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Abstract: Representative samples covering all petrographic types of the Miocene subvolcanic (dykes and sills) basalt—
trachyte rock association from the Uhersky Brod area (UB, Moravia) in the Czech Republic were studied. The UB area
is associated with the Klippen Zone in the neighbourhood of the contact of the Carpathian—Pannonian Block with
the Bohemian Massif. The petrographic and geochemical features of the subvolcanic rocks from the UB area only partly
resemble those of the calc-alkaline rocks in a similar structural position in the coeval Pieniny area in Poland as well as of
the transitional calc-alkaline rocks from the Central Slovakian volcanic field. The Miocene subvolcanic rocks were
generated by melting of the variably metasomatised sub-lithospheric source and subsequent fractional crystallisation of
the primary basaltic magma. The compositional characteristics of this rock series straddle the alkaline and subalkaline
volcanic rock fields, while the rocks from the Pieniny area and from the Central Slovakian volcanic field are predomi-
nantly calc-alkaline andesites. The distribution of incompatible elements such as U, Th, REE, Nb, Ta, Sr, Ba as well as
La,/Yby ratios and Sr—Nd-Pb isotope composition of the rocks from the UB and Pieniny areas differ substantially,
whereas the geochemical patterns of the UB rocks are slightly similar to those of the transitional rocks from the Central
Slovakian volcanic field. The modest contents of incompatible trace elements in the andesitic rocks from the Pieniny
area share several characteristics of the prevalent calc-alkaline andesitic rocks from the Carpathian—Pannonian region.
Basaltic—trachytic series from the UB area are characterised by higher eNd (~2.5) and lower ¥’Sr/*Sr (~0.704) and
27pb/2%Ph (~15.65) initial values in comparison with the calc-alkaline rocks from the Carpathian—Pannonian region
including the Pieniny area. Nevertheless, the basaltic—trachytic rocks from the UB, richer in some of the incompatible
trace elements (e.g., U, Th, REE, Sr and Ba) partly resemble (including St—Nd—Pb isotopes) the Na-alkaline Miocene
volcanic rock series of the NE shoulder of the Cheb—Domazlice Graben in the Bohemian Massif.
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Introduction

Two main volcanic associations were formed in the Central
European region in the Cenozoic (Lustrino & Wilson 2007
and references therein): (1) an orogenic [mostly calc-alkaline
and (ultra)potassic] series and (2) an anorogenic (mostly sodic
alkaline with minor tholeiitic) series. The mantle beneath Cen-
tral Europe was affected both by Variscan subduction and by
post-Variscan extension (e.g., Wilson & Downes 1991; Ulrych
et al. 2006; Dostal et al. 2019; Krmicek et al. 2020).

A Miocene volcanic association is present in the Carpathian—
Pannonian area close to the south-eastern margin of the Bohe-
mian Massif. Here, basaltic to trachytic rocks with Middle
Miocene cooling ages share several geochemical and mine-
ralogical characteristics of the calc-alkaline Carpathian—
Pannonian orogenic series (e.g., Harangi et al. 2007), as well
as of Na-alkaline anorogenic volcanic suites of the Cheb—
Domazlice Graben in the western Bohemian Massif (Ulrych
et al. 2016). This magmatism is exposed in the vicinity of
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the Carpathian Klippen Belt near Uhersky Brod (UB) in
southern Moravia, Czech Republic, and extends to the Slovak
Republic (Fig. 1). UB magmatic bodies are not deformed nor
metamorphosed, testifying for their post-orogenic emplace-
ment. The petrogenesis of these rocks has been the subject of
debate for a long time (e.g., Nejbert et al. 2012; Hrouda et al.
2015 and references therein), partly because similar rock asso-
ciations of Miocene age also occur near the Pieniny Klippen
Belt in Poland (Nejbert et al. 2012).

A number of studies in the last two decades have presented
the mineralogical, petrographic and geochemical data on
subvolcanic rocks from the Moravian region in the Czech
Republic (Fediuk & Girtlerova 2006; Nejbert et al. 2012;
Hrouda et al. 2015), and the Pieniny Mountains in Poland (Pin
et al. 2004; Nejbert et al. 2012), the latter also including
Sr—-Nd-Pb data (Trua et al. 2006) and Sr—Nd-Hf data
(Anczkiewicz & Anczkiewicz 2016). A St—Nd-Pb isotope sur-
vey for rocks from the UB region is still lacking, which does
not permit a comparison of the parental melt sources of these
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Fig. 1. Distribution and main typology of volcanics over the broader European plate—Western Carpathians—Alps junction region. Classification
of volcanics into “orogenic” and “anorogenic” is sensu Lustrino & Wilson (2007). Occurrences of volcanic rocks are compiled from Harangi
et al. (2007), Lexa et al. (2010), Ulrych et al. (2011) and Hrouda et al. (2015). Acronyms: CDG — Cheb—Domazlice Graben; CS — Ceské
Stredohoti Volcanic Complex; CSVF — Central Slovakia Volcanic Field; P— Pieniny volcanics; RP — Ralska Pahorkatina Volcanic Complex;
UB — Uhersky Brod volcanics. The white marked area at the NE shoulder of CDG shows the location of samples used for reference further in
this paper. Faults are very approximate. Rectangle shows the extent of the map in Fig. 2.

rocks with those of a similar age and composition from the
Carpathian—Pannonian region and the Bohemian Massif. In
this study we present a comparative petrological and geo-
chemical investigation with the aim of discussing the sources
of magma of this specific association, including Sr—-Nd-Pb
isotope data.

Geological setting and structural control
of the magmatic rocks near Uhersky Brod

The Carpathian Flysch Belt is particularly poor in subvolca-
nic rock occurrences (Pin et al. 2004; Pécskay et al. 2006;
Nejbert et al. 2012; Hrouda et al. 2015). The most voluminous
and differentiated subvolcanic rocks of Miocene age are
exposed as more than 100 small bodies of ~10-1000 m size
scattered over an area of ~120 km? in the clastic flysch-facies
sediments, east and southeast of the town of Uhersky Brod
(Figs. 1, 2, 3). The rocks crop out as subvolcanic sills and dykes
with basaltic, andesitic and trachytic composition (Hrouda et
al. 2015). The published K—Ar ages are in the range of 15 to

13 Ma (Prichystal et al. 1998; Pécskay et al. 2002). These
rocks are deformed only by small scale faults and are believed
to be in situ intrusions postdating the large scale thrusting
in the region (Pfichystal et al. 1998; Krejéi & Poul 2010;
Hrouda et al. 2015).

The UB subvolcanic rocks are located in the accretionary
wedge of the Outer Western Carpathians, close to the Klippen
Belt, a complex crustal structure marking the boundary with
the Central Western Carpathians (Fig. 1). This boundary is
generally assumed to coincide with the main suture between
the two collided plates of the Alpine—Carpathian Orogen, i.e.
the lower North European plate in the foreland vs. the upper
Alcapa block in the hinterland (e.g., Nemcok et al. 1998;
Froitzheim et al. 2008; Hrubcova & Sroda 2015). The base-
ment of the UB area is regarded as a part of the lower North
European plate. In most tectonic models, it is suggested that
the detachment of the steep subducted slab took place during
the late collisional to early post-collisional phases (e.g.,
Nemcok et al. 1998; Konecny et al. 2002). The onset of
the slab detachment can be dated since the youngest thrusting
phase in the frontal part of accretionary wedge occurred in
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the latest Early Miocene (~16—15 Ma). Therefore, at the time
of emplacement of the subvolcanic rocks (~15-11 Ma), the
lithosphere of the UB area might have been strongly influen-
ced by the local effects of slab break-off (e.g., Nemcok et al.
1998) and by regional “back-arc” extension and related
upwelling of asthenosphere commonly used to explain the ori-
gin of volcanic rocks in the inner parts of the Carpathian—
Pannonian region (e.g., Konec¢ny et al. 2002; Seghedi et al.
2004a). According to some models of lithospheric thickness
(which, however, have limited resolution), the broader UB
area is located close to the transitional zone between the nor-
mal lithosphere of the Bohemian Massif and the thinned litho-
sphere of the Pannonian domain (e.g., Praus et al. 1990; Majcin
et al. 2015). Two models of magma generation have been
proposed:

» The fault zones, especially where they intersect each other,
may have acted as foci for asthenosphere diapirs, which
impinged upon the mantle lithosphere of the European plate,
promoting the partial melting of the lithosphere and leading
to formation of primary magmas (Nejbert et al. 2012).
Finger-like asthenosphere diapirs offer heat flux additional
to that of asthenosphere updoming in response to the dela-
mination of the subducting European plate (Trua et al.
2006).

* The primary magmas were generated within the lithosphere
by decompression melting associated with pull-apart exten-
sion at transcurrent fault zones (Nejbert et al. 2012). Magma
genesis associated with the decompression melting was
focused entirely within hydrated and/or metasomatised
mantle lithosphere (Seghedi & Downes 2011).

The upward migration of magma through the lithosphere,
on the other hand, may have been controlled largely by pre-
existing structures in the basement of the Carpathian accre-
tionary wedge. A major fault structure on a NW-SE trend
— the Hana Fault Zone (HFZ) — continues towards the UB area
from the eastern Bohemian Massif (Fig. 2). There, the HFZ is
well defined, correlating with a distinct negative Bouguer
gravity anomaly and hosting a system of sedimentary grabens
with late Miocene, Pliocene and Pleistocene fills (e.g., Spacek
et al. 2015 and references therein). Some faults of the HFZ
show evidence of significant oblique normal slip as young as
the latest Pleistocene (Spacek et al. 2017). HFZ makes part of
a broader zone with multiple expressions of regionally ano-
malous Cenozoic activity (Nysa-Morava Zone; e.g., Spatek
et al. 2015) where small-volume basaltic volcanic eruptions
occurred repeatedly in the Oligocene to Early Miocene and
Pliocene to Early Pleistocene periods (e.g., Ulrych et al. 2013).

At present, an increased CO, flux and high-rate micro-seis-
micity are observed over the whole zone, including the direct
neighbourhood of the UB area. An isolated patch of carbo-
nated water springs surrounds the UB area and the seismically
active domain extends to the basement of the Outer Western
Carpathians just NW of the UB area. The continuation of
the HFZ farther to the NE is also marked by a conspicuous
interruption of the negative gravity anomaly of Outer Western
Carpathians (Fig. 2) and by mapped faults of NW-SE to
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Fig. 2. Major structural, volcanic and tectonic features of the broader
UB area. 1 — Bouguer anomaly map modified from Lenhardt et al.
(2007), range: —60 to 5 mgal; 2 — Cenozoic volcanic rocks and their
K—Ar ages in Ma taken from Pécskay et al. (2002) and Ulrych et al.
(2013); 3 — Springs of carbonated mineral water modified from
Spacek et al. (2015), some extinct springs included; 4 — Epicentres
of natural earthquakes (M<0|M=0-1.5|M>1.5) compiled from IPE-
MONET catalogue (Sykorova et al. 2018) and catalogue of Slovak
Academy of Sciences; 5 — Faults of the Hana Fault Zone (veri-
fied|indicated| assumed) compiled or interpreted from various
sources, including geological maps of Czech and Slovak Geological
Surveys (geometry is schematic). Acronyms: BM — Bohemian
Massif; CF — Carpathian Foredeep; CC — Central Carpathians;
FLYSCH — Flysch Belt, Outer Carpathians; HFZ — Hana Fault
Zone; PKB — Pieniny Klippen Belt; UMB — Upper Morava Basin;
VB — Vienna Basin.

NNW-SSE strike (e.g., the Nezdenice Fault; Krej¢i & Poul
2010; Hrouda et al. 2015). Subvolcanic rocks at a similar posi-
tion in the Pieniny Mountains in Poland (~13.3-10.8 Ma;
Birkenmajer & Pécskay 2000) concentrate around the inter-
section of the NW—SE-striking Rieka and Dunajec faults and
the Pieniny Klippen Belt.

Sampling and analytical methods

The distribution of the UB subvolcanic rocks and the loca-
lities sampled are presented in Fig. 3. The localities together
with their geographic coordinates and brief geological and
petrographic characteristics are listed in Table 1 and Fig. 4.

Representative rock samples (~3 to 5 kg each) from the UB
area were crushed in a jaw crusher with tungsten carbide
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Fig. 3. Uhersky Brod volcanic area — situation and sampling. Volcanic bodies are shown as black spots. Sampled occurrences are highlighted
in red colour. Map adopted from Hrouda et al. (2015) and modified. The distribution of volcanic bodies is based largely on maps of Krejci

(1990) and Krej&i & Poul (2010).

plates. These samples were selected to cover all petrographic
types of the studied subvolcanic rocks. Aliquots of crushed
fragments were ground to a fine powder in an agate swing
mill. Whole-rock major element and trace element analyses
were performed at the Bureau Veritas Analytical Laboratories
Ltd. (Vancouver, Canada) using inductively coupled plasma
atomic emission spectrometry (ICP-AES; major oxides, Ba,
Ni, Cu, Pb, Zn) and inductively coupled plasma mass spec-
trometry (ICP-MS; Co, Cs, Hf, Nb, Rb, Sr, Ta, Th, U, V, Zr, Y
and REE). Loss on ignition (LOI) was determined by mass
difference after ignition at 1000 °C. Detection limits for major
oxides and trace elements ranged between 0.002-0.04 wt. %
and 0.02—1 ppm, respectively. For further analytical details,
see www.acmelab.com.

The major element mineral compositions (amphibole, clino-
pyroxene, mica, feldspars) were determined usinga CAMECA
SX 100 electron microprobe operated in wavelength-disper-
sive mode. Measurements were performed using a 15 keV
acceleration voltage, 10 nA beam current and 2 m m beam
diameter. Both natural and synthetic minerals were used as
reference standards. The concentrations of the following
elements were measured (standard, spectrometer crystals and

detection limit for analysed elements are given in parentheses):
Si (diopside, LTAP, 222 ppm), Ti (rutile, LPET, 357 ppm),
Al (jadeite, LTAP, 272 ppm), Cr (Mn—Cr spinel, LIF, 910 ppm),
Fe (haematite, LIF, 1047 ppm), Mn (rhodonite, LIF, 965 ppm),
Ni (Ni,Si, LTAP, 1404 ppm), Mg (periclase, LTAP, 422 ppm),
Ca (diopside, LPET, 341 ppm), Na (jadeite, LTAP, 262 ppm),
K (leucite, LPET, 300 ppm), F (fluorite, PCO, 1575 ppm),
CI (tugtupite, LPET, 320 ppm), Rb (RbCl, LTAP, 217 ppm)
and Ba (baryte, LPET, 503 ppm). Counting times on peaks
were 10 s for Mg, Al, K, Ca, Cl, Ti; 20 s for Na, Si, Rb, Ba, Ni
and Mn; and 30 s for Cr, Ca and Al. The X-phi correction
procedure (Merlet 1992) was used for spectra processing.
Mineral compositions and formulas are listed and discussed in
atoms per formula unit (apfir). The coefficient X, is defined
as Xy, =Mg/(Mg+Fe). Abbreviations of mineral names are
used according to Whitney & Evans (2010).

The Sr—Nd-Pb isotope analyses were carried out at the
Institute of Geology of the Czech Academy of Sciences (GLI
CADS) following the chemical protocol outlined in detail in Pin
etal. (2014). Approximately 0.15 g of the sample was weighed
in pre-cleaned Savillex beakers and decomposed using 4 ml of
concentrated HF (23M) and 2 ml of 7M HNO, for 72 hours on
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Table 1: Geological and petrographic characteristics of the basaltic—trachytic volcanic rocks from the Uhersky Brod area.

Sample Location Longitude N Latitude E  Geological characteristics Rock type Petrographic characteristics
No.
UBIA  Bucnik near Komiia 48°58.745” 17°47.457°  Sill, (laccolith?) Trachydacite Holocrystalline, porphyritic, glomerophyric
(active quarry) light Phenocrysts: pI>>cpx, amp, bt, opq
Microphenocrysts: pI>>cpx, opq, ap
Groundmass: trachytic, pI>>, Kfs, opq
UBIB Buénik near Komia 48°58.745” 17°47.457°  Sill, (laccolith?) Basaltic Holocrystalline, porphyritic
(active quarry) enclave trachyandesite ~ Phenocrysts: pl>cpx, amp, ol?, opq
greish-black Microphenocrysts: pl>>cpx, opq, ap
Groundmass: microlithic, pl>cpx, opq
UB2 Stary Hrozenkov 48°58.360°  17°52.171°  Sill (Olivine) Holocrystalline, porphyritic, glomerophyric
(abandoned quarry) basalt Phenocrysts: pl>>cpx, amp, ol, opq
Microphenocrysts: pI>>cpx, opq, ap
Groundmass: trachytic, pI>>cpx, opq
UB3 Modra voda near 48°59.709° 17°46.692>  Sill Trachybasalt Holocrystalline, porphyritic, glomerophyric
Komia Phenocrysts: pI>>cpx, amp, phl, opq
(abandoned quarry) Microphenocrysts: pl>>cpx, opq, ap
Groundmass: trachytic, pI>>cpx, opq
UB4 U Kyselky near 49°00.581” 17°45.321>  Sill, dyke Trachyandesite ~ Holocrystalline, porphyritic, glomerophyric
Nezdenice light Phenocrysts: pI>>cpx, amp, bt, opq
(abandoned quarry) Microphenocrysts: pI>>cpx, opq, ap
Groundmass: trachytic, pI>>Kfs?, opq
UBS Hradek near Banov  48°59.547°  17°42.866°  Feeding channel with Trachyandesite ~ Holocrystalline, porphyritic, glomerophyric
(abandoned quarry) volcanic breccia — angular  partly altered Phenocrysts: pl>>amp, cpx, bt, opq
clast Microphenocrysts: pl>>cpx, opq, ap
Groundmass: trachytic, pI>>Kfs?, opq
UB6 Skalky near 48°58.989’ 17°44.740°  Sill Trachybasalt Holocrystalline, porphyritic, glomerophyric
Bystiice pod fine-grained Phenocrysts: pI>>cpx, amp, opq
Lopenikem Microphenocrysts: pl>>cpx, opq, ap
(abandoned quarry) Groundmass: trachytic, pI>>cpx, opq
UB7 Bouda near Ord&jov  48°58.086° 17°44.168>  Sill Basaltic Holocrystalline, porphyritic, glomerophyric
(abandoned quarry) andesite Phenocrysts: pl>>cpx, amp, opq
Microphenocrysts: pl>>cpx, opq, ap
Groundmass: trachytic, pI>>cpx, opq
UB8 Na Hradku near 48°57.800” 17°40.849°  Sill Altered Holocrystalline, porphyritic, glomerophyric
Sucha Loz vesicular Phenocrysts: pI>>cpx, amp, ol, opq
(abandoned quarry) (olivine) basalt ~ Microphenocrysts: pl>>cpx, opq, ap
Groundmass: trachytic, pl>>cpx, opq

Apatite and Ti-magnetite are common minerals of matrix of all presented rocks.

a hot plate at 140 °C. After that, the solution was dried at
120 °C and re-dissolved several times in 2 ml of 14M HNO,
and 2 ml of 10M HCI until a clear solution was obtained.
Thereafter, the solution was evaporated, and the residue was
re-dissolved in 2 ml of 1M HNO,. Before Sr—Nd-Pb separa-
tion, 100-200 mg of ascorbic acid (depending on Fe*" content)
was added in order to reduce the Fe’* amount, and the resul-
ting solution was placed in an ultrasonic bath for 10 minutes to
ensure complete dissolution of ascorbic acid. Strontium—Pb
and REE fractions were extracted from the matrix by ion-
exchange chromatography using the column setup described
in detail in Pin et al. (2014). For Sr—Pb isolation, a Sr resin
(TrisKem) was used, while a combination of TRU and LN
resins (TrisKem) was used for REE isolation and Nd extraction
from bulk REE, respectively. The strontium fraction was col-
lected by 0.05M HNO,, the Pb fraction by 6M HCI and Nd by
0.25M HCI. The Sr and Nd solutions were dried and re-dis-
solved for isotope analyses in 1 pl of IM HNO, and 6M HCI,
respectively. In the case of Pb, ~50 ul of H,PO, was added to
the Pb cut, followed by a slow evaporation to about half of
the solution. Finally, ~50 pl of H,O, was added, the solution
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was evaporated, and the residue was re-dissolved for the iso-
tope analyses in 1 pl of the emitter, consisting of silica gel and
diluted phosphoric acid. The isotope analyses of Sr—Nd-Pb
were performed on a Thermo Triton thermal ionisation mass
spectrometer (TIMS) housed at the GLI CAS. Strontium was
loaded on the degassed W filaments in the presence of a Ta
activator and analysed in a static mode using a single confi-
guration and a %Sr/%Sr ratio of 8.3752 was applied for the
mass fractionation correction. Neodymium was loaded onto
degassed Re filaments and analysed in a static mode using
a double configuration and a '**Nd/'*Nd ratio of 0.7219 for
the mass fractionation correction. The external reproducibility
of Sr and Nd analyses was monitored by the long-term repro-
ducibility of the NIST SRM 987 yielding ¥’Sr/%Sr of 0.710247
+0.000013 (26, n=34) and JNdi-1 with '*Nd/"*Nd value of
0.512100+0.000008 (20, n=24). Lead was loaded onto
degassed Re filaments and analysed in static mode using a sin-
gle filament configuration. The instrumental mass bias was
corrected using the long-term replicate analyses of a NIST
SRM 981 Pb standard. An average mass fractionation factor
0f 0.136 %o per mass unit relative to the reference values (Todt
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Fig. 4. General view of representative localities and rock samples of basaltic, andesitic and trachytic volcanic rocks from the Uhersky Brod
area. A — Buc¢nik near Komna, active quarry. An about 8 m thick basaltic trachyandesite sill with traces of columnar jointing in contact with
metamorphosed sediments of the Magura Group of Nappes; B — Stary Hrozenkov, abandoned quarry with uncovered sill of olivine basalt;
C — Hradek near Banov, abandoned quarry with uncovered feeding channel with volcanic breccia of trachyandesite composition;
D — Microporphyritic light trachydacite (sample UBIA, Buénik near Komna); E — Porphyritic basaltic trachyandesite from dark enclave
(sample UB1B, Bu¢nik near Komna); F — Porphyritic olivine basalt (sample UB2, Skalka near Stary Hrozenkov); G — Fine-grained trachy-
basalt (sample UB6; Skalky near Bysttice pod Lopenikem).
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et al. 1996) was applied to all Pb isotope ratios. The external
reproducibility (2SD) of 2Pb/**Pb was approximately 0.007,
207Pb/2% approximately 0.008 and of 2°*Pb/2*Pb approximately
0.030, as determined from the long-term reproducibility of
the NIST SRM 981 with a determined value of 16.934+0.002
for 2%°Pb/2*Pb, 15.491+0.002 for *’Pb/**Pb and 36.703+ 0.006
208pp/20%4Ph (errors as 2SE, n=32). The accuracy of the whole
analytical protocol was monitored through the analyses of
a BCR-2 (USGS) reference material (see table with isotope
results) with values in excellent agreement with those previ-
ously published (Jochum & Nohl 2008).

Results
Petrography and mineral chemistry

The main petrographic features of the basaltic—andesitic—
trachytic rocks and their phenocryst assemblages are presented
in Table 1. Representative compositions of mafic minerals are
listed in Table 2, while the complete dataset of mineral analy-
ses is provided in Supplement A.

The rocks are porphyritic with a fine-grained trachytic
groundmass (pl>>Na-Kfs+cpx, bt, opq). The common
phenocryst assemblage is partly different in basaltic rocks
(pI>>cpx>amp>ol, opq) from those in trachybasaltic to trachy-
dacitic rocks (pl>>cpx>amp, bt) and trachyandesitic rocks
(pl>>amp>cpx, bt) (see Table 1). This assemblage is very
similar to that found in andesitic rocks of the Pieniny Moun-
tains, Poland (Trua et al. 2006; Nejbert et al. 2012). Olivine is
present only in a completely altered form in basaltic rocks
from Stary Hrozenkov and Sucha Loz, whereas scarce dark
mica is present in the samples from Buc¢nik near Komna.
The trachytic groundmass is strictly leucocratic, dominated by
feldspars (plagioclase and rarer Na—K feldspar), Fe—Ti oxides
and rare chevkinite-group minerals and zirconolite (Macdonald
et al. 2018). An altered volcanic breccia with altered clasts
occurs in a feeding channel of Hradek near Banov.

Olivine

Olivine is the primary mineral forming almost subhedral
phenocrysts in the sample from Stary Hrozenkov and Sucha
Loz. It is completely transformed in a fine aggregate of calcite
and serpentine (Fig. SA).

Clinopyroxene

Subhedral to euhedral clinopyroxene represents the most
abundant mafic phenocrysts (Fig. 5B, Stary Hrozenkov) and
rare grains in the groundmass. Short columnar clinopyroxene
commonly displays both sector and oscillatory zoning in trachy-
basalt (Fig. SC, Modra voda near Komna) and basalt (Fig. 5B
and Table 2, Stary Hrozenkov). Cores of the phenocrysts are
rich in Mg, while the rims are rich in Fe (Supplement A).
Prismatic sectors of the sector-zoned clinopyroxenes are
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enriched in elements such as Ti and Al, as well as Fe and Na,
relative to the pyramidal sector which concentrates Mg and Si
during partial equilibration with the melt. The relative diffu-
sion rates of cations in the melt and the growth rates of crystal
faces play a dominant role in the formation of the sector
zoning and the oscillations in clinopyroxenes (e.g., Downes
1974). The clinopyroxene is predominantly diopside with a sub-
stantial compositional variation (X,,=0.6-0.9; Ca=0.86—
0.95 apfu; Fig. 6A, Table 2 and Supplement A). Inclusions are
represented by Fe-Ti oxides and apatite. Partial chloritisation
of marginal parts of clinopyroxene grains is common.

Amphibole

Subhedral, usually zoned columns of brown and dark
green amphibole (Fig. 5D, E) show a broad range of composi-
tions from pargasite to magnesio-hastingsite (X,,,=0.6-0.8;
Si=5.69-6.43 apfi; Ca=1.73-1.99 apfu; Ti=0.24-0.45 apfu,
Fig. 6B, Table 2 and Supplement A). The chemical composi-
tions of amphibole resemble those of typical Ti-poor members
of the magnesio-hastingsite—pargasite—kaersutite series (Ulrych
et al. 2018). Resorbed edges of elongated and oval-shaped
cross sections are characteristic (Fig. 5B, Stary Hrozenkov).
Carbonatisation and opacite rims of amphibole are common
(Fig. 5F, Hradek near Banov and Fig. 5SE, Bu¢nik near Komna).

Feldspars

Subhedral plagioclase laths represent the most abundant
phenocrysts, often forming cross twins to isometric glomero-
phyres (Fig. 5G, Bu¢nik near Komna and Fig. 5H, Hradek
near Banov). The plagioclase compositions (Fig. 6C, Table 2
and Supplement A) range from andesine to anorthite (An,;, ,,).
The zonality of plagioclase phenocrysts is highlighted by
varying degrees of hydrothermal alteration, sericitisation and
carbonatisation of individual zones. The transitions of basicity
between the individual zones are quite sharp. The strongest
alterations are characteristic of the most basic central parts of
phenocrysts. The alteration of thin columnar to acicular pla-
gioclase of the groundmass is not significant. Rare partially
resorbed plagioclase cores show signs of sieve textures
(Fig. 5SH, Hradek near Banov). This texture is usually inter-
preted as a result of magma mixing (Streck 2008) but it may
also occur by rapid decompression in a feeding channel of
Hradek near Banov, where heat loss is minor relative to the
ascent rate (Nelson & Montana 1992). Rarer Na—K feldspars
(Ab, ¢, Ory s,) are, together with plagioclase, confined to
the groundmass.

Biotite

Rare subhedral (micro)phenocryst flakes of dark mica occur
in some light varieties of trachyandesite and trachydacite
(Bucnik near Komna). The compositions of mica correspond
to biotite (X,,,=0.5-0.6; Si=2.70-2.75 apfu; Table 2 and
Supplement A).
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Table 2: Representative compositions of dark mica, amphibole and clinopyroxene.
Mineral Dark mica Amphibole Clinopyroxene
Sample UB1A UB1A UBIA UBIA UBIA UB2 UB2 UB2 UB2 UB2 UB2 UB2
Petrographic type TD TD TD TD TD BA BA BA-PY BA BA-PR  BA-PY BA
SiO, 36.3 36.0 43.2 41.9 42.8 40.6 40.4 542 50.1 48.2 532 49.9
TiO, 4.29 4.30 2.65 3.15 2.87 2.96 2.92 0.17 0.93 1.67 0.34 0.98
AlLO, 14.7 14.4 10.7 13.0 11.1 14.0 145 1.48 5.09 5.32 2.31 5.66
Cr,0, <BDL <BDL <BDL <BDL <BDL 0.05 <BDL 0.62 0.19 <BDL 0.50 0.28
FeO 19.2 18.5 13.9 10.9 13.6 11.6 9.50 2.64 5.39 8.97 3.54 5.36
BaO 1.00 0.99 <BDL 0.16 0.12 0.11 0.11 <BDL <BDL <BDL <BDL <BDL
MnO 0.27 0.24 0.27 0.12 0.32 0.12 0.12 0.11 0.11 0.21 0.08 0.09
MgO 12.2 12.5 12.9 14.2 13.0 12.8 14.6 17.7 14.5 12.7 16.7 14.1
CaO <BDL <BDL 11.1 11.9 11.5 12.3 12.3 23.7 23.6 23.0 23.9 23.7
Na,O 0.57 0.51 2.20 2.44 2.40 2.27 2.28 0.19 0.22 0.35 0.20 0.24
K,0 8.63 8.66 0.88 0.93 0.90 1.28 1.29 <BDL <BDL <BDL <BDL <BDL
H,0 3.69 3.66 1.97 2.00 1.97 1.98 2.01
F 0.54 0.54 0.21 0.25 0.25 0.20 0.22
Cl 0.13 0.12 0.10 0.04 0.07 0.02 <BDL
O=-F —-0.23 —0.23 —0.09 —0.11 —-0.10 —-0.09 —0.09
0=-Cl —-0.03 —-0.03 —-0.02 —0.01 —-0.02 —-0.01 0.00
Total 101.2 100.2 100.3 101.0 101.0 100.4 100.3 100.8 100.1 100.4 101.0 100.3
Empirical formula (apfir)
Si 2.74 2.74 6.32 6.06 6.25 5.98 5.87 1.96 1.85 1.81 1.93 1.84
AlY 1.26 1.26 1.68 1.94 1.75 2.02 2.13 0.04 0.15 0.19 0.07 0.16
XT* 4.00 4.00 8.00 8.00 8.00 8.00 8.00 2.00 2.00 2.00 2.00 2.00
Ti 0.24 0.25 0.29 0.34 0.32 0.33 0.32 0.00 0.03 0.05 0.01 0.03
Al 1.30 1.29 1.85 2.21 1.91 2.44 2.48 0.06 0.22 0.24 0.10 0.25
A 0.04 0.02 0.16 0.26 0.15 0.42 0.35 0.02 0.07 0.04 0.03 0.08
Cr 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.01 0.00 0.01 0.01
Fe' 1.21 1.18 1.70 1.32 1.66 1.43 1.15 0.08 0.17 0.28 0.11 0.17
Fe* - - 0.55 0.33 0.42 0.04 0.37 0.02 0.06 0.12 0.04 0.05
Mg 1.37 1.41 2.81 3.06 2.83 2.81 3.16 0.95 0.80 0.71 0.90 0.78
Ca 0.00 0.00 1.73 1.85 1.80 1.95 1.91 0.91 0.93 0.93 0.93 0.94
Mn 0.02 0.02 0.03 0.01 0.04 0.01 0.01 0.00 0.00 0.01 0.00 0.00
Fe? - - 1.15 1.00 1.24 1.39 0.79 0.06 0.11 0.17 0.07 0.12
Ba 0.03 0.03 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Na 0.08 0.08 0.62 0.68 0.68 0.65 0.64 0.01 0.02 0.03 0.01 0.02
K 0.83 0.84 0.16 0.17 0.17 0.24 0.24
OH 1.86 1.86 1.88 1.88 1.87 1.90 1.90
F 0.13 0.13 0.10 0.11 0.11 0.10 0.10
Cl 0.02 0.02 0.02 0.01 0.02 0.01 0.00
(6] 11.0 11.0 22.7 22.8 22.7 23.0 22.8 6.00 6.00 6.00 6.00 6.00
Mg/(Mg+Fe) 0.53 0.55 0.71 0.75 0.69 0.67 0.80 0.94 0.88 0.81 0.93 0.87
Species B B M M M P M D D D D D

Empirical formula of dark mica is calculated on the basis of O=11.

Empirical formula of amphibole is calculated on the basis of T+C=13.
Empirical formula of clinopyroxene is calculated on the basis of O=6.

Petrographic type: TD — trachydacite; BA — basalt; PR — prismatic sector; PY — pyramidal sector

Species: B — biotite; M — magnesiohastingsite; P — pargasite; D — diopside
BDL: below detection limit
apfu: atoms per formula unit

Fe-Ti oxides

Subhedral isometric grains and their clusters and rare micro-
phenocrysts of Ti-magnetite occur in various quantities in all
samples. Microphenocrysts are present in trachybasalt from
Modré voda near Komna. Fine grains of magnetite and ilme-
nite are present in the groundmass of the dark-coloured tra-
chyandesite samples (Hradek near Banov).

Major, minor and trace elements

The Miocene UB subvolcanic rocks share similar geochemi-
cal patterns, transitional between the composition of the Mio-
cene sodic alkaline volcanic rocks from the Bohemian Massif
(NE shoulder of the Cheb—Domazlice Graben; Cajz et al.
2009; Ulrych et al. 2010, 2016) and the Miocene calc-alkaline
volcanic rocks from the Carpathian—Pannonian area (e.g.,
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Fig. 5. Principal petrographic features of the Miocene volcanic rocks from the Uhersky Brod area (XPL=crossed polarised light, PPL=plain
polarised light). A — Completely carbonatised and serpentinised subhedral phenocryst of olivine in fine-grained groundmass (UB8; PPL);
B — Numerous euhedral phenocrysts of clinopyroxene (Cpx), rare subhedral-oval phenocrysts of amphibole (Amp) and an amygdule filled
with carbonates and zeolites in central part of the photomicrograph surrounded by a fine-grained groundmass with a trachytic texture (UB2;
XPL); C — Clinopyroxene phenocryst displaying hour-glass sector zoning and microphenocrysts of plagioclases (light) and clinopyroxenes
(dark) in fine-grained trachytic groundmass (UB3; XPL); D — Phenocrysts of amphibole (Amp) and biotite (Bt) in a fine-grained groundmass
with trachytic texture (UB1A; PPL); E — Partly altered phenocrysts of amphibole twin with a thin opacite rim formed mostly by magnetite.
Apatite inclusions are predominantly concentrated in amphibole (UB1B; PPL); F — Elongated, partly resorbed amphibole phenocryst with
thick opacite rim. The fine-grained feldspar groundmass penetrates into the central part of the altered amphibole (UB3; XPL); G — Altered
cross-twin phenocrysts of plagioclase along with amphibole phenocrysts concentrated in the upper-left part of the photomicrograph (UB1A;
PPL); H — Glomerophyric aggregate of altered plagioclase phenocrysts with sieve textures in the central part of phenocrysts sitting in a tra-
chytic groundmass (UBS; XPL).
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Fig. 6. Mineral compositions of rocks from the Uhersky Brod area.
A — Clinopyroxenes in the classification diagram of Morimoto et al.
(1988); B— Amphiboles in the classification diagram of Leake et al.
(1997); C — Ternary classification plot showing the composition of
feldspars.

Harangi & Lenkey 2007; Harangi et al. 2007), including those
from the Pieniny Mts. in Poland (Pin et al. 2004; Trua et al.
2006; Nejbert et al. 2012). However, several calc-alkaline
volcanic rocks from the Central Slovakian volcanic field,
classified as transitional between K-alkaline (orogenic) to
Na-alkaline (anorogenic) volcanic rocks by higher Nb and
Nb/Y values (Harangi et al. 2007; Seghedi & Downes 2011,
Seghedi et al. 2013), are partly geochemically similar to the
UB basaltic—trachytic series (Figs. 7, 8, 9, 10).

The UB rocks have SiO, content ranging from 45 to 62 wt. %
(Table 3). For classification of the rocks we used the most
common TAS classification despite the high LOI (2-8 wt. %)
contents. In the TAS (Na,0+K,O vs. SiO,) classification dia-
gram, the rocks display a substantial variation from basic
(basalt, trachybasalt, basaltic andesite and basaltic
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trachyandesite) to trachytic (trachyandesite and trachydacite)
composition (Fig. 7). Members of these series straddle the line
dividing alkaline and subalkaline volcanic rocks. In the K,O
vs. Si0, diagram applicable to the subdivision of subalkaline
volcanic rocks, they plot close to the boundary between
the high-K calc-alkaline series and the shoshonite series.
Regardless the degree of possible alteration, the rocks follow
the same high-K differentiation trend (Fig. 8).

Overall, rocks of the basaltic—trachytic series from the UB
area show coherent trends of some oxides/elements (Al,O;,
CaO, Ni, La, Ce), partly coherent (Sr, Zr, TiO,) in binary
variation diagrams, using mg# [molar 100xMgO/
(MgO+FeO,,,)] as a differentiation index (Fig. 9). The rocks
have positive correlations of CaO and Ni, and negative cor-
relation of Al,O,, Sr, Zr and LREE with decreasing mg#.
These trends reflect different fractionating mineral
assemblages.

The primitive mantle-normalised incompatible element
patterns (Fig. 10A) show similar trends with distinct relative
enrichment of Th, U, La, Sr, and Nd and depletion in Rb, Nb,
Ta, Pb, P, Zr and Ti negative anomalies. Moreover, the sam-
ples from the Bucnik laccolith partly differ in the higher
content of Pb (~63 ppm), probably associated with a post-mag-
matic fluid-induced enrichment (hydrothermal alteration)
reflected in the occurrence of Fe—-Cu—Pb—Hg mineralisation
at the Bucnik locality (Fojt & Prichystal 1979; Fig. 10A).
In comparison with the UB samples, the rocks from the
Pieniny Mts. show lower Nb, Ta, U, Th and REE and rather
overlap with the Miocene calc-alkaline volcanic rocks from
the Carpathian—Pannonian area (Fig. 10A).

The basaltic to trachytic rocks from the UB area show
overlapping chondrite-normalised REE patterns (Fig. 10B)
with a substantial LREE/HREE enrichment (La,/Yb,=12-33),
coupled with a lack of a significant Eu-anomaly (Eu/Eu*=
0.9-1.0).

Sr—Nd-Pb isotope compositions

The initial Sr—Nd isotope ratios are given in Table 4 and
plotted in Fig. 11. The suite has a relatively restricted range of
initial ’Sr/*Sr ratios (0.7038-0.7048) and positive eNd values
(from +1.8 to +3.3). The Sr—Nd isotope compositions define
a two-component mixing line (Fig. 11). From a regional
point of view, the initial St—Nd isotope signatures of basaltic—
trachytic series from the UB area differ significantly from
those of Miocene andesitic rocks from the Pieniny, which have
more radiogenic ¥Sr/*Sr; (0.7053-0.7070) and notably
variable negative ¢Nd,; between —4.7 and —10.1 (Pin et al.
2004; Trua et al. 2006). On the other hand, isotope composi-
tions of the rocks from the UB area partly overlap those from
the Miocene off-rift volcanic rock series of the NE shoulder of
the Cheb—Domazlice Graben in western Bohemia (Ulrych et
al. 2016; Fig. 11).

Lead isotope data are given in Table 4, and initial Pb isotope
ratios are plotted as 2°°Pb/?*Pb vs. 2’Pb/**Pb and 2°°Pb/**Pb
vs. 28Pb/2%Pb in Fig. 12. The rocks show a relatively limited
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generate a large uncertainty in the pres-
sure estimates. Consequentially, we pre-
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Pal-Molnér et al. (2015) based on the ALO,
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Temperature and pressure ranges calcu-
lated for the UB amphiboles are 910-990 °C
+24 °C and 0.4-1.2 GPa (i.e., ~15-45 km;
Fig. 13). Calculated P-T conditions are
compatible with experimental data on
the stability of amphiboles of the mag-
nesio-hastingsite—pargasite—kaersutite
series supposedly derived from the upper
mantle (Green et al. 2010; Pilet et al. 2010
and references therein) and fall into the
stability field of amphibole in mafic lavas

40 50 60

Fig. 7. The total alkali vs. silica (TAS) diagram (Le Maitre 2002) showing the composition
of Miocene volcanics from Uhersky Brod. Published data for Pieniny taken from Pin et al.
(2004), Trua et al. (2006) and Nejbert et al. (2012), and for Central Slovakian volcanic field
from Harangi et al. (2007). Fields for the majority of Miocene calc-alkaline volcanic rocks
from the Carpathian—Pannonian area (Harangi & Lenkey 2007) and Miocene alkaline volca-
nic rocks from the Bohemian Massif (Cajz et al. 2009; Ulrych et al. 2010, 2016) are plotted

for comparison.

overlapping variation in the initial 2*Pb/2%Pb (19.1-19.4),
27pb/2%Ph (15.6-15.7) and °°Pb/%Pb (39.0-39.2) ratios.
The rocks plot along an inferred two-component mixing trend
that crosses the Northern Hemisphere Reference Line (NHRL)
of Hart (1984) in the Pb/**Pb vs. 2°°Pb/**Pb diagram
(Fig. 12B). Initial Pb isotope signatures of the basaltic—trachy-
tic series from the UB area partly deviate towards upper crustal
207Pb/2%Ph values from Variscan inherited orogenic Pb growth
component sampled by various volcanic rocks from the Ceské
Stfedohoti and Ralska Pahorkatina volcanic complexes in
the Bohemian Massif (Fig. 12A). Additionally, the initial Pb
isotope compositions are closely comparable to the Pb isotope
compositions of the Miocene off-rift volcanic rocks from
the NE shoulder of the Cheb—Domazlice Graben in western
Bohemia (Ulrych et al. 2016; Fig. 12A).

P-T conditions of amphibole crystallisation

Amphibole is one of the most useful minerals for the estima-
tion of the P-T conditions under which magma crystallised
(Mutch et al. 2016). Several thermobarometers based on the
composition of amphibole have been proposed for different
igneous systems. Regarding the compositional characteristic
of the host rocks and the high content of Ca and Mg in
the amphibole, the thermometer of Ridolfi & Renzulli (2012)
was selected as the most suitable. On the other hand, the baro-
meter proposed by the same authors may be too sensitive to
subtle compositional variations in amphibole and may
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(Green et al. 2010). Generally, analyses of
outer rims and/or BSE-light [i.e., with
relatively lower Mg/(Mg+Fe?") ~0.6]
zones in amphibole with reverse zoning dis-
played a parallel trend with the major P-T
range yielding lower pressures (the lowest
values are ~0.3 GPa) at the same tem-
perature (Fig. 13), suggesting their late
appearance.

Crystallisation temperatures of the
amphibole are lower than the temperature
estimates (at comparable pressures) for amphibole of the mag-
nesio-hastingsite—pargasite—kaersutite series from the volcnic
rocks from the Bohemian Massif (Ulrych et al. 2018), which
crystallised from a Ti-enriched Na-alkaline system under rift
conditions with elevated heat flow due to uplifted astheno-
spheric mantle.

5
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Fig. 8. The SiO, vs. K,O plot (Pecerillo & Taylor 1976) showing
the composition of Miocene volcanic rocks from the Uhersky Brod
area. Analyses were not recalculated on a volatile-free basis before
plotting. Symbols are corresponding to the legend in Fig. 7.
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Fig. 9. Selected major and trace element contents vs. mg# of Miocene igneous rocks from the Uhersky Brod area (black circles: new analyses;
white circles: Shrbeny 1974; Nejbert et al. 2012). Published data for Pieniny (red squares: Pin et al. 2004; Trua et al. 2006; Nejbert et al. 2012)
and for the Central Slovakian volcanic field (green triangles: Harangi et al. 2007) are plotted for comparison.

Discussion
Nature of magma source

Majority of Miocene andesites from the Intra-Carpathian
part of the Carpathian—Pannonian region are relatively poor
in K,O and total alkali contents (Lexa & Konecny 1998;
Seghedi et al. 2004a,b, 2005; Harangi & Lenkey 2007,
Harangi et al. 2007; Lustrino & Wilson 2007; Harangi 2009)
and plot exclusively in the calc-alkaline field in TAS and K,0

vs. Si0, diagrams (Figs. 7, 8; Table 5). A post-collisional
change in the geochemical character of calc-alkaline rocks
from the Carpathian—Pannonian region from more K-enriched
ones derived from a metasomatically enriched lithospheric
source to Na-alkaline ones generated from a depleted asthe-
nospheric mantle source was presented, e.g., by Mason et al.
(1996); Seghedi et al. (2004a,b); Harangi & Lenkey (2007)
and Harangi et al. (2007). Seghedi & Downes (2011) and
Seghedi et al. (2013) classified such calc-alkaline rocks as
transitional, characterised by higher Nb contents (>35 ppm)
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- L : ! , L : L | ! : L . L , ' with the same mg# from the Pieniny
Ce Nd Sm Gd Dy Er Yb Mountains point probably to signifi-

Fig. 10. A — Primitive mantle-normalised (McDonough & Sun 1995)

Miocene volcanic rocks from Uhersky Brod; B — Chondrite-normalised (Boynton 1984) REE
content for the same rocks. Published data for Pieniny taken from Pin et al. (2004), Trua et al.
(2006) and Nejbert et al. (2012), and for Central Slovakian volcanic field from Harangi et al.
(2007). Fields for the majority of Miocene calc-alkaline volcanic rocks from the Carpathian—
Pannonian area (Harangi & Lenkey 2007) and Miocene alkaline volcanic rocks from the Bohe-
mian Massif (Cajz et al. 2009; Ulrych et al. 2010, 2016) are plotted for comparison.

and Nb/Y ratios (>1). Seghedi (2004a,b) emphasised that
the typical calc-alkaline magmas of the Carpathian—Pannonian
region were formed by decompression melting of a heteroge-
neous crust and mantle lithosphere, while those of the UB and
Pieniny Mts. type resulted from fluid-dominated melting of
the mantle lithosphere in the same region.

Major and trace element compositions of the basaltic—tra-
chytic series from the UB area suggest a thermal initiation
in the asthenospheric mantle, causing the partial melting of

GEOLOGICA CARPATHICA, 2020, 71, 5, 462-482

cant differences in source composi-
tion, melting grade and/or degree of
melt fractionation (Fig. 9).

Miocene subvolcanic rocks from
the Pieniny area exhibit a coupled,
negative Nb—Ta anomaly (Fig. 10A).
Lustrino & Wilson (2007) argued that
a negative Nb-Ta anomaly can indi-
cate either shallow-level crustal con-
tamination, the introduction of subducted sediment into the
mantle source of the magma or fluid-induced enrichment of
the elements adjacent to Nb—Ta in the trace element pattern.
Arndt and Christensen (1992) interpreted this negative ano-
maly in basaltic lavas as a consequence of Nb—Ta fractionation
during passage of the deep asthenospheric magma through
metasomatised peridotite in the lithospheric mantle.
Transitional calc-alkaline rocks from the Central Slovakian
volcanic field lack this Nb-Ta negative anomaly and their

multielemental patterns of
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Table 3: Chemical analyses of the basaltic—trachytic volcanic rocks from the Uhersky Brod area.
Locality UBIA UBIB UB2 UB3A UB4A UB5 UB6A UB7 UBS
Bu¢nik, Buénik Skalka, Stary Modra voda, U Kyselky, Hradek, Skalky, Bouda, Sucha
Komiia enclave Hrozenkov Komiia Nezdenice Banov BystfFice p. L. Ordéjov Loz
Rock type light TD dark BTA ol. BA TB light TA TA clast fine-gr. TB BAA ol. BA
Si0, (wt. %) 61.6 51.5 452 48.2 56.6 55.8 46.7 49.2 46.8
TiO, 0.65 1.02 1.10 1.25 0.74 0.88 1.31 1.40 1.47
AlLO, 17.1 17.0 13.8 17.4 18.4 20.1 17.6 17.8 15.2
Fe,O, 3.99 6.78 8.36 8.55 5.83 6.00 8.87 8.09 8.74
MnO 0.14 0.19 0.16 0.15 0.14 0.07 0.16 0.15 0.17
MgO 1.96 3.30 7.33 3.71 1.18 0.77 3.39 2.33 6.29
CaO 4.19 8.40 13.2 8.85 5.16 5.72 8.83 8.56 11.2
Na,O 4.46 3.10 2.14 3.47 4.52 4.84 3.64 2.96 2.67
K,0 3.45 2.46 1.55 1.65 3.08 3.01 1.63 1.76 1.48
P,O; 0.36 0.67 0.37 0.65 0.33 0.52 0.64 0.47 0.47
LOI 1.80 5.10 6.30 5.80 3.60 2.00 6.80 7.00 5.10
Total 99.7 99.6 99.6 99.7 99.6 99.6 99.6 99.7 99.6
Ni (ppm) 7.4 13.1 23.7 8.1 34 3.1 7.0 1.9 20.4
Cr <BDL 27.4 281 20.5 20.5 <BDL 13.7 <BDL 164
Co 8.2 19.7 28.7 21.5 10.2 11.9 23.0 16.8 31.3
Sc 8 16 39 15 9 6 16 16 32
Rb 99.2 74.6 44.7 38.7 99.5 82.3 43.1 439 345
Sr 699 884 585 920 822 1019 986 730 776
Y 124 232 17.4 21.2 18.4 19.9 21.7 20.3 22.1
Zr 208 225 105 150 224 228 149 124 115
Nb 39.9 62.8 33.4 50.4 80.7 75.4 52.5 27.9 35.6
Cs 1.3 38 2.1 2.1 3.6 1.0 3.9 22 0.7
Ba 1105 1038 707 816 1395 1128 956 709 511
La 62.0 75.9 31.7 62.4 81.4 80.5 65.2 43.6 423
Ce 97.5 124.7 54.9 105.7 124.2 127.6 111.9 73.0 74.5
Pr 9.96 13.60 6.42 11.64 12.26 12.88 12.21 8.28 8.40
Nd 30.9 47.0 24.8 41.0 38.5 432 42.5 30.5 31.3
Sm 4.75 7.16 4.57 6.39 5.52 6.22 6.78 5.32 5.62
Eu 1.21 2.08 1.32 1.89 1.60 1.79 2.00 1.56 1.69
Gd 3.45 5.88 4.17 5.45 4.55 4.99 5.70 4.72 5.13
Tb 0.45 0.80 0.62 0.76 0.62 0.72 0.80 0.69 0.76
Dy 2.36 4.20 3.40 3.86 3.28 3.75 4.18 3.76 3.86
Ho 0.44 0.80 0.70 0.80 0.67 0.76 0.82 0.77 0.78
Er 1.28 2.24 1.96 2.32 2.11 2.08 2.30 2.19 2.18
Tm 0.19 0.33 0.28 0.33 0.31 0.33 0.34 0.30 0.30
Yb 1.27 2.19 1.74 2.03 2.17 2.19 2.17 2.03 1.93
Lu 0.20 0.34 0.28 0.32 0.34 0.34 0.33 0.31 0.29
Hf 5.0 4.7 2.7 3.4 4.7 4.6 33 3.1 2.8
Ta 2.0 3.0 1.9 2.3 3.8 4.0 2.5 1.3 2.3
Th 19.4 15.9 6.4 11.0 24.9 19.1 11.2 8.5 5.8
U 5.5 4.4 1.5 2.7 6.8 5.7 2.8 2.0 1.9
\% 88 166 235 201 124 131 211 220 274
Cu 12.6 51.7 52.0 31.9 26.5 8.9 26.5 5.0 48.5
Pb 63.1 16.7 2.1 2.4 2.9 7.4 1.9 3.7 1.9
Zn 95 66 48 66 75 76 72 64 58
#mg 49 49 63 46 29 20 43 36 59
XREE 216 287 137 245 278 287 257 177 179
La,/Yby 329 23.4 12.3 20.7 253 24.8 20.3 14.5 14.8
Eu/Eu* 0.91 0.98 0.92 0.98 0.98 0.98 0.98 0.95 0.96

#mg=[molar 100xMgO/(MgO+FeO total)]

TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite

BDL: below detection limit

GEOLOGICA CARPATHICA, 2020, 71, 5, 462-482
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38.85
39.03
38.92
38.89

1.42E-11y~!

15.63
15.65
15.64
15.64

19.08
19.29
19.17
19.02

39.155
39.245
39.192
38.993
38.697
38.696

15.654
15.646
15.650
15.641
15.614

15.615
1.55125E—-10 y '), and the concentration data listed in Table 2.

19.401
19.411
19.376
19.100
18.748
18.748

3.0
3.0
2.0

33
9.8485E—-10 y !, AU

basaltic andesite

0.51278
0.51276
0.51277
0.51271

4.9475E-11 y !, AU
trachyandesite; BAA

0.512788+7
0.512773+5
0.512777+6
0.512724+7
0.512625+18
0.512622+6

0.70375
0.70397
0.70463

0.70391
0.7219, respectively. Analytical uncertainties are given at 2om level. ¥'St/*Sr; and eNd,; were calculated for 14 Ma using A*’Rb

nur=0.512630 (Bouvier et al. 2008), respectively, and the concentration data are given in Table 2.

basalt; TB = trachybasalt; TA

0.703976+4
0.703799+5
0.704000+5
0.704668+4
0.705008+5
0.705008+5

14
14
14

14
0.1194 and “*Nd/"*Nd

basaltic trachyandesite; BA

U Kyselky, Nezdenice
Hradek, Banov — clast
Skalky, Bystfice p. L.

Bouda, Ord¢jov
6.54E-12 y!, ("'Sm/"Nd)’¢;,,,=0.1960, and (**Nd/'**Nd)"

Lead isotope data were recalculated for 14 Ma using the constants recommended by ITUGS (A*’Th

Basalt, Columbia River, USGS Reference material
Basalt, Columbia River, USGS Reference material

fine-gr. TB

light TA
TA angular
clast

BAA

8S1/%°Sr and '*Nd/'"**Nd were normalised to %°Sr/*Sr:

and A'Sm:
Rock type: TD = trachydacite; BTA

UB6
BCR-2
BCR-2

UB4
UB7
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primitive mantle-normalised geochemical patterns mostly
overlap with the UB subvolcanic rocks, except for the pro-
nounced Eu negative anomaly (Fig. 10A).

The REE enrichment of the UB rocks is a characteristic
feature of Miocene Na-alkaline rocks from the Bohemian
Massif compared to that of prevalent calc-alkaline rocks from
the Carpathian—Pannonian area (Fig. 10B). However, the REE
patterns correspond to those of the transitional calc-alkaline
rocks from the Central Slovakian volcanic field (Figs. 9, 10B).

The geochemical signatures, including the isotope data of
the basaltic—trachytic series from the UB area, show that
the magma was mainly derived from a metasomatised litho-
spheric source largely enriched in large-ion lithophile elements
(LILE) such Cs, Rb or Ba. The contents of these characteristic
elements, such as Ba (511-1395 ppm) and Sr (585-1019 ppm),
are substantially higher than those of average continental crust
(~260 ppm Ba, ~350 ppm Sr; Rudnick & Gao 2003) and
should be interpreted in the context of the metasomatically
transformed lithospheric sources. This is attested by the obser-
ved variations in Sr—Nd isotopes which define a two-com-
ponent mixing line (Fig. 12). This is indicative of the presence
of a metasomatised lithospheric mantle source with variable
changing contributions from the (amphibole-bearing) meta-
some and ambient mantle (Supplement B). Such a metaso-
matised mantle type shows affinity towards the Enriched
Mantle 2 (EM2)-type and points to a different mode of

0.5132
mT Amphibole and clinopyroxene
crystals from Cenozoic volcanic
05130 rocks of the Bohemian Massif
’ Geské Stredohofi and
= Ralska Pahorkatina

-cv volcanic complexes
Z 05128
3 Cheb-Domazlice
< Graben
©
> 05126
g

0.5124

0.5122 -

e This study
A Miocene transitional volcanic
C S| i
0.5120 rocks ( [entral Iovall(la) | | |
0.702 0.703 0.704 0.705 0.706 0.707 0.708

“StS,

Fig. 11. Initial "*Nd/"*Nd vs. ¥’Sr/*Sr isotope ratios for rocks from
the Uhersky Brod area in comparison with Sr—Nd isotope composi-
tion of Cenozoic volcanic rocks (and their amphibole and clinopyro-
xene) of the Bohemian Massif (Lustrino & Wilson 2007; Haase &
Renno 2008; Ulrych et al. 2008, 2013, 2016, 2017, 2018; Dostal et al.
2017) and from the Carpathian—Pannonian region (Harangi & Lenkey
2007) including the Central Slovakian volcanic field (Harangi et
al. 2007) and the Pieniny area (Pin et al. 2004; Trua et al. 2006).
BSE=Bulk Silicate Earth, CHUR=Chondritic Uniform Reservoir;
DMM=Depleted MORB Mantle; EAR=European Asthenospheric
Reservoir; HIMU=high p (***U/**Pb); EM1=Enriched Mantle 1;
EM2=Enriched Mantle 2 (Ulrych et al. 2018 and references therein).



MIOCENE BASALT-TRACHYTE ASSOCIATION BETWEEN THE CARPATHIANS AND BOHEMIAN MASSIF

15.70
15.68

15.66

15.64

15.62

207P b/204 P b(i)

15.60

Ralska Pahorkatina
volcanic complexes

15.58

15.56

@ This study
E Cheb-Domazlice Graben

40.0

39.8

39.6
39.4

39.2

“*Pb/*Pb,,

Ceské Stredohofi and
Ralska Pahorkatina
volcanic complexes

39.0

38.8

38.6
18.8

I
19.4

“*Pb/Pb,,

1
19.6

1 I 1
19.8 200 202 204

19.0 19.2

Fig. 12. Initial *"Pb/’*Pb vs. Pb/**Pb (A) and **Pb/**Pb vs.
206ph/24Ph (B) isotope ratios for rocks of the Uhersky Brod area.
The rocks plot along two-component mixing trend which crosses
the Northern Hemisphere Reference Line (NHRL) of Hart (1984)
in the 2%Pb/?"Pb vs. 2°Pb/**Pb diagram. Upper crust, orogenic and
mantle growth curves are taken from Zartman & Doe (1981).
The values for volcanic rocks of the same age from the Cheb—
Domazlice Graben (Ulrych et al. 2016) and for the various volcanic
rock in the Ceské Stiedohoii and Ralské Pahorkatina volcanic com-
plexes in the Bohemian Massif (Krmickova et al. 2020) are plotted for
comparison.
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metasomatism compared to the subvolcanic rocks from the
Pieniny area (Fig. 11). Moreover, the positive values of eNd in
all studied rock types and the presence of numerous mafic
trachyandesite enclaves with large amphibole phenocrysts
(sample UBI1B) found in the felsic trachydacite (sample
UB1A) from the Bu¢nik laccolith probably reflect magma dif-
ferentiation within the same magmatic cycle rather than con-
tamination by surrounding crustal material.

The first combined Sr—Nd-Pb isotope study of the UB
basaltic—trachytic series has shown that the rocks partly differ
from the prevalent isotope signature of Miocene calc-alkaline
andesitic rocks from the Carpathian—Pannonian region (e.g.,
Seghedi et al. 2007) but significantly differ from those of
the Pieniny Mountains in Poland having very high 2°’Pb/>*Pb
ratios and less radiogenic 2°°Pb/*™*Pb ratios (Fig. 14; Trua et al.
2006). However, the UB samples show a modest similarity to
several more primitive calc-alkaline samples from the Central
Slovakian volcanic field and from the Pieniny Mts. having
lower ¥’Sr/*Sr (~0.705) isotope ratios (Fig. 11; Pin et al. 2004;
Trua et al. 2006; Harangi et al. 2007). Despite the certain Sr
isotope similarity to the Pieniny area, their Nd isotope compo-
sition is diametrically opposed, which is best demonstrated by
eNd values yielding +1.8 to +3.3 for UB samples vs. —10.1 to
—5.4 for Pieniny samples (cf. Pin et al. 2004; Trua et al. 2006),
indicating lower Sm/Nd ratios in the source region of the UB
subvolcanic rocks. Generally, an important isotope feature of
the UB samples is the lack of an isotope component characte-
rised by very high ¥Sr/%Sr (~0.709) ratios (Fig. 11; Table 5)
and *’Pb/?*Pb (~15.7) values (Fig. 14; Table 5). This compo-
nent is recognisable in the majority of the mantle-derived
rocks in the Carpathian—Pannonian region and reflects the pre-
sence of lithospheric mantle metasomatised during the Alpine
Orogeny and mixed with melts from the lower crust in the case
of andesitic rocks as a consequence of magma stagnation below
a thick continental lithosphere (cf. Krmic¢kova et al. 2020).

On the other hand, Miocene UB subvolcanic rocks isoto-
pically overlap with the Miocene Na-alkaline volcanic rocks

0.0 I I I ! Amphibole 0 Fig. 13. Pressures and temperatures of
(¢3S -—— ® This stud amphibole formation of the Miocene
05 504%.\ N y volcanic rocks from the Uhersky Brod
’ N "9/7% . ) area were calculated using the equa-
$... Sopoy prossure _| 5 tions of Pal-Molnér et al. (2015) and
< 10 % </ ranee o Ridolfi & Renzulli (2012), respecti-
% @® vely. The orange fields indicate the
= @ Ulrychetal. (2018) -% major temperature and pressure range
g 1.5 —.  of the samples. For comparison, P-T
@ %, — 60 § estimates of Ulrych et al. (2018) for
4 2 SPine/ — amphibole are also shown. For peri-
o 20 1= 9amneg /hsl,zzgll_’"e dotite/pyroxenite solidus, spinel/garnet
e lherzolite and pargasite/amphibole
25 |- % stability fields see U.lrych etal. (2018)
major and references therein.
temperature
range |
3.0
900 1000 1100 1200 1300 1400 1500

Temperature [°C]
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from the Carpathian—Pannonian region as well as with
the Na-alkaline volcanic rocks from the NE shoulder
of the Cheb-Domazlice Graben in the Bohemian
Massif, having low ¥’Sr/*¢Sr ratios, positive eNd values
(Fig. 11) and lower 2"Pb/*™Pb ratios at slightly higher
206ph/204Ph ratios (Fig. 14) compared to the majority of
calc-alkaline rocks from the Carpathian—Pannonian
region. Specific isotope signature of the volcanic rocks
from the Cheb—Domazlice Graben is connected to their
off-rift position (in relation to ENE-WSW trending
Ohie/Eger Rift) and the rocks partly deviate towards
elevated 2’Pb/?*Pb values from a Variscan inherited
orogenic Pb growth component sampled by various
post-collisional mantle-derived melts (e.g., Abdelfadil
etal. 2013; Krmicek et al. 2014, 2016; Krmickova et al.
2020; Fig. 14).

Regional position of the subvolcanic rocks of
the Uhersky Brod area

The magmatic activity was located in a singular
structural setting near the Klippen Belt Zone where
the UB and the Pieniny Mts. areas are close to the con-
tact of the Carpathian—Pannonian block with the Bohe-
mian Massif. We agree with Jurewicz & Nejbert (2005)
and Nejbert et al. (2012) who considered the generally
NW-SE trending structures to act as zones of litho-
spheric weakness that possibly controlled the empla-
cement of magmas in the UB and Pieniny areas (cf.
Krejéi 1990; Krejci & Poul 2010; Ulrych et al. 2011;
Spacek et al. 2015 for UB case).

Local extension or transtension at the HFZ (Figs. 2, 3)
in late-to post-collisional phases may have been
promoted by asymmetric loading due to lithospheric
bending of the lower (North European) plate and
the hypothetical slab break-off. Both the bending and
the break-off of the lithosphere could be expected to
have migrated eastward along the Carpathian arc
around the time of UB magmatism (Middle Miocene),
consistent with the eastward advance of the collision
zone observed at general scale of the Alpine—Carpathian
orogenic system (e.g., Nemcok et al. 1998).

As described by this study and Pécskay et al. (2006),
the (sub)volcanic rocks of the Klippen Belt have simi-
lar age and chemical compositions to the Na-alkaline
volcanic rocks of both the Carpathian—Pannonian
region (Harangi 2009; Seghedi & Downes 2011 and
Harangi et al. 2015) and the NE shoulder of the Cheb—
Domazlice Graben (Ulrych et al. 2016; cf. Fig. 1 and
Table 5).

The latter developed during the late-rift episode of
the Bohemian Massif — the major Late Miocene reju-
venation of the main Early Eocene to early Mid
Miocene magmatic activity (Ulrych et al. 2011). Minor
occurrences of Late Miocene volcanics are also found
in the Ceské Sttedohofi Mountains (Cajz et al. 2009)
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Table 5: Comparison of geological, petrographical and geochemical characteristics of predominantly Miocene volcanic rocks from the Carpathian—Pannonian region and the Bohemian Massif.
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Fig. 14. Initial Pb isotope composition of Variscan and Cenozoic
mantle-derived rocks from Eastern Central Europe including the sam-
ples from this study and the samples from the Bohemian Massif
(Blusztajn & Hart 1989; Haase & Renno 2008; Abdelfadil et al. 2013;
Krmicek et al. 2016; Ulrych et al. 2016; Krmickova et al. 2020), and
the Carpathian—Pannonian region (Embey-Isztin et al. 1993a,b;
Dobosi et al. 1995; Trua et al. 2006; Harangi & Lenkey 2007; Harangi
et al. 2007). The shift from less radiogenic Pb isotope compositions
in Variscan rocks to more radiogenic Pb isotope compositions in
Cenozoic mantle-derived rocks is shown schematically by an arrow.
Upper crust, orogenic and mantle growth curves are taken from
Zartman and Doe (1981).

and the Krusné Hory/Erzgebirge Mountains (Ulrych et al.
2010). This renewed anorogenic Late Miocene volcanic acti-
vity took place in a compressional tectonic regime and it is
likely associated with asthenospheric upwelling controlled by
tectonic processes in the Alpine-Carpathian orogenic system.
The similarities in both geochemical characteristics and age
between the subvolcanic rocks of the UB and the western
Bohemian Massif suggest that their magmas may both have
been generated by the same heat pulse from the complexly
metasomatised mantle lithosphere underlying the Central
European Volcanic Province (Ulrych et al. 2011; Dostal et al.
2017; Krmickova et al. 2020).

Conclusions

The Uhersky Brod (UB) Miocene subvolcanic area is asso-
ciated with local fault reactivation near the Klippen Zone and
the NW-SE striking faults associated with the Hana Fault
Zone. The compositions of the UB rocks in TAS diagram
straddle the line dividing alkaline and subalkaline fields of
volcanic rocks, whereas the transitional volcanic rocks from
the Central Slovakian volcanic field and andesites from the
coeval Pieniny area, located in a similar structural position in
Poland, are unambiguously subalkaline. The distribution of
incompatible elements, such as U, Th, REE, Nb, Ta, as well as
La,/Yb, ratios, is different in the UB and Pieniny areas, but
similar to the transitional calc-alkaline rocks from the Central
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Slovakian volcanic field. The moderate contents of these trace
elements in andesitic rocks from Pieniny are mostly similar to
the prevalent calc-alkaline series of the Carpathian—Pannonian
block. The UB rocks are enriched in these elements and partly
resemble the Na-alkaline Miocene volcanic rock series of
the NE shoulder of the Cheb—Domazlice Graben in western
Bohemia in the Bohemian Massif.

The Sr—Nd-Pb isotope signatures of the UB basaltic—tra-
chytic series mirror the isotope variations in their source rocks,
represented by metasomatised lithosphere with amphibole-
bearing clinopyroxenite veins (e.g., Bailey 1982; Powell et al.
2004; Harangi et al. 2015). The UB rocks lack an isotope com-
ponent characterised by high 2’Pb/?*Pb (~15.7) values typical
of the majority of the calc-alkaline mantle-derived rocks in
the Carpathian—Pannonian region including those from the
Pieniny area in Poland. Their Sr isotope signature also does
not reach such high values up to 0.709 as most of the Car-
pathian—Pannonian calc-alkaline rocks. Although the ¥Sr/*Sr
ratios of the UB samples fluctuating around 0.704 partly
resemble those of the Pieniny area, their Nd isotope composi-
tion completely differs. The isotope signature of the UB sub-
volcanic rocks is more similar to the Na-alkaline off-rift
volcanic rocks from the Cheb—Domazlice Graben as well as
to several more primitive (transitional) calc-alkaline and
Na-alkaline rocks from the Carpathian—Pannonian region.

The UB basaltic-trachytic series was generated by melting
of the variably metasomatised sub-lithospheric source and
subsequent fractional crystallisation of the primary basaltic
magma. Partial melting of the metasomatised lithospheric
mantle may have been initiated by interaction with ascending
sub-lithospheric melts. Such melts would exploit zones of
weakness created by the juxtaposition of rocks of different
competence, as is seen in the Klippen Zone. Crustal faulting
would have the potential to create localised low pressure
towards which rising melts would be drawn (sensu Bailey,
1977). Model P-T estimates of amphibole crystallisation in
the parental rocks (~910-990 °C at ~0.4—1.2 GPa) correspond
to ~15-45 km, suggesting a greater depth of the magma gene-
ration and subsequent progressive crystallisation of amphibole
during the magma ascent.
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MIOCENE BASALT-TRACHYTE ASSOCIATION BETWEEN THE CARPATHIANS AND BOHEMIAN MASSIF

i

Supplement A

Table S1: Representative compositions of amphibole.

Sample UB1A UB1A UBIA UBIA UBIA UBIA UBIA UBIA UBIA UBI1A UBIA UB1A UBIA
Petrographic type TD TD TD TD TD TD TD TD TD TD TD TD TD
SiO, 41.8 42.1 41.5 42.4 42.0 42.7 41.6 41.3 41.9 41.5 422 423 443
TiO, 2.69 3.20 3.15 2.60 3.79 2.99 2.95 3.71 2.73 3.15 2.89 2.96 2.20
AlLO, 11.8 11.3 11.7 11.8 11.8 10.4 12.6 11.7 11.8 11.5 12.0 11.5 10.5
MgO 14.0 12.6 12.4 14.2 12.5 13.2 12.9 12.1 12.8 12.2 133 12.3 15.1
CaO 11.6 11.1 11.0 11.6 11.4 11.2 11.2 11.1 11.4 11.1 11.6 11.1 11.5
MnO 0.19 0.16 0.21 0.20 0.15 0.17 0.13 0.17 0.22 0.26 0.21 0.26 0.12
FeO 11.2 14.1 13.7 11.4 135 12.4 12.2 13.6 13.2 14.4 12.2 144 10.2
BaO <BDL <BDL 0.05 <BDL <BDL <BDL 0.04 0.04 <BDL 0.09 0.05 <BDL 0.04
Na,O 2.63 2.71 2.73 2.52 2.82 2.50 2.66 2.62 2.81 2.51 2.62 2.64 243
K,0 0.93 0.87 0.78 0.88 0.85 0.80 0.77 0.87 0.90 0.81 0.73 0.91 0.79
H,0 2.03 2.04 2.02 2.06 2.05 2.02 2.03 2.02 2.03 2.03 2.05 2.04 2.07
Total 99.0 100.3 99.5 99.7 100.9 98.5 99.2 99.4 99.9 99.5 100.0 100.4 99.4
Empirical formula (apfir)

Si 6.16 6.18 6.14 6.18 6.15 6.35 6.14 6.14 6.17 6.15 6.19 6.20 6.43
AlY 1.84 1.82 1.86 1.82 1.85 1.65 1.86 1.86 1.83 1.85 1.81 1.80 1.57
T 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ti 0.30 0.35 0.35 0.29 0.42 0.33 0.33 0.41 0.30 0.35 0.32 0.33 0.24
Al 2.05 1.96 2.04 2.03 2.03 1.83 2.18 2.05 2.05 2.00 2.06 1.99 1.80
AV 0.21 0.14 0.18 0.22 0.18 0.18 0.32 0.19 0.22 0.15 0.25 0.19 0.23
Fe 1.39 1.73 1.70 1.39 1.65 1.54 1.50 1.69 1.63 1.78 1.49 1.77 1.24
Fe** 0.43 0.56 0.54 0.53 0.32 0.36 0.15 0.09 0.45 0.60 0.42 0.55 0.44
Mg 3.09 2.76 2.74 3.08 2.73 293 2.83 2.68 2.82 2.68 291 2.68 3.27
Ca 1.84 1.74 1.75 1.81 1.78 1.79 1.78 1.76 1.80 1.76 1.81 1.75 1.79
Mn 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.01
Fe? 0.96 1.17 1.16 0.86 1.33 1.18 1.36 1.61 1.18 1.18 1.08 1.23 0.80
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Na 0.75 0.77 0.78 0.71 0.80 0.72 0.76 0.76 0.80 0.72 0.74 0.75 0.68
K 0.18 0.16 0.15 0.16 0.16 0.15 0.14 0.16 0.17 0.15 0.14 0.17 0.15
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
(6] 22.8 227 22.7 22.7 22.8 22.8 22.8 22.8 22.8 22.7 22.8 22.7 22.8
Mg/(Mg+Fe*") 0.76 0.70 0.70 0.78 0.67 0.71 0.68 0.63 0.70 0.69 0.73 0.69 0.80
Species M M M M M M P P M M M M M

Empirical formula is calculated on the basis of T+C=13.
Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite

Species: M - magnesiohastingsite; P - pargasite

BDL: below detection limit

apfu: atoms per formula unit
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Table S1 (continued): Representative compositions of amphibole.

Sample UBIA UBIA UBIA UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB
Petrographic type TD TD TD BTA BTA BTA BTA BTA BTA BTA BTA BTA BTA
Sio, 41.8 39.9 41.1 39.9 40.0 40.6 40.1 39.8 40.0 40.5 39.8 40.3 40.2
TiO, 2.82 3.14 2.90 2.98 3.16 3.19 2.39 2.78 2.84 2.92 2.80 2.97 2.95
AlLO; 11.5 13.5 13.8 13.9 13.7 13.0 13.2 12.9 13.5 13.6 14.2 12.9 13.8
MgO 12.9 14.0 15.7 12.9 12.0 12.1 11.9 11.0 11.4 11.8 12.9 11.8 12.8
CaO 11.1 11.8 12.2 12.1 11.8 11.8 11.8 11.8 11.6 11.9 12.3 11.8 12.1

MnO 0.28 0.13 <BDL 0.13 0.17 0.13 0.22 0.27 0.24 0.19 0.15 0.18 0.13
FeO 13.5 10.1 7.39 11.3 12.8 12.8 13.3 14.6 14.1 13.6 10.7 13.4 11.1

BaO <BDL <BDL <BDL <BDL 0.06 <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
Na,O 2.29 2.47 2.55 2.57 2.38 2.65 2.60 2.58 2.50 2.82 2.36 2.50 2.44
K,0 0.88 1.05 1.24 1.10 1.18 1.12 1.12 1.12 1.10 1.09 1.22 1.08 1.08
H,0 2.04 2.02 2.05 2.01 2.01 2.00 1.99 1.98 2.00 2.02 2.00 1.99 2.01

Total 99.4 98.4 99.1 98.9 99.4 99.3 98.7 98.9 99.5 100.6 98.7 98.9 98.8
Empirical formula (apfu)

Si 6.15 5.92 6.00 5.95 5.96 6.07 6.04 6.05 5.98 6.00 5.96 6.06 6.00
ALY 1.85 2.08 2.00 2.05 2.04 1.93 1.96 1.95 2.02 2.00 2.04 1.94 2.00
2T 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ti 0.31 0.35 0.32 0.33 0.35 0.36 0.27 0.32 0.32 0.32 0.31 0.34 0.33
Al 2.00 2.36 2.37 2.44 2.41 2.28 2.34 2.30 2.38 2.38 2.51 2.29 2.42
AV 0.15 0.28 0.37 0.39 0.37 0.35 0.37 0.34 0.36 0.38 0.47 0.34 0.42
Fe' 1.66 1.26 0.90 1.41 1.59 1.60 1.68 1.85 1.76 1.68 1.34 1.68 1.39
Fe’* 0.74 0.45 0.23 0.18 0.25 0.11 0.04 0.00 0.35 0.00 0.00 0.18 0.12
Mg 2.84 3.10 3.41 2.87 2.68 2.69 2.68 2.49 2.55 2.62 2.87 2.64 2.86
Ca 1.76 1.87 1.91 1.93 1.89 1.89 1.90 1.91 1.86 1.89 1.98 1.91 1.94
Mn 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe** 0.92 0.81 0.68 1.23 1.34 1.48 1.64 1.85 1.41 1.68 1.34 1.50 1.27
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.65 0.71 0.72 0.74 0.69 0.77 0.76 0.76 0.73 0.81 0.69 0.73 0.71

K 0.17 0.20 0.23 0.21 0.22 0.21 0.22 0.22 0.21 0.21 0.23 0.21 0.20
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
(¢} 22.6 22.8 22.9 229 229 22.9 22.9 22.9 22.8 22.9 23.0 229 22.9
Mg/(Mg+Fe*") 0.75 0.79 0.83 0.70 0.67 0.64 0.62 0.57 0.64 0.61 0.68 0.64 0.69
Species M M P P P P P P P P P P P

Empirical formula is calculated on the basis of T+C=13.

Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite
Species: M - magnesiohastingsite; P - pargasite

BDL: below detection limit

apfu: atoms per formula unit
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Table S1 (continued): Representative compositions of amphibole.

Sample UBIB UB1IB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UB2 UB2 UB2
Petrographic type BTA BTA BTA BTA BTA BTA BTA BTA BTA BTA BA BA BA

Sio, 40.8 40.3 40.2 41.3 40.1 40.4 40.3 39.2 39.1 40.2 39.5 39.4 40.5
TiO, 2.98 3.62 2.96 2.99 2.77 2.54 2.56 3.15 3.09 3.00 2.90 2.49 3.00
ALO, 12.0 134 13.6 11.7 12.6 14.7 14.9 13.8 144 13.7 14.2 14.3 14.3
MgO 11.8 12.8 12.1 11.3 10.9 14.6 14.6 12.3 11.0 12.7 12.6 11.8 13.9
CaO 11.6 11.9 11.8 11.1 11.5 12.4 12.4 11.9 11.8 12.0 12.2 12.1 12.7
MnO 0.32 <BDL 0.11 0.38 0.23 <BDL 0.10 0.15 0.21 0.15 0.11 0.14 <BDL
FeO 13.9 10.9 12.6 14.8 14.7 8.37 8.18 11.9 14.3 11.5 11.3 13.0 9.75
BaO <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL 0.06 <BDL <BDL <BDL
Na,O 2.88 2.40 245 2.62 2.47 2.41 2.38 2.33 2.53 2.75 2.31 2.58 2.72
K,0 1.10 0.99 1.11 1.04 1.14 1.20 1.31 1.10 1.10 1.20 1.35 1.35 1.28
H,0 1.99 2.01 2.01 2.00 1.98 2.04 2.04 1.99 2.00 2.01 2.00 2.00 2.04
Total 99.5 98.4 98.9 99.3 98.6 98.9 99.0 98.0 99.6 99.3 98.6 99.3 100.3
Empirical formula (apfir)

Si 6.14 6.02 6.00 6.21 6.08 5.94 5.92 5.92 5.86 5.99 5.92 591 5.94
Al 1.86 1.98 2.00 1.79 1.92 2.06 2.08 2.08 2.14 2.01 2.08 2.09 2.06
2T 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ti 0.34 0.41 0.33 0.34 0.32 0.28 0.28 0.36 0.35 0.34 0.33 0.28 0.33
Al 2.13 2.35 2.40 2.07 2.26 2.55 2.59 2.46 2.54 241 2.51 2.52 2.48
AV 0.27 0.38 0.40 0.28 0.34 0.49 0.51 0.38 0.40 0.40 0.43 0.43 0.42
Fe' 1.75 1.37 1.57 1.86 1.87 1.03 1.01 1.50 1.79 1.44 1.41 1.63 1.20
Fe’* 0.00 0.09 0.23 0.30 0.27 0.21 0.00 0.23 0.31 0.06 0.16 0.17 0.00
Mg 2.64 2.85 2.69 2.52 2.47 3.20 3.20 2.76 2.46 2.82 2.81 2.64 3.05
Ca 1.87 1.90 1.89 1.79 1.86 1.95 1.95 1.93 1.90 1.92 1.95 1.95 1.99
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00
Fe?* 1.75 1.27 1.34 1.56 1.59 0.82 1.01 1.28 1.48 1.38 1.26 1.46 1.20
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.84 0.70 0.71 0.76 0.73 0.69 0.68 0.68 0.73 0.79 0.67 0.75 0.77
K 0.21 0.19 0.21 0.20 0.22 0.22 0.25 0.21 0.21 0.23 0.26 0.26 0.24
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
(¢} 23.0 23.0 229 22.9 22.9 22.9 22.9 22.9 22.8 23.0 22.9 229 23.0
Mg/(Mg+Fe?") 0.60 0.69 0.67 0.62 0.61 0.80 0.76 0.68 0.62 0.67 0.69 0.64 0.72
Species P P P M P P P P P P P P P

Empirical formula is calculated on the basis of T+C=13.

Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite
Species: M - magnesiohastingsite; P - pargasite

BDL: below detection limit

apfu: atoms per formula unit
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KRMICEK, ULRYCH, SISKOVA, KRMICKOVA, SPACEK and KRIZOVA

Sample UB2 UB2 UB2 UB3 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4
Petrographic type BA BA BA TB TA TA TA TA TA TA TA TA TA
SiO, 39.8 39.9 38.4 40.0 40.1 41.0 40.7 39.4 40.1 38.6 40.4 40.0 40.6
TiO, 2.54 2.51 2.55 4.00 2.82 2.51 2.60 2.66 2.67 2.70 2.50 2.58 2.55
AL O, 14.7 14.6 15.9 13.3 12.4 13.3 13.8 13.4 11.9 14.4 13.8 12.3 12.3
MgO 14.5 14.6 13.0 13.1 11.0 13.8 13.2 11.1 10.9 11.6 14.3 11.2 11.7
CaO 12.4 12.3 12.6 11.9 11.6 12.0 12.1 11.8 11.4 11.7 12.1 11.7 11.7
MnO 0.14 <BDL 0.10 0.15 0.36 0.14 <BDL 0.21 0.42 0.22 0.14 0.37 0.31
FeO 8.82 9.04 11.1 11.2 15.7 10.9 11.8 14.2 15.0 13.1 9.4 15.2 14.2
BaO <BDL 0.04 <BDL <BDL <BDL <BDL 0.06 <BDL <BDL <BDL <BDL 0.08 <BDL
Na,O 2.38 2.42 2.35 2.63 2.46 2.55 2.54 2.63 2.53 2.78 2.54 2.39 2.55
K,0 1.41 1.50 1.34 0.81 1.28 0.93 0.98 1.08 1.42 0.98 1.05 1.35 1.28
H,0 2.03 2.04 2.03 2.02 1.99 2.04 2.04 1.98 1.96 1.98 2.02 1.98 1.99
Total 98.8 99.1 99.6 99.4 99.8 99.2 99.9 98.6 98.5 98.2 98.2 99.2 99.3
Empirical formula (apfir)

Si 5.88 5.87 5.69 5.94 6.04 6.03 5.98 5.99 6.14 5.85 5.99 6.05 6.11
AlY 2.12 2.13 2.31 2.06 1.96 1.97 2.02 2.01 1.86 2.15 2.01 1.95 1.89
T 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ti 0.28 0.28 0.28 0.45 0.32 0.28 0.29 0.30 0.31 0.31 0.28 0.29 0.29
Al 2.55 2.53 2.77 2.33 221 2.31 2.39 2.40 2.15 2.57 2.41 2.20 2.19
AV 0.43 0.40 0.46 0.27 0.25 0.34 0.37 0.39 0.28 0.42 0.40 0.25 0.30
Fe' 1.09 1.11 1.38 1.39 1.98 1.35 1.45 1.80 1.92 1.66 1.16 1.93 1.79
Fe** 0.25 0.30 0.12 0.00 0.37 0.38 0.36 0.21 0.20 0.00 0.29 0.35 0.25
Mg 3.18 3.21 2.87 2.90 2.46 3.03 2.89 2.51 2.49 2.61 3.16 2.53 2.62
Ca 1.97 1.95 1.99 1.90 1.87 1.89 1.90 1.91 1.87 1.91 1.92 1.90 1.89
Mn 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 0.84 0.81 1.26 1.39 1.61 0.97 1.09 1.59 1.73 1.67 0.87 1.58 1.54
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.68 0.69 0.67 0.76 0.72 0.73 0.72 0.77 0.75 0.82 0.73 0.70 0.74
K 0.27 0.28 0.25 0.15 0.25 0.17 0.18 0.21 0.28 0.19 0.20 0.26 0.25
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
O 229 22.9 229 229 22.8 22.8 22.8 229 22.9 229 22.9 22.8 229
Mg/(Mg+Fe*") 0.79 0.80 0.70 0.68 0.60 0.76 0.73 0.61 0.59 0.61 0.78 0.62 0.63
Species P P P P M M P P P P P M P

Empirical formula is calculated on the basis of T+C=13.
Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite

Species: M - magnesiohastingsite; P - pargasite
BDL: below detection limit

apfu: atoms per formula unit
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Table S1 (continued): Representative compositions of amphibole.

Sample UB4 UB4 UB4 UB4 UB7 UB7 UB7 UB7 UB7 UB7 UB7 UB7 UB7 UB7
Petrographic type TA TA TA TA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA
Sio, 41.3 39.1 40.2 40.7 40.1 40.8 40.7 40.8 40.6 40.5 40.3 39.9 40.6 40.9
TiO, 2.57 2.77 2.58 2.52 3.44 3.51 3.54 3.66 3.50 3.48 3.29 3.55 3.50 3.51
AlLO, 12.5 12.8 14.0 12.9 13.5 12.8 13.8 13.1 12.9 12.7 13.4 13.0 13.6 12.5
MgO 13.7 10.9 13.0 13.2 129 13.7 14.4 13.8 132 13.3 13.0 12.6 12.7 13.3
CaO 11.9 11.7 11.9 11.7 11.5 12.0 123 12.0 11.7 11.8 11.5 11.7 11.8 11.6
MnO 0.11 0.25 0.20 0.18 <BDL 0.12 <BDL 0.14 0.16 0.12 0.13 0.13 0.17 0.10
FeO 10.2 153 11.5 11.2 12.0 10.7 9.3 10.8 11.2 11.3 11.7 12.8 12.3 12.0
BaO <BDL <BDL 0.06 <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
Na,O 2.54 2.59 2.52 2.58 2.00 2.00 2.02 2.09 2.04 2.06 1.99 2.05 1.97 2.03
K,0 1.01 1.08 0.98 0.89 0.85 0.89 0.92 0.91 0.84 0.76 0.85 0.87 0.89 0.80
H,0 2.01 1.97 2.02 2.00 2.03 2.03 2.05 2.04 2.02 2.01 2.03 2.01 2.04 2.03
Total 97.8 98.5 99.0 98.0 98.4 98.7 99.2 99.3 98.3 98.0 98.4 98.7 99.7 98.8
Empirical formula (apfir)

Si 6.17 5.96 5.97 6.09 5.93 6.03 5.95 5.98 6.03 6.03 5.96 5.94 5.96 6.03
AlY 1.83 2.04 2.03 1.91 2.07 1.97 2.05 2.02 1.97 1.97 2.04 2.06 2.04 1.97
T 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ti 0.29 0.32 0.29 0.28 0.38 0.39 0.39 0.40 0.39 0.39 0.37 0.40 0.39 0.39
Al 2.20 2.30 2.44 2.27 235 2.23 2.38 2.26 2.26 2.22 2.34 2.28 2.35 2.17
AV 0.38 0.26 0.41 0.37 0.29 0.27 0.33 0.25 0.29 0.25 0.31 0.22 0.31 0.20
Fe' 1.27 1.95 1.42 1.40 1.49 1.32 1.13 1.32 1.39 1.40 1.45 1.59 1.51 1.48
Fe’* 0.15 0.34 0.32 0.29 0.63 0.37 0.34 0.42 0.45 0.44 0.61 0.55 0.50 0.60
Mg 3.06 2.47 2.87 2.95 2.84 3.02 3.15 3.03 2.93 2.96 2.88 2.79 2.79 2.93
Ca 1.90 1.91 1.90 1.88 1.82 1.90 1.92 1.89 1.86 1.88 1.83 1.87 1.86 1.83
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 1.13 1.61 1.10 1.10 0.86 0.96 0.79 0.90 0.94 0.96 0.84 1.04 1.02 0.88
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.74 0.77 0.72 0.75 0.57 0.57 0.57 0.59 0.59 0.60 0.57 0.59 0.56 0.58
K 0.19 0.21 0.19 0.17 0.16 0.17 0.17 0.17 0.16 0.15 0.16 0.16 0.17 0.15
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
(6] 22.9 22.8 22.8 229 22.7 22.8 22.8 22.8 22.8 22.8 22.7 22.7 22.8 22.7
Mg/(Mg+Fe?) 0.73 0.61 0.72 0.73 0.77 0.76 0.80 0.77 0.76 0.75 0.77 0.73 0.73 0.77
Species P M P P M M M M M M M M M M

Empirical formula is calculated on the basis of T+C=13.

Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite

Species: M - magnesiohastingsite; P - pargasite
BDL: below detection limit

apfu: atoms per formula unit
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vi KRMICEK, ULRYCH, SISKOVA, KRMICKOVA, SPACEK and KRIZOVA

Table S2: Representative compositions of clinopyroxene.

Sample UB1B UB2 UB2 UB2 UB2 UB2 UB2 UB2 UB2 UB2 UB3 UB3 UB3
Petrographic type BTA BA BA BA-C BA-R BA-C BA-R BA BA BA TB TB-PR TB-PR
Sio, 49.0 51.8 49.9 50.4 48.5 52.2 46.6 50.1 48.9 50.1 50.6 47.1 47.0
TiO, 1.10 0.51 0.89 0.66 0.92 0.42 2.06 0.97 0.66 1.01 0.80 1.67 1.72
ALO, 6.13 3.25 5.08 425 5.8 2.6 7.01 3.57 4.87 3.31 3.56 6.92 6.90
MgO 13.8 15.8 14.4 15.1 13.4 16.1 11.9 13.7 11.3 13.6 14.7 12.7 12.5
CaO 23.1 24.1 23.7 23.6 23.2 23.7 22.4 22.6 22.5 22.3 21.8 21.7 21.6
MnO 0.11 <BDL <BDL 0.11 0.19 0.12 0.24 0.26 0.29 0.18 0.16 0.16 0.18
FeO 5.38 421 5.31 4.84 6.6 4.08 9.43 8.52 10.8 8.48 7.75 8.64 8.66
Na,O 0.49 0.28 0.33 0.30 0.36 0.21 0.44 0.36 0.75 0.28 0.50 0.64 0.44
Total 99.2 99.9 99.6 99.3 99.1 99.5 100.1 100.0 100.1 99.3 99.8 99.5 99.1
Empirical formula (apfir)

Si 1.83 1.90 1.85 1.87 1.82 1.92 1.76 1.87 1.85 1.89 1.88 1.78 1.78
AlY 0.17 0.10 0.15 0.13 0.18 0.08 0.24 0.13 0.15 0.11 0.12 0.22 0.22
=T 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ti 0.03 0.01 0.02 0.02 0.03 0.01 0.06 0.03 0.02 0.03 0.02 0.05 0.05
Al 0.27 0.14 0.22 0.19 0.26 0.11 0.31 0.16 0.22 0.15 0.16 0.31 0.31
A 0.10 0.04 0.07 0.06 0.08 0.04 0.07 0.03 0.07 0.03 0.04 0.08 0.09
Fe' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe’* 0.07 0.07 0.08 0.08 0.10 0.05 0.12 0.10 0.14 0.07 0.10 0.13 0.10
Mg 0.77 0.86 0.80 0.84 0.75 0.89 0.67 0.77 0.64 0.77 0.81 0.71 0.70
Ca 0.92 0.95 0.94 0.94 0.94 0.94 0.91 0.91 0.91 0.90 0.87 0.88 0.88
Mn 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe? 0.09 0.06 0.09 0.07 0.10 0.08 0.17 0.17 0.20 0.20 0.14 0.14 0.18
Na 0.04 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.06 0.02 0.04 0.05 0.03
(¢} 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Fe/(Fe+Mg)* 0.18 0.13 0.17 0.16 0.22 0.13 0.32 0.27 0.36 0.26 0.23 0.28 0.29
Species D D D D D D D D D D A A A

Empirical formula is calculated on the basis of O=6.
* Fe=Fe“'+Mn

Petrographic type: BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite, BAA — basaltic andesite; PR — prismatic
sector, PY — pyramidal sector, C — core, R — rim

Species: D — diopside; A — augite
BDL: below detection limit

apfu: atoms per formula unit
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MIOCENE BASALT-TRACHYTE ASSOCIATION BETWEEN THE CARPATHIANS AND BOHEMIAN MASSIF

Table S2 (continued): Representative compositions of clinopyroxene.

vii

Sample UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB4 UB4
Petrographic type TB-PY TB-PY TB TB TB TB TB TB TB TB-C TB-R TA-C TA-R
Sio, 50.8 52.0 47.9 50.2 50.8 50.7 49.1 52.6 50.6 51.9 48.3 51.1 49.8
TiO, 1.58 0.31 1.44 0.81 0.84 0.74 1.12 0.48 0.81 0.49 1.26 0.29 0.70
ALO, 2.61 0.16 6.47 3.58 4.47 3.42 5.29 0.94 3.70 2.75 5.74 2.04 3.00
MgO 14.8 12.3 13.0 14.4 14.4 14.6 13.3 14.8 14.6 15.8 13.3 12.0 11.1
CaO 22.4 21.5 22.1 21.7 22.3 21.9 22.1 22.4 22.0 23.2 22.3 22.7 22.8
MnO 0.20 0.37 0.22 0.22 0.20 0.18 0.23 0.31 0.19 0.11 0.20 0.70 0.74
FeO 7.60 12.5 7.90 7.63 7.31 7.61 7.96 8.00 7.15 4.60 7.95 9.93 10.7
Na,O 0.45 0.48 0.53 0.50 0.40 0.39 0.43 0.33 0.42 0.29 0.48 0.88 0.73
Total 100.4 99.7 99.6 99.1 100.8 99.6 99.5 99.9 99.5 99.1 99.5 99.7 99.6
Empirical formula (apfir)

Si 1.89 1.98 1.80 1.89 1.87 1.89 1.84 1.96 1.89 1.92 1.82 1.94 1.90
AlY 0.11 0.01 0.20 0.11 0.13 0.11 0.16 0.04 0.11 0.08 0.18 0.06 0.10
=T 2.00 1.99 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ti 0.04 0.01 0.04 0.02 0.02 0.02 0.03 0.01 0.02 0.01 0.04 0.01 0.02
Al 0.11 0.01 0.29 0.16 0.19 0.15 0.23 0.04 0.16 0.12 0.25 0.09 0.13
AV 0.00 0.00 0.09 0.04 0.07 0.04 0.07 0.00 0.05 0.04 0.07 0.03 0.04
Fe' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe’* 0.08 0.07 0.11 0.09 0.07 0.07 0.08 0.05 0.07 0.04 0.12 0.12 0.12
Mg 0.82 0.70 0.73 0.81 0.79 0.81 0.74 0.82 0.81 0.87 0.75 0.68 0.63
Ca 0.89 0.88 0.89 0.87 0.88 0.87 0.89 0.90 0.88 0.92 0.90 0.92 0.93
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.02
Fe? 0.15 0.33 0.14 0.15 0.16 0.17 0.17 0.20 0.15 0.10 0.13 0.20 0.23
Na 0.03 0.04 0.04 0.04 0.03 0.03 0.03 0.02 0.03 0.02 0.04 0.06 0.05
(¢} 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Fe/(Fe+Mg)* 0.23 0.37 0.26 0.24 0.23 0.23 0.26 0.24 0.22 0.14 0.26 0.34 0.37
Species D A D A D A D D D D D D D

Empirical formula is calculated on the basis of O=6.
* Fe=Fe“'+Mn

Petrographic type: BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite, BAA — basaltic andesite; PR — prismatic

sector, PY — pyramidal sector, C — core, R — rim

Species: D — diopside; A — augite
BDL: below detection limit

apfu: atoms per formula unit
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viii KRMICEK, ULRYCH, SISKOVA, KRMICKOVA, SPACEK and KRIZOVA

Table S2 (continued): Representative compositions of clinopyroxene.

Sample UB4 UB4 UB4 UB7 UB7 UB7 UB7
Petrographic type TA TA TA BAA BAA-C BAA.R BAA-R
SiO, 48.2 50.6 50.3 48.5 51.5 51.1 50.9
TiO, 1.07 0.47 0.61 1.49 0.73 0.70 0.87
ALO, 4.80 2.66 3.19 5.45 2.93 2.82 3.13
MgO 10.0 11.3 12.0 13.5 15.2 14.8 14.5
CaO 222 22.5 22.7 22.1 22.0 21.6 21.9
MnO 0.61 0.68 0.42 0.23 0.22 0.22 0.14
FeO 12.1 10.4 9.75 7.87 7.47 7.76 7.41
Na,O 0.95 0.76 0.59 0.28 0.23 0.20 0.22
Total 100.0 99.4 99.5 99.4 100.3 99.2 99.1
Empirical formula (apfir)

Si 1.84 1.93 1.90 1.82 1.90 1.91 1.91
AlY 0.16 0.07 0.10 0.18 0.10 0.09 0.09
T 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ti 0.03 0.01 0.02 0.04 0.02 0.02 0.02
Al 0.22 0.12 0.14 0.24 0.13 0.12 0.14
AV 0.06 0.05 0.05 0.06 0.03 0.04 0.04
Fet 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe’* 0.15 0.09 0.08 0.08 0.06 0.04 0.03
Mg 0.57 0.64 0.68 0.76 0.84 0.83 0.81
Ca 0.91 0.92 0.92 0.89 0.87 0.86 0.88
Mn 0.02 0.02 0.01 0.01 0.01 0.01 0.00
Fe?* 0.24 0.24 0.22 0.17 0.17 0.20 0.21
Na 0.07 0.06 0.04 0.02 0.02 0.01 0.02
O 6.00 6.00 6.00 6.00 6.00 6.00 6.00
Fe/(Fe+Mg)* 0.43 0.36 0.33 0.25 0.22 0.23 0.23
Species D D D D A A A

Empirical formula is calculated on the basis of O=6.

* Fe=Fe"'+Mn

Petrographic type: BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA —
trachyandesite, BAA — basaltic andesite; PR — prismatic sector, PY — pyramidal sector,

C — core, R — rim

Species: D — diopside; A — augite

BDL: below detection limit

apfu: atoms per formula unit
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MIOCENE BASALT-TRACHYTE ASSOCIATION BETWEEN THE CARPATHIANS AND BOHEMIAN MASSIF ix

Table S3: Representative compositions of dark mica.

Sample UBIA UBI1A UBIA UBIA UBIA UBIA UBIA UBIA
Petrographic type TD TD TD TD TD TD TD TD
Sio, 359 36.5 36.1 36.7 36.4 35.8 36.4 36.3
TiO, 4.65 4.55 431 4.52 4.65 4.68 4.54 4.65
AL O, 14.5 14.6 15.0 14.4 14.8 14.5 14.6 14.6
MgO 14.0 14.2 13.7 14.2 14.0 14.2 14.3 14.3
MnO 0.18 0.14 0.14 0.16 0.15 0.11 0.21 0.20
FeO 15.3 15.7 17.3 15.6 15.8 15.5 15.8 159
BaO 0.93 0.79 0.71 0.83 0.95 0.82 0.81 0.87
Na,O 0.92 1.03 0.69 0.81 0.83 0.78 0.82 0.71
K,0 8.73 8.65 8.3 8.65 8.56 8.53 8.62 8.69
H,0 3.96 4.01 3.99 4.00 4.00 3.95 4.00 3.99
Total 99.1 100.2 100.3 99.9 100.2 98.9 100.1 100.0
Empirical formula (apfis)

Si 2.72 2.74 2.70 2.75 2.73 2.71 2.73 2.72
AlY 1.28 1.26 1.30 1.25 1.27 1.29 1.27 1.28
T 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ti 0.27 0.26 0.24 0.26 0.26 0.27 0.26 0.26
Al 1.29 1.29 1.32 1.27 1.31 1.30 1.29 1.29
A 0.02 0.02 0.03 0.03 0.03 0.01 0.02 0.01
Mg 1.58 1.58 1.52 1.59 1.56 1.60 1.60 1.60
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe™ 0.97 0.98 1.08 0.98 0.99 0.99 0.99 1.00
Ba 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.03
Na 0.14 0.15 0.10 0.12 0.12 0.11 0.12 0.10
K 0.84 0.83 0.79 0.83 0.82 0.83 0.82 0.83
OH 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
o 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Mg/(Mg + Fe') 0.62 0.62 0.59 0.62 0.61 0.62 0.62 0.62
Species B B B B B B B B

Empirical formula is calculated on the basis of O=11.
Petrographic type: TD — trachydacite

Species: B — biotite

apfu: atoms per formula unit
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KRMICEK, ULRYCH, SISKOVA, KRMICKOVA, SPACEK and KRIZOVA

Table S4: Representative compositions of feldspar.

Sample UBIA UBIA UBIA UBIA UBIA UBIA UBIA UBIA ©UBIA UBIA UBIA UBIA UBIB
Petrographic type TD TD TD TD TD TD TD D TD D TD TD BTA
SiO, 54.8 56.3 58.4 56.2 57.7 52.7 54.0 55.3 54.2 53.6 56.4 57.9 56.7
AL O, 27.8 27.0 25.6 27.1 26.5 29.6 28.7 28.0 28.5 29.5 26.9 26.3 26.8
MgO <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
CaO 10.4 8.95 7.49 9.17 8.12 12.0 10.8 9.50 10.9 11.4 8.92 7.88 9.46
FeO 0.32 0.34 0.38 0.41 0.34 0.36 0.39 0.32 0.34 0.30 0.36 0.30 0.31
BaO <BDL 0.08 <BDL 0.08 <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
Na,O 5.78 6.33 7.31 6.26 6.90 4.67 5.37 6.07 5.37 5.09 6.51 6.95 6.13
K,0 0.38 0.48 0.62 0.44 0.58 0.26 0.33 0.45 0.30 0.31 0.49 0.60 0.55
Total 99.4 99.4 99.8 99.6 100.1 99.5 99.6 99.7 99.7 100.2 99.6 100.0 99.9
Empirical formula (apfir)

Si 2.49 2.56 2.66 2.55 2.62 2.40 2.46 2.52 2.47 2.44 2.57 2.63 2.58
Al 1.49 1.45 1.37 1.45 1.42 1.58 1.54 1.50 1.53 1.58 1.44 1.41 1.44
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.51 0.44 0.37 0.45 0.40 0.58 0.52 0.46 0.53 0.56 0.43 0.38 0.46
Fe 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.51 0.56 0.64 0.55 0.61 0.41 0.47 0.54 0.47 0.45 0.57 0.61 0.54
K 0.02 0.03 0.04 0.03 0.03 0.02 0.02 0.03 0.02 0.02 0.03 0.03 0.03
O 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 2.1 2.7 34 2.5 32 1.5 1.9 2.5 1.7 1.8 2.7 34 3.1
Ab 49.1 54.6 61.7 539 58.6 40.8 46.6 523 46.3 439 55.3 59.4 52.3
An 48.8 42.7 349 43.6 38.1 57.7 51.5 452 52.0 54.4 41.9 37.2 44.6
Sample UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB UBIB
Petrographic type BTA BTA BTA BTA BTA BTA BTA BTA BTA BTA BTA BTA BTA
SiO, 54.3 53.9 54.0 54.1 57.1 53.1 46.9 54.4 52.8 45.7 50.5 53.3 54.5
AlLO, 28.8 28.1 28.2 27.8 25.8 28.6 32.6 28.0 29.2 34.0 30.7 29.0 27.7
MgO <BDL <BDL <BDL <BDL <BDL 0.06 <BDL <BDL <BDL <BDL <BDL <BDL <BDL
CaO 11.5 11.3 11.6 11.1 8.6 12.1 16.8 11.0 11.9 17.6 14.3 12.1 10.9
FeO 0.44 0.36 0.43 0.33 0.49 0.46 0.45 0.64 0.56 0.51 0.48 0.43 0.46
BaO <BDL <BDL <BDL <BDL 0.185 <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
Na,O 4.94 5.00 5.12 5.26 6.49 4.87 1.98 5.34 4.78 1.58 3.48 4.67 5.27
K,O0 0.39 0.38 0.42 0.39 0.65 0.28 0.10 0.58 0.37 0.06 0.20 0.34 0.42
Total 99.3 100.3 100.0 99.6 98.8 100.1 100.3 99.7 100.5 100.0 100.4 99.1 99.7
Empirical formula (apfir)

Si 2.47 245 2.46 2.46 2.60 2.41 2.13 2.47 2.40 2.08 2.30 2.43 2.48
Al 1.55 1.51 1.51 1.49 1.38 1.53 1.75 1.50 1.56 1.82 1.65 1.55 1.49
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.56 0.55 0.57 0.54 0.42 0.59 0.82 0.54 0.58 0.86 0.70 0.59 0.53
Fe 0.02 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.44 0.44 0.45 0.46 0.57 0.43 0.17 0.47 0.42 0.14 0.31 0.41 0.47
K 0.02 0.02 0.02 0.02 0.04 0.02 0.01 0.03 0.02 0.00 0.01 0.02 0.02
(¢} 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 2.2 2.2 23 2.2 3.7 1.6 0.6 32 2.1 0.3 1.1 2.0 24
Ab 42.7 435 433 452 55.6 41.5 17.5 453 41.1 13.9 30.3 40.3 45.6
An 55.1 54.3 54.4 52.6 40.7 57.0 82.0 51.5 56.8 85.7 68.6 57.8 52.0

Empirical formula is calculated on the basis of O=8.

Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite
BDL: below detection limit

apfu: atoms per formula unit
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MIOCENE BASALT-TRACHYTE ASSOCIATION BETWEEN THE CARPATHIANS AND BOHEMIAN MASSIF xi
Table S4 (continued): Representative compositions of feldspar.
Sample UB1B UB1B UB1B UB1B UB1B UB1B UB1B UB1B UB1B UB2 UB2 UB2 UB2
Petrographic type BTA BTA BTA BTA BTA BTA BTA BTA BTA BA BA BA BA
SiO, 53.1 55.5 52.8 55.2 54.7 46.5 443 53.8 54.8 46.6 459 45.5 49.1
AlLO, 28.7 26.7 29.1 28.0 28.1 33.2 334 28.5 27.4 33.7 33.8 35.2 322
MgO 0.07 <BDL 0.07 0.05 0.05 0.05 <BDL <BDL <BDL <BDL <BDL <BDL <BDL
CaO 12.1 10.1 12.2 10.7 10.8 17.2 18.4 11.6 10.3 16.8 17.1 17.7 14.7
FeO 0.49 0.58 0.57 0.41 0.49 0.39 0.43 0.37 0.41 0.59 0.54 0.45 0.53
BaO <BDL 0.087 <BDL <BDL 0.084 <BDL <BDL 0.078 0.121 <BDL <BDL <BDL <BDL
Na,O 4.53 5.63 4.36 5.45 5.34 1.70 0.90 5.01 5.77 2.05 1.84 1.49 3.23
K,0 0.34 0.50 0.32 0.43 0.46 0.06 0.04 0.36 0.44 0.12 0.09 0.07 0.21
Total 98.9 99.4 99.5 99.0 100.0 99.6 99.5 99.7 99.8 99.3 99.3 99.2 99.5
Empirical formula (apfi)
Si 2.42 2.53 2.40 2.51 2.49 2.12 2.01 2.45 2.49 2.12 2.09 2.07 2.23
Al 1.54 1.43 1.56 1.50 1.51 1.78 1.79 1.53 1.47 1.81 1.81 1.89 1.73
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.59 0.49 0.60 0.52 0.53 0.84 0.90 0.57 0.50 0.82 0.83 0.86 0.72
Fe 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.40 0.50 0.38 0.48 0.47 0.15 0.08 0.44 0.51 0.18 0.16 0.13 0.28
K 0.02 0.03 0.02 0.02 0.03 0.00 0.00 0.02 0.03 0.01 0.01 0.00 0.01
(0] 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 2.0 2.9 1.9 2.4 2.6 0.4 0.2 2.1 2.5 0.7 0.5 0.4 1.2
Ab 39.5 48.8 38.5 46.9 459 15.1 8.1 429 49.1 18.0 16.2 13.2 28.1
An 58.5 48.4 59.7 50.7 51.5 84.6 91.7 55.1 48.5 81.3 83.2 86.4 70.7
Sample UB2 UB2 UB2 UB2 UB2 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3
Petrographic type BA BA BA BA BA TB B TB B TB TB TB TB
Sio, 49.3 45.6 48.4 63.5 49.0 47.7 46.8 47.1 51.1 47.4 51.7 48.0 50.5
AlLO, 31.7 34.1 32.7 20.3 323 32.0 322 324 30.8 324 29.8 333 299
MgO <BDL <BDL <BDL <BDL <BDL 0.07 0.06 0.07 0.09 0.06 0.09 0.05 0.10
CaO 14.5 17.0 15.4 1.52 15.3 16.7 16.9 16.5 14.1 17.1 14.2 16.8 13.8
FeO 0.58 0.48 0.63 0.34 0.65 0.65 0.55 0.62 0.69 0.65 0.70 0.72 0.72
BaO <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL 0.081
Na,O 3.36 1.55 2.76 5.44 3.02 2.46 2.19 2.23 3.60 2.13 3.64 2.38 3.81
K,O0 0.23 0.10 0.16 8.52 0.15 0.10 0.08 0.10 0.20 0.08 0.21 0.12 0.26
Total 100.2 100.0 99.2 99.8 99.3 99.8 98.8 99.1 100.6 99.9 100.4 101.4 99.1
Empirical formula (apfir)
Si 2.24 2.07 2.20 2.89 2.23 2.17 2.13 2.14 232 2.16 2.35 2.18 2.30
Al 1.70 1.83 1.75 1.09 1.73 1.72 1.73 1.74 1.65 1.74 1.60 1.78 1.60
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01
Ca 0.71 0.83 0.75 0.07 0.74 0.82 0.83 0.81 0.68 0.83 0.69 0.82 0.67
Fe 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.30 0.14 0.24 0.48 0.27 0.22 0.19 0.20 0.32 0.19 0.32 0.21 0.34
K 0.01 0.01 0.01 0.49 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01
O 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 1.3 0.6 0.9 472 0.9 0.6 0.4 0.6 1.1 0.5 1.2 0.7 1.4
Ab 29.2 14.1 243 45.8 26.1 20.9 18.9 19.5 313 18.3 31.2 20.3 329
An 69.5 85.3 74.8 7.1 73.0 78.5 80.7 80.0 67.6 81.3 67.6 79.1 65.7

Empirical formula is calculated on the basis of O=8.

Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite

BDL: below detection limit

apfu: atoms per formula unit

GEOLOGICA CARPATHICA, 2020, 71, 5, 462-482



xii

KRMICEK, ULRYCH, SISKOVA, KRMICKOVA, SPACEK and KRIZOVA

Table S4 (continued): Representative compositions of feldspar.

Sample UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3 UB3
Petrographic type TB TB TB TB TB TB TB TB TB TB TB TB TB
Sio, 472 47.2 47.4 52.0 51.0 48.0 47.4 47.0 46.9 49.6 47.0 46.9 51.4
ALO, 324 329 32.7 28.8 29.6 32.7 32.2 32.7 323 30.7 322 329 30.1
MgO 0.07 <BDL 0.07 0.09 0.11 0.06 0.07 <BDL 0.06 0.07 <BDL 0.05 0.06
CaO 16.9 17.2 16.8 12.9 13.2 16.8 17.0 16.7 17.1 14.5 16.9 17.0 13.5
FeO 0.48 0.52 0.62 0.80 0.84 0.57 0.54 0.54 0.49 0.63 0.58 0.44 0.76
BaO <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
Na,O 2.20 1.92 2.30 4.42 4.09 2.14 2.00 2.27 1.80 3.49 2.09 2.02 4.14
K,0 0.06 0.09 0.10 0.30 0.26 0.09 0.09 0.05 0.07 0.18 0.09 0.10 0.23
Total 99.3 99.7 100.1 99.5 99.1 100.3 99.3 99.2 98.8 99.4 98.8 99.4 100.1
Empirical formula (apfi)

Si 2.15 2.14 2.16 2.37 2.32 2.18 2.16 2.14 2.14 2.26 2.14 2.13 2.34
Al 1.74 1.76 1.75 1.55 1.59 1.75 1.73 1.75 1.73 1.65 1.72 1.76 1.61
Mg 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.82 0.84 0.82 0.63 0.64 0.82 0.83 0.81 0.83 0.71 0.82 0.83 0.66
Fe 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.19 0.17 0.20 0.39 0.36 0.19 0.18 0.20 0.16 0.31 0.18 0.18 0.37
K 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.01
(¢} 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 0.4 0.5 0.6 1.7 1.5 0.5 0.5 0.3 0.4 1.0 0.5 0.6 1.3
Ab 19.0 16.7 19.7 37.5 35.5 18.6 17.4 19.7 15.9 30.1 18.2 17.6 353
An 80.7 82.8 79.7 60.8 63.0 80.9 82.1 80.0 83.7 68.9 81.3 81.9 63.5
Sample UB3 UB3 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4
Petrographic type TB TB TA TA TA TA TA TA TA TA TA TA TA
Sio, 48.2 51.1 53.0 53.3 56.5 57.6 65.5 54.6 54.4 54.1 51.4 57.0 42.8
ALO, 31.8 30.1 28.6 29.0 26.2 26.0 19.5 28.3 28.3 28.3 29.8 26.0 35.7
MgO 0.07 0.11 <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
CaO 15.8 13.8 11.9 11.8 9.11 8.76 0.82 10.5 10.9 11.2 13.2 7.97 18.6
FeO 0.53 0.71 0.41 0.47 0.54 0.53 0.28 0.37 0.41 0.47 0.55 0.66 0.48
BaO <BDL <BDL <BDL <BDL 0.082 0.194 0.821 <BDL 0.093 <BDL <BDL 0.115 <BDL
Na,O 2.75 3.79 4.80 4.88 6.56 6.74 5.88 5.45 5.59 4.89 3.92 6.92 0.95
K,O 0.11 0.19 0.28 0.29 0.58 0.80 7.93 0.43 0.41 0.34 0.25 0.80 0.02
Total 99.3 99.9 99.0 99.8 99.6 100.6 100.8 99.7 100.1 99.3 99.1 99.5 98.6
Empirical formula (apfir)

Si 2.19 2.32 2.41 243 2.57 2.62 2.98 2.48 2.48 2.46 2.34 2.59 1.95
Al 1.70 1.61 1.53 1.55 1.41 1.40 1.05 1.52 1.52 1.52 1.60 1.39 1.91
Mg 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.77 0.67 0.58 0.58 0.44 0.43 0.04 0.51 0.53 0.55 0.64 0.39 0.91
Fe 0.02 0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.03 0.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.24 0.33 0.42 0.43 0.58 0.59 0.52 0.48 0.49 0.43 0.35 0.61 0.08
K 0.01 0.01 0.02 0.02 0.03 0.05 0.46 0.02 0.02 0.02 0.01 0.05 0.00
(¢} 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 0.6 1.1 1.6 1.6 32 4.4 452 2.4 23 2.0 14 4.4 0.1
Ab 23.8 32.8 41.4 42.0 54.8 55.7 50.9 472 47.0 43.2 345 58.4 8.5
An 75.6 66.1 56.9 56.3 42.1 40.0 3.9 50.4 50.7 54.8 64.0 37.2 91.5

Empirical formula is calculated on the basis of O=8.

Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite
BDL: below detection limit

apfu: atoms per formula unit
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Table S4 (continued): Representative compositions of feldspar.

Xiii

Sample UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4
Petrographic type TA TA TA TA TA TA TA TA TA TA TA TA TA
SiO, 55.6 53.1 533 54.8 53.2 53.5 53.8 69.4 53.0 63.5 51.8 53.8 52.9
AL O, 27.6 28.9 28.6 27.8 29.0 28.4 28.7 15.9 28.4 21.8 29.2 29.0 28.6
MgO <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
CaO 9.59 11.3 10.9 10.5 12.2 10.9 11.3 0.35 11.4 3.75 12.4 11.6 12.0
FeO 0.33 0.32 0.49 0.41 1.27 0.39 0.45 0.50 0.43 0.35 0.40 0.48 0.46
BaO <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL 0.084 <BDL <BDL <BDL
Na,O 6.35 5.09 5.25 5.71 4.85 5.31 5.11 4.65 4.96 7.81 4.65 5.12 4.69
K,0 0.43 0.34 0.34 0.38 0.37 0.34 0.32 7.86 0.33 2.83 0.26 0.30 0.29
Total 99.9 99.0 98.8 99.6 100.9 98.9 99.7 98.9 98.5 100.1 98.6 100.3 99.0
Empirical formula (apfir)

Si 2.53 2.41 2.42 2.49 2.42 2.44 2.45 3.16 2.41 2.89 2.36 2.45 2.40
Al 1.48 1.55 1.53 1.49 1.55 1.52 1.54 0.85 1.52 1.17 1.56 1.56 1.53
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.47 0.55 0.53 0.51 0.59 0.53 0.55 0.02 0.55 0.18 0.60 0.57 0.59
Fe 0.01 0.01 0.02 0.02 0.05 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.56 0.45 0.46 0.50 0.43 0.47 0.45 0.41 0.44 0.69 0.41 0.45 0.41
K 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.46 0.02 0.16 0.01 0.02 0.02
O 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 2.4 1.9 2.0 2.1 2.1 1.9 1.8 51.6 1.9 15.8 1.4 1.7 1.7
Ab 53.2 44.1 45.6 48.5 41.0 46.0 44.1 46.5 43.3 66.5 39.9 43.6 40.6
An 44.4 54.0 52.4 49.4 56.9 52.1 54.1 1.9 54.8 17.7 58.6 54.7 57.7
Sample UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4 UB4
Petrographic type TA TA TA TA TA TA TA TA TA TA TA TA TA
SiO, 55.5 53.1 54.1 53.8 55.8 52.2 52.5 54.9 52.9 52.9 53.6 59.0 56.6
AlLO, 26.7 29.1 28.1 28.0 26.5 28.8 29.4 28.0 28.9 28.4 28.1 249 26.1
MgO <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
CaO 9.43 11.6 10.7 11.1 9.44 12.4 12.3 10.2 11.7 11.7 11.1 6.70 8.65
FeO 0.55 0.40 0.41 0.43 0.53 0.46 0.38 0.30 0.53 0.39 0.42 0.54 0.47
BaO 0.124 <BDL <BDL <BDL 0.105 <BDL <BDL <BDL <BDL <BDL <BDL 0.395 0.175
Na,O 5.95 4.96 5.21 5.10 6.00 4.43 4.42 5.69 4.84 4.87 5.28 7.16 6.42
K,O 0.56 0.31 0.35 0.35 0.46 0.31 0.29 0.37 0.27 0.28 0.35 0.71 0.64
Total 98.8 99.5 98.8 98.8 98.9 98.6 99.3 99.5 99.1 98.5 98.9 99.5 99.1
Empirical formula (apfir)

Si 2.52 2.41 2.46 245 2.54 2.37 2.39 2.50 2.41 2.41 2.44 2.69 2.57
Al 1.43 1.56 1.51 1.50 1.42 1.55 1.57 1.50 1.55 1.52 1.51 1.34 1.40
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.46 0.57 0.52 0.54 0.46 0.60 0.60 0.50 0.57 0.57 0.54 0.33 0.42
Fe 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.01 0.02 0.02 0.02
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Na 0.52 0.44 0.46 0.45 0.53 0.39 0.39 0.50 0.43 0.43 0.47 0.63 0.57
K 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.04
O 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 32 1.8 2.0 2.0 2.7 1.8 1.6 2.1 1.5 1.6 2.0 4.1 3.6
Ab 51.6 42.8 459 44.4 52.1 38.6 38.7 49.1 422 423 453 63.2 55.2
An 452 55.4 52.0 53.6 45.3 59.6 59.7 48.8 56.2 56.1 52.7 32.7 41.1

Empirical formula is calculated on the basis of O=8.

Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic andesite
BDL: below detection limit

apfu: atoms per formula unit
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Table S4 (continued): Representative compositions of feldspar.

Sample UB4 UB4 UB7 UB7 UB7 UB7 UB7 UB7 UB7 UB7 UB7 UB7
Petrographic type TA TA BAA BAA BAA BAA BAA BAA BAA BAA BAA BAA
SiO, 46.7 53.3 44.8 45.8 50.1 50.6 44.9 44.7 50.0 46.1 50.3 44.8
AL O, 329 27.9 34.0 33.2 30.6 30.4 34.4 34.6 30.5 33.6 30.1 33.4
MgO <BDL <BDL <BDL 0.05 0.09 0.10 <BDL <BDL 0.12 <BDL 0.13 0.05
CaO 17.2 114 18.5 17.4 14.3 13.9 18.1 18.0 14.2 17.7 14.5 18.3
FeO 0.52 0.48 0.52 0.52 0.53 0.50 0.43 0.42 0.59 0.56 0.50 0.86
BaO <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL <BDL
Na,O 1.65 5.10 0.83 1.42 2.87 3.10 0.97 0.98 3.01 1.25 2.81 1.03
K,0 0.05 0.30 0.05 0.06 0.18 0.18 0.00 0.00 0.20 0.07 0.15 0.06
Total 98.9 98.5 98.8 98.5 98.8 98.9 98.7 98.7 98.5 99.2 98.5 98.5
Empirical formula (apfir)

Si 2.12 2.43 2.04 2.08 2.28 2.30 2.04 2.03 2.27 2.09 2.29 2.04
Al 1.76 1.49 1.82 1.78 1.64 1.63 1.84 1.85 1.63 1.80 1.61 1.79
Mg 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00
Ca 0.84 0.56 0.90 0.85 0.70 0.68 0.88 0.88 0.69 0.86 0.71 0.89
Fe 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.15 0.45 0.07 0.12 0.25 0.27 0.09 0.09 0.27 0.11 0.25 0.09
K 0.00 0.02 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00
O 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Or (mol. %) 0.3 1.7 0.3 0.4 1.1 1.1 0.0 0.0 1.2 0.4 0.9 0.3
Ab 14.8 44.0 7.5 12.8 26.3 28.4 8.8 8.9 27.4 11.3 25.7 9.2
An 84.9 54.3 92.2 86.9 72.6 70.5 91.2 91.1 71.4 88.3 73.4 90.4

Empirical formula is calculated on the basis of O=8.

Petrographic type: TD — trachydacite; BTA — basaltic trachyandesite; BA — basalt; TB — trachybasalt; TA — trachyandesite; BAA — basaltic

andesite

BDL: below detection limit

apfu: atoms per formula unit
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Initial #Sr/%°Sr vs.'*Nd/'*Nd isotope ratios for rocks from the Uhersky Brod area in comparison with result of two-component
mixing between the amphibole-bearing metasome (A) and subcontinental lithospheric mantle (B). Two-component mixing line
was calculated using the Sr—Nd isotope composition and concentration taken from Powell et al. (2014) and Medaris et al. (2009).

References

Medaris Jr. G., Ackerman L., Jelinek E., Toy V., Siebel W. & Tikoff B. 2009: The Sklené garnet peridotite: petrology, geochemistry, and struc-
ture of a mantle-derived boudin in Moldanubian granulite. Journal of Geosciences 54, 301-323.

Powell W., Zhang M., O'Reilly S.Y. & Tiepolo M. 2004: Mantle amphibole trace-element and isotopic signatures trace multiple metasomatic
episodes in lithospheric mantle, western Victoria, Australia. Lithos 75, 141-171.

GEOLOGICA CARPATHICA, 2020, 71, 5, 462-482



