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Abstract

Geodynamic causes of the Rhenohercynian basin opening and Devonian—early
Carboniferous rifting within the Saxothuringian Zone of northern peri-Gondwana and the
Variscan basement of the Alps remain unresolved. Interpretations with varying numbers of
oceanic tracts formed during Paleozoic fragmentation of Peri-Gondwana exist, heretofore
without a comprehensive survey linking Rheic rift-related segments. A review of existing
data, combined with new evidence from three separate Rheic/Saxothuringian rift system
segments in the Bohemian Massif, informs a new three-stage model of their Paleozoic
evolution:

(1) Late Cambrian—early Ordovician (~505-470 Ma) rifting accompanying back-arc
extension along the northern Gondwana margin, was coeval with Rheic Ocean opening
between Avalonia and Saxothuringia. Initial bimodal felsic and mafic OIB-like magmas
transitioned through T-MORB to MORB-like basalts, common in NE Saxothuringia.

(2) Subordinate Silurian—early Devonian (~430-410 Ma) extension of both Saxothuringian
and Tepla-Barrandian basement was possibly linked to closure of lapetus Ocean and accretion
of microcontinental fragments to Laurentia. Proximal to the Miinchberg Massif, this manifests
as strongly alkaline OIB-type volcanism, whereas more tholeiitic magmas prevail in the
adjacent Tepla-Barrandian Unit.

(3) Middle-Devonian—early Carboniferous (390—340 Ma) extension produced the most
voluminous magmatism, similarly progressing from early bimodal alkaline rhyolite and OIB-
type basalts to MORB-like compositions proximal to the Saxothuringian ocean tract. This rift-
related volcanism overlaps in chemistry and time with alkaline volcanism of the SE edge of
Avalonia, grading into of the Rheic/Rhenohercynian oceanic basalts. Late Devonian/early
Carboniferous closure of this ocean is linked to cessation of extension, its shift back to the

Gondwana margin and opening of the Paleotethys Ocean.
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1. Introduction

The beginning of the Paleozoic era is marked by significant re-arrangement of continents.
During the Cambrian, the Neoproterozoic—Cambrian Avalonian—Cadomian Belt (Murphy and
Nance, 1989) began to separate from the Gondwana mega-continent (Nance et al., 2022)
forming a belt of (micro-)continents accreted mostly to the margins of Laurentia—Baltica.
Transition from the Cadomian (Neoproterozoic) accretionary orogeny to Cambro—Ordovician
rifting and opening of the Rheic Ocean was a multi-step process. Transformation of the
Gondwana periphery from active to passive continental margin (Linneman et. al., 2007,
Murphy et al., 2010) was accompanied by a shift from Cambrian calc-alkaline (Garcia-Arias
et al., 2024) to transitional alkaline ocean island basalt (OIB) magmatism (Crowley et al.,
2000), associated with plume-initiated intracontinental rift-related volcanism. Opening of the
Rheic Ocean and separation of Avalonia in the Early Ordovician was likely caused by the
accretion of the Ganderia micro-continent to Laurentia (e.g., Kroner and Romer, 2013;
Linnemann et al., 2007; Murphy et al., 2009, 2010; Nance et al., 2008; Romer and Hahne,
2010). Re-activated rifting of the passive margin of Gondwana since the Ordovician initiated
sedimentation in extensional basins; these sedimentary successions are preserved across the
Variscan belt (e.g., Kraft et al., 2023; Linnemann, 2004; Patocka and Storch, 2004). Opening
of the rift was associated with predominantly mafic magmatism (submarine volcanism)
progressing from OIB to mid-ocean ridge basalt (MORB)-like (Crowley et al., 2000;
Tasaryova et al., 2018). A third stage of rifting resulted in either formation of Devonian to
early Carboniferous Rhenohercynian Ocean basins in the rifted southern part of the Avalonian
margin (Floyd et al., 1990; Franke, 2007) or a back-arc to the N branch of the still existing
Rheic Ocean (Nesbor, 2025; Zeh et al., 2002). Alternatively, the Rhenohercynian Ocean tract

might have originated by intra-arc or back-arc extension, associated with southward



subduction of southern margin of the Rheic Ocean beneath the Gondwana derived part of
Mid-German Crystalline High (Franke et al., 2017; Franke and Zelazniewicz, 2023).

Radiometric dating and geochemistry of bimodal volcanic and metavolcanic rocks and
metaophiolites situated within or between Gondwana-derived ribbon continents (for example
between Saxothuringian/Tepla—Barrandian/Brunovistulian/Moldanubian domains) indicate
that the mid- to late-Devonian to the early Carboniferous was associated with pronounced
extension and limited ocean crust-forming processes within the future Variscan orogen of
Central and Western Europe (Franke and Zelazniewicz, 2023; Hohn et al., 2018; Koglin et al.,
2017; Kachlik and Kozdroj, 2001). Opening of the Rhenohercynian basin and Middle
Devonian to early Carboniferous rifting within the Saxothuringian Zone and in the Variscan
basement of the Alps, and its geodynamic causes during the onset of overall Variscan
compression still remain controversial (Franke, 2024).

The above-outlined complex tectonic situation gives rise to many alternative
interpretations regarding the number of oceanic tracts which might have formed during the
Paleozoic fragmentation of the Peri-Gondwana: (i) Rheic Ocean was fully opened without
branching (Kroner and Romer, 2013); (ii) at least two branches of the Rheic Ocean — so-
called Saxothuringian and Moldanubian (Central European, Gféhl oceans) were developed
(e.g., Franke et al., 2017; Franke and Zelazniewicz, 2023, and references therein for details);
(iii) sediments were deposited on a hyperextended shelf formed by the Cadomian basement
(Zak and Slama, 2018; Zak et al., 2023b); (iv) ribbon continents were not significantly
separated from the parental Gondwana Mainland (Kroner et al., 2007).

A comprehensive study connecting the occurrences of Rheic rift-related mafic rocks is
largely missing. We aim to improve the understanding of the timing and potential causes of
Rheic rifting during coeval stages of Variscan collision, by reviewing the existing data on

Ordovician to Devonian mafic volcanic rocks of the Miinchberg Massif, Krkonose—Jizera



Crystalline Units and Prague Basin, paralleled by a detailed lithostratigraphic, petrographic,
geochemical, geochronological and radiogenic isotope (Sr, Nd, Pb) survey of mafic volcanic
rocks from Frankenberg, Elbetalschiefergebirge and Jestéd Mts. These new results, combined
with published data, identify potential mantle sources of Paleozoic volcanism, their temporal
difference and/or evolution during the individual stages of Rheic rifting, evaluate the role of
mantle plumes for individual stages of rifting or continental fragmentation, and constrain

differentiation of mantle magmas and their possible contamination with crustal material.

2. Geological setting

The Saxothuringian Zone of the European Variscan orogenic belt is a >100 km wide and
~1,000 km long crustal segment, comprising the N and NW part of the Bohemian Massif
(Fig. 1) and is thought to have been derived from the Peri-Gondwanan margin at the
beginning of the Ordovician concomitant with opening of the Rheic Ocean or, possibly, its
branches (Linnemann et al., 2008). In the southeast, the Saxothuringian ribbon continents
plunge below the Tepla—Barrandian Unit (TBU) supracrustal block. The Marianské Lazné
Complex, interpreted as a metaophiolite relic, straddles the TBU boundary and traces the
Tepla (Saxothuringian) suture after the Saxothuringian branch of the Rheic Ocean (Behr et al.,
1980; Franke, 1989a; Kachlik, 1994). Part of the Paleozoic oceanic crust consists of
allochthonous crystalline sheets thrust from the Tepla suture to the NW onto the
Saxothuringian parautochthon (Behr et al., 1980; Martinez Catalan et al., 2020; Collett et al.,
2018; Franke, 1989a).

The Saxothuringian crust is composed of Cadomian basement, deformed and weakly
metamorphosed during the final stages of the Cadomian orogeny (ca. 570-540 Ma; Dorr et

al., 2004; Linnemann et al., 2000, 2014). This basement is overlain by a thick Paleozoic



sequence of folded and variably metamorphosed volcanosedimentary sequence of the
Cambrian to early Carboniferous age. The Neoproterozoic basement together with Paleozoic
onlap sequences were strongly folded and metamorphosed during several stages of the
Variscan orogeny starting with Devonian closure of oceanic tracts, through early
Carboniferous continental collision of Avalonia with Saxothuringia and the TBU block,
forming the Variscan—Alleghanian orogen (Martinez Catalan et al., 2020, 2021; Franke et al.,
2017; Franke and Zelazniewicz, 2023; Schulmann et al., 2022). Folded early Paleozoic
sequences are unconformably overlain by late Carboniferous to Permian continental molasse
and associated volcanic rocks.

The Saxothuringian Zone may be divided into four lithotectonic units: (i) the sub-
parautochthon of the Saxonian Granulite Massif which forms an extrusive antiformal diapiric
structure (Rotzler and Timmerman, 2021); (ii) Saxothuringian autochthon comprising weakly
deformed and metamorphosed Cadomian basement unconformably overlain by Cambrian to
Devonian siliciclastic sequences of the Saxothuringian passive margin, covered by Variscan
distal flysch sediments (Linnemann et al., 2008a); (iii) Saxoturingian parautochthon to lower
allochthon (sensu Martinez Catalan et al., 2021) formed by (U)HP—UHT folded crystalline
nappes in the Krusné hory/Erzgebirge Mts. and in the Ohie (Eger) Crystalline Complex,
which follow the Tepla Suture (e.g., Massonne and Bautsch, 2004; Schmadicke et al., 2018;
Willner et al., 2000); (iv) Saxothuringian uppermost allochthons occurring in tectonic klippen
such as Minchberg Massif, Zone Erbendorf-\Vohenstraus, Wildenfels, Frankenberg,
Elbtaschiefergebirge and western part of the Jestéd Mts., and possibly Géry Sowie Mts.
(Franke et. al., 1993; O'Brien et al., 1997; Franke and Zelazniewicz, 2023).

In this study, we sampled metabasaltic rocks from three separate segments of the
Rheic/Saxothuringian rift system (Fig. 2a). (a) Frankenberg klippe (Becker, 1928) is a narrow

NNE-SSW trending, synformal stack of tectonic slices, with variable protolith ages,



provenance and metamorphic evolution, located between the Saxonian Granulite Massif on
the west and Krusné hory/Erzgebirge Mts. antiform in the east (Fig. 2b). According to
Gehmlich et al. (2001) and Kurze (1993) the Frankenberg klippe consists of, from bottom to
top, of a sliver of Viséan flysch, Ordovician sandstones, Silurian black shales containing
cherts and Devonian greenish tuffitic and graphitic slates and felsic volcanic rocks dated at
357 £ 2 Ma (Gehmlich et al., 2001). This unit also contains well-preserved pillow lavas with
associated hyaloclastites and metadolerite feeding dyke, exposed in the Seifersdorf quarry in
the NE part of the Frankenberg klippe (Fig. 2b).

(b) The Elbtalschiefergebirge is a NW-SE trending imbricated belt formed by Ordovician
to early Carboniferous volcanosedimentary sequences, dividing the Lusatian block and
Krus$né hory/Erzgebirge Mts. antiform, delimited by the Mid-Saxonian Fault on the southwest
and the Weesenstein Fault on the northeast (Fig. 2c). The Elbtalschiefergebirge unit consists,
from bottom to top, of several fault-bounded slices in greenschist facies grade: (i) Ordovician
slates to phyllites, chlorite gneiss and metavolcanics (so called ,,Phyllitic unit* or Miihbach-
Nossen Group after Alexowsky et al., 1997) intruded by 485 Ma tourmaline granite (Hofmann
et al., 2009), (ii) a Devonian volcanosedimentary unit with sheared felsic volcanic rocks dated
at 369 + 5 Ma (Hofmann et al., 2009), (iii) a Silurian to Late Devonian volcanosedimentary
unit rich in amygdaloidal lavas, limestones, metabasalts and tuffitic phyllites (diabase—marl
series, Thuringian facies after Kurze (1993), (iv) Late Ordovician to early Carboniferous
sequence of sandstones, deep-water silicic shales (chert series, Bavarian facies after Kurze
(1993), and (v) probably Middle- to Late-Devonian volcanosedimentary facies, rich in pillow
lavas, volcanoclastics and shallow-water carbonates, often with contact metamorphic
overprint (so called Donnerberg- and Bahre-Formation after Alexowsky et al., 1997). The

Ediacaran Weesenstein Group, consisting of greywackes, shales with intercalations of



glaciomarine conglomerates with pebbles of Ediacaran granite overthrust Paleozoic units of
the Elbtalschiefergebirge is typically not considered a part of the Elbtalschiefergebirge unit.
(c) The Jestéd Mts. Unit crops out in the NW part of the KrkonoSe—Jizera Mts. Crystalline
Unit (NE part of the Bohemian Massif; Fig. 2d). On the SW, it is bounded by Lusatian
overthrust to Cretaceous marine sediments or to the underlying Permo-Carboniferous
continental molassic sediments. It is delimited on the NE by the Machnin fault against the
Variscan (320312 Ma) Krkono$e—Jizera Pluton (Zak et al., 2013). From NW to SE the
following fault-bounded lithotectonic units can be defined: (i) Cadomian basement, built of
~532 Ma cataclastically deformed granodiorites (Bialek et al., 2014) and greywackes intruded
by late Cambrian orthogneisses; (ii) sequence of Cambrian (?) to Ordovician phyllites, with
quartzite, Silurian black shales, phyllites with fossiliferous late Silurian, and Middle to Late
Devonian fossiliferous limestones (Chlupa¢ and Hladil, 1992); (iii) This parautochthonous
sequence is in its SW part overthrust by a Middle Devonian to early Carboniferous volcano-
sedimentary sequence comprising both felsic and mafic volcanic rocks, nodular limestones,
black shales and tuffitic phyllites (Fig. 2d). This sequence is conformably overlain by a
sequence of Tournaisian to Viséan flysch. Sediments of these units may be correlated with

Bavaria Facies of surrounding of Uppermost allochthons in Frankenwald and Thuringia.

3. Samples and methods

We collected 15 new samples of weakly metamorphosed basaltic rocks representing three
spatially separated areas with occurrences of Devonian basaltic lithologies (Fig. 2; Electronic
Supplementary Material 1). The Frankenberg tectonic klippe was sampled at the Seifersdorf
quarry (Germany; Fig. 2b): three Devonian pillow lavas (MLC22/039B,C,D) and one sample

of a dolerite conduit (MLC22/039A) closely associated with the pillow lavas. Five samples of



Devonian to early Carboniferous metabasites were collected from boreholes VRT_D 1 in the
Bahre-Formation and VRT_D_2 from the diabase-marl series (after Kurze 1993) in the
Elbtalschiefergebirge south of Pirna (Germany; Fig. 2c). The Weesenstein Fault, part of the
West Lusatian Fault zone, was intercepted at a depth of 52.9-59.4 m in drill hole VRT _D 1
in the Bahre-Formation. Ediacaran schists and metagreywackes overthrust on Devonian
metabasalts that alternate with dark-grey (organic matter-rich) phyllitic shales (Fig. 3).
Carbonate bodies, commonly banded and containing mafic volcanoclastic layers
metamophorphosed in greenschist to epidote amphibolite facies, were encountered at depths
of 149-165 m and 172-199 m, respectively. Layers of abundant amygdales (up to 1 cm in
diameter) were documented at the bottom of several metabasalt bodies (e.g., at ca. 130 and
200 m). Thin intercalation of biotite—cordierite hornfels was sampled at depth 226 m.
Borehole VRT_D_2 in the Late Devonian diabase-marl series cuts the sequence of alternating
basaltic tuffs, marbles and metabasalts and phyllitic shales. A doleritic metabasalt dyke was
sampled at a depth of 201 m. Finally, four metabasite samples were collected from the Late
Devonian to Lower Carboniferous Jitrava Group, Jestéd Mts. (Czech Republic), representing
an allochthonous relic preserved in the overburden of the volcanosedimentary
parautochthonous complex of Cambrian to Devonian age (Fig. 2d) correlatable with
Thuringian Facies Realm. Sample JG13 is an amygdaloidal lava, samples JG-9 and ZB443 are
metadolerite dykes within dark black, finely laminated and often silicified phyllites of Late
Devonian to early Carboniferous age, and sample JG260 is a dolerite dyke cutting the sheared
Ordovician orthogneisses.

For detailed description of methodological and instrumental approach taken for
petrography, mineral and bulk rock chemistry, Sr, Nd, and Pb isotopic systematics, and U-Pb

geochronology see ESM 2, ESM 3, and ESM 4.



4. Results

4.1 Petrography and mineral chemistry

Detailed petrography is presented in ESM 2. Below, we describe the main petrographic
features and provide mineral phase classifications (mineral chemistry data are available in
ESM3).

Basaltic rocks of the Frankenberg tectonic klippe are dominated by originally glassy pillow
lavas (samples MLC22/039B,C,D) with intersertal texture, flow-oriented magmatic phases
and amygdales up to ~4.5 mm large (Fig. 4a). Mineralogy and mineral chemistry of these
samples is better demonstrated by sample MLC22/039A (Fig. 4b) representing a feeding dyke
cross-cutting the pillow lavas. It is a fine-grained rock consisting of subhedral to euhedral
phenocrysts of clinopyroxene which falls into the diopside field in the quadrilateral
classification diagram (Morimoto, 1988; Fig. 5a), but low Ca apfu (atoms per formula units)
values (<0.9) indicate augite character (Fig. 5b; Rapprich 2005). Clinopyroxene in these lavas
is significantly enriched in Ti (up to 0.13 apfu; Fig. 5c) indicative of alkaline tendency of
source magma and low-pressure crystallization (e.g., Rapprich et al., 2017; Tracy and
Robinson, 1977). Randomly oriented original plagioclase experienced albitization (Fig. 4e)
reflecting reaction between lavas and seawater and superposed greenschist facies
metamorphism. Manganese-rich ilmenite (up to 0.3 apfu MnO; Fig. 5d) forms long prismatic
subhedral microliths in the flow-oriented matrix and anhedral grains occurring in secondary
chlorite replacing glassy matrix. Titanite and apatite are common accessory phases.

All Elbetalschiefergebirge samples from boreholes VRT_D_1 and VRT_D_2 are variably
deformed metadolerites with typical doleritic textures (Fig. 4c,d), where euhedral to
subhedral wide plagioclase laths enclose anhedral pyroxene, here mostly replaced by uralite.

Metadolerites from different depths differ in grain size of feldspar, hornblende and ilmenite



phenocrysts, and intensity of deformation and recrystallization of primary phases during
regional shearing, followed by contact metamorphism from a hypothetical Variscan plutonic
body.

Sample VRT_D_1/187 is a fine-grained metadolerite or chilled margin of a metadolerite
sill/dyke (Fig. 4c). It consists of euhedral to subhedral, mostly twinned narrow laths of albite
enclosing yellow greenish amphibole and fine-grained anhedral ilmenite inclusions in
amphibole and plagioclase. Epidote, titanite and apatite are common accessory phases.
Medium- to coarse-grained metadolerites are more common, represented by samples
VRT_D_1/82 (Fig. 4d), VRT_D_1/135, VRT_D_1/251 and VRT_D_2/201. Some of these
samples underwent cataclastic fragmentation of feldspar, which is to some extent dynamically
recrystallized along the margins. Sample VRT_D_1/125.7 is texturally distinct strongly
ductile-deformed metadolerite with a well-developed metamorphic foliation. Yellow-green to
pale green former uralitized pyroxene is completely replaced by variably rotated actinolite
porphyroclasts (Fig. 4e), which are surrounded by fine-grained matrix composed of fibrous
magnesiohornblende and cummingtonite, and partly albitized plagioclase with accessory K-
feldspar. Larger feldspar phenocrysts are not preserved. Large ilmenite grains are broken to
anhedral grains forming aggregates mostly parallel to dominant foliation, and are wrapped
around hornblende porphyroclasts. Other common accessory phases are rutile, titanite and
apatite. Clinopyroxene was preserved solely in sample VRT_D_2/201, having augitic
composition (Fig. 5a,b). Despite slightly elevated Ti content (up to 0.05 apfu; Fig. 5¢), its
concentration does not reach the values observed in Frankenberg klippe. On the other hand,
amphibole is present in all samples from the Elbtalschiefergebirge. Its variable Mg#
(Mg/[Mg+Fe] = 0.2-0.8 apfu; Fig. 5e) likely reflects bulk-rock compositional differentiation.
A large range in amphibole Si contents is observed within individual samples, generally with

higher Si (actinolite) cores and lower Si (ferro- or magnesio-hornblende) rims (Fig. 5e).



Plagioclase is albitized to some extent, but primary labradorite to andesine composition is
preserved in larger porphyroclasts (Fig. 5f). Strong deformation of ilmenite is associated with
its recrystallization and compositional shift towards low Mn and elevated Mg contents (up to
0.01 apfu; Fig. 5d).

Similar petrography was documented in the metadolerite sample VRT_D_1/81, comprising
thick and commonly broken plagioclase laths (Anae-s7; Fig. 5f), yellow-green to pale green
hornblende, filling space between omnidirectional plagioclase laths, subhedral magmatic
ilmenite enclosing both plagioclase and amphibole phenocrysts and relic grains of
clinopyroxene. Despite these similarities, significantly distinct composition of clinopyroxene
(diopside to hedenbergite; Fig. 5a) depleted of Ti (Fig. 5¢) points to a distinct source of
parental magma.

The Jestéd Mts. samples represent late Devonian to early Carboniferous fine-grained
amygdaloidal lavas and their feeding conduits. These volcanic rocks are in contact with black
shales, nodular limestones and fine-grained metaaleurites paleontologically dated to the Late
Devonian to early Carboniferous (Chlupa¢, 1993; Chlupa¢ and Hladil, 1992). Sample JG13 is
a ductile-deformed and greenschist facies recrystallized amygdaloidal lava of basaltic
composition. Randomly oriented laths of albitized plagioclase are enclosed together with
accessory ilmenite in chlorite matrix, possibly replacing original glass (Fig. 4f). Vesicles are
irregular and filled with chlorite and calcite. Metadolerites ZB-443, JG-9 and JG-260 are
medium-grained, weakly porphyritic, with typical doleritic texture, where euhedral albitized
and often saussuritized plagioclase (Fig. 4g,h) encloses strongly fractured clinopyroxene.
Some partly corroded clinopyroxene phenocrysts enclose euhedral plagioclase laths and
skeletal ilmenite crystals (Fig. 4h). Primary magmatic ilmenite is fragmented and overgrown,
locally almost completely replaced, by titanite. Clinopyroxene has similar composition to

other studied metadolerite samples, classified as augite (Fig. 5a), with only weakly elevated



Ti contents (0.02-0.05 apfu; Fig. 5¢) reflecting the intrusive character of these rocks.
Clinopyroxene usually is variably replaced by pale actinolite (Fig. 5e) and chlorite. Matrix of
these samples consists of small, mostly twinned albitized plagioclase (Fig. 5f) laths
accompanied with small subhedral ilmenite grains and secondary phases such as epidote,
chlorite, calcite and titanite. Long prismatic to needle-like apatite and K-feldspar are typical

accessory phases.

4.2. Bulk rock geochemistry

Major and trace element compositions of samples from this study are listed in Table 1,
whereas analytical methods used for bulk rock major element, trace element, and Sr, Nd and
Pb isotopic ratio determinations are described in ESM 4. In the TAS classification diagram
(Le Maitre et al., 2005; Fig. 6a) almost all samples from all three studied areas form a tight
cluster in the field of basalts with transition to trachybasalts; only sample VRT_D_1/135
departs towards more differentiated basaltic andesite composition. Likewise, the classification
of Pearce and Wyman (1996) based on immobile trace elements Zr/Ti vs. Nb/Y (Fig. 6b)
replicates homogeneous clustering of basalts from this study. They overlap with Devonian
dykes of the Jizera Mts. Devonian basalts of the Miinchberg block and Silurian basalts of the
Prague basin, all plotting within the alkali basalt field with transition to subalkaline basalts
with Nb/Y <1.7, whereas Ordovician and Silurian volcanic rocks of the Miinchberg klippe
display well-constrained alkaline (Nb/Y >1.7) differentiation trend extending to
tephriphonolites. Subalkaline character of sample VRT_D_1/81 is confirmed by bulk-rock
chemistry (Fig. 6b).

Classification at the alkaline/subalkaline boundary is consistent with the observed

petrography because dominant basic plagioclase, indicative of tholeiitic affinity at low silica



content, is associated with subordinate augite, common in alkali basalts. The transitional
nature of this trend can additionally be tested using tectonic diagrams. Uniformly high Nb/La
ratios >0.6 (Fig. 6¢) point to the origin via decompression melting in the discrimination
diagram by Hollocher et al., (2012), but the entire data set, including published values,
appears to be subdivided into two subgroups according to their La/Yb ratio. This may reflect
the degree of partial melting with Ordovician and Silurian volcanic rocks of the Miunchberg
block displaying notably elevated La/Yb = 14-30 compared to samples from this study and
other localities, having La/Yb < 14 (with several outliers; Fig. 6¢). Here, sample
VRT_D_1/81 plots into the field of continental arcs with low Nb/La = 0.29 and La/Yb = 3.25.
Likewise, using Th—Hf/3-Nb/16 discrimination plot of Wood (1980; Fig. 6d), Ordovician and
Silurian volcanic rocks of the Miinchberg block have a typical signature of intraplate alkaline
rocks related to a mantle plume whereas all other groups, including new samples from this
study, depart towards E-MORB- or within plate-like composition. The somewhat anomalous
nature of sample VRT_D_1/81 is evidenced by contrastingly low Th and Nb concentrations.
Despite low Hf content (0.54 ppm), strong depletion in Th and Nb shifts this sample towards
the Hf end of the diagram and places sample VRT_D_1/81 into the N-MORB field (Fig. 6d).
Chondrite-normalized REE patterns (Fig. 7a) indicate variable degrees of partial melting,
most likely reflecting distinctively different stages of transition from a continental rift (with
OIB-like magmas) to early oceanic rift (MORB-like magmas). Despite higher REE contents
in Devonian volcanic rocks compared to Silurian basalts of the Prague Basin (Barrandian) —
Tasaryova et al. (2018), they all show similar REE slopes (Lan/Ybn = 3.7-12.7 for the new
data, 3.2-14 including published data). Most samples have Lan/Ybn <9.3, with a few
exceeding this value. Shallower REE slopes differentiate Devonian basalts from steeper
trends observed for Ordovician and Silurian volcanic rocks of the Miinchberg block (Lan/Ybn

=9.9-21; Fig. 7b). This points to lower degrees of partial melting recorded in the latter



samples. Very low REE contents of sample VRT D 1/81 (XREE = 34.5 ppm versus 105-316
ppm for all other samples analyzed here) paralleled with a rather flat REE pattern (Lan/Ybn =
2.2; Fig. 7a) indicate derivation of this sample from strongly depleted mantle source via high-
degree partial melting whereas positive Eu anomaly (Eu/Eu* = 1.13) points to some amount
of plagioclase accumulation.

The incompatible trace element patterns (Fig. 7c—f) also support a close genetic
relationship between samples from this study and Devonian volcanic rocks of the Miinchberg
block (Fig. 7c,e). Ordovician and Silurian volcanic rocks of the Miinchberg block display
generally higher contents of incompatible elements, particularly “high field strength elements
(HFSE)” (Fig. 7d,f). High variability and, for submarine lavas, also strong enrichments in
highly mobile lithophile elements (Cs = 0.15-56 ppm, Rb = 2.5-61 ppm, Ba = 73-614 ppm)
may result from interactions of lavas and high-level intrusions with seawater or hydrous fluids

percolating in the sub-seafloor environment.

4.3. Zircon U-Pb geochronology

Sample ZB-520 (greenschist facies-sheared rhyolite - porphyroid, see ESM 2 for a detailed
description) contains mostly long prismatic to stubby (60-250 um), mostly idiomorphic
zircon grains preserving primary magmatic oscillatory zoning patterns, but probably inherited
older rounded brownish zircons also occur. The calculated 2°°Pb/2%8U ages range from ~460
Ma to 385 Ma (ESM 5), but the best-defined age cluster yields a concordia age of 386.8 + 1.7
Ma (Fig. 8), interpreted here as the crystallization age of the felsic source magma. Several
zircon grains with ages of up to 420 Ma show disturbed (discordant) ages indicative of Pb
loss; these may represent inherited zircons or older cores. The new U-Pb age from this study

slightly extends the paleontologically-evidenced age of Jitrava Group (Galle and Chlupac,



1976) to Middle Devonian (Givetian), which is also indicated by fossil evidence from the
autochthonous (Thuringian facies domain) from the central and southeastern part of the Jestéd
Mts. and by the unpublished 391 + 2.6 Ma zircon U-Pb age of a porphyroid sample from the

eastern part of the Jestéd Mts.

4.4 Isotope systematics of Sr, Nd and Pb

The Sr, Nd and Pb isotope compositions of samples from this study are listed in Table 2
and plotted in Fig. 9. These new data are then compared with published Cambro-Ordovician,
Silurian and Devonian (meta)volcanic rocks, sills and dyke samples from different parts of the
Saxothuringian Basin (Lucassen et al.,2025), and Silurian volcanic rocks, associated sills and
dykes from the Prague Basin (Taséaryova et al., 2018). The initial Nd isotopic compositions
recalculated to 387 Ma range from 0.5122 to 0.5124 (Fig. 9a) with corresponding eng values
from +4.38 to +6.11 (Fig. 9¢), and calculated Tpwm ages varying from 0.702 to 1.208 Ga (ESM
6). Most samples plot in the field of OIB alkaline basalts, except for pillow lava samples
VRT_D_1and VRT_D_2, for which Sr isotope compositions are probably shifted to lower or
slightly higher value at a given eng. Because Sr is highly mobile during greenschist facies
metamorphism and secondary alteration is evidenced by calcite-filled amygdales, the primary
Srisotopic ratios were likely influenced by reaction of lava with seawater and hydrothermal
fluids. The most depleted source with eng > 6 is found for pillow lava (MLC22/039B,C),
showing only a limited open-system fractionation, in contrast to amygdaloidal lavas, and
especially dolerite sills and dykes in 1/Nd vs eng and La/Yb vs ena plots (not shown). The eng
values of metadolerites vary from +5.94 in cpx-bearing metadolerite MLC22/039A from the
Seifersdorf quarry to +3.3 in uralitized metadolerites from the Elbtalschiefergebirge

(VRT_D_1/187). Strong positive correlations between La/Yb vs. Sm/Yb and Nb/Yb vs.



Th/YDb (not shown) indicate that the variation of eng values may reflect mixing between OIB
and P-MORB melts, generated at different mantle depths and by variable degrees of melting.

The 87Sr/®Sr() values range from 0.7038 to 0.7056 (Table 2; Fig. 9¢) and two groups can
be identified. Metadolerites show generally lower values between 0.7038 and 0.7049, whilst
87Sr/8Sr ;) values of pillow and amygdaloidal lavas range from 0.7049 to 0.7056. They are
negatively correlated with enagy values. The less radiogenic Sr group broadly follows the EM-
Il trend whereas samples with slightly more radiogenic Sr isotopic compositions tend towards
the EM-I composition according to Kostitsyn (2007).

The 2%Pp/2%pPp vs. 27Pb/?%Ph plot distinguishes between the two above-mentioned groups
(Fig. 9b). The 2°’Pb/?%Pp ratios of lavas range between 15.61 and 15.64, while those of
metadolerites range from 15.64 to 15.75. The 2%®Pb/?%Pb ratios are lower and uniform for
pillow lavas (Fig. 9b), while 2%Pb/?%*Pb increases up to 21.39. The ratios for lavas fall into
the field of HIMU and OIB, and metadolerites tend to shift to source HIMU (*%Pb/?%Pb >20).
This means that metadolerites and lavas have different sources influenced by subduction
processes in the past, or they were increasingly influenced by reaction of fluids during
Variscan greenschist facies metamorphism which resulted in Pb loss from the rocks and

increased the U/Pb ratio.

5. Discussion

5.1 Age correlations of metavolcanic rocks within the Saxothuringian Zone

The ages of pillow lavas exposed in the Seifersdorf quarry (part of the Frankenberg

klippe), have not yet been accurately determined paleontologically or using conventional

geochronology. The Middle—Late Devonian age of the lavas is only indirectly inferred from



their stratigraphic position under the Lower to Middle Mississippian flysch, which contains
fragments of limestones with Devonian corals (Linnemann, 2004). It is also based on the
correlation with lithological profiles of the autochthonous Thuringian and allochthonous
Bavarian facies of the Saxothuringian Basin where metabasalts are underlain by
paleontologically dated limestones, which in some profiles pass into the early Carboniferous
(Gattendorfia Kalk, Kohlenkalk; see Linnemann et al., 2008b, for details). The Lower to
Middle Mississippian age of the basaltic lavas is also postdated by the positions of
keratophyre tuffs within the Mississippian coal-bearing limestones, which yielded U-Pb
zircon age of 347 + 4 Ma (Gehmlich et al., 2001). The entire allochthonous complex is then
overlain by discordant late Visean flysch of Striegis Formation and early Variscan molasse
with layers of the late Viséan tuffs yielding an age of 330 £ 4 Ma (Linnemann et al., 2008a).
This early Variscan molasse (Hainichen Subgroup) postdates the formation of the rift-related
pillow lavas in this part of the Saxothuringian Basin (Gaitzsch et al., 2010; Gehmlich et al.,
2003). Some of the lithological units exposed in the Frankenberg allochthon continue through
the Nossen Wilsdruff Schiefergebirge into the Elbtalschiefergebirge, where they are
tectonically reduced and imbricated on the Elbe Shear Zone, which experienced ductile
deformation between ca. 342 and 327 Ma (Hofmann et al., 2009) and was later reactivated
multiple times in the brittle regime.

The metabasites of the Elbtalschiefergebirge, intercepted by drill hole VRT_D_1 (Fig. 3),
are exposed in the tectonically uppermost slice underlying the Weesenstein Fault, part of the
West Lusatian Fault zone (Fig. 2). Both the metasediments with partially preserved magmatic
structures and strongly foliated amygdaloidal lavas are present. They alternate with marbles at
cm to several ten centimeters intervals between 148.8 m and 165.7 m and thus probably
represent basaltic tuffs (Fig. 3). The inferred Middle to Late Devonian age results from

correlation with similar rocks exposed in quarries near Ktizany in the Jestéd Mts. area, where



their Devonian age is supported by paleontological findings (Chlupac, 1993), indicating a
Middle to Late Devonian age of the limestones. Basic and acidic volcanic rocks occur in this
sequence (Jitrava Group according to Chaloupsky, 1989). Porphyroid intercalated with
limestone on the SE of Vapenny hill (Fig. 2d) yielded a Middle Devonian age of 386.8 + 1.7
Ma (Fig. 8). However, it is possible that some metadolerites with less steep REE profiles, akin
to transitional MORB basalts, as well as lavas interleaving flysch sediments W of KryStofovo
Udoli may also be early Carboniferous in age. In the tectonically lower slice of the
Elbtalschiefergebirge, interpreted by facies evolution as a part of the autochthonous
Thuringian Facies, metarhyolites alternating with mafic lavas and metasediments with
Famennian ages of 369 + 8 Ma have been found (Konigshof and Linnemann, 2008). This
strongly supports the presence of Middle to Upper Devonian volcanism in both Thuringian
and Bavarian facies of the Devonian Elbtalschiefergebirge.

Amygdaloidal lavas are exposed in the Jitrava Group (Middle Devonian to early
Carboniferous) in the northern part of the Jestéd Mts. (Fig. 2d). Metadolerite JG-9 appears to
represent a feeder dyke directly in the amygdaloidal lava complex, whereas sample ZB-443
intruded fine-grained laminated phyllitic shales with layers of fine-grained Late Devonian to
early Carboniferous graywackes of the Jitrava Group. The age of the metadolerite dykes (JG-
260), which penetrate older Ordovician orthogneiss, cannot be considered without the
uncertainty because alkaline metabasites also are common in autochthonous units of the
Krkonose Crystalline Unit, where they crop out together with tholeiitic lavas in the Zelezny
Brod and Rychory volcanic complexes, which are Cambro-Ordovician in age (Klominsky et
al., 2006, Kozdroj et al., 2005, Patocka et al., 2000).

The brecciated pillow and amygdaloidal basalts occur in association with alkali rhyolites to
trachytes, which alternate with crystalline limestones (Kozdroj et al., 2005) at the Maly

Vapenny Hill, NW of KfiZzany. The age of the metarhyolite, intercalated within the limestone



body in a quarry s. of Kfizany, corresponds to the Eifelian—Givetian boundary (U-Pb zircon
age of 386.8 £ 1.7 Ma; this study). Amygdaloidal lavas, however, occur in the N flank of the
anticline in which the transition from Devonian to Carboniferous is paleontologically
documented on the basis of goniatite and trilobite faunas (Chlupac, 1964, 1993). Thus, some
lava flows occurring within flysch of the Jitrava Group are up to early Carboniferous in age,
evidenced by their occurrences within the weakly metamorphosed and strongly ductile-
deformed flysch sequence with numerous tens of centimeters thick layers of intraformational
and polymictic fine-grained conglomerates that contain abundant mounds of silicified black
shales, lydites, acidic volcanic rocks and limestones derived from underlying rock complexes.
Collectively, the stratigraphy and new geochronological data from this study provide
conclusive evidence for widespread basaltic volcanism along the N Gondwana margin starting
with Mid Devonian bimodal metabasite-rhyolite association and continuing up to Early
Carboniferous with the peak of dominantly basaltic members around the Devonian to early

Carboniferous boundary (ESM 7).

5.2 The spatial extent of rift-related volcanism within the Saxothuringian Zone and its

tectonic relevance

Within the Saxothuringian Zone, intraplate rift-related volcanic rocks are widespread in
three areas:

(i) The Vesser River area, where Cambro—Ordovician ~ 505 Ma bimodal volcanism is
interpreted as a product of either a failed rift (Bankwitz, 1998) or intra-arc basin magmatism
(Linnemann et al., 2010), dividing the Saxothuringian microplate into two sub-blocks,
northern Franconia and southeastern Thuringia (Franke et al., 2017).

(if) The SE edge of Saxothuringia, following the discontinuously observed Saxothuringian

or Tepla suture (Fig. 1), records a greater extent of Cambro-Ordovician bimodal extension-



related volcanism. Cambrian—Ordovician volcanic rocks are widespread in the Frankenwald,
and Vogtland, in the western, northern and, to a lesser extent, eastern surroundings of the
Miinchberg klippe. Cambro—Ordovician volcanic sequences are present in both the
autochthonous Thuringian facies as well as the allochthonous Bavarian facies (Bahlburg et al.,
2010; Hohn et al., 2018; Koglin et al., 2018; Martin et al., 2003). Basic alkali basaltic sills and
thin layers of contact-metamorphosed basic tuffs occur in the Frauenbach Group between
Jachymov and Pernink, and near Potucky. A similar, relatively thick sill intruded into the
Ordovician rocks of the Phycodes Group in the Smréiny/Fichtelgebirge Mts. east of the
Minchberg Nappe (Lucassen et al., 2025). Occurrences of Silurian alkaline volcanic rocks
west of the Muinchberg Nappe are rare. Minor bodies of rhyolites and their pyroclastic
counterparts of late Cambrian to Early Ordovician age (486 + 4 Ma and 479 + 5 Ma) are
present in the Schwarzburg anticline (Linnemann et al., 2010) and in the Frauenbach Group at
the transition from the Smrciny/Fichtelgebirge—Krusné hory/Erzgebirge Mts. anticline to the
Vogtland syncline (Gehmlich, 2003).

(iii) The Lugian (Sudetic) part of the Saxothuringia also hosts bimodal Cambrian—
Ordovician volcanic rocks (508 Ma to ~480 Ma) of E-MORB, N-MORB and alkali intraplate
basalt types, associated with both juvenile metarhyolites with positive engi values and crustal
melts with negative enai signature (Floyd et al., 2000, Furnes et al., 1994; Jastrzebski, M., et
al., 2026; Kachlik, unpubl.; Mlynarska et al., 2023; Patocka and Dostal, 1997; Dostal et al.,
2001). Basaltic volcanic rocks are volumetrically important, especially in the Zelezny Brod
Volcanic Complex, Rychory Mts. and Kaczawa Mts. (Bendl and Patocka, 1995; Furnes et al.,
1994; Kozdroj et al., 2005; Patocka et al., 2000; Patocka and Pin, 2005). These units mostly
correspond to the paraautochthonous Thuringian facies. Both juvenile and crustal felsic melts
are subordinate. Isolated occurrences of the late Cambrian rhyolites (501 £ 3 Ma) are also

described from the Ktodzko area (Mazur et al., 2015).



Cambrian felsic volcanic rocks overlap in time with the very widespread Cambrian—
Ordovician orthogneisses, which are known from the Schwarzburg anticline as well as from
allochthonous units (Miinchberg Massif, Frankenberg), Elbtalschiefergebirge,
Smr¢iny/Fichtelgebirge, Kru$né hory/Erzgebirge, Jizerské hory, Krkono$e and Orlické hory,
the Ktodzko Crystalline Complex and the Gory Sowie Crystalline Complex. They are mainly
represented by peraluminous S-types, which were formed by melting of the lower continental
crust (Kroner et al., 1994; Mingram et al., 2004; Oberc-Dziedzic et al., 2009; Pin et al., 2007;
Siebel et al., 1997). An exception is the Paczyn gneiss (515-495 Ma) in the Rychory Mts.,
which has a highly enriched Sr—Nd isotopic signature and is interpreted as a product of
melting above the subduction zone separating the Tepla—Barrandian plate from the
Saxothuringian microplate in the intra-oceanic island arc (Mtynarska et al., 2023, Oliver et al.,
1993).

Devonian bimodal volcanic rocks are predominantly limited to the SE edge of
Saxothuringian unit, with the largest distribution in the autochthonous Thuringian facies
around the Munchberg klippe, but they also are present in basal slices of the allochthonous
Bavarian facies occurring near the base of the Miinchberg klippe, and its equivalents (i.e.,
Wildenfels, Frankenberg, Elbetalschifergebirge and Jestéd Mts.). The presence of this
volcanosedimentary sequence cannot be excluded in the same tectonic position below the
Marianské Lazné Complex and Zone Erbendorf-Vohenstrauss, where alkaline lavas occur
within black shales with lydites (Wetzeldorf and Kladska Unit). These alkaline lavas were
correlated with Cambro—Ordovician or Silurian strata (Wetzeldorf unit; Kachlik, 1993; Lapp,
1995), but according to the presence of Devonian clastic zircons, they might be Devonian in
age.

Pillow lavas in the Seifersdorf quarry crop out near the base of the allochthonous

Frankenberg klippe. Their bedrock contains dark graphitic silicified phyllitic schists, which in



the Saxothuringian basin range from early to Lower to Middle Devonian. Therefore, lava
extrusion most likely occurred during the Frasnian, at a time when Devonian basic volcanism
in the Thuringian part of the Saxothuringian unit reached its climax (Gandl, 1989). Felsic
tuffs were also documented in the tectonically higher part of the same slice of the
Frankenberg allochthonous klippe. The Pb—Pb zircon ages of 357 £ 2 Ma and 351 £ 2 Ma
indicate their Famennian to Turnaisian affiliation (Gehmlich, 2003). Slightly younger
metarhyolites (369 + 5 Ma in comparison with the Je§téd Mts. area) also occur within
imbricated slices of the Elbe Shear Zone (Fig. 2c¢). This slice including Devonian metabasalts
is assumed to be derived from paraautochthonous Thuringian facies. Similarly old rhyolites
(375 = 4 Ma) were also reported in the Thuringian facies of the Berga anticline (Gehmlich,
1998).

Basic lavas, metatuffs and metadolerites studied in the borehole VRT_D_1 which alternate
with limestones and black phyllitic shales, belong tectonically to the highest tectonic slice of
the Elbe Shear Zone (Fig. 2), which is lithologically parallel with the Upper Devonian of the
Bavarian Facies (Konigshof and Linnemann, 2008). Metadolerites, forming sills or dykes may
be up to early Carboniferous in age, particularly sample VRT_D_1/81 showing E-MORB
affinity. Similar limestones alternating with mafic tuffs, porphyroid and mafic lavas, as
described in the borehole VRT_D 1 belonging to the Elbtalschiefergebirge, also crop out in
the Jitrava Group on Jestéd Mts. in the NW surrounding of Kfizany (Fig. 2d). The rocks of
the Jitrava Group are newly interpreted as an allochthonous unit of the Bavarian facies due to
facies similarities described above and tectonic position above the underlying
paraautochthonous Paleozoic units in the E and Central part of the Jestéd Unit (Kachlik and
Kozdroj, 2001), which include typical facies types such as Silurian Ockerkalk limestone
(Chlupac 1993). Devonian age was also given for alkaline metagabbro near T¢pete NW of the

Zelezny Brod Volcanic Complex and dominantly alkaline dykes of metadolerites and



microgabbros in the Jizera orthogneisses in the NW vicinity of Jelenia Géra (Nowak et al.,
2011). This indicates a notably larger extent of Devonian alkaline volcanism related to the
extension in the KrkonoSe—Jizera region during the early to middle Carboniferous with the

peak in the Frasnian—Famennian.

5.3 Compositional correlation within the Saxothuringian Zone

Differing tectonometamorphic histories of the correlated units result in differences in the
observed mineral assemblages of the studied metabasalts. Despite significant recrystallization,
the main rock-forming minerals or their relics survived and could be analyzed. The notably
homogenous composition of clinopyroxene (Fig. 5a,b) indicates very similar composition of
parental magmas, with the exception of sample VRT _D_1/81 where bulk-rock as well mineral
chemistry point to distinct petrogenesis. Alkaline tendency of the parental magmas is evident
from elevated Ti contents of clinopyroxene (again except the outlier sample VRT_D_1/81),
where samples from Frankenberg deviate from other units (Fig. 5¢). This departure in Mg-Ti
compositional systematics does not appear to reflect a different source, but rather the
increasing compatibility of Ti in the clinopyroxene lattice with decreasing pressure (Tracy
and Robinson, 1977); this observation agrees with pillow lava character of Frankenberg
samples. Eruptive character and super-cooling of submarine lavas also resulted in the absence
of feldspar crystals; glass chloritized later formed in these lavas instead (Fig. 4a).

Newly-determined chemical compositions overlap with published data for Devonian dykes
in the Jizera Mts. (Nowak et al., 2011), Devonian basalts of the Miinchberg block (H6hn et
al., 2018) and Silurian basalts of the Prague Basin (Tasaryova et al., 2018) in the TAS (Fig.
6a) and Nb/Y vs. Zr/Ti (Fig. 6b) plots. Ordovician and Silurian volcanic rocks of the

Miinchberg block are distinguished by higher alkalinity and a clearly defined differentiation



trend extending from picrobasalts towards trachyandesites (Fig. 6a). All studied Devonian
rocks in the Saxothuringian together with Silurian basalts of the Prague Basin plot within the
alkali basalt field with transition to subalkaline basalts and displaying Nb/Y <1.7, whereas
older (Ordovician-Silurian) volcanic rocks of the Miinchberg block display a well-
constrained alkaline (Nb/Y >1.7) differentiation trend extending to tephriphonolites. The
notable deviation of Frankenberg lavas towards less alkaline character (Fig. 6b) may
underscore a higher degree of melting resulting in a more tholeiitic trend. Such a hypothesis is
also supported by the excursion of Frankenberg samples towards MORB compositions in the
La/Yb vs. Nb/La and Th—Hf/3-Nb/16 discrimination plots (Fig. 6c¢,d). Greater degrees of
partial melting in Frankenberg samples compared with the other two suites from this study are
further indicated by less steep REE patterns (Fig. 7a) and depletions in Nb, Ta, and Sr (Fig.
7b,c).

A compilation of available Nd isotopic data for pre-Variscan Paleozoic mantle-derived
samples distributed throughout the Bohemian Massif is given in Fig.9a. Broadly speaking,
most samples are variably depleted, with positive eng for their respective ages, and span most
of the range between Bulk Silicate Earth (BSE) and the band representing a 2¢ range of the
observed depleted MORB-source mantle (Workman and Hart, 2005). The Frankenberg,
Elbtalschiefergebirge, and Jestéd Mts. samples, taken as a group, are highly similar to the
Minchberg sills or dykes (Lucassen et al., 2025) that are closest both in terms of geography
and age. They are also comparable to the older Prague Basin volcanic rocks (Dostal et al.,
2019; Tasaryova et al., 2018) and metavolcanics rocks of the Kaczawa Mts. to the east
(Furnes et al, 1994). Besides, eclogites and amphibolites of the metaophiolite Marianské
Lazn& Complex (Beard et al., 1995) as well as Sleza ophiolites also appear to be comparable
to samples from this study. Within the suites that comprise this study, the Frankenberg

samples form a tight cluster, having the most radiogenic (MORB-like) Nd isotopic signatures,



whereas the Elbtalschiefergebirge and Jestéd Mts. samples scatter in mutually overlapping
ranges straddling the E-MORB portion of the DMM field and grading toward less radiogenic
Nd isotopic compositions. This is consistent with trace element data that also indicate a
transition from intraplate to MORB-like character. Moreover, Pb isotope compositions for
both Ordovician (Lucassen et al., 2025) and Devonian (this study) rift-related volcanic rocks
broadly overlap (Fig. 9b). They are slightly oblique to mantle-like trend and increasing
207Pp/2%4pp ratio reflects, apart from variable sources, also variable melting degree, isotopic
fractionation and crust assimilation, which reaches the greatest extent in Ordovician lavas
from the allochthonous and autochthonous units cropping out west of the Miinchberg Massif.
Broadly similar compositions of the three correlated suites encompassing the transition
from OIB (within-plate or continental rift) to MORB-like composition are in accord with
early stages of oceanic rift development probably in the area of the present Saxothuringian
suture further to SE, as is also reflected in chemistry of mildly alkaline metabasalts of the
Kladska Unit (Crowley et al., 2003) and alkaline to tholeiitic metabasalts in the Prasinite—
Phyllite unit of Munchberg klippe (H6hn et al., 2018). A tendency of the Frankenberg
samples toward more MORB-like composition including less steep REE patterns indicates
that Frankenberg Devonian volcanic rocks were probably emplaced closer to the NW flank of
the opening Saxothuringian Ocean tract. This is consistent with more developed rifting in the
western part of the investigated zone and progressive west-to-east rift propagation. Another
possibility is a variable rate of along strike propagation of the rift branches as is observed in
the Cenozoic East African Rift, with progressive propagation of the rifting and associated
changes in composition of erupted lavas from OIB-like to MORB-like chemistry (Biggs et al.,
2021). We therefore posit that the evolution and spatial distribution of eruptive products from
Paleozoic rifting documented here has common aspects to those observed in a modern

example of an analogous process.



6. Geotectonic evolution of the Saxothuringian Zone in relation to evolution of the

northern Gondwanan margin

6.1 Plate tectonic reconstructions and models of Central European Variscides

Plate tectonic reconstruction of Variscan Western and Central Europe has long been
discussed and there are a number of models that explain both the Cambro—Ordovician
breakup of the northern edge of Gondwana and its causes — back-arc spreading, extension
linked to far field forces connected with subduction of the Laurentian part of lapetus Ocean or
Tornquist Sea on the opposite SW passive margin of the Rheic Ocean (in relative geographic
coordinates), plume-related extension, or basaltic underplating (e.g., Crowley et al., 2000;
Linnemann et al., 2008a; Martinez Catalan et al., 2020). This then also leads to the yet
unconstrained number of oceanic tracts and sutures that might have existed and the kinematics
of their closure.

Most models agree on the existence of the Rheic Ocean, which formed after the
Cambrian rifting of Avalonia and related terranes (Brunovistulicum, Malopolska, Moesia,
Istanbul-Zonguldac) derived from the Amazonian part of Peri-Gondwana (Franke, 2024; Cox
and Torsvik, 2002; Linnemann et al. 2007; Murphy et al. 2006; van Staal et al. 1998; von
Raumer and Stamfli, 2008; Winchester et al., 2002). At the same time, these models differ in
the timing of its closure. While Zeh and Gerdes (2010) brought arguments for Silurian to
early Devonian closure of the Rheic Ocean under the margin of Avalonia—Baltica (so-called
Ballonia), zircon ages indicate that closure of the Rheic Ocean by bilateral subduction
continued until the Lower Carboniferous. According to this model, the Middle Devonian to

early Carboniferous rift volcanism on the southeastern margin of Avalonia is associated with



the back extension behind the oceanic arc on the NW flank of the Rheic Ocean (Nesbor,
2025). Alternative models connect closure of the Rheic Ocean by subduction under an
oceanic arc and its accretion to Avalonia in the Silurian and reopening of the Rhenohercynian
Ocean during the Devonian and Carboniferous (Franke 1989a,b; Franke and Zelazniewicz,
2023). Similar to the model of Nesbor (2025), these models assume bilateral closure of the
subsequent Rhenohercynian Ocean under both the continental margins of Avalonia in the NW
and Saxothuringia in the SE (Franke, 2024). The competing group of models is represented by
those explaining the presence of MORB-type rocks and ultramafic mantle lithologies by
extension of deeper parts of the Gondwana shelf (passive margin) during Cambro—Ordovician
or younger extensional periods. In these models, Saxothuringian, Bohemian and Moldanubian
ribbon continents were not separated from the Gondwanan mainland and, therefore, they lack
any lines of reasoning for the existence of any of the above-mentioned oceans (Linnemann et
al., 2004; Zak and Slama, 2018).

In most of the discussed models, a broad consensus exists about the existence of the
Saxothuringian Ocean between the Saxothuringian and Tepla—Barrandian units, which
represents a southern tract of the Rheic Ocean. Its existence is indicated by SE-directed under-
thrusting of the Marianské Lazn¢ ophiolite Complex under the Tepla—Barrandian Unit. Relic
ophiolitic fragments, which provide unequivocal evidence of subduction of the
Saxothuringian passive margin even on order of several tens km, occur in the allochthonous
complexes such as Zone Erbendorf-Vohenstrauss, Munchberg Massif and Frankenberg
klippe, all of which contain high-pressure rocks with MORB-like chemistry (e.g., Beard et al.,
1995; Collet et al., 2018; Crowley et al., 2002; Franke, 1989a,b; Kachlik,1993). The persisting
problem central to these models is the protolith age and time of eclogite-facies metamorphism
of eclogites and garnet amphibolites, which may be Cadomian (Neoproterozoic to Lower

Cambrian; e.g., Timmermann et al., 2004), because they are intruded in the Marianské Lazné



Complex by Cambro—Ordovician Ti-rich intraplate-type metagabbros (Stédra et. al.; 2002)
which are devoid of eclogite-facies metamorphism. Another possibility is an Ediacaran to
Cambrian protolith age of eclogites and Mid-Devonian eclogite-facies metamorphism (Collet
et al., 2018, 2022 and references therein). The Devonian age of the Prasinite-Phyllite Group
sediments, which contain lenses of serpentinites as well as alkali and tholeiitic metabasalts
(Koglin et al., 2018), bordering the SE edge of the Munchberg Block, however, proves that
there may also be Devonian ophiolites (e.g., Deiller et al., 2021). According to Deiller et al.
(2021), high-pressure rocks of the Marianské Lazné Complex and the upper plate of the
Tepla—Barrandian Unit are penetrated by arc-related magmas such as gabbros and
trondhjemites which may be connected with Devonian southeastward subduction of the
Saxothuringian Ocean. Devonian (~ 400 Ma) ophiolites surrounding the Sowie Gory Mts.
allochthon, often interpreted as continuation of the Tepla Suture (Franke et al., 2017 and
references therein), should be derived from the Rheic/Rhenohercynian Suture dividing
Brunovistulian and Lugodanubian domains (Faryad and Kachlik, 2013).

The third, southernmost branch of the assumed Rheic Ocean may be the Moldanubian
Ocean between the Tepla—Barrandian Unit and the Moldanubicum s.s. The (U)HP
Moldanubian rocks (garnet peridotites, eclogites) enclosed in granulites are interpreted either
as exhumed blocks in the subduction channel during Late Devonian subduction and early
Carboniferous collision of the Tepla—Barrandian Unit and Moldanubicum (Perraki and
Faryad, 2014; Medaris et al., 2006) or as diapirs extruded from the subducted Saxothuringian

lower crust (Schulmann et al., 2008)

6.2 Geotectonic significance of Ediacaran to early Carboniferous volcanism in

Saxothuringia and Tepla—-Barrandian



The final phases of the Cadomian orogeny associated with Cadomian calc-alkaline
magmatism and volcanism end roughly at the Proterozoic/Cambrian boundary with intrusions
of the youngest Cadomian plutonic rocks in the Lusatian massif at ~540 Ma (Zelazniewicz et
al., 2004). Calc-alkaline magmatism probably associated with Cadomian crustal melting of
thickened crust continued up until the lower to middle Cambrian in the Tepla—Barrandian
Unit (515-505 Ma; Dorr et al., 1998). Early to middle Cambrian extensional grabens and pull-
apart basins unconformably overlain the Cadomian accretionary wedge, whose accretion
waned out at ~527 Ma (Hajna et al., 2018) and was postdated by mantle-derived gabbroic
massifs (Syahputra et al., 2023). In the both above-mentioned areas and also in the
Moldanubian, late Cambrian to early Ordovician magmatism is widespread and
volumetrically important (Drost et al., 2008; Oberc-Dziedzic et al., 2010; Siebel et al., 1997,
Z4k et al., 2023b; Patocka et al., 2000 and references therein).

In the Saxothuringian, bimodal volcanic rocks occur in the Frankenwald area from ca. 505
Ma according to U-Pb zircon ages and Thuringian Forest (Fig. 10a). Most of the basaltic
members, differentiated up to trachybasalts in both the Bavarian and Thuringian facies, are
part of thick Ordovician sequences, although geochronological data fall on the Cambrian—
Ordovician boundary (486-480 Ma; Hohn et al., 2018). The metadolerite sills in the
Frauenbach and Phycodes Groups are probably also Ordovician (Lucassen et al., 2025), but
may be even younger. Late Cambrian to early Ordovician bimodal rift-related magmatism is
volumetrically important also in the Krkonose—Jizera Unit, Kaczawa Mts., where alkaline
OIB-type magmas occur together with mantle-derived tholeiitic basalts (Patocka et al., 2000;
Dostal et al., 2001; Furnes et al., 1994). The large thickness of Tremadocian strata in the
Saxothuringian Basin and the presence of bimodal volcanic rocks, including both alkaline
intraplate basalts to trachybasalts, rhyolites, alkali rhyolites, and T-MORB basalts, indicate

the interaction of Ti-rich magmas derived from a deep mantle source, where in most cases



garnet was in the residue, with shallower T-MORB or E-MORB-type sources probably
originating from the subcontinental mantle. This process was repeated in the Silurian in both
units, Saxothuringian and Prague Basin (Barrandian). However, in the Saxothuringian Unit,
the presence of paleontologically documented Silurian volcanic rocks is rare.

Greater volumes of tholeiitic basalts in the Kaczawa Mts., Krkonose—Jizera Crystalline
unit, and the presence of juvenile subduction-related ~515 to 495 Ma orthogneisses, gabbros
and metabasalts (Mtynarska et al., 2023) and felsic rocks in the Zelezny Brod Volcanic
Complex in South Krkonose provide cumulative evidence that rift branches propagated to the
NE (Patocka et al, 2000), or this unit originated in close relation to intraoceanic arc/backarc
environment (Mlynarska et al., 2023). Pulse of juvenile magmatism may thus postpone slab
pull after the end of Cadomian subduction.

In the Tepla—Barrandian Unit, volumetrically important Furongian subaerial calc-alkaline
volcanic suites of basaltic to rhyolitic lavas and volcanoclastic rocks (Drost et al., 2004;
Kachlik and Patocka, 1998; Patocka et al., 1992) overlie paleontologically documented
middle Cambrian sequences. They have been interpreted either as volcanic arc rocks
associated with Cadomian processes (Patocka et al., 1992) or as products associated with the
formation of Cambrian asymmetric grabens (furrows) that arose in the extensional or
transtensional regime (Drost, 2008; Drost et al., 2004; Zak et al., 2023). However, intercalated
acidic tuffs as well as rhyolite dykes are demonstrably represented in the Ordovician, whereby
the age of the former is connected with the underlying volcanic complexes (Zék et al., 2013),
but the age of the latter cutting the Ordovican sediments remains unconstrained.

An abrupt change from calc-alkaline subaerial to submarine basaltic volcanism of
intraplate OIB- to T-MORB-type began slightly later in the Prague Basin (Barrandian) than in
the Saxothuringian Basin during the Floian with peak in the Darriwilian to Sandbian (Fig.

10a), continued with late Ordovician break to the Silurian (Llandovery and Ludlow;



Tasaryova et al., 2018) and terminated during the early Devonian (Fiala, 1970). In addition to
basaltic members, olivine-rich meimechite sills (formerly known as picrites) occur within
Silurian black shales (Fiala, 1970, Tasaryova et al., 2018), which either are ultramafic
cumulates of basaltic magmas or represent melts formed from metasomatized garnet
peridotites, which reacted with the depleted subcontinental lithospheric mantle during diapiric
emplacement of magma. Both Silurian and Devonian basalts assimilated crustal material
during the reaction with hot Ca—Sr—Ba-rich fluids on the seafloor or with water originating
from the surrounding sediments (Patocka et al., 1992, Tasaryova et al., 2018).

In the Saxothuringian Basin, the third pulse of alkaline magmatism associated with
transition to T-MORB with a small proportion of alkali rhyolites and rhyolites occurred
during the Middle Devonian to early Carboniferous (Fig. 10b). On the contrary, this pulse is
missing in the Barrandian area, where Variscan deformation started earlier in comparison with
the Saxothuringian. Bimodal rhyolite—basalt association mainly was present in the Middle
Devonian whereas alkaline basaltic magmas subsequently dominated. In the early
Carboniferous, basaltic volcanism changed to tholeiitic chemistry. This volcanism was mostly
interpreted as a product of arc extension in the area of the SE-dipping Rheic subduction zone
(Kachlik and Patocka, 2001). However, volcanism of the same chemistry and stratigraphic
extent also occurs in the Rhenohercynian region at the edge of the rifted part of Avalonia
(Fig. 10b). Southward transition into tholeiitic members is observed in Giessenian nappes
thrust over the passive margin of Avalonia (Franke, 2007; Nesbor, 2025; Salamon and
Konigshof, 2010). This type of volcanism, which is also associated with Devonian oolithic
iron ores of the Lahn-Dill type, is also abundant in the Jeseniky Mts. and the Sternberk—Horni
Benesov Volcanic belt (Fig. 10b), exhumed from below Variscan flysch along E inclined
back-thrust zone. The repetition of rift-related volcanism in similar stratigraphic intervals,

over a large area and its shift towards the periphery strongly support long-term hot spot



activity, which led to disintegration of the Gondwana margin in the Ordovician (Casas et al.,
2024; Crowley et al., 2000; Murphy et al., 2024) and later reopened supply channels for
intraplate magmatism, especially in the Rhenohercynian and Saxothuringian Basins during the
Middle-Devonian to early Carboniferous (Franke and Zelazniewicz, 2023). Plume-related rift
fragmentation in a backarc region on northern side of the Rheic Ocean is observed in
Avalonia and Brunovistulia as well as in the southern flank of the Rheic (Saxothuringia,
southern Vosges) if double-sided subduction of the Rheic Ocean is considered.

In the case of the Rhenohercynian Ocean, this led to its reopening, as it affected not only
the area at the Avalonian/Brunovistulian and Saxothuringian northwestern and northern
boundary, but also its southeastern parts closer to the vicinity of the Tepla Suture. Given the
presence of alkaline OIB-type and tholeiitic volcanism in the area of the present-day Eastern
Alps (Guan et al., 2021; Neubauer et al., 2022) and Devonian ophiolites in Balkan, it cannot
be ruled out that the plume-initiated extension and rifting may be connected with NW-ward
subduction of the Moldanubian (Central European) Ocean between Armorican fragments and
Paleo-Adria or Balkan—Carpathian Ocean, subsequent opening of the Paleotethys Ocean
between Variscan Europe and northern Gondwana margin, and separation of Galatian terranes

(Neubauer et al., 2022).

7. Conclusions

This study revisited the occurrences of metabasaltic rocks within the Saxothuringian Zone
of the Bohemian Massif. The synthesis of the existing literature data and new data collected
here allowed us to reconstruct the paleotectonic history and rift-related volcanism along the
northern Gondwana edge, associated with the formation of several Rheic/Rhenohercynian and

Saxothurignian Ocean tracts. From a thorough review of the available data, it is evident that



the Saxothuringian region underwent three stages of extension during the Paleozoic, probably
associated with long-term plume activity along the northern edge of Gondwana, which caused
its gradual fragmentation associated with the formation of the Rheic, Saxothuringian and
Moldanubian Oceans and ending with the opening of the late Paleozoic Paleotethys Ocean.

(1) The initial rifting falls in the period from the end of the Cambrian to the beginning of
the Ordovician (ca. 505-470 Ma). The heat brought into the crust by the activity of a
temporally persistent plume caused gradual thinning of the crust and the intrusion of mantle-
derived OIB-like magmas, which at the SE edges of the Saxothuringian region in the
Krkono$e and Kaczawa Mts. accompanied tholeiitic basalts, marking the transition from
intracontinental rift to oceanic stage.

(2) Strongly alkaline OIB-type and highly fractionated basalts in the vicinity of the
Minchberg Kklippe represent the second phase in the Saxothuringian. On the contrary, Silurian
to Lower Devonian basalts in the neighboring Tepla—Barrandian Unit tend toward a dominant
presence of enriched tholeiitic magmas derived at shallow depths of the subcontinental
depleted mantle.

(3) The re-appearance in the Saxothuringian Basin of volumetrically dominant bimodal
volcanism, later changed toward basic OIB-type lavas, occurred from the Middle Devonian to
the beginning of the early Carboniferous, followed by the appearance of minor volumes of
tholeiitic enriched or transitional intraplate basalts.

This third phase overlaps temporally and geochemically with volcanism in the
Rhenohercynian Basin, which is interpreted as the back-arc extension of the Avalon foreland
of the Rheic Ocean subducted northward below Avalonia, while volcanism in the
Saxothuringian Basin is probably connected with the southward subduction of the Rheic
Ocean under the Saxothuringian microplate. The presence of Devonian to Lower

Carboniferous eclogites on both sides of the Saxothuringian ribbon continent provides



evidence for Devonian closure of Rheic/Rhenohercynian and Saxothuringian Oceans. The
presence of Devonian rift-related associations in the Variscan basement of the Alps,
Carpathians and the Balkans suggests that Devonian closure of all branches of Central
European oceans caused shift of rifting again to Gondwana margin and caused opening of the

Paleotethys Ocean.
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Figure 1

Late Paleozoic reconstruction of the Variscan orogen and assumed sutures of the closed early
Paleozoic oceanic tract of Western and Central Europe (slightly modified after Schulmann et
al. 2022). Zones of the Variscan Belt: CZ, Cantabrian; ClZ, Central Iberian: GTMZ, Galicia-
Trés-0s-Montes; MSZ, Moravo-Silesian Zone; MZ- Moldanubian Zone; OMZ, Ossa-Morena
Zone; RHZ, Rhenohercynian Zone; SPZ, South Portuguese Zone; STZ, Saxothuringian

Zone; TBZ, Tepla-Barrandian Zone; WALZ, West Asturian-Leonese Zone; Other
abbreviation: NAD, North, CAD, Central, SAD, South Armorican Domains: Co,

Corsica; LC, Lizard Complex; MGCR, Mid-German Crystalline Rise; MN, Montagne Noire;
MTM, Maures/Tanneron Massif; VM, Vosges Massif; SWM, Schwarzwald Massif; TS, Tepla
Suture); VF, Variscan Front; EFZ, Elbe fault Zone.
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Figure 2

Location of study areas: (a) Simplified geological map of the Bohemian Massif with
individual sampling areas indicated (modified after Martinez Catalan et al., 2021); (b)
Simplified geological map of the Frankenberg klippe (adopted from geological map 1:200
000 CC5542 Dresden Berger H. J. (2001) and location of the Seifersdorf quarry (samples
MLC22/039a,b,c,d); (c) Simplified geological map of the Elbtalschiefergebirge (adopted from
Konigshof and Linnemann, 2008) with location of VRT_D_1 and VRT_D_2 boreholes; (d)
Simplified geological map of the Jestéd Mts. (simplified from an unpublished map made by
V. Kachlik) with location of analyzed samples.
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Figure 3
Lithological drill-log of the VRT_D _1 drill-core. Position of analyzed samples is indicated by
stars.



Figure 4

Petrography of studied rocks (all microphotographs in plane-polarized light). Frankenberg
klippe: a — amygdaloidal lava with chlorite- and calcite-filled vesicles (MLC22/039C); b —
dolerite from feeding dyke (MLC22/039A); Elbtalschiefergebirge (borehole VRT_D_1);c—
fine-grained metadolerite with euhedral laths of albite and fine grained matrix composed of
chlorite, actinolite and ilmenite; d —-medium- to coarse-grained metadolerite with
ferrohornblede to actinolite completely replacing former pyroxene and broken grains of
magmatic ilmenite, partly leucoxenized at margins; e — rotated porphyroclast of hornblende in
fine-grained and recrystallized matrix composed of albite, chlorite and ilmenite; Jestéd Mts.: f
—zoned amygdales filled by calcite with chlorite rim in recrystallized fine-grained matrix in
lava metamorphosed at greenschist conditions, with albite laths after former basic feldspar
and disseminated ilmenite; g — coarse-grained metadolerite with preserved augite and
albitized plagioclase; h - skeletal magmatic ilmenite and augite in medium-grained
metadolerite with greenschist facies minerals in the matrix. Ab — albite, Act — actinolite, Cal —
calcite, Chl — chlorite, Cpx — clinopyroxene, Czo — clinozoisite, Hbl — hornblende, 1lm —
ilmenite, Pl — plagioclase. Mineral abbreviations are after Whitney and Evans (2010).
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Figure 5

Mineral chemistry: a — quadrilateral classification diagram of pyroxenes (Morimoto, 1988); b

— orthogonal projection of pyroxene composition avoiding tschermak-substitution effect

(Rapprich, 2005); ¢ — Mg vs. Ti (apfu) binary diagram for analyzed clinopyroxenes; d — Mg

vs. Mn (apfu) binary diagram for analyzed ilmenites; e — classification diagram of amphiboles

(Leake et al., 1997); f — classification diagram of feldspars.
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Figure 6

Bulk-rock classification: a — Total alkali silica “TAS” classification diagram” (LeMaitre et al.,
2002); b — Zr/Ti vrs. Nb/Y classification diagram (Pearce, 1996); ¢ — Nb/La vs. La/Yb
geotectonic diagram (Hollocher et al., 2012); d — Th-Hf/3—Nb/16 geotectonic discrimination
ternary plot (Wood,1980). Data on Ordovician, Silurian, and Devonian alkali-basaltic rocks
from the allochthonous units of the Miinchberg klippe (MK), as well as the underlying
Thuringian parautochthon, are sourced from Hohn et al. (2018) and Koglin et al. (2017). Data
from Prague Basin (PB) are sourced from Tasaryova et al. (2018). Additionally, Devonian
alkali-basaltic dykes that intrude Jizera orthogneiss (JO) are taken from publication by Nowak

etal. (2011).
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Figure 7

Spider plots for the studied Devonian basalts of the allochthonous units of the Frankenberg
klippe, the Elbetalchiefergebirge, and the Jestéd Mts., and their comparison with Devonian
basalts intruding JO, Devonian basalts of Prasinite—Phyllite "Series", Devonian basalts of the
parautochthonous Thuringian facies (TF) in the vicinity of the Mlinchberg Klippe (MK) and
Silurian basalts of the PB. Spider plots: a — normalized to CI chondrite (Anders and Grevesse,
1989); b — normalized to Primitive Mantle (McDonough and Sun, 1995); ¢ — normalized to
ocean island basalt (Sun and McDonough, 1989). The grey shaded field represents Ordovician
and Silurian basalts from the footwall of MK and its basal allochthonous part.; c,d,e —
Compositional ranges for Ordovician and Silurian basalts of the above-mentioned units of
MK and parautochthonous Thuringian facies (TF) units adjacent to MK and for the Silurian of
the Prague Basin. Samples are normalized as in a, b, ¢. Data sources are the same as in Figure
6.



e

5

a

o

[{e]

o

=

o

[(e]

o -

s

©

o

=

o Concordia Age 386.8 £ 1.7 Ma n=14
S 1 a5 MSWD=4.9, prob.0.027

T T T T
0.45 0.46 0.47 *PpPU

Figure 8

Concordia age plot of U-Pb zircon analyses from metarhyolite ZB-520 sample (see
petrographic description in ESM 2, U-Pb zircon analyses and ages are given ESM 5). Age
calculated using Isoplot R software (Vermeesch, 2018).
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The Sr—Nd-Pb isotope composition of Devonian rift-related metabasalts from Frankenberg,

Elbetalschiefergebirge and Jestéd Mts. Units (this study) compared with published data from
other autochthonous and allochthonous Ordovician to Devonian units of Saxothuringian Zone

and adjacent Tepla—Barrandian Unit): a) plot of age versus ***Nd/**3*Ndj of Ordovician to
Devonian rift-related (meta)basaltic rocks and associated MORB-like metabasalts from the

Saxothuringian Zone, Tepla—Barrandian Unit and Tepla and Rheic suture (Sleza ophiolite); b)
Plot of 2°%Pb/2%Ph; vs 2°"Ph/?%Ph; of studied Devonian metabasalts and their comparison with

Ordovician rift-related basalts and Varsican lamprophyres showing differences caused by

different mantle sources and assimilation/fractionation processes. Data for Ordovician basalts
from autochthonous and allochthonous units underlying MK are from Lucassen et al. (2025),

data for Variscan lamprophyre dykes are from Krmickov4 et al. (2020). Evolution lines of
upper crustal and orogenic rocks are from Zartman and Doe (1981).
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Figure 10

Plate tectonic model of recurrent (Ordovician to Devonian) rifting of the Saxothuringian Zone
and adjacent units: a) Early Ordovician-Tremadocian (485-470 Ma), b) Late Early Devonian
to Middle Devonian time span (~ 400-370 Ma). Note that the Rheic Ocean appears twice due
to oroclinal bending in the Bohemian Massif.



Table 1: Major and trace element chemistry of samples from this study
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0.15
2.78
0.20
99.22

25.0
49.0
570
22.0
34.8
17.7
32.6
116
23.3
14.2
288
42.4
266
30.7
1.27
0.18
1.61
0.75
7.59
147
215
56.3
7.23
33.7
8.38
2.63
8.99
1.34
8.09
1.59
4.32
0.62
3.87
0.58
6.00
1.61
0.67
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37.
20.
45.
5.9
25.
5.9
1.9
6.2
0.9
5.0
0.9
2.3
0.3
1.8
0.2
4.0
1.7
0.8

JG

N
[op]

SCwWws oS oRPrNMONONAR

(o]
(o]

SPworoNMOMOOR

CWIT O 0O wWWUo N

(o]
(o]

SCPwoPrOoOPORrOGN



Tl bdl

Pb 2.6
T 1.6
Y) 0.5

bdl
3.8
1.4
0.5

0.3
0.8
11
0.4

0.0
1.3
13
0.4

bdl

3.45
0.12
0.17

0.042
2.48
1.73
0.50

0.086
2.19
3.15
0.88

0.038
2.19
5.53
1.67

0.97
14.6
12.3
1.04

0.089
3.83
2.38
0.73

0.15
1.42
2.00
0.74

erro

0.0
29
2.6
0.6

ernNOo

ernNeE

Contents of major elements are given in wt.%; concentrations of trace elements are given in

ppm.

bdl — below detection limit; n.a. — not analyzed; LOI — crystalline water



Table 2: Strontium, Nd and Pb isotope compositions of samples from this study

MLC22/
MLC22/
MLC22/
MLC22/
VRT D1
VRT D1
VRT D1
VRT D1
VRT D1
VRT_D/
VRT D1
VRT D2
3G-9
3G-13
3G-260
ZB-443

BCR-2

RGM-2
BHVO-2

BE-N

87gr/8
6Sr
0.705

0.705
0.705
0.704
0.703
0.704
0.704
0.704
0.705
0.749
0.704
0.706
0.704
0.705
0.705
0.704

0.705
0.704

&7srf8
6Srim
0.704

0.704
0.701
0.703
0.703
0.704
0.703
0.704
0.704
0.700
0.704
0.706
0.703
0.705
0.704

143\ g/t
44N1d
0.5128

0.5128
0.5128
0.5128
0.5128
0.5128
0.5127
0.5127
0.5127
0.5119
0.5127
0.5127
0.5127
0.5127
0.5128
0.5128

0.5126
0.5127

143Nd/14
4Nl
0.51244

0.51245
0.51245
0.51244
0.51238
0.51242
0.51241
0.51241
0.51231
0.51169
0.51237
0.51236
0.51235
0.51240
0.51243
0.51243

€

J Ao o)

)

1

oo o

)

I)_(JQ'

S

To
0.7
0.6
0.6
0.7
0.9
0.7
0.7
0.7
11
16
08
0.9
0.9
0.7
0.7
0.7

Tom
2<tn
0.61

0.61
0.60
0.62
0.70
0.64
0.66
0.66
0.82
1.77
072
0.74
0.75
0.67
0.64
0.62

206Pb/2
04ph
19.09

18.85

19.74
18.54
18.86
19.84
21.21
18.84
18.57
18.70
20.94
19.07
18.97
18.79
19.25

18.59
19.18

206Pb/20
4Ph
16.679

17.373

18.304
18.343
18.055
13.950
10.446
17.555
18.283
16.214
18.763
14.426
15.416
15.776
15.769

207Pb/2
04ph
15.60

15.62

15.61
15.64
15.65
15.67
15.75
15.61
15.71
15.64
15.70
15.60
15.64
15.60
15.63

15.53
15.59

207Pb/20
4Phiy
15.474

15.541

15.535
15.634
15.608
15.359
15.168
15.555
15.695
15.511
15.583
15.373
15.447
15.437
15.446

208Pb/2
04ph
38.77

38.69

39.00
38.74
38.93
39.72
41.19
38.93
39.23
38.84
40.03
39.09
38.96
38.67
38.98

38.18
38.99

ZOSPb/ZO
4Phi
38.513

38.531

38.541
38.681
38.675
39.192
40.152
40.871
38.149
38.598
38.150
38.528
38.699
38.380
38.637

Uncertainties for Sr and Nd isotope values are given as 2 se, those for Pb isotope values are
reported as 2sd; the uncertainties correspond to the last or last two digits. An age of 387 Ma

was used for recalculation to initial values.
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Late Early Devonian to Middle Devonian (~ 400-370 Ma)

Avalonia Mid-German  gaxothuringicum Tepla-Barrandian Brunovistulicum
rifted Margin Crystalline Rise Unit Moldanubicum
Saxothuringian Prague Basin
~ 390-370 Ma Basin with rift-related failed rift (OIB to EMORB) ~ 390-370 Ma
bimodal alkaline Rheic QIB to EMCORB volcanism already under Rheic alkaline
Magmatism

Ocean progresivelly opening east-wards compression Ocean  Magmatism

(Moldanubian,

Rhenohercynian

back-arc basin ~430- 410 Ma  Thuringian facies ~370-337 h?acean) i 4125?;?25% Rbr;r&ozgi’)‘;‘n;ﬁ‘n
CA magmatism Bavarian facies  CA magmatism : granitoids
~ 400 Ma

2 felsic volcanism & mafic volcanism ? Calc-alkaline plutonism



Research highlights

e Existing data for peri-Gondwana reveals three intracontinental rifting episodes

e Recurrent Cambrian— early Carboniferous bimodal felsic and mafic OIB to MORB-
like magmatism

e Conclusive evidence for widespread basaltic volcanism along N Gondwana margin

e Long-duration episodic rifting along northern Gondwana is linked to plume activity

e More developed rifting in W Saxothuringian and progressive W-to-E rift propagation



