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ABSTRACT

During convergence of Gondwana-derived microplates and Laurussia in the Palaeozoic, subduction of oceanic
and continental crusts and their sedimentary cover introduced material of regionally contrasting chemical and
isotopic compositionsinto the mantle. This slab material metasomatised the local mantle, producing a highly het-
erogeneous lithospheric mantle beneath the European Variscides. The eastern termination of the European
Variscides ( Moldanubian and Saxo-Thuringian zones of Austria, Czech Republic, Germany and Poland ) is unusual
in that the mantle was modified by material from several subduction zones within a small area. Orogenic
lamproites sampled this lithospheric mantle, which has a chemical signature reflecting extreme depletion (low
Ca0 and AlLO; contents and high Mg-number) followed by strong metasomatic enrichment, giving rise to
crust-like trace element patterns, variable radiogenic /St E“’Slkﬂ, (0.7062-0.7127) and non-radiogenic Nd iso-
topic compositions (&Nd;33p) = — 2.8 to —7.8), crustal Pb isotopic compositions, and a wide range of &’Livalues
(—5.1 to +5.1). This metasomatic signature is variably expressed in the lamproites, depending on the extent of
melting and the nature of the source of the metasomatic component. Preferential melting of the metasomatically
enriched (veined) lithospheric mantle with K-rich amphibole resulted in lamproitic melts with very negative,
crust-like &’Li values, which correlate positively with peralkalinity, HFSE contents and lower ¢Nd. Both the higher
degree of melting and progressive consumption of the metasomatic component reduce the chemical and isotopic
imprints of the metasomatic end member. The very positive &’Li values of some lamproites indicate that the
source of these lamproites may have been modified by subducted oceanic lithosphere. Fresh olivine from the
Brloh {Moldanubian) lamproitic dyke shows very high Fo {(up to 94%) and very high Li contents {up to
25 ppm), demonstrating that the extremely depleted and later enriched lithospheric mantle may have contrib-
uted significantly to the Li budget of the lamproites. The regional distribution of lamproites with contrasting
chemical and isotopic fingerprints mimics the distribution of the different Variscan subduction zones.

© 2015 International Association for Gondwana Research. Published by Elsevier B.V. All rights reserved.
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ABSTRACT

The Mid to Late Miocene intraplate alkaline volcanic suites of western Bohemia are relict of the intensive
voluminous volcanism accompanied by large-scale uplift and doming. The association with the uplift
of the NE flank of the Cheb-DomaZlice Graben (CDG) is uncertain in view of the mostly transpres-
sional tectonics of the graben. The volcanism is most probably of the Ohfe/Eger Rift off-rift settings.
Two cogenetic volcanic suites have been recognised: (i) silica-saturated to oversaturated consisting of
olivine basalt-trachybasalt-(basaltic) trachyandesite-trachyte-rhyolite (13.5 to 10.2 Ma) and (ii) silica-
undersaturated (significantly Ne-normative) (melilite-bearing) olivine nephelinite-basanite-tephrite
(183 to 6.25Ma). A common mantle source is suggested by similar primitive mantle-normalised
incompatible element patterns and Sr—Nd-Pb isotopic compositions for the assumed near-primary
mantle-derived compositions of both suites, i.e., olivine basalt and olivine nephelinite. Apparently,
they were generated by different degrees of partial melting of a common mantle source, with garnet,
olivine and clinopyroxene in the residuum. Negative Rb and K anomalies indicate a residual K-phase
(amphibole/phlogopite) and melting of partly metasomatised mantle lithosphere. The evolution of
the basanite—olivine basalt-trachybasalt-( basaltic) trachyandesite-trachyte-rhyolite suite suggests the
presence of an assimilation-fractional crystallization process (AFC). Substantial fractionation of olivine,
clinopyroxene, Fe-Ti oxide, plagioclase/alkali feldspar and apatite accompanied by a significant assimi-
lation of magma en route by crustal material is most evident in evolved member, namely, trachytes and
rhyolites. The magmas were probably sourced by both sub-lithospheric and lithospheric partly meta-
somatised mantle. The evolution of the (melilite-bearing) olivine nephelinite-basanite-tephrite suite is
less clear because of its limited extent. Parental magma of both these rock suites is inferred to have
originated by low-degree melting of the mantle source initiated at ca. 18 Ma and reflects mixing of
asthenosphere-derived melts with isotopically enriched lithospheric melts. The older Oligocene alka-
line rocks (29-26 Ma) occur within the Cheb-Domazlice Graben (CDG) locally but are significant in the
closely adjacent neighbouring western Ohfe Rift. The Sr-Nd-Pb isotopic composition of primitive vol-
canic rocks of both suites is similar to that of the European Asthenospheric Reservoir (EAR). Initial Pb
isotopic data plot partly above the northern hemisphere reference line at radiogenic 205Pb/204Pb ratios
of ~19 to 20, and indicate the presence of a Variscan crustal component in the source,
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Abstract Tachylytes from rift-related volcanic rocks were
recognized as: (i) irregular veinlets in host alkaline lava flows
of the Kozakov volcano, Czech Republic, (ii) (sub)angular
xenoliths in alkaline lava of the feeding channel of the
Bukovec volcano, Czech Republic, and (iii) paleosurface of
a tholeiitic lava flow from Hafrafell, Iceland. The tachylyte
from Kozdkov is phonotephrite to tephriphonolite in compo-
sition while that from Bukovec corresponds to trachyandesite
to tephriphonolite. Both glass and host rock from Hafrafell are
of tholeiitic basalt composition. The tachylyte from Kozakov,
compared with the host rock, revealed a substantial enrich-
ment in major elements such as Si, Al and alkalis along with
Rb, Sr, Ba, Nb, Zr, REE, Th and U. The tachylyte from
Bukovec displays contrasting trends in the incompatible
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clement contents. The similarity in composition of the
Hafrafell tachylyte paleosurface layer and parental tholeiitic
basalt is characteristic for lavas. The host/parent rocks and
tachylytes have similar initial Sr—Nd characteristics testifying
for their co-magmatic sources. The initial eng values of
host/parent rocks and tachylytes from the Bohemian Massif
(+3.4 to +3.9) and those from Iceland (+6.3) are interpreted as
primary magma values. Only the tachylyte from Bukovec
shows a different eng value of —2.1, corresponding to a xeno-
lith of primarily sedimentary/metamorphic origin. The
tachylyte from Kozakov is a product of an additional late
magmatic portion of fluids penetrating through an irregular
fissure system of basaltic lava. The Bukovec tachylyte is rep-
resented by xenoliths originated during the interaction of as-
cending basaltic melt with granitoids or orthogneisses, where-
as the Hafrafell tachylyte is a product of'a rapid cooling on the
surface of a basalt flow.
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INTRODUCTION

Metacarbonates and associated calc-silicate
rocks are characteristic but minor components
of the lithological units of the Bohemian
Massif. They are quite abundant in the
Variegated Unit of the Moldanubian Zone
(locality Blazkov, Tiebenice and Studnice)
and in the adjacent metamorphic complexes
that are genetically linked to the Moldanubian,
Tepléa—Barrandian or Moravo-Silesian zones of
the eastern Bohemian Massif: the Svratka Unit

knowledge about tourmalines from other rock
types in this region motivated the present
study.

Using combination of classical petrological
and mineralogical methods with B-isotope
geochemistry we aim to (i) reveal variations in
''B/!"'B ratios and thus, in a broader view, (ii)
to understand the genetic relations of the
metacarbonate  protholiths in  individual
regional units of the eastern part of Bohemian
Massif; and (iii) the relations of marbles and
associated calc-silicate rocks.
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BENEATH THE BOHEMIAN MASSIF

S. Kubouskova', L. Krmi¢ek'*® R.L. Romer® and J. Ulrych2

! Department of Geological Sciences, Faculty of Science, Masaryk University, Kotlaiska 2, CZ-611 37 Brno, Czech
Republic, skubouskova@seznam.cz; * Institute of Geology, v.v.i., Czech Academy of Sciences, Rozvojovéa 269, CZ-
165 02 Prague 6, Czech Republic, krmicek@gli.cas.cz: ° Brno University of Technology, Faculty of Civil Engineer-
ing, AdMaS Centre, Veveii 95, CZ-602 00 Brno, Czech Republic, krmicek.l@fcevutbr.cz; * Deutsches
GeoForschungsZentrum GFZ, Telegratenberg, D-144 73 Potsdam, Germany; romer(@gfz-potsdam.de.

The Pb 1sotope composition of the upper mantle radiogenic end member with °Pb/***Pb ratio up to 20,
beneath the Bohemian Massif 1s heterogeneous, largely while the Quaternary melilitites, Tertiary alkaline
due to the subduction of regionally contrasting material lamprophyres and associated intrusive rocks originated
during the Variscan orogeny. Post-Variscan mafic and in mantle dominated by less radiogenic “°Pb/***Pb

ultramafic rocks sample this mantle, which allows to ratio not exceeding 19.4.
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1. Introduction and geology

Stretching of Variscan crust in western Bohemian Massif
(Czech Republic and Vogtland, Germany) started in the Late
Cretaceous and ultimately resulted in the formation of the 300
km long and 50 km wide, fault-bounded Ohre/Eger Rift.
Extension-related and mantle-derived volcanism and its
derivatives started at c. 80 Ma, peaked in the Eocene to
Miocene (42-16 Ma) and lasted until 300,000 years ago in the
Cheb Basin (Kéampf et al., 1993; Ulrych et al., 2013 and
references therein; Fig. 1A]

The youngest (Pleistocene) volcanic eruptions in the Cheb
Basin were explosive, mafic, silica-undersaturated and of
small volume, forming maars and scoria vents such as those at
Zelezna hiirka (Eisenbiihl), Mytina and Komorni hlrka
(Kammerbihl) (Skala et al., 2015; Figs. 1B, 1C). In early
2015, a further young, probably 200,000 years old maar was
discovered near Neualbenreuth in Germany, just 1 to 2 km
south of the known maars in the Czech Republic.

The scoria vent at Zelezna hirka and tephra at Mytina are
long known to contain xenoliths of ultramafic rocks
(mostly wehrlites, clinopyroxenites, and hornblendites with
cumulate textures), of middle and upper crustal wall rocks,
and megacrysts of olivine, clinopyroxene, amphibole
and phlogopite (Geissler, 2005 and references therein).

-

Fig. 1. Schematic geological map showing the position of the Cheb
Basin within the Ohfe Rift (A); exposed cinder cone at Zelezna hirka
(B); an example of olivine-rich scoria from Zeleznd hiirka (C).
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ZAKLADY IZOTOPOVE GEOLOGIE
A GEOCHRONOLOGIE

RADIOGENNI IZOTOPY

Jan Kosler, Emil Jelinek, Magdalena Pacesova

UNIVERSITA KARLOVA « PRAHA 1997




SlozZeni atomu (nuklidd) se obvykle vyjadfuje poctem protonu a neutronu
Vv jadre.

Pocet protonu (Z) se nazyva protonovym cCislem, pocet neutronti (N)
se nazyva neutronovym c¢islem a jejich suma (A) hmotnostnim/
nukleonovym c¢islem atomu.

Napfiklad atom s 11 protony a 12 neutrony v jadfe (tedy s hmotnostnim
cislem 23) je chemicky prvek sodik. .23
)} P >X (napi. 7Na)

Nuklidy se stejnym poctem protonu a riznym poctem neutronu v jadre
se nazyvaji izotopy.

Napf. olovo, vyskytujici se v pfirodé, se sklada ze Ctyr izotopu:
20482Pb, 20682Pb, 20782Pb, 20882Pb
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Pomérné Siroky pojem zahrnujici studium izotopového slozeni

chemickych prvku v geologickych materialech — horninach, mineralech,
zbytcich organismu, ale i v hydrosféfe a atmosfére.

TradiCné se déli na dvé sfeéry:

Neradiogenni izotopy, obvykle lehkych prvku (Li, B, S, C, O atd.),
pomoci jejichz izotopl je mozné sledovat procesy frakcionace prvku v
exogenni zoné, méfit teploty hydrotermalnich a metamorfnich procesu
nebo studovat puvod téchto prvktu v mineralech a horninach.

Radiogenni izotopy (produkty radioaktivniho rozpadu) obvykle stfredné
t&Zkych a t&Zkych prvkt (Sr, Nd, Hf, Os, Pb atd.). Casto odlidné
geochemické vlastnosti matefskych prvku a jejich radiogennich produktu
jsou pfic¢inou odlisSného izotopoveho slozeni a vyvoje jednotlivych
zemskych rezervoard. Relativni zastoupeni téchto izotopt v mineralech
a horninach je obvykle dobrym indikatorem jejich ptvodu.



Samostatnou disciplinou v ramci geologie radiogennich izotopu je
geochronologie (datovani hornin a minerall). Podstatou geochronologie
je vyuziti radioaktivniho rozpadu prvku.

Vybrane typy radioaktivniho rozpadu:

gV VWV

a rozpad — typicky pro nejtézSi nuklidy; emitovani a - ¢astice (jadro
atomu helia; “He); nukleonové ¢islo A—4, protonové ¢&islo Z—2; napf:
238y ,234Th, 147Sm—143Nd

B rozpad — jadro nuklidu emituje elektron nebo pozitron (pozitron je
anticastice k elektronu); nukleonové Cislo zustava, protonové Cislo +1;
nap‘f_: 87Rb_)87sr, 176LU—>176Hf, 187Re—>187Os, 40K_)40Ca, 23MQ—>23N3

elektronovy zachyt — pfi elektronovém zachytu je proton v jadre
nuklidu preménén na neutron reakci s elektronem z obalu atomu
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adioaktivni r

. Kombinaci vice typu
radioaktivniho rozpadu
vznikaji rozpadove rady,
tj. série naslednych
rozpadovych reakci:

2381 _, 206pp
(uran-radiova rada)
235 _, 207pp
(aktiniova rada)
232Th — 208pp

(thoriova rozpadova
rada)

) |
/ '
1 1 3:Tn|1 1 1 1 | 1 | 1 1 |

124 126\-/128 130 132 134 136 138 140 142 144 146
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Postup' separace prvkui a stahovehi jej-ich= izotop

e
X

-

. Obecny postup v izotopové laboratofi:

1) rozklad vzorku

2) chemicka separace vybraného prvku pomoci ionexu
(ionexova chromatografie)

3) hmotova spektrometrie — stanoveni izotopového slozeni



Cista (izotopova) laboratof:

koncept Cisté laboratore rozvijen
od 60. let 20. stoleti na zakladé
prace Claire Pattersona pro
studium distribuce izotopt Pb v
oceanech a morskem prostredi

US FED STD: tfida 1 az tfida
100,000 (podle poctu Castic
ruznych prumérd na kubickou
stopu)
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ch izotopového slozeni
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US FED STD 209E
Class maximum particles/ft’ 1SO
=>0.T um > 0.2 um > 0.3 um > 0.5 um =5 um
1 35 7 3 1 1SO 3
10 350 75 30 10| 1SO 4
100 750 300 100 ISO 5
1000 1000| 7 1SO 6
10 000 10 000| 70 ISO 7
100 000 100 000 700| ISO 8
Room air 1 000 000| 7000 ISO 9
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g vstavani
% [ sedéni s pomalym pohybem
o ruky (pipetovani, titrovani)
'S
a 100 :

0.1 05 1 5 10

Velikost c¢astic (um)
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Postup separace

Rozklad vzorku, tedy pfevedeni horninového (mineralniho) silikatového
materialu do roztoku je proces, ktery nutné predchazi chemickeé
separaci a analyze izotopového slozeni na hmotovéem spektrometru.

Obvykle nasleduje po homogenizaci, eventualné mineralni separaci
vzorku.

Nejbeznegji pouzivanou anorganickou kyselinou, ktera rozpousti
silikatové geologické materialy, je kyselina fluorovodikova (HF).

Néktereé soli, napf. Ca a K, jsou v HF malo rozpustné — vyuziti dalSich
kyselin, napf. HNO; a HCIO,.
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Postup separ

ace prvkl a stanoveni jejich izotopového slozeni

2) Chemicka separace vybraného prvku pomoci ionexu

. Separace probiha ve sklenéné nebo plastové koloné naplnéné
stacionarni fazi (ionexem), kterou protéka mobilni faze (roztok vzorku).

. Principem chemické separace na iontoménicich (ionexech) je ustaveni
reverzibilni rovnovahy mezi stacionarni a mobilni fazi.

. Stacionarni fazi tvofi vlastni iontoménic (bézné se pouziva
napr. polymerujici styren), na néjz jsou vazany jednotlivé funkcéni
skupiny.
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Postup separace prvku a stan
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Trennungsginge

Blei-Trennung:

- Séulen (ca. 7 ml-Volumen) mit Milli-Q-Wasser spiilen
- mit Bio-Rad-Harz (AG 1-X 8; 100-200 mesh) bis zur ,,breiten Stelle* der Sdule fiillen

Reinigung: - 1x Séule mit 6N HCI voll fiillen
- 1x Séule halb mit H,O fiillen
Konditionierung: - 1x Sdule halb mit 2N HCI fiillen
Probenaufgabe: - Aufnehmen der Probe in ca. 0,5ml 2N HCI (wéhrend der Reinigungs-

und Konditionierungsschritte im Ultraschallbad gelost)
- Probe mit ca. 1 mL 2N HCI einspiilen
Abtrennung: - ca. 3-4 mL 0.8N HBr |
-ca. 1-2 mL 2N HCI
Eluierung des Bleis: - Blei mit ca. 3-4 mL 6N HCI abgreifen

- Zugabe eines Tropfens 0.025 H3POy als ,,Kleber™
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Postup separécé p

3)

Hmotova spektrometrie — stanoveni izotopového slozeni
Hmotova spektrometrie s termalni ionizaci (TIMS):

- zakladni technika pouzivana pro stanoveni radiogennich izotopu
(napf. 8Sr/8Sr, 143Nd/144Nd, 1870Qs/1860s, 207Pb/206Ph)

- po predchozi chemické separaci je vzorek naparen na Ta, Re nebo W
vlakno a tepelné ionizovan prichodem elektrického proudu

- k disperzi iontu je vyuzivan magneticky sektor hmotového
spektrometru

- TIMS nejCastéji provadéna na pfistroji TRITON (Thermo Scientific)
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Postup separace prvku a stanoveni jejich izotopového slozeni
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Postup separa
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(mass filter)
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Postup separace prvku a stanoveni jejich izotopového slozeni
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Postup separ

3) Hmotova spektrometrie — stanoveni izotopového slozeni

. Multikolektorovy hmotnostni spektrometr s indukéné vazanym
plazmatem (MC-ICP-MS Neptune)

- primarnim zdrojem ionizace prvku u tohoto pfistroje je argonové
plazma

- v argonovém plazmatu je ionizovana témér vétSina prvku periodického
systému (napf¥. Li, Ca, Mg, Cr)

- vzorek se zavadi do plazmatu zpravidla ve formé aerosolu
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Hmotnostni spektrometrie sekundarnich ionta (SIMS)

Technika slouzici k analyze izotopového sloZeni povrchu pevnych latek
pomoci bombardovani povrchu ionty a shromazdovanim
(analyzovanim) vyrazenych sekundarnich iontu

NejCastéji analyzujeme izotopové slozeni jednotlivych mineralt (odpada
chemicka separace prvku avSak stanovené izotopové poméry jsou
meéné presné ve srovnani s predchozimi metodami)

Je to metoda pomérne rychla

Napr. U-Pb datovani zirkonu
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