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ABSTRACT: The following Cenozoic alkaline volcanic rock series were recognized in W Bohemia:
1. Early Oligocene—Early Miocene (31-20 Ma) volcanics of the Ohie Rift (OR) in (i) the Doupovské hory Mts.: ol. nephelinite
— leucite/analcime basanite to tephrite — (phonolite) (31-26 Ma), (ii) the western Ohie Graben and in the adjacent Krusné hory and
Smrciny/Fichtelgebirge Mts.: melilite-bearing ol. nephelinite — (£ ol.) nephelinite —tephrite (24-20/16/ Ma), (iii) the westernmost
continuation of the rift as far as to the Franconian Line: ol. nephelinite— basanite (/29/26—20 Ma— Liittig 1988).

2. Middle to Late Miocene (16.5-8.3 Ma) volcanics (not dated yet and poorly known in W Bohemia) synchronous with the graben forma-
tion dated by its pre-Middle Miocene? (> 11.7 Ma) up to the Late Pliocene sedimentary fill associated with the NE flank of the Cheb-
Domazlice Graben (CDG) developed in two series (i) weakly alkaline: basanite — trachybasalt — (basaltic) trachyandesite — trachyte

— (rhyolite?) (15.9—11.4/6.5/ Ma), and (ii) strongly alkaline: (melilite-bearing) ol. nephelinite — tephrite (/17.0/16.5-8.3 Ma). These
volcanics coincide with the rare intrusions in the Ceské stiedohori Mts. (13-9 Ma), Germany (11-6 Ma) and the tectonic phase that
caused a change from calc-alkaline to alkaline volcanism in the Carpathians.

3. Pleistocene (0.43—0.11 Ma) volcanics of the OR and the CDG junction (area of the Cheb Basin) with melilite-bearing ol. nephe-
linite — ol. nephelinite series.

Parental magmas of all these rocks series are inferred to have originated by low-degree melting of metasomatized sub-rift mantle

initiated at >31 Ma. The mantle source was probably lithospheric mantle metasomatized by plume-like material. Volcanic activity

pulsated afterwards from the Early Oligocene to the Pleistocene. Mafic rocks of the W Bohemian area give evidence of a [imited degree

(Mgt 51-78) of primary magma fractionation. Fractional crystallization (crustal assimilation was insignificant) only played a sub-

stantial role in the formation of the weakly alkaline series (Mg# 8—69) of the CDG and very rare phonolites of the Doupovské hory Mts.

(Mgt 18-20). Gas emanations rich in CO, containing mantle-derived He are spatially and genetically associated with Pleistocene

volcanoes that are characterized by primitive magmas and products of explosive character.
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Introduction

The western Ohte (Eger) Rift (OR) area (W Bohemia) is possibly,
besides the French Massif Central and the Eifel area, Germany
the third important area in Central and Western Europe with
active magmatic/fluid processes in the upper mantle and in the
lithosphere. Arguments coming from gas geochemistry and
isotope research (Weinlich et al. 1999 and citations therein)
and from geophysical research support the presence of mantle
plumes beneath the Massif Central (Granet et al. 1995), the Eifel
area (Ritter et al. 2001) and possibly W Bohemia (Geissler
et al. subm.). A proposed model is that of a series of small-scale
mantle plumes upwelling from a thermally and geochemically
anomalous layer (superplume?) at ca. 400 km depth beneath
the European lithosphere (Granet et al. 1995). The “hot finger”
with its base elongated to the OR corresponds to the volcanic
field. Goes et al. (1999) interpreted the low-speed structures
at depths of 660-2000 km as an upwelling in the upper mantle
beneath Central Europe, which is a feeder for individual small
mantle plumes. Wilson and Patterson (2001) supposed that the
primitive-magma spectrum of the whole Cenozoic European
Volcanic Province represents variable degrees of partial melt-
ing of a uniform HIMU-like reservoir at the base of the upper
mantle, the European asthenospheric reservoir, which provides
a common source component to the magmatism throughout
Europe. In order to understand this active process, it is neces-
sary to refer back to the magmatic activity in the Cenozoic. If the

results of Weinlich et al. (1999) and Geissler et al. (subm.) are
correct, W Bohemia is a new reference area in Central Europe
for presently active mantle-crust interaction. Understanding this
presently active process, we have the possibility to re-consider
the magmatic activity in the whole Cenozoic period (cf. Griffiths
and Campbell 1990).

The W part of the Bohemian Massif (BM) is characterized by
two prominent neotectonic structures: the NE-SW-trending OR
and the NNW—-SSE-trending Cheb-Domazlice Graben (CDG),
see Fig. 1. The OR belongs to the Cenozoic major rift system of
Europe and displays intense intraplate alkaline volcanism chara-
cteristic of the Cenozoic Central European Volcanic Province.
The CDG belongs probably to the N-S Naab-Pritzwalk linea-
ment marked by CO, plumes and the Ultramafite-Carbonatite
Complex of Delitzsch (Kémpfetal. 1991, 1992).

This work, presenting a complex concise view on Cenozoic
volcanic series of the W Bohemian region, benefits mostly from
analytical data presented in Wilson et al. (1994) and Ulrych et
al. (1999, 2000, 2002, 2003, in print).

Geological setting

The territory of W Bohemia is assumed to represent one of
the most mobile zones of the BM being at the supposed inter-
section/junction of two prominent above mentioned Cenozoic
structures. Recent earthquake swarms underline the mobility of
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theregion (Spi¢ak etal. 1999 and citation therein). The sub-Recent
volcanism (see below), dry gas vents (mofettes) and sparkling
mineral water with CO,, He, N, (?) from a deep-seated magmatic
source input to an aquifer of meteoric ground water (Weinlich et
al. 1999, Paces et al. 2001) contribute to the active manifestations
in the region. Gas escape centres mark the intersection of the two
main structures (Weinlich et al. 1999).

Asthenospheric upwelling by plume activity with concomi-
tant underplating by upward migrating plume melts (see Geiss-
ler et al. subm.) have contributed to the uplift and subsequent
rifting in addition to reactivation of old lines (in particular
the boundary between the Saxothuringicum and the Bohemi-
cum blocks) of crustal weakness in W Bohemia by the Alpine
events.

The OR is characterized by higher values of surface heat
flow (~80 mWm?2, Cermak et al. 1996). Surface heat flow in
the OR is a combination of (i) lithosphere thinning (~80 km)
beneath the OR (Babuska and Plomerova 2001), (ii) first-order
K-U-Th Variscan granitoids (Forster and Forster 2000) and (iii)
locally probably also Cenozoic magmatic reservoirs located at
the mantle-crust boundary (Cermak et al. 1996).

The western Ohte Rift (sensu Weinlich et al. 1999) invol-
ving the Sokolov (and Cheb?) basins does not correspond
to the basic concept of the OR setting. The Central Rift Fault,
responsible for the production of the largest volume of volca-

nics in the OR (sensu Kopecky 1978), might be seen in this
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Fig. 1. Geological sketch of W Bohemia (adapted after the
map of Cajz in Ulrych et al. 2002) with the Tertiary
volcanics marked. Filled circles denote major towns:
AS — A§, FL —Frantiskovy Lazn&, CH — Cheb, RO —Ro-
tava, SO — Sokolov, KV — Karlovy Vary, BO — Bochov,
TO — Touzim, TE — Tepla, ML — Marianské Lazné, TC —
Tachov, BE — Bezdruzice, KL — Konstantinovy Lazng,
MA —Manétin, ZL — Zlutice; filled squares denotes sam-
pling sites (Nos. 1-62, see caption for Table 1). Lines:
heavy — major faults, thin — minor faults.

area as the S limit of the Sokolov Basin but does not cross
the CDG. Upon the basis of distribution of gas fluxes, Weinlich
et al. (1999) argued for shifting of the southern master fault of
the OR (Litométice Deep Fault) along the Marianské Lazné
and subparallel Horni Slavkov faults to the NW.

Continuation of the Litoméfice Deep Fault (sensu Kopec-
ky 1978) was not proved in W Bohemia. However, primitive
volcanics of melilite-bearing olivine nephelinite composition
(16.5 Ma), commonly associated with the Litoméfice Deep
Fault in N Bohemia, have been reported from the area of Cesky
Chloumek (Wilson et al. 1994) in near proximity to the suppo-
sed course of the Litoméfice Deep Fault Zone. The surface man-
ifestation of the OR in the Ohf'e Graben is limited in the western
part by the CDG, particularly by the Marianské Lazné Fault
Zone (Ulrych et al. 2000). Nevertheless, the OR structure ex-
tends as far as to the Franconian Line (Behr et al. 1992, Peterek
and Schroder 1997) accompanied by occurrences of Cenozoic
volcanics. Geochemical signatures and age distribution of the
primitive volcanics of the whole W Bohemian (Ulrych et al.
1999) and Upper Palatinate areas (Liittig 1998) are very similar.

The CDG represents a young asymmetric structure limited
by the Marianské Lazné Fault Zone — MLFZ. The oldest sedi-
ments of the CDG might be younger than Oligocene as they are
overlain by the Late Miocene basanite flow (11.7 Ma — Wilson
etal. 1994) of V1¢i hora Hill volcano near Cernosin. The young-
est graben sediments are of Upper Pliocene age. The deep-seat-
ed disposition of the CDG is evidenced by the geochemical data
of gas emanations and mineral springs (Weinlich et al. 1999).

Different geochemical characteristics and ages were reveal-
ed by volcanics associated with the uplifted flank of the CDG
in the Tepelska vrchovina Highland and Slavkovsky les Mts.
(Ulrych etal. 1999, 2002, 2003), and are usually classified with-
in the CDG. Quaternary volcanism is spatially associated with
the CDG and OR structures, but no major tectonic lineament
controls their emplacement.

Sampling and analytical methods

Sixty-four representative rock samples were used for the geo-
chemical and mineralogical studies (Ulrych et al. 2002, 2003).
Sampling sites are presented in Fig. 1 together with short pet-
rographic and geological characteristics of the rocks in Table 1.
For more details see the above given publications.

The rock samples were analysed by wet methods by P. Po-
vondra (Charles University) and V. Chaloupsky (Acad. Sci. CR).
Analyses of rock standards GM, TB, BM, and repeated ana-
lyses of samples showed errors within +5% (1c). Trace element
abundance was determined by XRF using the automated Phi-
lips PW 1404 equipment on pressed powder pellets by I. Stru-
blova, Gematest. The precision of XRF determinations varies
about £5% (13) as checked by a series of duplicate analyses.
Accuracy was tested against the rock standard USGS BCR-1.
Additional trace element determinations were performed by
INAA in the Gematest laboratory (analyst P. Hanzlik) and
Acad. Sci. CR (analyst J. Frana). The precision (15) was better
than £10 % for REE, and better than +5-10 % for other trace
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elements. Accuracy of the INAA analyses was checked with the
use of international reference rock samples.

K-Ar isotope measurements were taken in Hungarian Acad.
Sci., Debrecen. An Ar extraction and its measurement were made
on the mass spectrometer by the method of isotope dilution *¥Ar
according to the procedure described by Balogh (1985).

Age relations of the volcanic series

The new K-Ar data for the Cenozoic volcanics from W Bohe-
mia are given in Table 2 together with the data of Wilson et al.
(1994). A comparison of volcanic rock series associated with the
OR (Doupovské hory Mts., Ohi'e Graben, Krusné hory and Smr-
¢iny Mts.) and the CDG is presented in Fig. 2. Based on the dis-
tribution scheme of Cenozoic volcanism in the Bohemian Massif
(Ulrych et al. 1999), new K-Ar data and additional geochemical
data, the following alkaline volcanic series were recognized in
W Bohemia:

1. Oligocene-Miocene (30.6-20.5/15.5/Ma) volcanics of the Oh-
Fe Rift (as far as to the Marianské Lazné Fault Zone) continu-
ing WSW (to the Franconian Line).

1.1. The Doupovské hory Mts. volcanics are characterized by the
unimodal (partly bimodal) series of olivine nephelinite — leu-
cite/analcime basanite/tephrite — (phonolite) (30.6-25.8 Ma).
The age of the basanite flow from Détan (32.6 Ma) slightly
broadens the above presented span (Ulrych et al. eds. 2002).
New K-Ar data reveal the presence of additional older vol-
canics in the NE flank area of the CDG (olivine nephelinite
from Polikno — 29.5 Ma). However, younger (16.5 Ma) vol-
canics of primitive melilite-bearing olivine nephelinite
composition also occur in the same area near Cesky Chlou-
mek (Ulrych et al. 2002). A new insight in the volcanic series
relations in the W Bohemian region was provided by the first
data on phonolites (25.8-27.2 Ma) from the boundary of
the Doupovské hory Mts. and the CDG flank areas. These
data positively confirmed their affinity to the oldest volcanic
series of the area represented by the Doupovské hory Mts. On
the other hand, tephrite from Mokré near Zlutice, also on the
periphery of the Doupovské hory Mts., revealed an age of
20.4 Ma, characteristic of the proximal western Ohte Graben
region. The Stiela River valley is conventionally defined as
the boundary of the volcanics of the Doupovské hory Mts.
against the Tepelska vrchovina Highland.

1.2.The western Ohi‘e Graben volcanics between the Dou-
povské hory Mts. and the Marianské Lazné Fault Zone are
characterized by the unimodal strongly alkaline suite of me-
lilite-bearing olivine nephelinite — olivine nephelinite — te-
phrite (23.9-19.9/15.5/ Ma). K-Ar data on tephrites from
the locality of Hory in Karlovy Vary (15.5 Ma; Wilson et al.
1994) in the OR and from Horni Rotava (14.8 Ma) in the
Krusné hory Mts. indicate that the Middle Miocene volcan-
ism in W Bohemia was not restricted to the CDG only.

1.3. The southernmost continuation of the rift volcanics as
far as to the Franconian Line reveals primitive olivine nephe-
linite — basanite composition (/29/26-20 Ma; Liittig 1998).
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Fig. 2. K-Arage distribution of the rock series in W Bohemia.

Vertical axis — frequency of K-Ar experimental data.
WER - western Ohfe Rift, DH — Doupovské hory Mts.

2. Middle Late Miocene (/17.0/16.5-8.3/6.5/ Ma) volcanics
are composed of two coexisting series in the Tepelska vrcho-
vina Highland and the Slavkovsky les Mts. at the NE flank of
the Cheb-Domazlice Graben (Ulrych et al. in print 2003):

2.1. Weakly alkaline series (WAS) of basanite — trachybasalt —
(basaltic) trachyandesite — trachyte — rhyolite (15.9-11.4/
6.5/Ma) and,;

2.2. Strongly alkaline series (SAS) of (melilite-bearing) olivine
nephelinite — tephrite (/17.0/16.5-8.3 Ma).

Volcanism of the NE flank of the CDG thus parallels the
development of the graben structure as follows from the
Late Miocene (?) relicts of its sedimentary fill in the Laza-
ny—VI¢i hora Hill area preserved beneath the basanite flow
(11.7 Ma — Wilson et al. 1994). The age-related Late Mio-
cene intrusives (13-9 Ma) are rarely present also in the Ces-
ké stfedohofi Mts. (Cajz et al. 1999) and in many areas of the
Central European Volcanic Province in Germany (11-6 Ma,
Lippolt 1983). The recurrence of volcanism and a change in
its chemical characteristics coincide in time with the tecton-
ic phase (Downes 1996) that caused a fundamental change
from calc-alkaline to alkaline volcanism in the Carpathians,
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reflecting the Late Miocene E-W compression in the Alpine
Orogen linked with the entry of continental crust into the sub-
duction zone.

Co-existing geochemically similar SAS (undersaturated) and
WAS (saturated to oversaturated) are known from the Central
European Volcanic Province, e.g., from the Siebengebirge
(Vieten et al. 1988) and Cantal, Massif Central (Wilson et al.
1995).

3. Quaternary volcanics (0.43—0.11? Ma) occur at the junc-
tion of the Ohte Rift and Cheb-Domazlice Graben structures
near Cheb in the Cheb Basin. This young volcanism consists
of a unimodal series of melilite-bearing olivine nephelinite
to olivine nephelinite forming small volcanoes of Komorni
hirka/Kammerbiihl (scoria cone and lava flow — Gottsmann
1999) and explosive volcano of the Zelezna hiirka/Eisen-
biihl hills (scoria cone — Schwarzkopt and Tobschall 1997).
The Pleistocene ages of their activity show a wide scatter
due to different methods, precision of determination and
alteration of the samples: (i) using conventional K-Ar tech-
nique, 1.8? Ma (Todt and Lippoldt 1975), 0.85 Ma (Bellon
and Kopecky (1977), 1.0-0.26/5.0?/ (Sibrava and Havli¢ek
1980),0.4 Ma/0.43-0.11? Ma/(Wilsonetal. 1994); (ii) using
a complex of thermoluminescence, electron spin resonance
and alpha-recoil track methods, 0.9-0.17 Ma (Wagner et al.
1998); and (iii) by alpha-recoil track dating, 0.3 Ma Gogen
and Wagner (2000).

Geochemistry

Petrography and rock-forming mineral characteristics were pre-
sented by Shrbeny (1979) and Ulrych et al. (in print). Chemical
analyses of the rocks studied mostly cluster in the tephrite/bas-
anite and foidite fields; rocks of the WAS alone plot in the tra-
chybasalt, (basaltic) trachyandesite, trachyte, and rhyolite fields
in the TAS diagram (cf. Fig. 3a, b — Le Maitre ed. 2000). Three
samples plot as alkali-basalts because they contain numerous
microxenoliths of granitic rocks.

Samples of Quaternary volcanics and rare samples of other
Tertiary volcanic rocks reveal geochemical characteristics of
primitive mantle magmas, i.e., high Mg-values, contents of com-
patible elements and presence of mantle xenoliths (cf. Frey et al.
1978).

The contents of incompatible elements in the rocks of all
volcanic series are similar to OIB (Sun and McDonough 1989),
pointing to the influence of enriched mantle in the magma
source. Principal geochemical differences between the series
are perceptible from the PM-normalized multielement varia-
tion diagrams (cf. Ulrych et al. in print 2002, 2003). Mafic alkali
rocks of all compared series are depleted in Rb, K, Sr, Zr and en-
riched in Th, Nb, REE and P. On the other hand, negative spikes
of Ba, Sr, P and Ti are characteristic of felsic rocks represented
by phonolites of the Doupovské hory Mts. and trachytes/rhyolite
of the WAS (Ulrych et al. in print 2003). The same rocks yield
positive spikes of Rb, Th, K, REE and Zr. The distributions of
incompatible elements presented above can be explained by dif-

ferentiation processes of individual magmatic series. However,
additional gains of Th, REE, Zr and other HFSE in a fluid phase
cannot be excluded, particularly in highly evolved derivatives
of phonolite/trachyte-rhyolite type. The Rb and K depletion
in all rocks is consistent with a residual K-rich hydrous phase
(amphibole, phlogopite?) in the mantle source. Th and U values
correspond with statistical data for alkali rocks and testify for
prevailing equilibrium relation of these elements.

Elevated Ti contents in the studied rocks and the primary
mineral chemistry (Mg-rich olivine and clinopyroxene) are also
typical for intra-plate volcanism with enriched mantle compo-
nent. Substantially higher TiO, (max. TiO,= 5.8 wt.%), in par-
ticular in olivine-poor/-free nephelinites/melilite nephelinites
of the Krusné hory Mts. region, is most characteristic.

Medium to high ZREE contents (318-472 ppm) together
with substantial LREE enrichment (Lay/Yby = 30 — 52) are hall-
marks ofthe W Bohemian volcanic series (cf. Ulrychetal. in print
2002, 2003). The high values of Lay/Yby (32-46 and 26-39)
together with low values of Gd/Gd* (0.11 and 0.15-0.16) are
characteristic for phonolites and trachytes, respectively. Low to
medium REE contents can be explained by titanite fractionation
(Wilson et al. 1995). No expressive Ew/Eu* (0.7-1.1) anomalies
were observed, with the exception ofthe WAS rhyolite (0.33), see
Ulrychetal. (in print 2003). Chondrite-normalized REE patterns
of rocks of individual series indicate very similar distribution
patterns for principal mafic rocks of all series (cf. Ulrych etal. in
print2002,2003).

Discussion and Conclusions

The Cenozoic intraplate continental alkaline volcanism in W Bo-

hemia is genetically associated with (i) the OR and (ii) uplifted

NE flank of the CDG. Volcanic activity continued intermittently

with different intensity in individual parts of W Bohemia from

the Early Oligocene (>31 Ma) to the Pleistocene (=0.1? Ma).
Three series of alkaline volcanic rocks have been recog-
nized there:

1. Early Oligocene—Early Miocene (31-20 Ma) volcanics of
the western Ohfe Rift (OR) in (i) the Doupovské hory Mts.,
(i) the western Ohte Graben and in the adjacent Krusné ho-
ry and Smrciny Mts., (iii) the westernmost continuation of
the OR in the Upper Palatinate as far as to the Franconian
Line. They represent near-primary to weakly differentiated
melts (Mg# 51-78) coinciding with the volcanic maximum
(32-19 Ma) of the Bohemian Massif (Ulrych et al. 1999).
Only rarely do they show all parameters postulated by Frey
etal. (1978): (i) high Mg-value (68-75), (ii) high contents (in
ppm) of Cr>500, Ni>300, Co>70, Sc>30 and (iii) the presence
of lherzolite xenoliths of undifferentiated upper mantle melts.
Only very rare salic differentiates, in particular phonolites of
the Doupovské hory Mts. (Mg# 18-20) are likely to represent
products of intensive fractional crystallisation.

2. Middle to Late Miocene (16.5-8.3 Ma) volcanics (not recog-
nized in W Bohemia yet and poorly known) are associated
with the uplift of the CDG shoulder and are synchronous with
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Area A A A A A A A A B B B B B
Sample No. 1 2 3 4 5 6 7 8 9 10 11 12 13

P11 P12 P13 P13a P14 Z1 P19 P20 Z8 79 Z9a 733 P7
Rock type TE BA ON ON ON OL PH PH ON BA BA BA OB
SiO, (wt.%) 41.94 41.12 3741 38.72 38.02 38.62 57.85 58.11 37.75 43.48 41.15 43.26 44.49
TiO, 3.40 4.18 5.55 4.75 4.78 2.49 0.21 0.32 4.36 2.22 2.70 2.22 2.29
AlLO; 12.97 11.55 10.92 12.44 11.81 11.96 20.84 20.50 11.06 12.46 11.56 12.42 12.51
Fe,0, 5.28 5.13 7.13 6.73 6.02 6.57 1.85 1.80 7.62 4.10 4.69 3.99 3.81
FeO 7.22 6.80 8.90 7.00 8.75 6.16 0.43 0.72 6.66 6.86 7.68 6.93 7.99
MnO 0.23 0.18 0.21 0.20 0.25 0.20 0.18 0.14 0.18 0.16 0.20 0.17 0.18
MgO 6.59 8.15 7.85 7.61 7.14 10.53 0.25 0.25 8.07 12.22 11.73 10.21 12.40
CaO 12.95 14.80 16.02 12.98 15.12 14.99 2.04 2.09 15.86 11.68 12.37 12.29 10.97
Na,O 231 3.57 2.70 3.59 3.95 2.79 8.40 7.53 2.04 2.87 3.24 2.94 2.65
K,0 2.41 0.62 1.21 1.75 1.15 1.05 5.73 6.62 0.86 1.38 0.81 1.45 1.21
P,0; 2.37 0.71 0.86 0.91 1.44 2.05 0.05 0.05 0.68 0.61 0.89 0.62 0.67
H,0" 1.52 2.10 0.90 1.52 1.10 1.67 1.22 1.34 2.90 1.32 2.72 1.84 0.71
H,0O 0.54 0.90 0.28 0.69 0.58 0.47 0.70 0.43 1.25 0.63 0.31 0.82 0.28
CO, 0.22 0.35 0.20 1.23 0.02 0.00 0.21 0.25 0.39 0.11 0.03 0.16 0.02
Total 99.95 100.16  100.14 100.12  100.13 99.55 99.96  100.15 99.68  100.10  100.08 99.32  100.18
Rb (ppm) 77 59 27 36 56 24 161 220 40 37 14 42 32
Cs 1.66 1.52 0.49 0.61 0.59 0.25 2.00 1.60 1.50 0.72 5.30 3.10 2.90
Sr 1598 786 708 512 1240 1159 615 230 581 532 686 568 701
Ba 1002 633 641 580 777 603 1321 322 733 637 535 678 498
Ga n.a. n.a. n.a. n.a. n.a. n.a. 20 27 n.a. n.a. n.a. n.a. n.a.
As 2.3 1.7 1.9 1.7 1.3 0.8 2.0 2.2 7.2 1.9 1.7 8.2 8.9
Sc 18.0 38.0 35.0 37.0 26.0 28.8 0.5 0.5 58.4 28.5 28.7 28.1 23.0
Y 26 19 26 23 39 23 17 21 16 17 18 17 20
La 118.2 69.8 100.0 89.2 138.1 121.7 1343 138.6 84.4 50.0 67.6 51.1 57.7
Ce 169.0 144.1 205.2 183.7 210.5 211.2 148.7 154.5 148.0 82.8 118.5 83.5 91.9
Nd 74.3 76.6 85.4 80.0 86.3 100.6 31.0 35.0 74.0 46.3 64.3 421 44.8
Sm 14.0 10.2 14.9 13.6 13.2 15.3 35 3.5 11.5 7.8 10.3 7.8 8.0
Eu 3.69 2.93 4.22 4.00 342 4.66 0.70 0.88 3.31 247 3.27 2.50 2.55
Gd 11.7 11.2 12.5 12.0 9.8 14.4 2.9 3.0 10.3 6.9 9.7 7.1 7.2
Tb 1.25 1.20 1.45 1.40 1.14 1.43 0.34 0.32 0.98 0.87 1.03 0.85 0.88
Yb 2.20 1.65 1.98 1.70 2.00 2.37 3.00 2.15 1.62 1.63 2.05 1.59 1.60
Lu 0.39 0.37 0.47 0.40 0.36 0.34 0.52 0.37 0.25 0.27 0.28 0.21 0.19
Th 22.0 14.2 13.5 12.6 17.2 9.6 31.7 20.0 8.3 6.6 5.9 6.6 10.1
U 35 2.1 2.0 1.9 2.2 2.4 6.8 3.1 2.6 1.6 1.5 1.9 1.9
Zr 301 285 335 315 412 203 478 750 216 137 235 138 200
Hf 8.4 7.1 14.2 12.2 18.0 6.0 13.6 18.4 7.8 4.3 7.4 43 6.4
A% 358 399 436 497 437 169 16 12 302 158 180 162 178
Nb 121 92 129 112 130 77 100 113 71 47 67 48 66
Ta 4.3 4.1 5.8 5.1 5.7 5.7 4.4 54 5.7 6.3 6.2 34 4.1
Cr 75 88 31 57 41 168 4 3 109 392 326 388 330
Co 43 49 51 52 47 48 1 1 50 55 56 57 71
Ni 41 55 19 39 38 113 4 4 40 282 153 282 66
Cu 158 144 280 127 99 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 298
Zn 118 112 122 142 131 120 72 113 93 105 116 102 105
K/Rb 259.84 87.24  372.05 403.57 17049 363.21 29547  249.81 178.49  309.64 48033 286.62 313.92
Rb/Sr 0.05 0.08 0.04 0.07 0.05 0.02 0.26 0.96 0.07 0.07 0.02 0.07 0.05
Th/U 6.29 6.76 6.75 6.63 7.82 4.00 4.66 6.45 3.19 4.13 3.93 3.47 532
Zr/Hf 35.83 40.14 23.59 25.82 22.89 33.83 35.15 40.76 27.69 31.86 31.76 32.09 31.25
Nb/Ta 28.14 22.44 22.24 21.96 22.81 13.51 22.73 20.93 12.46 7.46 10.81 14.12 16.10
XREE (ppm) 39473  318.05 426.12 386.00 464.82 472 32496 33832 33436 199.04 277.03 196.75  214.79
Lay/Yby 38.54 30.34 36.23 37.64 49.53 36.83 32.11 46.24 37.37 22.00 23.65 23.05 25.87
Euw/Eu* 0.85 0.83 0.91 0.93 0.88 0.94 0.65 0.80 0.91 1.00 0.98 1.00 1.00
Gd/Gd* 0.39 0.44 0.35 0.38 0.27 0.39 0.11 0.11 0.40 0.46 0.46 0.47 0.44
#Mg 53.58 59.95 51.80 55.00 51.38 64.65 20.02 18.30 55.59 70.84 67.39 67.05 69.49
Age (Ma) 27.9* 27.3* 30.6 27.2 25.8 239 21.5* 21.5%

Tab. 1.  Chemical analyses of volcanic rocks from W Bohemia.



GeoLiNEs 15(2003) 173
Area B B B B B C C C C C C C C
Sample No. 14 15 16 17 18 19 20 21 22 23 24 25 26
72 Z2a Z3 Z3a P10 Z10 P9 Z6 z7 74 z5 Z5a Z18
Rock type BA BA ON BA TE OB ON BA MON ON BA BA BA
SiO, (wt.%) 43.07 43.56 39.83 43.42 43.41 44.90 39.97 42.35 37.38 3834  41.06 40.48 42.46
TiO, 2.23 2.32 2.66 2.24 2.49 2.45 2.65 1.74 2.60 1.85 2.70 2.73 2.64
AlLO; 12.21 11.97 9.72 12.25 12.88 13.61 12.12 10.73 11.71 8.74 11.95 11.66 12.90
Fe,0; 5.28 2.86 4.10 3.65 3.19 4.19 4.11 3.90 5.63 4.94 5.95 5.85 3.92
FeO 591 7.65 8.51 7.10 8.23 6.54 8.66 6.97 6.94 6.43 6.62 6.93 8.33
MnO 0.16 0.18 0.19 0.18 0.15 0.16 0.23 0.18 0.22 0.18 0.19 0.19 0.20
MgO 10.80 12.48 17.15 11.23 10.90 7.49 10.69 12.98 11.84 18.57 11.63 12.29 10.12
CaO 11.50 11.02 10.64 11.41 11.78 12.30 14.88 13.15 15.18 13.84 11.42 11.49 11.57
Na,O 3.15 3.05 243 291 4.29 4.19 3.22 3.86 2.54 2.44 3.56 3.43 3.52
K,0 2.10 1.52 0.88 1.55 0.54 1.44 0.74 1.06 0.77 0.71 0.66 1.09 1.35
P,0; 1.31 0.59 1.35 0.60 0.82 1.02 1.58 1.08 1.12 1.19 0.86 0.92 0.85
H,0" 1.25 1.68 1.54 2.02 0.88 0.64 0.82 0.69 2.40 1.67 2.36 1.95 1.45
H,O 0.56 0.40 0.59 0.60 0.37 0.37 0.28 0.54 0.70 0.55 0.64 0.53 0.60
CO, n.a. 0.14 n.a. 0.90 0.10 0.21 0.12 0.27 0.49 n.a. n.a. n.a. 0.18
Total 99.53 99.42 99.59  100.06 100.03 99.51 100.07 99.50 99.52 99.45 99.60 99.54  100.09
RD (ppm) 44 33 24 36 31 34 39 48 30 32 15 16 33
Cs 1.40 2.50 0.47 3.20 0.68 0.99 0.55 3.10 0.70 1.20 5.50 5.50 0.76
Sr 749 562 604 593 833 935 1324 1091 1000 1007 724 692 690
Ba 859 645 422 666 698 976 601 1297 801 626 488 561 697
Ga n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
As 2.0 2.3 20.5 20.8 33 22 2.1 32 2.1 2.1 1.0 0.8 2.9
Sc 28.9 27.3 29.0 27.4 18.0 21.3 20.0 24.9 34.9 34.9 29.8 304 22.0
Y 19 15 19 16 26 18 36 21 23 20 19 19 18
La 93.8 89.2 59.9 50.2 140.0 99.9 100.8 127.3 119.9 117.9 65.6 69.7 66.4
Ce 150.3 140.0 105.0 79.1 205.1 159.7 165.6 200.1 200.6 194.9 117.0 126.1 108.8
Nd 67.0 60.0 56.6 41.9 84.0 73.1 75.5 85.0 98.3 86.9 61.4 68.3 57.0
Sm 10.7 10.4 9.8 7.4 17.2 11.0 11.4 13.4 14.6 12.8 10.5 10.9 9.8
Eu 3.20 3.60 3.11 2.31 4.08 3.41 3.49 3.92 4.27 3.84 3.36 348 3.11
Gd 11.7 10.9 6.7 8.8 12.2 9.7 10.0 12.8 12.8 10.7 7.0 7.5 10.7
Tb 1.00 0.90 0.98 0.86 1.41 1.04 1.08 1.23 1.30 1.16 1.08 1.12 0.97
Yb 1.84 1.80 1.72 1.65 1.80 1.69 1.71 2.10 2.65 1.78 1.98 2.08 1.50
Lu 0.25 0.24 0.26 0.22 0.41 0.25 0.28 0.29 0.38 0.26 0.28 0.28 0.24
Th 10.9 6.4 55 6.0 12.6 11.3 14.5 144 13.1 12.6 5.6 6.2 8.0
U 3.0 1.5 1.8 1.4 2.2 2.9 2.0 4.0 35 2.7 1.5 1.7 2.0
Zr 161 144 316 145 216 166 255 157 238 173 236 233 201
Hf 5.0 44 9.5 43 5.0 4.9 6.9 4.5 7.2 4.8 7.3 7.7 5.7
v 156 179 148 175 199 130 216 129 202 150 169 160 191
Nb 70 47 94 38 88 59 99 68 97 38 68 67 63
Ta 4.1 3.5 5.6 5.0 5.4 3.8 5.1 4.2 6.9 5.2 6.0 6.5 4.4
Cr 300 411 652 388 275 161 159 291 366 1031 325 319 209
Co 48 55 66 56 52 43 45 45 49 64 54 56 54
Ni 194 270 437 274 222 122 158 228 143 485 138 151 119
Cu n.a. n.a. n.a. n.a. 55 n.a. 86 n.a. n.a. n.a. n.a. n.a. n.a.
Zn 107 108 115 102 98 117 119 111 117 114 122 121 121
K/Rb 396.23 38240 30441 35745 144.62 351.61 157.53 183.34 213.08 18420 36529 565.57 339.63
Rb/Sr 0.06 0.06 0.04 0.06 0.04 0.04 0.03 0.04 0.03 0.03 0.02 0.02 0.05
Th/U 3.63 4.27 3.06 4.29 5.73 3.90 7.25 3.60 3.80 4.67 3.73 3.65 4.00
Zr/Hf 32.20 32.73 33.26 3372 43.20 33.88 36.96 34.89 33.06 36.04 32.33 30.26 35.26
Nb/Ta 17.07 13.43 16.79 17.60 16.30 15.53 19.41 16.19 14.06 16.92 11.33 10.31 14.32
¥REE (ppm) 339.79  317.04 244.07 19244 4662 359.79 369.86  446.14 4548 43024 2682 289.46  258.52
Lay/Yby 36.57 35.55 24.98 21.82 55.79 42.40 42.28 43.48 32.45 47.51 23.77 24.04 31.75
Euw/Eu* 0.86 1.02 1.10 0.87 0.81 0.98 0.97 0.90 0.93 0.97 1.12 1.11 0.92
Gd/Gd* 0.44 0.56 0.36 0.62 0.34 0.35 0.35 0.37 0.36 0.32 0.34 0.33 0.56
#Mg 67.99 71.91 74.67 69.40 67.31 60.37 64.46 72.20 67.41 78.17 67.07 67.88 64.15
Age (Ma) 19.9 20.5 15.5% 22.2% 23.9 213 20.0 19.8 14.8
Tab.1.  Chemical analyses of volcanic rocks from W Bohemia cont. 1.



174 GeoLinNes 15(2003)

Area C C D D D E E F F F F F F
Sample No. 27 28 29 30 31 32 33 34 35 36 37 38 39

Z11 Z12 z17 P15 P18 P6 P8 202 ZC-30B ZC-30A ZC-20A 180 186
Rock type BA ON ON TE TE MON MON RY RY TR TR TR TR
SiO, (wt.%) 43.00 40.03 39.63 42.81 40.01 40.09 38.56 70.18 74.45 65.66 65.39 65.77 62.91
TiO, 2.13 2.57 391 2.68 4.79 2.95 3.18 0.03 0.08 0.24 0.40 0.31 0.55
AlLO; 12.42 9.65 12.10 13.21 13.03 10.68 11.18 15.12 13.76 17.98 17.82 17.57 18.20
Fe,0, 5.22 3.49 5.89 4.09 5.61 7.01 8.59 1.23 1.29 1.51 1.43 1.93 1.08
FeO 5.80 8.78 6.55 7.19 8.03 4.82 3.52 0.08 0.05 0.07 0.13 0.08 0.14
MnO 0.17 0.20 0.19 0.17 0.23 0.22 0.22 0.04 0.02 0.05 0.06 0.24 0.12
MgO 10.28 16.11 8.83 10.11 6.60 14.02 12.19 0.05 0.16 0.06 0.10 0.14 0.06
CaO 12.55 11.59 13.63 12.80 13.89 12.46 13.40 0.41 0.20 0.80 1.25 0.76 2.13
Na,O 3.01 243 2.42 3.68 3.27 3.44 4.55 6.60 3.06 7.39 6.79 6.27 7.40
K,0 1.75 0.74 0.53 1.41 2.00 1.91 2.17 4.48 491 5.92 6.00 5.56 491
P,0; 0.92 0.84 0.73 0.80 0.95 0.90 0.99 0.03 0.09 0.03 0.06 0.07 0.10
H,0" 1.81 2.15 3.12 0.89 1.12 1.12 0.93 1.17 1.20 0.44 0.30 0.42 1.24
H,0O 0.50 0.45 0.85 0.12 0.48 0.27 0.44 0.04 0.22 0.12 0.09 0.32 0.34
CO, 0.13 0.03 1.12 0.14 0.05 0.10 0.18 0.19 0.03 <0.01 0.05 0.40 0.44
Total 99.69 99.06 99.50  100.10  100.06 99.99  100.10 99.65 99.52 100.27 99.87 99.84 99.62
Rb (ppm) 40 16 49 59 45 50 56 436 282 153 213 191 133
Cs 1.50 0.59 0.68 0.70 0.59 0.71 0.71 6.5 6.2 2.8 2.6 2.2 1.5
Sr 757 636 710 851 1189 849 922 126 n.a. n.a. n.a. 128 1270
Ba 946 431 652 133 161 945 1029 420 215 143 564 434 1546
Ga n.a. n.a. n.a. n.a. n.a. n.a. n.a. 34 n.a. n.a. n.a. 35 28
As 1.1 1.1 1.2 2.8 23 2.3 2.8 6 n.a. n.a. n.a. 6 11
Sc 26.9 28.2 40.0 22.0 27.0 20.0 28.0 0.3 5.6 1.6 1.2 1.4 6.7
Y 18 15 16 28 29 22 25 35 n.a. n.a. n.a. 35 36
La 88.9 60.0 75.8 130.1 72.7 128.9 1359 84 10 156 101 132 171
Ce 140.0 106.9 137.5 165.5 138.8 199.8 207.5 115 21 216 155 220 152
Nd 64.6 55.9 69.8 77.2 70.1 86.0 99.0 16.0 10.0 40.0 37.0 71.0 14.0
Sm 9.9 9.8 11.5 14.4 10.6 12.8 12.9 2.8 2.2 2.9 4.3 9.2 4.4
Eu 2.90 3.00 3.29 3.71 2.98 3.35 3.39 0.3 0.2 1.0 1.2 1.9 1.5
Gd 10.6 9.4 8.6 10.8 10.6 10.7 10.8 2.7 n.a. n.a. n.a. 6.2 4.1
Tb 0.93 0.96 1.17 1.27 1.22 1.08 1.11 0.47 0.40 0.50 0.50 0.95 0.71
Yb 1.58 1.52 1.66 1.80 1.70 1.80 1.82 3.7 3.6 33 2.8 3.7 3.1
Lu 0.27 0.21 0.24 0.40 0.48 0.22 0.26 0.51 0.43 0.48 0.41 0.58 0.45
Th 10.3 5.5 9.8 14.5 16.2 15.1 17.3 723 9.0 33.0 33.0 26.3 21.4
U 2.5 1.4 2.0 2.9 4.2 2.5 2.6 5.4 7.0 7.1 6.3 7.8 5.1
Zr 159 324 261 260 423 255 300 380 n.a. n.a. n.a. 517 661
Hf 4.7 9.5 8.6 10.0 18.7 7.7 8.1 14.5 2.9 11.7 13.2 12.8 14.6
A% 173 166 320 251 386 264 289 n.a. n.a. n.a. n.a. n.a. n.a.
Nb 68 92 73 118 125 128 161 139 n.a. n.a. n.a. 160 133
Ta 3.8 9.0 6.0 5.6 5.6 5.9 7.0 8.7 n.a. n.a. n.a. 10.2 9.1
Cr 301 575 172 378 28 477 301 7 n.a. n.a. n.a. 12 10
Co 49 61 45 50 36 49 45 0.5 3.7 0.5 1.1 0.6 1.2
Ni 195 364 60 178 27 260 202 5 n.a. n.a. n.a. 5 5
Cu n.a. n.a. n.a. 75 177 65 75 5 n.a. n.a. n.a. 5 5
Zn 100 112 107 112 119 118 124 115 56 72 46 63 200
K/Rb 363.21  383.97 89.80  198.40 36898 317.14  321.70 85.28 144.51 321.15 233.80 241.61 306.41
Rb/Sr 0.05 0.03 0.07 0.07 0.04 0.06 0.06 3.46 1.49 0.10
Th/U 4.12 393 4.90 5.00 3.86 6.04 6.65 13.40 1.29 4.65 5.24 3.37 4.20
Zr/Hf 33.83 34.11 30.35 26.00 22.62 33.12 37.04  26.20 40.39 45.27
Nb/Ta 17.89 10.22 12.17 21.07 22.32 21.70 23.00 15.98 15.69 14.62
XREE (ppm) 319.68  247.69  309.56 405.18 309.18 444.65 472.68 22548 47.80 420.21 302.16 44553 351.26
Lay/Yby 40.36 28.31 32.75 51.84 30.68 51.37 53.56 16.28 1.99 3391 25.87 25.59 39.57
Euw/Eu* 0.85 0.94 0.96 0.87 0.84 0.85 0.85 0.33 0.41 1.87 1.41 0.73 1.06
Gd/Gd* 0.43 0.50 0.36 0.37 0.44 0.31 0.30 0.13 0.00 0.00 0.00 0.16 0.15
#Mg 67.25 73.92 60.98 66.11 51.42 72.54 69.44 8.12 21.70 8.09 12.89 13.91 10.17
Age (Ma) 29.5 22.1% 20.4* 0.43* 0.11* 12.4 12.5 11.9

Tab. 1.  Chemical analyses of volcanic rocks from W Bohemia cont. 2.



GeoLines 15(2003) 175
Area F F F F F F F F F F F F F
Sample No. 40 41 42 43 44 45 46 47 48 49 50 51 52
203 251 251a 255a 256 255 Z-13 P-3 P-1 P-19 Z-20 Z-22 Z-23

Rock type TR TA TA TA BTA BA BA BA BA BA TB TB B
SiO, (wt.%)  62.90 53.46 55.17 55.57 51.83 45.24 42.24 4291 43.81 41.43 47.32 45.66 45.89
TiO, 0.30 1.67 1.41 1.76 1.68 2.68 2.46 3.37 3.11 3.90 2.55 2.89 2.86
AlLO; 19.14 18.22 17.70 17.75 18.83 16.33 12.64 11.99 12.49 11.27 16.14 15.80 15.28
Fe,0; 2.99 4.64 3.28 5.10 5.29 6.21 5.14 5.12 4.59 5.02 4.80 6.12 4.77
FeO 0.10 1.92 3.00 1.56 2.18 4.50 5.99 5.88 6.56 7.21 5.65 5.25 6.45
MnO 0.10 0.18 0.19 0.17 0.22 0.21 0.22 0.18 0.20 0.22 0.22 0.23 0.23
MgO 0.12 2.36 1.82 1.63 2.02 4.22 11.19 11.11 9.60 9.25 4.00 4.34 5.41
CaO 1.03 5.63 5.60 6.09 6.81 9.73 11.54 13.97 13.30 14.61 9.81 9.93 10.73
Na,O 6.49 5.15 5.02 4.98 4.85 3.79 3.85 2.39 3.16 2.98 4.24 4.23 3.59
K,O 5.55 3.74 4.09 3.50 3.02 1.47 1.41 1.70 1.77 1.74 1.90 1.13 2.21
P,05 0.04 0.55 0.43 0.50 0.62 0.79 0.82 0.57 0.69 0.75 1.00 1.08 0.94
H,0* 0.67 1.28 1.26 0.86 1.11 2.01 2.02 0.59 0.29 1.32 2.06 1.73 1.01
H,O 0.63 0.82 0.40 0.28 0.96 1.43 0.52 0.21 0.27 0.22 0.21 0.61 0.34

CO, <0.10 0.05 0.01 0.02 0.04 0.91 0.03 0.13 0.07 0.20 0.07 0.02 0.04
Total  100.06 99.67 99.38 99.77 99.46 99.52  100.07  100.12 99.91 100.12 99.97 99.02 99.75

Rb (ppm) 162 110 90 102 83 61 49 39 40 39 52 53 50
Cs 1.40 1.9 13 0.9 0.87 0.78 0.94 0.57 0.66 0.61 0.79 0.86 0.73

Sr 480 1338 1189 1040 1287 1069 1002 728 877 941 1046 979 858

Ba 1242 1455 1290 1451 1258 906 828 487 580 788 814 787 718

Ga 25 18 17 14 16 14 n.a. n.a. n.a. n.a. n.a. n.a. n.a.

As n.a. 4 5 4 3 2 3.1 n.a. n.a. n.a. 1.9 1.7 2

Sc 0.9 6.3 6.9 7.9 6.2 16.0 234 34.0 17.0 33.0 14.0 16.0 19.7

Y 25 40 34 34 39 31 21 22 26 21 31 29 22

La 131 144 160 140 121 95 114 121 137 113 106.7 106.1 84.5

Ce 186 251 241 218 228 176 177 180 211 171 185 182 144.0

Nd 54.0 102.0 99.0 100.8 106.0 87.0 78.3 79.0 84.0 75.1 92.0 89.1 70.3

Sm 5.9 14.3 14.7 15.3 15.6 13.7 11.4 13.3 16.9 13.9 14.5 14.7 11.9

Eu 1.6 4.2 3.8 3.6 4.6 4.2 34 34 4.4 3.7 4.1 4.2 3.46

Gd 5.0 12.3 10.2 9.4 12.5 12.1 13.8 10.9 12.1 11.6 13.1 13.3 11.8

Tb 0.59 0.85 1.43 1.36 1.60 1.40 1.06 1.44 1.58 1.22 1.45 1.45 1.17

Yb 2.8 2.9 39 3.9 3.4 2.6 2.19 3.01 4.50 3.00 33 35 2.49

Lu 0.47 0.51 0.38 0.44 0.58 0.45 0.33 0.33 0.41 0.38 0.49 0.49 0.36

Th 27.6 15.6 14.1 15.9 14.0 10.2 132 10.0 12.0 13.0 9.7 9.5 9.4

U 34 4.0 4.5 6.6 32 2.7 32 2.1 1.9 1.0 3.1 2.7 2.5

Zr 626 460 505 363 512 322 252 243 288 299 426 403 285

Hf 14.9 12.4 11.8 10.5 11.5 9.2 6.8 9.9 9.4 8.9 10.9 10.8 8.2

A% 15 n.a. n.a. n.a. n.a. n.a. 198 301 310 330 166 202 212

Nb 126 122 154 123 149 116 89 70 85 117 89 88 74

Ta 8.8 10.5 10.1 7.7 9.2 6.8 5.4 6.1 7.1 7.6 6.0 6.0 5.6

Cr 4 11 26 21 16 15 219 175 230 258 22 27 45

Co 1.0 5.7 11 14 3.6 5.0 51 54 45 41 16 21 24

Ni 5 6 10 17 7 13 237 157 120 99 11 13 17

Cu 0.2 37 17 29 11 21 n.a. 155 87 150 n.a. n.a. n.a.

Zn 98 137 95 143 195 129 128 70 90 95 143 150 139

K/Rb 28435 28220 377.19 28480 302.00 200.02 238.84 361.79 367.28 37031 30327 17696  366.86
Rb/Sr 0.34 0.08 0.08 0.10 0.06 0.06 0.05 0.05 0.05 0.04 0.05 0.05 0.06
Th/U 8.12 3.90 3.13 2.41 4.38 3.78 4.13 4.76 6.32 13.00 3.13 3.52 0.06
Zr/Hf  42.01 37.10  42.80 34.57 44.52 35.00 37.06 24.55 30.64 33.60 39.08 37.31 34.76
Nb/Ta 14.32 11.62 15.25 15.97 16.20 17.06 16.48 11.48 11.97 15.39 29.67 29.33 19.47
XREE (ppm) 587.36 532.06 534.51 492.71 49328 39245 402.27 41249 47236 392.65 420.62 41438  329.98
Lay/Yby 33.56 35.62 2945 25.67 25.53 26.21 37.47 28.86 21.89 26.97 22.98 22.06 24.34
Eu/Eu* 0.88 0.94 0.90 0.85 0.97 0.98 0.83 0.84 0.89 0.85 0.88 0.90 0.88
Gd/Gd* 0.15 0.28 0.24 0.24 0.31 0.39 0.44 0.34 0.32 0.38 0.40 0.41 0.46
#Mg 8.27 44.81 39.07 35.73 37.90 46.73 68.85 68.96 65.32 62.32 45.69 45.83 51.39
Age (Ma) 12.1 11.4 12.9 12.8 6.5 11.7* 15.9* 10.4 13.5 13.0

Tab. 1.

Chemical analyses of volcanic rocks from W Bohemia cont. 3.
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Area F F F F F F F F F F F F
Sample No. 53 54 55 56 57 58 59 60 61 62 63 64

Z-24 Z-19 P-2 P-4 Z-26 Z-15 Z-14 226 M-1 M-2 P-16 Z-16
Rock type TE TE TE TE ON TE ON ON ON ON BA BA
SiO, (wt.%) 4491 45.55 40.27 41.59 44.98 43.67 43.98 40.99 39.58 40.60 40.90 39.19
TiO, 2.85 3.07 3.91 3.66 1.99 3.51 2.10 4.18 1.98 1.95 2.20 2.70
AlLO; 15.83 15.20 13.65 14.79 12.04 13.87 12.21 13.76 10.20 10.87 11.60 11.39
Fe,0O, 4.99 4.93 4.80 5.17 2.48 5.62 4.18 7.51 6.39 4.34 4.08 3.99
FeO 6.45 6.14 8.12 8.93 8.05 5.40 6.33 7.56 5.85 6.83 7.10 7.99
MnO 0.23 0.21 0.24 0.25 0.17 0.18 0.17 0.23 0.22 0.21 0.19 0.20
MgO 5.07 6.11 7.90 6.25 12.46 6.98 13.02 6.42 15.02 14.52 12.50 12.49
CaO 11.10 11.05 12.39 12.02 11.22 11.80 11.33 11.24 12.45 12.13 13.59 15.81
Na,O 2.84 3.65 3.49 3.97 2.62 3.69 333 3.75 3.93 3.64 2.74 3.00
K,0 2.34 2.19 2.22 0.87 1.31 0.72 0.94 1.89 1.33 0.97 1.10 1.11
P,0; 0.91 0.74 0.92 0.90 0.60 0.51 0.52 0.94 0.97 0.88 0.82 0.88
H,0" 1.14 0.95 0.50 1.09 1.69 2.23 1.69 0.80 1.23 1.78 2.64 1.12
H,0O 0.29 0.35 0.02 0.20 0.14 0.79 0.26 0.20 0.82 0.51 0.33 0.31
CO, 0.08 0.07 0.49 0.37 0.07 0.02 0.13 0.03 0.08 0.28 0.07 0.03
Total 99.03 100.21 98.92  100.06 99.82 98.99  100.19 99.50  100.05 99.51 99.86 100.21
Rb (ppm) 46 51 55 65 32 70 52 47 31 27 52 37
Cs 1.10 0.71 0.80 0.41 0.5 1.70 1.90 0.57 0.42 0.44 3.30 3.30
Sr 967 829 1088 1190 594 895 600 1254 988 836 816 1151
Ba 644 642 691 731 501 616 611 985 849 627 964 1005
Ga n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 11 11 n.a. n.a.
As 1.6 1.4 n.a. n.a. 1.8 2.3 1.5 n.a. n.a. n.a. n.a. n.a.
Sc 19.7 25.1 22.0 16.0 26.4 n.a. 28.0 25.0 24.0 244 28.4 26.6
Y 20 21 31 30 17 21 16 32 23 20 17 25
La 83.3 81.9 99.2 118.9 43.6 70.4 52.9 110.0 99.4 83.1 76.9 89.7
Ce 146.0 142.9 138.9 166.2 71.8 122.4 85.6 181.1 142.0 126.0 122.4 137.1
Nd 72.1 70.0 66.0 73.2 37.1 64.7 43.7 73.2 55.7 53.1 61.9 66.0
Sm 11.7 11.5 12.5 14.1 6.94 10.4 7.48 16 9.1 9.1 10.3 12.8
Eu 3.52 333 3.31 3.57 2.26 3.08 2.35 3.62 2.73 2.52 3.18 2.64
Gd 11.8 11.6 10.7 11.0 7.8 9.6 8.9 8.7 8.7 6.7 11.2 10.1
Tb 1.16 1.11 1.19 1.19 0.89 1.03 0.88 1.52 1.03 0.92 1.07 1.09
Yb 2.49 2.42 2.66 291 1.50 1.87 1.68 2.48 1.66 1.66 1.71 1.79
Lu 0.34 0.34 0.28 0.33 0.25 0.32 0.24 0.31 0.25 0.27 0.22 0.18
Th 8.4 8.6 16.0 9.0 5.0 6.5 6.4 8.1 10.5 9.3 9.3 14.0
U 2.4 2.4 1.0 1.0 0.9 1.7 1.6 1.9 5.2 4.8 1.9 1.9
Zr 280 279 361 366 138 230 135 243 177 159 283 231
Hf 8.2 8 8.1 8.5 4.1 7.1 4.1 8.9 3.9 3.8 5.4 7.0
\% 210 240 321 389 158 278 179 288 133 150 192 233
Nb 73 71 122 112 43 55 48 104 85 76 102 144
Ta 5.7 54 7.0 6.4 2.8 4.1 3.5 6.1 52 4.6 6.5 6.1
Cr 48 62 44 33 422 67 370 354 410 445 324 271
Co 25 30 41 40 56.0 38 55 42 52 55 49 56
Ni 17 30 57 37 162 45 249 207 236 271 173 222
Cu n.a. n.a. 81 66 n.a. n.a. n.a. 73 83 67 n.a. 77
Zn 160 115 117 112 103 94 101 116 69 93 108 115
K/Rb 42222 35641 335.02 111.09  339.78 85.37  150.04 333.77 356.10 298.19  175.58  249.00
Rb/Sr 0.05 0.06 0.05 0.05 0.05 0.08 0.09 0.04 0.03 1.09 0.75 0.62
Th/U 3.50 3.58 16.00 9.00 5.56 3.82 4.00 4.26 2.02 1.94 4.89 7.37
Zr/Hf 34.15 34.88 44.57 43.06 33.66 32.39 32.93 27.30 45.38 41.84 52.41 33.00
Nb/Ta 26.07 26.30 17.43 17.50 30.71 26.19 28.24 17.05 16.35 16.52 31.88 23.61
XREE (ppm) 332.41  325.10 334.74 39140 172,13  283.79 203.68 39695 320.56 283.39 288.88  321.40
Lay/Yby 24.00 24.28 26.75 29.31 20.85 27.00 22.59 31.82 42.95 3591 32.26 35.95
Eu/Eu* 0.91 0.87 0.85 0.85 0.94 0.93 0.88 0.85 0.93 0.94 0.9 0.69
Gd/Gd* 0.45 0.46 0.43 0.37 0.60 0.44 0.58 0.27 0.35 0.30 0.52 0.42
#Mg 49.31 54.78 57.11 49.11 71.76 58.33 73.01 48.46 73.08 73.93 70.88 69.34
Age (Ma) 10.5 9.0* 11.8% 8.3* 16.5* 16.2 17.0 12.4* 16.5*

Tab. 1.  Chemical analyses of volcanic rocks from W Bohemia cont. 4.
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Tab. 1.

Areas: A —Doupovskeé hory Mts., B —western Ohfe Rift, C — Krusné hory and Smr¢iny/Fichtelgebirge Mts., D — Teplelska

vrchovina Highland and Slavkovsky les Mts. (volcanics older than 20 Ma only), E — Quaternary volcanics of the Cheb

Basin area, F — Cheb-Domazlice Graben uplifted shoulder.

Rock types: TE — tephrite, BA — basanite, OL — olivine leucitite, ON — olivine nephelinite, MON — melilite-bearing oliv-
ine nephelinite, TB — trachybasalt, OB — olivine basalt, PH — phonolite, RY —rhyolite, TR — trachyte, TA — trachyandesite,
BTA — basaltic trachyandesite.

Sample Nos. (Q — quarry, AQ — abandoned quarry, NO — natural outcrop, B — boulder):

A — Doupovské hory Mts.: 1 — tephrite, Uhoét’any, Q; 2 — basanite, Mikulovice, AQ; 3 — olivine nephelinite, Straz nad

Ohfi, Q; 4 — olivine nephelinite, Straz nad Ohfti, Q; 5 — olivine nephelinite, Rumisko near Horni Tasovice, Q; 6 — olivine

leucitite, Dépoltovice near Karlovy Vary, Q; 7 — phonolite, Andélska hora Hill near Karlovy Vary, NO; 8 — phonolite,
Semnické skala Hill near Karlovy Vary, NO.

B — western Ohie Rift: 9 — olivine nephelinite, Hlavno near Sokolov, Q; 10 — basanite, Dasnice near Sokolov, Q; 11 —ba-
sanite, Dasnice near Sokolov, Q; 12 — basanite to olivine basalt, Slapany Q; 13 — olivine basalt, Slapany, Q; 14 — basanite,
Hutnicky vrch Hill near Dépoltovice (older intrusion), Q; 15 — basanite, Hutnicky vrch Hill near Dépoltovice (older intru-
sion), Q; 16 olivine basalt, Hutnicky vrch Hill near Dépoltovice (younger intrusion), Q; 17 — basanite, Hutnicky vrch Hill

near Dépoltovice (younger intrusion), Q; 18 — tephrite, Hory near Karlovy Vary, AQ.

C — Krusné hory and Smréiny/Fichtelgebirge Mts.: 19 — olivine basalt, Liba, Q Blatna; 20 — olivine nephelinite, Liba,
Q Blatna; 21 — basanite, Paseky near A§, NQ; 22 — melilite-bearing olivine nephelinite, Skalka u Hazlova, NO; 23 — oli-
vine nephelinite, Rotava, AQ Sterkovna; 24 — basanite, Vétrnik Hill near Hefmanov, B; 25 — basanite, Vétrnik Hill near

Hetfmanov, B; 26 — basanite, Horni Rotava, AQ; 27 — basanite, Steinberg, Bavaria, Q; 28 — olivine nephelinite, Thierstein,
Bavaria, Q.

D — Tepla Highland and Slavkovsky les Mts. (volcanics older than 20 Ma only): 29 — olivine nephelinite, Polikno, Q;

30 — tephrite, Hlinky, AQ; 31 — tephrite, Mokr4 near Zlutice, Q.

E — Quaternary volcanics of the Cheb Basin area: 32 — melilite-bearing olivine nephelinite, Zelezna hiirka Hill near

Cheb, AQ; 33 — melilite-bearing olivine nephelinite, Komorni htirka Hill near FrantiSkovy Lazné, AQ.

F — Cheb-Domazlice Graben uplifted shoulder: 34 —rhyolite, Sténsky vrch Hill near Tepla, AQ; 35 — rhyolite, KojSovice

(Vrana 2000), B; 36 — trachyte, KojSovice (Vrana 2000), B; 37 — trachyte, Dobra Voda (Vrana 2000), B; 38 — trachyte,
Spi¢ak Hill near Tepla, Q; 39 — trachyte, Prachometsky vrch Hill near Tepld, AQ; 40 — trachyte, Berounsky vrch Hill near

Hefmanov, B; 41 — trachyandesite, Tfebounisky vrch Hill near Tepla, AQ; 42 — trachyandesite, BraniSovsky vrch Hill near

Tepla (Shrbeny 1979), AQ; 43 — trachyandesite, Zbraslavsky vrch Hill near Manétin (Shrbeny 1979), AQ; 44 — basaltic

trachyandesite, Doubravicky vrch Hill near Manétin, AQ; 45 — basanite to trachybasalt?, Zbraslavsky vrch Hill near

Manétin, AQ; 46 — basanite, Prachomety II near Tepla, AQ; 47 — basanite, Okrouhlé¢ Hradist¢ Hill near Konstantinovy

Léazng, AQ; 48 — basanite, VI hora Hill near Cernosin, AQ; 49 — basanite, Holy vrch Hill near Ratibot, Q; 50 — trachy-
basalt, Skupecsky vrch Hill near Konstantinovy Lazné, AQ; 51 — trachybasalt, Vinice Hill near Konstantinovy Lazné,
AQ; 52 — trachybasalt, Pekelsky vrch Hill near Biezin, Q; 53 — tephrite, Pekelsky vrch Hill near Biezin, Q; 54 — tephrite,
Okrouhlé¢ Hradisté Hill near Konstantinovy Lazné, AQ; 55 —tephrite, Homole Hill near Plana, AQ; 56 — tephrite, Krasikov

Hill near Konstantinovy Lazné, NO; 57 — tephrite to basanite (contaminated by crystalline rocks and magnetite xenoliths),
Cihan4 AQ; 58 — olivine nephelinite (contaminated by granite xenoliths), Polom in Marianské Lazng&, AQ; 59 — olivine

nephelinite (contaminated by granite xenoliths), Lysina Hill near Kynzvart, NO; 60 — basanite to tephrite, Chlumska hora

Hill near Manétin (Shrbeny 1979), AQ; 61 — olivine nephelinite (massive rock), Podhorni vrch Hill near Marianské Lazné,
NO; 62 — olivine nephelinite (brecciated rock), Podhorni vrch Hill near Marianské Lazné, AQ; 63 — melilite-bearing

olivine nephelinite, Chloumecky kopec Hill near Cesky Chloumek, NO; 64 — melilite-bearing olivine nephelinite, Cesky

Chloumek, AQ.

Ages designated by asterisk from Wilson et al. (1994), other from Ulrych et al. (in press a, b); n.a. — not analysed; n.d. —
not determined.

the CDG formation, which is dated by its filling of pre-Middle
Miocene? (>11.7 Ma) to Late Pliocene sediment. They form
two simultaneous series, WAS and SAS, with fractional crys-
tallization playing a substantial role only in the formation of
the WAS (Mg# 8—69). These volcanics coincide with the rare
local (Bilina—Most area) Late Miocene intrusions (13-9 Ma)
in the Ceské stiedohoti Mts. (Cajz et al. 1999), and young vol-
canism in Germany (11-6 Ma; Lippolt 1983). The recurrence
of volcanism and the change in its chemical characteristics
coincide in time (11-6 Ma) with the tectonic phase (Downes

1996) that caused a fundamental change from calc-alkaline to
alkaline volcanism in the Carpathians. This phase reflects the
Late Miocene E-W compression in the Alpine Orogen asso-
ciated with the entry of continental crust into the subduction
zone.

. Pleistocene (0.43-0.11 Ma) volcanics of the OR and the CDG

junction in the Cheb Basin area are the sole representatives of
classical primary uniform (Mg# 69-73) mantle melts (sensu
Frey et al. 1978) including their mantle xenoliths (Kadmpf et
al. 1998). These are products of the latest episode of a continu-
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Fig. 3. Volcanic rock series from W Bohemia in the TAS

diagram (Le Maitre ed. 2000) associated with:
3a —the Ohfte Rifts.l. (Areas A, B, C, D, E in Table 1).
“Older series”: (filled symbols) squares — Doupovské
hory Mts., diamonds —Ohte Rift, triangles — Krusné ho-
ry Mts.; (opensymbols) diamond — Tepelska vrchovina
Highland and Slavkovsky les Mts. (volcanics older
than 20 Ma only) and triangle — Quaternary volcanics.
3b — the Cheb-Domazlice Graben (Area F in Table 1)
“Younger series”: (open symbols) open circles — weak-
ly alkaline series, filled circles — strongly alkaline se-
ries

ous volcanic activity intermittently manifested with differ-
ent intensity in individual parts of W Bohemia (Ulrych et al.
1999) from the Early Oligocene (>31 Ma) to the Pleistocene
(=0.1? Ma). (Sub-)Recent fluxes of gases rich in CO, contain-
ing mantle-derived He are spatially and genetically associ-
ated with Pleistocene volcanoes (Weinlich et al. 1999) that
are characterized by rapidly ascending primitive magmas and
products of explosive character (Kdmpf et al. 1993, Wilson et
al. 1994).
Parental magmas of all volcanic series (sub 1-3) are inferred
to have originated by low-degree melting (=1 %) of sub-rift
lithospheric mantle metasomatized by plume-like material
and with amphibole, clinopyroxene, olivine and spinel in the

residuum. For modelling of primitive members of both vol-
canic subseries of the CDG, see Ulrych et al. (in print 2003).
Fractional crystallization, possibly accompanied by insignifi-
cant crustal contamination within the AFC processes, played an
important role only in the formation of the WAS of the CDG (cf.
Cantal — Wilson et al. 1995).
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