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Abstract. Shales and siliceous nodules from Praha — Cerveny vrch Hill (Middle Ordovician, Sarka Formation, Barrandian area) were studied by chemi-
cal and X-ray phase analyses as well as by K-Ar age dating to specify their formation and provenance. White micas occurring as detrital components
within the shales of the Sdrka Formation reveal a Neoproterozoic (Cadomian) K-Ar age (599 + 12 Ma) of the source rocks. The enrichment of heavy rare
earth elements (HREE) over light rare earth elements (LREE), high Th/U ratios, and a distinct kaolinite content in the shales of the Sarka Formation point
to strong chemical weathering of the source area in pre-Middle Ordovician times. Major element data indicate a passive margin setting for these shales,
whereas trace element data and discriminant function analysis display the inherited island arc signature of the Neoproterozoic basement. Very low sul-
phide sulphur (S, ) and organic carbon (C,,,) contents as well as the depletion in Fe and Mn are interpreted as a tracer for oxic bottom-water conditions
during deposition and transport of these elements by bottom currents. The growth of the siliceous nodules is supposed to be connected with the replace-

ment of former sediment by SiO, and with leaching of most elements simultaneously with the enrichment in Mn, Ca, Co, Pb, Y and HREE.
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Introduction

In fine-grained clastic sediments, geochemical methods
provide decisive information about their provenance and
formation history. The chemical composition of such sedi-
ments is controlled by interaction of provenance, weathe-
ring, transport, deposition and diagenetic processes (Rol-
linson 1993, Johnsson 1993). The REE are considered to be
immobile during weathering, hydrothermal overprint and
low-grade metamorphism. Together with immobile trace
elements, such as Th, Sc, Cr, Zr, Co, they reflect the prove-
nance of clastic sediments (Bhatia 1985, Bhatia and Crook
1986, Cullers et al. 1988, McLennan et al. 1990). Major
element contents of sandstones and mudstones were used
for discriminating geotectonic settings by Bhatia (1983),
Roser and Korsch (1986, 1988). The extent of weathering
as a process modifying the provenance signals of the sour-
ce rocks can be estimated by distinct elements and their ra-
tios, e.g., AL O, content, Th/U ratio, REE patterns (Nesbitt
and Young 1989, Nesbitt et al. 1990, McLennan et al.
1993). The availability of oxygen during subaqueous depo-
sition of shales under non-marine, normal oxic marine, and
euxinic bottom-water conditions can be distinguished by
the S, /C,, ratio (Raiswell and Berner 1986, Leventhal
1995, Lyons et al. 2000).

K-Ar age determinations on detrital white micas rep-
resent another appropriate tool for provenance analysis.
The radioactive decay of “’K to *’Ar (e.g., Faure 1986)
permits ascertaining the last cooling of the measured
micas below their blocking temperature (350 + 50 °C after

Purdy and Jager 1976). In sediments unaffected by ther-
mal events, the age calculated from the isotopic composi-
tion of detrital minerals corresponds to the cooling age of
the source rock.

Combining the data obtained by these diverse meth-
ods, the source area and the weathering processes leading
to the origin of shales of the Sarka Formation are to be
characterized. Neoproterozoic rocks as a potential source
of the Early Palaeozoic sediments were analysed for com-
parison.

Sampling was carried out in a temporary excavation at
Cerveny vrch Hill in Prague (Fig. 2) and in the Jezirko
Quarry at Dobfis. The number of samples is small and
does not have systematic character. However, the applica-
tion of several modern analytical methods yields reliable
information on the provenance and formation of the stud-
ied rocks.

Geological setting

The Sarka Formation was deposited during the latest Are-
nigian to early-middle Llanvirnian times, Darriwillian
(sensu Fatka et al. 1996) in the Prague Basin (Barrandian
area, see Fig. 1). The largest part of the Sarka Formation is
dominated by shales and silty shales. Black shales with
>1% C,, prevail in the central parts of the basin, while se-
dimentary iron ores are present in onshore settings (Havli-
¢ek in Chlupac et al. 1998). Within the shales, irregularly
distributed horizons of nodules form spatially restricted lo-
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Fig. 1. Geological sketch-map of the Barrandian area and stratigraphic column of the Ordovician after Kraft et al. (1999).
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cal occurrences. Accumulations
of volcanic and volcaniclastic

Top of measured
section

rocks are related especially to the
Komérov Volcanic Complex du-
ring the Lower and Middle Ordo-
vician, including the Sarka For-
mation (e.g., Chlupa¢ and Kukal
1988, Petranek 1991, Chlupac et
al. 1998).

Methods

The mineralogical composition
of shales of the Sarka Formation
and of the associated siliceous
nodules was investigated using
light microscopy and X-ray pha-
se analysis. The latter method
has been performed in the mine-
ralogical laboratories at Frei-
berg University of Mining and
Technology, Germany. The total
of all crystalline phases was re-

strongly altered volcaniclastics

dark grey to black clayey shales

dark grey, clayey shales with mica admixture

silty, weathered shales

crushed zones in shales

crushed zones in shales,
less than 30 cm thick

calculated to 100 %. Depending ] = 2 =
on the structure and matrix, the 8 Fauna
detection limit is specified bet- _ E """ - ————| CV O3
ween 0.5 and 5 wt%. Mineral EE cvod A A
pl.lases were quantified by. the >(§E \chnofauna
Rietveld method on the basis of £ —_—
the published crystal structure z = )
data (Tab. 1). 5 A .
. - T eem——— Siliceous nodules

Whole-rock major and trace R A3 Cvo2
element analyses were obtained A/\ ’\A A
on three samples of shales, two si- A A A

liceous nodules, and one sample
of tuffitic rock (Fig. 2) by fusion
ICP and ICP-MS, respectively
(Tabs. 2, 3). The contents of car-
bon and sulphur were determined
on three shale samples by INAA
(Tab. 4; all Activation Labora-
tories Ltd., Ancaster, Canada).

strongly altered
volcanics and
volcaniclastics

Fig. 2. Studied part of the section from the excavation at
Cerveny vrch Hill modified after Budil et al. (2003, this vol-
ume); exact location: NW part of Prague, 10-150 m N from
Egyptska Street, sample points indicated by asterisks and a
black bar.

im

Three samples from Neoprote-
rozoic fine-grained sandstones
taken in the Jezirko Quarry at Dobfi§ (Stéchovice Group)
were analysed for comparison (see Tabs. 2, 3).

K-Ar age dating of detrital white micas from sample
Sarka 01 (see Fig. 2, Tab. 5) was performed in the

Geowissenschaftliches Zentrum der Universitdt Gottingen,

Tab. 1. Mineral phases [wt%] recognized by X-ray phase analysis

Germany. Sample preparation as carried out at the Univer-
sity of Gottingen is described by Wemmer (1991). Details
on K determination, measurement of Ar isotopic composi-
tion, and the mode of age calculation were given by
Ahrendt et al. (2001).

Sample | System Lithostratigraphy | Quartz | Anatase | Rutile | Calcite | Kaolinite | X 2:1 layer silicates
.. & . 55 [2M muscovite and mixed layer illite/smectite
CV03 Ordovician | Séarka Formation 20 1 1 - 23 ordered (~75% illite) in a ratio of 1:1]
CVPOI | Ordovician | Sarka Formation 37 B 3 1 2 10 (ZMl.musco.vne and mixed layer illite/smectite
ordered in a ratio of 1:1)
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Tab. 2. Major oxide amounts in the sampled rocks
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Results

Middle Ordovician, Sarka Formation

Volcaniclastic rocks at the base of the section (see Budil et
al. 2003, this volume) represent a tuffitic mixture contai-
ning several detrital minerals (quartz, white micas, zircon)
and fine-grained matrix composed of redeposited volcanic
and clastic material. The position close to a fault zone and
the very light colour apparent in the field as well as grains
with corroded rims and altered minerals observable in thin
section characterize the very strong alteration of these
rocks. Chemical composition of one sample of the volca-
niclastic rocks (CV 02) is listed in Tab. 2 and Tab. 3. The
overlying sedimentary part of the studied section contains
dark grey to black shales partly with an admixture of mica
as well as a horizon with siliceous nodules.

Shales: The fine-clastic samples of the Sirka Forma-
tion are classified as shales by the diagram of Herron
(1988; Fig. 4). The shales of the Sarka Formation contain
detrital quartz with a grain size up to 150 um and detrital
micas (predominantly white micas and very rare dark
micas) up to 400 pm long. The detrital grains are arranged
in thin laminae generally oriented parallel to the bedding
planes (Fig. 3a). The mineralogical composition was deter-
mined by X-ray phase analysis (for results see Tab. 1) and
demonstrates a distinct kaolinite content.

The Spyrie/Corg Tatio is used to characterize the depo-
sitional environment of sediments. Leventhal (1995) dif-
ferentiates between freshwater, normal marine, and
euxinic depositional conditions. Black shales expected to
be deposited under euxinic bottom-water conditions
should feature high sulphide sulphur (> 1 %). The sulphate
sulphur of the measured shales (Tab. 4) is beneath the de-
tection limit; it is therefore impossible to calculate the sul-
phide sulphur from total sulphur. However, the total sul-
phur and consequently the sulphide sulphur as well are
clearly below 1 %. Anoxic bottom-water conditions caus-
ing pyrite precipitation can be therefore ruled out for the
analysed samples. The dark grey shales are not typically
enriched in trace elements like Cr, V, Cu, and Co; the C,,
content of 0.05-0.06 % also indicates “normal” shales (C,,
content in black shales 1-10 %). Compared with PAAS
(Fig. 6D), Fe,03, MnO, MgO, and CaO are depleted.

The latest tectonothermal history of the source area is
recorded in the K-Ar isotopic composition of detrital white
micas reflecting the last cooling of the source rocks. In
sample Sarka 01 micas are up to 400 um long and chiefly
occur on bedding planes. They do not show a strong align-
ment; therefore they are of detrital nature. The K-Ar age of
Sarka 01 is 599 + 12 Ma (Tab. 5). Accordingly, the detrital
micas of the Sarka Formation are derived from a Neo-
proterozoic source area. The source rocks consist most
probably of micaschists, gneisses or granites, which under-
went their last higher-grade overprint or emplacement dur-
ing Panafrican/Cadomian orogenic processes.

Siliceous nodules of the Sarka Formation: Chemical
analyses (Tab. 2) of the concretions show a very high SiO,
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Fig. 3a, b. Microphotographs (XPL) showing the occurrence of detrital quartz and micas a) in the shales and b) in a silicious concretion of the Sérka For-
mation.

Table 4. Sulphur and carbon contents in the shales

SAMPLE | System Lithostratigraphy | TOTALC % | GRAPHITICC % | ORGANICC % | CO, % | S% | SO4 % S/Coro
CV 03 Ordovician | Sarka Formation 0.45 0.38 0.05 <0.05 0.03 <0.05 0.6
CV 04 Ordovician | Sarka Formation 0.47 0.39 0.05 <0.05 0.03 <0.05 0.6
CV 05 Ordovician | Sarka Formation 0.51 0.40 0.06 <0.05 0.03 <0.05 0.5

content (~ 90 %). Therefore, they are interpreted as
recrystallized cherts. Detrital quartz grains with corroded
rims (up to 150 pm in diameter) and detrital micas (up to
250 pm long) in the chert concretions represent remnants of
the former sediment (Fig. 3b), which was replaced by the
formation of the concretions in an early diagenetic stage.
The replacing matter was opal or carbonate (see Kukal
1962), later replaced by opal. The opal substance is now
transmuted to quartz. The siliceous concretions are plotted
along with the shales (Fig. 4) in the Herron’s (1988) dia-
gram, which is actually established for terrigenous clastics,
to show the chemical effect of the detrital minerals. The
concretions are characterized as sublitharenite/Fe-rich
sand. In spite of the high SiO, content there is a pronounced
proportion of Al,O; and Fe,O; pointing to relics of clay
minerals and micas. Further evidence for these detrital

[ concretions
@ Sarka shales
A Neoproterozoic fine-
8 grained sandstones
2 Fe-Shale Fe-Sand
X 4
>
O, 0
o ' Sublith-
L\L, Shale A [ Lith- arenite Quartz
o /arenite [] Areni
o 5 renite
S or 8 /s /
Arkose Subarkose
[ J
-1 1 1 1

0 0,5 1 1,5 2 2,5
log (SiO,/ALO,)

Fig. 4. Chemical classification scheme for terrigenous clastic sediments
after Herron (1988).

152

components is the detection of kaolinite (2 wt%) and
three-layer minerals (10 wt%) by X-ray phase analysis
(Tab. 1). The chemical composition of the siliceous con-
cretions is normalized to the shales of the Sarka Formation
to emphasise the depletion in most elements in the nodules
(Fig. 5). SiO,, MnO, CaO, Co, Pb and the HREE including
Y (except Yb and Lu) are enriched in the concretions, com-
pared to the shales (Tab. 3). At the time there is no clear ex-
planation for such an effect. The growth of the concretions
took place obviously before the first compaction, because
most of the relictic components are not aligned (Fig. 3b).
Consequently, we suppose an early diagenetic origin of the
nodules.

Neoproterozoic sandstones of the Stéchovice Group

Thin sections of Neoproterozoic sediments of the St&cho-
vice Group reveal immature fine-grained sandstones con-
taining quartz, plagioclase, orthoclase, dark and white
mica, heavy minerals, some opaque substances, and
clay-sized matrix. The absence of unstable lithic frag-
ments can be explained by the small grain size and diage-
netic alteration. The components are mostly angular, indi-
cating a short transport. Immaturity is confirmed by the
classification as shale/wacke (Fig. 4) in the diagram of
Herron (1988).

The geochemical composition of clastic sediments re-
flects the degree of weathering and recycling, and, on the
other hand, the provenance. Major and trace element data
on sediments of the Middle Ordovician Sarka Formation
and the Neoproterozoic Stéchovice Group are treated to-
gether to emphasise similarities and differences.
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Tab. 5. Data on K-Ar analysis and geochronology of a white mica concentrate taken from sample Sarka 01

Ar - Tsotopic Abundance Spike - Isotopic Composition| Decay Constants [1/a]: Potassium
“Ar 99.6000 % AT 0.0099980 % ‘e 5.810E-11 MK 0.011670%
FAr 0.0630 % FAr o 99.9890000 % A 4.962E-10 K.O/K : 0.8302
*Ar 0.3370 % SAr: 0.0009998 % Mot 3.343E-10 Atomic Weight [g/mol]:
Standard Temperature Pressure (STP) tot Ar : 39.9477
0° C; 760 mm Hg Molar Volume “Ar; 39.9624
Normal Atmosphere (DIN 1343) [ml}: 224138 tot K : 39.1027
273,15K:; 1013.25 mbar
Sample Spike K,O O Ar = P Ar = Age 2s-Error |2s-Error
P [ No.] [Wt %] [nl/g]STP | [%}] [Ma] [ Ma] [%6]
Sarka 01 - detrital muscovite 2769 3.77 86.3600 99.35 598.9 12.2 2.0
(for sample location see Fig. 2)

The Si0, vs. K,0O/Na,O diagram of Roser and Korsch
(1986) characterizes the geotectonic setting of the source
area of the clastic sediments. This diagram is related to the
maturity of the sediment. Mature, PM-indicating clastics
are derived from stable continental blocks and deposited
in several types of basins including rift basins, whereas
more immature ACM-proving sediments are delivered
from mixed sources and stored on or adjacent to active
plate margins and in strike-slip settings (Roser and
Korsch 1986). Shales of the Sarka Formation, evidencing
deposition in a passive margin setting (PM), are clearly
differentiated from the Neoproterozoic rocks showing an
active margin/continental island arc (ACM) signature
(Fig. 6b).

The ternary plot of Bhatia and Crook (1986) dealing
with discriminatory trace elements is actually compiled
on the basis of the geochemical composition of
greywacke samples. The Th-La-Sc diagram displays an
island arc signature for the Precambrian and Middle Or-
dovician sediments (Fig. 7b). The discriminant function
diagram of Roser and Korsch (1988) characterizes the
provenance of the analysed rocks as an intermediate igne-
ous one (Fig. 7a).

Weathering and recycling processes of the source
rocks accompanied by U solution are reflected in the re-
sulting terrigeneous clastics and can be estimated by the
Th/U ratio (McLennan et al. 1993). Generally, shales are
depleted in U, and their Th/U ratio is elevated above up-
per crustal igneous values of 3.5-4.0. Whereas the shales
of the Sarka Formation with Th/U values of ~ 7 point to
strong weathering and recycling of the source rocks, the
Neoproterozoic fine-grained sandstones show Th/U ra-
tios like the upper crust (Fig. 6a). Furthermore, exoge-
nous processes are responsible for the enrichment in
LREE over HREE (McLennan et al. 1993). Fig. 6¢ shows
chondrite-normalized REE patterns of the Dobfi§ sand-
stones and the sediments of the Sarka Formation. Both
rocks feature similar ratios with enhanced LREE, but the
absolute REE content in the shales is higher due to the
lower grain size.

Discussion and conclusions

The content of kaolinite in the shales of the Sarka Formati-
on, as well as the high Th/U ratio and the REE patterns evi-
dence strong weathering processes. However, the interpre-
tation of the age of weathering is difficult. Starke (1970) re-
ported a drill core from the Riigen island (Germany), where
Llanvirnian—Llandeilian shales contain up to 30 % kaolini-
te, although the overlying Silurian graptolite shales display
only a few percent of kaolinite. Furthermore, the same aut-
hor described a high kaolinite content in the Upper Ordovi-
cian Lederschiefer Formation of Thuringia. Highly mature
Tremadocian sandstones in Saxo-Thuringia were interpre-
ted as a result of uplift and intensive Late Cambrian weat-
hering of Cadomian rocks (Linnemann and Romer 2002),
which were finally deposited in a rift setting and reach a
thickness of > 2000 m (Linnemann and Heuse 1998). In
the Barrandian, the Tremadocian and Arenigian sediments
(silicites, shales, conglomerates, sandstones) achieve a
thickness of up to 300 m. The coarser clastic rocks contain
many unstable lithic fragments indicating only a short
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Fig. 5. Chemical components of the concretions normalized to the shales
of the Sarka Formation.
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transport (Chlupac et al. 1998). The immature conglomerates
and sandstones should be derived from relatively fresh
sources close to the site of deposition, whereas the more
mature shales of the Sarka Formation can be acquired from
more distant regions, which underwent intensive and parti-
cularly extensive chemical weathering. Paleomagnetic stu-
dies of Krs et al. (1986, 1987) suggest a low paleolatitude
for the Middle-Late Cambrian and Early Ordovician of the
Barrandian, which is in good agreement with intense weat-
hering processes. Assuming related but not synchronous
geotectonic conditions for the Barrandian and the Saxo-
Thuringian, the content of kaolinite in the shales of the Sar-
ka Formation is interpreted as a relic of fossil (pre-Middle
Ordovician) weathering processes in the source area and
not as an effect of recent alterations.

Petranek (1991) demonstrated the unfixing of iron and
manganese in sediments with anoxic pore water conditions,
the diffusion of Fe** and Mn?* to the sediment/water inter-
face and their removal by streaming bottom water. The stud-
ied shales of the Sérka Formation show very low contents of
Corg and S, and a depletion in Fe,O; and MnO compared to
PAAS. The S/C ratio of 0.5-0.6, actually pointing to normal
marine bottom-water conditions, could be also an expres-
sion of the removal of degraded C,,, (—CO,) and sulphate
(—H,S) as well as reduced bivalent iron and manganese
ions by bottom currents. If pH < 5, FeS cannot be precipi-
tated (Fetter 1994). In such acidic environment, the forma-
tion of siliceous nodules and the depletion in Fe, Mn and
H,S during progressive degradation of organic matter can
take place simultaneously in an early diagenetic stage.
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Fig. 6. a— Th/U versus Th plot after McLennan et al. (1993); b — Provenance diagram for sandstones and mudstones after Roser and Korsch (1986); PM,
passive continental margin; ACM, active continental margin including continental island arcs; ARC, oceanic island arc; ¢ — Chondrite-normalized REE
patterns (normalizing values from Taylor and McLennan 1985); d — Average element contents of analysed samples normalized to PAAS (normalizing
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154



Provenance and early diagenetic processes of the Ordovician Sdrka Formation at Praha — Cerveny vrch Hill (Barrandian, Czech Republic)

The latest thermal event in the source area of the shales
of the Sarka Formation was determined at 599 + 12 Ma.
The mica compound of sample Sarka 01 (Tab. 5) contains
only 3.77 wt.% K,O but the K,O content in pure muscovite
is about 10 %. This means that other minerals such as
paragonite or chlorite were measured besides muscovite.
These minerals do not contain K, and therefore do not af-
fect the calculated age. Ahrendt et al. (1998) found K-Ar
ages of 612-585 Ma in the Middle Cambrian to uppermost
Ordovician clastic sediments of the Barrandian. The K-Ar
isotopic composition of the white mica-bearing shale of the
Sarka Formation shows a cooling age within this range.

Recent U-Pb age data on detrital zircons of the
Neoproterozoic Dobii§ Conglomerate (Dorr et al. 2002)
demonstrate magmatic activity in the source area of these
sediments at least at 585-568 Ma. However, the scarcity of
granite boulders (Chlupa¢ 1993) and the absence of meta-
morphic pebbles in the Dobii§ Conglomerates exclude re-
peated recycling of the Neoproterozoic sediments of the
Stéchovice Group as the major source of Palaeozoic
siliciclastics. The large supply of detrital white mica during
several Cambro-Ordovician periods is rather realized by
crystalline basement. Trace elements and discriminant
function analysis reflecting an island arc signature in the
Middle Ordovician shales and in the Neoproterozoic sedi-
ments of the St&chovice Group point to the same
geotectonic setting of their source rocks. The top of the
Cadomian island arc composed of sediments and volcanics
was probably eroded and deposited during the
Neoproterozoic, whereas the shales of the Sarka Formation
were supplied from the same but deeply eroded source
(plutons). Therefore, the trace elements of the Middle Or-
dovician shales display an inherited island arc signature of
the Cadomian source rocks. Major element data of the
shales of the Sarka Formation demonstrate a passive mar-
gin setting during the Middle Ordovician with derivation of
the clastic material from stable continental blocks.

The most probable depositional setting of the Sarka
Formation is a rift basin, which consists of (1) zones with
sedimentary iron ore deposits in shallower parts, (2) transi-
tional zones indicating normal marine sediments / bottom
currents (studied shales of the Sarka Formation), and (3)
zones with euxinic marine conditions in the central part of
the basin. Considering the depletion in Fe and Mn, the
shales of the Sarka Formation could act as a part of the iron
source for the ore deposits. The transport to the coast can be
realized by upwelling.

Acknowledgements. This study was supported by DFG grant
Li 521/14-1 (Plate tectonic facies and palaeobiogeography of the
Barrandian Cambro-Ordovician sedimentary sequences in comparison
with equivalent rock complexes of Saxo-Thuringia).
The authors wish to thank Dr. Reinhard Kleeberg (TU Bergakademie
Freiberg) for providing X-ray phase analyses.

References

Ahrendt H., Biittner A., Tischler M., Wemmer K. (2001): K/Ar dating on
detrital white micas and eNd characteristics for provenance studies in

8 T T T T T T T
a)
6 quartzose
sedimentary
rovenance
= 47 g’
&
= 20
o
[
=] L
(= 0 mafic
'E igneous
c 2 | provenance L
c _ . felsic igneous
— !ntermedlate provenance
g igneous
5 4 provenance ]
L
O -6 1
8 F 1
-10 L | 1 1 1 1

10 8 6 -4 2 0 2 4 6 8 10
Discriminant function |

@ Sérka shales
A Neoproterozoic fine-
grained sandstones

...oceanic island arc
...continental island arc
...active continental margin
...passive continental margin

oo0Owx>

Th Sc

Fig. 7. Provenance diagrams of the Sarka Fm. shales show inherited signa-
tures of the Neoproterozoic continental island arc. a — Ternary Th-La-Sc
plot after Bhatia and Crook (1986); b — Discriminant function diagram af-
ter Roser and Korsch (1988);

Discriminant function I = —-1.773 TiO, + 0.607 ALO, + 0.76 Fe,O
1.5 MgO + 0.616 CaO + 0.509 Na,0 — 1.224 K,0 - 9.09;
Discriminant function II = 0.445 TiO, + 0.07 ALO, — 0.25 Fe,O
1.142 MgO + 0.438 CaO + 1.475 Na,0 + 1.426 K,0 - 6.861.

3(total)

3total)

the Saxothuringian Zone of the Variscides (Thuringia and Saxony,
Germany). Z. Dtsch. geol. Gesell. 152, 2—4, 351-363.

Ahrendt H., Wemmer K., Neuroth H. (1998): K-Ar — systematics on de-
trital white micas and fine mineral fractions from the Barrandian of
the Prague syncline/Czech Republic. Acta Univ. Carol., Geol. 42, 2,
204.

Bhatia M. R. (1983): Plate tectonics and geochemical composition of
sandstones. J. Geol. 91, 611-627.

Bhatia M. R. (1985): Rare earth element geochemistry of Australian
Palaeozoic graywackes and mudrocks: provenance and tectonic con-
trol. Sedimentary Geol. 45, 97-113.

Bhatia M. R., Crook K. A. W. (1986): Trace element characteristics of
graywackes and tectonic setting of sedimentary basins. Contrib. Min-
eral. Petrol. 92, 181-193.

Budil P., Chlupéc I., Hradecky P. (2003): Middle Ordovician at Praha —
Cerveny vrch Hill (Barrandian area, Czech Republic). Bull. Geosci.
78,2,91-98.

Chlupac 1. (1993): Geology of the Barrandian — A field trip guide.
Senckenberg-Buch 69, Verlag W. Kramer, Frankfurt a. M.

Chlupac I., Havlicek V., Kfiz J., Kukal Z., Storch P. (1998): Palacozoic of
the Barrandian (Cambrian to Devonian). Czech Geological Survey,
Prague.

155



Kerstin Drost — Ulf Linnemann — Klaus Wemmer — Petr Budil — Petr Kraft — Oldrich Fatka — Jaroslav Marek

Chlupac 1., Kukal Z. (1988): Possible global events and the stratigraphy of
the Palacozoic of the Barrandian (Cambrian—-Middle Devonian,
Czechoslovakia). Sbor. geol. Véd, Geol. 43, 83—146.

Cullers R. L., Basu A., Suttner L. J. (1988): Geochemical signature of
provenance in sand-mixed material in soils and stream sediments
near the Tobacco Root batholith, Montana, U.S.A. Chem. Geol. 70,
335-348.

Dorr W, Zulauf G., Fiala J., Franke W., Vejnar Z. (2002): Neoproterozoic
to early Cambrian history of an active plate margin in the
Tepla-Barrandian Unit — a correlation of U-Pb isotopic dilution-TIMS
ages (Bohemia, Czech Republic). Tectonophysics 352, 65-85.

Faure G. (1986): Principles of isotope geology. 2nd ed. John Wiley &
Sons, New York, Chichester, Brisbane, Toronto, Singapore.

Fetter C. W. (1994): Applied hydrogeology. 3rd ed. Macmillan, New
York.

Herron M. M. (1988): Geochemical classification of terrigenous sands
and shales from core or log data. J. Sed. Petrol. 58, 5, 820-829.
Johnsson M. J. (1993): The system controlling the composition of clastic

sediments. Spec. Publ. (Geol. Soc. Amer.) 284, 1-20.

Kraft J., Kraft P., Fatka O. (1999): Excursion guide Barrandian. In: Kraft
J., Kraft P., Fatka O. (eds) International Symposium on the Ordovi-
cian System, Praha, pp. 1-60.

Krs M., Krsovd M., Pruner P., Havlicek V. (1986): Palaeomagnetism,
palaeogeography and multi-component analysis of magnetization of
Ordovician rocks from the Barrandian area of the Bohemian Massif.
Sbor. geol. Véd, uzitd Geofyz. 20, 9-45.

Krs M., Krsova M., Pruner P., Chvojka R., Havlicek V. (1987):
Palaeomagnetism, palacogeography and the multi-component analy-
sis of Middle and Upper Cambrian rocks of the Barrandian in the Bo-
hemian Massif. In: Kent D. V., Krs M. (eds): Laurasian
Palaeomagnetism and Tectonics. Tectonophysics 139, 1-20.

Kukal Z. (1962): Petrographical investigation of the Ordovician Sérka
beds in the Barrandian area (English summary). Sbor. Ust¥. Ust.
geol., Odd. geol. 27, 175-214.

Leventhal J. S. (1995): Carbon-sulfur plots to show diagenetic and
epigenetic sulfidation in sediments. Geochim. Cosmochim. Acta 59,
6, 1207-1211.

Linnemann U., Heuse T. (1998): Introduction to the pre-symposium ex-
cursion (part III): The Ordovician of the Schwarzburg Anticline
(Saxo-Thuringian terrane): biostratigraphy and sea level fluctuations.
In: Linnemann U., Heuse T., Fatka O., Kraft P., Brocke R., Erdtmann
B.-D. (eds) Pre-Variscan terrane analysis of Gondwanan Europe —
Excursion guides and abstracts. Schr. Staatl. Mus. Min. Geol.
Dresden 9, 16-29.

156

Linnemann U., Romer R. (2002): The Cadomian orogeny of
Saxo-Thuringia, Germany: geochemical and Nd-Sr-Pb isotopic char-
acterisation of marginal basins with constraints to geotectonic setting
and provenance. Tectonophysics 352, 33-64.

Lyons T. W., Luepke J. J., Schreiber M. E., Zieg G. A. (2000): Sulfur geo-
chemical constraints on Mesoproterozoic restricted marine deposi-
tion: lower Belt Supergroup, northwestern United States. Geochim.
Cosmochim. Acta 64, 3, 427-437.

McLennan S. M., Hemming S., McDaniel D. K., Hanson G. N. (1993):
Geochemical approaches to sedimentation, provenance, and tecton-
ics. Spec. Publ. (Geol. Soc. America) 284, 21-40.

McLennan S. M., Taylor S. R., McCulloch M. T., Maynard J. B. (1990):
Geochemical and Nd-Sr isotopic composition of deep-sea turbidites:
Crustal evolution and plate tectonic associations. Geochim.
Cosmochim. Acta 54, 2015-2050.

Nesbitt H. W., MacRae N. D., Kronberg B. I. (1990): Amazon deep-sea
fan muds: light REE enriched products of extreme chemical weather-
ing. Earth Planet. Sci. Lett. 100, 118-123.

Nesbitt H. W., Young G. M. (1989): Formation and diagenesis of weath-
ering profiles. J. Geol. 97, 129-147.

Petranek J. (1991): Ordovician oolitic ironstones and their source of iron.
Bull. Czech Geol. Surv. 66, 6, 321-327.

Purdy J. W, Jdger E. (1976): K-Ar ages on rock forming minerals from
the central Alps. Mem. Ist. Geol. Mineral., Univ. Padova 30, 1-31.

Raiswell R., Berner R. A. (1986): Pyrite and organic matter in
Phanerozoic normal marine shales. Geochim. Cosmochim. Acta 50,
1967-1976.

Rollinson H. (1993): Using geochemical data: evaluation, presentation,
interpretation. Longman Group UK Ltd.

Roser B. P., Korsch R. J. (1986): Determination of tectonic setting of
sandstone-mudstone suites using SiO, content and K,0/Na,O ratio.
J. Geol. 94, 5, 635-650.

Roser B. P., Korsch R. J. (1988): Provenance signatures of sand-
stone-mudstone suites determined using discriminant function analy-
sis of major-element data. Chem. Geol. 67, 119-139.

Starke R. (1970): Verteilung und Faziesabhingigkeit der Tonminerale in
den geologischen Systemen. Freiberg. Forsch.-H., R. C 254.

Taylor S. R., McLennan S. M. (1985): The continental crust: its composi-
tion and evolution. Blackwell, Oxford.

Wemmer K. (1991): K/Ar-Altersdatierungsmoglichkeiten fiir retrograde
Deformationsprozesse im sproden und duktilen Bereich — Beispiele
aus der KTB-Vorbohrung (Oberpfalz) und dem Bereich der
Insubrischen Linie (N-Italien). Gottinger Arb. Geol. Paldont. 51,
Gottingen.

Handling editor: Stanislav Vrdna



