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Geochemistry of the Late Devonian intermediate to acid
metavolcanic rocks from the southern part of the Vrbno Group,
the Jeseniky Mts. (Moravo-Silesian Belt, Bohemian Massif,
Czech Republic): paleotectonic implications
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ABSTRACT: The alkaline intermediate to acid metavolcanic rocks of the southern part of the Vrbno Group (the Jeseniky
Mts., Moravo-Silesian Belt) are interpreted as a within-plate trachyte-rhyolite suite metamorphosed to lower greenschist
facies. Primary volcanics of the Late Devonian age were probably generated by the differentiation of basic melts
geochemically comparable with tholeiitic to mildly alkaline within-plate basalts. The geochemical characteristics of
the rocks studied are considered to indicate lithosphere extension and thinning of the Devonian structure transformed
to the Moravo-Silesian Belt by the Variscan orogeny. Nevertheless, the subduction-related chemical features shown
by some Devonian rocks of the Jeseniky Mts. presumably indicate an arc and back-arc (the latter initiated like an
intracontinental rift) tectonic setting as the most probable for the emplacement of the primary volcanics.
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Introduction

A substantial number of studies have been devoted to
the geochemistry of the Devonian volcanic rocks of the
Jeseniky Mts. during the last three decades, as they were
identified as the host-rocks of several strata-bound base-
metal massive sulfide deposits (e.g. Fojt 1965; Cabla et
al.,, 1979; Pouba and Ilavsky 1986). Early works, limited
to major element geochemistry, regarded the Devonian
volecanic rocks to be a spilite-keratophyre association
(Tomsilk 1959; Fojt 1962, 1966; Barth 1963, 1966; Pouba
1971; Fediuk et al. 1974; Scharm and Kiihn 1975 ete.).
However, subsequent trace element data interpreted the
metabasites as equivalents of some modern basalt types —
ocean-floor tholeiites, transitional types from ccean-island
to continental tholeiites and alkaline within-plate basalts
(Soucek 1978a, 1981; Prichystal 1985; Jedlitka and Pecina
1990) as well as island arc tholeiitic to calc-alkaline
basalts (Cabla et al. 1979; Jakes and Patotka 1982;
Patocka 1987); the same authors chemically characterized
the acid metavolcanics as calc-alkaline and alkaline ig-
neous rocks. Major and minor element geochemistry of the
association comprising alkaline intermediate to acid ex-
trusive rocks, less frequent among the Jeseniky Mts. vol-
canics, was investigated by Patotka and Valenta (1990).

Geologic setting

The Devonian volcano-sedimentary seguence of the

" Jeseniky Mts., the Vrbno Group (Svoboda et al. 1966)
(Fig. 1), is situated in the northern part of the Moravo-
Silesian Belt. The Moravo-Silesian Belt (i.e. the eastern
margin of the Bohemian Massif) is considered to be an
equivalent of the Rheneohercynian Zone (Stille 1951; Engel
et al. 1983; Franke 1989).

The Vrbno Group rocks were intricately folded and
regionally metamorphosed to greenschist facies during
the Sudetic phase of the Variscan orogeny. In the
southern part the Vrbno Group is narrowed to ca. 3 km.
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Fig. 1 A: Position of the Jeseniky Mts., Czech Republic. B: Geological
map of the Jeseniky Mte.; rectangle marks the southern part of
the Vrbno Group, i.e. the Horni Mésto region. 1 — Cenozoic
volcanics, 2 — Cenozoic sediments, 3 — Variscan granites, 4 —
Early Carboniferous sediments, 5 — Devonian volcano-sedimentary
sequence, 6 — amphibolite hodies of Devonian age, 7 — pre-Devonian
metamorphics,
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This volcano-sedimentary sequence experienced three
deformation phases distinguishing the Variscan orogeny
in the whole Jeseniky Mts. region (Orel 1973; Rajlich
1974; Puda and Valenta 1984). The metamorphism of the
Devonian rocks is very weak and may correspond to the
chlorite zone (Soucek 1978b).

In the Horni Mésto area, various types of mus-
covite schists are the dominant rocks in the Vrbne
Group; graphite schists, quartzites and marbles are less
abundant. Metakeratophyres and porphyroids are very
frequent, whereas chlorite schists, spilites and other mafic
metavolcanics are rare (Barth 1966; Fojt 1962, 1966).
All rock types form strongly flattened and elongated
bodies. Gradual transitions among metakeratophyres,
porphyroids and muscovite schists are usual. The
muscovite schists are presumably metamorphosed kerato-
phyre tuffs intercalated with coarser grained pyroclastics,
displaying well-preserved primary features of lapilli tuffs
and agglomerates (Fojt 1962; Valenta et al. 1988).

The volcano-sedimentary sequence in the southern
part of the Vrbno Group (approximately 250 m thick)
represents one of the principal centres of the Devonian
volcanism in the Moravo-Silesian Belt (Barth 1963).
Abundant microfossils found in marble intercalations
(Hladil 1986) indicate that a substantial part of the
volcano-sedimentary sequence was formed between the
end of Givetian and the latest Frasnian (Fig. 2). Barth
(1966) suggested a shallow sea-floor environment for the
keratophyre effusions although Puda and Valenta (1984)
proved that subaerial voleanic activity was dominant over
submarine in this area.
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Fig. 2 Stratigraphy of the Vrbno Group Devonian volcano-sedimentary
sequence in the Horni Mésto area (Valenta et al. 1988). 1 —
calcareous graphitic schists locally containing chert intercalations,
2 — metabasites, 3 — muscovite-carbonate to carbonate-muscovite
schists, 4 — metamorphosed pyroclastics of intermediate and acid
voleanics, 5 — intermediate and acid metavolcanics (metatrachytes
and metarhyolites), 6 — detrital and organodetrital marbles.

In the vicinity of Horni Mésto town a small strata-
bound massive sulfide deposit is situated. The deposit

composes of several lens-shaped ore-bodies that conform
to the host rocks (for the most part keratophyres and
muscovite schists). Principal sulfides are pyrite, sphale-
rite and galena. A volcano-sedimentary origin of the ores
is suggested (e.g. Cabla et al. 1979). The tonnage of the
deposit is estimated as 9 kt Pb and 21 kt Zn (Van&éek et
al. 1985).
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Fig. 3 Metatrachytes (1) and metarhyolites (2) from the southern
part of the Vrbno Group in Nb/Y versus Si0Op (a) and NbyY versus
Zr/Ti0p (b) diagrams after Winchester and Floyd (1977); field of nine
metabasites from the middle part of the Devonian sequence (under-
lying the voleano-sedimentary unit comprising the metatrachytes and
metarhyolites) is outlined (3).

Petrography

In the metakeratophyres and metakeratophyre tuffs the
most abundant mineral components are albite and K-
feldspar (in some cases also Na-orthoclase), forming both
phenocrysts and rock groundmass. The latter, displaying
a trachytic texture, contains also biotite, chlorite, quartz,
stilpnomelane, muscovite and carbonate. The porphyroids
(the term “metarhyolites” is further used according to SiO;



content), and also related pyroclastics, comprise alkali
feldspars and quartz as principal constituents. These
minerals form phenoerysts as well as substantial part
of groundmass, involving muscovite, chlorite, biotite and
carbonate, too. The fluidal texture of the metakera-
tophyres and porphyroids often sustained a low-grade
metamorphism; in the pyroclastics the primary textures
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are also preserved (Barth 1966; Fojt 1966). Considering
an unique petrographic feature of the metakeratophyres,
i.e. well preserved trachytic texture, Chab (in Valenta
et al. 1988) defined these rocks as metatrachytes.
Detailed petrography of the metatrachyte and metarhy-
olite samples, described in this study, was published by
Patoéka and Valenta (1990).
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Fig. 4 a, b and ¢ — ocean-ridge granite normalized trace element distributions in the intermediate metatrachytes (a), acid ones (b) and
metarhyolites (c) of the Vrbno Group southern part; d — similarly normalized trace element distribution in the representative within-plate
granitic rocks. 1 — Oslo Rift, 2 — Ascension Is. (Pearce et al. 1984). ORG-trace element abundances are taken from the same authors.
Numbers of samples analysed as well as ranges of Ba/Ba® ratios (showing the rock depletion in Ba relative to other trace elements) and their

arithmetic means are given in the figures.
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Fig. 6 a, b and ¢ — chondrite normalized REE distributions in the intermediate metatrachytes (2), acid ones {b) and metarhyolites (c) of the
Vrbno Group southern part; d — chondrite normalized lanthanide distributions in trachyte of the Gough Is. (1) (Zubatareva et al. 1979) and
in rhyolites of the Sierra la Primavera, Mexico (2) (Mahood 1981). The EwEu® ratio and Ce/Yb one ranges and arithmetic means as well as
numbers of samples analysed are given in the figures. Chondrite REE values are taken from Herrmann (1970).
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Fig. 6 Relationships of the SiO; content versus negative Eu-anomaly (a) and Ba-depletion (b) {cf. Figs 4 and 5) in the intermediate to acid
metavolcanics of the Vrbno Group southern part. Correlation coefficients and corresponding regression curve equations are presented in the

figures, 1 — metatrachytes, 2 — metarhyolites.

Analytical methods

The samples of the Devonian metatrachytes and metarhy-
olites were taken from the single deep borehole, situated
ca. 4 km to NE from Horni Mésto town. All samples
were analyzed for major and trace element abundances
{Table 1). Major element concentrations were determined
in the laboratories of the Unigeo, Ostrava (analysts Ing. S.
Holubova, J. Mrlikové and J. Koutna) using wet chemical
analysis. Trace element abundances were established
by X-ray fluorescence analysis in the same laboratories
(analysts L. Jandékovd and co-workers). Analyses of rare
earth elements were prepared by neutron activation in the
Central laboratories of the Geoindustria, Praha (analysts
Ing. J. Mouc¢ka and co-workers).

Geochemistry
Major elements

The studied metavolcanics display a wide variation of the
Si0, abundances (54 to 80 wt.%). The majority of the
samples can be classified as intermediate to moderately
acid rocks; the boundary between petrographically defined
metatrachytes and metarhyolites is 69 wt.% Si0,. The
whole sample set is divided into intermediate meta-
trachytes (54 to 63 wt.% Si0;), acidic metatrachytes (63
to 69 wt.% Si0,) and metarhyolites (SiO, over 63 wt.%)
(Table 1, Fig. 3a). Analogous variability characterize
alkali abundances as well as K;O/Na,O ratios. In the
most of the samples alkali ratios vary from 0.25 to 2.00;
two metarhyolite samples show extremely high values —
15.33 and 16.00 (Table 1).

As it is demonstrated by Ni/Y vs SiO; diagram by
Winchester and Floyd (1977) (Fig. 3a) the alkaline types
dominate among the metatrachytes and metarhyolites.
Most of the rocks investigated are specified there as
equivalents of trachyandesites and trachytes; types cor-
responding to pantellerites, comendites and rhyolites are
less frequent. However, in a NIYY vs Zi/TiO; plot (Fig. 3b)
after the same authors all samples studied are situated in
fields of alkaline volcanics. Alkaline nature of the Horni
Mésto metavolcanics was described by Fojt (1962, 1966).

Trace elements

The trace element concentrations in the intermediate
and acid metatrachytes, and in the metarhyolites —
normalized to ocean-ridge granite composition (Pearce et
al. 1984) — are shown in Figs 4a, b and ¢. A close
mutual similarity of these three types of metavolcanics in
the relative abundances of the trace elements, employed
in the spidergram (with the single exception of Ba), is
evident.

The metavolcanic rocks are characterized by high
contents of REE (of LREE especially) (Figs 5a, b and
c). Both intermediate and acid metatrachytes display
approximately the same degree of LREE fractionation,
as expressed by close average values of the Ce/Yb ratio
(Figs. 5a and b, Table 1). On the other hand, the acidic
metatrachytes are distinguished by a prominent negative
Eu-anomaly (Fig. 5b, Table 1). A wider variation of
LREE contents is the specific feature of the metarhyolites
as well as striking negative anomaly of Eu (Fig. 5c).
A negative correlation between the Si0O; concentrations
and Eu-anomaly values is evident in the sample set
investigated (Fig. 6a). In these rocks the same relation
exists also between the silica content and the depletion of
Ba, when expressed as the Ba/Ba* ratio (Fig. 6b).

Discussion
Secondary changes in the rock composition

The chemical composition of the metavolcanics studied
was presumably not fundamentally changed by secondary
processes — either hydrothermal activity (during the
Horni Mésto massive sulfide deposit origin) or subsequent
low-grade regional metamorphism of the Sudetic phase;
low abundances of CO, and H;O in the rocks seem
to support this suggestion (Table 1). Also, although
scattered, the metatrachytes and metarhyolites mostly
occupy the low temperature troughs in the triangular
CIPW-norm diagrams Q-Ab-Or and An-Ab-Or (Fig. 7a, b);
this can be interpreted as possible indicator of generally
preserved primary magmatic composition.

Nevertheless, in several samples the alkali contents
were altered. The values K;O/Na,O > 1.0 point to either
Na-depletion or K-enrichment in some rocks; in samples
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showing substantially reduced Na,O abundance the Na-
loss compensated by increment of K can be presumed
(Table 1).

The presumed primary pantellerite-comendite com-
position of some metarhyolite samples was probably
transformed to rhyolitic one by silicification — as their
positions in Nb/Y vs Si0; and NiY vs Zr/Ti0O, diagrams
suggest (Figs. 3a and b). This process seems to be
evidenced by the metarhyolite sample shift towards the
Q-apex in the Q-Ab-Or diagram (Fig. Ta).

The alkali abundance changes in the Horni Mésto
metavolcanics were probably associated with rock- hy-
drothermal solution interaction, involving feldspar de-
composition to K-retaining sericite and clay minerals.
Silicification of these rocks seems to be linked to the same
process. Both silicification and alkali content alterations
are well known in volcanic rocks from the surroundings
of massive sulfide deposits (Tatsumi and Clark 1972;
Tjima 1974; Gibson et al. 1983 etc.). In the Jeseniky
Mts., the alterations of Devonian intermediate to acid
metavoleanics have been described by Fojt (1962, 1966),
Fediuk et al. (1974), Barth (1963, 1966, 1977) and Valenta
et al. (1988).

The alterations mentioned above also refer to LIL-
element concentrations — especially Rb and Ba (Ludden
et al. 1982 ete.). Most of the Horni Mésto metavolcanics
also display almost the same extent of K and Rb abund-
ance variations (Figs 4a, b and ¢). Nevertheless, in these
rocks the concentrations of Ba presumably resemble the
primary ones, as the correlation between the progressive
Ba-depletion and the growing silica content indicates
(Figs. 4a-c and 6b).
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Fig. 7 The intermediate to acid metavolcanic rocks from the Vrhno
Group in the C..LPW., normative triangular diagrams Q-Ab-Or (a) and
An-Ab-Or (b). Cotectic lines and isotherms for 2 Kb (a) and 5 Kb (b)
after Tuttle and Bowen (1958), 1 — metatrachytes, 2— metarhyolites.

Magmatic development

The common features of the ORG-normalized trace ele-
ment distribution patterns, shown by the studied metavol-
canics, i.e. approximately equal Rb, Th, Ta and Nb values,
general increment of Yb to Rb values (substantial from
Yb to Nb and moderate from Nb to Rb) and sizable Ba-
depletion in the acid rocks, are the signature of alkaline
within-plate granites (Pearce et al. 1984) (Fig. 4). The
affinity of the metavoleanics to alkaline igneous rocks,
shown by Nb/Y vs Si0, and Nb/Y vs Zr/Ti0; diagrams
(Fig. 38), is also documented by the chondrite-normalized
REE distribution patterns (Fig. 5).

The co-magmatic origin of the primary effusives is sug-
gested by almost identical variation ranges of the Ce/Yb
ratios of the three types distinguished among the studied
metavoleanics (with exception of the single metarhyolite
sample) (Figs 5a, b and ¢ and Table 1). This assumption is
supported by good negative correlations between the 5i0,
contents and the values of Eu-anomaly and Ba-depletion
respectively (Fig. 6), since both features indicate an effect
of Ca-plagioclase and K-feldspar fractional crystallization
from a common parental melt (e.g. Hanson 1978).

In Fig. 8a the minor element compositions of the
Horni Mésto metavolcanics are displayed as the double-
normalized values after Thompson (1982). The most
conspicuous characteristics of the distribution patterns
presented are prominent “negative anomalies” of Ba, Sr,
P and Ti and less pronounced depletion in K and Sm. Good
negative correlations between the Si0O, abundances and
Sr- and Ti-depletion, expressed as Sr/Sr* and Ti/Ti* ratios
in the sample set studied, were demonstrated by Patocka
and Valenta (1990). Following that, it can be assumed
that beside Ca-plagioclase and K-feldspar also apatite
and Fe-Ti-oxide were involved in the residual mineral
assemblage formed during the fractional crystallization of
the metavolcanies protolith primary melt.

The same fractional crystallization process prob-
ably participated in the petrogenesis of intermediate to
acid rock suites occurring in Continental Flood Basalt
provinces (e.g. Bellieni et al. 1984; Mantovani et al. 1985;
Lightfoot et al. 1987). The Deccan Trap trachytes and rhy-
olites show almost identical geochemical features to the
Horni Mésto metatrachytes and metarhyolites. According
to the last named authors the chemical composition of the
intermediate to acid Deccan Trap volcanics is different
to that of typical crustal melts; the origin by low-volume
partial melting of basalt followed by variable amounts of
fractional crystallization is proposed for these rocks. The
role of partial melting is supported by the presence of
a wide silica gap dividing the Deccan Trap basalts from
the local trachytes and rhyolites (Lightfoot et al. Lc.).

An analogous mechanism could be postulated for
the origin of the Horni Mésto metavoleanics protolith,
but, since there does not exist any significant gap in
Si0; content between the metabasites and intermediate
metavolcanic rocks (e.g. Barth 1977), only fractional
erystallization from the basaltic melt can be presumed.

The above mentioned double-normalization (Fig. 8)
virtually eliminates the scattering effect of fractional erys-
tallization of varying amounts of olivine, plagioclase and
clinopyroxene from the parental basic magma (Thompson
1982). That is, the parental melt type of a differentiate
can be estimated from the resulting spidergram. For this
purpose the normalized averages of the metatrachyte and
metarhyolite trace element compositions are plotted in Fig
8a (values of the “negative anomalies"-forming elements
are extrapolated in both average distribution patterns).
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Fig. 8 a: composition of the intermediate to acid metavolcanics from the Vrbno Group southern part, normalized to chondrite composition
(except Rb, K and P, normalized to primitive mantle values) and to Yby after Thompson (1882); 1 — metatrachyte average, 2 — metarhyolite
average (Ba, Sr, P, Sm and Ti values are extrapolated in both average patterns), 3 — envelope common to both metatrachytes and metarhyolites,
4 — gimilarly normalized compositions of the upper continental crust (Taylor and McLennan 1985); b: 1 — average of nine metabasites of
the Devonian sequence middle part (underlying the volcano-sedimentary unit comprising the metatrachytes and metarhyolites studied), 2 —
tholeiitic within-plate basalt, 3 — alkaline within-plate basalt (Pearce 1982).

When compared with the upper continental crust average
(Taylor and McLennan 1985) the metavolcanics differ sub-
stantially — in lower contents of Ba, Rb, Th, K, La and Ce
as well as in lack of both Nb-depletion and high Th/La ra-
tio, generally characterizing the upper crust of continents
(Dupuy and Dostal 1984). The metatrachyte and metarhy-
olite trace element patterns resemble these of the within-
plate basalts after Pearce (1982) (Fig. 8b) in the slightly
upward curved shape peaking where K, Nb, Ta and La
are plotted. As the overall flat shape of the patterns and
low normalized trace element values indicate, the studied
metavolcanics can be compared with tholeiitic and/or
mildly alkaline within-plate basalts with regard to relat-
ive abundances of trace element contents (provided that
the depletions in Ba, K, Sr, P, Sm and Ti are neglected)
(Fig. 8a). Also the most conspicuous feature of both meta-
trachyte and metarhyolite ORG-normalized trace element
patterns — the proximity of the normalized abundances
of Rb, Th, Ta and Nb (Figs 4a, b and c) — is the signature
of within-plate basalt differentiate (Pearce et al. 1984).
The metabasites, analogous in geochemistry to within-
plate basalts, are well known from the Vrbno Group
Devonian (e.g. Patocka 1987; Jedlicka and Pecina 1990).
Metamorphosed basic rocks were found also in the Horni
Mésto area, in the midst of the Devonian sequence un-
_derlying the studied voleano-sedimentary unit (Puda and
Valenta 1984). These mafic rocks show double-normalized
element distribution (Thompson 1982) resembling that
of tholeiitic within plate basalt, provided that the most
mobile element (Rb, K and Sr) values are neglected (Fig.
8b) (Valenta et al. 1988). In the NIy/Y vs Si0, and NiyY
va Zr/Ti0, diagrams (Fig. 3) the metabasites occupy
the position of alkaline basalts to trachyandesites and
seem to be associated with differentiation trends of the
studied metatrachyte-metarhyolite suite. It is suggested

that the primary melt of the metabasite protolith could be
considered also as the parental magma of the protolith of
the metatrachytes and metarhyolites.

Paleotectonic implications

Within-plate magmatism is regarded as a prominent
indicator of lithosphere extension and thinning (McK-
enzie 1978; Houseman and England 1986; Kusznir and
Ziegler 1992 etc.). It is widely accepted that continental
lithosphere extension provides a suitable regime for the
generation of both basic and acid within-plate magmas
(e.g. Keen 1987; Lightfoot et al. 1987; McKenzie and
Bickle 1988).

As suggested above, the Horni Mésto metatrachyte
and metarhyolite protolith melt probably evolved from
the basaltic magma in composition resembling tholeiitic to
mildly alkaline WPB. The upper mantle derived magmas
cannot be formed below the thick continental lithosphere
since they are seggregated and equilibrated at depths
around 35 km (Ringwood 1975; Lavecchia and Stoppa
1990; Liu and Chase 1991 etc.). During the generation
of the basaltic melts below the modern rift zones the
overlying lithosphere is virtually thinned to the crust (e.g.
Zorin and Lepina 1985); the upper astenosphere extracted
melts rise diapirically to underplate the base of the
continental erust (Kusznir and Ziegler 1992). Barth (1977)
presumed “thinning of the Jeseniky Mts. block crust” in
Devonian; his hypothesis was based on the prevalence
of the silica-undersaturated Devonian volcanics in this
region. The extensional tectonics and development of
rift valleys are assumed as the principal events of the
Devonian history of the Moravo-Silesian Belt northern
part by Chéb et al. (1980) and Prichystal (1985, 1993).
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The Moravo-Silesian Belt is the eastern representative
of the Rhenohercynian Zone (e.g. Engel et al. 1983)
where the Devonian lithospheric extension is indicated —
in Cornwall, in the Rheinisches Schiefergebirge Mts. and
in the Harz Mts. In these areas as well as in the
nearby Polish Sudetes the extension might proceeded
locally into opening of limited ocean basins (e.g. Pin et
al. 1988; Neugebauer 1989; Narebski 1994). Paleon-
tologically defined sedimentation time-span of carbonate
interacalations within the studied volcano-sedimentary
sequence, ranging from the end of Givetian to the latest
Frasnian (Hladil 1986), corresponds very well to the
Sm-Nd age of 375434 Ma determined for formation of
the Lizard Complex ophiolitic rocks by Davies (1984).
The MORB-like basalts from the southern Rheinisches
Schiefergebirge Mts. are probably of the late Middle
Devonian age (Grosser and Dirr 1986). At least some of
the Sudetic ophiolites were formed during the extensional
regime that existed there between the Middle Devonian
(ca. 385 Ma) and Early Namurian (Wajsprych 1986;
Narebski et al. 1988; Pin et al. 1988; Narebski 1994).

The geochemistry of the Horni Mésto intermediate to
acid metavolcanics indicates that the tectonic setting of
the substantially thinned continental lithosphere prob-
ably existed at least in some parts of the Moravo-Silesian
Belt between the latest Middle Devonian and middle Late
Devonian (e.g. Prichystal 1993).

Nevertheless, some of the Jeseniky Mis. Devonian
rocks provide evidence for an origin at an active plate-
margin; the geochemical features of island-arc tholeiitic
to low-K calc-alkaline basalts was identified in the meta-
basites of the Vrbno Group northern part (FiSera et al.
1973; Cabla et al. 1979; Jakes and Patotka 1982; Patocka
1987). Minor element geochemistry of the pelitic schists
exposed in this area also appears to indicate similarity
between the source region of the sedimentary precursors
and an ensialic island-arc (Patocka 1992).

These tectonic setting indicators suggest that for
some time the northern part of the Moravo-Silesian Belt
was a convergent plate-boundary, as supposed earlier —
eg. by Cabla et al. (1979). Further evidences of
the compressional tectonic environment are an ophiolite
geochemistry of both of the Devonian basic-ultrabasic
bodies of the Jeseniky Mts. (Jelinek and Soudek 1981) and
Alaskan type intrusions distributed along the boundary of
the Moravo-Silesian Belt and the West Sudetes (Narebski
1994). Sawkins and Burke (1980) postulated an island-
arc type complex at the southern margin of the mid-
European zone of crustal extension, which developed later
into the Rhenohercynian Zone. The geochemistry of some
Rhenohercynian basalts, largely Middle to Late Devonian
in age (Cabanis et al. 1982; Wedepohl et al. 1983;
Floyd 1984 etc.), as well as that of metabasites from
the Polish Sudetes (e.g. Dzedzicowa 1979; Narebski
et al. 1988; Pin et al. 1988), are very similar to
MORB composition, points to that the extension was
not limited to mere intracontinental rifts (Pin 1990;
Narebski 1994). A Devonian back-arc basin linked to
hypothetical southeastward subduction of the Sudetic
ocean is presumed in the NE part of the Bohemian Massif
(Wajsprych 1986; Pin et al. 1988).

It is probable that the Horni Mésto metatrachyte
to metarhyolite protolith was emplaced in a complex
Devonian structure, in a tectonic setting comparable
to modern arc and back-arc (the latter evolved from
ensialic rift), which was transformed to the Moravo-
Silesian Belt during the Variscan orogeny. This structure
was characterized — beside the above mentioned features

of the destructive plate-margin — both by extensional
tectonics (¢f. Pin 1990) and by within-plate magmatism
(cf. Richards et al. 1990 etc.).

Conclusion

The Late Devonian metatrachytes and metarhyolites,
abundant in the volcano-sedimentary sequence of the
southern part of the Vrbno Group, were possibly not
substantially altered in chemical composition during the
origin of the associated massive sulfide deposit (Horni
Mésto) and/or low-grade Sudetic phase regional meta-
morphism. The geochemistry indicate that the trachyte-
rhyolite association was co-magmatic and evolved through
the fractional erystallization of Ca-plagioclase, K-feldspar,
apatite and Fe-Ti-oxide from a common basic parental
melt. The protolith magmas are different to typical upper
crustal melts (lower contents of Ba, Rb, Th, K, La and Ce,
lack of both Ta- and Nb-depletion, and high Th/La ratio)
and strongly resemble within-plate granites. These melts
were presumably derived from parental basic magma
comparable with tholeiitic to mildly alkaline within-plate
basalts.

The geochemical features of the rocks studied seem
to provide evidence for lithosphere extension and thin-
ning in the Devonian structure transformed later on
(during the Variscan orogeny) to the Moravo-Silesian
Belt. Consideration of paleotologically determined age
of the marble intercalations (the end of Givetian to the
latest Frasnian) within the volcano-sedimentary complex
indicate that these processes were contemporaneous with
the extensional tectonics in the Rhenohercynian Zone and
Polish Sudetes.

However, the subduction-related geochemistry of some
Jeseniky Mts. Devonian metabasites and sediments as
well as the ophiolite affinity, shown by basic-ultrabasic
bodies, and presence of the Alaskan type intrusions, point
to more complex tectonic setting of the metatrachyte-
metarhyolite protolith emplacement. With regard to
the characteristics of all rock types mentioned, the
arc and back-arc (developed from intracontinental rift)
geodynamic setting is suggested.
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Table 1
Major and trace element composition of the Late Devonian metatrachytes (1-24) and metarhyolites (25-29) from the
southern part of the Vrbno Group, the Jeseniky Mts.

1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15
Sia 5493 5588 5750 57.71 58.68 5331 5937 5950 5965 6023 6024 60.36 6046 60.70 61.36
Ti0s 084 090 069 087 08 104 063 075 05 061 073 065 063 030 044
Aly 04 1828 1710 17.04 17.82 17.81 1728 1742 1707 1744 1707 1684 1683 17.58 16.85 16.44
Fea0a 178 111 1790 148 083 118 197 110 178 118 022 070 178 014 099
Fe0 512 441 491 412 484 561 497 370 463 514 604 562 462 233 509
MnO 013 045 015 043 041 006 045 0069 010 016 011 009 o011 009 007
Mg0 226 202 166 206 218 176 133 119 198 147 15 199 127 081 1.5
Ca0 325 398 292 215 154 092 168 232 110 143 103 112 138 389 183
Na;0 619 598 543 736 672 630 670 672 545 600 559 556 672 620 538
K20 467 371 375 288 452 252 343 384 557 512 462 445 424 452 400
P20s 026 08 023 025 026 02 018 017 016 063 015 012 019 005 007
€0, 126 174 220 099 021 048 079 132 044 052 055 077 034 272 077
Ha0" 171 179 170 249 176 175 108 166 198 125 140 172 126 095 120
H,0™ 027 019 02 018 018 069 026 024 047 048 077 052 019 006 0712
total 100.94 99,92 100.23 100.49 100.51 9947 99.90 99.67 100.96 100.50 99.85 10050 100.77 99.61 9927
Ko0/Na, 0 075 062 069 039 067 040 051 057 102 08 083 080 063 073 074
Sr 127 191 108 131 66 78 84 130 54 88 63 68 84 99 45
Rb i01.0 1080 502 374 598 320 531 988 953 851 640 810 925 796 1040
Ba 1032 1200 630 690 633 - 917 862 967 924 - = B30 1160 408
Th 6.60 640 788 671 997 763 872 723 981 706 B34 1030 973 1190 7.88
Ta 385 359 415 355 442 434 434 423 516 372 433 534 506 614 538
Nb 70 68 72 69 87 68 85 69 93 72 69 76 8 105 96
I 648 592 692 606 856 637 B34 G41 902 642 632 677 B21 1030 950
Hf 136 125 138 140 184 169 170 143 179 130 162 188 180 210 194
La 531 457 471 470 6B7 592 523 499 664 498 597 737 552 635 605
Ce 109 15 M5 M2 127 16 128 115 139 108 1M 127 128 142 109
Sm 955 952 974 982 1070 1030 1070 957 11.20 940 917 1080 111 1.9 114
Eu 31 307 272 348 295 314 273 243 232 237 283 284 271 170 204
Th 180 116 160 148 182 169 189 138 176 162 195 194 208 233 193
Yb 733 677 620 574 851 817 843 710 841 639 590 853 900 897 787
Ly 083 099 102 100 123 097 114 092 123 095 104 126 140 136 127
Y 52 48 53 46 56 52 63 48 60 48 50 53 63 69 64
CefYb 1475 1699 1853 1951 1492 1420 1518 1620 1653 1690 1881 1489 1855 1583 1385
Eu/Eu* 097 107 086 102 085 094 077 081 065 077 089 08 073 042 055
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Table 1 — continued

16 17 18 19 20 21 22 23 24 25 26 27 28 29
Sip 61.53 61.97 6272 63.39 63.57 64.81 6502 67.37 6871 7139 7418 7434 7702 79.69
Ti02 051 032 040 030 031 036 037 033 021 015 023 0143 030 0417
Alx0g 1594 1625 1696 17.08 1503 1631 1575 1451 1363 1292 1288 11.06 985 9.41
Feo03 501 414 065 059 0310 083 353 180 160 140 111 140 079 080
Fed 248 1.05 468 265 377 343 146 361 3.02 217 168 143 180 162
MnO 001 005 008 007 005 004 002 010 008 002 001 002 005 006
MgO 098 13 138 048 107 186 025 052 1.04 08 051 197 060 1.00
Ca0 081 080 059 309 235 077 123 089 161 078 021 0869 070 1.33
Na,0 456 489 655 614 375 400 577 277 406 383 535 030 039 1.40
K20 599 671 358 167 968 544 458 534 328 351 259 480 598 1.80
P205 005 081 003 004 004 004 007 003 i . 0.04 . 0.07 tr.
€0, 070 014 026 204 174 021 042 037 094 029 014 027 059 069
Ha0* 064 064 116 093 157 157 031 124 128 147 061 258 172 1.3
H 0™ 010 012 022 t. 064 010 010 032 020 015 034 018 028 0.15
total 99.31 9925 99.24 9947 9967 99.77 9914 9920 99.66 98.88 99.88 99.17 100.14 99.43
K20/Na 0 131 137 055 027 151 13 079 193 081 092 048 1600 1533 1.29
Sr 45 40 38 102 67 41 29 40 32 1 19 45 38
Rb 78.8 1330 89.0 452 540 1060 676 273 450 28.0 107.0 920 527
Ba 432 233 - 482 - 717 338 136 169 145 - 124 - 145
Th 1430 1400 1170 1.7 108 113 129 221 198 275 266 177 118 14.
Ta 621 650 531 555 510 587 544 1020 859 1120 11.00 736 447 533
Nb 115 128 92 81 74 a7 8 164 163 199 189 130 66 105
Zr 1053 1209 916 1003 733 970 1024 2050 1860 2200 2008 680 523 614
Hf 237 2289 218 210 182 210 194 431 342 476 468 229 182 194
La 854 836 778 502 785 607 877 1500 138.0 1920 199.0 529 508 477
Ce 180 181 132 118 123 132 181 294 269 389 687 124 91 113
5m 141 139 - 937 1010 1010 1470 2080 1870 244 209 149 103 141
Eu 1.85 246 174 145 200 139 245 120 101 136 1.08 055 119 051
Th 253 215 219 184 177 189 237 333 358 372 360 321 209 292
Yb 1070 625 894 B38 868 968 1010 1370 14.30 1670 1580 11.80 854 9.97
Lu 169 088 122 134 114 141 1656 223 222 259 202 165 1.01 142
Y 52 97 65 54 53 60 81 12t 133 132 120 g8 72 93
Ce/Yb 16.82 2896 1477 14.08 1417 1364 1792 2146 1881 2329 4348 1051 1064 11.33
Eu/Eu* 040 056 049 046 060 064 052 018 016 018 016 011 034 0.1






