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Oc cur rences of mafic al ka line volcanics are scat tered all around Eu rope, be ing mostly re lated to anorogenic, extensional tec tonic en vi -
ron ments. While the wide spread Ce no zoic al ka line bas alts have been in ten sively stud ied and are com par a tively well-known, their Cre ta -
ceous pre cur sors were of ten as so ci ated with the Al pine–Carpathian orogenic zones, and so their gen e sis and geodynamic set ting are
par tially ob scured by su per im posed de for ma tion and al ter ation. We de scribe a newly dis cov ered body of melanephelionites in serted
within the Up per Cre ta ceous deep-ma rine pe lagic suc ces sion of the Pieniny Klippen Belt in West ern Slovakia. The body con sists of
hyaloclastic lavas of nephelinitic com po si tion. The min er al og i cal com po si tion and geo chem i cal fea tures of the Vršatec volcanites cor re -
spond to melanephelinites. Re con struc tion of the geodynamic set ting of the Cre ta ceous mafic al ka line vol ca nism in the Al -
pine–Carpathian–Pannonian realm in fers a gen eral extensional/rift ing tec tonic re gime that ul ti mately led to the open ing of Penninic
oce anic rift arms. How ever, this rift ing started as ba si cally pas sive and non-vol ca nic. Only dur ing the later, post-breakup ex ten sion
phases did the slow-spread ing oce anic ridges de velop, which are char ac ter ized by the MORB-type (mid-ocean-ridge ba sin) ba saltic vol -
ca nism. Al ka line vol ca nic prov inces have a lin ear char ac ter and ap pear to fol low pas sive con ti nen tal mar gins of Penninic oce anic arms
opened dur ing the Ju ras sic and Early Cre ta ceous. We in fer that al ka line vol ca nism re sulted from heat ing and par tial melt ing of the sub -
con ti nen tal man tle litho sphere on the pe riph er ies of asthenospheric upwellings con fined to slow-spread ing ridges of the Al pine Tethys.
Con se quently, re gard ing the de bate about the plume vs. non-plume or i gin of the Cre ta ceous al ka line vol ca nism, the geo log i cal data from
this area rather sup port the lat ter af fin ity.
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INTRODUCTION

Al ka line bas alts and re lated vol ca nic rocks (basanites, lam -
pro phyres etc.) are usu ally in ter preted as be ing gen er ated in
intra-plate, anorogenic (i.e. ei ther late post-orogenic, or
pre-orogenic) tec tonic en vi ron ments (Wil son and Downes,
1991; Bailey and Woolley, 1999). They are com monly re lated
to extensional tec tonic re gimes and oc cur in both con ti nen tal
and oce anic ar eas, but at tained a spe cial sig nif i cance in ar eas
char ac ter ized by con ti nen tal litho sphere. There, the prin ci pal
trig ger of man tle-de rived al ka line magmatism re mains un clear
– it could be ei ther a prod uct of small-scale, up per man tle
plumes, or it formed in re sponse to pas sive man tle upwelling

due to lithospheric stretch ing and thin ning (see Lustrino and
Wil son, 2007 for the re view). 

In West ern and Cen tral Eu rope, mafic al ka line vol ca nism
is com mon, al though gen er ally not vo lu mi nous. It oc curred
in ter mit tently dur ing the en tire Phanerozoic, but is prin ci pally 
con cen trated in two time in ter vals – in the Cre ta ceous and late 
Ce no zoic. The late Ce no zoic ep i sode may be re garded as fully 
post-orogenic and ex tends over ar eas con sol i dated in dif fer -
ent times dur ing the Phanerozoic, in clud ing the young Al pine
orogens. On the other hand, the mid-Cre ta ceous magmatism
formed dur ing the post-orogenic pe riod in re gions con sol i -
dated dur ing the Variscan and ear lier orogenies, but oc curred
as pre-orogenic in ar eas later in cluded in the Al pine
fold-thrust belts. 



In the West ern Carpathians, the oc cur rences of Cre ta ceous
al ka line bas alts can be found in var i ous tec tonic units of their
cen tral and ex ter nal zones. Vol ca nism is rep re sented by com -
par a tively small por tions of mostly sub ma rine lava flows, with
fewer volcaniclastic rocks, dykes and sills. Vol ca nism oc curred 
in units that, at the time of its ac tiv ity, were still not in cluded in
the compressional orogenic wedge but lo cated in its fore land.
In gen eral, Cre ta ceous al ka line vol ca nism is bound to zones
with an extensional tec tonic re gime and its ef fu sive prod ucts
al ways al ter nate with ma rine pe lagic de pos its (see Hovorka
and Spišiak, 1988 and ref er ences therein).

The pres ent pa per aims at char ac ter iza tion of a com par a -
tively large body of al ka line bas alts oc cur ring within an Oravic
sed i men tary se quence of the Vršatec Klippen area in the
Púchov segment of the Pieniny Klippen Belt in West ern
Slovakia. This body was not known for merly and has been only 
re cently found dur ing geo log i cal map ping. We de scribe the
strati graphic po si tion, pe trol ogy and geo chem is try of these
bas alts, com pare them to other oc cur rences of sim i lar age and
dis cuss their sig nif i cance for the pre-orogenic tec tonic evo lu -
tion of the West ern Carpathians. 

GEOLOGICAL SETTING

The Pieniny Klippen Belt (PKB) is a nar row (sev eral km),
but lengthy (up to 600 km) zone dom i nated by Late
Oligocene-Mio cene wrench tec ton ics (Ratschbacher et al.,
1993; Nemčok and Nemčok, 1994; Kováč and Hók, 1996;
Schlögl et al., 2008). It sep a rates the Ex ter nal West ern
Carpathians (EWC – “Flysch Belt”, Penninic units, a Ter tiary
accretionary com plex over rid ing the North Eu ro pean Plat form) 
from the Cen tral West ern Carpathians (CWC – Austroalpine
units, Cre ta ceous base ment/cover nappe stack – Fig. 1), and in -
volves Ju ras sic to Paleogene strata of ex tremely vari able li thol -
ogy and in tri cate in ter nal struc ture. Dur ing more than a cen tury
of de tailed re search, these have been sub di vided into nu mer ous 
lithostratigraphic and tec tonic units of dis tant prov e nances,
hence wit ness ing ex ces sive short en ing and sub se quent dis -
persal within this re stricted zone (e.g., Birkenmajer, 1977,
1986; Froitzheim et al., 2008). The PKB is there fore con sid -
ered as a su ture, in spite of a lack of ophiolite com plexes. In
many places, the PKB is formed of iso lated blocks of “klippen” 
(rigid Mid dle Ju ras sic to Lower Cre ta ceous lime stones) em -
bed ded in the “klippen man tle” (soft Lower Ju ras sic and Up per
Cre ta ceous to Paleogene shale, marl and flysch for ma tions).
Con se quently, the PKB has of ten been char ac ter ized as a tec -
tonic megabreccia or mélange. How ever, this pe cu liar “block-
 in-ma trix” struc ture of the PKB ap pears to be a re sult of later
stages of the de for ma tion his tory of the PKB units, gov erned by 
Early Mio cene along-strike transpressional and trans tensional
move ments. These oblit er ated, in places com pletely, Late Cre -
ta ceous-Paleogene thrust ing-re lated struc tures. Now a days, the
PKB usu ally cen tres on a pos i tive flower struc ture – the outer
for ward-thrust limb is lo cated within the rear parts of the fron -
tally accreted Biele Karpaty and/or Magura units, while
back-thrusts of the in ner limb in tensely af fected the PKB/CWC 
bound ary zones (e.g., Marko et al., 2005). 

In ac cor dance with its po si tion at the bound ary of two ma -
jor parts of the Carpathian orogenic sys tem, the PKB in volves
units de rived from both. The EWC tec tonic sys tem in cludes the 
Magura and Biele Karpaty superunits con sist ing of Up per Cre -
ta ceous-Oligocene sed i men tary for ma tions com posed mostly
of flysch, and the Oravic Superunit com pris ing Lower Ju ras -
sic-Up per Cre ta ceous de pos its sub di vided into sev eral nappe
units, which are the most char ac ter is tic and dis tinc tive PKB
units. How ever, the PKB and zones ad ja cent to its in ner side in -
volve also nappe units de rived from the CWC nappe sys tems,
dom i nantly fron tal par tial nappes of the Fatric Superunit. In ad -
di tion to these, four sets of over step ping sed i men tary suc ces -
sions that partly seal older struc tures may be dis cerned:
Senonian, Paleo cene–Early Eocene, Late Eocene–Early Mio -
cene and Mid–Late Mio cene. 

The Oravic Superunit in cludes klippen of the ridge-de rived
Czorsztyn Suc ces sion (in clud ing the larg est klippe of this suc -
ces sion in the en tire PKB – the Vršatec Klippen), the basinal
Kysuca and Pieniny suc ces sions, and sev eral types of “tran si -
tional” suc ces sions. These com prise sed i men tary suc ces sions
from the Early Ju ras sic on ward. The Oravic Klippen oc cur
along the north west ern mar gin of the PKB, form ing a nar row (a 
few kilo metres) “Klippen Belt sensu stricto”. The broader
south east ern part is mostly built of the “non-Oravic” units
(Drietoma, Klape and Manín), with oc ca sional tec tonic win -
dows of Oravic units and the Senonian-Paleogene over step -
ping cover (e.g., Schlögl et al., 2008). This zone was des ig -
nated as the “Periklippen Zone” by Maheľ (1980).

The Czorsztyn Unit rep re sents a for mer ridge or swell en vi -
ron ment and is char ac ter ized by pre vail ing shal low-wa ter fa -
cies dur ing the Ju ras sic and Early Cre ta ceous (Mišík, 1979,
1994). It is in ter preted as be ing de rived from a subducted con ti -
nen tal rib bon in a mid dle Penninic po si tion (e.g., Birkenmajer,
1986; Plašienka, 2003). Due to strong dis sec tion of the ridge
caused by sev eral rift ing events, the sed i men tary for ma tions
show con sid er able lat eral and ver ti cal vari a tions that were used
for dis tinc tion of sev eral sed i men tary suc ces sions. Thus the
Czorsztyn-type suc ces sions ex hibit some vari abil ity, but are
gen er ally com posed of: (1) Mid dle Li assic to Aalenian
deep-wa ter, partly anoxic bioturbated marlstones and black
shales; (2) Bajocian very shal low-wa ter, sandy-crinoidal lime -
stones, or in places scarp brec cias; (3) af ter the up per Bathonian 
break-up un con formity, a thick suc ces sion of con densed
“ammonitico rosso” nod u lar lime stones de pos ited; (4)
Tithonian-Berriasian coquinas, brec cias, pale maiolica-type
lime stones and Neocomian crinoidal lime stones have been pre -
served in places only. Af ter an un con formity in di cated by nu -
mer ous nep tu nian dykes and par tial ero sion down to the
Dogger de pos its (Barremian-Aptian gap), the lo cally karstified
sur face (Aubrecht et al., 2006) was cov ered by an Albian
hardground fol lowed by (5) deep en ing Up per Cre ta ceous var -
ie gated “couches rouges” marlstones and (6)
Maastrichtian-Eocene flysch.

The Pieniny Unit in cludes basinal suc ces sions with con tin -
u ous strati graphic se quences rang ing from the Early Ju ras sic to
the Late Cre ta ceous. The most wide spread Kysuca Suc ces sion
con sists of: (1) low er most Ju ras sic syn-rift siliciclastics; (2)
Lower to Mid dle Ju ras sic hemipelagic spot ted marlstones pass -
ing grad u ally into (3) Callovian-Oxfordian radiolarites; (4)
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Kimmeridgian red nod u lar lime stones; (5) Tithonian-Neo -
comian cherty lime stones; (6) var i ous mid-Cre ta ceous
hemipelagic marlstones; (7) Turonian-Santonian coars en -
ing-up ward “ex otic” flysch and (8) Campanian red pe lagic
“Globotruncana” marls.

The newly dis cov ered vol ca nic rocks  here de scribed oc cur
in the Chmeľová re gion of the so-called Vršatské bradlá group
of klippen in the Púchov seg ment of the PKB (Fig. 1). The
Oravic, Czorsztyn, Pruské and Kysuca suc ces sions crop out in
a small area here, be ing de formed in a com plex fold-fault struc -
ture (Fig. 2). To the NW, the Kysuca Unit is jux ta posed to the
flysch de pos its of the Biele Karpaty Unit of the EWC Flysch

Belt. This con tact is fol lowed by a large wrench fault that forms 
the north ern bound ary of the PKB. 

Bod ies of ba sic vol ca nic rocks were dis cov ered in two lo -
cal i ties within the var ie gated marls of Late Cre ta ceous age. The 
first, smaller oc cur rence (a few metres in di am e ter) is sit u ated
on the north ern slopes of Chmeľová Hill. The sec ond, much
larger oc cur rence is sit u ated SSW-wards of Chmeľová Hill on
the SE slopes of the un named crest about 1 km SW of Vršatec
ho tel (GPS co or di nates of the ap prox i mate cen tre of the body:

N 49°03 52.9, E 18°08 34.6). This oc cur rence is rep re sented by 
three vol ca nic bod ies, the larg est body be ing up to 100 m wide
and over 500 m long (Fig. 2). 
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Fig. 1. Gen eral tec tonic sketch of the West ern Carpathians with po si tion of the study area (white rect an gle)



The area is dom i nated by mac ro scopic fold struc tures with
SW–NE trending axes and youn ger, mainly strike-slip faults
(Fig. 2). The macrofolds are asym met ric, non-cy lin dri cal with a 
lo cally pen e tra tive, steeply NW-dip ping ax ial plane cleav age.
The bulk of the vol ca nic rocks is sit u ated in the core of a tight
brachysyncline. The map view and anal y sis of fault struc tures
re veal that fold ing was fol lowed by dom i nantly strike-slip
fault ing (SW–NE and youn ger W–E to WNW–ESE trending
faults) that fi nally shaped the klippen tec tonic style of the area. 

The sed i men tary suc ces sion con tain ing the vol ca nic body
ana lysed can not be as signed with out res er va tions to any typ i cal 
Oravic suc ces sions de scribed in the lit er a ture. As the old est
mem ber, it con tains dark grey spotty lime stones with in ter ca la -
tions of sandy crinoidal lime stones and spongiolites, which are
partly anal o gous to the Samášky Fm. de scribed from the tran si -
tional Pruské Suc ces sion (Aubrecht and Ožvoldová, 1994), or
to the Flaki Lime stone Fm. known from the Branisko (Kysuca)
Suc ces sion in Po land. This for ma tion is over lain by green ish
and red platy radiolarites (Sokolica and Czajakowa Lime stone
fms.), fol lowed by red nod u lar lime stones (Czorsztyn Lime -

stone Fm.). The Lower Cre ta ceous de pos its are of a spe cial
type with pink ish allodapic bioclastic lime stones (Horná Lysá
Fm. – Mišík et al., 1994). Brick-red marlstones, which can be
pos si bly cor re lated with the Cenomanian Lalinok Fm., and the
vol ca nic rocks, are the youn gest mem bers of this suc ces sion
(Fig. 3). The suc ces sion de scribed bears fea tures of ei ther a
non-typ i cal Kysuca Suc ces sion, or a tran si tional Pruské Suc -
ces sion. Palaeogeo graphically, it most prob a bly oc cu pied a po -
si tion be tween these two, i.e. along a dis tal slope of the
Czorsztyn Ridge at a tran si tion to the Pieniny Ba sin. To wards
the east, the suc ces sion con sid ered is in lat eral jux ta po si tion
with the typ i cal Czorsztyn Suc ces sion (Fig. 2) con tain ing white 
and red sandy-crinoidal lime stones (Smolegowa and
Krupianka fms., re spec tively), red nod u lar “ammonitico rosso” 
lime stones (Czorsztyn Lime stone Fm.) and pink biodetrital
“Calpionella” lime stones (Dursztyn Lime stone Fm.).

The vol ca nic rocks lie in su per po si tion over var ie gated
marlstones of the Lalinok Fm. In some places, a ther mal con -
tact with the marlstones was ob served. The vol ca nic bod ies
con sist of hyaloclastic brec cias in a larger scale they rep re sent
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Fig. 2. Geo log i cal map of a part of the Vršatec Klippen area show ing po si tion of the volcanites stud ied 



ba saltic sub ma rine lava flows, which dis charged into a car bon -
ate depositional en vi ron ment. De ter mi na tion of an ap prox i -
mate age of the vol ca nic rocks is based on the foraminiferal
tests found in micritic, partly ther mally recrystallized car bon ate 
form ing an in ter sti tial sub stance, fis sure fill ings and frag ments
in hyaloclastites. Foraminifers, to gether with car bon ate ooze,
pen e trated into the voids of the brecciated lava body ei ther dur -
ing or shortly af ter its so lid i fi ca tion. The tests found rep re sent
keeled plank tonic foraminifers be long ing to the fam ily
Globotruncanidae (Fig. 4D; de ter mined by Š. Józsa). These are
char ac ter is tic of the Cenomanian-Maastrichtian time in ter val.
Ac cord ingly, the ba saltic lavas were emplaced dur ing the Late
Cre ta ceous.

ANALYTICAL METHODS

Rock-form ing min er als and Fe-Ti spi nels were ana lysed
with a wave-dis per sion (WDS) elec tron microprobe Cameca
SX-100 and pho to graphed in back-scat tered elec tron (BSE)
made at the Geo log i cal Sur vey of the Slo vak Re pub lic

(Bratislava) un der the fol low ing con di tions: 15 kV ac cel er -
at ing volt age, 20 nA beam cur rent, beam di am e ter 2–5 [m,
ZAF cor rec tions, stan dards (n – nat u ral, sy – syn thetic) –
wollastonite (n) for Si and Ca, Al2O3 (sy) for Al, rodonite
(n) for Mn, faya lite (n) for Fe, for ster ite (n) for Mg, TiO2

(sy) for Ti, NiO (sy) for Ni, Cr (sy) for Cr, wil lem ite (n) for
Zn. Fe2+and Fe3+in spi nels were cal cu lated as sum ing an
ideal stoichiometry. The com po si tion of the min er als is
shown in Ta bles 1–4.

The ap a tite com po si tion was mea sured by Cameca
SX-100 elec tron microprobe in the wave length mode at the
In sti tute of Geo log i cal Sci ences, the Masaryk Uni ver sity,
Brno (Czech Re pub lic). The fol low ing an a lyt i cal con di -
tions were used: ac cel er at ing volt age of 15 kV, beam cur -

rent of 10 nA, beam di am e ter of 3–5 mm, el e ment mea sure -
ment time of 20–40 s. The fol low ing nat u ral and syn thetic

stan dards were used: ap a tite (for P Ka, Ca Ka, F Ka),

sanidine (Si Ka), cheralite (Th Ma), me tal lic U (U Mb),

CeAl2(Ce La), almandine (Fe Ka), spessartine (Mn Ka),

MgAl2O4(Mg Ka), SrSO4(Sr La), al bite (Na Ka) and

vanadinite (Cl Ka). The lower de tec tion limit of the
microprobe was ~0.18 wt.% for F, and 0.02–0.1 wt.% for
other mea sured el e ments. Con tents of As, Y, La, Pr, Nd and 
Ba were be low the de tec tion limit. Stan dard de vi a tion was
ca. ±1 wt.% for F, ±0.4 to 0.6 wt.% for Ca and P, and ±0.05
to 0.1 wt.% for the other mea sured el e ments. The mea sured
data were cor rected by the PAP rou tine. 

Whole-rock pow der sam ples were used for anal y ses.
From a large (approx. 6 kg) gen er ally fresh sam ple we sep a -
rated pure dark rocks (Fig. 4A, B). By quar ter ing we di -
vided the sam ple into two and then we ana lysed them. The
val ues in Ta ble 5 are av er ages of two anal y ses. Ma jor and
trace el e ments were de ter mined by ICP OES and ICP MS in 
Acme An a lyt i cal Lab o ra to ries Ltd. Can ada (Ta ble 5). The
con di tions of anal y ses and de tec tion lim its of el e ments are
given in Acme An a lyt i cal Lab o ra to ries Ltd. (2008).

MINERALOGY AND PETROLOGY

The tex ture of the volcanics is not ho mo ge neous, ap proach -
ing that of hyaloclastites or brec cias (Fig. 4A, B). In the light
grey-green fine-grained vit re ous ma trix, there are ir reg u lar
sharp-edged chips of coarse-grained volcanics (2–20 mm) and,
very rarely, also sharp-edged clasts of car bon ates or thin car -
bon ate veinlets (Fig. 4B). The ma trix is com posed of devitrified 
glass, small al bite grains, microlites of clinopyroxenes, am phi -
boles and zeolites. Vol ca nic clasts are traced by thin cal cite
veinlets. The min eral com po si tion of the coarse-grained clasts
cor re sponds to ba salt/basanites. The most fre quent min eral
phases in the vol ca nic clasts are clinopyroxene, am phi bole and
illmenite, less fre quent is ap a tite and Fe-Ti-spinel (Fig. 5).
Other min er als de tected are pseudo morphs af ter olivines, al kali 
feld spars and analcime.

Clinopyroxene (Cpx) is zonal and forms porphyric struc -
tures (Fig. 5A–E) to gether with am phi bole, ap a tite and
illmenite. Zon ing is marked by ir reg u lar al ter na tion of lighter
and darker phases of dif fer ent com po si tion, which in di cates
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Fig. 3. Lithostratigraphic pro file of the sed i men tary 
suc ces sion with al ka line bas alts stud ied 



rapid cool ing of magma. The lighter rims are rich in Ti, Al, Fe
and partly also Na and de pleted in Si and Mg. Sec tor zon ing
was oc ca sion ally ob served in ad di tion to os cil la tory zon ing.
Based on the Morimoto´s et al. (1988) clas si fi ca tion, the com -
po si tion of Cpx (Ta ble 1) cor re sponds to di op side (Fig. 6). It
cor re lates well with the com po si tion of mag mas and their tec -
tonic po si tion. We used dis crim i na tion di a grams by Nisbet and
Pearce (1977) and Leterrier et al. (1982). The Cpx pro jec tion
points are plot ted in the al kali ba salt fields in both di a grams.
This po si tion doc u ments the al kali char ac ter of volcanics and
their sim i lar ity to the Cre ta ceous al kali volcanics of the Ex ter -
nal and Cen tral West ern Carpathians (Hovorka and Spišiak,
1988). Am phi boles (Fig. 5D) are also slightly os cil la tory
zoned; they are less fre quent than Cpx and have a spe cific com -
po si tion (Ta ble 2) – in creased con tents of TiO2 (3.9 wt.%) as
well as Na2O and K2O (2.5 and 1.9 wt.%, re spec tively). In the
IMA clas si fi ca tion (Leake et al., 1997) they cor re spond to par -
ga site. Some vol ca nic frag ments con tain a higher amount of
ap a tite. Two types of ap a tite dif fer ing in mor phol ogy, size and
com po si tion were dis tin guished (Fig. 7A, B). Ap a tite 1 forms

euhedral to subhedral porphyric crys tals (pheno crysts), 150 to

800 mm in size, in as so ci a tion with other large pheno crysts
(feld spars, Fe-Ti ox ides). Ap a tite 2 con sists of small (20 to

50 mm), long pris matic to acicular subhedral crys tals in the
finely crys tal line to glassy ma trix (groundmass) of the rock
(Fig. 7B). Both ap a tite gen er a tions show ho mo ge neous
hydroxylapatite com po si tion with out chem i cal zon ing across
the crys tals. Ap a tite 1 shows lower Si, Ce, Fe, Sr and F con -
tents, and higher P, Mg and Ca con tents in com par i son to ap a -
tite 2; e.g., 0.3–0.5 and 0.8–1.1 wt.% SiO2, 0.02–0.15 and
~0.3 wt.% Ce2O3, 0.3–0.4 and 0.6–0.8 wt.% FeO, 0.3–0.5 and
~0.8 wt.% SrO, re spec tively (Ta ble 3). The F/(F+OH) ra tio at -
tains 0.25 to 0.29 in ap a tite 1, and 0.33 to 0.36 in ap a tite 2. 

The al ka line char ac ter of the rock is doc u mented also by the 
pres ence of partly resorbed leu cite (Fig. 7C). Other min er als
im por tant for the magma gen e sis are the Fe-Ti spi nels,  that oc -
cur as an ac ces sory phase. The size of the spinel grains is up to
400 [m. The spi nels show strong al ter ation vis i ble in BSE im -
ages (Fig. 7E, F), or in re flected po lar ized light. Due to al ter -
ation, spi nels are inhomogeneous and their “vermicular” tex -
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Fig. 4A–C – photomacrographs of melanephelinites with hyaloclastic brecciated struc ture (dark clasts of melanephelinites 
and pale clasts of lime stones in a vit re ous ma trix); D – thin sec tion of lime stone with test of foraminifer from the fam ily Globotruncanidae



ture is strongly po rous. The ma jor con stit u ent of Fe-Ti spi nels
(titanomagnetites) is mag ne tite (43–46 mol%). The amount of
ulvöspinel (Usp) com po nent ranges be tween 32 and 34 mol%.
Ac cord ing to the spinel clas si fi ca tion (Deer et al., 1992), the
spi nels stud ied cor re spond to ulvöspinels (Fig. 8). Se lected
microprobe anal y ses are shown in Ta ble 4. The con tent of
Al2O3 is up to 3.4 wt.% and MgO 4.5 wt.%. The dom i nant sub -
sti tu tion trends are tet ra he dral Mg « Fe2+sub sti tu tion, fol -
lowed by 2Fe3+ « Fe2++ Ti4+ex change and Fe3+ « Ti4+sub sti -
tu tion (Fig. 9). The charge bal ance is un equal due to in verse
spinel struc ture. The sub sti tu tion trends de scribed are iden ti cal
with those re ported for other oc cur rences of Me so zoic al kali
bas alts in the West ern Carpathians (Mikuš et al., 2006), as well
as in the Ma deira Is land al ka line lava (Mata and Munhá, 2004). 
Fe-Ti spi nels from Vršatec and CWC al kali rocks are some -
what poorer in Ti (Usp8–38) than those in other al kali ba salt oc -
cur rences (e.g., Usp52–71; Cornen and Maury, 1980, etc.). The
Ti-de ple tion of the stud ied Fe-Ti spi nels can be ex plained in
terms of al ter ation pro cesses (Fig. 9). Fe-Ti spi nels in al kali
bas alts are richer in mi nor com po nents (Al and Mg) than those
from tholeiitic rocks and andesites. The dis tinc tive fea ture of
Fe-Ti spi nels from al ka line rocks is their ten dency to wards a
high Al2O3  con tent (Frost and Lindsley, 1991).  

The chem i cal com po si tion of the volcanics is rather spe cific 
(Ta ble 5). Gen er ally, these rocks are char ac ter ized by low SiO2

con tents (ca. 37.0 wt.%), en hanced con tents of TiO2 and P2O5

(3.0 wt.%) and el e vated con tents of in com pat i ble el e ments
such as Ba (1300 ppm), Sr (1100 ppm) and LREE, as well as

those of Nb (217 ppm), V (161 ppm) and Zr (1050 ppm). Gen -
er ally low SiO2 con tents and high CaO con tents are par tially in -
flu enced by car bon ate con tent (amyg dales or car bon ate veins)
in the sam ples ana lysed. The clas si fi ca tion of these rocks is dif -
fi cult. Ac cord ing to dif fer ent clas si fi ca tion di a grams (TAS,
Beard et al., 1998, and oth ers) we can char ac ter ize these rocks
as ultrabasic rocks and picrobasalts. For clas si fi ca tion we used
the clas si fi ca tion of basanitic and nephelinitic vol ca nic rocks
by Le Bas (1989). This clas si fi ca tion is based on the CIPW
norm. Ac cord ing to it basanites were rec og nized as hav ing
>5% nor ma tive ab and <20% nor ma tive ne, melanephelinites
as hav ing <5% nor ma tive ab and <20% nor ma tive ne, and
nephelinites as hav ing >20% nor ma tive ne. Our volcanites
have 1.2% ab and 12.9% ne. This sug gests that we can call
them melanephelinite. 

For var i ous dis crim i na tion di a grams (Pearce and Cann,
1973; Mullen, 1983; Meschede, 1986, etc.) these volcanics cor -
re spond to OIA (ocean is land al kali ba salt) or WPA
(within-plate al kali ba salt) fields (Fig. 10). Al though
melanephenite typ i cally have higher con tents of some el e ments 
in clud ing REE (with a lower de gree of par tial melt ing in com -
par i son with al kali bas alts), we are com par ing them with al kali
bas alts and/or Cre ta ceous al kali ba salt/basanites of the West ern 
Crapathians, as we in fer their sim i lar ity in age and geotectonic
set ting. High con tents of REE as well as those of some other el -
e ments have been in flu enced by a high ap a tite con tent (P2O5

3.0 wt.%) in the sep a rated coarse-grained volcanites. This is a
high con tent and it is likely to have been a re sult of lo cal ac cu -
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T a  b l e  1

Rep re sen ta tive anal y ses of clinopyroxenes

FeOtot – to tal Fe as FeO



mu la tion of ap a tite (and/or il men ite) in the melt. The course of
the nor mal ized REE curve is clearly in the di rec tion of low
HREE con tents with out a con sid er able Eu-anom aly (Fig. 11).
This curve is typ i cal of nephelinitic rocks. Com pared to
basanites of iden ti cal geotectonic po si tion (Pieniny Klippen
Belt, Jarnuta Fm., Hanigovce – Spišiak and Sýkora, 2009) they
are richer in REE. They dis play the same el e vated REE con -
tents as do Cre ta ceous al kali bas alts/basanites from the Cen tral
West ern Carpathians (Hovorka et al., 1999). Such high REE
con tents are typ i cal of strongly al kali nephe lin ite-type rocks
(e.g., Ulrych et al., 1998). A sim i lar pat tern is  seen in the man -
tle-nor mal ized trace el e ment abun dances (Fig. 12).
Melanephelinites from Vršatec have higher con tents of all el e -
ments com pared ex cept for Rb and Sr com pared to basaltoids
from the Pieniny Klippen Belt (Jarmuta Fm., Biala Woda –
Birkenmajer and Lorenc, 2008; Hanigovce – Spišiak and
Sýkora, 2009) and higher than in other Cre ta ceous al ka line bas -
alts oc cur ring  in the Cen tral West ern Carpathians. Such a
course of the man tle-nor mal ized trace el e ment curve for the
basaltoids from other lo cal i ties of the Pieniny Klippen Belt and
Cre ta ceous al ka line bas alts from the Cen tral West ern
Carpathians is typ i cal of ocean is land al kali bas alts (OIB). 

DISCUSSION

GENERAL FRAMEWORK OF THE MESOZOIC 
MAFIC ALKALINE VOLCANISM IN CENTRAL EUROPE

Fol low ing the wide spread and vo lu mi nous Perm ian con ti -
nen tal tholeiitic to calc-al ka line, and only mi nor al ka line ba -
saltic vol ca nism (e.g., Timmerman, 2008), the Tri as sic was a
gen er ally quiet vol ca nic pe riod out side the Tethyan mo bile
belts. How ever, the lat est Tri as sic-ear li est Ju ras sic breakup of
Pangaea and open ing of the cen tral At lan tic Ocean was as so ci -
ated with vo lu mi nous, prob a bly plume-de rived magmatism
(Hill, 1991; Oyarzun et al., 1997; Golonka and Bocharova,
2000). Sev eral rift arms prop a gated from the cen tral At lan tic
north- and west wards dur ing the Mid Ju ras sic, but oce anic
spread ing first af fected the east ern branch named the Al pine
Tethys. It in cluded the pres ently su tured do mains known as the
Piemont–Ligurian (South Penninic) oce anic realms. There the
rift ing was ini tially non-vol ca nic and the sea-floor was first
formed by the sub con ti nen tal man tle ex humed dur ing asym -
met ri cal pas sive ex ten sion lead ing to con ti nen tal breakup (e.g.,
Lemoine et al., 1987; Trommsdorff et al., 1993; Marroni et al.,
1998). Pas sive man tle unroofing was then fol lowed by MORB
type vol ca nism along a slow-spread ing cen tre (Koller and
Höck, 1992; Dürr et al., 1993; Piccardo et al., 2004).
Within-plate, mildly al ka line bas alts oc cur rarely within the
Penninic do mains and were re ported from the East ern Alps
(Koller, 1985; Höck and Miller, 1987; Koller and Höck, 1992;
Frisch et al., 1994). Their age is un known, but most prob a bly
they formed dur ing the Late Ju ras sic and/or Early Cre ta ceous. 

On the other hand, the NE-prop a gated At lan tic Rift arm did
not re sult in con ti nen tal breakup, but an ex ten sive and com plex
rift sys tem re ju ve nated ear lier Perm ian grabens in the fu ture
north At lan tic realm and its west ern Eu ro pean mar gin (e.g.,
Ziegler, 1988). The North Sea tri ple junc tion of the Vi king, Cen -
tral and Moray Firth Grabens was marked by ex ten sive al ka line
ba saltic vol ca nism in the For ties vol ca nic prov ince dur ing the
Mid Ju ras sic (Latin and White, 1990). Sources of this vol ca nism
were sought in a rapid man tle up heaval and con se quent par tial 
melt ing of the asthenosphere and litho sphere due to lithospheric
stretch ing and thin ning (Latin and Wa ters, 1992). 

Dur ing the Early Cre ta ceous, a new rift arm prop a gated
north-eastwards from the cen tral At lan tic, which sep a rated
Ibe ria and its Briançonnais prom on tory from Laurasia by the
Galicia, Bay of Biscay and Valais (North Penninic) oce anic
do mains. Fur ther to the east, the Valais Rift prob a bly merged
with the Ju ras sic Piemont–Ligurian Ocean (Trümpy, 1988;
Liati et al., 2005; Schmid et al., 2008). How ever, even fur ther
east, the Early Cre ta ceous rift ing af fected the Eu ro pean mar -
gin as well, and formed sev eral con ti nen tal splin ters, such as
the Oravic (Czorsztyn) and Silesian ridges (e.g., Golonka et
al., 2000). This rift branch was yet again es sen tially non-vol -
ca nic, but fol lowed by sev eral Late Cre ta ceous al ka line mafic
vol ca nic fields at the Galician mar gin and Pyr e nean fore land
(re ferred to as the Ibe rian Prov ince – Rock, 1982; see also
Azambré et al., 1992; Tavares Mar tins, 1999). The east ern,
Al pine–Carpathian sec tor of this rift branch (Rhenodan -
ubian–Magura) is ac com pa nied by vol u met ri cally un im por -
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T a  b l e  2

Rep re sen ta tive anal y ses of am phi bole

Sam ple B-1 B-1 B-1 B-1 B-1 B-2

No 1 2 11 12 13 6

SiO2 40.05 40.87 40.38 40.90 40.82 41.99

TiO2   3.80   4.04   3.86   3.85  3.82   3.64

Al2O3 11.45 11.90 11.63 11.78 11.88 11.15

Cr2O3   0.00   0.04   0.02   0.00  0.02   0.00

FeOtot 13.59 12.57 13.57 12.44 13.51 12.79

MnO   0.19    0.13   0.24   0.17  0.17   0.20

MgO 12.34 12.95 12.50 13.21 12.49 13.34

CaO 11.16 11.35 11.12 11.21 11.02 11.17

Na2O   2.49   2.50   2.57   2.55  2.53   2.68

K2O   2.00   1.96   1.95   1.97  1.96   1.81

To tal 97.37 98.47 97.95 98.50 98.46 98.95

For mula based on 23 O

Si 6.031 6.044 6.021 6.047 6.046 6.160

AlIV 1.969 1.956 1.979 1.953 1.954 1.840

AlVI 0.063 0.119 0.065 0.099 0.119 0.087

Ti 0.430 0.450 0.433 0.429 0.426 0.402

Cr 0.000 0.005 0.002 0.000 0.002 0.000

Fe3+ 0.334 0.248 0.377 0.342 0.386 0.340

Fe2+ 1.377 1.306 1.315 1.195 1.287 1.229

Mg 2.771 2.855 2.777 2.913 2.758 2.918

Mn 0.025 0.017 0.030 0.021 0.021 0.024

Ca 1.801 1.799 1.777 1.776 1.749 1.755

NaM4 0.199 0.201 0.223 0.224 0.251 0.245

NaA 0.527 0.516 0.520 0.506 0.475 0.517

K 0.384 0.370 0.371 0.371 0.371 0.338

To tal 15.912 15.885 15.891 15.877 15.846 15.855 

Fe/Fe+Mg 0.332 0.314 0.321 0.291 0.318 0.296

For ex pla na tion see Ta ble 1



tant, but nu mer ous in tru sions and ex tru sions of Lower Cre ta -
ceous mafic al ka line mag matic rocks. These em brace the
south ern – Austroalpine mar gin of the Al pine Tethys
(Trommsdorff et al., 1990), along with the CWC
Tatric–Fatric and the Tisia terrane Mecsek-Alföld vol ca nic
fields de scribed be low. The north ern mar gin was af fected by
sim i lar al ka line vol ca nism, e.g. in the St. Veit Klippen Zone
of the East ern Alps and the ex ten sive Moravian–Silesian vol -
ca nic field of the EWC, as well as in its pro lon ga tion in the
East ern Carpathian area (see be low).

Dur ing the Late Cre ta ceous, the al ka line vol ca nism moved
fur ther forelandwards into ar eas later in flu enced by a wide -
spread Ce no zoic magmatism, e.g. along the Ohře (Eger) Rift
graben (Ulrych et al., 2008). The fi nal open ing of the north At -
lan tic Ocean and the Lab ra dor Sea in the Paleogene was then
closely re lated to the Ice lan dic hot spot ac com pa nied by vo lu -
mi nous plume-gen er ated magmatism (e.g., White et al., 1987;

Jones, 2003). The Ce no zoic al ka line vol ca nism in West ern Eu -
rope might or might not have been re lated to this plume ac tiv ity
(Lustrino and Wil son, 2007). 

Over the last two de cades, the pos si ble geodynamic sources 
of this vol ca nism have been widely de bated. While some au -
thors ar gued for the plume-gen er ated open ing of cen tral At lan -
tic as the pri mary source for the sub se quent pas sive mar gin al -
ka line vol ca nism (e.g., Hoernle et al., 1995; Oyarzun et al.,
1997), oth ers found no ne ces sity for large-scale man tle plume
ac tiv ity and re late the rift ing and vol ca nism to the in ter ac tions
of lo cal man tle upwellings and pre-ex ist ing con ti nen tal
lithospheric weak zones (e.g., McHone, 2000). Con cern ing the
Eu ro pean Cre ta ceous al ka line vol ca nism, Oyarzun et al.
(1997) pro posed the thin-spot model whereby a strongly
thinned and rifted Eu ro pean realm was in flu enced by
NE-wards divected sublithospheric plume chan nel ling.
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T a  b l e  3

Rep re sen ta tive anal y ses of ap a tite

H2O* – to tal H2O
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T a  b l e  5

Chem i cal com po si tion of the rocks stud ied (av er age of two anal y ses)

Ox ides in wt.%; other el e ments in ppm; Au++ in ppb; LOI – loss on ig ni tion; Fe2O3tot – to tal Fe as Fe2O3

T a  b l e  4

Rep re sen ta tive microprobe anal y ses of Fe-Ti spi nels from Vršatec

SiO2   0.10   0.10   0.26   0.08   0.10   0.05   0.07   0.09   0.28   0.14   0.14   0.08

TiO2 14.32 14.34 14.39 14.80 14.15 14.08 13.97 13.83 14.23 14.27 14.05   6.37

Al2O3   3.23   3.21   3.15   3.29   3.32   3.09   2.83   3.28   3.29   3.36   3.37   0.68

Cr2O3   0.20   0.07   0.03   0.01   0.10   0.15   0.36   0.07   0.03   0.01   0.03   0.00

*Fe2O3 50.69 50.67 50.66 50.81 51.07 51.93 52.28 52.17 49.71 51.97 51.36 60.70

FeO 23.41 23.12 22.74 23.90 24.33 23.95 23.86 23.92 22.94 24.25 24.00 28.83

MnO   0.62   0.71   0.85   0.67   0.56   0.61   0.71   0.72   0.96   0.64   0.60   1.49

MgO   4.21   4.23   4.47   4.07   3.81   4.12   4.13   4.10   4.05   4.02   4.02   0.15

CaO   0.04   0.11   0.04   0.02   0.04   0.02   0.05   0.02   0.03   0.02   0.02   0.00

ZnO   0.10   0.10   0.04   0.03   0.06   0.03   0.02   0.11   0.12   0.20   0.10   0.11

NiO   0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.00   0.01   0.00

To tal 96.93 96.66 96.63 97.66 97.54 98.04 98.29 98.33 95.63 98.88 97.71 98.41

For mula based on 3 cat ions

Si 0.004 0.004 0.010 0.003 0.004 0.002 0.003 0.004 0.011 0.005 0.005 0.003

Ti 0.407 0.408 0.409 0.418 0.401 0.396 0.393 0.388 0.410 0.398 0.396 0.187

Al 0.144 0.143 0.140 0.145 0.147 0.136 0.125 0.144 0.148 0.147 0.149 0.031

Cr 0.006 0.002 0.001 0.000 0.003 0.004 0.011 0.002 0.001 0.000 0.001 0.000

Fe3+ 1.440 1.443 1.440 1.434 1.445 1.461 1.469 1.463 1.431 1.449 1.449 1.779

Fe2+ 0.739 0.731 0.718 0.750 0.765 0.749 0.745 0.745 0.734 0.752 0.752 0.939

Mn 0.020 0.023 0.027 0.021 0.018 0.019 0.022 0.023 0.031 0.020 0.019 0.049

Mg 0.237 0.239 0.252 0.227 0.214 0.230 0.230 0.228 0.231 0.222 0.224 0.009

Ca 0.001 0.004 0.002 0.001 0.002 0.001 0.002 0.001 0.001 0.001 0.001 0.000

Zn 0.003 0.003 0.001 0.001 0.002 0.001 0.000 0.003 0.003 0.005 0.003 0.003

Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

*Fe2O3 – cal cu lated from stoichiometry



OVERVIEW OF CRETACEOUS ALKALINE BASALTS 
IN THE CARPATHIAN–PANNONIAN REALM 

The Carpathian–Pannonian area in cludes sev eral Eu -
rope-de rived ter ranes that were as sem bled by com plex
orogenic pro cesses dur ing the Cre ta ceous and Ce no zoic
(Schmid et al., 2008). As sum ing a ten ta tive mid-Cre ta ceous
palinspastic sit u a tion (Fig. 13), the mafic al ka line vol ca nism
oc curred in the fore land of a de vel op ing orogenic wedge which 
prop a gated out wards from the in ter nal zones ad join ing the Late 
Ju ras sic Meliata Su ture. These ar eas em braced both the north -
ern and south ern mar gins of the spread ing Penninic oce anic
bas ins (Al pine Tethys), and are pres ently dis persed in var i ous
tec tonic units of the Al pine–Carpathian–Pannonian realm. 

The north ern Penninic pas sive mar gin is rep re sented by the
larg est Carpathian Early Cre ta ceous al ka line vol ca nic re gion
that ex tends in a belt some 100 km long in the
Moravian–Silesian ter ri to ries of NE Czech Re pub lic and
South ern Po land. The volcanics are con fined to the de tached
sed i men tary com plexes of the west ern part of the Silesian
Nappe of the EWC Flysch Belt and rep re sent a clas sic area of
the teschenite or teschenite-picrite as so ci a tion (e.g.,
Tschermak, 1866). These vol ca nic rocks are as so ci ated with
deep ma rine clastic de pos its – dark shales and cal car e ous
turbiditic sand stones, Tithonian-Albian in age. K-Ar ra dio met -
ric ages re ported by Harangi and Árva-Sós (1993) range from
96 to 128 Ma, those ob tained by Grabowski et al. (2003) are
even more scat tered be tween 63 and 148 Ma. Though af fected
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Fig. 5. Back-scat tered elec tron im ages of clinopyroxenes (A–C, E, F) and am phi boles (D) 
with num ber of anal y ses (Ta bles 1 and 2)

Amp – am phi bole, Ap – ap a tite, Cpx – clinopyroxenes, Ilm – il men ite



by hy dro ther mal al ter ation and/or ex cess ar gon, the lat ter au -
thors ar gue for the pres ence of ex tru sive rocks within the
biostratigraphically dated Valanginian-Hauterivian de pos its,
there fore ra dio met ric ages up to 140 Ma seem to be re li able. On 
the other hand, 40Ar/39Ar dat ing from some lo cal i ties pro vided
ages in a very nar row span from 120.4 ±1.3 to 122.4 ±1.1 Ma
(Lucińska-Anczkiewicz et al., 2002). A char ac ter is tic fea ture
of the whole as so ci a tion is a prev a lence of shal low subsurface
sills and veins over ef fu sive or volcaniclastic rocks, point ing to
a com par a tively deep ba sin and a high wa ter col umn. Prod ucts
of the vol ca nic ac tiv ity are fairly well dif fer en ti ated (from
picrites to syenites), re sult ing in var i ous types of in tru sive, ef -
fu sive and ex tru sive rocks (picrites, al kali bas alts, basanites,
teschenites and monchiquites). On the ba sis of min eral com po -
si tion, they have been fur ther dis crim i nated into less abun dant
types (camptonites, ankaratrites, fourchites, ouachites etc., for
de tails see Mahmood, 1973; Kudělásková, 1987; Hovorka and
Spišiak, 1988; Narębski, 1990; Dostal and Owen, 1998). This
vol ca nic field is here re ferred to as the Moravian–Silesian Vol -
ca nic Field (MSVF).

The east ern lat eral pro lon ga tion of the MSVF may be prob -
a bly found in the Outer Dacide units of SW Ukraine and North -
ern Ro ma nia (Oszczypko et al., 2005). There, the Up per Ju ras -
sic to Lower Cre ta ceous bas alts oc cur in sev eral Outer
Carpathian Flysch Belt units ap pear ing in front of the
Marmarosh-Bucovinian base ment nappes (Vulkhovchik,
Kaminnyj Potik, Trostianets, Vezhany and Rakhiv– Chiv -
chin–Black Flysch nappes). Var i ous geo chem i cal sig na tures
for vol ca nic rock suc ces sion in this re gion were re ported –
from ophiolitic tholeiites to intraplate al ka line bas alts
(Hovorka, 1996 and ref er ences therein; Varitchev, 1997;
Krobicki et al., 2004, 2008).

Fur ther south-east, sim i lar volcanics are pres ent in the
Black Flysch and Ceahlău nappes (Outer Dacides –
Săndulescu, 1990, 1994) in the East ern Carpathians of Ro ma -
nia. Rift-re lated vol ca nism of Late Ju ras sic to ear li est Cre ta -
ceous age is rep re sented by calc-al ka line, tholeiitic and al ka line 
bas alts (Lupu and Zacher, 1996; Badescu, 1997), as well as by
a large in tru sive syenitic body – the Ditrău al ka line mas sif (e.g., 
Dallmeyer et al., 1997) ac com pa nied by nu mer ous lam pro -
phyre dykes, which were emplaced in the Bucovinian pre-Al -
pine base ment (Me dian Dacides). This magmatism is re lated to

the rift arm des ig nated as the Chivchin–Ceahlău–Severin
Ocean. In ad di tion to true ophiolites (Ju ras sic Severin Ocean),
the as so ci ated within-plate bas alts in di cate an intracontinental
po si tion of this nar row, prob a bly transtensional oce anic rift
(Badescu, 1997; Schmid et al., 2008). 

In the Pieniny Klippen Belt of intra-Penninic po si tion
(Oravic con ti nen tal frag ment in Fig. 13), Me so zoic vol ca nic
rocks are gen er ally rare. Volcanics oc cur more abun dantly in
the lat eral struc tural pro lon ga tions of the PKB, which, how -
ever, are pres ently con sid ered to rep re sent more ex ter nal
palaeogeographic zones with re spect to the typ i cal Oravic units 
of the PKB. In the East ern Alps, Me so zoic volcanics are mod -
er ately abun dant in the Ybbsitz and St. Veit Klippenzones (e.g., 
Schnabel, 1992). These zones sep a rate fron tal Austroalpine
units of the North ern Cal car e ous Alps and the North ern
Penninic Rhenodanubian Flysch Belt in a po si tion anal o gous to 
the PKB. While the Ybbsitz Zone in cludes dis mem bered Ju ras -
sic MORB-type ophiolites, and is there fore ranged to the South
Penninic Piemont–Ligurian oce anic realm (Schnabel, 1992;
Froitzheim et al., 1996; Schmid et al., 2008), the St. Veit
Klippenzone near Vi enna is rich in mid-Cre ta ceous volcanics
de scribed as picrite dykes, lavas and tuffs in ter ca lated within
the Albian-Cenomanian red shales (Janoschek et al., 1956;
Prey, 1975). Along with the as so ci ated Kahlenberg Nappe, the
St. Veit Klippenzone is palaeogeographically placed in the
south ern part of the North Penninic Rhenodanubian Ba sin
(Trautwein et al., 2001), i.e. in a po si tion anal o gous to the
Carpathian Magura (Biele Karpaty) Ba sin.

The east ern struc tural pro lon ga tion of the PKB is to be
found in the Poiana Botizii Klippen area of North ern Ro ma nia
(Birkenmajer, 1986; Oszczypko et al., 2005). Here a deep-wa -
ter pe lagic Up per Ju ras sic-Lower Cre ta ceous suc ces sion is un -
der lain by pre sum ably Callovian amyg da loid al bas alts, ba saltic 
tuffs (cinerites) and volcaniclastic sand stones (Săndulescu et
al., 1982; Bombiţă and Pop, 1991). Palaeogeographically, this
suc ces sion pre sum ably rep re sents a basinal area north of the
Oravic ridge, i.e. the Magura Ba sin floor (Bombiţă et al.,
1992). The geo chem i cal char ac ter of the vol ca nic rocks is
poorly known, how ever. They were de scribed as bas alts to ba -
saltic andesites (Bombiţă and Savu, 1986). 

The spo radic vol ca nic oc cur rences within the PKB sensu
stricto were sum ma rized by Mišík (1992). This au thor de -
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Fig. 6. Clas si fi ca tion di a gram of clinopyroxenes (Morimoto et al., 1988)

Cen tral WC – com po si tion of clinopyroxenes from Cre ta ceous al kali volcanites from the Cen tral West ern
Carpathians  (Hovorka and Spišiak, 1988; Spišiak and Hovorka, 1997;  Hovorka et al., 1999)



scribed also pyroclastic ad mix tures in dis tal sandy turbidites in
Up per Ju ras sic deep-wa ter Oravic suc ces sions (Mišík et al.,
1991). The only larger, pres ently known vol ca nic oc cur rence in 
the PKB was de scribed from the Velyky Kamenets quarry near
Novoselica in West ern Ukraine (Krobicki et al., 2004, 2008
and ref er ences therein). The Berriasian or youn ger amyg da -
loid al bas alts and ba saltic tuffs show a within-plate, al ka line
char ac ter (Krobicki et al., 2008). 

In the Orava re gion of NW Slovakia, a small ex po sure of
strongly al tered ba saltic tuffs (palagonites) in serted within the

Up per Cre ta ceous var ie gated marls of the Czorsztyn Unit was
de scribed by Aubrecht (1997). Some other patchy oc cur rences
of Up per Cre ta ceous tuffite lay ers are cited by Mišík (1992).

In West ern Slovakia, small ba salt ex po sures have been re -
ported from a few places. In vi cin ity of Bošáca vil lage near
Trenčín, hyalobasanitic lavas crop up within lower Albian
marly lime stones of the Drietoma or Manín Unit (Kullmanová
and Vozár, 1980). How ever, these units most prob a bly rep re -
sent the fron tal el e ments of the CWC Fatric nappe sys tem lo -
cated in the Periklippen Zone neigh bour ing the PKB s.s. Con -
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Fig. 7. Back-scat tered elec tron im ages: A, B – ap a tite; C – leu cite; D – il men ite; E, F – strongly alterated Fe-Ti spi nels

Ap I – ap a tite 1, Ap II – ap a tite 2; Leuc – leu cite; for other ex pla na tions see Fig ure 5



se quently, they be long to the Tatric–Fatric Vol ca nic Field de -
scribed be low. A few other, very small oc cur rences of
hyaloclastic bas alts (augitites – Zorkovský, 1949) were re -
ported from the Púchov sec tor of the PKB in the vi cin ity of
Mikušovce and Streženice, only sev eral km NE of our lo cal ity.
Their po si tion amidst Up per Cre ta ceous var ie gated marls also
closely re sem bles our find ing.

In ad di tion to these vol ca nic oc cur rences in the PKB, Me -
so zoic ig ne ous rocks of var i ous char ac ters can be found as peb -
bles in con glom er ate bod ies of the Cre ta ceous to Paleogene
flysch for ma tions. Their prov e nance is ques tion able; com -
monly they are thought to be de rived from an “ex otic” source
lo cated south of the pres ent PKB (see e.g., Mišík and Sýkora,
1981; Birkenmajer, 1988; Mišík and Marschalko, 1988;
Demko et al., 2008).

At Biała Woda near the vil lage of Jaworki in the Pol ish
PKB, a re mark able sol i tary, few metres in di am e ter ba saltic
olistolith re sides within the up per most Cre ta ceous con glom -
er ates of the Jarmuta For ma tion (Birkenmajer and Wieser,
1990). This ba salt has an al ka line, within-plate geo chem i cal
sig na ture and was in ter preted as be ing de rived from the
Czorsztyn Ridge (Birkenmajer and Lorenc, 2008). K-Ar dat -

ing of two sam ples yielded ages of 110.6
±4.2 Ma and 120.3 ±4.5 Ma (Birkenmajer
and Pécskay, 2000). Two sim i lar ba saltic
olistoliths re sid ing within the Proč
(Jarmuta) Fm. near Hanigovce vil lage in
east ern Slovakia have been re cently stud ied 
by Spišiak and Sýkora (2009). From the
point of view of their po si tion, pe trol ogy
and geo chem is try, they are al most iden ti cal 
to the Jaworki olistolith.

The drifted Eu ro pean con ti nen tal frag -
ments south of the Penninic Ocean in clude
the Austroalpine, Cen tral West ern Carpa -
thians (CWC – east ern pro lon ga tion of the
Austroalpine do main) and the Tisza–Dacia
terrane (e.g., Csontos et al., 1992). In the
CWC, the prim i tive mafic al ka line vol ca nic
rocks oc cur in the Tatric, Fatric and prob a -
bly also in the Hronic superunits (cf.,
Zorkovský, 1949; Hovorka and Spišiak,
1988; Hovorka et al., 1999 for a re view).
Volcanites of the Tatric–Fatric Vol ca nic

Field (TFVF) are mostly of basanite type (fewer picrites), or
their volcaniclastics. In the Tatric sed i men tary cover,
hyalobasanitic lava flows form stratiform bod ies within the
Lower Cre ta ceous deep-ma rine se quences in the Malé Karpaty, 
Low and High Tatra Mts. Be sides these, basanite dykes in the
Tatric base ment granitoid rocks have also been re ported
(Hovorka et al., 1982a, b; Spišiak et al., 1991). Six K-Ar
datings from these dykes are dis persed be tween 93 and 115 Ma
(Spišiak and Balogh, 2002).

More fre quent, though small TFVF lava bod ies are known
from the Barremian-Albian hemipelagic sed i men tary suc ces -
sions of the Fatric Krížna and Manín nappes (Zorkovský, 1949; 
Hovorka and Sýkora, 1979; Hovorka and Spišiak, 1988). The
prod ucts of this vol ca nic ac tiv ity are weakly-dif fer en ti ated
rocks of ba salt/basanite type and rarely picrites that oc cur as
veins in the Tri as sic car bon ates (Spišiak and Hovorka, 2000).
Volcani clastic rocks, mostly hyaloclastites, are quite com mon.
The age of this vol ca nism, based on strati graphic and geo -
chron ol ogi cal data, is mid-Cre ta ceous – gen er ally Aptian to
early Albian (K-Ar iso to pic ages 106 and 116 Ma; Bujnovský
et al., 1981). Picrite veins near Poniky vil lage in the Banská
Bystrica dis trict pen e trate the Tri as sic car bon ates of ei ther the

40 Ján Spišiak, Dušan Plašienka, Jana Bučová, Tomáš Mikuš and Pavel Uher

Fig. 9.  Cor re la tion of ma jor el e ments in Fe-Ti spi nels from Vršatec

Stud ied spi nels (white squares) are com pared with Fe-Ti spi nels of Me so zoic al kali bas alts (grey cir cles; Mikuš et al., 2006)

Fig. 8. No men cla ture and com po si tion of spi nels based
on clas si fi ca tion of Deer et al. (1992)

Stud ied spi nels (white squares, Ta ble 4) are com pared with Fe-Ti spi nels of the Cen tral
Carpathian Me so zoic al kali bas alts – grey cir cles (Mikuš et al., 2006)



Fatric Krížna, or the Hronic Choč Nappe (Hovorka and
Slavkay, 1966; Spišiak and Hovorka, 2000).

The intra-Carpathian Tisza (Tisia) terrane, which is an other 
Eu rope-de rived frag ment, in cludes inselbergs and sub strata of
the south ern part of the intra-Carpathian Pannonian Ba sin and
the Apuseni Mts. Early Cre ta ceous vol ca nism is par tic u larly
wide spread in the west ern part of the Tisza Unit, in the pres ent
Mescek Mts. and subcrop of the Alföld Ba sin of South ern Hun -
gary (e.g., Harangi, 1994; Haas and Péró, 2004). This ter rain
was des ig nated as the Mecsek–Alföld Ig ne ous Field (MAIF)
by Harangi et al. (2003). Vol ca nic rocks in clude al ter nat ing pil -

low lavas and lava brec cias, hyaloclastites and volcaniclastics,
as well as nu mer ous subvolcanic dykes and sills (Harangi et al., 
2003). Ef fu sive and ex tru sive prod ucts once pos si bly formed
huge seamounts and were closely re lated to co eval atoll-like
car bon ate build-ups dated as Valanginian to Albian (Császár
and Turnšek, 1996). K-Ar ra dio met ric data range be tween 135
and 110 Ma (Harangi and Árva-Sós, 1993).

Up per Cre ta ceous (Campanian to Maastrichtian) al ka line
bas alts are rarely re ported from the Carpathian area. Mafic to
ultra mafic dyke swarms (pre dom i nantly monchiquite) were de -
scribed from the Transdanubian Range (e.g., Kubovics et al.,
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Fig. 11. Chondrite-nor mal ized rare-earth el e ment abun dances of the
Vršatec melanephelinites (squares), Hanigovce basanites (Pieniny
Klippen Belt, Spišiak and Sýkora, 2009 – heavy line) and Cre ta ceous
al kali volcanites of the Cen tral West ern Carpathians (Hovorka et al.,
1999 – thin lines)

Nor mal iz ing val ues af ter McDonough and Sun (1995) 

Fig. 12. Man tle-nor mal ized trace el e ment abun dances of: squares –
Vršatec volcanites, heavy lines – basaoids from Hanigovce (Jarmuta
Fm., Pieniny Klippen Belt; Spišiak and Sýkora, 2009), dashed line –
basaoids from Biala Woda (Jarmuta Fm., Pieniny Klippen Belt,
Birkenmajer and Lorenc, 2008) and thin lines – Cre ta ceous al kali
volcanites of the Cen tral West ern Carpathians (Hovorka et al., 1999)

Nor mal iz ing val ues af ter McDonough et al. (1992) 

Fig. 10. Dis crim i na tion di a grams for bas alts: A – MnO ´ 10–TiO2–P2O5 ´ 10 (Mullen, 1983); 
B – Zr–Ti/100–Y.3 (Pearce and Cann, 1973); C – Zr/4–2Nb–Y (ac cord ing to Meschede, 1986)

Dashed cir cle – com po si tion of Cre ta ceous al kali volcanites from the Cen tral West ern Carpathians (Hovorka and Spišiak, 1988; Hovorka et al., 1999),
CAB – calc-al ka line ba salt of vol ca nic arcs, E-MORB – E-type mid-ocean ridge ba salt, IAT – is land arc tholeiites, MORB – mid-ocean ridge ba salt,
N-MORB – N-type mid-ocean ridge ba salt, OIA – oce anic is land al kali ba salt, OIT – oce anic is land tholeiites, VAB – vol ca nic arc ba salt, WPA –
within-plate al kali ba salt, WPB – within-plate ba salt, WPT – within-plate tholeiites



1990; see also re view by Hovorka, 1996 and ref er ences
therein). Along with the lam pro phyre dykes of sim i lar age from 
the Villány Mts. in South ern Hun gary (Tisza megaunit), they
bear signs of subduction-re lated en rich ment of the pa ren tal
asthenospheric magma (Nédli and Tóth, 2007). Con tam i na tion
of the lithospheric man tle by the subducted ma te rial is then re -
corded also in the Plio-Pleis to cene al kali bas alts in the
intra-Carpathian area (Kovács et al., 2004). The in creas ing
amount of crustal ma te rial that pol luted the man tle sources of
al kali magmatism from the Late Cre ta ceous on wards can be as -
cribed to the global in crease of subducted crust in the Al -
pine–Carpathia–Med i ter ra nean ar eas due to on go ing Eu -
rope-Af rica con ver gence and subduction of var i ous Tethyan
branches (e.g., Piromallo et al., 2008). 

GEODYNAMIC BACKGROUND OF THE EARLY CRETACEOUS
ALKALINE VOLCANISM

The prod ucts of Cre ta ceous al ka line vol ca nism are known
from both the EWC and CWC, i.e. north and south of the PKB.
These rocks, in spite of re stricted vol ume and area cov er age,
are of key im por tance for the def i ni tion of geotectonic con di -

tions at the time of their for ma tion (Hovorka and Spišiak, 1988, 
1993; Spišiak and Hovorka, 1997).  

Avail able geo chron ol ogi cal and biostratigraphic data in di -
cate that the Cre ta ceous al ka line vol ca nism in the West ern
Carpathian area started dur ing the ear li est Cre ta ceous (at ca.
140 Ma) and cul mi nated dur ing the Aptian and early Albian,
i.e. roughly from 125 to 100 Ma. This can be pos tu lated de spite
the iso to pic age data usu ally show ing a con sid er able scat ter
while even the K-Ar ages from a sin gle vol ca nic body may dif -
fer by 10 Ma (cf. Birkenmajer and Pécskay, 2000). Biostati -
graphical dat ing of sed i ments, in which the sub ma rine lava
flows are in serted, is of ten of low res o lu tion as well. How ever,
the late Early Cre ta ceous age of their or i gin fits well to the ma -
jor ity of oc cur rences of all vol ca nic fields de scribed above. The 
al ka line bas alts de scribed here from the PKB ap pear to be a lit -
tle youn ger, al though prob a bly not youn ger than 90 Ma (late
Turonian). 

Sources of the Cre ta ceous and Ce no zoic al ka line ba saltic
vol ca nism in West ern and Cen tral Eu rope were looked for in an
ex ten sive, sheet-like sub con ti nen tal man tle res er voir des ig nated
as the Com mon Man tle Res er voir (CMR; Lustrino and Wil son,
2007). The CMR should have orig i nated dur ing the Cre ta ceous
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Fig. 13. Palaeo geo graphi cal scheme for the west ern Tethyan re gion in mid-Cre ta ceous times

Blank ar eas – con ti nen tal crust (AA – Austroalpine, CWC – Cen tral West ern Carpathians, IWC – In ter nal West ern Carpathians);
grey ar eas – oce anic crust; crossed line – Meliata and re lated Ju ras sic su tures; barbed line – ac tive subduction; as ter isks – in ferred
po si tion of al ka line ba salt vol ca nic cen tres; com piled based on re con struc tions of var i ous au thors mainly, Ziegler (1988),
Stampfli and Kozur (2006) and Schmid et al. (2008)



and re sided in the asthenosphere since then, oc ca sion ally form -
ing upwellings and feed ing vol ca nic ed i fices dur ing pe ri ods of
suit able extensional tec tonic re gime in the over ly ing litho sphere
(Harangi et al., 2003; Piromallo et al., 2008). Sev eral con cep tual
mod els at tempt ing to ex plain the or i gin of Ce no zoic al ka line
bas alts in the circum-Med i ter ra nean area were sum ma rized in a
com pre hen sive re view by Lustrino and Wil son (2007). The pub -
lished opin ions range from a deep man tle plume hy poth e sis,
through “thin spot”, “man tle fin gers”, plume chan nel ling, pas -
sive rift ing and man tle upwelling mod els, up to man tle
lithospheric de com pres sion melt ing due to lithospheric stretch -
ing. These vari able views re flect the geo chem i cal sig nals in al ka -
line bas alts from var i ous parts of Eu rope that, in spite of shar ing
many com mon fea tures, may dif fer sig nif i cantly. Hence, they do
not pro vide un equiv o cal ev i dence for the gen eral ap pli ca tion of
any model con sid ered. Nev er the less, the pres ence of small man -
tle plumes, diapirs or “fin gers” be neath cer tain vol ca nic prov -
inces has been in de pend ently sup ported by seis mic to mog ra phy
(Granet et al., 1995), but some other mod els lack such ev i dence.
An extensional tec tonic re gime is not an in ev i ta ble pre req ui site
ei ther for in stance D¾zes et al. (2004) doc u mented a gen eral
compressional tec tonic re gime in the Al pine and Pyr e nean fore -
land dur ing the Paleocene, when the Ce no zoic al ka line mag -
matic prov inces of Cen tral Eu rope (prov inces of West ern and
Cen tral Eu rope, Rhenish Mas sif, Black For est and Bo he mian
Mas sif) were ini ti ated. 

The same ap plies for the Cre ta ceous al kali bas alts all
around Eu rope. As pointed out by Harangi et al. (2003), there is 
no sim ple model that can ex plain all as pects of Cre ta ceous
prim i tive mafic vol ca nism in West ern and Cen tral Eu rope. Ge -
netic re la tions to At lan tic plumes are un cer tain, al though en vis -
aged by e.g. Oyarzun et al. (1997) and Wil son (1997). Ac cord -
ing to these au thors, the al ka line magmatism is con fined to pe -
riph er ies of the cen tral and/or north At lan tic plumes and af -
fected the Eu ro pean pas sive mar gin.

The pe riod be tween 120 and 85 Ma was a time of ex cep -
tional plan e tary-scale geodynamic pro cess, re corded by the
nor mal mag netic po lar ity superchron, a global sea level
highstand, in crease in the spread ing rate in the Pa cific Ocean,
plate move ment re or ga ni za tion, and so on. These phe nom ena
have been in ter preted as the re sult of an im por tant man tle event
– the rise of huge man tle upwellings named superplumes or
superswells (e.g., Larson 1991a, b). Ex ten sive man tle melt ing
pro duced large ig ne ous prov inces as the Ontong-Java or
Kerguelen pla teaus and the man tle superplume ul ti mately led
to Gond wana split ting and the open ing of the south At lan tic
and In dian Oceans. How ever, the superplume model has been
crit i cized (e.g., Loper, 1992; An der son, 1994), es pe cially con -
cern ing the ap par ent co in ci dence of the mag netic superchron
and the plume-re lated su per fi cial flood bas alts. The
superplume ob vi ously would have needed some tens of Ma to
rise from the core-man tle bound ary to the base of the litho -
sphere. There fore Larson and Kincaid (1996) mod i fied the
superplume hy poth e sis and pro posed el e va tion of the 670 km
ther mal bound ary layer as a pri mary trig ger of the on set of
mid-Cre ta ceous vol ca nism and Pangaea split ting.

How ever, all mod els re ly ing on some sort of ris ing man tle
plume as a source of the Cre ta ceous al ka line ba saltic vol ca nism 
in Eu rope do not take into con sid er ation the tec tonic style of

rift ing that gov erned the open ing of sev eral oce anic arms of the
Al pine Tethys (Penninics). The geo log i cal re cord sug gests a
pas sive, es sen tially non-vol ca nic rift ing mode dur ing the
pre-drift stage, re sult ing from ac cu mu la tion of ten sional
stresses in the Eu ro pean litho sphere lo cated in the fore land of
the Al pine–Carpathian orogen prograding from the hin ter land
Tethyan (Meliata) Su ture (e.g., Froitzheim et al., 2008;
Fig. 13). The first phases of rift ing en com passed wide ar eas,
the en su ing breakup oc cur ring along lithospheric de tach ment
faults that caused sublithospheric man tle ex hu ma tion. Oce anic
crust pro duc tion com menced only later due to pas sive man tle
upwelling. This sim ple shear, “Wernicke-type” (Wernicke,
1985; Lis ter et al., 1986) rift ing mode has been re con structed
for both the Mid Ju ras sic open ing of the Ligurian–Piemont
(South Penninic) Ocean (Lemoine et al., 1987; Bernoulli et al.,
1993; Froitzheim and Manatschal, 1996; Schaltegger et al.,
2002; Piccardo et al., 2002), as well as for the Early Cre ta ceous
open ing of the North Penninic Valais Ocean (Florineth and
Froitzheim, 1994; Froitzheim and Rubatto, 1998; Manatschal
et al., 2006) and Magura Oceans (Plašienka, 2003). The Cre ta -
ceous con ti nen tal breakup events af fected the south ern pas sive
mar gin of the North Eu ro pean Plat form and formed
intra-Penninic con ti nen tal splin ters as the Briançonnais in the
west and Oravic (Czorsztyn) Ridge in the east (Fig. 13). The
Cre ta ceous North Penninic Rift Sys tem (Valais Ocean) partly
re-rifted the Ju ras sic South Penninic Ocean (Liati et al., 2005).
Even fur ther to the west, the pres ent-day uninverted Galicia
pas sive mar gin of the At lan tic Ocean shows a sim i lar evo lu tion
(e.g., Manatschal and Bernoulli, 1999; Manatschal, 2004;
Manatschal et al., 2006). 

Re cently, Manatschal and Münterer (2009) have pro posed
a new tec tonic/mag matic sce nario for the evo lu tion of the Al -
pine Tethys ophiolites. They char ac ter ize the magma-poor
ocean/con ti nent tran si tion (MP-OCT) as a com plex as so ci a tion 
of sub con ti nen tal man tle ex humed along a low-an gle de tach -
ment, frag ments of con ti nen tal base ment, tectono-sed i men tary
brec cias, post-rift sed i ments and var i ous ba sic volcanites rang -
ing from MORB-type to al ka line. Evo lu tion of such mar gins
pro gressed from a non-vol ca nic asym met ric rift ing stage to
breakup ac com pa nied and fol lowed by MOR mafic
magmatism. Al ka line mag mas were emplaced later dur ing a
post-breakup stage.

Fur ther more, White et al. (1987) showed that plume-in -
flu enced asthenosphere 100–150°C hot ter than nor mal would
gen er ate enor mous rift-re lated vol ca nism, a fea ture which is
not ob served along the Al pine–Carpathian Me so zoic rift
zones. On the con trary, geo chem i cal mod el ling of Cre ta ceous
al kali bas alts sug gests a low-de gree (3–6%), low pres sure
(60–80 km) par tial melt ing of a gar net peridotite source at the
spinel/gar net tran si tional zone (Harangi, 1994; Harangi et al.,
2003). An en riched, HIMU/OIB af fin ity pa ren tal magma in -
di cated by trace el e ment dis tri bu tion and Sr and Nd iso to pic
ra tios prob a bly re sulted from mix ing of asthenospheric and
metasomatized sub con ti nen tal man tle ma te rial (Trommsdorff 
et al., 1990; Latin and Wa ters, 1992), or by in tro duc tion of re -
cy cled crustal com po nents into the de pleted up per man tle
(Lustrino and Wil son, 2007).

Dur ing the Early Cre ta ceous, the West ern Carpathian
orogenic fore land was sub jected to ma rine sed i men ta tion or ga -
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nized into to wide basinal and nar row ridge ar eas, as in di cated
by the sed i men tary re cord (Michalík et al., 1996; Plašienka,
1998). This rug ged to pog ra phy re sulted from pre ced ing Ju ras -
sic rift ing events, which lack any signs of rift-re lated vol ca -
nism. There were sev eral ad di tional rift ing events start ing from
the Berriasian on wards, which ul ti mately led to the open ing of
the North Penninic–Magura Ocean (Plašienka, 2003). The
main phase of Cre ta ceous mafic al ka line vol ca nism partly co in -
cides with de vel op ment of the Urgonian car bon ate plat forms
(Barremian–Aptian), which grew in places on sub ma rine
ridges of the Oravic and Tatric do mains (Michalík and Soták,
1990; Michalík, 1994; Józsa and Aubrecht, 2008). Since
Urgonian plat forms are lo cally in serted within com par a tively
deep-wa ter pe lagic se quences, a tem po rary low er ing of
bathymetry of some hun dreds metres must have oc curred. Fur -
ther more, con tem po ra ne ous emersion and terrigenous clastic
in put was doc u mented in cer tain parts of the Tatric and Oravic
ar eas (Jablonský et al., 1993; Aubrecht et al., 2006). In ad di tion 
to the eustatic sea level drop, the dif fer en tial up lift was most
prob a bly re lated to horst for ma tion and extensional block tilt -
ing. Ac cord ingly, an extensional tec tonic re gime gov erned
wide ar eas that sur rounded the Penninic oce anic do mains. As
an al ter na tive, the Barremian-Aptian sur face up lift might be at -
trib uted to mafic magma underplating. How ever, the small
amount of ef fu sive vol ca nic ma te rial, low de gree of its dif fer -
en ti a tion and crustal con tam i na tion, as well as the prim i tive
geo chem i cal char ac ter is tics of the Lower Cre ta ceous vol ca -
nism rather sug gest a rapid as cent of tiny por tions of man tle
melts that pierced an over ly ing litho sphere at ten u ated by pre -
ced ing and co eval rift ing events (Fig. 14).

Sum ming up, the geo log i cal re cord from the West ern
Carpathians in di cates a pas sive, vol ca nic-poor rift ing mode
dur ing the Ju ras sic and Early Cre ta ceous. Rift ing and con ti nen -
tal breakup were con se quences of build-up of ten sional stresses 
in the litho sphere lo cated in the fore land of the de vel op ing
orogenic wedge. Short-term spread ing and oce anic crust pro -
duc tion re sulted from di ver gent plate move ments (Eu rope vs.
Adria/Af rica) with re stricted pro duc tion of MORB-type bas alts 
in ax ial zones of com par a tively nar row, slow-spread ing and/or
MP-OCT Penninic rifts of the Al pine Tethys. Con tem po ra ne -
ously, the al ka line ba saltic vol ca nism oc curred on pas sive con -
ti nen tal mar gins of the Penninic rifts, be ing gen er ated by
low-de gree melt ing of lithospheric man tle or mixed sources on

the pe riph er ies of man tle upwellings that fed the ax ial oce anic
rift zones. Global man tle pro cesses, such as the Cre ta ceous
superplume and/or the ther mal bound ary layer el e va tion, might 
have con trib uted to the am bi ent up per man tle tem per a ture rise
and en hanced the up per man tle upwellings (“diapiric in sta bil i -
ties” – Lustrino and Wil son, 2007) be low the ex tend ing, ther -
mally soft ened Eu ro pean con ti nen tal litho sphere. Nev er the less, 
the vol ca nic cen tres do not form clus ters in di cat ing hotspots
above lo cal man tle plumes, fin gers, or diapirs, but spread for
thou sands of kilo metres along mar gins of the pas sive Penninic
rifts. Al ka line vol ca nism gen er ally post dated the main rift ing
phases, hence it ap pears to be the prod uct, not the cause of rift -
ing. In view of that, the geo log i cal data rather sup port a
non-plume or i gin of the Lower Cre ta ceous mafic al ka line vol -
ca nism in the Al pine–Carpathian–Pannonian realm. 

CONCLUSIONS

The newly dis cov ered body of basaltoid within the Pieniny
Klippen Belt forms a com par a tively large lava body com posed
mostly of hyaloclastites. Volcanics are in ti mately re lated to co -
eval marly de pos its con tain ing Globotruncanid foraminifers,
thus their age is Cenomanian or youn ger. The sed i men tary suc -
ces sion in which the volcanics oc cur be longs to the Oravic
Superunit that can be placed palaeogeographically at the tran si -
tion be tween the Czorsztyn Ridge and the Kysuca–Pieniny Ba -
sin, i.e. within the Penninic oce anic realm (Al pine Tethys).

The min er al og i cal com po si tion and geo chem i cal fea tures
of the Vršatec volcanites stud ied cor re spond to melane -
phelinites. The rare el e ment and trace el e ment pat terns are
higher than those typ i cal of mag mas gen er ated in an intraplate
set ting and are sim i lar to those of OIB or WPA prov inces. High 
con tents of REE as well as those of some other el e ments have
been in flu enced by high ap a tite (P2O5 3.0 wt.%) con tents.
These volcanics were prob a bly gen er ated by de com pres sion
melt ing dur ing pas sive asthenospheric man tle upwelling as so -
ci ated with lithospheric stretch ing and thin ning.

Though the chem i cal com po si tion of the melanephelinites
from Vršatec is dif fer ent (higher con tents of P2O5, Rb, Sr,
REE) from the other vul can ite oc cur rences in the Pieniny
Klippen Belt (Jarmuta Fm.; Biala Woda – Birkenmajer and
Pécskay, 2000; Birkenmajer and Lorenc, 2008; Hanigovce –
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Fig. 14. Litho sphere-scale pro file of the fu ture West ern Carpathian area show ing pre sumed po si tion
and sources of Cre ta ceous al ka line bas alts

MSVF – Moravian–Silesian Vol ca nic Field, PKBVF – Pieniny Klippen Belt Vol ca nic Field, TFVF – Tatric–Fatric Vol ca nic Field, 
dot ted – con ti nen tal crust, dark grey – oce anic crust, light grey – lithospheric man tle, tailed black but tons – al ka line volcanics (ex ag ger ated);

for the po si tion of the sec tion see Fig ure 13



Spišiak and Sýkora, 2009) the age and geo log i cal po si tion is
very sim i lar to them and to other Cre ta ceous al ka line bas alts
oc cur ring in the Ex ter nal (Silesian Unit, MSVF) and Cen tral
West ern Carpathians (Tatric nad Fatric units, TFVF), as well as 
to some vol ca nic rocks from the East ern Alps (AAVF), East ern 
Carpathians and Pannonian Ba sin (Tisza terrane – Mecsek
Mts., MAIF) and also out side the Al pine–Carpa -
thian– Pannonian realm (e.g., Pyr e nean fore land, Ibe rian/At lan -
tic pas sive mar gin). Con sid er ations of the geodynamic set ting
and tec tonic evo lu tion of all these zones sug gest that they de -
vel oped along pas sive rift arms of the Al pine Tethys gov erned
by an extensional tec tonic re gime due to build-up of ten sional
stresses in the fore land of com pres sive Al pine orogenic wedges 
prograding from the hin ter land. Rift ing started as non-vol ca nic, 
and in places was fol lowed by re stricted oce anic spread ing and
MORB type vol ca nism. Ac cord ingly, the al ka line vol ca nism
was re lated to pas sive man tle upwelling re sult ing from
lithospheric stretch ing. Small por tions of man tle-de rived melts
orig i nated by low-de gree par tial melt ing of a HIMU-like
protolith on the pe riph er ies of man tle upwellings ris ing be low

the rift axes. Their as cent and pierc ing of the over ly ing litho -
sphere was en hanced by the gen eral extensional re gime and
con sid er able lithospheric thin ning as a re sult of pre ced ing and
co eval rift ing events. There fore, the  bas alts were emplaced off
rift axes, along the pas sive mar gins rim ming the Penninic bas -
ins. Pos si ble con tri bu tion of man tle plume ma te rial re lated to a
mid-Cre ta ceous man tle “storm” can not be ruled out, but ap -
pears to be of mi nor rel e vance in ex plain ing of the Cre ta ceous
al ka line mafic vol ca nism in the Al pine–Carpathian area.
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