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THE Rb-Sr ISOTOPE GEOCHEMISTRY
OF THE METAMORPHOSED BIMODAL
VOLCANIC ASSOCIATION OF THE RYCHORY
MTS CRYSTALLINE COMPLEX, WEST SUDETES,
BOHEMIAN MASSIF®

Abstract. The Rb-Sr isotope data on porphyroid and greenschist samples of the
Ponikla Group (the Rychory Mts crystalline complex, West Sudetes) indicate that the
protolith of these rocks can be a bimodal volcanic association (dominated by acid
components) related to continental rifting. The possible age of the magmatic origin
of the protolith, based on the Rb-Sr isochron, is 501+8 Ma (Early Ordovician). A
large-scale fragmentation of the Gondwana plate northern margin during the Cam-
brian and Ordovician, deduced from the abundance of mafic-felsic volcanic suites in
the Lower Paleozoic of the European Variscides, is supported also by the interpreta-
tion of the Rb-Sr isotope data on the Ponikla Group metavolcanics.

The 350 and 365 Ma intersects of the hypothetical evolution curve of Sr isotope
composition in the Rychory Mts marble, and the curve of Sr isotope ratio fluctuations
in the Paleozoic marine carbonates, as well as the relics of oolitic texture, often
observed in the marbles, may probably point to Famennian to Tournaisian age of the
marble sedimentary precursor.

The Rb-Sr isotope data on the Rychory Mts metavolcanics and marble suggest
that the Ponikla Group is a metamorphosed volcano-sedimentary sequence formed
between the Early Ordovician and the Late Devonian/Early Carboniferous. As a place
of its origin is suggested a rifted off passive continental margin of some of the Gond-
wana-derived fragments.
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INTRODUCTION

The northeastern margin of the Bohemian Massif, the West Sude-
tes (Svoboda, Chaloupsky 1966), more recently also termed Lugosu-
deticum (Narebski 1994), is a heterogeneous region composed of
Proterozoic and Paleozoic sequences affected by Cadomian and Vari-
scan metamorphism and intruded by plutons of Cadomian and Vari-
scan granitoids. It consists of several major fault-bounded segments
— possibly accreted terranes — which have distinct Cambrian to Car-
boniferous histories. According to Narebski (I. ¢.) these are Lusatian-
Jizera-Krkonose, Géry Sowie Mts, Middle Odra and Orlicke hory Mts
- SnieZnik Klodzk: units. The most significant effusive, intrusive and
tectonometamorphic events took place along their margins (e.g. Na-
rebski et al. 1982, 1986; Oliver et al. 1993; Furnes et al. 1994; Nareb-
ski 1994; Winchester et al. 1995).

The low- to medium-grade metamorphosed mafic-felsic volcanics
are exposed in minor units surrounding the Lusatian-Jizera-Krkonose
unit from the east and south: in the Rudawy Janowickie-Lasocki
Grzbiet-Rychory Mts, Zelezny Brod and Jested complexes (Chaloup-
sky et al. 1989) (Fig. 1).

Ages varying widely from Early Cambrian to Early Devonian are
presumed for the primary volcanic rocks of the above mentioned units
of the western part of Lugosudeticum (e.g. Kodym, Svoboda 1948;
Teisseyre 1973; Narebski et al. 1986; Chaloupsky et al. 1989). How-
ever, precise data on the protolith ages of metaigneous rocks are ne-
eded for reliable reconstructions of the tectonomagmatic development
of the West Sudetes. Early Ordovician volcanism in the Rudawy Ja-
nowickie seems to be indicated by U-Pb zircon ages of 505 +5 Ma for
a relict felsic volcanic rock forming boudins within metabasites, and
494 + 2 Ma for a rock described as hornblende gabbro (Oliver et al.
1993).

A new set of the Rb-Sr isotope data on metavolcanic rocks of a
bimodal association from the Rychory Mts (porphyroids and green-
schists) is presented in this paper.

GEOLOGIC SETTING

In the midst of the West Sudetes (forming the eastern rim of the
KrkonoSe Mts - Jizera unit), the Rychory Mts crystalline complex is
exposed. Towards the west this rock sequence is connected with the
Lower Paleozoic in the area of Ponikla and Zelezny Brod by a narrow
belt (e.g. Svoboda, Chaloupsky 1966; Chaloupsky et al. 1989). The
northern continuation of the Rychory Mts crystalline complex in Po-
land are Lasocki Grzbiet and Rudawy Janowickie (e.g. Teisseyre 1973)
(Fig. 1Db).
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Fig. 1. (a) Location of the studied region - area in the frame corresponds to Fig. 1b,
the black area in the frame corresponds to Fig. 2. (b) Geological sketch map of the
western part of the Western Sudetes - KrkonoSe, Jizerske hory and Jested Mts — after
Chlupaé (1993). 1 — low-grade metamorphic units; 2 — medium- to high-grade meta-
morphic units (mica-schists, gneisses); 3 — metamorphosed volcanic rocks; 4 — pre-
Variscan granitoids; 5 — Variscan granitoids, 6 — Carboniferous and Permian syn-
and post-orogenic deposits; 7 — Mesozoic platform deposits. JG — Jizera Gneiss; KG
— KrkonoSe Gneiss and associated rocks; ZB — the metavolcanic Zelezny Brod com-
plex; RJ — the Rudawy Janowickie and Lasocki Grzbiet complexes. Dashed line —
state borders
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Fig. 2. Geological map of the Rychory Mts crystalline complex — adapted after Cha-
loupsky (1989). The Ponikla Group forms the most of the Rychory Mts area; only the
metabasite bodies in the eastern part of the complex represent the Radéice Group
defined by Chaloupsky et al. (1989). The sample sites are presented in the map by
using the numbers from Table 1. 1 — chlorite-sericite phyllites; 2 — porphyroids; 3
— metabasites; 4 — marbles; 5 — graphite-sericite phyllites; 6 — metalydites; 7 —
sericite quartzites; 8 — platform cover (Upper Carboniferous to Quarternary); 9 —
Krkonose gneisses and mica-schists and metabasites of the Velka Upa Group (undis-
tinguished); 10 — faults; 11 — foliation
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The Rychory Mts complex is generally metamorphosed to higher
range of greenschist facies; however, its significant metamorphic fe-
ature is the rather frequent occurrence of Na-amphiboles in metaba-
sites, which are interpreted as relics of earlier blueschist facies
metamorphic assemblage (e.g. Wieser 1978; Patocka et al. 1994).

On the basis of systematic lithostratigraphic studies, Chaloupsky
et al. (1989) defined two volcano-sedimentary and volcanic sequences
within the Rychory Mts crystalline complex — the Ponikla and the
Radcice Groups (however, both of them constitute also the Ponikla-
Zelezny Brod region) (Figs 1b and 2).

Most of the Rychory Mts area is formed by the Ponikla Group —
the varied sequence of quartzites, phyllites (graphite-sericite types
dominate) to mica schists, marbles, metalydites and metavolcanics.
Felsic metavolcanics — porphyroids (metarhyolites, ignimbrites?) —
strongly prevail over mafic ones — greenschists (basic pyroclastics)
(e.g. Chaloupsky et al. 1989). The Ponikla Group is considered to be
ofiOrdovician-Silurian age (Chaloupsky et al. l.c.); only the upper part
of the sequence, comprising graphitic phyllites and phyllitic slates
with intercalations of metalydites and bituminous marbles, is paleo-
ntologically dated — to Llandovery and Early Wenlock, according to
the graptolite fauna (e.g. Chlupa¢ 1953, 1993).

The earliest possible age for the onset of tectonometamorphic de-
velopment of the Rychory Mts crystalline complex can be possibly
identified with the oldest Variscan phases presumed in the West Su-
detes. Following that, it can be dated to Middle Devonian (Teisseyre
1973; Chab, Vrana 1979; Chlupac 1993). This statement is supported
by U-Pb zircon and monazite as well as Rb-Sr biotite ages from non-
mylonitized gneisses ofithe Géry Sowie Mts, ranging between 380 and
360 Ma (van Breemen et al. 1988), and preliminary Early Variscan

'Ar-*Ar data measured on blueschist facies metavolcanics from the
eastern KrkonoSe by H. Maluski (personal communication in Smuli-
kowski 1994). However, the principal stage of Variscan orogeny in the
Krkonose-Jizera and Jested units is related to the Sudetic phase (late
Visean) (Chlupac 1993).

PETROGRAPHY OF THE METAVOLCANIC ROCKS OF THE
PONIKLA GROUP IN THE RYCHORY MTS CRYSTALLINE
COMPLEX

Porphyroids

The most abundant metavolcanic rocks of the Ponikla Group in
the Rychory Mts crystalline complex are various types of porphyroids,
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Fig. 3. Porphyroid of the Ponikla Group (Rychory Mts crystalline complex) — sample
No. 1. Note well preserved albite phenocryst and clear banding within the rock ma-
trix. Crossed polarization; magnification x36. Photo M. Stastny

described also as sericite-quartz-albite schists according to
Chaloupsky et al. (1989) (Fig. 2).

These felsic metavolcanics are usually fine grained and mostly di-
splay light grey to light green-grey colour, white or pink-white varie-
ties are less frequent. Pronounced linear and/or planar fabric
characterizes all porphyroids.

Mineral composition of the matrix of the studied porphyroids is
rather uniform. As their principal constituents, these rocks contain
quartz, albite, sericite and clinozoisite. Albite is often intergrown with
quartz. Clinozoisite is present in widely varying amounts — in some
porphyroid types its content is up to 10%, while other types are almost
free of this mineral. In some cases clinozoisite grows across the seri-
cite planes. The ubiquitous accessory minerals in the porphyroids are
pyrite, magnetite and limonite.

Distinct banding is a specific feature of almost all porphyroid ty-
pes. Alternating bands of coarser grained quartz-albite layers and fi-
ner grained sericite-quartz-albite layers are observed in these rocks;
the layers are several tenths of a mm to several mm thick (Fig. 3).
However, in very fine grained types of porphyroids banding is usually
imperfect and often is almost missing.
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Phenocrysts form ca 5-10 % of the rock volume of the porphyroids.
Albite is the most abundant mineral present in the form of phenoc-
rysts; the phenocrysts (of average length of ca 1-2 mm) are hypidio-
morphic to xenomorphic in shape and usually twinned. Albite
phenocrysts are conformably oriented relative to the rock fabric. Qu-
artz and/or microcline phenocrysts are very rare (phenocrysts of both
minerals are always xenomorphic as well as significantly smaller com-
pared with the albite ones). The phenocrysts sometimes accumulate
into several mm long lenses and/or bands (the quartz accumulations
are rather fine grained).

Texture of the porhyroids is generally blastoporphyric, and the
texture of the porphyroid matrix is granoblastic to granolepidoblastic.

Greenschists

The greenschists are less frequent in the Ponikla Group in the
Rychory Mts crystalline complex compared with the porphyroids (Fig.
2). They are generally fine grained and well foliated rocks of grey-gre-
en colour.

The greenschist mineral association is comprised of actinolite,
chlorite, epidote, albite and carbonate. Actinolite is usually invisible
to the naked eye; it can be discerned only where it is clustered in
abundance into dense aggregates displaying linear fabric. Actinolite
needles, arranged parallel to foliation, are almost colourless and show
faint pleochroism. Albite forms isometric xenomorphic grains 0.02 to
0.5 mm in diameter. Albite grains rarely show polysynthetic banding
according to albite and/or pericline twin law. Anorthite component
content is almost negligible in albite. Chlorite, characterized by weak
pleochroism, partly substitutes actinolite. Epidote tends to form po-
rphyroblasts, even idioblasts. On the other hand, minute epidote gra-
ins are concentrated into either shapeless clusters or parallel bands.
Sphene, carbonate, white mica and ore minerals (magnetite and pyri-
te) are present in subordinate quantities and often are accessories in
the studied rocks. Quartz and K-feldspar were identified in several
specimens. In some samples abundant lenses (ca 2x1mm) composed
of albite and/or carbonate were found. Most of these rocks have fibro-
nematoblastic texture.

An imperfect banding, shown by parallel sets of very thin layers
(ca. 2 mm) of alternating dark and light minerals, is a general feature
of the greenschists (Fig. 4). In some samples the light components (for
the most part albite, carbonate and accessory white mica) dominate;
on the other hand, in the chlorite-rich specimens mafic components
(chlorite and actinolite) prevail. The latter type of greenschists, sho-
wing lepidonematoblastic texture, is very well foliated.
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Fig. 4. Greenschist of the Ponikla Group (Rychory Mts crystalline complex) — sample
No. 7. An imperfect banding can be recognized in the sample. Crossed polarization;
magnification x36. Photo M. Stastny

ANALYTICAL METHODS

A complicated tectonometamorphic development of the Rychory
Mts crystalline complex (Teisseyre 1973; Chaloupsky et al. 1989;
Patocka et al. 1994 etc.) was taken into account when the rocks of the
Ponikla Group were sampled, and rather voluminous whole-rock spe-
cimens (10-35 kg) were taken (Table 1). The samples were carefully
crushed and homogenised for Rb-Sr analyses.

The concentrations of Sr and Rb were determined by XRF-method
using Philips PW 1450 spectrometer (Gematest Ltd.) after Verdurmen
et al. (1979) and Harvey and Atkin (1981). Strontium isotopic ratios
were measured on a Finnigen MAT 262 mass spectrometer (Czech
Geological Survey, Praha). Strontium was loaded on double filaments
using H3PO4. During Sr isotopic analysis the NBS SRM 987 standard
was measured yielding an average ratio of 87Sr/86Sr = 0.710255 +
0.000043.
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. Table 1
Rb-Sr isotope data of the whole-rock samples from the Ponikla Group in the
Rychory Mts crystalline complex

Sam|

ple|Weight| Rb Sr | 875, 86 87ce. 86 (¢"s1r/%53r)
No| [kgl | ppml | [ppm] | EO/°Sr| Io StSr | Io 501 Ma
1 35 187 54.4 10.0 0.2 0.775788 0.000048 0.704392
2 26 48.5 119 1.18 0.024 0.714442 0.000046 0.706017
3 20 102 97.5 3.03 0.03 0.727443 0.000057 0.705810
4 19 153 70.7 6.29 0.12 0.750588 0.000054 0.705680
5 18 181 62.6 8.41 0.08 0.765552 0.000043 0.705508
6 20 131 92.7 4.1 0.08 0.735163 0.000050 0.705891
i 10 18.2 277 0.19 0.022 0.706925 0.000055 0.705568
8 20 6.9 112 0.178 0.019 0.709024 0.000064 0.707753
9 15 52.2 275 0.549 0.0074 | 0.709491 0.000078 0.705571
10 15 50 99.9 1.45 0.029 0.717446 0.000046 0.707094

1-6 - porphyroids, 7 - greenschist, 8 - marble, 9 and 10 - carbonate phyllites. Analyst
J. Bendl (Analytika Ltd., Praha)

Rb-Sr ISOTOPE DATA

For application of Rb-Sr isotope analysis, six porphyroid samples
and a single greenschist specimen were taken in the Rychory Mts
crystalline complex. All samples were taken from the Ponikla Group
as it was regionally defined there by Chaloupsky et al. (1989) (Fig. 2).
The nearby carbonate-rich metasediments — marble and carbonate
phyllites, i.e. rocks presumably also rich in Sr (e.g. Bowen 1979) —
were sampled for comparison with regard to sensitivity of the Rb-Sr
whole-rock system to secondary processes (hydrothermal alterations,
weathering etc.) (e.g. Compston et al. 1982; Schleicher et al. 1983).
The whole-rock data for the samples are listed in Table 1. Measured
87Qr/868Sr ratios were corrected for fractionation effects to the value
865r/88Sr = 0.1194 (Steiger, Jager 1977).

According to the sufficient scatter of 8Rb/%Sr values measured on
the studied samples of metavolcanic rocks of the Ponikla Group, an
isochron can be constructed in the diagram of 87Rb/%6Sr and 87Sr/%®Sr
isotope ratios, respecting the requirement of having at least four sam-
ples with Rb/Sr ratios that are as far apart as possible (e.g. Geyh,
Schleicher 1990). In the 87Rb/®Sr versus 87Sr/®Sr plot (Fig. 5a), whe-
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Fig. 5. Plots of 878r/%%3r versus 8"Rb/*%Sr isotope ratios of the rock samples of the
Ponikla Group (Rychory Mts crystalline complex). The error boxes are 1o for the
samples of metavolcanics. Sample numbers are as in Table 1. (a) Plot showing only
the porphyroid samples and corresponding isochron. (b) Plot including the porphyroid
and greenschist samples as well as the samples of metasediments — marble and
carbonate phyllites (marked as triangles). The isochron is based on the samples of
metavolcanic rocks

re only porphyroid samples are shown, the slope of the isochron defi-
nes an age 495 = 9 Ma with an initial strontium isotopic ratio 0.70611
+0.00041. In the next diagram (Fig. 5b) the greenschist sample is also
considered. There the age of the isochron is 501 £ 8 Ma, and an initial
Sr isotopic ratio is 0.70578 £ 0.00026. Isochrons calculations follow
Ludwig (1992). For the calculation the decay constant 1.42.10!!.y! of
the isotope °'Rb was used (e.g. Steiger, Jager 1977).

DISCUSSION

The majority of the Ponikla Group porphyroids of the Rychory Mts
show much higher 8Rb/%6Sr ratios compared with the samples of
marble and carbonate phyllites (Table 1). That suggests that signifi-
cant exchange between the Rb-Sr isotope systems of these metaigneo-
us and metasedimentary rocks during any secondary processes does
not seem probable. On the other hand, regarding the greenschist sam-
ple, such an exchange cannot be excluded considering its low 87Rb/%6Sr
ratio, comparable with the marble value. Nevertheless, only negligible
disturbance of the Rb-Sr system in the felsic-mafic metavolcanic sam-
ples of the Ponikla Group can be inferred from the low scatter of
87Sr/%6Sr values corrected to the age of 501 Ma (Table 1).

The Rb-Sr age of 495 £9 Ma, indicating the age of the Rb-Sr sy-
stem closure, can be interpreted as the time of magmatic origin of
protolith rocks of the Ponikla Group porphyroids, since whole-rock
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isochrons for volcanic rocks subjected to metamorphism usually give
the time of effusion (e.g. Geyh, Schleicher 1990) (Fig. 5a).

The 1nitial Sr isotope ratio of 0.70611 for the porphyroids indicates
that the protolith magma could not be derived directly from the
Earth’s mantle. Provided that the magma was of crustal provenance,
melting of low-degree differentiated igneous rocks (distinguished by
low Rb/Sr ratio) and/or those having generally short crustal residence
histories, can be a possible mechanism of the protolith magma origin.
Initial strontium isotope values of about 0.706 are specific feature of
basic granulites (Peucat et al. 1990; Volbracht et al. 1994 etc.) which
are considered to be characteristic rocks of the lower crust of the
Variscan Europe (e.g. Downes 1990) as well as of the lower crust in
general (e.g. Yanagi et al. 1988). However, not only partial melting of
basic granulites, but also considerable contamination of magma rising
from the mantle by these melts can produce the above mentioned
initial 87Sr/86Sr values, since the lower crust at high temperatures is
the first material for the ascending magma to encounter.

It has to be pointed out that the isochron based only on the felsic
rocks is almost identical to that involving the porphyroid samples as
well as the greenschist specimen. The latter indicates both an age of
the Rb-Sr system closure and an initial Sr isotope ratio very close to
those shown by the former (Fig. 5). Moderate (37Sr/%6Sr)501 ma values
(ca. 0.706), displayed by all samples of the Ponikla Group metavolca-
nics (Table 1), suggest their close genetic relationship. The felsic melts
of the porphyroid protolith could have a possible precursor in mant-
le-derived transitional to alkaline basic magmas, as is often observed
in anorogenic settings (e.g. Pin, Marini 1993). This assumption seems
to be supported by the affinity of the chemical composition of the
Ponikla Group greenschists to ocean-island transitional and alkaline
basalts (Patofka, unpublished data).

Following that, felsic and mafic metavolcanics of the Ponikla Gro-
up in the Rychory Mts crystalline complex can be interpreted as co-
genetic members of a bimodal volcanic association of Early Ordovician
age. A bimodal suite of rift-related metavolcanic rocks (with less abun-
dant felsic components), dated to the Ordovician by Oliver et al.
(1993), is described from the neighbouring Rudawy Janowickie com-
plex by e.g. Narebski et al. (1986), Kryza et al. (1994) and Winchester
et al. (1995). Bimodal magmatic associations of similar age are inter-
preted as an indication of tectonic settings of ensialic rifting throug-
hout the European Variscides (Pin 1990) — e.g., in northwestern Iberia
(Gil-Ibarguchi, Ortega-Girones 1985), in southern Massif Central and
in Brittany in France (Bernard-Griffiths et al. 1986; Pin, Marini 1993
etc.) and also in West Sudetes of the Bohemian Massif (Furnes et al.
1994; Narebski 1994 etc.).
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Fig. 6. A hypothetical single-stage
evolution curve of the 87Sr/*°Sr ratio
calculated for the sample of the Po-
nikla Group marble (No. 8 in Table
1) (dashed line) shown together with
the curve of fluctuations in the Sr
isotope ratios in marine carbonates
07084 |} | f | during the Paleozoic from Faure
(1986) (full line)

0.709 froo|eree e e JURUURT

0.707 o e e

400
age (Ma)

The Ponikla Group marble specimen (fine grained homogeneous
massive rock) shows quite different ®Sr/%6Sr ratio relative to the po-
rphyroid Sr values (Table 1). A hypothetical single-stage evolution
curve of the Sr isotope composition in the marble was constructed and
— provided that the marble precursor was sedimentary carbonate of
marine origin — related to the curve of fluctuations in the Sr isotope
ratios in marine carbonates during the Paleozoic after Faure (1986)
(Fig. 6); here has to be pointed out that the evolution curve is based
on merely single sample and that possible secondary disturbances and
resettings of the marble Sr-isotope system are neglected in the follo-
wing consideration. There are six intersects of both curves apparent
in this diagram during the Cambrian-Carboniferous interval. The
Rychory Mts marble displays abundant relics of oolitic texture (Hladil,
personal communication), which is — in the area of Central Europe —
considered to be a specific feature of the Famennian to Tournaisian
shallow-water limestones (e.g. Dvorak et al. 1986; Hladil et al. 1991,
1993). According to that, the intersects pointing to ages of 365 Ma
(87Sr/%68r = 0.708099) and 350 Ma (37Sr/%6Sr = 0.708137) may be in-
terpreted as the possible ages of sedimentation of the marble precur-
sor.

CONCLUSIONS

The interpretation of the Rb-Sr isotope data on felsic and mafic
metavolcanics (six samples of porphyroids and one greenschist speci-
men) of the Ponikla Group from the Rychory Mts crystalline complex
shows that magmatic precursors of these rocks can be members of
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bimodal volcanic association genetically related to continental lithosp-
here rifting. The resulting isochron slope indicates an age of the Rb-Sr
system closure at 501 + 8 Ma, i.e. the magmatic origin of the protolith
can be dated to Early Ordovician.

The Rychory Mts marbles often show relics of oolitic texture which
is probably a specific feature of the Famennian to Tournaisian shal-
low-water limestones (e.g. Dvorak et al. 1986; Hladil et al. 1991; 1993).
That is, two of the intersects of the hypothetical single-stage evolution
curve of the Sr isotope composition in the marble specimen and the
curve of fluctuations in the Sr isotope ratios 1n marine carbonates
during the Paleozoic (Faure 1986), corresponding to ages 365 Ma and
350 Ma respectively, may indicate the possible ages of the marble
sedimentary precursor.

As rift-related bimodal volcanic suites, dated to the earliest Pa-
leozoic, are described from the whole Variscan Europe, the interpre-
tation of the Rb-Sr isotope data on the Ponikla Group metavolcanics
seem to support a large-scale fragmentation of the Gondwana super-
continent plate northern margin during Cambrian and Ordovician ti-
me (Ziegler 1989).

A tentative conclusion based on the Rb-Sr isotope data on both
felsic-mafic metaigneous rocks and metamorphosed oolitic limestone
of the Rychory Mts is that the Ponikla Group is a metamorphosed
volcano-sedimentary sequence formed in the time-span from the Early
Ordovician to the Late Devonian/Early Carboniferous on a passive
continental margin of some of the Gondwana plate rifted off frag-
ments.

Acknowledgements

The authors are indebted to Mr Josef Forman, who was very helpful during the
fieldwork and sample processing. We also thank to Mrs Jana Rajlichova and Mr J.
Forman for making the drawings. Dr Martin SDastny and Mr Josef Brok kindly
helped with micropohotographs. All these colleagues are members of the Geological
Institute of the Academy of Sciences of the Czech Republic. The work is in part the
product of grant 205/93/0341 provided by the Grant Agency of the Czech Republic. A
linguistic revision of this paper was kindly made by Dr E.A. Oches (Univ. of Minne-
sota, Minneapolis, U.S.A.).

REFERENCES

BERNARD-GRIFFITHS J., CARPENTER M. S. N., PEUCAT J. -J., JAHN B. M,,
1986. Geochemical and isotopic characteristics of blueschist facies rocks from
the Ile de Groix, Armorican Massif (northwest France). Lithos, 19, 235 — 253.

BOWEN H. J. M., 1979. Environmental geochemistry of the elements: The elemental
geochemistry of rocks. Academic Press. London.

CHAB J., VRANA S., 1979. Crossite-actinolite amphiboles from the KrkonoSe-Jizera
crystalline complex and their geological significance. Vest. Ustr. ust. geol., 54,
143 — 150.



16 Ji BENDL, Frantitek PATOCKA

CHALOUPSKY J. (ed.), 1989. Geological map of the Krkonose and Jizerske hory Mts.
1 : 100,000. Geological Survey. Praha.

CHALOUPSKY J., CERVENKA J., JETEL J., KRALIK F., LIBALOVA J., PICHOVA
E., POKORNY J., POSMOURNY K., SEKYRA J., SHRBENY 0., SALANSKY
J., SRAMEK J., VACL J., 1989. Geology of the Krkonose and Jizerske hory Mts.
(in Czech, Engl. summary). Geological Survey. Praha.

CHLUPAC 1., 1953. The graptolite find in metamorphosed Silurian near Zelezny Brod
in Podkrkonosi (in Czech). Vest. Ustr. ust. geol., 28, 213 — 215.

CHLUPAC 1, 1993. Stratigraphic evaluation of some metamorphic units in the N
part of the Bohemian Massif. N. Jb. Geol. Palaont., Abh., 188, 363 — 388.
COMPSTON W, McDOUGALL I., WYBORN D., 1982. Possible two-stage 87Sr evol-

ution in the Stockdale Rhyolite. Earth Planet. Sci. Lett., 61, 297 — 302.

DOWNES H., 1990. The nature of the lower crust and lithospheric upper mantle of
Variscan Europe - evidence from xenoliths, granitoids and sediments. In: FREE-
MAN R., MUELLER 8. (eds), Proceedings of the sixth EGT workshop, 33 —43.
European Science Foundation. Strasbourg.

DVOAK J., FRIAKOVA O., HLADIL J., KALVODA J., KUKAL Z., BLESS M. J., 1986.
A field trip to the Famennian of the Moravian Karst (CSSR). Ann. Soc. gol.
Belg., 109, 267 — 273.

FAURE G., 1986. Principles of isotope geology, 2nd ed. J. Wiley and Sons. New York.

FURNES H., KRYZA R., MUSZYNSKI A., PIN Ch.,, GARMANN L. B., 1994. Geo-
chemical evidence for progressive, rift-related early Palaeozoic volcanism in the
western Sudetes. J. Geol. Soc., London, 151, 91 — 109.

GIL-IBARGUCHI J.I.,, ORTEGA-GIRONES E., 1985. Petrology, structure and geotec-
tonic implications of glaucophane-bearing eclogites and related rocks from the
Malpica-Tuy (MT) unit, Galicia, Northwest Spain. Chem. Geol., 50, 145 — 162.

GEYH M. A, SCHLEICHER H., 1990. Absolute age determination. Rubidium/stron-
tium (87Rb/87Sr) method. Springer-Verlag. Berlin.

HARVEY P. K., ATKIN B. P, 1981. The rapid determination of Rb, Sr and their ratios
in geological materials by X-ray fluorescence spectrometry using a rhodium X-
ray tube. Chem. Geol., 32, 155 — 165.

HLADIL J., KREJCI Z., KALVODA J., GINTER M., GALLE A., BEROUSEK P, 1991.
Carbonate ramp environment of Kellerwasser time-interval (Lesni lom, Mo-
ravia, Czechoslovakia). Bull. Soc. belg. Geol., 100, 57 — 119.

HLADIL J., HELESICOVA K., HRUBANOVA J., MULLER P, URES M., 1993. Devo-
nian island elevations under the scope: Central Europe, Basement of the Car-
pathian Mts. in Moravia. Jb. Geol. B.-A., 136, 741 — 750.

KRYZA R., MAZUR S., PIN Ch., 1994. Lesczyniec meta-igneous complex in the east-
ern part of the Karkonosze-Izera block: trace element and Nd isotope variation.
In: KRYZA R. (ed.): Abstracts of the International Conference “Igneous Activity
and Metamorphic Evolution of the Sudetes Area, 1994”. Inst. Geol. Sci., Wroclaw
University, 67 — 70. Wroclaw.

KODYM O., SVOBODA J., 1948. The Caledonian nappe tectonics of the Krkonose
and Jizerske Hory Mts (in Czech). Sbor. Stat. geol. Ust., 15, 109 — 160.

LUDWIG K. R., 1992. Isoplot 2.57. A plotting and regression program for radiogenic-
isotope data. U.S. Geological Survey open-file report, 91 — 445. Denver.

NAREBSKI W, 1994. Lower to Upper Paleozoic tectonomagmatic evolution of NE
part of the Bohemian Massif. Zbl. Geol. Palaont., 9/10 (1994), 961 — 972.

NAREBSKI W., WAJSPRYCH J., BAKUN-CZUBAROW N., 1982. On the nature,
origin and geotectonic significance of ophiolites and related rocks in the Polish
part of the Sudetes. Ofioliti, 2/3 (1982), 407 — 428.



Rb-Sr ISOTOPE GEOCHEMISTRY OF VOLCANIC ASSOCIATION 17

NAREBSKI W., DOSTAL J., DUPUY C., 1986. Geochemical characteristics of Lower
Paleozoic spilite-keratophyre series in the Western Sudetes (Poland): petro-
genetic and tectonic implications. N. Jb. Miner. Abh., 155, 243 — 258,

OLIVER G. J. H.,, CORFU F, KROGH T. E., 1993. U-Pb ages from SW Poland:
evidence for a Caledonian suture zone between Baltica and Gondwana. J. Geol.
Soc. London, 150, 355 — 369.

PATOCKA F.,, PIVEC E., OLIVERIOVA D., 1994. The mafic blueschists from the
Rychory Mts. crystalline complex (Western Sudetes, Bohemian Massif): meta-
morphic development and possible protolith composition. In: KRYZA R. (ed.):
Abstracts of the International Conference “Igneous Activity and Metamorphic
Evolution of the Sudetes Area, 1994”. Inst. Geol. Sci., Wroclaw University, 87-90.
Wroclaw.

PEUCAT J. J., BERNARD-GRIFFITHS J., GIL-IBARGUCHI J. 1., DALLMAYER R.
D., MENOT R. P.,, CORNICHET J., IGLESIAS PONCE DE LEON M., 1990.
Geochemical and geochronological cross section of the deep Variscan crust: The
Cabo Ortegal high-pressure nappe (northwestern Spain). Tectonophysics, 177,
263 — 292.

PIN Ch., 1990. Variscan oceans: ages, origins and geodynamic implications inferred
from geochemical and radiometric data. Tectonophysics, 177, 215 — 227.

PIN Ch., MARINI F., 1993. Early Ordovician continental break-up in Variscan Eu-
rope: Nd-Sr isotope and trace element evidence from bimodal igneous associ-
ations of the southern Massif Central, France. Lithos, 29, 177 — 196.

SCHLEICHER H., LIPPOLT H. J., RACZEK I., 1983. Rb-Sr systematics of Permian
volcanics in the Schwarzwald (SW Germany). Part II: Age of eruption and the
mechanism of the Rb-Sr whole rock age distortions. Contrib. Mineral. Petrol.,
84, 281 — 291.

SMULIKOWSKI W., 1994. Metamorphic evolution of the East Karkonosze polymeta-
morphic complex in Lasocki Range, West Sudetes. In: KRYZA R. (ed.): Abstracts
of the International Conference “Igneous Activity and Metamorphic Evolution
of the Sudetes Area, 1994”. Inst. Geol. Sci., Wroctaw University, 93 — 97. Wro-
claw.

STEIGER R. H., JAGER E., 1977. Subcommission on geochronology: convention on
the use of decay constant in geo- and cosmochronology. Earth Planet. Sci. Lett.,
36, 359 — 362.

SVOBODA J., CHALOUPSKY J., 1966. The West Sudeten Crystalline. In: SVOBODA
J, DVORAK J, HAVLENAV HAVLICEK V., HORNY R., CHLUPAC I., KLEIN
V., KOPECKY L MALECHAA MALKOVSKY M., SOUKUPJ TASLER R,
VACL dJ, ZEBERA K., 1966. Regional geology of Czechoslovakia, I Geological
Survey. Praha.

TEISSEYRE J. H., 1973. Metamorphic rocks of the Rudawy Janowickie and Lasocki
Grzbiet ranges. Geol. Sudetica, 8, 7— 118.

VAN BREEMEN O., BOWES D. R., AFTALION M., ZELAZNIEWICZ A., 1988. Devo-
nian tectonothermal activity in the Sowie Géry gneissic block, Sudetes, SW
Poland: evidence from Rb-Sr and U-Pb isotopic studies. Ann. Soc. Geol. Polon.,
58, 2 -19.

VERDURMEN E. A. T., 1979. Accuracy of X-ray fluorescence spectrometric determi-
nation of Rb and Sr concentrations in rock samples. X-ray Spectrometry, 6, 3,
117 — 122.

VOLBRACHT P. J., VRANA S., BEETSMA J. J., FIALA J., MATEJKA D., 1994. Sr
and Nd isotopic determinations in three Moldanubian granulite massifs. oJ.
Czech Geol. Soc., 39, 114.

WIESER T., 1978. Glaucophane schists and associated rocks of Kopina Mt. (Lasocki
Range, Sudeten). Mineralogia Polonica, 9, 17 — 38.

2 — Geologia Sudetica



18 Ji BENDL, FrantiSek PATOCKA

WINCHESTER J. A, FLOYD P. A, CHOCYK M., HORBOWY K., KOZDROJ W.,
1995. Geochemistry and tectonic environment of Ordovician meta-igneous rocks
in the Rudawy Janowickie Complex, SW Poland. J. Geol. Soc. London, 152, 105
—115.

YANAGI T., ARIKAWA H., HAMAMOTO R., HIRANO 1., 1988. Petrological implica-
tions of strontium isotope compositions of the Kinpo volcanic rocks in Southwest
Japan: Ascent of the magma chamber by assimilating the lower crust. Geochem.
J.. 22, 237 — 248.

ZIEGLER P. A,, 1989. Evolution of Laurussia. A Study in Late Paleozoic Plate Tecto-
nics. Kluwer Academic Publishers, Amsterdam.



