaces) (thin section in 

panorama). Fenestral peloidal-oncoidic grainstone; Millimeter-scale firmgrounds are composed of 

micritic laminae (arrowed). 
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Fig. 12 Supratidal limestones. a Algal-microbial mats; they contain alternations of calcified cyanobacteria and very fine 

micritic lamine. b Detail from the image a; the cyanobacteria laminae with agglutinated fine peloids and ostracods (indi-

cated by arrows). c, d Fenestral algal/cyanobacterial bindstone; micro-lamination is formed by calcified cyanobacteria 

filaments; the lower part is composed of rivulariacean-type cyanobacteria; detail at left; 
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Fig. 13 Supratidal limestones. a Fenestral muds with horizontal, vertical and oblique desiccation cracks. The horizontal 

cracks are parallel with the lamination while the upper part of the cracks is filled with vadose silt (arrow). b, c Pedogenet-

ically modified supratidal limestones. Fractured fenestral mudstone (b, c); it contains horizontal, oblique and vertical 

cracks; c, detail of b; cavities are filled by micro-stalactitic and meniscus cements which from vadoid crusts (arrows 1); 

the lower part of the cavities contains vadose silt (arrow 2). 
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miliolids, Neotrocholina sp., Coscinoconus cherchiae 

(Arnaud-Vanneau, Boiseeau & Darsac) (Fig. 18 j), 

Coscinoconus cf. campanellus (Arnaud-Vanneau, Boise-

eau & Darsac) (Fig. 18 l), Coscinoconus cf. perconigi 

(Neagu) (Fig. 18 k), Paracoskinolina? jourdanensis 

(Fooury & Moullade) (Fig. 18 n, o), Paracoskinolina? sp. 

and diverse unidentified orbitolinids. 

The whole assemblage of calcareous algae and foramini- 

 

 

 

 

 

fera indicate a Berriasian-earliest Valanginian age (e.g., 

Darsac, 1983; Salvini-Bonnard, et al., 1984; Arnaud-

Vanneau et al., 1988; Boisseau, 1987; Altiner, 1991; 

Granier & Deloffre, 1993; Bucur, 1999; Chiocchini et al., 

1994; Neagu, 1994; Bucur et al., 1995; Ivanova, 2000; 

Granier & Bucur, 2011; Schlagintweit & Enos, 2013) 

(Fig. 19). 

 

 

 

 

 

 
 

Fig. 14 Micro-cycles within supratidal carbonates. Alternations of fractured fenestral non-fossiliferous mudstone and ostra-

cod-bearing mudstone; horizontal, oblique and vertical cracks are present within the non-fossiliferous levels (1); fractured 

cavities contain vadose silt; storm deposits (2) and pond type facies (ostracod-bearing mudstone) (3). 
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CONCLUSIONS 

 

Reefal limestones („Upper massive limestones”of Pa-

trulius et al., 1980; Cheile Dâmboviţei Formation cf. 

Dragastan, 2010) are present in the lower part of the Che-

ile Dâmbovicioarei carbonate succession. They pass gra-

dationally into intraclastic/bioclastic-dominated shoals 

which are overlain by peritidal carbonate deposits. A gra-

dational boundary marks the transition from reefal to 

shoals limestones. Such evidence indicate a continuity of 

sedimentation in this part of the carbonate platform. Re-

worked blackened bioclasts originate mainly from shal-

low or coastal platform areas. These depositional settings 

were dominated by topographically elevated areas where 

terrestrial plant colonisation was common. Reworked 

carbonate intraclasts include reefal fragments together 

with inner platform intraclasts and bioclasts. Carbonate 

sediment accumulated in outer platform bioclastic shoals, 

under high-energy conditions.   

The intraclastic/bioclastic-dominated shoals -peritidal 

limestone transition is marked by a sharp boundary since 

the entire area was subaerially exposed. These deposits 

are overlain by hundreds of meter thick peritidal limesto-

nes (Cheile Dâmbovicioarei Formation, Patrulius 1976; 

Patrulius & Avram, 1976). Cyclic water depth changes 

are indicated by the stacking patterns of the peritidal faci-

es. Individual bed and bedset facies evolution point to a 

distinct transition from subtidal/intertidal to supratidal 

depositional environments. Incomplete sequences domi-

nate the Cheile Dâmbovicioarei carbonate succession. 

 

 

 

This transition can be explained by the progradation of 

coastal deposits (lacustrine/brackish water swamps) over 

marine intertidal/supratidal carbonates. Alternatively, it 

may be explained by lateral migration of tidal litoral faci-

es belts. Bedscale depositional cyclies are marked by 

microfacies changes or the formation of submarine erosi-

onal surfaces and short-term subaerial exposure horizons. 

Such horizons contain sedimentary features associated 

with dissolution processes, cementation, erosion and pe-

dogenetic brecciation. These processes form as a conse-

quence of sea-level fall and negative accommodation 

space in some morphological areas of the carbonate plat-

form. Incipient regional sea-level fall is clearly marked in 

the upper part of the carbonate succession. In this case, 

two distinct levels of pedogenetically brecciated limesto-

nes form good outcrop exposures in the Padina Braşoavei 

area (Urdăriţa Horst). A platform scale discontinuity caps 

the topmost part of this limestone unit (Grădinaru et al., 

2016).  

In conclusion, the associated carbonate depositional envi-

ronments point to an important progradation of the Getic 

Carbonate Platform during the Late Tithonian-earliest 

Valanginian.  

The accomodation space became increasingly reduced 

during deposition of  the upper part of the succession, as 

indicated by the outer platform-peritidal facies transition. 

As a consequence, the carbonate platform started to mi-

grate/shift laterally. Rivulariacean-type cyanobacteria 

were the main carbonate producers in the peritidal com-

ponent of the limestone succession.  

 

 

 
 
Fig. 15 Limestones from the Padina Brașoavei outcrop (Urdărița horst). The arrows indicate the discontinuity surface. 
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Fig. 16 Limestones from the Padina Brașoavei outcrop (Urdărița horst). a Limestones from the lower part of the 

succession [(the yellow arrows indicates the first brecciated level (with green-greyish matrix), while the red arrows 

indicate the second, black pebble bearing brecciated level]. b Well-bedded limestones from the upper part of the 

succession. c, d Fine laminated fenestral limestones from the lower part (c) and the upper part (d) of the succession. 

e The first brecciated level, with green-greyish matrix. f Black pebble-bearing level. 
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Fig. 17 Carbonate facies from the breccia levels. a-d Peloidal-bioclastic packstone with cyanobacteria, ostracods and 

foraminifera (d); cavities are filled with vadose silt and gravitational terrigenous material. e-f Breccia with horizontal 

(e), circumgranular and vertical (f) cracks. Scale-bar = 1 mm. 
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Fig. 18 Main microfossils from the Cheile Dămbovicioarei Formation. a Bramkampella arabica; b Selliporella neoco-

miensis; c Pseudocymopolia jurassica; d Salpingoporella praturloni; e, f Haplophragmoides joukowskyi; g Montsalevia 

salevensis; h Scythiolina sp.; i Pseudotextulariella courtionensis; j Coscinoconus cherchiae; k Coscinoconus cf. per-

conigi; l Coscinoconus cf. campanellus; m Danubiella gracilima; n, o Paracoskinolina? jourdanensis; p Protopenero-

plis ultragranulata; q Thaumatoporella parvovesiculifera. Scale-bar = 0.25 mm (a-c, e-q); 0.50 mm (d). 
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