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Geochemistry and Composition of the Middle Devonian Srbsko
Formation in Barrandian Area, Bohemian Massif: A Trench or
Fore-Arc Strike-Slip Basin Fill with Material from Volcanic Arc

of Continental Margin?
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Kukal and Jdger (1988) emphasised the tectonic significance of
an abrupt termination of long-term, open-sea carbonate sedi-
mentation in the Barrandian area. The deposition of Givetian
Srbsko Formation was considered as a signal of Early Variscan
orogenesis. The authors of the above mentioned paper made
conclusions that these last sediments are distal turbidites and
contains, besides fine-grained siliciclastic material also much of
carbonate component. However, the prevailing meaning contin-
ued that Srbsko Formation is a normal siliciclastic wedge
deposited in moderate depths, which might be best explained as
a delta to pro-delta fan connected with uplifted and erosionally
dissected continental margins. An uncertain range of medium
depths was also suggested according to scattered occurrence of
nine ichnofossil genera, incl. Chondrites and Zoophycos (Mikulas
and Pek 1996). An oblique collisional docking (Hladil et al. 1999)
having been coupled with short-lived burial and consequent rapid

exhumation (Hladil 1998; Mann et al. 1999) was recently
suggested, but nothing was made for understanding provenance
of this latest sedimentary material.

The major part of sediments in the Srbsko formation, having
been studied in thin sections, contain an evident component of
pelagic carbonate sediment in form of “pelagic ooze” which was
partly dissolved during processes of compaction and lithifica-
tion. Deformation of fossils indicates compaction ratios up to 7,
on same places > 20. Small biomorphs are dacryoconarids
(ecologic analogue of present pteropods) and radiolaria. Siliceous
sponge spicules and rare echinoderm microfragments locally
occur. Several horizons of fine-grained calciturbidites were found.
The grains of upper-silt to fine-sand size are mostly derived from
relatively fresh bioclastic material (crinoid tissues) which first
had been collected in upper part of the slope and then transported
in turbid gravitational flows. The distal turbidites contain also
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tiny recycled particles rejected from seatloor on the slope. Small
clasts of ferrous hardgrounds in turbidite bypass zone are
involved. The calciturbidite material mostly alternates the
siliciclastic turbidites, so that independent and/or differentiated
source is possible. The source is seen in young reefs, which were
drowned as late as during the Early Givetian times. Lithoclastic
grains of Eifelian limestones, both bahamites of islands and lime-
mud calciturbidites of deep-sea basins are rare or absent. The
first check of thin-sectioned laminites from the basal Kacdk
Member suggests the nature of rocks being strongly dissolved,
organic-rich carbonates, but largely dissolved and silicified in
profound (abyssal?) conditions.
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The silicate clasts in turbidites are mostly angular/subangu-
lar grains of quartz and alkali (K and Na) feldspar. Occasional
occurrence of basic (Ca) feldspar clasts has been found. The ca-
thodoluminescence study did not reveal any significant differen-
ces between secondary luminescence of the individual genera-
tions of quartz grains. Angularity of many small quartz grains is
remarkable, especially when many faces of grains are concave.
Speculation about volcanic origin of this quartz seems to be
reasonable. The luminescence of accessory minerals in fine-
-grained siltstone/sandstone turbidite was masked by bright, late
diagenetical carbonate cement. Mineralogical diversity of heavy
minerals is small, although their concentration is largely varia-
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A — Simplified Early Givetian palacogeography, modified after Tait et al. (1997). Timing according to Tucker et al. (1997).

Details of both Gondwana and blocks in the east are not shown due to unclear data about their shape and position. B —
Stratigraphic chart, the Srbsko Formation covers both the Konéprusy shallow-water facies and deep-water facies (Eifelian,
open-sea carbonate sediments). C — The Co-Th-Zr/10 and Sc-Th-Zr/10 discrimination diagrams for samples from Srbsko
Formation. The position within the diagrams reflects the continental island arc-like (B) character of the tectonic setting
during Givetian. A — ocean island arc; C — active continental margin; D — passive continental margin.
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ble. Several populations of garnet and zircon, pyroxene, tour-
maline, apatite, Fe-Ti oxides, spinel, Fe-sulphides, and rarely
Mg-olivine and Mg-biotite occur. Zircon shapes are both idio-
morphic and oval. The crystals of zircon are dipyramidal and
long prismatic, being usually smaller than 100 um. A geochrono-
logical study on these zircons is announced (ICP MS, Charles
Univ., L. Strnad). So far, the instrument parameters and the ac-
quisition settings, together with gas flows, Ar/He gas mixing and
a variety of internal standards were tested in order to optimise
the instrument performance and to suppress the mass bias and
the laser-induced elemental fractionation of Pb and U.

The least mobile elements (such as Th, Zr, Hf, LREE, Nb,
Ti and Sc) were used for tectonic-setting proxies made on whole-
-rock samples. Various tectonic setting discrimination diagrams
(e.g. La-Sc-Th, Th-Sc-Zr/10 and Th-Co-Zr/10) were compiled and
tested by Bhatia and Crook (1986). This technique seems to be
a powerful and promptly applicable tool which is largely used for
indication of source material (e.g. PatoCka and Szczepanski 1997).
The data on rocks from the Srbsko Formation, when plotted, cluster
within ranges typical for continental volcanic arc. Such conclusion
is further supported by the bulk composition of the samples (U,
Th, Pb, Ba, Sc and K/Rb, Rb/Sr, Ti/Zr, Zt/Th, Th/U ratios, with
reference to data by JakeS and White (1972) and Bhatia and Crook
(1986). On the other hand, the values for Zr and LREE indicate
rather standard continental sedimentary source. Possibly, the
carriers of these Zr and REE contents are zircon and monazite,
which could be recycled in sediments.

The combination of two different chemical signatures may
therefore reflect the position of the sedimentary basin adjacent
to a continental volcanic arc. Using the simple palacographic
models for relevant blocks (e.g. Tait et al. 1997), such continen-
tal volcanic arc would be reached by the Middle Devonian Bar-
randian (Armorican Group of lithospheric blocks waft in Rheic
Ocean) at “Eastern Avalonia”. Of course, there are also other
possibilities of contacts, being particularly seen in unknown parts
of W Brunovistulian Unit (covered by Moravian and Moldanu-
bian Units in Late Carboniferous) or Saxothuringian Unit (with
some little analogy in siliceous shales of Zelezné hory Area, E
Bohemia). However, solution of this task requires more detailed
data about pre-Carboniferous palacogeography than available
today.

The combination of all presently available indications (such
as rapid pull in ocean abyss, basin fill containing volcanic arc
material, non-sedimentary burial, rapid exhumation during Fra-
snian times and deformation of Barrandian beds comparable to
accretionary prisms — cf. Taira et al. 1992) make hypotheses
about the trench or fore-arc strike-slip basin environments more
reasonable that considered during the previous years. The large
“atoll”-shaped structure of Prague basin suggested by Galle et
al. (1999) would be stripped at volcanic arc similarly to any
arrived carbonate highs at Japanese arcs (cf. Konishi 1989).

Perhaps the most debatable aspect of the suggested theory
lies in weak arguments in favour of large dimensions of this tec-
tonosedimentary change. Process itself is now indicated, yet cor-
rect juxtaposition of relicts in this area has always proved diffi-
cult owing to the lack of reliable data on which links can be
established. The main reason of these problems is seen in root
destruction, strike-slip movements and deep erosion in Varisci-
des (cf. Oncken 1997).

This study is related to projects MSM: 11-31-00005 and
CEZ: Z 3-013-912.

References

BHATIA M.R. and CROOK K.A.W., 1986. Trace element cha-
racteristics of graywackes and tectonic setting discrimina-
tion of sedimentary basins. Contrib. Mineral. Petrol., 92:
181-193.

GALLEA. HLADIL]J. and MAY A., 1999. Two new corals from
the Koneprusy Limestone (Lower Devonian, Pragian, Barran-
dian, Czech Republic). J. Czech Geol. Soc., 44: 181-187.

HLADIL J., 1998. An overview of basic eustatic features of the
Devonian basins in Bohemian Massif: different tectonic set-
tings. Geol. Res. Morav. Siles. Brno, 5: 50-52.

HLADIL J., MELICHAR R., OTAVA J., GALLE A., KRS M.,
MAN O., PRUNER P., CEJCHAN P. and OREL P., 1999.
The Devonian in the Easternmost Variscides, Moravia: a
Holistic Analysis Directed Towards Comprehension of the
Original Context. In: R. FEIST, J.A. TALENT and A. DAU-
RER (Editors), IGCP 421 North Gondwana: Mid-Palaeozoic
Terranes, Stratigraphy and Biota. Abh. Geol. B.-A. in Wien,
54:27-47.

JAKES P. and WHITE A.J.R., 1972. Major and Trace Element
Abundances in Volcanic Rocks of Orogenic Areas. Geol. Soc.
America Bull., 83: 29-39.

KONISHI K., 1989. Limestone of the Daiichi Kashima Seamount
and the fate of a subduction guyot: fact and speculation from
the Kaiko “Nautile” dives. J. Paleont., 62, (6): 855-865.

KUKAL Z. and JAGER 0., 1988. Siliciclastic signal of the Varis-
can orogenesis: the Devonian Srbsko Formation of central
Bohemia. Czech Geol. Surv. Bull. Prague, 63: 65-80.

MANN U., SUCHY V., FILIP J., FRANCU E., GLASMA-
CHER U., RADKE M., SYKOROVA 1., VOLK H., WAG-
NER G. and WILKES H., 1999. Thermal evolution and
petroleum generation-migration in Barrandian Strata of
the Prague Basin (Czech Republic): an organic-geochemi-
cal and basin modelling study. In: 19th International Meet-
ing on Organic Geochemistry, Istanbul, Tiibitak Marmara
Res. Center, pp. 207-208.

MIKULAS R. and PEK J., 1996. Trace fossils from the Roblin
Member of the Srbsko Formation (Middle Devonian, Barran-
dian area, central Bohemia). J. Czech Geol. Soc., 41: 79-90.

ONCKEN O., 1997. Transformation of a magmatic arc and
an orogenic root during oblique collision and it’s con-
sequences for the evolution of the European Variscides
(Mid-German Crystalline Rise). Geol. Rundsch., 86: 2-20.

PATOCKA F. and SZCZEPANSKI J., 1997. Geochemistry of
quartzites from the eastern margin of the Bohemian Massif
(the Hruby Jesenik Mts. Devonian and the Strzelifi Crystal-
line Massif): provenance and tectonic setting of deposition.
Pol. Towar. Mineral. Prace Spec., 9: 151-154.

TAIRA A.,BYRNET. and ASHI J., 1992. Photographic Atlas of
an Accretionary Prism, Geologic Structures of the Shimanto
Belt, Japan. Springer Verl. New York (Tokyo).

TAIT J.A., BACHTADSE V., FRANKE W. and SOFFEL H.C.,
1997. Geodynamic evolution of the European Variscan fold
belt: palacomagnetic and geological constraints. Geol.
Rundsch., 86: 585-598.



114

Ceolines 13 (2001)

TUCKER R.D., BRADLEY D.C., VER STRAETEN C.A.,
HARRIS A.G., EBERT J.R. and McCUTCHEON S.R.,

1998. New U-Pb zircon ages and the duration and division
of the Devonian time. Earth Planet. Sci. Lett., 158: 175-186.

Preliminary Data on the AMS Fabric in Salt Domes from the

SW Part of Zagros Mts., Iran
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Salt diapirism has been studied intensively for many years, but
the mechanisms and geometry of flow of salt diapirs are not yet
satisfactorily resolved. Therefore, main objective of our study
is detailed research of salt flow mechanics based on quantita-
tive investigations of its internal structure (flow foliation, linea-
tion, folds and microstructures). The area of Zagros was chosen
for our study due to presence of about 150 salt extrusions.
Hormuz salt of Upper Proterozoic to the Lower Cambrian age is
composed of evaporites (multicoloured halite, lenses of anhy-
drite, dolomite, limestone and blocks of volcanic and sedimen-
tary rocks of so-called Hormuz Formation) (Talbot and Alavi
1996). Original thickness of these evaporites was estimated as 1
km (Kent 1958), evaporites are presently covered by younger
sedimentary formations up to 10 km in thickness. Salt diapirs
extruded to various stratigraphic levels mostly in the hinge parts
of mega folds, which affect Mesozoic and Tertiary formations.
Strong planar fabric is developed in salt delineated by meso-
scopic flow foliations mostly formed by alternations of coloured
and pure salt strips. The colour of salt is due to variable pre-
sence of disseminated non-evaporite material (black — hematite,
red — hematite ochre, green and purple — volcanic and sedimen-
tary rocks). Thickness of individual layers of salt varies in
conjunction with its grain size and dip of fabric across the dome.
Coarse grained salt pegmatites (grain size from 3-10 cm) are
developed, together with fine grained salt (ultra)mylonites (grain
size in matrix about 1 mm, porphyroclasts up to several centi-
metres).

The anisotropy of magnetic susceptibility (AMS) of salt sam-
ples was measured by the KLY-3S Kappabridge in the labora-
tory of Agico Ltd. Brno. The mean susceptibility of salt ranges
widely, from =11 x 10 to +5 x 10 [SI], due to character and
quantity of dispersed magnetic particles among which hematite
is obviously the main carrier of susceptibility. It is present in the
form of flakes or less commonly as isometric grains.

We studied salt dome at Hormoz Island (Persian Gulf) with
nearly circular shape and strongly concentric structure. Its struc-
ture can be divided into three main domains (see Fig. 1): central
apical part of cupola (4 km in diameter, elevation 120-180 a.s.1),
outer ring (thickness about 2 km, elevation max. 100 m a.s.l.)
and peripheral zone. All domains exhibit different morphology,
structure and also composition of evaporites in terms of amount

of hematite. Dome is in its southern part surrounded by steeply
inclined (80-60°) beds of limestones of Tertiary age.

The central dome shows flat foliation and radially spreading
lineations in the apical part of cupola (about 20°), and towards
the edge of the dome foliation and lineation become steeper, up
to 80°. Here, central cupola passes to the outer ring, where fold-
ed zone is locally developed. Dip of foliation is subvertical and
parallel to axial planes of numerous isoclinal flow folds. Going
towards peripheral zone, which is probably developed only in
the western part of the diapir, the foliation dips in opposite di-
rection towards the core of the central cupola. The lineation
becomes horizontal indicating lateral flow around main body of
diapir. Mean susceptibility and the degree of anisotropy ex-
pressed by P parameter are low in the central part of the dome
and both values increase towards periphery of the dome. The
fabric symmetry characterised by T parameter show highly var-
iable values in the central part and becomes oblate towards
margin.

In conclusion, magnetic fabric in central part of the dome
indicates symmetrical flow of material outwards, which passes
to lateral compression in folded zone. For the southern part of
the dome is distinctive lateral flow along the margin (see Figure
1). These results may reflect changing boundary conditions at
the peripheral limits of diapiric structure.

The main but preliminary results of our research are as fol-
lows: (1) AMS is useful technique for fabric research of some
salt domes where magnetic minerals are disseminated in salt;
(3) measured magnetic foliation is in good agreement with me-
soscopic flow foliation; in addition, magnetic lineation as well
as magnetic fabric intensity and symmetry can be defined;
(3) mean susceptibility is controlled by the amount and type of
dispersed magnetic particles, e.g. in the Hormoz dome hematite
is frequent.
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