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Calc-alkaline Basic Volcanic Rocks in the Cretaceous Conglo-
merates of the Klape Unit (Pieniny Klippen Belt): the Problem
of the Source Region and its Geodynamic Setting

Peter IVAN and Rastislav DEMKO

Department of Geochemistry, Comenius University, Mlynska dolina G, 842 15 Bratislava, Slovak Republic

The Klape Unit is one of several north vergent units of the Pie-
niny Klippen Belt (PKB) — a narrow decollement thrust system
sutured at the transpresive boundary between the outer and cen-
tral Western Carpathians. In the upper part of the Klape Unit, in
the flysh sequence Upper Cretaceous in age, several layers of
polymict conglomerates are present. More than 100 petrographic
types of rocks have been found as pebbles in these conglome-
rates inclusive variable volcanic rocks.

Based on the metamorphic alteration two groups of volca-
nic rock pebbles have been identified: (1) low pressure/low tem-
perature (LP/LT) and (2) high pressure/low temperature (HP/LT)
metamorphosed rocks. As follows from geochemical studies,
the volcanic rocks belong to two genetic types: (1) metabasalts
and metadolerites geochemically close to back-arc basalts
(BABB) which have been found as HP/LT metamorphosed rocks
only and (2) metabasalts to metarhyolites with the calc-alkaline
signature, which occur in both metamorphic forms.

Petrography and geochemistry of LP/LT metamorphosed
calc-alkaline basalts and basaltic andesites have been studied.
Variability in petrographic types as a typical feature of these meta-
volcanic rocks is a result of (1) primary — magmatic and (2)
secondary — metamorphic differences. Variability of petrographic
types in magmatic stage of evolution was caused by (1) frac-
tionation processes (mostly fractionation of plagioclase phen-
ocrysts) and (2) differences in depths and rates of crystalliza-
tion. Based on primary magmatic textures three types of studied
volcanic rocks can be discerned: (1) aphyric, (2) porphyric and
(3) glomeroporphyric types. The aphyric type is represented
mostly by subvolcanic varieties with subophitic textures, effu-

sive varieties are rare. The porphyric type is most common.
Phenocrysts are formed by plagioclase (up to 1 cm), clinopy-
roxene and sometimes also by olivine. The same minerals to-
gether with the volcanic glass, apatite, magnetite and ilmenite
form the matrix. Texture and grain size of the matrix depends
on crystallization rate. Intersertal, hyalopilitic or amygdaloid
texture frequently also with small volcanic glass lenses were
indetified in quickly chilled varieties probably represented lava
flow margins. In slowly crystallized internal parts of lava flows
and in subvolcanic varieties the subophitic of trachytic matrix is
typical.

Practically all calc-alkaline basalts and basaltic andesites
from conglomerates of Klape Unit experienced an intensive
LP/LT metamorphic alteration. Although primary magmatic tex-
tures are more and less preserved, primary mineral association
was usually totally replaced by metamorphic mineral associa-
tion. Plagioclase phenocrysts were albitized or replaced by preh-
nite gradually transformed to clinozoisite and epidote, clinopy-
roxene is replaced by carbonate or chlorite. The same mineral
association together with sericite and ore minerals were formed
at the expense of matrix. Amygdales were filled by chlorite,
carbonate, albite and zeolites.

Metamorphic alteration of basalts and basaltic andesites
caused mobility of some major elements, mostly alkalies or Ca.
However distribution of less mobil major and trace elements
clearly indicated original basaltic character of these rocks.
The geochemical type of the studied rocks was reliably confirmed
by distribution of immobile incompatible trace elements (REE,
HFSE). Chondrite normalized REE patters of these rocks are
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nearly indentical despite of differences in petrographic types.
Their typical features are sloping form as a result of differenci-
ated enrichment LREE/HREE (Lan/Yby = 3.48-5.28) and neg-
ative Eu anomaly (Eu/Eu* = 0.74 —0.91) caused by fractiona-
tion of plagioclase. Such patterns are typical for calc-alkaline
basalts of the active continental margins. Calc-alkaline charac-
ter of studied rocks also follows from application of all relevant
discriminant diagrams based mostly on HFSE distribution.

The production of calc-alkaline basalts and basaltic andesi-
tes are practically unambiguously related on destructive lithos-
pheric plate margins (island arc and active continental margins),
where are generated in the chains of volcanoes referred to as
volcanic arcs. Studied calc-alkaline basaltic rock pebbles asso-
ciated at all conglomerate layers of the Klape Unit with calc-
-alkaline andesite, dacite and rhyolite pebbles. Fluidal glassy
rocks, ignimbrites and welded tuffs mostly of acidic composi-

tion are relatively widespread among them. Tuffaceous rocks
have been also found. These facts indicate that all these volca-
nic association could be produced as subareal deposits of strato-
volcanoes. Areal distribution of all these volcanic association
not only in conglomerates of the PKB (Klape and Manin Units)
but also in analogical conglomerates in Tatric and Fatric Mega-
units suggests for large extent of the original source area —
— may be magmatic arc. Petrographical and geochemical identi-
ty of studied rocks and volcanic rocks of the Maluzind Forma-
tion allow us to speculate about the Permian age of this arc. HP/
LT metamorphic alteration of some calc-alkaline volcanic rock
pebbles with the identical age of metamorphism to that in Meli-
atic Unit (inner Western Carpathians) support the concept of
the southern exotic (ultragemeric?) nappes (an accretion prism?)
as a direct source of the material in the Klape Unit conglomer-
ates.
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