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Abstract. Sedimentological and mineralogical composition of Upper Cretaceous terrigenous and 
volcaniclastic sandstones are presented for the Coşuştea Nappe of the South Carpathians, Romania, in 
order to constrain the provenance and tectonic setting of deposition. Existing geochemical data on 
volcaniclastic rocks were interpreted using discrimination diagrams in order to get additional 
information. The Coşuştea Nappe includes terrigenous turbidites, overlain by upward coarsening 
sequences of volcaniclastic turbidites, both associated with a strongly dismembered mélange complex. 
Facies association and vertical facies distribution suggest that terrigenous successions are midfan 
turbidites, dominated by deposition in suprafan channels. Their sandstone mineralogy indicates that a 
major sediment source, located on the upper plate, provided detritus of Getic type metamorphic basement 
and withinplate volcanic rocks, with minor input from the accretionary wedge. Volcaniclastic 
sedimentation took place as dominantly sandstone deposition in supracone lobes, followed by coarse 
sedimentation as channelized debris flows. Vertical facies distribution suggests evolution in time from 
midfan to proximal fan turbidites. Mineralogical composition of volcaniclastic sandstones indicates 
provenance from a major volcanic source, with minor contributions from the accretionary wedge and 
from an upper continental plate supplying terrigenous siliciclastic detritus, and suggests that 
volcaniclastic turbidites accumulated in a trench or a slope forearc basin. Geochemical data indicate 
resedimented volcanic arc material, with intermediate to basic composition and calc-alkaline 
geochemistry. The volcanic source was very likely represented by the Maastrichtian volcanism related to 
the Banatitic Magmatic and Metallogenetic Belt from the western South Carpathians. 
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INTRODUCTION 

Cover nappes of the South Carpathians are exposed in 
the Danubian Window between the Getic-Supragetic 
and Danubian Nappe systems (Fig. 1). In the Mehedinţi 
Plateau, Cerna Mountains and on the southern rim of the 
Vulcan Mountains, the cover nappes were separated as 
Severin, Cerna and Coşuştea nappes (Fig. 2). These 
nappes, emplaced as underthrusted units of an 
accretionary wedge (Seghedi et al., 1995a; Seghedi, 
Oaie, 1997), were subsequently deformed during the 

Late Cretaceous collisional events between the Tiszia 
and Dacia plates.  

The Coşuştea Nappe is made of Upper Cretaceous 
deposits including terrigenous turbidites, volcaniclastic 
turbidites and a strongly dismembered mélange com-
plex. The thick, upward coarsening sequences of Upper 
Cretaceous volcaniclastic turbidites, located on top of 
terrigenous turbidites, both associated with a mélange 
formation, suggest deposition in a trench or slope 
forearc basin. Sedimentological features and thickness 
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Fig. 1. Tectonic units of the Danubian Window in the Central South Carpathians (simplified map after Berza et al., 1994). Note 
that Arjana Nappes is not separated. 

 
differences of the turbiditic sequences from Severin and 
Coşuştea nappes can be explained by trench evolution in 
time, from a starved trench during the Berriasian, to a 
moderately supplied trench during the Barremian and an 
oversupplied trench in the Turonian–Maastrichtian 
(Seghedi, Oaie, 1997). 

Although separated in 1940 by Codarcea as 
Coşuştea unit, sedimentological and mineralogical 
studies were not performed on the main sedimentary 
successions of the Coşuştea Nappe. In order to 
understand the source areas and the geotectonic setting 
of the depositional basin, this paper aims to describe the 
sedimentology and mineralogy of sandstones and 
conglomerates from the turbiditic successions of the 
Coşuştea Nappe, and especially the volcaniclastic 
deposits, and to use the already published geochemical 
data to establish sandstone provenance.  

GEOLOGICAL AND STRUCTURAL 
BACKGROUND 

The Danubian  window exposes the geological structure  
 
 

of central South Carpathians consisting of two systems 
of basement cored-nappes, the Getic-Supragetic and 
Danubian, with cover nappes in between, as shown in a 
simplified tectonic sketch (Fig. 1). Crustal thickening 
and nappe stacking in the South Carpathians is the result 
of Early to Mid-Cretaceous collision between the Tiszia 
and Dacia crustal blocks (Berza et al., 1994; Dallmeyer 
et al., 1996). Gravitational collapse and exhumation as 
metamorphic core complex followed in the Late 
Cretaceous (Schmid et al., 1998), triggering the 
formation of continental ‘Gosau-type’ collapse basins 
(Willingshofer, 2000; Willingshofer et al., 2001), e.g. in 
Rusca Montană and Haţeg basins. Magma emplacement 
adjacent to these basins was favoured by the extensional 
regime. Subsequent deformation by steeply dipping, 
right-lateral strike-slip faults affected the area during the 
Late Cretaceous and Paleocene (Ratschbacher et al., 
1993; Willingshofer et al., 2001).  

In the southern part of the Danubian window, 
exposed in the Mehedinţi Plateau, Cerna and Vulcan 
Mountains, three cover nappes occur between the main 
Getic and Danubian nappes, designated as Severin, 
Coşuştea and Cerna nappes (Fig. 2). The image shown 
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Fig. 2. Tectonic units in the area of southern Vulcan Mountains – Mehedinţi Plateau. Modified after Pop et al., 1975; Bercia et 
al., 1977; Berza, 1978; Berza et al., 1986, 1988; Stan et al., 1979; Stănoiu et al., 1979; Savu et al., 1989; Marinescu et al., 1989; 
Seghedi et al., 1995a). Red bars represent locations of lithological logs: 1. Valea Socilor; 2. Topicioara cu Apă; 3. right tributary 
of Găina Valley; 4. left tributary of Balta Valley. 

 
 

in Fig. 2 is based on the tectonic maps of Berza et al. 
(1983, 1986, 1988, 1994), completed with the Cerna 
Nappe after various maps of Codarcea (1940), Pop 
(1973), Pop et al. (1975), Stan et al. (1979), Marinescu 
et al. (1989), and with the Coşuştea Nappe modified 
after Stănoiu et al. (1988, 1992). The tectonostrat-
igraphy of these Alpine units is shown in Fig. 3.  

The Getic Nappe, first recognized by Murgoci 
(1905), is represented in the Mehedinţi Plateau by the 
Bahna and Iron Gates outliers, and by the Vălari klippen 
in the southern part of Vulcan Mountains. The outliers 
consist of metamorphic rocks of the Sebeş-Lotru series 
(Sebeş Group of Iancu, Mărunţiu, 1994) with polycyclic 
metamorphic history, showing remnants of eclogite 
facies rocks, Variscan shearing zones in granulite facies 
and a complex PT evolution of the amphibolite facies 
rocks (Iancu, Mărunţiu, 1994; Iancu et al., 2005, and 
references therein). Locally, the metamorphic rocks of 
the Bahna outlier are overlain by a Mesozoic cover of 
Upper Jurassic–Lower Cretaceous deposits (Codarcea, 
1940), while the Upper Cretaceous is designated as the 

Gura Văii Sandstone (Stănoiu et al., 1979, 1988). 
The Severin Nappe, situated between the Getic 

and Danubian nappes, includes ophiolitic rocks asso-
ciated to the Sinaia, Azuga and Comarnic Beds 
(Codarcea, 1940). It was subdivided into several 
tectonostratigraphic units, their internal stratigraphy 
varying according to each author. Mărunţiu (1987) 
suggested that ophiolitic rocks, which form a tectonic 
mélange, represent a gravitational slide (i.e. the Obârşia 
Nappe), while the Severin Nappe would include only 
the Sinaia and Comarnic Beds with their associated 
basaltic rocks. Stănoiu et al. (1988) divided the 
sedimentary successions into at least three units with 
local names.  

Despite its strongly broken character (Mărunţiu, 
1987), the Obârşia complex of the Severin Nappe shows 
important elements of the ophiolitic stratigraphy 
established by Moores (1982), even if they cannot be 
observed in their initial succession. The complex shows 
ultramafic tectonites, non-cumulate massive plutonic 
rocks (gabbros), pillow lavas and massive basalt flows
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Fig. 3. Tectonostratigraphy of the Alpine units in Vulcan-Mehedinţi area (after Seghedi et al., 1995a). 

 
 

(Savu, 1985; Mărunţiu, 1987), associated with domi-
nantly siliceous pelagic sediments. Although dykes and 
ultramafic cumulates are uncertain (Mărunţiu, 1987), 
elements of layers 4, 2 and 1 of the oceanic crust stra-
tigraphy (Anderson et al., 1982) are recognizable in the 
Obârşia complex. An additional element to strengthen 
the presence of oceanic crust derives from geochemical 
features of basalts, indicating oceanic tholeiites 
(Cioflica et al., 1981, 1994; Savu, 1985; Savu et al., 
1987, 1989, 1992; Mărunţiu, 1987).  

The Coşuştea Nappe, defined in the Mehedinţi 
Plateau (Stănoiu et al., 1988; Stănoiu, 1997, 1999, 
2000) includes Lower Jurassic terrigenous deposits, mid 
Jurassic–Lower Cretaceous carbonate succesions and 
deposits largely belonging to an Upper Cretaceous 
olisthostrome. According to Stănoiu et al. (1992), the 
stratigraphy of the Coşuştea Nappe is different in the 
Mehedinţi Plateau from that in the southern Vulcan 
Mountains.  

Seghedi et al. (1995a, b) ascribed to the Coşuştea 
Nappe both the Upper Cretaceous deposits previously 
considered as Danubian cover (Pop, 1973; Pop et al., 
1975, 1997; Berza et al., 1986, 1988, 1994) and a large 
part of the deposits ascribed to this unit by Stănoiu et al. 
(1988, 1992). However, they excluded from the 
Coşuştea Nappe the Lower Jurassic ‘Gresten facies’ 
deposits and the Tithonian to Hauterivian carbonate 

platform limestones from the Mehedinţi Plateau, which 
represent the Alpine Danubian cover of the Lainici 
Nappe. 

The Cerna Nappe was defined by Codarcea 
(1940) in both the Mehedinţi Plateau and Cerna 
Mountains as a thin-skinned thrust formed subsequently 
to the emplacement of the Arjana Nappe. The Cerna 
Nappe extends eastward on the southern rim of Vulcan 
Mountains (Pop, 1973; Pop, in Stan et al., 1979; Pop, in 
Marinescu et al., 1989) and includes Tithonian to 
Hauterivian limestones overlain by Upper Cretaceous 
turbidites. In both the Cerna Mountains and southern 
Vulcan Mountains, the Jurassic–Lower Cretaceous 
limestones of the Cerna Nappe overlie Upper 
Cretaceous deposits and only locally they directly 
overlie the Tithonian–Lower Cretaceous limestones of 
the Lainici Nappe.  

The Lainici Nappe (Berza et al., 1988) is a 
basement-cored Lower Danubian nappe, involving two 
distinct pre-Alpine units sharing the same Mesozoic 
cover. The amphibolite facies metamorphic basement 
involves metabasic and quartzite-carbonate rocks. The 
Mesozoic cover consists of terrigenous Lower Jurassic 
deposits, Upper Jurassic–Lower Cretaceous carbonate 
rocks and Upper Cretaceous clastics (Berza et al., 1983, 
1986, 1988). 
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The Schela Nappe (Berza et al., 1986, 1988) 
represents the lowermost structural unit within the 
Lower Danubian Nappes. Its stratigraphy includes an 
Upper Precambrian basement (consisting of Lainici-
Păiuş metamorphic rocks and granitoids) and a Lower 
Jurassic cover (i.e. the ‘Gresten facies’ Schela Forma-
tion) showing a very low-grade to low-grade meta-
morphism, with neoformations of chloritoid and 
pyrophyllite. 

METHODOLOGY 

Samples were collected along four sections shown in 
Fig. 2. Sedimentological studies were performed on six 
lithological sections with continuous exposure along 
these sections. A total of 190 samples were collected, 65 
from terrigenous turbidites and sandstones within the 
mélange complex, and 125 from the green volcaniclastic 
sandstones. Thin sections were studied using a petro-
graphic microscope. Previously published geochemical 
data (Savu et al., 1987) and few unpublished data of 
Russo-Săndulescu, in Stănoiu et al., 1988 (25 in total) 
were used to calculate discriminant functions and to 
draw provenance diagrams for the volcaniclastic 
sandstones, considering that in matrix-rich rocks, 
microscopic methods can be enhanced by minor and 
trace element geochemistry, as only stable minerals are 
preserved during weathering and diagenesis. 

THE COŞUŞTEA NAPPE 

The Coşuştea Nappe consists of  Upper Cretaceous 
deposits including the following three lithostratigraphic 
units: 1) grey calcareous sandstones (brown in weath-
ered surface), siltstones and mudstones, representing 
terrigenous turbidites ascribed to the Upper Senonian 
(Middle Campanian–Maastrichtian) based on fora-
miniferal associations (Stănoiu et al., 1988); 2) green 
conglomerates, microconglomerates and sandstones, 
representing volcaniclastic turbidites; and 3) a strongly 
dismembered mélange complex (also referred to as 
olistostrome or wildflysch). The areal development of 
this nappe is shown in Fig. 2. This image corresponds 
only partly to the Coşuştea unit as separated by Stănoiu 
et al., 1988, 1992), and includes exclusively Upper 
Cretaceous formations. From the lithological column of 
the Coşuştea  Nappe in the Mehedinţi  Plateau (in the 
model of Stănoiu  et al., 1988) we exclude the Lower 
Jurassic and Tithonian–Lower Cretaceous deposits, 
considering that these continental and shallow marine 
formations cannot represent the basement of trench 
turbidites, as we interpret the overlying Upper 
Cretaceous formations. 

In the Mehedinţi Plateau, Stănoiu et al. (1988) 
considered the Coşuştea Nappe as including the 
Dejderiu Sandstone (Codarcea, 1940) and the Balta 
Formation (or olistostrome), ascribed to the Upper 
Senonian (Middle Campanian–Maastrichtian) based on 
foraminiferal assemblages. 

In the Southern Vulcan Mountains, the Coşuştea 
Nappe includes the Cernişoara Formation (Pop, 1988), 
interpreted as a wildflysch facies (Pop, 1966) and 
ascribed to the Upper Turonian–Senonian, based on the 
assumed discordant position on top of the Cenomanian–
Middle Turonian shales (Nadanova Formation) and on 
the presence of inoceramids. In the interpretation of 
Stănoiu et al. (1992), the Upper Cretaceous succession 
in the southern Vulcan Mountains includes both the 
Balta and Dejderiu formations of the Coşuştea Nappe, 
and the Mehedinţi Formation (an olistostrome located at 
the top of the Cerna Nappe cover). 

Geometric relations always indicate that the green 
sandstones lie on top of the grey sandstone successions, 
forming prograding, upward coarsening and thickening 
successions. In the southern Vulcan Mountains (on 
Topicioara cu Apă, Valea Bătrâna, and Valea Socilor), 
the green sandstones overlie a succession of grey sand-
stones with facial characteristics of mid-fan turbidites, 
dominated by overbank deposits (Fig. 4). The springs 
area of Găina Valley in the Mehedinţi Plateau exposes 
green sandstones building such a sequence overlying 
about 100 m thick distal cone turbidites with rare deci-
metric interbeds consisting of grey sandstones (Fig. 5a).  

Terrigenous turbidites 

Separated in the Mehedinţi Plateau as Dejderiu Sand-
stone (Codarcea, 1940), grey sandstone dominated suc-
cesssions are found within the Cernişoara Formation on 
Valea Bătrână, Topicioara cu Apă, and the right trib-
utaries of the Bulba Valley. On small areas, they also 
occur on the right tributary of Motruşor Valley and 
sometimes in the main river banks. These rocks are also 
found eastward, in the Parâng Mountains (i.e. the 
Cernădia flysch of Berza et al., 1988). On Topicioara cu 
Apă, the grey sandstones are better exposed and 
although there is no continuous outcrop area, their 
relationships with the volcaniclastic sandstones can be 
clearly seen.  

The grey terrigenous sandstones show the same 
mineralogical composition as the Lower Cretaceous 
sandstones in the Sinaia Beds of the Severin Nappe 
(Seghedi et al., 1995a).  

In Topicioara cu Apă, the grey sandstones occur as 
metric sequences of the upward fining B2-D facies type, 
characteristic of the Sinaia Beds in the Coşuştea Valley. 
Typical sedimentary structures are convolute 
laminations and flame structures in the base of the 
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Fig. 4. Lithological logs in the turbidites of the Coşuştea Nappe from the south Vulcan Mountains.  
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massive sandstone facies, suggesting a sedimentary 
basin with active tectonics and seismicity. Such 
conditions are typical for trench basins. Cross- and 
parallel laminations of heavy minerals placers suggest 
the possibility that the lithofacies Tc and Td represent 
contourites. The facies association represents mid-fan 
turbidites, accumulated in supracone channels. 

The mineralogy of the terrigenous sandstones is 
dominated by quartz, plagioclase, K-feldspar, with rare 
lithoclasts of trachyte, chert and muscovite quartzite; 
frequent laminations with heavy minerals occur 
consisting of opaque minerals, such as tourmaline, 
garnet, and leucoxene. The mineralogical composition 
suggests a terrigenous continental source that yielded 
clasts of muscovite-rich metamorphic rocks and 
withinplate type magmatic rocks along with 
accretionary wedge type source. Such sources usually 
feed trench or forearc type basins (Dickinson, 1970). 
Locally, in the Mehedinţi Plateau, the grey sandstones 
overlay red-purple cherts similar to the Azuga Beds. 
Along with the sedimentological and mineralogical 
features, this geometric relationship suggests that the 
grey sandstones represent trench turbidites, accumulated 
on the external trench wall, on top of pelagic siliceous 
sediments typical of a subducting oceanic plate. 

Volcaniclastic turbidites 

First noticed in Romania by Manolescu (1937) and 
Codarcea (1940) on the southern slope of the Vulcan 
Mountains, then by Kalenić, Đorđević (1969) in the 
Miroć Plateau of Eastern Serbia, this unusual magmatic 
record is still not well understood in its genesis, 
significance and provenance.  

The green volcaniclastic rocks from the Southern 
rim of Central South Carpathians have been described 
under various names and even associated with the 
basalts from north of Curpenu, which actually represent 
a small outlier of Obârşia Nappe. These rocks were 
described by Pop (1966) as ophiolitic rocks including 
basalts, serpentinites, basic rocks similar to basalts, 
diabase tuffites variably contaminated with terrigenous 
material, and green tuffitic sandstones. The green 
volcaniclastic rocks are figured on the 1:50 000 scale 
map of Romania in the area of Sohodol Valley – 
Topicioara cu Apă (north of Bâlta and Runcu localities) 
as veins and dykes within the Upper Cretaceous 
wildflysch formation and some are described as 
volcaniclastics and basaltic rocks (Pop, in Marinescu et 
al., 1989). Pop (1973) presented a map of the 
distribution of ophiolitic rocks in the entire area of 
Cernişoara Formation. Stănoiu et al. (1992) figured 
these rocks as thin layers of epiclastic deposits in the 
Dejderiu sandstone and Balta olistostrome from the 
southern Vulcan Mountains. 

In the Balta olistostrome from Mehedinţi Plateau, 
the green sandstones are figured as lens-shaped bodies 
and described as volcano-sedimentary facies with 

gabbro-diorites (belugites and belugite-porpyrites) on 
the Criva Valley tributaries, and as dykes of pyroxene 
and amphibole andesites on Balta Valley (Mercus, in 
Stănoiu et al., 1979). On the lithological map in scale 
1:25 000 Balta sheet, the green sandstones are figured as 
lens-shaped successions of psammitic epiclastic rocks, 
very rich in magmatic rock fragments, suggesting the 
possibility that they represent olistoliths of olistoplate 
type (Stănoiu et al., 1988). Those authors did not 
preclude that they might belong to the Balta Formation. 
Emphasizing the false intrusive aspect of the rocks, 
Savu et al. (1987) described the green rocks as 
crystalloclastic, seldom vitroclastic tuffs, with rare 
fragments of rocks, such as basalts and basaltic 
andesites, while northward, in the Bâlta and Curpenu 
areas, the green rocks are associated with tuffites and 
sandstones with tuffogenous material. 

The green sandstones represent successions of 
variable thicknesses. Maximum thickness of 300 m was 
observed in the Balta area of the Mehedinţi Plateau. 
North of Vălari, the green sandstones show only 150 m 
thickness in outcrop. Both in the southern Vulcan 
Mountains and Mehedinţi Plateau areas, the green 
sandstones always lie on top of the grey terrigenous 
sandstones, with no visible discontinuity (Figs. 4, 5a). 

The mélange complex 

The mélange complex can be described as a 
dismembered or broken formation, as defined by Hsü 
(1974). It represents a unit with internal fragmentation 
but lacking exotic blocks, within which the 
reconstitution of the stratigraphic succession and bed 
continuity is no longer possible. On the largest part of 
the outcrop area, it contains lenses, blocks and 
fragments of brown sandstones which locally preserve 
ripple-cross laminations, graded bedding, parallel 
laminations, and even Tcde Bouma divisions. 

The coarse sandstones are composed of various 
lithoclasts, including corpuscular and peletal micritic 
limestone, fine-grained calcareous sandstone and 
siltstone, radiolarian chert (with radiolarians replaced by 
fibrous chalcedony), trachyte, quartz-muscovite schist 
with mylonitic fabric, and quartzitic sandstone. The 
sandstones also contain clasts of quartz, rutile, detrital 
muscovite and biotite (discoloured or partly replaced by 
chlorite). The fine-grained sandstones and siltstones 
consist of clasts of quartz, feldspar, muscovite and 
biotite, sometimes with calcite monocrystals suggesting 
replacement of foraminiferal bioclasts or other types of 
microfauna. The petrographic and mineralogical 
composition of sandstone clasts and lenses within the 
mélange-type matrix also suggests input from 
accretionary wedge (of Sinaia and Azuga-type 
formations), as well as terrigenous siliciclastic input 
from the metamorphic rocks of the upper plate. 

In the Coşuştea Valley, downstream of Isverna, and 
in Brebina Valley, downstream of Obârşia Cloşani,



84 

 
 
Fig. 5. Lithological logs in the turbidites of the Coşuştea Nappe from the Mehedinţi Plateau. Note the upward coarsening 
sequence in the Valea Găina section and the coarse conglomeratic facies rich in limeclasts in log c. Same legend as in Fig. 4. 
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in the sheared pelitic matrix rare decimetric layers occur 
consisting of very coarse white calcirudites made of 
angular and subangular limestone clasts. The lens-
shaped geometry of this facies and the absence of 
internal structure suggest deposition from mass-flows of 
debris-flow type; its association with pelitic sediments 
indicates proximal turbidite fan deposits, where 
calcirudites represent the submarine canyon facies and 
the pelitic rocks represent pelagic sediments specific to 
the depositional basin. The clast petrography of 
calcirudites is dominated by pelagic Calpionella 
limestones, corpuscular limestones with microfaunal 
debris and peletal limestones with usually recrystallized 
bioclasts. The subordinate siliciclastic material consists 
of quartz, strongly albitized and calcitized K-feldspar 
and lithoclasts of quartz-muscovite-carbonate schists 
(suggesting greenschist facies mylonites). This facies 
was derived from the erosion of a carbonate platform, 
with minor input of terrigenous siliciclastic material 
from the upper plate. The absence of arc volcanic 
material suggests that reefal limestones might have 
formed on the crest of the accretionary wedge, either 
emerged, or located very close to the surface. 

In several localities (e.g. in Brebina Valley between 
Mărăşeşti and Bratilovu, and in Cerna Valley at Băile 
Herculane), the mélange complex contains decimetric to 
metric (or even larger) blocks of strongly brecciated 
basalts, sometimes associated with pink limestones. The 
angular basalt clasts are completely unsorted and show a 
recrystallized cement of calcite. They have been 
previously considered olistoliths of basalts from the 
Severin Nappe (Stănoiu, in Pop et al., 1975). However, 
the mineralogical and petrographic features of basalts 
show strong similarities with alkali basalts: presence of 
lithophyses, abundance of chloritized glass, cavities 
filled with secondary calcite, and presence of alkali 
feldspar in the recrystallized ground mass. In several 
localities (e.g. in Pârâul Socilor and Brebina Valley), in 
the sheared matrix of the mélange complex greenish 
layers occur, which in thin sections were identified as 
slightly mylonitic trachytes. 

The presence of alkali basalts and trachytes within 
the mélange complex and in the composition of the 
brown sandstones suggests that they originated from a 
common source area. Such rocks represent the products 
of wihinplate magmatism and occur both in the Arjana 
Nappe and in the cover of the Getic Nappe in the 
Eastern Carpathian bend zone (Russo-Săndulescu, in 
Conovici et al., 1988, and in Kräutner et al., 1990). 

GREEN VOLCANICLASTIC SANDSTONES OF 
THE COŞUŞTEA NAPPE 

Sedimentology  

The main sedimentological features of the green 
sandstones are shown in Table 1. The lithofacies have 
been determined according to bed internal structure and 

grain-size, using the classes and facies codes proposed 
by Pickering et al. (1989). 

Facies and facies associations 

In the southern Vulcan  Mountains, green sandstones 
dominate as beds with thicknesses varying between 
decimetric to 1-2 m. Beds frequently show an irregular, 
erosive base; rocks are normally  graded (from medium- 
or fine-grained sandstones to very coarse sandstones, 
locally microconglomerates, to medium- and fine-
grained sandstones with parallel laminations at top). 
Beds with coarser bases often contain centimetric-
subcentimetric intraclasts of mudstone or laminated 
black siltstone, as well as rare clasts of carbonate rocks, 
brownish in weathering surface. Since usually these 
carbonate clasts are partly or entirely leached, the rocks 
show typical cavernous appearance. The colour of 
sandstones varies from dark green in the coarse-grained 
and very coarse-grained facies to light green to olive in 
the fine-grained, horizontally laminated sandstones. On 
the dark green background of the coarse basal layers, 
sub-centimetric lithoclasts of feldspathic eruptive rocks 
occur, usually andesites. 

The sandstone beds are separated by fine intervals 
consisting of Tcde or Tde Bouma divisions. They form 
centimetric rhythms, superimposed in decimetric, 
seldom metric sequences (Figs. 4, 5). Convolute 
laminations and flame structures frequently occur at the 
base of coarse sandstone beds. 

Vertical facies distribution 

In the Mehedinţi Plateau, south of Balta, two types of 
upward coarsening successions were recorded.  

On tributaries at the springs of Găina Valley, east 
of the road to Balta, distal terrigenous turbidites 
showing grey sandstone interbeds are overlain by a 
200–250 m thick succession dominated by green 
sandstones (column a in Fig. 5). The green sandstones 
occur as beds 2–4 m thick, massive or graded and 
almost always showing parallel laminations at the top. 
The base of sandstone beds is coarser, made of coarse 
sandstones or microconglomerates, often with dark 
green-blackish clasts of chloritized glass. In the main 
valley, the sandstone beds are separated by decimetric 
or metric banks of distal turbidites (interchannel 
deposits), to become amalgamated toward the top of the 
sequence. Northward, the succession grades up to 
massive sandstone, or graded-bedded sandstone with 
laminated top (column b in Fig. 5), well exposed on the 
tributary of the Găina Valley. 

On a left tributary of Balta Valley, an upward 
coarsening sequence is exposed on several tens of 
meters. The succession shows the transition from 
amalgamated massive sandstones with parallel 
laminated tops to coarse strata of conglomerates, 
showing a clast-supported to matrix-supported texture.  
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Table 1.  
Sedimentological features of the volcaniclastic sandstones of the Coşuştea Nappe; Facies codes after Pickering et al. (1989) 
 

Facies class Facies code Description Transport Depositional 
mechanism 

Facies associations 

A 
conglomerate, 
sandstone with 

large clasts 

A11 – clast 
supported 

conglomerate 

conglomerate with no 
internal structure; 
metric beds; erosional, 
irregular base; sharp or 
graded top; weak sorting; 
angular to subangular, 
seldom rounded clasts; 

debris-flow mass deposition 
due to slope 
decrease and 
intergranular 
friction 

A11>A14>B11>C23 
A11>B11>A14>B11 

A14 – matrix-
supported 

conglomerate 

pebbly sandstones; no 
internal structure; 1-3.50 
m thick beds; sharp base, 
flat top; unsorted to 
moderately sorted; 
angular to subrounded 
clasts; sandstone matrix, 
medium to coarse 

high concentra-
tion flow 

rapid deposition 
of clasts-matrix 
mixture; 
intergranular 
friction 
increases due to 
decelerating 
flow 

B21>B11>A14 
A11>A14>B11>C23 

A27 – graded 
sandstone 

pebbly sandstones, 
graded bedding; 1-4 m 
thick beds; sharp base 
and top; intraclasts or 
rare limestone clasts 
concentrated at base; 
graded bedding 

high 
concentration 
flow; grains are 
partly tarate on 
the bottom or 
transported in 
suspension 

grain to grain 
deposition with 
rapid burial 

A27>B21>C23>A27>
B21 

B 
sandstone  

(no Bouma 
sequence) 

B11 – massive 
sandstone 

massive sandstone; bed 
thickness 0.5-7 m; 
sometimes with levels of 
intraclasts or limestone 
clasts in the lower part; 
massive appearance 

high 
concentration 
flow 

rapid “grain by 
grain” 
deposition, 
favoured by 
intergranular 
friction 

B21>B11>A14 
B11>B21>D23 

B21 – planar 
laminated 
sandstone 

planar laminated 
sandstone; bed thickness 
0.1-2 m; sharp base and 
top; seldom ripple 
laminations at top; 
normal or reverse 
grading 

high 
concentration 
flow 

cessation of 
flow at the base; 
intergranular 
friction 
produces 
imbrication and 
grading 

B21>B11>A14 
B11>B21>D23 

C2 
alternating fine 

grained 
sandstone/ 
siltstone/ 

mudstone (with 
Bouma 

sequence) 

C23 – fine 
grained 

sandstone/ 
siltstone/ 

± mudstone 

horizontal and cross 
laminated fine-grained 
sandstone/siltstone/ 
± mudstone; bed 
thickness 0.4-3.5 m; 
disposed in 3-10 cm 
thick Tcde, Tcd, Tce 
Bouma sequences 

diluted 
turbidity 
currents or 
contour 
currents 

deposition from 
suspension 
(“grain by 
grain” for Td 
and Te) and by 
bottom traction 
(for Tc) 

A27>C23 
B11>C23 

A11>A14>B11>C23 

D 
alternating 
siltstone/ 
mudstone  

D23 – 
laminated 

siltstone and 
mudstone 

siltstones and 
mudstones as 
graded/laminated units, 
with continuity along 
strike; sharp and flat base 
and top; 0.70-1.80 m 
thickness  

suspensions deposition from 
diluted turbiditic 
or hemipelagic 
suspensions  

B11>B21>D23 
A27>D23 

F 
deformed beds 

F21 – 
deformed 
sandstone, 
siltstone 

Convolute laminated 
sandstone and siltstone; 
bed thickness 30-80 cm; 
flat and smooth sliding 
surface; internal bedding 
of convolute-type  

Intraforma-
tional sliding 

- B11>F2 
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Individual conglomerate beds are 4–6 m thick, 

while clasts are represented by pebble- to boulder-sized 
white limestone. Clast-supported beds consist of coarse-
grained to very coarse-grained sandstones with a 
pellicular matrix. 

Analysis of facies associations revealed both 
aggrading and prograding stacking patterns of the III-rd 
order (Shanmugam, 1980), 3–10 m thick, controlled by 
the dynamics of the sedimentary processes specific to 
the depositional basin.  

The thinning and fining upward sequences 
(column c in Fig. 5) consisting of facies types A1.1 – 
A1.4 – B1.1 – C2.3 reflect processes of gradual 
abandonment of channels, while upward coarsening and 
thickening sequences (B2.1 – B1.1 – A1.4 type) in the 
same location define reactivation of erosional processes. 

The sandstone dominated sequences (B1.1 – B2.1) 
associate with finer-grained facies (D2.3) form B1.1 – 
B2.1 – D2.3 type sequences (Fig. 4, Socilor and 
Topicioara cu Apă valleys). These reflect the processes 
forming depositional lobes within complex systems of 
turbidite fans.  

Sedimentological features and vertical facies asso-
ciation suggest that in the Mehedinţi Plateau the vol-
caniclastic sedimentation evolved in time from arenite-
dominated in suprafan lobes to rudite-dominated, as 
channel-deposited debris flows, the vertical succession 
indicating transition from median to proximal cone. 

Sandstone mineralogy 

Previous mineralogical descriptions of the volcaniclastic 
successions are given by Savu et al. (1987) and Russo-
Săndulescu (in Stănoiu et al., 1988), who were the first 
to prove that the formerly considered lava layers or 
dykes in the Mehedinţi Plateau (Balta area) and in the 
southern Vulcan Mountains (Runcu-Bâlta area) 
represent in fact tuffs or volcanic agglomerates.  

Our study based on 125 representative samples 
shows, as expected, that the mineralogical constitution 
varies significantly from the coarse members (coarse, 
very coarse sandstones and microconglomerates) to the 
medium- and fine-grained, parallel laminated 
sandstones. 

Coarse-grained to microconglomeratic sandstones 
are clast-supported rocks with local carbonate cement 
and a pelicular matrix strongly recrystallized into 
oriented phyllosilicates. Green sandstones are 
compositionally immature rocks consisting dominantly 
of unstable volcanic material, such as plagioclase 
feldspar, usually euhedral and zoned; clinopyroxene, 
brown hornblende, and biotite. Magmatic rock 
fragments are frequent, representing mainly porphyritic 
andesites with microcrystalline groundmass and 
plagioclase, hornblende and pyroxene phenocrysts. 
Geochemical data (Savu et al., 1987) indicate that such 

lithoclasts are andesites and basaltic andesites. Clasts of 
acid volcanic rocks are rare. 

Resedimented carbonate material includes micritic 
limestones, often rich in microfauna. The influx of 
carbonate material is more reduced in the southern 
Vulcan Mountains, but is locally very abundant in the 
proximal turbidites from Balta region (Mehedinţi 
Plateau). Radiolarian cherts occur in small amounts. 
Terrigenous detritus, consisting of quartz, muscovite, 
biotite and garnet is less common. Rare grains of 
glauconite were observed in Balta region. 

The mineralogical composition suggests that the 
proper term for these rocks is epiclastite, as used by 
Russo-Săndulescu (in Stănoiu et al., 1988), meaning 
volcanic debris resulted from erosion and redeposition 
of volcanic or volcaniclastic rocks in terrigenous 
material (Cas, Wright, 1988). Considering the small 
amount of terrigenous material (below 5%), the green 
sandstones are better defined as volcaniclastic turbidites 
with both sedimentologic and provenance significance. 

The more distal, parallel laminated fine-grained 
sandstones show a different mineralogy. Such rocks, 
rich in detrital micas (both muscovite and biotite) and 
quartz, contain sporadic feldspar, tourmaline and garnet. 
They also contain various amounts of radiolarians, 
carbonate replaced microfossils and rare spicules 
replaced by fibrous chalcedony. Clasts are set in a 
clayey matrix, recrystallized into colourless phyllo-
silicates and cement recrystallized into spary calcite. 

Volcaniclastic sandstones show mineral assem-
blages of low-temperature Alpine metamorphism 
(Seghedi et al., 1995b). The newly formed mineral-
ogical assemblage indicates low temperature (200-
250oC) and low pressure (2–3 kb) conditions for the 
Alpine metamorphism of the Coşuştea Nappe, in the 
prehnite-pumpellyite zone of sub-greenschist facies 
conditions (Seghedi et al., 1995b; Ciulavu, Seghedi, 
1997). This type of metamorphism preserves the initial 
rock fabric, replacing in various degrees the primary 
minerals of sandstones (Fig. 6). 

GEOCHEMISTRY 

The geochemistry of the volcaniclastic sandstones is 
known from a total of 25 analyses of samples from both 
study areas: 22 analyses published by Savu et al. (1987) 
(13 from Bâlta area in the Vulcan Mountains, and 9 
from Balta region in the Mehedinţi Plateau) (Tables 2 
and 3), and 3 unpublished analyses from the Balta 
region (Russo-Săndulescu, in Stănoiu et al., 1988).  

Analysing chemical composition and using various 
diagrams for magmatic rocks, Savu et al. (1987) 
concluded that rocks show basalt and basaltic andesite 
composition; they represent a medium K type calk-
alkaline series, as indicated by their contents of rare 
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Fig. 6. Mineralogy of the Upper Cretaceous volcaniclastic sandstones of the Coşuştea Nappe. a) microphotograph showing 
magmatic clinopyroxene completely replaced by pumpellyite aggregates, Balta Valley; b) fractured magmatic clinopyroxene 
replaced by pumpellyite; c) plagioclase with calcic core replaced by compact aggregates of microcrystalline pumpellyite (Pmp) 
showing intense green color; d) plagioclase (Pl) and a lithoclast in coarse volcaniclastic sandstone, showing a microcrystalline 
aggregate of pumpellyite (Pmp) completely replacing a clinopyroxene (Cp) clast and partly the groundmass. All photographs are 
taken in plane polarized light, ×90; width of images is 1 mm. 
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Table 2  
Major element concentration (wt. %) of the Upper Cretaceous volcaniclastic sandstones of the Coşuştea Nappe (after Savu et al., 1987) 

 

Sample SiO2 Al2O3 Fe2O3 FeO MnO MgO CaO K2O Na2O TiO2 P2O5 CO2 S H2O Total 
1 b Topicioara 47.53 14.95 2.98 4.34 0.21 4.12 12.75 0.18 3.78 0.88 0.36 4.96 0.21 2.90 100.23 
2 b Socilor Valley 49.08 15.60 4.70 4.71 0.23 4.45 10.50 2.02 3.00 0.64 0.44 2.08 0.33 2.33 100.11 
3 b Socilor Valley 49.67 15.24 7.16 4.31 0.21 4.67 10.04 1.37 3.44 0.84 0.48 0.72 0.30 2.35 100.80 
4 b Sohodol 49.75 15.30 1.50 7.71 0.21 5.21 7.31 0.58 4.65 1.12 0.44 2.19 0.27 3.24 99.48 
5 b Socilor Valley 50.36 17.21 4.79 3.33 0.17 3.96 9.67 1.99 3.21 0.72 0.36 1.76 0.21 1.75 99.49 
6 b Socilor Valley 50.45 16.04 5.01 4.31 0.19 4.65 9.41 1.35 3.88 0.72 0.32 1.01 0.20 2.37 99.91 
8 b Balta Valley 50.70 17.30 4.94 2.94 0.20 4.17 9.40 0.13 3.50 1.70 0.18 1.54 0.27 3.19 100.16 
9 b Balta Valley 50.87 18.38 3.02 4.54 0.18 3.89 8.76 1.56 2.97 0.58 0.44 0.87 0.24 3.23 100.16 
10 bT-B 50.96 15.64 4.18 4.92 0.20 3.58 9.22 1.48 3.50 1.26 0.36 0.92 0.27 3.18 99.67 
11 b Balta Valley 51.07 17.24 2.41 5.48 0.19 4.01 9.39 0.11 3.69 0.80 0.44 1.12 0.24 3.89 100.07 
12 ab Socilor Valley 51.73 16.59 3.62 4.69 0.22 3.85 8.16 1.48 4.07 0.64 0.32 1.67 0.32 2.54 99.90 
13 ab Balta Hill 52.14 15.49 5.38 3.44 0.19 3.61 7.96 0.72 4.03 0.80 0.44 1.89 0.26 3.09 99.44 
14 ab Vălari 52.24 15.80 3.80 4.93 0.18 4.30 8.69 0.77 4.61 0.72 0.44 1.22 0.32 1.87 99.89 
15 ab Balta Valley 52.39 18.19 3.61 4.36 0.16 3.99 5.56 1.97 4.14 0.74 0.36 - 024 3.72 99.43 
16 ab Socilor Valley 52.43 16.48 3.63 4.51 0.17 3.70 9.72 1.10 3.38 0.88 0.40 - 0.34 2.74 99.48 
17 ab Balta Valley 52.56 16.75 1.31 6.93 0.19 4.28 6.66 1.68 4.21 0.76 0.40 - 0.36 3.36 99.45 
18 ab Balta Valley 52.68 17.36 2.90  4.96 0.15 2.79 7.37 1.18 4.26 0.72 0.40 0.92 0.29 3.61 99.59 
19 ab Balta Valley 52.95 17.14 2.40 6.01 0.20 4.24 6.59 1.39 4.23 0.88 0.40 - 0.23 3.59 100.25 
20 ab Balta Hill 53.21 17.14 1.46 5.25 0.16 3.50 7.33 2.24 3.39 0.72 0.36 1.67 0.29 3.33 100.05 
21 ab Topicioara 53.59 15.86 3.92 3.37 0.17 3.84 8.55 2.35 3.38 0.64 0.44 0.72 0.52 2.12 99.47 
22 ab Balta Hill 55.61 16.90 2.31 4.85 0.14 2.84 5.79 1.19 4.05 0.64 0.24 1.77 0.18 3.05 99.56 
1 bTopicioara-Bâlta 55.67 16.34 2.33 3.15 0.13 1.94 10.05 0.25 4.07 0.88 0.32 0.95 0.40 3.20 99.68 

 
b - basalt; ab - basaltic andesite. Grey shade - samples from South Vulcan Mountains; not shaded - samples from Mehedinţi Plateau. 
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Table 3.  

Trace element and rare earth element concentrations (ppm) for sandstones of Coşuştea Nappe (after Savu et al., 1987) 
 

Sample Ni Co Cr V Sc Y Nb Zr Ba Sr Pb Cu Ga Sn Th U La Ce Sm Tb Eu Yb 
1  16 19 30 335 29 32 <10 93 200 900 18.5 79 22 <2 2.4 1.4      3.2 
2  20 29 31 430 34 36 <10 96 630 1450 12.5 70 21 4 3.3 0.6      3.4 
3  21 26 36 410 34 35 <10 105 450 1750 15.5 73 18.5 3 3.1 1.7 9.1 26 3.0 0.52 1.2 3.3 
4  26 28 36 450 39 35 <10 105 950 1050 14.0 66 22 3.5 0.1 2.6      3.0 
5  24 26 33 390 31 31 <10 110 530 1500 21.0 47 19.5 4 6.5 0.3 8.9 25 3.3 0.74 1.0 2.5 
6  21 27 33 420 35 33 <10 92 220 750 13.0 68 18.5 2.5 5.0 0.5 14.4 21 2.7 0.70 1.4 3.3 
8  19 22 25 310 23 29 <10 100 450 480 21.0 54 19 2 4.6 1.4      2.9 
9  21 29 40 480 40 37 <10 120 320 1900 21.0 50 13 3.5 4.1 0.9 13.0 34 4.3 0.63 1.2 4.1 
10  21 24 30 380 31 31 <10 100 160 1050 52.0 80 24 4 3.6 1.1      2.7 
11  35 26 46 335 25 34 <10 90 260 330 11.5 53 18 5 4.4 0.8      3.4 
12  28 27 46 530 27 33 <10 120 520 950 14.0 44 25 3 3.3 2.4      3.1 
13  53 32 60 465 37 39 <10 110 190 820 18.0 35 16 3.5 3.7 0.8 7.8 34 2.0 - 1.3 3.8 
14  34 25 42 375 31 38 <10 140 1050 1250 9.5 62 21 2.5 4.3 0.5 7.1 20 3.1 0.69 1.5 3.1 
15  19 26 30 390 28 33 <10 115 145 310 12.5 72 23 3.5 4.8 1.3 10.1 21 4.0 0.77 1.2 2.7 
16  25 28 40 435 37 35 <10 125 920 1350 29 37 17.5 4 3.2 1.8       
17  22 27 35 400 27 33 <10 125 220 450 14 36 16 3 5.9 0.8 10.6 42 3.2 1.00 1.3 2.9 
18  23 27 33 410 39 39 <10 125 850 1750 15 41 16.5 2.5 5.5 0.4 9.1 25 2.9 0.40 1.4 3.8 
19  23 22 31 330 23 30 <10 125 625 560 15.5 77 24 3 4.9 0.8 12.0 28 2.5 0.75 1.2 2.9 
20  28 21 25 335 30 31 <10 100 920 1050 21 67 21 3 4.5 1.1       
21  29 21 35 335 29 31 <10 155 400 1100  14.5 38 27 3 5.6 0.4 11.1 22 3.1 0.82 1.3 2.9 
22  20 21 37 310 23 31 <10 150 720 400 14.5 45 21 3 4.9 1.5 13.9 17 4.0 0.63 1.1 2.9 
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elements normalized to chondrites, suggesting 
provenance from a depleted upper mantle. In the 
tectonic discrimination diagrams (Li/Y – Ti/Y and Ti-
Zr) of Savu et al. (1987), rocks plot relatively grouped 
in the fields of island arc basalts and andesites, therefore 
the authors considered them the products of island arc 
volcanism, resulted during a proposed subduction of the 
Moesian Plate beneath the Transylvanian Plate. 

Based on her own data and on analyses published 
by Savu et al. (1987), Russo-Săndulescu (in Stănoiu et 
al., 1988) emphasized the compositional variation from 
quartz-bearing hawaiites to quartz-bearing alkaline 
trachytes due to the presence of terrigenous material, 
concluding that chemical analyses are not relevant for 
such rocks, which could be attributed to a calk-alkaline, 
alkaline and even ocean floor magmatism. 

Discrimination diagrams 

As volcaniclastic sandstones are resedimented deposits, 
we tried to use the chemical analyses from Savu et al. 
(1987) and Stănoiu et al. (1988) in discrimination dia-
grams for clastic sediments, which seem more adequate 
considering the sedimentological and petrographic 
features of the volcaniclastic sandstones. 

Discrimination diagrams for sedimentary rocks are 
based on the assumption that there is a strong 
connection between the geotectonic setting and 
provenance. The best results were yielded from 
immature rocks rich in lithic clasts (Rollinson, 1993). A 
great source of uncertainty derives from the fact that 
some sediments were transported from their initial 
setting and re-deposited in a basin from a different 
tectonic environment (McLennan et al., 1990). 

Diagrams use major elements, trace elements and the 
REE to infer the provenance of sandstones. For their 
relatively low mobility during sedimentary processes 
and short residence times in seawater, several trace and 
REE are considered more useful in discriminating 
source rock compositions and tectonic setting, as they 
are probably transferred quantitatively into clastic 
sediments during weathering and transportation, 
reflecting the signature of the parent materials (Bhatia, 
Crook, 1986; McLennan, 2001). 

For geochemical separation of sedimentary rocks 
having as primary source either a mafic, intermediate or 
felsic magmatic source, or a quartzose sedimentary 
source, diagrams of the discriminant function based on 
Ti, Al, Fe, Mg, Ca, Na and K oxides were constructed 
(Roser, Korsch, 1988). These diagrams were designed 
to discriminate among four sedimentary provenances: 
mafic source – ocean island arc; intermediate source – 
mature island arc; felsic source – active continental 
margin; recycled source – granitic-gneissic or 
sedimentary source. The problem of biogenic CaCO3 
and silica is eliminated, as the diagram uses projections 
where the discriminant function is based on the 
distribution of TiO2, Fe2O3 (tot), MgO, Na2O and K2O 
to Al2O3. On the discriminant diagram in Fig. 7a, the 
analyses plot in about similar proportions in the island 
arc fields, 11 analyses indicating an intermediate 
magmatic source and 13 – a mafic magmatic source. 

Calculating the discriminant function based on the 
ratios of major elements (Fig. 7b), 18 analyses plotted in 
the field indicating magmatic mafic origin, whereas 
only 7 show intermediate magmatic origin. This 
diagram is less efficient for discrimination than the 
former (Rollinson, 1993). 

 
 

 
 
 

Fig. 7. Discriminant diagrams using major elements. Provenance fields are after Roser, Korsch (1988). 

http://www.scialert.net/fulltext/?doi=jas.2011.3070.3088&org=11#759397_ja
http://www.scialert.net/fulltext/?doi=jas.2011.3070.3088&org=11#759397_ja
http://www.scialert.net/fulltext/?doi=jas.2011.3070.3088&org=11#56866_ja
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Major element contents of green sandstones were 
used to calculate discriminant functions for binary 
diagrams according to Bhatia (1983), with four fields 
corresponding to distinct sedimentary basins separated 
by Bhatia, Crook (1986). As seen in Fig. 8, most 
samples (19) plot within the ocean island arc, and 4 
samples are scattered outside the fields. This suggests 
the possibility that green sandstones accumulated in a 
forearc or back-arc basin located in the vicinity of a 
volcanic arc developed on oceanic, or thinned 
continental crust. In the diagram in Fig. 8b, based on 
TiO2 versus Fe2O3+MgO, most of analyses again plot in 
the ocean island and continental arc fields, while 6 are 
scattered. 

The ternary diagram discriminating the tectonic 
setting by using trace elements La-Th-Sc shows that all 
samples but one fall in the oceanic arc field (Fig. 9a). In 
the Th-Sc – Zr/10 diagram (Fig. 9b), more samples fall 
outside the ocean island field.  

DISCUSSION 

The mineralogical composition of volcaniclastic 
sandstones indicates provenance of resedimented 
material from a major volcanic source, with minor input 
from the accretionary wedge (micritic limestones, 
radiolarian cherts, and scattered radiolarian tests) and 
from an upper plate continental source (which produced 
mica-rich metamorphic rock fragments). Debris derived 
from such sources can be deposited either in trenches, or 
in forearc basins (Dickinson, 1970, 1974). 

Dominantly coarse volcaniclastic turbidites, 
lacking fine-grained facies, can be deposited in several 
settings, either as trench fans, on the internal trench 
wall, or on the external part of the forearc, on the 
internal wall of the accretionary wedge (Dickinson, 
Suczek, 1979, Dickinson et al., 1983). Facies analysis 
indicates that volcaniclastic sandstones formed as 
channel-levee-overbank and sheet systems. Such 
systems are characteristic for trench fans fed by large 
submarine canyons, respectively by un-channelized 
turbidity currents (Pickering et al., 1989). Debris flows 
in submarine canyons, as well as un-channelized 
turbidity currents, may attain enough speed to cross the 
forearc and transport sediments directly into the trench 
(Underwood, 1986). 

Both in the Mehedinţi Plateau and in southern 
Vulcan Mountains, the succession of the Upper 
Cretaceous deposits is of upward coarsening type, thus 
corresponding to the stratigraphy of underthrusted units 
of an accretionary wedge formed in an oversupplied 
trench. In such trenches, detachment planes propagate 
within the turbiditic trench fill (Thornburg, Kulm, 
1987), and the entire succession of an underthrusted unit 
has the same age due to high sedimentation rate 
(Einsele, 1992). 

Geochemical data indicate magmatic intermediate 
and mafic source for volcaniclastic sandstones. This 
conclusion is consistent with petrographic observations 
and the calk-alkaline geochemistry of some “medium 
K” andesites, as resulted from the diagrams for 
magmatic rocks (Savu et al., 1987). Tectonic

 
 

 
 
 

Fig. 8.  Discriminant diagrams for sandstone provenance (after Bhatia, 1983). 
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Fig. 9. Provenance of the green volcaniclastic sandstones using La-Th-Sc ratios (a) and Th-Sc-Zr/10 (b) (after Bhatia, Crook, 
1986). Fields: A – ocean island arc; B – continental arc; C – active continental margin; D – passive margin. 

 
discrimination diagrams indicate an oceanic island arc, 
or a continental arc provenance. We can use these to 
strengthen the conclusions derived from mineralogy that 
volcaniclastic turbidites accumulated most likely in a 
forearc basin, adjacent either to oceanic island arc 
formed on thinned continental crust, or to a volcanic arc 
formed on thick continental crust or thin continental 
margin. However, this does not preclude further 
transportation into a trench of the forearc basin. 

Ignoring ambiguities resulted from some diagrams 
and considering the sedimentological and mineralogical 
data, as well as the regional geotectonic framework, the 
volcaniclastic turbidites may be interpreted as 
resedimented deposits of an oceanic island arc or a 
continental margin magmatic arc. Several lines of 
evidence suggest that the volcanic source was very 
likely represented by the Maastrichtian volcanism 
related to the Banatitic Magmatic and Metallogenetic 
Belt from the western South Carpathians (Seghedi, 
Oaie, 1997): resedimented arc material with 
intermediate to basic composition and calc-alkaline 
geochemistry; spatial association of volcaniclastic 
turbidites with terrigenous turbidites and a mélange 
complex which possibly includes olistostromes, 
suggesting accumulation in a trench basin. The 
complete absence of volcanic feeder systems (dykes, 
necks) in the Mesozoic covers of the Danubian units, as 
well as the geotectonic model of the Danubian lower 
plate in collision with the Getic-Supragetic upper plate, 
suggest the provenance of the volcanic material from 
the coeval Late Cretaceous magmatic belt developed on 
the upper Getic-Supragetic plate in Banat, Timok and 
Srednogorie (Berza, 1999; Berza, Ilinca, 2014). Based 
on the calc-alkaline geochemistry and features of island 
arc volcanics, partly contaminated (Rb/Sr ratios of 0.26 
and 0.56 and Sr87/Sr86 ratios of 0.704 and 0.708), Savu 

et al. (1987) proposed a geotectonic model by 
subduction in the collision zone between the Moesian 
and Transylvanian plates. The authors postulate 
formation of an outer arc as a consequence of Andean-
type subduction of the Moesian Plate beneath the 
Transylvanian Plate (represented by Danubian units), 
followed by underthrusting of the Moesian Plate during 
a Himalaya-type collision.  

The source area of the volcanism is a question to 
be answered, as Late Cretaceous volcanism is not 
known in the Danubian Window. The closest magmatic 
and volcanic rocks of Late Cretaceous age occur in the 
inner zone of the western South Carpathians, in Banat 
area, as well as in the Rusca Montană and Haţeg Basin 
along the north-western border of the Danubian 
Window. Both in the Banat and Rusca Montană basins, 
shallow intrusives were emplaced in the Getic-
Supragetic Nappes and their sedimentary cover. First 
referred to as “banatites” in Banat area of the western 
South Carpathians (von Cotta,1864), these intrusives 
were considered components of the Banatitic Magmatic 
and Metallogenetic Belt (BMMB) (Berza et al., 1998, 
and references therein), or of the Apuseni-Banat-Timok-
Srednogorie Belt (ABTS) (Popov et al., 2002). 

According to reliable geochronological evidence, 
the “banatitic” magmatism, associated to various 
porphyry and hydrothermal deposits, has been emplaced 
between 92 and 72 My (Santonian-Campanian), as 
indicated from U-Pb zircon, Re-Os molybdenite, and 
Ar40/Ar39 (reviewed by Berza, 2004). Their tectonic 
setting was interpreted variously: subduction-related 
(detailed overviews of such models are given in Berza 
et al., 1998; Ciobanu et al., 2002; Zimmermann et al., 
2008); extensional (Popov, 1981; Popov et al., 2002; 
Berza et al., 1998, Berza, 1999, 2004; Willingshofer, 
2000); post-subduction/collisional setting (Popov, 1981, 
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1996; Berza et al., 1998); post-collisional (Nicolescu et 
al., 1999), or post-collisional slab-tear model 
(Neubauer, 2002; Neubauer et al., 2003);  roll back of 
the subducting slab (von Quadt et al., 2007), extension 
on the upper plate with intra-arc rifting (Georgiev et al., 
2012). In the western South Carpathians, intrusive 
banatites (in the Getic-Supragetic Nappes) range from 
gabbros to leucogranites, but the most widespread are 
granodiorites, (quartz) diorites, and (quartz) 
monzodiorites (Dupont et al., 2002). Dykes consist of 
basalts, andesites, dacites, rhyolites and relatively 
diverse lamprophyres. These intrusive and subvolcanic 
rocks show largely calc-alkaline, high-K calc-alkaline to 
shoshonitic compositions, with subordinate tholeiitic 
and alkaline facies (Dupont et al. 2002). BMMB 
magmatic rocks show active margin-type calc-alkaline 
compositions (Dupont et al. 2002; Chambefort et al., 
2007) which characterize subduction-related settings 
(Bocaletti et al., 1974: Berza et al., 1998).  

All volcanic complexes from the Romanian part of 
the BMMB are dominated by medium and high-K an-
desites and dacites (Ilinca et al., 2011). In Rusca 
Montană basin, volcanic rocks are interbeded into the 
Cretaceous deposits of the basin fill (Strutinski, Bucur, 
1986). The oldest volcanic rocks identified are andesitic 
tuffs interbedded in marine sediments with mid-
Turonian microfauna (92-90 Ma) while a second tuffa-
ceous level was dated as basal Coniacian (89-90 Ma) 
(Strutinski, Bucur, 1986). Here, Kräutner et al. (1972, 
1990) mapped two volcano-sedimentary andesitic 
formations, separated by a rhyolitic ignimbrite and 
dated as Late Maastrichtian. The Late Maastrichtian 
andesitic volcanic activity is coeval with the banatitic 
magmatic activity, as well as with the emplacement of 
volcaniclastic turbidites from the Coşuştea Nappe 
(Ilinca et al., 2011). 

Eastward from Rusca, in the Haţeg basin, volcano-
sedimentary deposits have also been described in the 
Coniacian-Campanian Densuș-Ciula Formation (Anas-
tasiu, Csobuka, 1989), with volcaniclastic 

conglomerates and sandstones in its middle member 
dated on dinosaur remains (Grigorescu et al., 1990). A 
petrographic and geochemical study of these rocks 
(Bârzoi, Şeclăman, 2010) revealed a pyroclastic nature 
of the volcaniclastic rocks, dominated by andesite clasts 
(amphibole- and pyroxene-andesites), acid products 
occurring less frequently, with rhyolites restricted to the 
lower part of the succession. The authors concluded that 
the volcanism was explosive, based on the angularity of 
volcanic clasts and rich-hornblende content, while poor 
sorting and little reworking of the pyroclastic material 
indicates short distance of transport and deposition in 
the vicinity of the eruption center. An island arc situated 
close to an active continental margin is considered the 
depositional environment of the Haţeg basin 
volcaniclastics (Bârzoi, Şeclăman, 2010).  

In the Timok area from Eastern Serbia, part of the 
BMMB (Berza et al., 1998), Upper Cretaceous vol-
caniclastic-sedimentary formations are located in the 
Getic unit and include andesitic and andesitic-basaltic 
volcanic rocks (Kräutner, Krstić, 1996). They were 
recently dated on planktonic foraminifera zones as 
Upper Albian/Cenomanian to Campanian/Maastrichtian 
(Ljubović-Obradović et al., 2011). Volcanism started 
with Turonian–Coniacian) andesitic rocks, followed by 
Coniacian–Maastrichtian andesitic-basaltic volcanic 
rocks (Milovanović et al., 2005).  

Considering the large areal development of the 
BMMB in the Alpine belt from Romania, Serbia and 
Bulgaria, it is highly probable that explosive, andesitic 
type volcanism represented the source area of the 
volcaniclastic turbidites of Coşuştea Nappe, according 
to the model cross section of Berza (1999) (Fig. 10). A 
genetic model of regional underplating with basic 
magma at the base of the crust was postulated for the 
Late Cretaceous magmatism recorded in SE Europe 
(Berza, Ilinca, 2014), with volcano-sedimentary 
successions accumulated in Gosau type basins filled 
with continental and marine deposits. 

 
 
 

 
 

Fig. 10. Cross-section between Africa and Europe at 75 Ma, 20-23oN, 18oE, a potential model for the source area of the 
volcaniclastic turbidites in the Coşuştea Nappe (after Berza, 1999; and Berza, in Ilinca et al., 2011). 
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CONCLUSIONS 

Facies association and vertical facies distribution 
suggest that the terrigenous successions of the Coşuştea 
Nappe represent midfan turbidites, dominated by 
deposition in suprafan channels. Sandstone mineralogy 
indicates that a major sediment source, located on the 
upper plate, provided detritus of Getic type 
metamorphic basement and alkaline volcanic rocks, 
with minor input from the accretionary wedge. 

Upper Cretaceous volcaniclastic turbidites (green 
sandstones and conglomerates) represent upward 
coarsening sequences, accumulated on top of the grey 
terrigenous turbidites. Volcaniclastic sedimentation took 
place as dominantly sand deposition in supracone lobes, 
followed by coarse sedimentation as channelized debris 
flows. Vertical facies distribution suggests evolution in 
time from midfan to proximal fan turbidites. The thick, 
upward coarsening sequences of Upper Cretaceous 
volcaniclastic turbidites, located on top of terrigenous 
turbidites, both associated with a mélange formation, 
suggest deposition in a forearc basin, trench basin 
situated on the inner slope, in a forearc slope basin, or 
even in a remnant ocean basin.  

Mineralogical results indicate that the volca-
niclastic rocks of the Coşuştea Nappe are compo-
sitionally immature, consisting dominantly of unstable 
volcanic material of feldspatolithic type. The 
mineralogical composition of volcaniclastic turbidites 
suggests provenance from a major volcanic source, 
possibly a magmatic arc, as well as contributions from 
the accretionary wedge and from a continental source 
supplying terrigenous siliciclastic detritus. Material with 
such provenance accumulates in trenches or forearc 
basins, the mineralogical data being consistent with the 
tectonic setting suggested by sedimentology. 

Geochemical results indicate provenance from a 
resedimented volcanic arc material, with intermediate to 
basic composition and calc-alkaline geochemistry. The 
potential candidate for the volcanic source is the 
Maastrichtian volcanism related to the Banatitic 
Magmatic belt from the western South Carpathians or 
other areas of the BMMB. 

Aknowledgments  

Samples studied were collected during field work in the 
project Alpine metamorphism of Romania, financed by 
the Geological Institute of Romania from funds 
allocated by the Ministry of Research and Technology. 
The authors are grateful to the reviewers Nikolay Bonev 
(Sofia) and Tudor Berza (Bucharest) for the critical 
reviews that improved the quality of paper. Tudor Berza 
provided permission to reproduce an original 
illustration. Special thanks go to Iskra Lakova for her 
kind attention and constant support with the manuscript.  

REFERENCES 

Anastasiu, N., Csobuka, D. 1989. Non-marine uppermost 
Cretceous deposits from the Stei-Densuş Region (Haţeg 
Basin): sketch for a facies model. Revue de Géologie, 
Romanian Academy 35, 45-53.  

Anderson, R.N, Honnorez, J., Becker, K., Adamson, A.C., Alt, 
J.C., Emmermann, R., Kempton, P.D., Kinoshita, H., 
Laverne, C., Mottl, M.J., Newmark, R.L. 1982. DSDP 
Hole 504B, the first reference section over 1 km through 
layer 2 of the oceanic crust. Nature 300, 589-594.  

Bârzoi, S., Şeclăman, M. 2010. Petrographic and geochemical 
interpretation of the Late Cretaceous volcaniclastic 
deposits from the Haţeg Basin. Palaeogeography, 
Palaeoclimatology, Palaeoecology 293, 306-318.  

Bercia, I., Bercia, E., Năstaseanu, S., Berza, T., Iancu, V., 
Stănoiu, I., Hârtopanu, I. 1977. Geological map of 
Romania scale 1:50 000, Obârşia Cloşani sheet. 
Geological Institute of Romania, Bucharest. 

Berza, T. 1978. Mineralogic and petrographic study of the 
Tismana granitoid massif. Anuarul Institutului de 
Geologie şi Geofizică 53, 5-176 (in Romanian, with 
English abstract). 

Berza, T. 1999. Tectonic setting of the Late Cretaceous 
Volcano-Plutonic Belt from Carpathians to Balkans. EUG 
X, Journal of Conference Abstracts 4, 469. 

Berza, T. 2004. Late Cretaceous magmatism in the 
Carpathian-Balkan Belt. In: Chatzipetros, A.A., Pavlides, 
S.B. (Eds.), Proceedings 5th International Symposium on 
Eastern Mediterranean Geology, volume 3, 1092-1094. 

Berza, T., Ilinca, G. 2014. Late Cretaceous banatitic 
magmatism and metallogeny in the frame of Eoalpine 
tectonics from the Carpathian-Balkan orogen. In: Bequiraj, 
A. (Ed.), Proceedings of the 20th Congress of CBGA, 
Tirana. 

Berza, T., Kräutner, H., Dimitrescu, R. 1983. Nappe structure 
in the Danubian window of the Central South Carpathians. 
Anuarul Institutului de Geologie și Geofizică 60, 31-39. 

Berza, T., Drăgănescu, A., Strusievicz, D.R., Constantinescu, 
V., Constantinescu, D. 1986. Geological and geophysical 
study of the South Carpathians, especially regarding the 
economic prospect and orientation of prospecting and 
exploration activity – Parâng Mountains. Unpublished 
report, Achives of the Geological Institute of Romania, 98 
pp. (in Romanian). 

Berza, T., Drăgănescu, A., Strusievicz, D.R., Constantinescu, 
V., Vâjdea, V., Popescu, I., Marinescu, A., Popescu, V., 
Balu, I., Mateescu, G., Constantinescu, D. 1988. 
Geological-geophysical and remote sensing studies of the 
Vulcan massif, in order to assess the economic potential 
and to direct the prospecting activity. Unpublished report, 
Achives of the Geological Institute of Romania, 108 pp. 
(in Romanian). 

Berza, T., Balintoni, I., Iancu, V., Seghedi, A., Hann, H.P. 
1994. South Carpathians. ALCAPA II Field Guidebook, 
Romanian Journal of Tectonics and Regional Geology, 
Suppl. 2, 37-50.  

Berza, T., Constantinescu, E., Vlad, Ş.N. 1998. Upper 
Cretaceous magmatic series and associated mineralization 
in the Carpathian–Balkan Orogen. Resource Geology 48, 
291-306.  



96 

Bhatia, M.R. 1983. Plate tectonics and geochemical com-
position of sandstones. Journal of Geology 91, 611-627. 

Bhatia, M.R., Crook, K.A.W. 1986. Trace element 
characteristics of greywackes and tectonic discrimination 
of sedimentary basins. Contributions to Mineralogical 
Petrology 92, 181-192. 

Boccaletti, M., Manetti, P., Peccerillo, A. 1974. The 
Balkanides as an instance of back-arc thrust belt: possible 
relation with the Hellenids. Geological Society of America 
Bulletin 85, 1077-1084. 

Cas, R.A.F., Wright, J.V. 1988. Volcanic successions. Modern 
and Ancient. Unwin Hyman London, 528 pp. 

Ciobanu, C.L., Cook, N.J., Stein, H. 2002. Regional setting 
and geochronology of the Late Cretaceous Banatitic 
Magmatic and Metallogenetic Belt. Mineralium Deposita 
37, 541-567. 

Cioflica, G., Vlad, Ş., Nicolae, I., Vlad, C. 1981. Alpine 
Ophiolitic complexes in South Carpathians and South 
Apuseni Mountains. Carpato-Balkan Geological 
Association XII Congress, Bucharest, Guidebook 18 to 
Excursion A.3. 

Cioflica, G., Pecskay, Z., Jude, R., Lupulescu, M. 1994.  K–Ar 
ages of Alpine granitoids in the Hăuzeşti-Drinova area 
(Poiana Ruscăi Mountains, Romania). Revue Roumaine de 
Géologie, Géophysique, Géographie, s. Géologie 38, 3-8. 

Ciulavu, M., Seghedi, A. 1997. Very-low grade Alpine 
metamorphism in the Danubian window (South 
Carpathians, Romania). In: Grubic, A., Berza, T. (Eds.), 
Geology of the Djerdap area. International Symposium 
“Geology in the Danube Gorges – Geologija Derdapa”, 
Special edition 25, Geoinstitut, Belgrade, 291-295. 

Chambefort, I., Moritz, R., von Quadt, A. 2007. Petrology, 
geochemistry and U–Pb geochronology of magmatic rocks 
from the high-sulfidation epithermal Au–Cu Chelopech 
deposit, Srednogorie zone, Bulgaria. Mineralium Deposita 
42, 665-690. 

Codarcea, A. 1940. Vues nouvelles sur la tectonique du Banat 
et du Plateau du Mehedinți. Anuarul Institutului Geologic 
al României 20, 1-74.  

Conovici, M., Bercia, I., Berza, T., Iancu, V., Russo-
Săndulescu, D., Năstăseanu, S., Săbău, G., Strusievicz, R., 
Seghedi, A., Negrea, E., Tatu, M. 1988. Geological map of 
Romania scale 1:50 000, Godeanu Sheet. Unpublished 
report, Archives of the Geological Institute of Romania, 
39 pp. (in Romanian).  

Dallmeyer, R.D., Neubauer, F., Handler, R., Fritz, H., Müller, 
W., Pana, D., Putiš, M. 1996. Tectonothermal evolution of 
the internal Alps and Carpathians: 40Ar/ 39Ar mineral and 
wholerock data. Eclogae Geologicae Helveticae 89, 203-
277.  

Dickinson, W.R. 1970. Relations of andesites and derivative 
sandstones to arc-trench tectonics. Reviews of Geophysics 
and Space Physics 8, 813-870. 

Dickinson, W.R. 1974. Sedimentation within and beside 
ancient and modern magmatic arcs. In: Dott, R.H., Shaver, 
R.H. (Eds.), Modern and ancient geosynclinals 
sedimentation. Society of Economic Paleontologists and 
Mineralogists Special Publication 19, 230-239. 

Dickinson,W.R., Suczek, C.A. 1979. Plate tectonics and 
sandstone compositions. American Association of 
Petroleum Geologists Bulletin 63, 2164-2182. 

Dickinson, W.R., Beard, S., Brakenbridge, F., Erjavec, J., 
Ferguson, R., Inman, K., Knepp, R., Lindberg, P., Ryberg, 
P. 1983. Provenance of North American Phanerozoic 
sandstones in relation to tectonic setting. Geological 
Society of America Bulletin 64, 233-235. 

Dupont, A., Vander Auwera, J., Pin, C., Marincea, M., Berza, 
T. 2002. Trace element and isotope (Sr, Nd) geochemistry 
of porphyry- and skarn-mineralising Late Cretaceous 
intrusions from Banat, western South Carpathians, 
Romania. Mineralium Deposita 37, 568-586.  

Einsele, G. 1992. Sedimentary basins. Evolution, facies and 
sedimentary budget. Springer-Verlag, Berlin Heidelberg, 
628 pp. 

Georgiev, S., von Quadt, A., Heinrich, C.A.,  Peytcheva, I., 
Marchev, P. 2012. Time evolution of a rifted continental 
arc: Integrated ID-TIMS and LA-ICPMS study of 
magmatic zircons from the Eastern Srednogorie, Bulgaria. 
Lithos 154, 53-67. 

Grigorescu, D., Avram, E., Pop, G., Lupu, M., Anastasiu, N. 
1990. Guide to excursions. International Symposium 
I.G.C.P. Projects 245: Nonmarine Cretaceous Correlation, 
Project 282: Tethyan Cretaceous Correlation, Bucharest. 

Hsü, K.J. 1974. Mélanges and their distinction from 
olistostromes. In: Dott, R.H., Shaver, R.H. (Eds.), Modern 
and ancient geosynclinals sedimentation. Society of 
Economic Paleontologists and Mineralogists Special 
Publication 19, 321-333. 

Iancu, V., Berza, T., Seghedi, A., Gheuca, I., Hann, H.P. 2005. 
Alpine polyphase tectono-metamorphic evolution of the 
South Carpathians: A new overview. Tectonophysics 410, 
337-365. 

Iancu, V., Mărunţiu, M. 1994. Reactivated metamorphic com-
plexes in fold and overthrust belts (e.g. South Car-
pathians). Romanian Journal of Petrology 76, 129-141. 

Ilinca, G., Berza, T., Iancu, V., Seghedi, A. 2011. The Late 
Cretaceous Magmatic and Metallogenetic Belt and the 
Alpine structures of the western South Carpathians. 3rd 
International Symposium on the geology of the Black Sea 
region, Bucharest 2011, Field trip guidebook, 117 pp. 

Kalenić, M., Ðorđević, M. 1969. Le volcanisme cenomanien 
dans les Carpates externes de la Serbie Orientale. Comptes 
Rendus de la Sociétè serbe de géologie pour les années 
1964-1967, 143-147. 

Kräutner, H.G., Krstić, B.P. 2003. Geological map of the 
Carpatho-Balkanides between Mehadia, Oraviţa, Niš and 
Sofia. Geoinstitut, Belgrade. 

Kräutner, H., Kräutner, F., Orăşanu, T., Potoceanu, E., Dincă, 
A. 1972. Geological map of Romania scale 1:50 000, 
Nădrag sheet. Geological Institute of Romania, Bucharest. 

Kräutner, H.G., Berza, T., Iancu, V., Hann, H., Russo-
Săndulescu, D., Mărunțiu, M., Seghedi, A., Oaie, G., 
Dimitrescu, M., Rădan, S. 1990. Geologic synthesis of the 
region Rusca Montană Basin – Țarcu Mountain – 
Godeanu Mountain. Unpublished report, Archives of the 
Geological Institute of Romania, 100 pp.  

Ljubović-Obradović, D., Carević, I., Mirković, M., Protić, N. 
2011. Upper Cretaceous volcanoclastic-sedimentary 
formations in the Timok Eruptive Area (eastern Serbia): 
new biostratigraphic data from planktonic foraminifera. 
Geologica Carpatica 62(5), 435-446. 

Manolescu, G. 1937. Etude géologique et pétrographique  
dans les Munții Vulcan (Carpates Méridionales, 
Roumanie). Annuaire Institut Géologique Roumaine 18, 
79-172. 

Marinescu, F., Pop., G., Stan, N., Gridan, T. 1989. Geological 
map of Romania scale 1:50000, Peştişani sheet. 
Geological Institute of Romania, Bucharest. 

Mărunţiu, M. 1987. Complex geological study of the 
ultrabasic rocks from the South Carpathians. Unpublished 
PhD thesis, University of Bucharest (in Romanian). 



97 

McLennan, S.M. 2001. Relationships between the trace 
element composition of sedimentary rocks and upper 
continental crust. Geochemistry, Geophysics, Geosystems 
2(4), http://dx.doi.org/10.1029/2000GC000109 

McLennan, S.M., Taylor, S.R., McCullough, M.T., Maynard, 
J.B. 1990. Geochemical and Nd-Sr isotopic composition 
of deep-sea turbidites: crustal evolution and plate tectonic 
associations. Geochimica Cosmochimica Acta 54, 2015-
2050. 

Milovanović, D., Karamata, S., Banješević, M. 2005. 
Petrology of alkali basalts of Zlot, Timok Magmatic 
Complex (Eastern Serbia). Tectonophysics 410, 501-509. 

Moores, E.M. 1982. Origin and emplacement of ophiolites. 
Reviews Geophysics Space Physics 20, 735-760. 

Murgoci, G. M. 1905. Contribution à la tectonique des Karpa-
thes méridionales. Comptes Rendus Academie Paris, 3 
Juillet. 

Neubauer, F. 2002. Contrasting Late Cretaceous with Neogene 
ore provinces in the Alpine–Balkan–Carpathian–Dinaride 
collision belt. In: Blundell, D., Neubauer, F., von Quadt, 
A. (Eds.), The timing and location of major ore deposits in 
an evolving orogen. Geological Society London, Special 
Publication 204, 81-102. 

Neubauer, F., Heinrich, C. & GEODE working group incl. 
Tomek, C., Lips, A., Nakov, R., von Quadt, A., Peytcheva, 
I., Handler, R. Bonev, I., Ivăşcanu, P., Roşu, E., Ivanov, 
Z., Kaiser-Rohrmeier, M. et al. 2003. Late Cretaceous and 
Tertiary geodynamics and ore deposit evolution of the 
Alpine–Balkan–Carpathian–Dinaride orogen. In: Eliopou-
los, D. et al. (Eds.), Mineral Exploration and sustainable 
development. Rotterdam, Millpress, 1133-1136. 

Nicolescu, S., Cornell, D.H., Bojar, A.-V. 1999. Age and 
tectonic setting of Bocşa and Ocna de Fier-Dognecea 
granodiorites (Romania) and of associated skarn 
mineralization. Minerallium Deposita 34, 743-753.  

Pickering, K.T., Hiscott, R.N., Hein, F.J. 1989. Deep marine 
environments: clastic sedimentation and tectonics. Unwin 
Hyman London, 416 pp. 

Pop, G. 1966. Relationships between tectonics, sedimentation 
and ophiolitic magmatism in the Late Cretaceous of the 
Vulcan Mountains (South Carpathians). Studii şi cercetari 
de Geologie, Geofizică şi Geografie, Geologie 11(1), 39-
40. 

Pop, G. 1973. Depozitele mezozoice din muntii Vulcan. 
Editura Academiei, Bucharest, 355 pp. 

Pop, G. 1988. A new Alpine tectonic unit in the Danubian 
Domain (South Carpathians). Dări de Seamă ale 
Şedințelor – Institutul de Geologie şi Geofizică 72–73(5), 
187-205. 

Pop, G., Berza, T., Marinescu, F., Stănoiu, I., Hârtopanu, I. 
1975. Geological map of Romania scale 1:50 000, 
Tismana sheet. Geological Institute of Romania, 
Bucharest. 

Pop, G., Mărunțiu, M., Iancu, V., Seghedi, A., Berza, T. 1997. 
Geology of the South Carpathians in the Danube Gorges. 
Field guidebook. Geological Institute of Romania, 28 pp.  

Popov, P.N. 1981. Magmatectonic features of the Banat-Sred-
nogorie Belt. Geologica Balcanica 11, 42-73. 

Popov, P.N. 1996. Characteristic features of the Banat-Sredno-
gore metallogenic zone. In: Plate tectonic aspects of the 
Alpine metallogeny in the Carpatho-Balkan region, 
Annual meeting of IGCP Project 356, Sofia, 1, 137-154. 

Popov, P., Berza, T., Grubić, A., Ioane, D. 2002. Late 
Cretaceous Apuseni–Banat–Timok–Srednogorie (ABTS) 
magmatic and metallogenic belt in the Carpathian–Balkan 
orogen. Geologica Balcanica 32, 145-162. 

Ratschbacher, L., Linzer, H.G., Moser, F., Strusievicz, O.R., 
Bedelean, H., Har, N., Mogos, P.A. 1993. Cretaceous to 
Miocene thrusting and wrenching along the Central South 
Carpathians, due to a corner effect during collision and 
orocline formation. Tectonics 12, 855-873. 

Rollinson, H.R. 1993. Using geochemical data: evaluation, 
presentation, interpretation. Longman Scientific & 
Technical, 343 pp. 

Roser, B.P., Korsch, R.J. 1988. Provenance signatures of 
sandstone mudstone suites determined using discriminant 
function analysis of major element data. Chemical 
Geology 67, 119-139. 

Savu, H. 1985. Tectonic position and origin of the Alpine 
ophiolites in the Mehedinţi Plateau (Southern Car-
pathians), with special regard on those from the Podeni-
Izverna-Nadanova region. Dări de Seamă ale Şedintelor, 
Institutul de Geologie şi  Geofizică 69(5), 59-72. 

Savu, H., Udrescu, C., Lemne, M., Romanescu, O., Stoian, 
M., Neacşu, V. 1987. Island arc volcanics related to the 
wildflysch on the outer margin of the Danubian 
Autochtonous (South Carpathians). Revue Roumaine de 
Géologie 31, 19-27. 

Savu, H., Stan, N., Năstăseanu, S., Marinescu, F., Stanoiu, I. 
1989. Geological map of Romania scale 1:50 000, Schela 
sheet. Geological Institute of Romania, Bucharest. 

Savu, H., Udrescu, C., Neacşu, V., Stoian, M. 1992. 
Petrology, geochemistry and origin of the Laramian 
volcanics of the Mureş Couloir, between Zam and 
Gurasada. Romanian Journal of Petrology 75, 117-130. 

Schmid, S.M., Berza, T., Diaconescu, V., Froitzheim, N., 
Fuegenschuh, B. 1998. Orogen-parallel extension in the 
South Carpathians during the Paleogene. Tectonophysics 
297, 209-228.  

Seghedi, A., Oaie, G. 1997. Sedimentology and petrography 
of sandstones in cover nappes in the central South 
Carpathians: constraints for geotectonic setting. In: 
Grubić, A., Berza T. (Eds.), Geology of the Danube 
Gorges, Belgrade, 277-279. 

Seghedi, A., Oaie, G., Rădan, S., Ciulavu, M.,  Vanghelie, I. 
1995a. Petrogenesis and structure of metamorphic rocks 
from Romania. Alpine metamorphism. Unpublished report, 
Archives of the Geological Institute of Romania, 36 pp. 
(in Romanian). 

Seghedi, A., Oaie, G., Mărunțiu, M., Ciulavu, M., Rădan, S., 
Vanghelie, I., Șerbănescu, A. 1995b. Petrogenesis and 
structure of metamorphic rocks from Romania. Alpine 
metamorphism in Carpathians and Dobrogea. Alpine 
metamorphism in the South Carpathians. Unpublished 
report, Archives of the Geological Institute of Romania, 
40 pp. (in Romanian). 

Shanmugam, G. 1980. Rhythms in deep sea, eastern Tennes-
see. Sedimentology 27, 419-432. 

Stan, N., Stănoiu, I., Năstăseanu, S., Moisescu, V., Seghedi, 
A., Pop, G. 1979. Geological map of Romania scale 1:50 
000, Câmpu lui Neag sheet. Geological Institute of 
Romania, Bucharest. 

Stănoiu, I. 1997. Jurassic-Cretacous tectonic of south western 
part of the Southern Carpathians. In: Grubić, A., Berza T. 
(Eds.), Geology of the Danube Gorges, Belgrade, 290-293. 

Stănoiu, I. 1999. Geological study of the Danubian Autoch-
tonous in the upper reaches of Motru Valley in the general 
framework of the outer Danubian. Unpublished PhD 
thesis, Faculty of Geology and Geophysics, University of 
Bucharest. 

Stănoiu, I. 2000. The new paleogeographic, stratigraphic and 
facial model of the Cerna Basin (Danubian – South 



98 

Carpathians). Studii şi cercetari geologice 45, Romanian 
Academy (in Romanian). 

Stănoiu, I., Năstăseanu, S., Mercus, D., Hârtopanu, I., Iancu, 
V., Hârtopanu, P., Berza, T., Mărunţiu, M., Şeclăman, M. 
1979. Geological map of Romania scale 1:50 000, 
Nadanova sheet. Geological Institute of Romania, 
Bucharest. 

Stănoiu, I., Conovici, M., Marinescu, F., Russo-Săndulescu, 
D., Şerbănescu, A., Vanghelie, I. 1988. Geological map of 
Romania, lithological map scale 1:25 000, Balta sheet. 
Unpublished report, Archives of the Geological Institute 
of Romania, 38 pp. (in Romanian). 

Stănoiu, I., Ţicleanu, M., Rădan, S., Bindea, G.,  Stefănescu, 
M., Diaconiţă, D., Baltres, A., Udrescu, C., Vanghelie, I. 
1992. Synthesis of the Liassic formations from the Parâng 
and Vulcan Mountains. Part  II – Vulcan Mountains. 
Unpublished report, Archives of the Geological Institute 
of Romania, 65 pp. (in Romanian). 

Strutinski, C., Bucur, I.I. 1986. Basic tuffites in the Turonian 
and Coniacian of the Rusca Montană Basin (South 
Carpathians) and their paleogeographic significance. 
Studia Universitatis Babeş-Bolyai, Geologica-
geographica 31, 9-13. 

Thornburg, T.M., Kulm, L.D. 1987. Sedimentation in the 
Chile Trench: depositional morphologies, lithofacies, and 
stratigraphy. Geological Society of America Bulletin 98, 
33-52. 

Underwood, M.B. 1986. Transvers infilling of the Central 
Aleutian Trench by unconfined turbidity currents. Geo-
Marine Letters 6, 7-13. 

von Cotta, B. 1864. Erzlagerstatten in Banat und Serbien. W. 
Braumüller, Vienna, 105 pp. 

von Quadt, A., Peytcheva, I., Heinrich, C.A., Cvetkovic, V., 
Banjesevic, M. 2007. Upper Cretaceous magmatic evo-
lution and related Cu-Au mineralization in Bulgaria and 
Serbia. In: Andrew, C.J. et al. (Eds.), Proceedings of the 
Ninth Biennial SGA Meeting “Digging deeper”, Dublin 
2007, 861-864. 

Willingshofer, E. 2000. Extension in collisional orogenic 
belts: the Late Cretaceous evolution of the Alps and 
Carpathians. PhD Thesis, Netherlands Research School of 
Sedimentary Geology, publ 20000301. 

Willingshofer, E., Andriessen, P., Cloething, S., Neubauer, F. 
2001. Detrital fission track thermochronology of Upper 
Cretaceous synorogenic sediments in the South 
Carpathians (Romania): inferences on the tectonic 
evolution of a collisional hinterland. Basin Research 13, 
379-395. 

Zimmermann, A., Stein, H., Hannah, J., Koželj, D., Bogdanov, 
K., Berza, T. 2008. Tectonic configuration of the 
Apuseni–Banat–Timok–Srednogorie belt, Balkans–
Southern Carpathians, constrained by high precision RE–
OS molybdenite ages. Mineralium Deposita 43, 1-21.  

 
Printed 2015

 
 
 


