
The Romanian Carpathians: 
Alpine Geotectonic Evolution and Metallogeny 

By i;lERBAN VLAD*) 

With 10 Figures 

Zusammenfassung 

Die sehr komplexe Struktur der rumänischen Karpaten wird auf der Basis der 
plattentektonischen Interpretation dargestellt. Der tektonischen Entwicklung wer­
den die magmatischen und metallogenetischen Phasen und Bezirke zugeordnet. Das 
triassische Rifting bewirkt die Bildung von Ba-Fe-Lagerstätten in den Ostkarpaten; 
durch das seafloorspreading zur Unterkreidezeit wurde im Bereich der Südkarpaten 
ein schmaler Streifen von Ozeanboden frei gelegt, an den kleine Erzvorkommen ge­
bunden sind. Die laramische Subduktion begann mit der Produktion erzfreier Vulka­
nite und anschließend erzbringender Intrusiva (Banatite), denen wichtige Kupfer­
lagerstätten der Südkarpaten und des Apuseni-Gebirges zu verdanken sind. Eine 
neogene Subduktionsphase bewirkte die Entstehung von weiteren Cu-Porphyrie­
Lagerstätten und von Buntmetallgängen mit Gold. Auch die junge Kontinent-Konti­
nent-Kollision erzeugte eine schwächere Gangvererzung. 

Abstract 

The structure of the Romanian Carpathians was accomplished during the Al­
pine orogenic cycle. Their metallogenetic evolution during Alpine times developed 
from unevolved intracontinental rifting (Triassic Fe ores, Jurassic-Lower Creta­
ceous Ba and Mo ores in the East Carpathians) to spreading areas (Lower Creta­
ceous Cu-pyrite ores in the South Carpathians) and subduction-related settings (Ju­
rassic-Cretaceous Fe-Ti-V, Ni, Cu-pyrite, Mn ores in the Southern Apuseni Moun­
tains, Laramian Mo, Bi, W, Cu, Co, Ni, Pb, Zn, B, Fe ores in the Apuseni Mountains 
and the western part ofthe South Carpathians, neogene Au-Ag, Cu and base-metal 
ores in the East Carpathians and the Southern Apuseni Mountains). 

*) Ministerul Geologiei/DCRG, str. Mendeleev 34-36, Bucuresti, Romania. 
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Fig. l. Alpine structure and metallogeny in the Romanian Carpathians. 1 = foreland, 2 = mo­
lasse, 3 = flysch nappes, 4 = Mesozoic-Cainozoic cover, 5 = pre-Mesozoic basement including 
North Apusenides Nappes, Central East Carpathian Nappes, Supragetic and Getic Nappes, 
6 = Triassic basalts of the short.-lived intracontinental rift of North Dobrogea, 7 = island arc 
volcanics and active marginal basin spilites ofthe South Apuseni Mountains (Jurassic-Creta­
ceous), 8 = Diträu alkaline massif related to intracontinental rifting (Jurassic-Cretaceous), 
9 = subduction-related Laramian magmatism (Banatites) (a = plutons, b = volcanics), 10 = 
subduction-related Neogene volcanism (a = volcanics ofthe external arc; b = volcanics ofthe 
back-arc reactivization rifting areas), 11 = metallogenesis related to intracontinental rifting, 
12 = metallogenesis related to ocean-floor spreading areas, 13 = metallogenesis related to 
Jurassic-Cretaceous island arc volcanics, 14 = Laramian (Banatitic) metallogenesis, 15 = 
Neogene metallogenesis, 16 = metallogenesis in passive margin-related settings, 17 = metallo­
genesis in continental collision-related settings, 18 = metallogenesis in post-collisional­
related settings. EC = East Carpathians, SC= South Carpathians, AM= Apuseni Mountains, 
TD = Transylvanian Depression, EEP = East European Platform, SP = Scythian Platform, 

MP = Moesian Platform. 
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Minor Fe occurrences of Paleogene age are related to a passive margin of the 
Northern Apuseni Mountains and restricted Helvetian base-metal ores to post-colli­
sional setting in the East Carpathians. A continental collision-related belt with Co, 
Ni, Bi, Cu mineralization connected with the Cretaceous deformation was inferred 
from geological-geophysical data in the eastern part of the South Carpathians. 

The Structure of the Romanian Carpathians 

The Romanian Carpathians, located ofthe southern boundary ofthe Eurasian 
Plate, originated during pre-alpine and especially alpine deformations. This signifi­
cant orogenic structure is built up of inner units (Apuseni Mountains), moulded by 
the external Carpathian Are (the East Carpathians, proceeding beyond the Roma­
nian territory to the West Carpathians, and the South Carpathians, proceeding to 
Eastern Serbia, Yugoslavia). The Carpathian Foreland is represented by the Moe­
sian Platform in the south, the Scythian Platform in the east and the East European 
Platform in the north and northeast. The North Dobrogea region lies within this cra­
tonic environment, between the Moesian and Scythian Platforms. lt has no connec­
tion with the Carpathians, but proceeds to Crimes and the Greater Caucasus, USSR 
(Fig. 1). 

The Internides contain the Southern and the Northern Apusenides. The 
Southern Apusenides comprise thrust units with ophiolites and Mesozoic sediments 
covered by Neogene molasse in the west, south ofthe Mure§ Valley, andin the east, 
within the basement of the Transylvanian Depression. The continuation of this 
structure towards the Vardar Zone was discussed by various authors and inter­
preted in different ways (e. g. SA.NDULEscu, 1983). The Northern Apusenides are 
built up of basement nappes ( crystalline schists, pre-Mesozoic granitoids) and in fact 
represent the prolongation of the Austroalpine structure of the Eastern Alps (SA.N­
DULESCU, 1983). 

The Carpathian Are with external position is built up of three successive 
groups of nappes of different ages and origin; besides them, the East Carpathians 
contain the Transylvanian Nappe Group. The innermost region of the East Carpa­
thians, namely the Crystalline-Mesozoic Zone, contains various nappes formed dur­
ing Hercynian and Mesocretaceous deformations (BALINTONI et al., 1983). These 
Central East Carpathian Nappes correlate with Supragetic and Getic Nappes ofthe 
South Carpathians, which were involved in Laramian deformations too. The Tran­
sylvanian Nappes with Mesozoic ophiolites and sediments resulting from the base­
ment ofthe Transylvanian Depression (SaNDULESCU and VISARION, 1978) were ob­
ducted upon the above mentioned nappes of the Crystalline-Mesozoic Zone. Beyond 
the inner nappe assemblage, the Flysch Nappes built up of Upper Jurassic-Lower 
Cretaceous flysch sediments and ophiolites arose during Mesocretaceous and Lara­
mian deformations. They comprise the Black Flysch Nappe, the Ceahläu Nappe and 
the Baraolt Nappe within the East Carpathians as well as the Severin Nappe within 
the South Carpathians (e. g. S.ANDULESCU, 1983). The Moldavides have the outer-
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most position, confined to the East Carpathians; they represent cover nappes built 
up of Paleogene flysch sediments and Miocene molasse. 

lt is worth mentioning that the South Carpathians comprise a significant re­
gion of continental type (mainly crystalline schists and pre-Mesozoic granitoids), 
the Danubian Realm, early considered as Autochthon (e. g. CüDARCEA, 1940). 
According to recent interpretations, it can be subdivided into the Lower Danubian 
Unit and the Upper Danubian Unit, both involved in pre-Alpine and Alpine (Meso­
cretaceous and Laramian) thrustings (BERZA et al., 1983). On the other hand, new 
data provide evidence of Danubian thrusting over the Moesian Platform during 
intra-Sarmatian deformations (MüTA~, 1983). 

Besides the above mentioned ophiolites, two major petrogenetic associations 
of calc-alkaline character are found in the Carpathians: the Laramian (Banatitic) 
igneous rocks in the west (Apuseni Mountains and South Carpathians) and the Neo­
gene volcanics in the South Apuseni Mountains and the East Carpathians. 

Alpine Geodynamic Evolution of the Romanian Carpathians 

The post-Paleozoic geodynamic evolution which promoted the present-day 
Carpathian architecture is associated with the development of the Tethyan trench 
system. Both short-lived and more evolved rifts are characteristic ofthis setting and 
yielded various types of magmatic and metallogenetic products. Thus, Triassic 
intracontinental rifting in the North Dobrogea region gave rise to an aulacogen-like 
failed arm linked with the Tethys through Crimea and the Greater Caucasus (VLAD, 
1978). In places riftings along reactivated proto-Carpathian alignments were rapidly 
aborted, but commonly promoted ocean-floor spreading. Accordingly, narrow elon­
gated troughs with oceanic crust developed around sialic blocks. lt is likely that the 
distensional tectonics of the Lower Mesozoic period and the subsequent motion of 
resulting microplates were promoted by triple junctions; the Carpathian curvatures 
are interpreted as evidence of this kind (V LAD, 1980). According to geological and 
geochemical data the Severin Nappe ophiolites represent ocean-floor tholeiites 
(CIOFLICA et al., 1981). Similar recent studies on South Apuseni Mountains ophio­
lites strongly suggest that the oceanic crust ofthe paleo-basin was consumed; infer­
red oceanic crust remnants are to be found in the basement of the Transylvanian 
Depression (e. g. CrnFLICA et al., 1980, CIOFLICA and NrnoLAE, 1981). 

Following this, significant westward pulsatory compressions gave rise to 
Andean or island arc subduction-related magmatic arcs. Neokimmerian deforma­
tions promoted tholeiitic and calc-alkaline island arc magmatism in the South Apu­
seni Mountains (CIOFLICA et al., 1980, CIOFLICA and N1coLAE, 1981). 

Mesocretaceous deformations gave rise to numerous thrust nappes accom­
plished in places during Laramian times when continental collision was reached. 
These deformations yielded eastward obduction of ophiolites in the East and South 
Carpathians. On the other hand, a Laramian westward subduction-related belt of 
calc-alkaline character (partly of Andean type) runs from the Apuseni Mountains to 
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Fig. 2. Plate tectonic model of the Neogene reactivation in the Apuseni Mountains (according 
to VLAD, 1980). 1 = continental crust, 2 = westward subducted oceanic crust, 3 = upper man­
tle, 4 = nappes (a = flysch nappes, b = Moldavides), 5 = energetical eddies that promoted 
heat of the base of the lithosphere and behind-arc diapirism. CGH = Cäliman-Gurghiu-Har­
ghita Mountains with island arc volcanics, AM-TD = behind arc environment (TD = Transyl­
vanian Depression with turbidite apron-like sedimentation, AM= back-arc region with 
extensional tectonics characterized by mainly andesitic volcanism and related metallogenesis 
caused by heat transfer from external Carpathian subduction and reactivization ofthe Apuseni 

Mountains hot spot). 

the South West Carpathians ("Banatitic Province") and further south to the Eastern 
Serbia (Yugoslavia). 

Following the suture of the South Apusenides to the North Apusenides sialic 
block, the north-western part ofthat internal paleobasin acted as a passive continen­
tal margin. 

The Neogene calc-alkaline island arc volcanism of the East Carpathians 
(BoccALETTI et al., 1973, BLEAHU et al., 1973) is related to deformations that 
yielded the Moldavides Nappe System. The similar volcanism ofthe South Apuseni 
Mountains cannot be satisfactorily explained by subduction. The South Apuseni 
Mountains contain three superposed magmatic products with distinctive lineation, 
that is Jurassic-Lower Cretaceous island arc volcanics, Laramian (Banatitic) 
igneous rocks and Neogene volcanics. The pulsatory magmatism that acted within a 
restricted area was presumably controlled by a deepseated hot spot (VLAD, 1980). lt 
seems likely that hot spot reactivization yielded rifting along Laramian transverse 
faults and promoted the Neogene volcanicity. The reactivization resulted during the 
above mentioned westward subduction in the East Carpathians; energetical eddies 
promoted heat ofthe base ofthe lithosphere and back-arc diapirism with volcanism 
(Fig. 2). 

As an significant post-collision event, intra-continental rifting yielded basaltic 
volcanicity during late Neogene times (RÄ.DULESCU et al., 1981). 

Alpine Metallogenesis and Plate Tectonics in the Romanian Carpathians 

The metallogenetic characteristics ofthe Romanian Carpathians have recent­
ly been taken into account by various authors; among them IANOVICI and BoRco:;; 
(1982) studied in detail the time-space distribution of numerous ore deposits and 
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CroFLICA and VLAD (1984) discussed the Alpine metallogeny ofRomania in terms of 
plate tectonics. 

The structure of the Romanian Carpathians, accomplished during the whole 
Alpine cycle, provides opportunities to outline their metallogenetic evolution in 
association with tectonic and magmatic events (Fig. 1). Accordingly, the Alpine me­
tallogenesis developed during post-Paleozoic tim es from early aborted 
intracontinental rifting to spreading areas, subduction-related settings, collision­
and post-collision-related settings that are listed below. 

Metallgenesis related to intracontinental rifting. TheCentra!East 
Carpathian Nappes represent a preferential site ofBa-Pb-Zn, Fe, Mo occurrences re­
lated to Mesozoic sedimentary and igneous rocks. 

At Delni~a dolomitic limestones of Triassic age contain stratabound Fe ores 
associated in places with barite and base-metal ores. The lens-like bodies are pre­
vailingly sideritic-ankeritic in the east and hematitic in the west. 

Along the Ostra-Gemenea-Slätioara alignment barite and witherite accumula­
tions are associated with base-metal ores (IANovrcr et al., 1966). At Ostra, N-S 
striking veins cross the metamorphic basement and the Mesozoic sedimentary cover 
(Fig. 3). At least two barite generations as weil as witherite, pyrite, sphalerite, gale­
na, tetrahedrite were recognized; at depth the penetrated gneisses are impregnated 
with barite. lt seems likely that early barite occurrences were remobilized during 
post-Jurassic rifting, before major middlecretaceous deformations. The mineraliza-
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Fig. 3. Cross-section through the Ostra barite deposit (according to IANOVICI et al., 1966). 
l = barite vein, 2-5 = Triassic-Jurassic sediments (2 = sandstones, 3 = jasperoid rocks, 
4 = dolomitic limestones, 5 = siliceous conglomerates), 6 = Raräu gneisses, 7 = barite impreg-

nated gneiss, 8 = epimetamorphic rocks, 9 = fault, IO = thrust. 
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Fig. 4. Section through Cu-pyrite ores from Baia de Aramä (according to CIOFLICA et al., 
1980). 1 = Getic Nappe, 2 = serpentinite protrusion, 3 = ophiolite complex (a = upper ophioli­
tes, b = lower ophiolites, c = mineralization), 4 = Cretaceous black argillite, 5 = Cretaceous 
flysch of the Severin Nappe, 6 = Cretaceous flysch of the Danubian realm, 7 = thrust, 

8 =fault. 

tion is found discontinuously up to Gemenea and Slätioara where base-metal and 
barite veins cut the crystalline schists (IANovrcr and BoRcoi;;, 1982). 

The Jurassic-Lower Cretaceous ring-like intrusion of alkaline character from 
Ditrau exhibits a zonal structure (ANASTASIU and CoNSTANTINESCU, 1980): lts in­
ner part consists of foidites, surrounded discontinuously by syenite and monzonite 
rocks. Hornblendites and diorites as well as granites and alkali granites occur mar­
ginally. Numerous lamprophyre, microsyenite, alkali granite and aplite dykes cut 
the massif. Albitite segregations and carbonatite veins are found in places. Mo-bear­
ing carbonatites occur especially in the north (Jolotca). They are hosted by diorite 
and hornblendite rocks and contain usually ilmeno-rutile, ilmenite, monazite, tapio­
lite, columbite and sulphides as well as by alkali syenite rocks when xenothime, sul­
phides and niobo-tantalates are the common minerals. 

Metallogenesis related to ocean-floor spreading areas. The Se­
verin Nappe ofthe South Carpathians contains ophiolites with Cu-pyrite ores. During 
early Mesozoic times an elongated basin with oceanic ernst acted between the Getic 
and the Danubian realms (RADULESCU and SANDULESCU, 1973). The resulting ba­
saltic flows and pyroclastics associated with Lower Cretaceous flysch sediments of 
the Severin Nappe were obducted eastwards during Laramian compressions when 
the Getic and the Danubian realms collided. The ophiolite-related mineralization 
occurs at Baia de Aramä (Fig. 4). CroFLICA et al. (1981) provided geological and 
geochemical evidence to characterize these ophiolites as tholeiitic ocean-floor 
basalts formed in a small ocean setting; the related ore deposits were ascribed to the 
Joma type of PEARCE and GALE (1977). They occur in basalts as small size strati­
form pods of massive chalcopyrite, with subordinate amounts of pyrite and sphale­
rite in quartzose gangue. The massive ore is commonly underlain by pyrite + chalco­
pyrite + spalerite stockworks. 

M etallo gene sis in su bd uction- related settings. Jurassic-Creta­
ceous, Laramian and Neogene subduction events promoted ore deposition associ­
ated with island arc or Andean type magmatic belts. 
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The earlier event is represented by tri-stadial magmatism of the South Apu­
seni Mountains, that is tholeiite series and subsequent calc-alkaline series 
representing island arc products and final spilitic complex associated with active 
marginal basin (CIOFLICA etal., 1980; CIOFLICA, NrnoLAE, 1981). The related metal­
logenesis consists of Fe-Ti-V and Ni late magmatic segregations in gabbroic intru­
sions and Cu-pyrite veins and stockworks in basaltic lavas of the tholeiite series 
(e. g. CIOFLICA et al., 1980). The calc-alkaline series comprises Mn-volcano-sedi­
mentary ores ( e. g. CIOFLICA et al., 1980); such a setting encloses virtual Kuroko­
porphyry copper systems too (VLAD, 1983). 

The Fe-Ti-V segregations are found as titanomagnetite and ilmenite nests, 
lenses and grains within layered gabbroic bodies (CA.zANEf?TI-CIUNGANI). The Ni 
ores are confined to the Ciungani gabbroic body wherein pyrrhotite, pentlandite with 
associated chalcopyrite and magnetite occur as a small size pod. 

The Cu-pyrite volcanogenic ores are related to basalts and were considered by 
CIOFLICA et al. (1981) of Gjersvik type (PEARCE and GALE, 1977). Various veins 
and stockworks (C.Az.ANEf?TI-CIUNGANI, ALMAf?EL, Rüf?IA NouA.) are controlled by 
brecciated basalts. At Patir§ the mineralization is located in the upper part of a ba­
saltic unit and contains an inner zone with pyrite + chalcopyrite veinlets and a mas­
sive pyrite pod, surrounded by a disseminated pyrite aureole (Fig. 5). 

Minor Mn volcano-sedimentary ores associated with jaspers occur in Lower 
Cretaceous sediments at Soimu§-Buceava, Pirne§ti and Godine§ti. 

A significant subduction event yielded the Laramian calc-alkaline magmatic 
belt (banatites). The magmatism is represented by two major stages (CIOFLICA and 
VLAD, 1973, 1980) that is the senonian volcanicity depleted ofmetallogenetic inter­
est and the subsequent intrusive stage divided into three phases: early minor diori­
te bodies; plutons and subvolcanic bodies related commonly to monzodiorite, diorite 

__,. granodiorite and granodiorite __,. granite evolution trends; final acidic dykes and 
concurrent basic dykes and lamprophyre dykes. The main intrusive event promoted 
ore deposition inside and around shallow intrusions, plutons or subsequent dykes. 
Porphyry copper and skarn deposits prevail, whereas vein deposits occur scarcely 
(CIOFLICA and VLAD, 1980). The monzodiorite, diorite-granodiorite magmatism 
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Fig. 5. Section through Cu-pyrite ores from Patin~ (according to CIO~'LICA et al., 1980). l = ba­
salts (a = unmineralized, b = pyrite impregnations, c = pyrite + chalcopyrite stockwork), 

2 = Gossan, 3 = Cretaceous flysch, 4 = rcversed fault. 
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Fig. 6. Cross-section through the Cri§ul Negru Valley, North Apuseni Mountains (according to 
CIOFLICA and VLAD, 1980). 1 = recrystallized Carnian sediments ofthe Bäi~a Unit (a = dolo­
mitic marble, b = apodetrital hornfels), 2 = recrystallized Norian sediments ofthe Bäi~a Unit 
(a = calcareous marble, b = apodetrital hornfels), 3 = recrystallized Cretaceous limestones of 
the Bihor Autochthon, 4 = Laramian (Banatitic) igneous rocks (a = granite, b = andesite), 
5=skarns (a=Ca-skarns, b=Mg-skarns), 6=mineralization (a=Pb-Zn-B, b=Cu-W-Bi, 

c = Mo-W), 7 =fault, 8 = thrust. 

yielded Cu deposits, whereas the granodiorite-granite magmatiam especially base­
metal ores. 

The North Apuseni Mountains sub-belt is characterized by granodiorite-gran­
ite magmatism·and widespread base-metal metallogenesis (IANOVICI et al., 1977). 
The ore zoning is expressed by the complex zone of the Bihor-Giläu Mountains (Mo, 
Bi, W, Cu, Co, Ni, Pb, Zn, B, Fe ores in skarn environment) (Fig. 6), followed land­
wards by the base-metal zone of the Vlädeasa Massif (hydrothermal Pb-Zn ores). 

The South Apuseni Mountains sub-belt is represented by monzonite, diorite­
granodiorite magmatism with Cu-impregnated and Fe skarn deposits and granodio­
rite-granite magmatism with Pb-Zn and Mo vein deposits (CIOFLICA and VLAD, 
1984). 

The Banat-Poiana Ruscä Mountains sub-belt is represented by the inner zone 
(South Banat) with monzodiorite, diorite-granodiorite magmatism and Cu-Mo por­
phyry copper deposits of Lowell and Guilbert model, stockwork type, monoascen­
dant evolution (e. g. SuvoRov, MüLDOVA, NouA, Fig. 7) as well as Cu-Mo skarn de­
posits ( e. g. SAS CA); the North Banat-Poiana Ruscä zone located landwards consists 
of granodiorite-granite magmatism and Fe, Pb-Zn skarn deposits (e. g. DoGNECEA, 
ÜNCA DE FrnR) or restricted Mo-porphyry occurrences (e. g. ÜRAVJTA). The weil-
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Fig. 7. Cross-section through the Suvorov porphyry copper deposit, Moldova Noua, South 
Banat (according to VLAD, 1983). I = Supragetic Nappe, 2 = Mesozoic limestones converted 
into marble, 3 = Laramian (Banatitic) ingenous rocks (a = quartz diorite porphyry, b = lam­
prophyre), 4 = apocalcic metasomatites (a = granditc skarn, b = propylitic zone), 5 = apoalu­
mosilicate metasomatites (a = argillic zonc, b = µhyllic zone, c = potassic zone), 6 = copper 

mineralization, 7 = fault, 8 = thrust. 

expressed Cu-Mo-Fe, Pb, Zn transverse zoning and Cu-Pb line that delineates the 
magmatic-metallogenetic zones are characteristic of the Andean subduction type 
(VLAD, 1979). 

The Neogene subduction gave rise to various volcanics that occurred rhythmi­
cally from Helvetian to Pliocene times. Among them the Sarmatian volcanics are 
commonly of metallogenetic significance. The petrogenetic and metallogenetic 
characteristics of the Neogene volcanicity were summarized by various authors 
(e. g. Grn~cÄ et al., 1968; CIOFLICA et al., 1973; RÄDULEscu et al., 1981; lANOVICI 
and BoRco~, 1982). 

The East Carpathian volcanic arc of mainly andesitic composition developed 
within the Üa§·Gutii-Tible§· Birgäu-Rodna-Cäliman-Gurghiu-Harghita Mountains 
and contains hydrothermal ore deposits of Au-Ag and base-metal type with subordi­
nate amounts of Hg, exhalative S and hydrometasomatic Fe ores. lt is tobe suggest­
ed that such setting may promote porphyry copper occurrences at depth, near root 
zones of Au-Ag and base-metal veins. The northern part ofthe Üa§ Mountains con­
tains base-metal veins between Tarna and Bicsad. The southern part of the Gutii 
Mountains locates significant Au-Ag and base-metal veins (Fig. 8) along the WNW­
ESE Baia Mare metallogenic zone (e. g. Ilba, Säsar, Herja, Baia Sprie, Capnic, 
Bäiut). In the Tible§-Birgäu Mountains base-metal veins are related to subvolcanic 
bodies, whereas in the Rodna Mountains they are connected with breccia pipes or 
replace marbles. The Cäliman-Gurghiu-Harghita Mountains contain minor S (Cäli­
man), siderite (Vlähita), Hg (Sintimbru), Au-Ag and base-metal ores. The rootzones 
of the volcanic structures may enclose more significant ore occurrences. 

Back-arc reactivazion rifting areas trending NW-SE and E-W in the South 
Apuseni Mountains promoted Au-Ag and base-metal deposits associated with 
andesite volcanics within the Brad-Säcärimb, Almaj-Stänija, Ro§ia Montanä-Bucium 
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Fig. 8. Cross-section through the Cavnic ore deposit (according to IANOVICI and BoRCO§, 
1982). 1 = Pontian pyroxene andesite, 2 = Pannonian-Pontian quartz andesite, 3 = Tertiary 

sedimentary rocks, 4 = base-metal veins. 

and Baia de Arie§ districts. Subvolcanic bodies of andesitic-microdioritic composition 
which penetrated the volcanic piles contain polyascendant porphyry copper depos­
its of the diorite model. They contrast with Laramian porphyry-copper systems by 
lack of skarnified halo which is replaced by peripheral Au-Ag and Pb-Zn veins. The 
porphyry copper systems show a Cu-Au character at Tarnita, Rovina, Valea Morii, 
Musariu and a Cu-Mo character at Deva and Ro§ia Poieni (IANOVICI et al., 1977). At 
Baia de Arie§ significant base-metal replacement ores occur within marbles in simi­
lar setting with the above mentioned Rodna Mountains occurrences (Fig. 9). 

Metallogenesis in passive margin-related settings. Restricted Fe 
occurrences of Paleogene age are found at Cäpu§ (Giläu Mountains) within epiconti­
nental sediments. The ores are represented by limonitic oolites found in carbonatic, 
chloritic and glauconitic cement (VINOGRADOV et al., 1964). Such sedimentary Fe 
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Fig. 9. Cross-section through the Baia de Arie~ ore deposit (according to IANOVICI and BoR­
co~, 1982). 1 = Sarmatian amphibole subvolcanic andesites, 2 = Sarmatian biotite-amphibole 
subvolcanic andesites, 3 = metamorphic rocks of the basement (a = crystalline schists, 
b = marbles), 4 = brecciated andesitic bodies, 5 =Au-Ag breccia pipes, 6 =Pb-Zn metasoma-

tic bodies, 7 = fault. 

123 



ores were considered tobe formed on the north-western passive continental margin 
of the Transylvanian paleo-basin after suture of the South Apuseni island arc to the 
North Apuseni sialic block (CIOFLICA and VLAD, 1984). 

Metallogenesis in the continental collision-related settings. 
Supragetic and Getic crystalline schists of the East Fägära§ and Leaota Mountains 
(South Carpathians) are cut by minor veins with Bi minerals, Co-Ni sulphides and 
arsenides, Cu minerals, galena, sphalerite, pyrite, pyrrhotite, silver and gold. VLAD 
and DrnrnA. (1984) suggested that ore deposition took place during remobilisation 
connected with major Cretaceous deformations (Dobsina type). On the other hand, 
geophysical evidence, the NNE-SSW regional distribution of the ores and indica­
tions of metallic periplutonic arrangement in both Leaota and East Fägära§ Moun­
tains may suggest that mineralization is provided by a deep-seated continent-conti­
nent collision belt of Erzgebirge or Cornwall type (Fig. 10). 
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Fig. 10. Presumed continental collision magmatism and related metallogenesis in the eastern 
South Carpathians (according to VLAD and DrnrcÄ, 1984). 1 = deep-seated plutons (a = gran­
ite-alkali granite, b = ultrabasite, anorthosite), 2 = continental crust, 3 = upper mantle, 
4 = Lower Cretaceous flysch ± obducted ophiolites, 5 = molasse, 6 =Co-Ni-Bi-As-Cu ores. 

Metallogenesis in the post-collisional-related settings. lt seems 
likely that a post collisional event acting in the South East Carpathians promoted 
sedimentary base-metal ores in Helvetian sandstones of molasse type at Jitia. On 
the other hand, late post-collisional rifting yielding Pliocene basalts lacks in metal­
logenetic importance. 

Conclusions 

The Carpathian structure was accomplished during the Alpine orogenic cycle. 
Magmatic as well as other factors intimately controlled the formation of metallic 
mineral deposits during the Mesozoic-Cainozoic sequence of intra-continental 
rifting, ocean-floor spreading, subduction, collision and eventual post-collision 
rifting. The major metallogenetic events are definitely associated with Laramian and 
Neogene subduction-related settings. lt is suggested that the Laramian monzodi-
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orite, diorite-granodiorite magmatism extracted Cu from depth and carried it up­
wards, whereas sialic contaminated granodiorite-granite magmatism mobilized Mo, 
Pb, Zn from the continental crust. On the other hand, Cu-Au and Cu-Mo differentia­
tion of the Neogene porphyry copper seems tobe explained by Au remobilization 
from early Mesozoic island arc tholeiites and Mo from the crystalline basement. The 
spatial superposition of three magmatic-metallogenetic events in the South Apuseni 
Mountains suggests that the inheritance-reactivization concept is to be taken into 
account (VLAD, 1980). 

Besides the abundant Laramian skarn-porphyry copper deposits and Neogene 
vein-porphyry copper deposits, relations between plate tectonics and mineralization 
during Alpine times emphasized that numerous settings are potentially favourable 
for additional ore bodies. Thus mature island arc structures of the South Apuseni 
Mountains may contain Kuroko-porphyry copper systems whereas the roots of the 
East Carpathian volcanic structures porphyry copper mineralization; the geological­
geophysical considerations suggest that a deep-seated continental collision-related 
belt may be found in the eastern part of the South Carpathians and, eventually, 
geological guides indicate that the Helvetian molasse ofthe East Carpathians could 
contain additional occurrences of Jitia type. 

References 

ANASTASIU, N., CoNSTANTINESCU, E. (1980): Structure du massifalcalin de Diträu. An. Univ. 
Buc., XXIX, 3-22. 

BALINTONI, 1., GHEUCA, 1., VonA., A. (1983): Alpine and Hercynian overthrust nappes from 
central and southern areas of the East Carpathian Crystalline-Mesozoic Zone. An. Inst. 
Geol. Geofiz., LX, Lucr. Cgr. XII As. Geol. Carp. Balc., 15-22. 

BERZA, T., KRÄUTNER, H., DIMITREScu, R. (1983): Nappe structure in the Danubian win­
dow ofthe Central South Carpathians. An. Inst. Geol. Geofiz., LX, Lucr. Cgr. XII As. Geol. 
Carp.-Balc., 1-39. 

BLEAHU, M., BoccALETTI, M., MANETTI, P., PELTZ, S. (1973): The Carpathian arc: a conti­
nental arc displayingthe features ofan "island arc". Journ. Geoph. Res., 78/23, 5025-5032. 

BoccALETTI, M., MANETTI, P., PECERILLO, A., PELTZ, S. (1973): Evolution ofthe Upper Cre­
taceous and Cenozoic magmatism in the Carpathian arc: geodynamic significance. Mem. 
Soc. Geol. Hol., XII, 267-277. 

CrnFLICA, G., VLAD, i;;. (1973): The correlation of Laramian metallogenic events belonging to 
the Carpatho-Balkan area. Rev. roum. Geol. geoph. geogr., ser. geol., 17/2, 207-224. 

CrnFLICA, G., SAvu, H., BoRco:;;, M., STEFAN A., IsTRATE, G. (1973): Alpine volcanism and 
metallogenesis in the Apuseni Mountains. Symp. Volc. Met., Bucharest, Guide Ex. 3AB, 
70p. 

CrnFLICA, G., VLAD, i;;. (1980): Copper sulphide deposits related to Laramian magmatism in 
Romania. European Copper Deposits, Belgrade, 67-72. 

CrnFLICA, G., LuPu, M., NICOLAE, 1., VLAD, i;;. (1980): Alpine ophiolites ofRomain, tectonic 
setting, magmatism and metallogenesis. An. Inst. geol. geofiz., LVI, 79-95. 

CrnFLICA, G., NICOLAE, 1. (1981): The origin, evolution and tectonic setting of the Alpine 
ophiolites from the South Apuseni Mountains. Rev. roum. geol. geoph. geogr., ser. Geol., 
25, 19-29. 

125 



CIOFLICA, G., VLAD, $., N1coLAE, I., VLAD, C., BRATOSIN, I. (1981): Copper metallogenesis 
related to Mesozoic ophiolites from Romania. UNESCO Inst. Symp. Maf. Ultram. Compl., 
Athens, 2, 156-171. 

CIOFLICA, G., VLAD, $. (1984): Alpine metallogeny in Romania. An. Inst. Geol. Geofiz., LXIV, 
p. 175-184. 

CoDARCEA, AL. (1940): Vues nouvelles sur Ja tectonique du Banat meridional et du Plateau de 
Mehedinti. An. Inst. Geol. Rom., XX, 1-74. 

Grni;;cÄ, D., BLEAHU, M., BoRcoi;;, M., DIMITREscu, R., KRÄUTNER, H., SAvu, H. (1968): 
Neogene volcanism and ore deposits in the Apuseni Mountains. Int. Geol. Cgr., XXIII Ses., 
Prague, 51 p. 

IANOVICI, V., PITULEA, G., LEMNE, M. (1966): Contributii Ja studiul zäcämintului de baritinä 
de Ja Ostra. St. cerc. geol. geof. geogr., ser. geol., 11, 331-340. 

IANOVICI, V., VLAD, $., BoRcoi;;, M., Boi;;TrnEscu, S. (1977): Alpine porphyry copper minera­
lization of West Romania. Mineral. Deposita, 12, 307-317. 

IANOVICI, V., BoRcoi;;, M. (1982): Romania, Mineral deposits of Europe, 2: South-east 
Europe. Min. Soc., Inst. Min. Met., London, 142 p. 

MüTAi;;, C. (1983): Nouvelles donnees sur !es rapports structuraux entre !es Carpathes Meri­
dionales et Ja Depression Getique. An. Inst. Geol. Geofiz., LX, Lucr. Cgr. XII Asoc. Geol. 
Carp.-Balc., 141-146. 

PEARCE, J. A., GALE, G. H. (1977): Identification of ore deposition environment from trace 
element geochemistry of associated igneous host rocks. Volc. Proc. Ore genesis, IMM and 
GSL, Proc. joint Meet. Volc. Stud. Group, 14-24. 

RADULESCU, D., SA.NDULEscu, M. (1973): The plate-tectonic concept and the geological 
structure of the Carpathians. Tectonophysics, 16, 155-161. 

RÄDULESCU, D., BoRcoi;;, M., PELTZ, S., IsTRATE, G. (1981): Subduction magmatism in Ro­
manian Carpathians. Guide ex. A3, Carp.-Balk. Geol. Assoc. 12th Cgr., Bucharest, 132 p. 

SÄNDULESCU, M. (1983): Le probleme de Ja marge continentale europeenne dans 1-areal Car­
patho-Balkanique. An. Inst. Geol. Geofiz., LX, Lucr. Cgr. XIII Asoc. Geol. Carp.-Balc., 
199-208. 

SÄNDULESCU, M., V1sARION, M. (1978): Considerations sur Ja Htructure du soubassement de 
Ja Depression de Ja Transylvanie. D. S. Inst. Geol. Geofiz., LXIV, 5, 153-173. 

VrnoGRADOV, C., BARBU, I. Z., HESSELMAN, A. (1964): Contribution to the study ofthe iron 
sedimentary deposit of Cäpui;; (Cluj region). Rev. roum. geol. geogr., ser. Geol., 8, 21-32. 

VLAD, $. (1978): Metalogeneza triasicä a zonei Tulcea (Dobrogea de nord). St. cerc. geol. geof. 
geogr., ser. Geol., 2312, 249-258. 

VLAD, $. (1979): A survey of Banatitic (Laramian) metallogeny in the Banat region. Rev. 
roum. geol. geoph. geogr., ser. Geol., 2311, 39-44. 

VLAD, $. (1980): Alpine plume-generated triple junction in the Apuseni Mountains and metal­
logenetic implications. Rev. roum. geol. geoph. geogr., ser. Geol., 24, 71-81. 

VLAD, $. (1983): Geologia zäcämintelor porphyry copper. Ed. Acad. Bucurei;;ti, 156 p. 
VLAD, $., Drn1cÄ, I. (1984): Vein mineralization ofthe Leaota Mountains - preliminary consi­

derations. Rev. roum. geol. geoph. geogr., ser. geol., 28, p. 35-41. 

126 


