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Foreword 
 
VENTS is a tri-national project of geologists from the Czech Republic, Germany and Poland on the 
Late Paleozoic volcanosedimentary evolution of intra-montane basins and the magmatic evolution 
of the neighboring basement complexes at the northern margin of the Bohemian Massif. The topic 
brings together scientists and students from universities and from geological surveys of the three 
countries (www.geo.tu-freiberg.de/dynamo/VENTS.htm). 
 
This event continues the series of VENTS assessment field workshops. The previous two took place 
in Bolków 20061 in southwestern Poland and in Turnov 20072 in northern Czech Republic. This 
year, seminar parts take place at the Centre for Volcanic Textures in the Geological Institute at TU 
Bergakademie Freiberg. Field trips lead to major Late Paleozoic magmatic complexes in Saxony.  
 
This volume contains 15 abstracts and a field guide in three parts. Although far from 
comprehensive, the field guide aims at a summary of 150 years of research on the Late Paleozoic 
magmatic evolution of Saxony. To a certain extend, the selection of stops reflects the research foci 
of the editors. 
 
The third VENTS Field workshop has been funded by the German Research Foundation (DFG) and 
by the Czech Geological Survey. Support from the Geophysical Institute of the TU Bergakademie 
Freiberg, the State Survey of Environment and Geology of Saxony and from the Freiberger 
Brauhaus AG is acknowledged.   
 

                                                 
1 Awdankiewicz, M. & Breitkreuz, C. (2006) Geologia Sudetica, 2006, 38: 83 - 84. 
2 Rapprich, V. & Řídkošil, T. (Eds.)(2007) Acta Mus. Turnov. 2: 64pp. 
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Abstracts 
 
Petrogenesis of Late Palaeozoic lamprophyres and associated mafic rocks of the 
Sudetes (SW Poland) 
 
Marek Awdankiewicz, Wrocław University, Poland, marek.awdankiewicz@ing.uni.wroc.pl 
 
Lamprophyric magmatism in the Sudetes, in the eastern part of the European Variscides, occurred 
predominantly in the Carboniferous, during a post-collisional extensional stage. The lamprophyres 
(minettes, vogesites, spessartites, kersantites) and related mafic rocks (monzonites, 
micromonzodiorites) were emplaced as dyke swarms and scattered veins cutting the crystalline 
basement and, locally, the overlying molasse deposits. The dyke swarms, adjacent to major regional 
sutures and faults, represent distinctive magmatic centres, related to separate magmatic systems, 
each characterized by specific parental melts and shallow-level differentiation processes involved. 
Two large dyke swarms associated with the Karkonosze and Kłodzko-Złoty Stok granitoid massifs, 
show the widest geochemical and petrographic variation, due to more advanced differentiation in 
long-lived magmatic systems. In contrast, a small dyke swarm emplaced in the SW part of the 
Orlica-Śnieżnik Dome, unrelated with granites, is strongly dominated by minettes.  
 
Geochemical characteristics of the mafic rocks studied vary from (ultra)potassic in minettes to calc-
alkaline in micromonzodiorites, and from primitive (Mg# = 80-60 in many lamprophyres) to 
evolved (Mg# down to 30 in some micromonzodiorites). Some richterite minettes show Nb-
enriched trace element patterns, but negative Nb anomalies are more typical. εNd300 and 87Sr/86Sr300 
of richterite minettes range from +1.9 to –8.3, and from 0.7037 to 0.715, respectively. Other rocks 
show negatively correlated Nd and Sr isotopic ratios, between these extremes. Three types of 
mantle sources are inferred: (1) an asthenospheric, depleted and later re-enriched source, and two 
lithospheric sources, including (2) contaminated by subducted crustal rocks, and (3) metasomatized 
by subduction-related fluids. The richterite minette magmas originated at low degrees of partial 
melting of garnet-phlogopite-peridotites, at high H2O/CO2 ratios. Nb-enriched and Nb-depleted 
minettes derived from sources (1) and (2), respectively. Kersantite magmas originated from source 
(3). Source-related factors (source mixing, variable depths and degrees of melting, aggregation of 
melts) possibly influenced the compositions of other primitive magmas.  
 
Most other rocks are variably evolved. Zoning and other disequilibrium textures in phlogopite, 
biotite, amphibole and clinopyroxene phenocrysts, together with xenocrysts, xenoliths and enclaves 
(cognate, restitic, migmatitic) constrain several processes involved in magmatic evolution: magma 
mixing, fractional crystallization, assimilation of crustal rocks. In addition, post-magmatic 
replacement of the igneous phases by albite, chlorite, epidotes, actinolite, blue amphiboles, titanite, 
carbonates, prehnite, pumpellyite and grossularite-andradite partly obscures the magmatic 
assemblages and textures. The results of this study: 1) indicate a strong heterogeneity of the upper 
mantle, and the presence of subduction-modified mantle, beneath the Sudetes in the Late 
Palaeozoic, 2) document the formation and evolution of magmas in spatially and petrologically 
distinctive, vertically extensive magmatic systems spanning the asthenospheric and lithospheric 
mantle and the lower/middle crust, 3) demonstrate a broad spectrum of source-related and shallow-
level magmatic processes involved, and the emplacement of both primitive, mantle-derived, and 
variably evolved magmas, and 4) point to close links between the late Variscan tectonics, the 
location of the magmatic systems discussed, and shallow-level emplacement processes of the mafic 
dykes. 
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Lava dome-related massflow deposits: examples from the Early Permian Collio 
Basin, Northern Italy 
 
Christoph Breitkreuz, TU Bergakademie Freiberg, Germany, cbreit@geo.tu-freiberg.de 
 
In the last ten years, lavadome-related volcanoclastic mass flow processes were brought into focus, 
mainly by studies on active volcanoes like Arenal, Mt. St. Helens, Santiaguito and Soufriere Hills. 
Processes comprise explosive lava dome eruptions, which typically involve the formation and 
collapse of an eruption column, as well as failure of lava domes or of lava fronts. Transitions to 
vulcanian eruptions, both in process and types of deposits, occur. Lavadome-related deposits 
include matrix-supported block-and-ash flow and surge deposits, clast-supported pyroclastic flow 
deposits with transitions to sedimentary mass flow deposits, and fallout deposits (ballistic and from 
ash clouds). Also non-explosive stable lava domes and flows may “produce” clastic material such 
as autoclastic talus and under epiclastic erosion. 
 
Lava-dome-related volcanoclastic mass flow deposits have also been described from 
Permocarboniferous basins in Central Europe. Lorenz & Haneke (2004) mentioned clast-supported 
mass flow deposits that were generated during dome failure of intrusive-extrusive complexes at the 
Donnersberg in the Saar-Nahe Basin in western Germany. Preliminary accounts for lavadome 
failure and vulcanian eruptions have been provided by Ehling & Breitkreuz (2004) for the Halle 
Volcanic Complex in the northeastern Saale Basin. 
 
The Early Permian Collio Basin, a pull apart system in northern Italy (Cassinis 1966), 
accommodated numerous lavadome-related volcanoclastic deposits each displaying specific 
geometry, internal structure and depositional facies. The basal pyroclastic succession of the Collio 
Fm. contains monotonous vulcanian sequences of alternating gravelly clast-supported beds and tuff 
layers intercalated into regional ignimbrites. The following lacustrine sediments host at least two 
crystal-rich massflow deposits that have been related to sublacustrine lavadome eruption by 
Breitkreuz et al. (2001).  
 
Separated by a (?volcanotectonic) angular unconformity from the former successions, a voluminous 
unit (Dosso del Bue Beds) occur which testifies for a major eruption of a lava dome complex to 
have taken place during in the younger Collio Fm. The 35 to 200 m thick unit is massive, only the 
top reveals fining up grading. Different lava clast textures (vesicular to non-vesicular, homogeneous 
to inhomogeneous, some with ex-glassy groundmass) give evidence of pre-explosive zonation of 
lava domes. Hot emplacement is inferred from peperitic textures at the base of the unit. At the top, 
coarse tuffs with accretionary lapilli document the waning phase of the event. Deposition of the 
Dosso del Bue Beds presumably took place in a shallow lake or on a wet mud flat, indicated by the 
strong fluidization of the substrate. Some 30 meters above the Dosso del Bue Beds, the Balotto Alto 
Beds, an 18 m thick crystal- and lavaclast-rich bed, represents another example of lavadome-related 
volcanoclastic massflow processes in the Collio Formation. 
 
Breitkreuz, C, et al. (2001) J. Volc. Geotherm. Res., 114: 373-390. 
Cassinis, G. (1966) Riv. Ital. Paleont. Strat 72: 507-590. 
Ehling, B.-C. & Breitkreuz, C. (2004) Schriftr. DGG, 35: 133-149. 
Lorenz, V. & J. Haneke (2004) Geol. Soc. London Spec. Publ. 234: 75-124. 
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Buried Permocarboniferous mafic volcanics of the Žatec area, NW Bohemia, 
Czech Republic 
 
Ferry Fediuk, Prague Institute of Technology, Czech Republic 
 
Late Paleozoic mafic volcanics, usually summarized under the obsolete name „melaphyres“, 
including basalts, trachybasalts, basaltic andesites, basaltic trachyandesites, trachyandesites, 
andesites to dacites according to the IUGS classification, occur frequently in the NE of Bohemia, 
namely in the Krkonoše Piedmont and the Intrasudetic basins, and hidden below the Bohemian 
Cretaceous Basin. On the left side of the Labe (Elbe) – river, no surface occurrence of such rocks is 
known, in contrast with acidic volcanics which are present here abundantly.  
 
For a long time, the idea was accepted that the late Paleozoic volcanism continued into the NW part 
of Bohemia exclusively by its acidic members. Not until 1958, first mafic volcanic rocks were 
discovered in a borehole near Žatec. A series of further borings has proved that the area with such 
rocks covers some 80 km2 with ca 1.5 km3 of 10 to 50 m thick lava products hidden under the 
Tertiary and Cretaceous sedimentary cover. Their age is ±300 Ma. The present contribution 
completes data on these volcanics, mainly as to their geochemistry, petrography and volcanology. 
The rocks can be classified as basaltic andesites and basaltic trachyandesites of shoshonite type. 
They are characterized by a transitional subalkaline/alkaline chemistry with calc-alkaline affinities 
showing meta-aluminous, high-K and crustal trace elements signature. Monomineralic plagioclase 
cumulate segregations form a special feature in them. In general, however, their properties 
correspond to the almost ideal average of analogous rocks of Bohemian Permocarboniferous 
volcanics. Even when they represent the easternmost periphery of the Kladno-Rakovník basin, no 
arguments for the model of their evolution in a separate crustal magma chamber have been found. 
From chronological point of view, a shifting of volcanic activity from Bolsovian to Asselian in the 
NW direction can be stated in this part of Bohemia. 
 
 
 

Basaltic to andesitic dykes (diabases) from Variscan granitoid plutons, 
Moldanubian and Saxothuringian crystalline complexes of S and W Bohemia: 
intrusive counterparts of Upper Carboniferous to Permian volcanic rocks 
(„melaphyres“)? 
 
František V. Holub, Charles University, Prague, Czech Republic, frholub@natur.cuni.cz 
 
Aphanitic mafic dykes of basaltic to andesitic rocks occur in granitoid plutons and crystalline 
complexes of the Moldanubian and Saxothuringian zones of the Bohemian Massif. Some of these 
dykes were described as gabbro or diorite porphyries (e.g., Žežulková, 1982) or quartz 
micromonzodiorite (Vrána, 2004; Vrána and Janoušek, 2006), many others were mapped 
erroneously as lamprophyres. As the rocks are of diabase appearance in the field, for simplicity the 
whole range of these mafic dykes will be referred to as diabases.  
 
The diabase dykes 0.X to >10 m in width display variable strikes; some S Bohemian dykes are 
parallel with the Blanice Graben (nearly N-S, about N10-15) but other are NW-SE, NE-SW or 
nearly E-W trending. They have intruded various metamorphic rocks, major granitoid types and 
durbachitic rocks of the Central Bohemian Plutonic Complex, durbachitic plutonic rocks of the 
Knížecí Stolec Pluton, various granites of the Moldanubian (South Bohemian) Batholith, and also 
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granites of the E part of the Smrčiny (Fichtelgebirge) Pluton. The dykes are apparently post-
metamorphic and post-tectonic, with very sharp contacts and chilled margins. Their rocks are 
aphanitic or porphyritic with aphanitic groundmass and frequently display amygdaloid structures in 
some parts of dykes. No dykes crosscutting the diabases were found and therefore the diabases are 
ranked to the youngest dykes in the area. Diabases comprise clinopyroxene and strongly zoned 
plagioclase (commonly in the sub-ophitic arrangement), interstitial K-feldspar and quartz, 
sometimes devitrification products of glass, accessory constituents are namely ilmenite, apatite and 
frequently sulphides. Small amounts of biotite may be present. Alteration products comprising 
chlorite, prehnite, calcite, clay minerals, etc., are locally common. 
 
Chemical composition of diabases varies within a broad range but compared to other dyke rocks of 
the area (e.g., mica lamprophyres) it is quite distinctive. Dykes are mafic but relatively rich in SiO2 
(50 – 59 wt% in raw analyses, about 53 to 61 wt% recalculated to the volatile-free basis). Their mg-
numbers, i.e. the Mg/(Mg+Fe) atomic ratios, vary from 67.9 to 36.1 with prevalence of values 
around 50 – 40. The TiO2 contents range 0.8 – 2.27 wt% and frequently are higher than in other 
mafic dyke rocks from the whole area. Relatively high contents of K2O are typical often 
approaching or even exceeding those of Na2O. The K2O/Na2O ratio ranges between 0.53 and 1.43. 
Majority of samples correspond in the IUGS chemical classification with basaltic andesite and the 
potassic variety of basaltic trachyandesite (shoshonite), some other with andesite to trachyandesite 
(latite). The diabase dykes have Ba/La ratios between 13.9 and 28.6 and Th/Ta ratios between 2.42 
and 26.7, generally high LILE and negative peaks in HFSE in the primitive mantle-normalized 
spider diagram (see Figure). Their chemistry is similar to analyses of fresh or weakly altered mafic 
and intermediate volcanic rocks from the Permo-Carboniferous basins of Central and Northern 
Bohemia as well as Germany and S Poland The relatively TiO2-rich varieties of diabases have their 
counterparts, e.g., in mafic volcanics from the Líně Formation of the Central Bohemian basins (cf. 
Jelínek et al., 2003; Ulrych et al., 2006). 
 
Diabases represent various fractionation stages of mantle-derived mafic magmas. Majority of 
samples are fairly evolved with mg-numbers between 50 and 36, with moderate to very low Cr and 
Ni contents. Even the samples with MgO < 3 wt% are too rich in Fe and V to be interpreted as 
crustal melts or mantle-derived magmas strongly affected by hybridization. However, frequent 
presence of xenoliths and xenocrysts suggests some at least locally important role of contamination 
with middle to upper crustal material. 

Geochemical features of the 
less evolved diabases (MgO 5 
– 8 wt%), namely their high 
but variable K2O/Na2O, 
Th/Ta, Ba/La, and 
LILE/HFSE ratios, are 
indicative of the dominant 
role in their origin from 
heterogeneous lithospheric 
mantle largely affected by 
supra-subduction enrichment. 
As the setting of the dykes is 
clearly post-collisional, the 
supra-subduction geochemi-
cal signature can be 
interpreted as a part of the 

compositional memory of the lithospheric mantle rather than a result of a contemporaneous active 
subduction. However, extensive melting of the lithospheric mantle over a large area in the post-
orogenic setting could be hardly possible without advection of heat through asthenospheric magmas 
(and perhaps a plume involvement). Some magma portions from dykes and volcanic rocks 
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displaying the increased TiO2, Nb and Ta, could be results of mixing between lithospheric and 
asthenospheric melts.  
 
Acknowledgements: This research was financially supported by the Grant Agency of Charles 
University, Project No. 267/2006, and by the Ministry of Education, Youth and Sports of the Czech 
Republic, Research Plan No. MSM0021620855. 
 
Jelínek, E. et al. (2003) Acta Univ. Carol. Geol. 45: 33–40. 
Ulrych J. et al. (2006) Chemie der Erde 66: 37–56. 
Vrána S. (2004) Bull. Geosciences, 79: 221–229. 
Vrána S., Janoušek V. (2006) J. Czech Geol. Soc. 51: 231-248. 
Žežulková V. (1982) Sbor. geol. Věd, Geol. 37: 71-102. 
 
 
 

Lower Carboniferous ultrapotassic lamprophyres near the Bohemicum/ 
Moldanubicum boundary: an example from the Železné hory Mts. (Czech 
Republic) 
 
Lukáš Krmíček1, Antonín Přichystal1, Martin Jan Timmerman2, Michaela 
Halavínová1; 1Masaryk University, Brno, Czech Republic; luk@mail.muni.cz, 2Universität 
Potsdam, Potsdam, Germany; timmer@geo.uni-potsdam.de 
 
The Bohemicum/Moldanubicum boundary represents an important Hercynian tectonic zone 
separating two different regional units of the Bohemian Massif. This boundary is marked by 
occurrences of large Hercynian plutonic complexes: the Central Bohemian Pluton (CPB) and the 
Železné hory (Nasavrky) Pluton which were intruded by ultrapotassic dykes and bodies. The 
emplacement ages vary between 354-336 Ma (U–Pb on zircons, Janoušek & Gerdes 2003) for the 
better documented CBP, whereas the granitoids of Železné hory Pluton yielded a wide and highly 
improbable age range of 288-366 Ma (K–Ar, whole-rock; Šmejkal 1960, 1964). Several scenarios 
were proposed to explain the style of the Bohemicum/ Moldanubicum juxtaposition. According to 
Finger et al. (2007) the Bohemicum may have functioned as a rigid backstop along which earlier 
subducted HP–HT rocks (Gföhl Unit) were steeply exhumed into the Moldanubian middle crust. A 
narrow genetic link between ultrapotassic magmatism and HP-HT metamorphism was recently 
documented by Janoušek & Holub (2007). 
 
The Železné hory Mts. (Iron Mts.) (ca. 900 km2) is a unit with a complex and varied geological 
history, located at the south-eastern border of the Bohemicum. Lamprophyres of the Železné hory 
Mts. were previously studied by Němec (1991). The whole area is crosscut by steep mica 
lamprophyre dykes - minette. Dyke orientations vary between E-W and ENE-WSW. In the NW part 
of the Železné hory Mts. a newly studied dyke swarm crosscut sedimentary sequences of the 
Chrudim Palaeozoic (equivalent to Barrandian Palaeozoic) and is exposed in the Prachovice quarry. 
The dykes are evidently younger than the overthrust fabric in surrounding marbles. One dyke 
intersecting an older mylonitic zone was subsequently deformed by dextral strike-slip movement. 
Within the Železné hory Pluton located in the central part of the Železné hory Mts., undeformed 
dykes (with chilled margins) were sampled penetrating two Hercynian intrusions: (1) the older 
amphibole-biotite granodiorite (Skuteč-Litická quarry) and (2) the relatively younger biotite granite 
(Licibořice and Křižanovice abandoned quarries). Based on the borehole investigations of Němec 
(1991) the minettes also intersected the Hlinsko Paleozoic and Proterozoic at the south-eastern 
termination of the Železné hory Mts.  
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The most important feature of all dykes visible in thin section is the appearance of a large amount of 
euhedral dark mica phenocrysts with strong optical zoning (pale orange cores, dark brown rims). 
Also typical is the presence of serpentine/chlorite pseudomorphs after olivine, orthopyroxene and 
clinopyroxene. Phenocrysts and pseudomorphs may be rimmed by anhedral mica. In the 
groundmass laths of altered alkali feldspar and mica flakes dominate. Common accessory minerals 
include apatite, ilmenite, titanite, zircon and spinel group minerals. A genetically interesting 
accessory mineral is sporadically occurring euhedral gersdorffite, also described by Němec (1992) 
in the orthopyroxene minettes from southern Bohemia.  
 
Electron microprobe analyses (CAMECA SX 100, Masaryk University) were focused especially on 
the chemical variability of dark mica. Four different types were studied within individual samples: 
mica core, mica rim, groundmass mica and anhedral mica forming the rims around pseudomorphs. 
Based on the relative Mg content [mg# = Mg/(Mg+FeT)] and the number of Si atoms per formula 
unit (apfu), the cores correspond to phlogopite (mg# = 0.91; Si 5.85 apfu). High amounts of Cr2O3 
(up to 2.32 wt. %), MgO (up to 24.46 wt. %) and of F (up to 1.71; Cl is below the detection limit) 
point to crystallization from a melt in equilibrium with a metasomatised, phlogopite-bearing mantle 
source. The rims are also phlogopites (mg# = 0.73; Si 5.80 apfu). The composition is dominantly 
controlled by melt fractionation as is clear from decreasing Cr2O3 and MgO. The average 
composition of the groundmass mica lies at the Mg-biotite/phlogopite boundary (mg# = 0.66; Si = 
5.71 apfu). The Cr2O3 content falls below the detection limit. TiO2 contents increase towards the 
rims of the micas and in groundmass crystals. This feature could reflect increasing fO2 (Fe+3 content 
of melt), decreasing pressure or decreasing water content of the system (e.g. Bachinski 1984). A 
late magmatic to post-magmatic alkaline overprint resulted in the formation of anhedral mica rims 
(mg# = 0.74, Si = 5.97 apfu) with slightly deficient tetrahedral Al (up to 1.85 apfu). The FeOT–
Al2O3 variation in micas (after Mitchell 1996) follows the minette evolutionary trend with a slight 
lamproitic affinity. 
 
The chemical analyses of four minette samples were carried out in the ACME Laboratories 
(Canada). The rocks are intermediate (average SiO2 = 56.2 wt. %; recalculated on a volatile-free 
basis) and ultrapotassic (in sense of Foley et al. 1987) with average K2O (8.0 wt. %), Na2O (1.4 wt. 
%) and MgO (8.3 wt. %). The range of Cr abundances (479 –554 ppm) support the mantle nature of 
the melt. In comparison with average minette (Rock 1991), minettes of the Železné hory Mts. are 
enriched in some high-field-strength elements (average Zr = 616 ppm; average Nb = 47 ppm) as 
well as in mantle-incompatible large-ion lithophile elements (average Ba = 2313; average Rb = 
448). They could be designated as a minettes of lamproitic affinity. This feature is responsible for 
their higher within plate affinity (graphs by Müller and Groves 2000) in comparison with similar 
minettes of the CBP (mainly postcollisional geodynamic setting). Typical are the strong LREE 
enrichment and the high REE contents (CeN/YbN = 16.83–35.99; ∑REE = 347–572). All minettes 
have pronounced negative Eu anomalies (Eu/Eu* = 0.58–0.64). Normalized spidergram patterns 
have nearly identical trends with several diagnostic anomalies suggesting all belong to the same 
intrusion event. Characteristic is a coupled TNT (Ta-Nb-Ti) and Sr negative anomaly accompanied 
by positive peak of Cs, Th, U, K and Pb. They show similar geochemical patterns as some primitive 
minettes (with identical Eu anomalies) of the CBP (e.g. Krásná Hora) but with a visibly more 
pronounced enrichment. With respect to previous geochemical features of studied minettes, they 
could be considered as a product of low–degree partial melting of veined metasomatised mantle, 
enriched by direct contamination with deeply subducted, evolved Moldanubian continental crust.  
 
In addition, the dykes may provide an upper age limit for the Hercynian magmatic activity in the 
Železné hory Mts. New, precise Ar-Ar step-heating dating of a mica concentrate was carried out in 
the argon laboratory at the University of Potsdam. One of the Prachovice dykes was selected, 
minimizing the possible thermal influence by the Železné hory Pluton and the occurrence of 
xenocrystic mica. Argon dating yielded a ca. 332 ± 1 Ma plateau age. This indicates that intrusion 
of the minettes with lamproitic affinity took place in the upper Viséan. The granitoid rocks of the 
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Železné hory Pluton could therefore have intruded until the end of Lower Carboniferous as a better 
dated, early Carboniferous CPB with analogical geotectonic position along the 
Bohemicum/Moldanubicum contact. 
 
Acknowledgements: The contribution was supported by research project MSM0021622427. 
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Petrogenesis of Late Carboniferous/Early Permian basaltic trachyandesites 
from the Kraków area, Southern Poland 
 
Anna Lewandowska1, Mariusz J. Rospondek1, Friedrich Finger2, Bernhard 
Schulz3, Jerzy Nawrocki4; 1Jagiellonian University, Kraków, Poland; 2Universität Salzburg, 
Austria; 3TU Bergakademie Freiberg, Germany; 4 Polish Geological Institute, Warszawa, Poland 
 
In the Kraków area of Southern Poland, major transcontinental strike-slip Hamburg-Kraków-
Dobruja fault zone induced series of minor extensional faults, which served as magma conducts for 
the Upper Carboniferous-Permian (ca. 300 Ma) bimodal volcanism dominated by rhyodacites and 
basaltic trachyandesites. In the Nieporaz-Brodła graben, located ca. 30 km west of Kraków, the 
volcanic series consists of several thick basaltoid lava flows, which are massive at the base and 
scoriaceous at the top. Each lava flow is overlain by pyroclastic deposits (Chocyk 1990, Czerny & 
Muszyński 1997; Lewandowska & Rospondek 2007; Słaby et al. 2007). The whole sequence 
reaches ca. 150 m in thickness. A subvolcanic equivalent of the basaltoid lavas is e.g. the 
Niedźwiedzia Góra diabase, a sill emplaced in Westfalian mudstones. The age of the volcanism is 
considered as turn of Carboniferous – Permian with later Permian metasomatic alterations 
(Nawrocki et al. 2008).  

The presence of crystals of different size in volcanic rocks reveals the fact that different crystal-size 
populations formed under varying conditions, particularly temperature and pressure, and evolving 
volatile contents. The basaltic trachyandesites from the Kraków area contain a few phenocrysts, 
abundant microphenocrysts of the groundmass and tiny crystals in the interstices (Rospondek et al. 
2004). Such a structure suggests evolution of the rocks in three stages. The first stage presumably 
represents slow cooling in a magma chamber prior to magma ascent, the second rapid 
decompression and concurrent cooling on eruption, while the last one post-eruptive cooling at or 
near the surface. Given these, a model of three stages evolution of crystal-liquid system was 



 11

verified for the Simota SIM-1 basaltic trachyandesite using the MELTS program (Ghiorso & Sack 
1995), which predicts in each stage the composition and proportion of liquid and solid phases that 
are stable at each increment of cooling or decompression. 

The mineralogical assemblage and textural evidences show that olivine started to crystallize first at 
relatively high temperature and low pressure, later joined by spinel and plagioclase at slightly lower 
temperatures. The second stage was characterised by rapid plagioclase and moderate clinopyroxene 
crystallization along with water exolution due to magma ascent. At the last stage the K-feldspar 
appeared accompanied by needle-like apatite, rhm-oxides (ilmenite) and spinel. The good fit of the 
modeled and encountered mineral assemblages in basaltic trachyandesites shows that the proposed 
scenario describes well the formation of these rocks in nature.  

 

Chocyk M. (1990) Przegląd Geol. 38: 390-393. 
Czerny J. and Muszyński M. (1997) Mineral. Pol. 28: 3-25. 
Ghiorso M.S. and Sack R.O. (1995) Contrib. Mineral. Petrol. 119: 197-212. 
Lewandowska A. and Rospondek M. (2007) VENTS 2007 Turnov – Sedmihorky, Acta Mus. 

Turnov 2: p. 15. 
Nawrocki J. et al. (2008) Geophys. J. Int. (in press). 
Rospondek M.J. et al. (2004) Pol. Mineral. Soc. Spec. Pap. 24: 337-340. 
Słaby E., et al. (2007) VENTS 2007 Turnov – Sedmihorky, Acta Mus. Turnov 2: 24-25. 
 
 
 

Latest Carboniferous – Permian post-orogenic magmatism in Scotland: an 
update 
 
Ray Macdonald, University of Warsaw, Poland, r.macdonald@lancaster.ac.uk 
 
Throughout the Carboniferous and Permian, Scotland lay to the north of the Variscan Front on 
continental crust essentially unmodified since the end of the Caledonian Orogeny. Over this time 
period, the area was affected by changing stress fields, mostly extensional, that resulted in strike-
slip faulting and flexuring and accompanying basaltic magmatism. In this paper, we focus on the 
Westphalian-Permian magmatism (~310-290 Ma). Although volcanism of this age was of small 
volume compared to Early Carboniferous activity, it shows an unusually large range of mafic 
compositions. 
 
Prior to 310 Ma, the dominant stresses generated right-lateral strike slip, perhaps related to the 
westward insertion of a triangular European-Baltic indenter between Greenland and the Variscides. 
At ~307 Ma, structures became dominated by N-S tension, creating and/or rejuvenating E-W faults 
within the Midland Valley. Faulting was broadly accompanied by the emplacement at 307.6 ± 4.8 
Ma of a regionally extensive tholeiitic dyke swarm and sill-complex. It has traditionally been 
assumed that the Scottish tholeiites were coeval with the Whin Sill-Complex (WSC) of NE England 
and that the activity was very short-lived. However, the WSC was apparently intruded at ~297 Ma, 
indicative of two phases of tholeiitic magmatism. 
 
In southern Scotland, there was a gap of ~10 Ma before magmatism recommenced, in a tectonic 
setting dominated by the NW to NNE extensional faulting common in the Variscan foreland. The 
magmatism was mostly of strongly alkaline character and overwhelmingly mafic. There was a high 
proportion of pyroclastic rocks related to explosive centres, although lava sequences are preserved 
in several small basins. Volcanism effectively ceased at ~292 Ma. The alkaline magmatism also 
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formed extensive sill-complexes in the Midland Valley and a very extensive NW-SE trending dyke 
swarm in the SW Highlands and Islands (Late Stephanian-Early Permian). 
 
The alkaline mafic rocks form a fairly coherent group of rocks, ranging from nephelinites to alkali 
basalts. The intrusive suites tend to be more hydrous (camptonites, teschenites etc.). The rocks show 
some polybaric fractionation of olivine and clinopyroxene but overall there was little residence time 
in crustal magma chambers. In contrast, the tholeiitic magmas have relatively low mg-numbers and 
experienced a substantial crustal history. The alkaline rocks have compositions closely similar to 
OIB. There is, however, no convincing evidence that they were plume-related. The primary 
magmas were derived dominantly by variable (but generally small, ~2%) degrees of partial melting 
of a heterogeneous asthenospheric source, followed by varying degrees of interaction with, and 
metasomatism of, the lithosphere. The tholeiites may have been generated by higher degrees of 
melting of a more depleted (MORB-type) mantle source. It is likely that the Scottish magmatism 
was by passive lithospheric stretching in response to far-field stresses related to the tectonic 
collapse of the Variscan Orogen, as widely proposed for magmatism elsewhere in Northern Europe. 
 
 
 

Characteristics of volcaniclastic rocks from Tłumaczów area, W Sudetes, Poland 
 
Przemysław Michalak, Adam Mickiewicz University, Poznań, Poland 
 
Tłumaczów is a small village close to the border village, located in the Dry Mountains, south-east 
part of the Stony Mountains, West Sudetes. It lies in the eastern part of the Intra-Sudetic Basin. 
There are two major type of rocks (lithologies) exposed in this area: lower Rotliegend siliciclastic 

sediments - represented mostly by mudstones, 
siltstones and sandstones - and voluminous 
volcanogenic rocks - represented by basaltic 
trachyandesites, volcaniclastic conglomerates and 
acidic pyroclastic tuffs. Major outcrops both natural 
(steep gullies, waterfalls, landslides) and 
antropogenic (quarries), are located north of the 
village. The following succession of rock was 
established: fine-grained sandstones and siltstones 
interstratified with mudstones, basaltic 
trachyandesites and its porous variants, basaltic tuffs, 
rhyolitic tuffs, mudstones and Walchia shales. The 
accuracy of this presented litostratigraphic sequence 
and rock classification is to be determined during 
further studies. 
 
Although basic and acid volcanic rocks from 
Tłumaczów have been described many times by 
numerous scientists, pyroclastic and epiclastic 
equivalents have not been investigated enough. This 
is particularly true of the so-called ‘melaphyry tuffs’ 
which, according to the geological map of Sudetes 
(1: 25000), cover almost the whole area. ‘Melaphyry 
tuffs’ were first interpreted as basic pyroclastics and 
tuffs with fragments of basalt, then the concept of an 
epiclastic origin occurred. Even so, few authors have 
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mentioned this in their papers generally. The proper petrographic classification of these 
volcanogenic rocks is crucial. 
 
Volcanogenic conglomerates are exposed in several outcrops in Tłumaczów area, but major outcrop 
is located in the north of the ‘melaphyry’ quarry, in a gully. Sediments seem to consist of two major 
units representing repeated sedimentary cycles. Each unit is over five meters thick and starts with 
homogenous 50 to 60 cm thick layers of poorly sorted volcanogenic conglomerates (see figure). 
The clasts are of very diverse diameter, varying from 2 mm to as much as 22 cm. The framework is 
mostly compound of poorly rounded clasts, which range in diameter from 1 to 2.5 cm. All clasts are 
separated by thin mud-films. Larger clasts often form chaotic associations. The biggest clasts (12 – 
22 cm) are well rounded, and placed towards the bottom of the beds. Up in the profile, layers of 
conglomerate become thinner (1 - 2.5 cm) with an average grain size diameter of 2 - 7 mm. There 
are no large clasts here. On top of the layered conglomerates a brownish, fine-grained sediment was 
deposited. It forms thin layers (2 - 3 cm), each separated by clastic horizon. At the top of each unit a 
thick-layered (15 - 20 cm), mud-dominated sequence occurs with a little content of small, dispersed 
clasts. It is vital to establish whether these fine-grained deposits are mud or ash. 
 
Clasts are varied in size, shape, colour and internal structure. Most of them are weathered and 
altered due to diagenetic carbonatisation, silification and albitisation. Hence, the colour ranges from 
black, gray and brownish, to pale bronze and even cream. The smaller clasts are commonly lighter 
in colour than the big ones. In thin section clasts consist of planky albite grains showing fluidal 
structure (lava). Interstitials are filled with opaque, post-mafic, femic minerals. Large diagenetic 
dolomite grains are common. The framework of fine-grained sediments is open. It mostly consists 
of angular grains of quartz, lithic fragments (probably volcanic), plagioclase grains, polycrystalline 
quartz and muscovite plates. The matrix, which accounts for over 80% of sediment volume, consists 
of brownish, clay minerals as yet unidentified. 
 
The genesis of these volcaniclastic conglomerates is still debatable: all sedimentologic and 
petrologic data argue for deposition from short-distance debris and mud flows (possibly lahars). In 
the early Permian the landscape of Tłumaczów area was dominated by shallow lakes with mud and 
silt sedimentation. During basic volcanic activity, lava flowed into the local depressions. 
Fragmented and eroded lava blocks were transported and redeposited in the shape of volcaniclastic 
conglomerates. 
 
 
 

Volcanism and magma genesis of Permian volcanics from the Fore Sudetic 
Monocline, Poland 
 
Andrzej Muszyński1, Ewa Słaby2, Krzysztof Sadowski1; 1Adam Mickiewicz 
University, Poznań, anmu@amu.edu.pl; 2University of Warsaw, Poland 
 
Investigations on Permian volcanic rocks from the central part of the Fore Sudetic Monocline, 
subdivided here into Wielkopolska and Lower Silesia Basins, have been performed. The samples 
for the investigations have been collected from 46 drillings penetrating different Permian magmatic 
units. The composition of these magmatic rocks is diversified. In the Lower Silesia Basin the 
composition of the volcanic suite ranges from basic to intermediate (trachyandesites, basalts), 
whereas in the Wielkopolska Basin the volcanism shows true bimodal character. Within the 
bimodal suite of the Wielkopolska Basin acid rocks (dacites, rhyolites and pyroclastics) dominate. 
The mode of appearance of the rocks is also different. Acid rocks form mostly lava domes. Basic 
and intermediate ones appear as lava flows and sometimes as sills. The thickness of the drilled suite 
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ranges from 150 m for rhyolites up to 260 m for dacites; for basic and intermediate from 25 to 75 
m, respectively. The thickness of the sills is smaller: 4-20 m. In addition some hypabyssal rocks 
(diorites: 4 m thickness; gabbros: 4-56 m thickness; microgranites: up to 218 m) were also found. 
The bimodal magmatism of the Wielkopolska Basin is separated from the more basic one of the 
Lower Silesia Basin by the Wolsztyn Ridge. The Wolsztyn Ridge is an important structural high, 
which age is estimated by Ar-Ar method on 340.1 ± 2.6 Ma (Żelaźniewicz et al. 2003). 
 
All of the rocks show influence of the subsolidus and post-magmatic reactions. Only those, with 
less developed secondary processes have been selected for geochemical investigations. Generally 
all of the presented rocks are genetically related, co-magmatic. The most probably process causing 
this relation is fractional crystallization (FC). All types of the rocks evolve from compositionally 
similar, mafic parental melt. Very probably this mafic melt evolved by FC giving slightly different 
batches, each one having slightly different differentiation history. The differences could be related 
to some supplementary processes involved like assimilation – mixing as suggested by some 
diagrams. In addition, even if the rocks were carefully selected for the geochemical investigations, 
their composition was affected by secondary processes. This is well visible in rhyolitic ignimbrites. 
This is also noticeable in Sr isotopic data. The Sr isotope ratios seem not to be very reliable, 
because of the observed Sr remobilization.  
 
Magnesium and thorium have been chosen as magma differentiation indexes. The SiO2 vs Th 
diagram shows that all the rocks resemble one continuous suite, from basalts (parental melt) to 
ignimbrites. The range of the differentiation is large (40-80% silica); the trend is curved. It seems to 
be created by fractional crystallization, however, the silica enrichment in the most evolved rocks 
(rhyolitic ignimbrites) is of secondary origin – silification. The argument in favor of FC in basaltic 
melt is a sample enriched in transition elements (Ni and Cr), which seems to have cumulative 
character; the sample is also extremely enriched in MgO. Similar piece of information is revealed 
by the REE pattern (normalized to chondrite). It points to consistent suite of rocks evolved 
progressively by fractional crystallization. Within all plotted rocks alkali basalts show to be less 
differentiated, with smooth REE pattern with no or almost no Eu anomalies. Plagioclase 
fractionation is visible on REE normalized diagram plotted for subalkaline and basaltic andesites. 
The Eu anomaly grows towards acid rock compositions: dacites and andesites. 
 
One continuous trend, visible on SiO2 vs Th plot, is replaced by a zone of scattered points on K2O 
vs SiO2 plot (similarly MgO vs SiO2), which could be interpreted as presenting many paths of melts 
evolved by fractional crystallization and assimilation (AFC). In this case many parallel paths, 
shifted against each other by assimilation, can be drawn. Another explanation could be that the 
diagrams present independent evolution of compositionally slightly different batches of the same 
parental melt. All of them, after magma generation proceeded under slightly different conditions, 
were further evolved by fractional crystallization. Indeed also next diagrams show that the 
differentiation did not progress along one unique path (Fe2O3 vs SiO2, CaO vs SiO2). On the Fe2O3 
vs SiO2 diagram two different trends are well visible. One of them is created by basalts and 
intermediate-acid rocks; the second one by basalts – subalkaline basalts. Both trends unify to just 
one within rhyolitic and granitic rocks. CaO vs SiO2 diagram gives less univocal explanation, 
although without any doubts two trends are visible; it seems that basaltic melts of different 
composition (due to partial melting - PM?; due to early fractionation?) gave the entry to some 
trends including subalkaline and intermediate rocks. This early evolution of basaltic rocks, more 
probably having signature of FC than PM, is also well visible on TiO2 vs Th plot. Two different 
trends, not parallel to each other, blend to just one in the silica rich area. Such a trend may indicate 
FC combined with mixing.  
 
The geochemical data on the volcanism from Wielkopolska and Lower Silesia Basins, on both sides 
of Wolsztyn ridge allow us to conclude, that the volcanism in both parts is strongly genetically 
related. The preliminary recognition of the mechanisms of magma evolution in both suites indicates 
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that their parental melts and their evolution were very much similar. The main process responsible 
for the whole rock suite (from basic to acid) formation is fractional crystallization. 
 
 
 

Deposits of phreatomagmatic activity in the Levín Volcanic Complex, Krkonoše 
Piedmont Basin 
 
Vladislav Rapprich, Czech Geological Survey, Prague, Czech Republic; 
vladislav.rapprich@geology.cz 
 
Volcanic activity of Permian basaltic andesites in the Krkonoše (Karkonosze) Piedmont Basin 
(KPB) was dominated by lava effusions. Pyroclastic deposits are subordinate or absent in most of 
melaphyre units in the KPB. The only exception is the Levín Volcanic Complex, where pyroclastic 
deposits are exposed in two quarries – one operating and one abandoned. This contribution is 
focused on the abandoned one known as Hvězda. The volcanic sequence exposed in this quarry 
could be subdivided into three units: 
 

• lava (basaltic andesite according to Schovánková, 1989) 
• phreato-magmatic unit (fall out and base surge deposits) 
• Strombolian unit (scoria flow deposits) 

 
The lava flow is characterized by strongly brecciated surface with open cracks running up to 3 m 
down into the lava body. The record of eruptive activity starts with accumulation of accretionary 
lapilli levelling the irregular surface and filling numerous cracks in the lava. The size of 
accretionary lapilli reaches 6 mm and they support each other with only minor volume of loose ash 
in intergranular spaces. The succession continues with deposits of base surges. The original 
thickness of surge deposits remains unclear, because large amount of material was later eroded and 
remobilized by scoria flows. As a result, the surge deposits are preserved in erosional lenses up to 
1.5 m in thickness. The surge deposits contain abundant fragments of accretionary lapilli from the 
previous layer. Locally, original surface of the surge deposits was preserved displaying asymmetric 
impact structures produced by ballistically deposited accretionary mega-lapilli. This second type 
reaches up to 2 cm in diameter and some of these were saucer-like deformed upon impact. The 
asymmetric impacts related to ballistic trajectory suggest, these mega lapilli had to be formed 
already in the conduit during phreatomagmatic eruption. 
 
The sequence is crowned by pyroclastic scoria flow deposits (at least 5 units). The scoria flow 
deposits contain material of Strombolian eruptions including spindle bombs. As the flows were 
eroding substrate, significant amount of material from previous activity could be found in the 
deposits. Some accretionary mega-lapilli were therefore found as clasts also in the scoria flow 
deposits. 
 
The research on pyroclastic deposits of the Krkonoše (Karkonosze) Piedmont Basin is financially 
supported by VaV project SP/2e6/97/08 granted by the Czech Ministry of the Environment. 
 
Schovánková, D. (1989) Petrologie mladopaleozoických vulkanitů podkrkonošské pánve, část I. 
Permské bazaltandezity. MS Archiv ČGS, 69 stran. 
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Explosive volcanism and the origin of the Permian petrified forest of Chemnitz, 
Germany 
 
Ronny Rößler; Museum für Naturkunde, Chemnitz, Germany, roessler@naturkunde-
chemnitz.de 
 
Only a small number of petrified forests are as famous as the one found in the present day city of 
Chemnitz, where nearly an entire forest of Permian plants became fossilised. The origin of this fossil 
forest is closely related to rhyolithic explosive volcanism that occurred almost 290 million years ago. 
One of the eruptions northeast of Chemnitz resulted in the formation of a pyroclastic sequence now 
referred to as the Zeisigwald Tuff Horizon, part of the Leukersdorf Formation, which consists of 
approximately 800 metres of sedimentary and volcanic deposits. The stratigraphic position of the 
Leukersdorf Formation corresponds to the Upper Asselian/Lower Sakmarian. 
 
The major plant-bearing layer is situated at the base of the so called base surge deposit of the 
Zeisigwald Tuff Horizon, a coarse-grained accretionary lapilli-bearing ash tuff, which originated 
from the deposition of several hyperconcentrated pyroclastic flows. The eruption preserved a 
species-rich association of tree ferns, arboreal sphenophytes, different pteridosperms, conifers, 
cordaitaleans and climbing or epiphytic plants. Only here does such a large diversity of Permian 
permineralised plants occur in situ. Everywhere, where the base of the Zeisigwald tuff crops out at 
the surface, petrified trunks are still being found. The spectrum of preservational types is diverse, 
ranging from so-called molds and casts up to almost completely preserved specimens, which reveal 
microscopic details of internal anatomy. Because of its noteworthy preservation and in situ to 
parautochthonous nature, the Chemnitz petrified forest not only enables the palaeobiological study 
of fossil plants, animals, and the interactions between them. In addition, the taphonomy of these 
deposits can be related directly to the peculiarities responsible for growth and preservation. 
 
Since comparable fossil ecosystems seem to be rare or remain poorly documented, the primary 
objective of this contribution is to present new investigations in the Permian of Chemnitz, to 
characterise the geological origin and taphonomy of the petrified forest and to reconstruct the 
original conditions of growth. The fossil-bearing Permian sequence of Chemnitz enables the study 
of Late Palaeozoic floral elements because of the following avantages (1) The sites of plant growth 
and burial are largely identical; (2) The fossil-bearing horizon can be attributed to a single volcanic 
event, (3) Modern day volcanic events are suitable analogs for comparison to the processes that 
occurred at Chemnitz, and help to interpret the taphonomic conditions, (4) Chemnitz is the type 
locality of several widely distributed Permian fossil plant genera, and finds from here have been 
researched for more than 260 years, (5) One of the largest and scientifically most valuable 
collections of Permian petrified plants is permanently available for comparison and future research. 
 
 
 

Biostratigraphic tools for the timing of Late Palaeozoic continental volcanism 
and climate 
Jörg W. Schneider, TU Bergakademie Freiberg, Germany, schneidj@geo.tu-freiberg.de 
 
The stratigraphic correlation of Late Pennsylvanian and Permian continental basins is confronted 
with a series of methodical problems (Schneider, 2001). The limited extension of most basins, the 
influence of tectonic and volcanic processes as well as climatic fluctuations results in irregular 
lithofacies patterns and prevents the deposition of regionally extended key beds. Although 
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lithostratigraphic correlation of local sections provides a useful tool for intra-basinal correlations, 
simple lithostratigraphic comparisons generally fail to correlate the sections between basins.  
 
To cope with these problems, different biostratigraphic tools are used for diverse environments and 
different lithofacies pattern as well. The classical macro- and microfloristic methods are nowadays 
regarded as ecostratigraphy, because the distribution of plants is primarily governed by climate and 
resulting environments of different extension – interregional to local. The persistence of 
conservative Carboniferous hydro- to hygrophilous floral elements into Permian wet biotopes and 
the local appearance of modern typical Permian meso- to xerophilous floral elements already in the 
Carboniferous prevent exact timing, especially in the late Stephanian and in the Rotliegend. 
Because of these problems, additional biostratigraphic methods have been developed (see Roscher 
& Schneider 2005): zonations based on amphibians, conchostracans, blattid insects, freshwater 
shark teeth and on tetrapod footprint associations. The application of these tools, however, is 
constrained by biological and physiogeographical factors, too, because different groups of 
organisms have distinct migration potentials.  
 
The most intricate problems are correlations between pure continental profiles or basins, 
respectively, with the marine standard scale. Up to now, such correlations are based nearly 
exclusively on isotopic ages. Attempts for direct non-marine – marine biostratigraphic correlations 
have been made since several years, but real progress is at the horizon only since recently, when 
near shore marine profiles in New Mexico have delivered conodonts and insect remains together. 
The actual state of art for continental-continental and continental-marine correlations will be 
demonstrated for the most important and best investigated European basins in relation to two mixed 
marine/continental basins (Lucero Basin, New Mexico; Donetsk Basin, Ukraina) and to the Karoo 
Basin in southern Africa. These correlations are based mainly on insect and amphibian zonations, 
which cover the time span from the Early Pennsylvanian Westphalian A to late Artinskian 
Oberrotliegend I of the Cisuralian (Schneider & Werneburg, 2006; Werneburg & Schneider, 2006). 
The time resolution of both methods varies between 1.5 and 3 My. Cross correlations between both 
methods and with isotopic ages of volcanites have lead to robust time frames for two of the most 
important Late Paleozoic global environmental processes – climate and volcanism. 
 
Roscher, M. & Schneider, J. W. (2005) New Mex. Mus. Natur. Hist. Sci. Bull., 30: 282-291. 
Schneider, J.W. (2001) Beitr. Geol. Thüringen; N.F. 8: 7-42; Jena. 
Schneider, J.W. & Werneburg, R. (2006) Geol. Soc. London, Spec. Publ. 265: 325-336. 
Werneburg, R. & Schneider, J.W. (2006) Geol. Soc. London, Spec. Publ. 265: 201-215. 
 
 
 

Cathodoluminescence and geochemical studies on crystal growth as a marker of 
magma motion dynamics 
 
Ewa Słaby1, Jens Götze2, Gerhard Wörner3, Klaus Simon3, Michał Śmigielski1 
 
1University of Warsaw, Poland, e.slaby@uw.edu.pl; 2TU Bergakademie Freiberg, Germany; 3GZG 
of Georg-August-University, Göttingen, Germany 
 
The crystallization history of zoned K-feldspar phenocrysts in the Karkonosze granite (Bohemian 
Massif) provides an excellent example of crystal growth in mingled magmas of contrasting 
compositions. Mixing-mingling in Karkonosze occurs between lamprophyric Ba-LREE-Sr-rich and 
granitic Ba-LREE-Sr-poor magmas (Słaby and Martin, 2008). The growth mechanism and crystal 
composition have been investigated using cathodoluminescence (CL), geochemistry and 3D 
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visualization methods based on geochemical data; all account for different sets of data that, in 
combination, give a precise insight into the crystallization process. The K-feldspar crystals were 
profiled using microprobe point analyses and LA ICP MS. Thin section trace elements mapping 
(stage scan) of the investigated crystals have been taken. Another kind of maps and 3D 
visualizations were drawn using LA ICP MS data (the variables: timing of the analysis, barium 
content linked to each laser ablation pulse of the feldspar surface and the length of the traverse 
across the feldspar).  
 
The crystals are zoned. Their chemistry is mainly controlled by the magma composition. Barium 
rich zones are also considerably enriched in LREE. Decrease of barium concentration is correlated 
with LREE depletion. Careful investigation on compatible-incompatible elements uptake suggests a 
crystallization process not far from equilibrium. The trace element distribution, heterogeneous in 
different zones, but also heterogeneous within single zones in the phenocrysts, reflects a chaotic 
process of crystal growth incidental to local magma heterogeneity.  
 
On the base of CL studies two types of morphology of the zones have been recognized: including or 
lacking resorption events. The zones differ in the intensity of the bluish CL colour caused by a 
variable density of Al-O--Al structural defects (~450 nm CL emission band) and by different 
concentrations of Fe3+ activators (~700 nm CL emission; Götze et al., 2000). In the zones with 
resorption textures, the dominance of the Al-O--Al related emission is noticeable. In turn, Fe3+ 
activated CL emission (red) in the crystals lacking resorption events is more intensive than the blue 
emission band related to Al-O--Al defects. In some of them (but not all), clear variations of the Fe3+ 
activated red emission band, which correlates with the visible CL emission, can be seen. The zoned 
pattern revealed by CL is reduplicated in Ba mappings and profiles. Barium is the most sensitive 
geochemical indicator of magma mixing-mingling in the investigated system. Simultaneously, the 
progress in felsic magma hybridization is revealed by variations in crystal defect densities. These 
are reflected in the intensity of the Al-O--Al related CL emission (~450 nm) – linked characteristics 
that relate to coupled Ba-Al incorporation into the crystal structure. The differences in structural 
defect density revealed by cathodoluminescence and the crystal chemistry permit a proximate 
correlation with the degree of granitic magma hybridization. A calculation was performed, 
assuming dominating melt control on crystal growth and was simulated by fractionation models. 
The correlation between the two variables - the calculated progress in felsic magma hybridization 
and the CL feldspar structure factor - is high (R2 = 0.7-0.9).  
 
The inhomogeneity of the crystal composition results from the process and conditions of crystal 
growth, e.g. crystal migration within inhomogeneous magmatic field composed of variably mixed 
magmas. 3D visualization gives a better image of the degree of inhomogeneity of the active magma 
regions. It shows that the barium-poor zones are very homogeneous. In contrast, all analyses of 
barium-rich domains display complicated concentration patterns indicative of decreasing barium 
contents within many sub-domains. Domain shapes cannot be defined with the available data, but it 
is clear that the patterns differ from spot to spot. All of those patterns point to considerable 
heterogeneity in the environment supplying barium to growing crystals.  
 
The heterogeneity of mixed-mingled magmas is well reflected in the crystal chemistry. That is why 
commonly the crystal growth process is reconstructed using mostly geochemical tools. However, 
when the crystal growth proceeds in a very dynamic, open system, these tools are not sufficient. 
The investigated crystals show, that their growth history can be more precisely revealed by a 
combination of geochemical and structural data. In this case, cathodoluminescence is a very useful 
and complementary method that provides additional data about growth mechanisms, which are 
difficult or impossible to obtain from the crystal chemistry alone. In addition the 3D visualization of 
the geochemical data appears to be an excellent tool for recognition of the degree of heterogeneity 
of the not well mixed magma regions reflected in the composition of feldspar - micro domains. 
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Indirectly, these complementary methods give also precise insight into the dynamics of magma 
mixing-mingling.  
 
Götze, J. et al. (2000) In: Pagel M. et al. (Editors), Cathodoluminescence in geosciences. Springer 

Verlag, Berlin Heidelberg New York Tokyo, pp. 245-270. 
Słaby, E., Martin, H. (2008): Journal of Petrology 49, 353-391. 
Słaby, E., et al. (2008): Lithos – 01730, article in press. 
 
 
 

Permo-Carboniferous evolution of Saxony: Variscan geodynamics and 
magmatism 
 
Klaus Stanek, Axel Renno, Uwe Hoffmann, Christoph Breitkreuz  
TU Bergakademie Freiberg, Germany, stanek@geo.tu-freiberg.de 
 
During the Visean the Rheic ocean has been closed and the northern margin of Gondwana collided 
with the Avalonia terrane leading to the formation the Variscan orogenic belt. In Saxony, parts of 
the subduction-accretionary complex (Erzgebirge Complex and Granulite Massif) has been exposed 
by syn- to postcollision tectonic uplift and erosion forming the Variscan basement of Saxony. The 
basement has been intruded by numerous granitoid magmas ranging in age from about 330 Ma to 
295 Ma indicating different stages of syn- to post-orogenic development. 
 
First evidence of late-orogenic magmatism (~330 Ma) resembles the Meißen Massif, which 
emplaced into the NE-SW trending shear zone between the Cadomian Lusetian block and the 
Erzgebirge Complex. Mid-Carboniferous (325-320 Ma) granitoid magmatism was related to 
tectonic relaxation after collision. Batholith intrusion in the western Erzgebirge was synchronous to 
the formation of calderas in the eastern Erzgebirge and the evolution of molassoid basins along the 
edge of the metamorphic core complexes.  
 
After a hiatus of about 25 Ma a new pulse of magmatism led to the formation of the North Saxon 
Volcanic Complex, which is characterized by the dominance of ignimbrites, and the Halle Volcanic 
Complex, where shallow intrusions of laccoliths predominate. To the south, the Erzgebirge basin 
developed with erosional unconformity upon the remnants of the Carboniferous molassoid basins. 
Basin formation and intra-basinal volcanism in the Döhlen Basin, which is situated in the tectonic 
Elbe zone, started simultaneously. 
 
In terms of the metallogeny of the post-orogenic granitoids, the rare-metal mineralization in the 
Erzgebirge Complex was related to the youngest magmatic pulse and it is being discussed as 
magmatism with certain mantle influx. New geochronological results on tin mineralization reveal 
mid-Carboniferous ages, requiring new models of the magma generation. 
 
Breitkreuz, C. and A. Kennedy (1999). Tectonophysics 302: 307-326. 
Kempe, U.; et al. (2004): Mineral. Deposita 39 (2004), 646–669.  
Mock, A., B.-C. et al. (2005) N. Jb. Geol. Paläont. Abh. 237: 211-271. 
Romer, R. et al. (2001). Contrib. Mineral. Petrol. 140: 201-221. 
Romer, R. et al. (2007): Mineral. Deposita, 42: 337-359. 
Förster, H.-J.; et al. (2007): Neues Jahrbuch für Mineralogie Abhandlungen, 183, 2, 123-147. 
Wenzel, T., et al. (1997): Geol. Rundsch., 86, 556-570.  
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Subaquatic emplacement of lava flows in the Levín Volcanic Complex 
(Autunian), Krkonoše Piedmont Basin – preliminary results 
 
Marcela Stárková, Czech Geological Survey, Prague, Czech Republic; 
marcela.starkova@geology.cz 
 
The Levín Volcanic Complex (LVC) occupies the central part of the Krkonoše Piedmont Basin 
(KPB) and is the easternmost volcanic system within the KPB. The locations of volcanic conduits 
and style of volcanic activity are still not well constrained yet. It is supposed that magma ascended 
along the fault zones and intruded thicker accumulations of sedimentary rocks. Prevailing effusive 
activity was accompanied with scarce intrusions, explosive events and volcaniclastic sedimentation. 
Studied locality is the Studenec operating quarry located on northeast margin of the Lower Permian 
Levín Volcanic Complex. Later volcanic activity of the LVC is probably exposed in this quarry due 
to its stratigraphic position in sediments of the Prosečné Formation. Deposits of the youngest 
explosive activity were reached east of the Studenec in the borehole HK 1. The other parts of the 
LVC situated more to the south (Hvězda, Kozinec, Vidochov, Levín) are related to the Vrchlabí 
Formation (older than Prosečné Fm.) and represent period of the most intensive volcanic activity 
(Schovánková 1989). 
 
Lava flows with pillows and hyaloclastites were found in the northern part of Studenec quarry. 
These features document subaquatic emplacement of lavas. Joints in lava pillows are arranged 
radially and argilitized glassy rims are obvious. Large and abundant vesicles do not indicate deep-
water emplacement. This fact is in agreement with fluvio-lacustrine setting of the Prosečné 
Formation interpreted on basis of sedimentology. Hyaloclastites pass to peperites with massive 
textures in some places. Another unit found in the quarry resembles horizontally to subhorizontally 
deposited reworked volcaniclastic deposits, which overly hyaloclastites and peperites. These rocks 
consist of different types of volcanic material (scoriae, fragments of altered hyaloclastites, 
volcanosedimentary rocks, quartz) and were deposited by waning turbidites 
 
The uppermost is supposed to be probably a sill with apophysis. It emplaced in low-angle dipping 
layers of unsorted volcanic material with volcanic bombs and admixture of sedimentary material 
deposited by mechanism of mass flows and grain flows. These deposits are preliminarily interpreted 
as lahar deposits. In southern part of the quarry, red blocky lava with inhomogeneous textures and 
fragments of lava in scoriaceous matrix were observed. It passes laterally to very steeply inclined 
layers with unsorted scoriaceous and sedimentary material. Nearly all units in Studenec locality 
show macroscopical or microscopical features of deposition in water environment.  
 
Volcanism of the Krkonoše (Karkonosze) Piedmont Basin is studied with financial support of the 
project SP/2e6/97/08 granted by the Czech Ministry of the Environment. 
 
Ponikelská B. (1982): Melafyry levínské plošiny.- Diplomová práce MS PřF UK, praha, 88 stran.  
Schovánková D. (1989): Petrologie mladopaleozoických vulkanitů podkrkonošské pánve, část I. 

Permské bazaltandezity. MS Archiv ČGS, 69 stran. 
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Field guide 
 
 

 
 
Fig. 1: Topographic sketch map with tours and stops. 
 
 

Part I - Tharandt Caldera, Altenberg-Teplice Caldera and related dyke systems 
 
Introduction 
 
This part is dedicated to the Late Carboniferous caldera structures and related dyke systems of the 
eastern Erzgebirge Mts. Here, the post-Variscan peneplain contains relics of near-surface volcanic 
formations, preserved in the Tharandt- and the Altenberg-Teplice Calderas (Fig. 2). Both calderas 
have been filled by rhyolitic ignimbrites of various textures and have been intruded by early post-
kinematic granite (Benek 1980, 1981, 1991; Breiter 1997). The ring dykes of the collapse structures 
show evidence of magma squeezing and early differentiated enclaves. The Altenberg-Teplice 
Caldera, which has been classified as a trap door caldera (Benek 1991), hosts rare-metal bearing 
mineralizations and greisen formation (Breiter et al. 1991). 
 
Between the Tharandt- and Altenberg-Teplice Caldera systems, more than 350 dykes constitute the 
rhyolitic Sayda-Berggießhübel dyke swarm (SBDS) cross-cutting the Variscan basement (Fig. 2). 
They reach lengths from a few meters up to several tens of kilometers and widths from decimeters 
to several hundred meters. Three generations of rhyolitic dykes have been distinguished 
macroscopically as well as by age and geochemistry (Pälchen 1968; Wetzel 1984).  
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Fig. 2: Geologic sketch map of the distribution of Permo-Carboniferous intrusive and volcanic 
rocks (modified after Winter et al. 2008). The box with dashed line indicates the position of fig. 3, 
the box with black line indicates position of fig. 5. 
 
 
Stop 1.1 Niederbobritzsch Granite– southwestern margin of the Tharandt Caldera 
 
Access: Naundorf village, entrance to the quarry 200m west of the parking place Freibad Naundorf; 
active quarry for granite grit (N 50°55’37.90”; E 13°25’36.70”). 
 
The Bobritzsch river cuts through the Cretaceous peneplain with a deep weathering crust covering 
the outer part of the Tharandt Caldera and the Niederbobritzsch Granite at the southwestern edge of 
the caldera. The post-kinematic Niederbobritzsch Granite was intersected by the ring dyke system 
of the Tharandt Caldera (Fig. 3). Both age and geochemistry of the granite and the rhyolitic effusive 
rocks of the caldera argue for simultaneous origin of the two rock types. 
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The active quarry is mining at the western extend of the Niederbobritzsch Granite. After the older 
classification the Niederbobritzsch Granite belongs to the “older granites” which are not specialized 
geochemically. The age determination on zircon (Pb/Pb) gave a crystallization age of 320 ± 6 Ma 
(Middle to Late Carboniferous). In the outcrop, the middle to fine-grained grey biotite granite yields 
black to dark grey magmatic enclaves, which consist of biotite, amphibole, fsp and quartz. The 
enclaves have been interpreted as products of a fractionation in the magma chamber. Subsequently, 
the granite was cross-cut by several hydrothermal dykes with barite, fluorite, carbonate and quartz.  
 

      Fig. 3: Geological sketch map of the Tharandt Caldera. 
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Stop 1.2 Contact of the Freiberg Gneiss with the southwestern margin of the Tharandt 
Caldera 
 
Access: Naundorf village, parking place Freibad Naundorf, following the hiking trail at the northern 
side of the Grundbach creek to the centre point of Saxony (Mittelpunkt Sachsens). Along the 
hillside several outcrops will be visited (N 50°55’54.30”; E 13°26’25.30” to N 50°55’49.40”; E 
13°27’11.00”). 
 
Stop 1.2-1: Contact of biotite gneiss with injections of rhyolitic magma of the Tharandt Caldera. 
The gneiss has been cracked by the forceful intrusion. The magma intruded along pre-existing joints 
or filled the cracked space in between the metamorphic foliation, forming lit-par-lit textures.  
 
Stop 1.2-2: The vent of the caldera has been mapped by magnetic survey and by the occurrence of 
intrusion breccias with large fragments of biotite gneiss and Paleozoic schists. In the outcrop, the 
breccia forms a morphological rip, which can be traced along the southern edge of the contact of the 
vent. 
 
Stop 1.2-3: Klippen of rhyolitic ignimbrite (the centre of Saxony is of volcanic origin!). In the red 
dense to fine-grained groundmass phenocrysts of plagioclase and k-feldspar occur. Quartz is almost 
absent (“quartz-poor rhyolite”). The red rhyolite is the main rock type alternating to quartz-bearing 
rhyolite in the centre of the vent. Smooth and coarse columns dip to the NE and indicate cooling at 
near surface conditions. Due to the low degree of fiamme compaction a preferred orientation of 
their long axes is not clearly developed. Lithics of volcanic clasts and gneiss up to 8 cm diameter 
have been observed. 
 
 
Stop 1.3 “Porphyrite fan” near Mohorn – Grund 
 
Access: From the village Mohorn (B173) to the settlement Grund, 400m east of the parking place 
along a hiking path, abandoned quarry in the forest (N 50°59’55.60”; E 13°28’56.00”). 
 
Ignimbrites form the northern extend of the Tharandt Caldera, deposited above the Late 
Carboniferous erosion surface. The thickness of the ignimbrite suite reaches up to 150 m at this 
place. In the outcrop the so-called “quartz-poor rhyolite” exhibits fiamme textures typical for 
ignimbritic tuffs with a high degree of compaction and presumably stretching, since fiamme of 10 
cm length have a thickness of only 3 mm. Phenocrysts of qz, kf, pl and bt are widespread and show 
various sizes. Especially the distribution of qz crystals is not uniform. Geochemical classification 
and REE pattern of Tharandt volcanic rocks are depicted in fig. 4. Lithic clasts of basement rocks 
occur as well, although they are rare and relatively small (max. 2 cm). The ignimbrite forms typical 
cooling columns, suggesting a channel-like deposition. Anyway, the orientation and bending of the 
thin columns indicates complex patterns of the cooling surfaces. The outcrop was yet described and 
interpreted by Leonhard (1851). 
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Fig. 4: Geochemical trends of the main volcanic rock types of the Tharandt Caldera. 
 
 
Stop 1.4 Turmberg east of Burkersdorf 
 
Access: Road B 101 between Burkersdorf and Frauenstein, turn left on country lane c. 1.5 km south 
of Burkersdorf, follow country lane for 1 km (N 50°49’26.8”; E 13°31’21.2”) 
 
Located between two large Late Palaeozoic rhyolitic Caldera systems - the Tharandter Wald 
Caldera (TWC) and the Altenberg-Teplice Caldera (ATC) - in the eastern Erzgebirge region, the 
extended NE-SW trending Sayda-Berggießhübel dyke swarm (SBDS) of rhyolitic composition was 
emplaced into Variscan gneisses (Figs. 2 and 5). The dykes expose massive coherent rhyolite (CR) 
and four pyroclastic bodies reveal welded rhyolitic tuffs (WRT). 
 
Overlying CR dykes, the WRT form sub circular topographic elevations of up to 1 km in diameter. 
These have been interpreted by previous authors as erosional remnants of the ATC ignimbrite sheet. 
Another hill located on a dyke is built up of a columnar jointed rhyolitic lava dome or laccolith 
(Stop 1.5). The WRT display a fluidal moderately to mostly vertically dipping welded texture with 
fiamme-like fragments up to 90 cm long. Strike orientation of the fiamme varies strongly. Gneiss 
lithic fragments reach up to 2 volume % of analyzed area of rock samples. The WRT are columnar 
jointed. The columns have a predominantly horizontal to sub horizontal orientation. 
 
In outcrop, rock slab and thin section maximum particle size and the relative proportions of fiamme, 
phenocrysts in fiamme, lithic fragments and of crystal clasts (qz, kf, pl, bt) in tuff have been 
measured. The correlation of the data with the regional geology shows that the welded rhyolitic tuff 
bodies resemble individual vent systems. Compared to the fiamme, the tuff matrix has a higher 
crystal clast content indicating pyroclastic fractionation to have taken place.  
 
Comparison of granulometric and geochemical SBDS data with ignimbrite samples from TWC and 
ATC confirms a close relation between SBDS and ATC. The SBDS is a possible vent area for the 
ATC. The textural data, the orientation of both fiamme and cooling columns and other field 
relations suggest that the WRT of the SBDS represent welded fall-back tuffs. They formed in vents 
positioned upon an active magmatic dyke system (Winter et al. 2008).  
 
We shall visit the abandoned quarry at Turmberg. The pyroclastic domain shows varying fiamme 
orientation and sub-horizontal columnar jointing (Fig. 5). 
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Fig. 5: The Sayda-Berggießhübel dyke swarm north of Frauenstein with stereographic display of the 
orientation of columnar jointing (upper figure); lower left: Stereographic display of the orientation 
of fiamme in the Turmberg welded rhyolitic tuff domain; lower right: presumed scenario for the 
formation of the welded tuff domains (Winter et al. 2008). 
 
 
Stop 1.5 Röthenbach Berg quarry  
 
Access: Quarry on the right side of the road between Hartmannsdorf and Röthenbach (N 
50°50’37.0”; E 13°34’01.5”) 
 
The Röthenbach Berg (Fig. 5) consists of an isolated coherent rhyolitic domain (Table 1), 1 km in 
diameter, which has blobs of vesiculated intermediate rocks suggestive of magma mingling. 
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Distinction between an extrusive (lava dome) and an intrusive formation (laccolith) was not 
possible since top contacts are not exposed. Columnar cooling joints are displayed in a radiate 
arrangement. Fluorite mineralisation, displacing feldspar phenocrysts, is present in places. The 
embayed blobs of cm- to cm-size have light green colour and porphyritic to amygdaloid texture. 
Phenocrysts of kf, pl and sparse qz are distributed in a microcrystalline to spherulitic groundmass. 
Sericite alteration affected both the rhyolite and the intermingled blobs. 
 
Table 1: Chemical composition (main elements) of the rhyolite in wt % (Winter 2004): 

SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O LOI P2O5 ∑ 
76.04 0.05 12.54 1.81 0.01 0.08 0.09 2.05 5.57 1.6 0.02 99.82 

 
 
Stop 1.6 Porphyritic microgranite at Frauenstein Castle 
 
Access: In the town centre of Frauenstein (N 50°48’09.9”; E 13°32’20.8”) 
 
The Frauenstein Castle sits on a porphyritic microgranite (“Granitporphyr”) that belongs to a large 
post-caldera dyke intrusion of the Altenberg-Teplice Caldera system (Figs. 2 and 5; Benek 1991). 
Müller & Seltmann (2002) distinguished two varieties with different quartz phenocryst content, 
with the Frauenstein locality exposing the quartz-rich type (GP 1, Tables 2 and 3). The 
“Granitporphyr” is characterized by the presence of plagioclase-mantled K-feldspar of up to 4 cm. 
 
Table 2: Felsic modal composition of GP 1 (Müller & Seltmann, 2002): 

Groundmass Qtz Kf Plag mantled Kf 
59 % 9 % 23 % 7 % 2 % 

 
Table 3: Chemical composition (main elements) of GP 1 in wt % (Müller & Seltmann, 2002): 
SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO BaO Na2O K2O H2O+ P2O5 CO2 F ∑ 

68.7 0.48 14.3 3.73 0.05 0.74 0.62 0.08 3.38 6.59 1.11 0.15 0.03 0.06 100.03 

 
The Frauenstein Castle was established in the late 12th century. It remained a ruin after it burned 
down in 1728. Frauenstein is the birth-place of one of the most famous organ builders, Gottfried 
Silbermann (1683-1753). After study in Strasbourg and Paris, Silbermann returned to Freiberg in 
1710 and founded his own workshops. He received the title of Honorary Court and State Organ 
Builder to the King of Poland and Duke of Saxony. Freiberg still hosts four Silbermann organs. 
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Part II - Northern Saxony and Erzgebirge Basin 
 
This day is dedicated to the Late Paleozoic volcanic activity in the Erzgebirge Basin (EB, stops 2.1 
and 2.2) and in the North Saxon Volcanic Complex (NSVC, stops 2.3 – 2.6). Both regions which 
are located to the south and to the north of the Saxon Granulite Massif, respectively, are 
characterized by pyroclastic flow deposits, although lavas and subvolcanic intrusions occur as well. 
 
If time allows, stop 2.7 will be at Devonian submarine basalt lava pillows. 
 
Fischer (1991) subdivided the Erzgebirge Basin succession into the Härtensdorf-, Planitz-, 
Leukersdorf- and Mülsen Formations (Fig. 6). In the intra-montane basin phreatomagmatic events 
prevailed leading to the formation of many non-welded pyroclastic flow deposits some of which 
have basin-wide extension. In the Planitz Formation bimodal volcanism produced extended lava 
complexes (“Melaphyr”). The Planitz Ignimbrite is a remarkable unit of up to 20 m thickness with 
welded vitrophyric domains preserved. Locally lava silica-rich dome complexes, like the 
Leukersdorf dome south of Chemnitz formed.  

 
 

Fig. 6: Schematic lithostratigraphic 
column of the ?Latest Carboniferous to 
Permian Erzgebirge Basin (modified after 
Fischer 1991). 
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Fig. 7: Schematic lithostratigraphic column of the Late Paleozoic North Saxon Volcanic Complex 
(NSVC, modified after Walter 2006). 
 
 
The volcanic and sedimentary deposits of the NSVC cover an area of approx. 2000 km2 in the area 
east of Leipzig (Figs. 1 and 8). The volcanic succession is dominated by more or less strongly 
welded ignimbrites (Röllig 1976; et al. 1970; Eigenfeld 1978). Eruption and ignimbrite 
emplacement was related to the formation of two or three calderas, of which only the youngest, the 
Wurzen Caldera with a diameter of 22 km, had been localized precisely (Röllig 1976). Magmatism 
was partially anatectic, magma mixing and mingling occurred in places (Wetzel et al. 1995). Due to 
a general northward dip of the NSVC, the oldest units are exposed at the southern margin.  
 
The NSVC has been subdivided into four formations by Walter (2006; Fig. 7). The Kohren 
Formation comprises of volcanoclastic debris flow deposits and sandstones with several 
intercalations of silica-poor and –rich lavas, ignimbrites and other pyroclastic deposits (Glässer 
1983).  
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Fig. 8: Simplified geological map of the North Saxon Volcanic Complex; for stratigraphy see Fig. 
7. 
 
 
Stop 2.1 Abandoned quarry Findewirth in the Zeisigwald (eastern margin of Chemnitz) 
 
Access: On road B 173 from Freiberg to Chemnitz, at city margin of Chemnitz; turn left on 
Dresdner Straße opposite of Hohlweg, follow signs to outcrops in the Zeisigwald (N 50°51’19.0”; E 
12°57’56.6”). 
 
Many historic quarries for local dimension stone and dumps are located in the forested area south of 
the B173. Quarrying in these locations was first mentioned in the 16th century (Beeger & Quellmalz 
1964, Reimer 2007) and aimed to mine the Zeisigwald Tuff (Leukersdorf Formation), which is one 
of the youngest Permian pyroclastic units in the Erzgebirge Basin (Fig. 6). The phreatomagmatic 
Zeisigwald Tuff is restricted to the eastern part of the EB. Near the vent, which is assumed to be 
located in this area (hence “Zeisigwald Caldera”, see Fig. 9), the deposits pile up to about 90 m 
thickness. Fischer (1991) and Eulenberger et al. (1995) subdivided the pyroclastic succession as 
follows: 
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- basal crystal-poor tuff of few decimetre thickness (“b”), 
- several m tuff of air fall origin (“a”), 
- base surge deposits (“s”), 
- low-grade ignimbrites (“Ign”) and layers of co-ignimbritic ash falls, 
- final tuffs of air fall origin (“a”), and 
- reworked pyroclastic deposits. 

 
Accretionary lapilli occur in the s-, Ign- and final a-type deposits and reach diameters of more than 
2 cm. They occur matrix- to clast-supported and have multiple rims. The non-welded ignimbrites 
contain pumice fragments of up to 30 cm length. Lithics of basement rocks (phyllite, gneiss, mica-
schist, quartz) are locally abundant. (Pyro-)clastic dykes are characteristic features in the basal part 
of the deposits. In the outcrop, beds and lenses of the surge deposits in the lower part of the quarry 
show parallel to low angle bedding, whereas the ignimbrite deposits above appear massive. The 
Zeisigwald Tuff is geochemically characterized by elevated contents of Be, Sn, F, Li and low 
contents of Zr. Fluorite permineralized parts of the embedded wood fragments as well as selected 
portions of the tuff itself (e.g. pumice fragments). 
 
This eruption destroyed and preserved the unique Chemnitz Petrified Forest (see Rößler this 
volume, Stop 2.2). In the city area, the tops of the buried trees point to the W, as is known from 
many documented findings. This observation supports the location of the vent in the Zeisigwald 
area. 
 
 
Stop 2.2 Excavation project Museum of Natural History Chemnitz, Frankenberger Straße 62  
 
Access: Road B 169 from Chemnitz Centre to Frankenberg, temporary outcrop at Frankenberger 
Straße between Zeissstr. and Helmholtzstraße (ca. N 50°51’35”; E 12°56’21”) 
 
Starting in the 2nd half of the 19th century, Chemnitz - as many industrial centres in Germany - 
experienced a rapid growth. Especially in Hilbersdorf, now the eastern part of the city, plenty of 
petrified tree trunks were found during the land development, since the Zeisigwald Tuff crops out in 
this area. Johann Traugott Sterzel (1841-1914), school teacher in Chemnitz, started a collection of 
minerals, rock samples and fossils in the 1860s. His particular interest was directed at the petrified 
trunks. In 1907, Sterzel retired from school and became appointed director of the natural history 
collections and the new-built museum. The collection was renamed “Sterzeleanum” in his honour in 
1920. 
 
The Zeisigwald Tuff hosts a species-rich association of tree-ferns, arboreal sphenophytes, 
pteridosperms, conifers, cordaitaleans, and climbing epiphytic plants (Rössler 2006). 
Permineralization by silica is common, but a spotty preservation by fluorite occurs and this is a 
unique feature of petrified wood from Hilbersdorf/Chemnitz. Nowadays, only few locations in the 
habitated area Hilbersdorf remain undisturbed. One of these is the location of stop 2.2. The 
excavation started at April, 4th (Sterzel`s birthday) and will be continued until October 2008. The 
aim of the project is to investigate the basal part of the Zeisigwald Tuff, which hosts the petrified 
forest. The base of the pyroclastic succession has been located in about 5 m depth by drilling and 
geophysical research. By the end of April 2008, several trunks had been located, at least one still 
standing in growth position. They are surrounded by reduction haloes of reddish to violet tuff. 
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Fig. 9: Schematic section of the upper Leukersdorf Formation with the lithologic section of the 
Zeisigwald Tuff (footnote “c” refers to caldera-fill facies, “o” refers to outflow facies); on the right 
the eruption scenario and a sketch of the abandoned quarry are depicted (after Fischer 1991 and 
other sources). 
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Stop 2.3 Rochlitz Ignimbrite at Rochlitz Berg  
 
Access: B 175 c. 4 km southwest of Rochlitz, turn left on paved road 1 km to active Schilling 
quarry (N 51°01’22.9”; E 12°45’47.8”) 
 
The more than 400 m thick Rochlitz Formation represents the dominant unit in the NSVC and is 
composed of ignimbrites with varying phenocryst content and composition (Fig. 6). The vent area 
for the Rochlitz Ignimbrite, which covers almost 1500 km², is located presumably near Grimma 
(Fig. 7). Eigenfeld (1978) subdivided the Rochlitz Ignimbrites into four depositional units. Because 
the relation to the fourth unit, which crops out in the east and northeast of the NSVC and displays a 
quite unique mineralogy, is not well established, only the lower three units are displayed in Fig. 6. 
These three units resemble a single cooling unit and display a systematic phenocryst variation with 
quartz-rich deposits in the lower part giving way to pyroxene- and plagioclase-rich units towards 
the top (Eigenfeld 1978). The evolution of the Rochlitz Ignimbrites Caldera terminated with the 
emplacement of rhyolitic coarsely porphyritic intrusions (”Grimmaer Porphyr”, Fig. 7). U/Pb 
SHRIMP analyses of zircons from quarry Burgberg Lastau prove an age of 294.4 ±1.8 Ma for 
Rochlitz Ignimbrite unit I. (Hoffmann et al. in prep.). 
 
Although it elevates only 348.9 m a.s.l., the Rochlitz Berg in the SW of the namegiving small town 
is one of the most striking landmarks in northern Saxony. Ancient and active quarries are dispersed 
on the flanks and top of the forested hill. Aim of the active quarrying is a red-coloured and weakly 
welded rhyolitic ignimbrite, which is used for dimension stone, tombstones and sculptures (Reimer 
2007). The rock displays a high porosity presumably caused by Mesozoic-Cenozoic weathering of 
feldspar. Historic quarries at the southern flank of the Rochlitz Berg, where less porous and more 
welded varieties occur, were drifted to produce millstones. The entire section exposed in the valley 
of the Söllichau tributary south of the hill is as follows (from base to top): 
 

- basement of steeply dipping spotted slates (“Garbenschiefer”) and quartzitic schists from the 
margin of the Granulite Massif, 

- several metres of poorly sorted sandstones, 
- bedded tuffs, 
- coarse clastic deposits with m-sized boulders of granite and granulite at the base and 

carbonaceous fine sandstones at the top, 
- 0.6 m crystal tuff which contains silicified wood fragments (base of Rochlitz Ignimbrite), 
- pumice- and crystal-poor lapilli tuff (ignimbrite), 
- welded to densely welded, crystal-rich ignimbrite, 
- weakly welded ignimbrite (top of the fill). 

 
Due to differences in crystal- and pumice content and welding, previous geological studies 
considered the succession of the Rochlitz Berg as post-ignimbritic fallout deposits. In the outcrop, 
several N to NE striking clastic dykes with fill of pink to violet ash are exposed. The host rock can 
be different in colour and fabric where they occur. Lithic clasts of basement (mostly phyllite, sparse 
granulite) are rare and measure up to 4.5 cm at this locality. 
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Stop 2.4 Abandoned quarry in Wendishain: Lithic-rich ignimbrite of the Kohren Formation  
 
Access: Road B 175 c. 1.9 km on country lane crossing Nauhain to Wendishain, abandoned quarry 
to the right (N 51°07’51.2”; E 12°59’36.0”) 
 
The rock in the outcrop is believed to belong to the Kohren Formation (Fig. 7). The exposed rock 
surface in the historic quarry is strongly weathered. The quarry features vertical joints but columns 
are not clearly developed. The most striking feature of the volcanic rock is the outstanding 
abundance of lithic fragments. Clasts of phyllite and quartz with up to 8.5 cm diameter have been 
measured. Many of them are oriented perpendicular to the jointing. Volcanic fragments and clearly 
welded pumice clasts occur besides the basement lithics. These features rebut suggestions of 
previous workers who assumed this rock type to be a facies of Leisnig Porphyr lava close to the 
vent. Although, rock colour and content of biotite phenocrysts (≤ 8 mm diameter) are similar to 
those in the Leisnig Porphyr (Stop 2.5). Joints bear a silica mineralization. 
 
 
Stop 2.5 Leisnig Porphyr, natural cliffs of the Mulde Valley in Leisnig  
 
Access: Natural outcrops in the Mulde valley N and E to the centre of Leisnig (N 51°09’38.0”; E 
12°55’48.2”) 
 
The reddish brown to grey violet Leisnig Porphyr (Kohren Formation, Fig. 7) is a rhyolitic lava 
flow with an outcrop area of 16 by 9 km in the E-W and the N-S direction, respectively. The 
thickness of the lava is estimated to be below 100 m (Kühn 2004). It can be divided into the 
coherent core facies and the dominating carapace facies. The core facies is characterized by the 
presence of flow foliation and the occurrence of bubble trains. Outcrops of the carapace facies 
display disturbed flow foliations or breccias. Cavities are filled by varieties of quartz (agate). Since 
feldspar is mostly altered, it is often impossible to differentiate between pl and kf, but pl seems to 
predominate. 
 
According to point counting analyses performed by Kühn (2004) samples of the carapace facies 
have elevated contents of groundmass (Figs. 10 - 12). In thin section, the groundmass of the core 
facies reveals poicilitic crystallization, whereas the carapace facies groundmass is spherulitic. 

 
 
Fig. 10: Distribution of feldspar phenocrysts in facies types of the Leisnig Porphyr (after Kühn 
2004) 
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Fig. 11: Distribution of quartz phenocrysts in facies types of the Leisnig Porphyr (after Kühn 2004) 
 
 

 
 
Fig. 12: Maximum Particle Size (MPS) of the Leisnig Porphyr measured in thin sections (after 
Kühn 2004) 
 
 
Stop 2.6 Active quarry Kolmberg Trebsen: Wurzen II Ignimbrite with complex dykes 
 
Access: On road B 107 to Trebsen, turn to road Trebsen – Seelingstädt, quarry c. 2 km on the right 
side (N 51°17’01.0”; E 12°43’26.5”) 
 
Cause of the giant quarry is the production of gravel from a black or dull-brown crystal-rich 
volcanic rock. In hand specimen, this strongly welded ignimbrite hides its pyroclastic nature, since 
the vitroclastic texture is inconspicuous. The ignimbrite belongs to unit II of Wurzen Ignimbrite 
(Fig. 7 and 8) and is characterized by high contents of pl (pl > kf > qz) and the occurrence of 
pyroxenes (Röllig 1976). Crystals of orthopyroxene up to 1.5 mm predominate, cpx (diopside – 
augite) occurs as well. Two types of fiamme (Röllig 1976) can be observed, which differ in colour 
and composition. Wendt et al. (1995) determined an emplacement age of 287 ± 3 Ma for Wurzen 
Ignimbrite unit II. 
 
The final magmatic phase of the Wurzen Formation and thus of the NSVC took place in the form of 
synchronous ascent of andesitic and porphyritic rhyolitic magmas. This is evident from outcrops of 
andesitic dykes in which rhyolitic magma ascended incorporating blobs of andesitic melt (Fig. 13).  
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Fig. 13: Rhyolitic dyke with andesite blobs exposed in the Kolmberg quarry (after Glässer 1983). 
 
 
Stop 2.7 Active quarry Seifersdorf  
 
Access: B 101 from Siebenlehn, turn right 1 km south of Großvoigtsberg: active quarry of the 
Deutsche Basalt AG (N 50°58’55.5”; E 13°14’46.2”) 
 
The Frankenberger Zwischengebirge is a tectonic inlier of low-degree metamorphic basement rocks 
stretching NE-SW between high-degree metamorphic core complexes (Granulite Massif to the NW, 
Erzgebirge gneisses to the SE; Pietzsch 1962). Units of different rocks and different ages are 
assembled and bounded by faults. According to lithostratigraphic considerations the mafic effusive 
rocks of the Frankenberger Zwischengebirge have both Lower and Upper Devonian age. Most parts 
of these volcanic rocks have typical pillow structures indicating a subaquatic origin. Interpillow 
sediment consists of pillow fragment breccias and resedimented clasts. Vesicles in the pillows are 
filled with calcite. Concerning to geochemical data, the meta-basalts have mainly alkalic character. 
Thus they are not MORBs, but melts were influenced by the presence of continental crust (pers. 
comm. B. Gaitzsch, Freiberg). Interbedded sediments of grey or red colour are exposed in the 
western part of the quarry. Faults and veins with calcite, quartz, and barite crosscut the Devonian 
rocks. The quarry aims to the production of gravel, but larger blocks are used as dimension stone 
(stone tables).  

c. 50 m 
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Part III - The Meissen Massif  
 
Introduction  
 
The Meissen Massif (MM) is situated between the Saxon Erzgebirge, the Saxon Granulite Massif in 
the West and the Lusatian Massif in the East within the Elbe Zone. The Elbe Zone is interpreted as 
a Late-Carboniferous NW-trending ductile shear zone (Rauche 1991, Mattern 1996) that formed 
along the northern margin of the Bohemian Massif (Fig. 14). The structure is oriented parallel to the 
Tornquist line. Intrusive contacts are visible in several outcrops between the plutonic rocks of the 
MM and metamorphic rocks of the Nossen-Wilsdruff-Schiefergebirge and the Elbtalschiefergebirge 
in the West and gneisses in the East. The MM developed as a typical telescope intrusion with K-rich 
gabbros and diorites as a rim grading rapidly into monzodiorites and monzonites (Fig. 15; Wenzel 
et al. 1991). These rocks show intense features of solid-state deformation and magmatic flow 
decreasing from the rims inward (Pfeiffer 1964; Wenzel et al. 2000).  
 
40Ar/39Ar cooling ages of amphiboles of 329.1 ± 2.8 Ma and 330.4 ± 2.8 Ma (Wenzel et al. 1997) 
and 238U/206Pb SHRIMP ages of magmatic rims on zircons of 326 ± 6 Ma and 330 ± 5 Ma (Nasdala 
et al. 1999) are indistinguishable, and they prove an intrusion of the monzonitic magmas during the 
uppermost Viséan. Subsequently, several granite types of granodioritic and leucomonzogranitic 
composition intruded, e.g. the “Hauptgranit” and the “Riesensteingranit” (Pfeiffer 1964; Wenzel et 
al. 1991). Except for small, mostly brittle shear zones these granites show no preferred fabric. 
Muscovite yielded 40Ar/39Ar plateau ages of 323.4 ± 1 Ma and 323.6 ± 1 Ma (Sharp et al. 1997).  
 
Minette dykes intruded solely into the monzonitic rocks. Sharp et al. (1997) interpreted a mean 
integrated 40Ar/39Ar age of 5 biotite grains of 326.8 ± 3.6 Ma as a minimum age of the minette 
dykes. The age of kersantite dykes intruding the monzonites and parts of the “Hauptgranit” remains 
unknown. Additionally we find different types of intermediate and acid dykes intruding all plutonic 
rock types of the MM, including amphibole bearing microgranodiorites (“Porphyrit”), porphyritic 
microgranite (“Gπ”), and microgranites (“Aplite”). Many of these dykes served as feeding dykes for 
volcanic complexes in the West and East of the town Meissen and in the Döhlen Basin. 
 
Wenzel (1999) proved convincingly the formation of the monzonitoid rocks by mixing of K-rich 
rocks from two different mantle sources accompanied by crustal contamination. Both mantle 
sources show features of strong enrichment. The slightly younger granodioritic and monzogranitic 
rocks, the “Hauptgranit” and the “Riesensteingranit” are of different origin. The “Hauptgranit” 
mainly derived from a mixing of a monzonite-like melt fraction and a melt-fraction of crustal 
origin. Depending on the respective predominance of the monzonite-like melt or the crustal melt we 
find amphibole-bearing granodioritic types or muscovite-bearing monzogranitic types. The 
“Riesensteingranit” is a leucomonzogranitic melt of exclusively crustal origin. The crustal melts 
were generated by the input of large amounts of mantle melts into the lower crust (underplating; 
Wenzel 1999). 
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Fig. 14: Geological Map of the Meissen Massif and adjacent units (after Wenzel et al. 1997)
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Stop 3.1 Active quarry Wurgwitz near Kesseldorf  
 
Access: Road from Kesselsdorf to Freital; turn left 1 km East of Kesselsdorf (direction Wurgwitz): 
active quarry of the Faber company on the right hand side (N 51°1'48.8"; E 13°38'49.2")  
 
This stop is dedicated to volcanic rocks of the Döhlen Basin (Fig. 2). This Permian basin covers an 
area of 6 by 22 km and rests in parts on the western rim of the Meissen Massif. Its fill is subdivided 
into four formations (Unkersdorf Fm., Döhlen Fm., Niederhäslich Fm., and Bannewitz Fm.). The 
lowermost three formations of the Döhlen Basin have been cut by numerous clastic dykes. The 
Unkersdorf Formation is composed of coarse clastic sediments, pyroclastic deposits (mostly low-
grade ignimbrites) and lavas, which are restricted to the northern part of the basin. Composition and 
textures of the lavas are heterogeneous, but trachydacites predominate (Tables 4 and 5). Apart from 
coherent textures, brecciated lava is frequent.  
 
The Wurgwitz quarry mines violet trachydacite for gravel. Samples of rhyodacitic lava from quarry 
Wilsdruff (Unkersdorf Fm., about 4 km to the NW) have been determined by U/Pb SHRIMP 
measurements to be 296.0 ± 3.0 Ma old. Hence basin formation started at the Carboniferous-
Permian boundary and the fill of the Döhlen Basin has Permian age. 

Fig. 15: QAP-diagram of the main rock types 
of the Meissen Massif. Data are from Wenzel 
et al. (1991) and Pfeiffer (1964). Diagram 
from Wenzel et al. (1991) 
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Table 4: Chemical composition of various lavas of the Unkersdorf Fm. (Dietze et al. 2007 and own 
data): 

sample wt % 
SiO2 

 
TiO2 

 
Al2O3 

 
MnO 

 
Fe2O3

 
MgO 

 
CaO 

 
Na2O 

 
K2O 

 
P2O5 

 
∑° 

 
Die 64.80 

 
0.66 

 
15.00 

 
0.07 

 
4.20 

 
2.50 

 
1.60 

 
2.85 

 
4.25 

 
0.21 

 
96.14 

 
kw-1 

 
60,6 

 
0,9 

 
16,98 

 
0,126 

 
5,91 

 
1,29 

 
2,84 

 
3,99 

 
2,85 

 
0,41 

 
99,38 

 
db-14 

 
61,63 

 
0,73 

 
15,87 

 
0,041 

 
4,86 

 
0,58 

 
0,7 

 
2,97 

 
5,43 

 
0,189 

 
98,56 

 
db-17 

 
64,75 

 
0,71 

 
15,46 

 
0,035 

 
4,08 

 
0,73 

 
1,6 

 
3,22 

 
4,2 

 
0,231 

 
98,61 

 
 
Die: sample 3 of Dietze et al. (2007), kw-1: abandoned quarry Kesselsdorf; db-14 & db-17: quarry 
Wilsdruff  
 
 
 

Fig. 16: Location of the trachydacite quarry (“Porphyrit”) 
near Wurgwitz (slightly modified after Dietze et al. 2007). 1 
pond; 2 Quaternary; 3 Cretaceous sandstone; 4 Permo-
Carboniferous sediments (conglomerate); 5 trachydacite; 6 
monzonite (black and white scale = one km). 
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Table 5: Modal composition of a trachydacite of the Wurgwitz quarry (Dietze et al. 2007): 
 

mineral modal % 

quartz 15 

albite 15 

andesine 20 

sanidine 30 

biotite 2 

amphibole 2 

hematite 2 

amorphous 14 

apatite traces 

Ti-minerals (?) traces 

∑ 100 
 

Fig. 17: Classification of the lava from 
the Unkersdorf Fm. from the quarry 
Wurgwitz and similar rocks of the 
Döhlen Basin. 

Pi
cr

ob
as

al
t

Ba
sa

lt

B
as

al
tic

an
de

si
te

A
nd

es
ite

D
ac

ite

Rhyolite

Trachyte
Trachydacite

Trachy-
andesite

Basaltic
trachy-

andesite
Trachy-
basalt

Tephrite
Basanite

Phono-
tephrite

Tephri-
phonolite

Phonolite

Foidite

Alkaline

Subalkaline/Tholeiitic

Ultrabasic Basic Intermediate Acid

40 50 60 70 80

0
5

10
15

TAS (Le Bas et al. 1986)

SiO2

N
a 2

O
+

K
2O



 42 

Stop 3.2 Plauenscher Grund (valley of the Weißeritz river between Dresden and Freital) 
 
Access: from Wurgwitz quarry to the centre of Freital, then about 2 km to the NE heading Dresden, 
abandoned quarries along the valley (N 51°1'23"; E13°42'1") 
 
Abandoned quarries and natural cliffs expose monzonite (Table 6, Fig. 18) of the Meissen Massif 
and several lamprophyre dykes (minette, kersantite, Table 7). The intrusion age of the monzonite is 
c. 330 Ma according to 40Ar/39Ar amphibole plateau age (Wenzel et al. 1997) and 206Pb/238U zircon 
SHRIMP ages (Nasdala et al., 1999). Magma mixing will be discussed (Table 8). 
 
Table 6: chemical composition of the monzonite (Wenzel et al. 1991): 

SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O P2O5 LOI ∑ 

60.00 0.20 16.37 2.38 1.71 0.10 2.30 4.85 4.69 5.05 0.49 0.73 98.87 

 
Mineralogical data of the monzonite (Wenzel et al. 1991): 
 
amphibole: Al2O3 : 6.55 - 6.91 wt% 

TiO2:  0.98 - 1.43 wt% 
XMg:  0.56 
edenite 

plagioclase: An:  19-27 
SrO:  0.10 - 0.36 wt% 

K-feldspar: Or:  87-93 
SrO:  0.24 - 0.32 wt% 

  BaO:  0.78 - 1.07 wt% 

 
Table 7: chemical composition (in wt %) of the lamprophyres (Wenzel et al. 2000): 
 

rock 
type SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O P2O5 LOI ∑ 

min 51.49 1.06 11.78 4.16 2.99 0.11 11.29 5.23 1.85 4.91 0.8 3.77 99.44 

min 51.98 1.09 12.28 7.11  0.13 10.49 5.59 2.48 4.60 1.06 2.54 99.35 

min 51.52 1.17 12.04 6.77  0.12 10.04 5.56 2.56 5.21 1.06 2.97 99.02 

min 53.05 1.13 12.73 3.75 2.57 0.12 9.61 4.72 2.52 4.94 1.01 3.32 99.47 

min 53.45 1.06 13.93 6.89  0.13 6.81 5.47 3.24 5.28 0.88 2.27 99.41 

ker 50.06 1.43 15.75 7.55  0.26 7.78 6.36 2.92 3.41 0.65 3.12 99.29 

  min: minette, ker: kersantite 
 

Fig. 18: Microstructure of the monzonite 
from the Heidenschanze in the Plauenscher 
Grund near Dresden. (Scale = 3 mm, after 
Wenzel et al. 1991). 
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mineralogical data of the lamprophyres (Wenzel et al. 2000): 
 
minette 
phenocrysts: olivine, diopside, phlogopite/biotite 
groundmass: K-feldspar, albite, apatite, magnetite, zircon + unspecified Th-U-REE silicate 
xenocrysts: quartz, calcite 
alteration: olivine →talc + serpentinite 

biotite →chlorite 
deformation: kink bands in phlogopite/biotite 
 
kersantite 
phenocrysts: augite, biotite 
groundmass: plagioclase (An45-50), K-feldspar, apatite, magnetite, zircon, spinel  
xenocrysts: not observed 
alteration: augite →zeolite (?) 

biotite →chlorite 
plagioclase →epidote 
plagioclase →sericite 

deformation: undeformed 
 
Table 8: isotope results according to (Wenzel et al. 2000): 

sample rock type (87Sr/86Sr)330Ma (143Nd/144Nd)330Ma εNd330Ma 

Hei 1 monzonite 0.70439 0.51230 +1.7 

Plgr 12d monzodiorite enclave 0.70491 0.51218 -0.6 

Plgr 6 minette 0.70738 0.51199 -4.3 

Plgr 9 minette 0.70686 0.51200 -4.1 

Plgr 13 kersantite 0.70542 0.51218 -0.7 

 
 
 
Stop 3.3 Abandoned pitchstone quarries near Garsebach (W of Meissen) 
 
Access: Enter valley of the Triebisch river West of Meissen; stop 500 m west of active quarry at 
abandoned quarry to the right (N 51°07’51.3"; E 13°26’29.3") 
  
This stop is dedicated to volcanic rocks of the Meissen Volcanic Complex (MVC), which rest on 
the Meissen Massif. The MVC consists of two parts, one located northeast of the river Elbe, and 
one located southwest of the river. The latter is positioned on the down-thrown block of a Mesozoic 
fault. As a consequence, the northeastern part experienced stronger erosion, whereas the 
southwestern part (80 km²) exposes volcanic and volcanoclastic rocks. These comprise of the 
welded Leutewitz Ignimbrite and the weakly porphyritic Dobritz Lava (Stutzer 1910), which 
themselves were cut by dykes of intermediate composition. The youngest formation of the MVC is 
a succession of volcanoclastic deposits which contain clasts of all previously mentioned MVC 
units. Since radiochronological data are lacking, a Late Carboniferous age is assumed. Cliffs and 
abandoned quarries expose pitchstone of the Dobritz Lava (hyalorhyodacite; Jentsch 1979, 1981) 
with black, reddish or greenish colours. The pitchstone was mined to produce artificial glass (Heide 
2006) for 80 years. Spherulithic crystallization and perlitic texture in the phenocryst-poor pitchstone 
is a common phenomenon in thin section (Czoßek 2002), but even megaspherulites (“Wilde Eier” = 
“wild eggs”) with up to 3 m diameter occur. Some spherulites have cores of lithic fragments. 
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Table 9: chemical composition in wt % (Diesterbeck 1991 ; Richnow 1994): 

sample SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 LOI ∑ 

Peg.G 72.7 0.15 12.11 0.61 0.002 0.18 0.77 4.03 2.38 < 0.1 7.62 100.64

Peb.G 72.3 0.14 11.68 0.58 0.003 0.10 0.76 3.95 3.08 < 0.1 7.10 99.79 

PeS 73.8 0.26 11.65 0.90 0.004 0.20 1.05 3.94 2.45 < 0.1 6.73 101.08

W2 64.0 0.67 15.29 4.39 0.006 1.32 0.63 0.67 8.85 0.14 3.40 99.32 

W3 68.3 0.13 10.24 0.90 0.005 0.77 2.81 0.82 1.92 < 0.1 12.31 98.30 

Peg.W 73.6 0.14 11.02 0.70 0.002 0.18 0.77 4.14 2.42 < 0.1 7.61 100.68

KPegW 70.6 0.16 11.41 0.73 0.003 0.30 0.99 1.97 4.49 < 0.1 8.09 98.84 
Peg.G: Pitchstone - green Garsebach; Peb.G: Pitchstone - brown Garsebach; PeS: Pitchstone Semmelsberg; W2: 
Pitchstone Wachtnitz; W3: Pitchstone Wachtnitz; Peg.W: Pitchstone - green Wachtnitz; Kpeg.W: orbicular pitchstone 
Wachtnitz 
 
Due to the different degrees of alteration of the pitchstones the classification of the single rocks 
from the outcrops varies between rhyolite and dacite. Sample W2 from Wachtnitz represents clearly 
a trachyandesite/trachydacite and the sample W3 from Wachtnitz a dacite (Table 9, Fig. 19).  
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Table 10: modal composition (%) of the Triebisch Valley pitchstones (Kunig 2008): 
sample amorphous 

glass 
cristobalite plagioclase 

(andesine) 
quartz sanidine zeolite 

M GF 1 83.4 1.7 2.6 2.8 4.6 4.7 

M SB 1 90.4 1.6 2.6 2.3 3.2  

M SB 3 94.3  1.4 1.7 2.6  

M SB 6 89  2.6 2.9 5.5  

M SB 7 90.4  3.1 2.6 3.9  

M SB 10 63.6 5.4 3.6 2.9 10.5 14 

      M GF: pitchstone Garsebach; M SB: pitchstone Semmelsberg showing different degrees of alteration. 
 
 
 
Stop 3.3 Knorre (Winkwitz near Meißen) – natural cliffs at the Elbe river 
 
Access: turn left on Elbtal road on the eastern side of the Elbe Bridge in Meissen, follow the road 
for 1 km: Cliffs at the eastern bank of the Elbe river (Fig. 20, N 51°10'28"; E 13°28'4") 

 
Granodiorite to monzogranite (“Hauptgranit”, Figs. 21 and 22) with dykes of microgranodiorite 
(“Hornblende-Porphyrit”), microgranite (“aplite”), porphyritic microgranite (“Gπ”, Table 11) and 
lamprophyres. The age of the “Hauptgranit” is 323.6 ± 1.0 Ma or 323.4 ± 1.0 Ma according to 
40Ar/39Ar dating of muscovite (Sharp et al. 1997). 

Fig. 20: The outcrop “Knorre” near Meißen. 
© GOOGLE Earth 

Fig. 21: principal sketch of the intrusive relations between the granite and different types 
of dykes after Sauer (1889). Gth: amphibole bearing granodiorite of the “Hauptgranit”; 
Gy: microgranite; Pgt: pegmatite; Gr: granophyre = microgranite; L: lamprophyre 
(kersantite?) 
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Table 11: chemical composition (in wt %) of “Hauptgranit” samples from Klein-Zadel (muscovite-
bearing) and Böser Bruder (muscovite-free) (Wenzel et al. 1991): 

rock 
type 

SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O P2O5 LOI ∑ 

KlZ 69.50 bdl 15.85 0.25 1.34 0.05 1.03 2.03 4.52 4.67 0.27 0.80 100.31 

KlZ 71.69 0.22 14.80 1.67 - 0.04 0.82 1.30 4.70 4.34 0.11 0.88 100.57 

KlZ 72.20 0.21 14.95 1.60 - 0.05 0.83 1.19 4.99 4.43 0.11 0.86 101.42 

KlZ 69.45 0.29 15.94 2.40 - 0.05 0.90 1.88 5.17 4.45 0.16 0.75 101.44 

BB 71.74 0.22 14.88 1.72 - 0.07 0.61 1.79 4.91 4.38 0.12 0.68 101.12 

KlZ: muscovite bearing “Hauptgranit” from Klein-Zadel, BB: muscovite-free “Hauptgranit” from 
Böser Bruder; bdl: below detection level 
 
Mineralogical data from the “Hauptgranit” (Wenzel et al. 1991): 
biotite:  3 - 8 Vol.%; TiO2: 2.73 - 2.81 wt %; BaO: 0.11-0.13 wt %; XMg: 0.42-0.43 
muscovite:  TiO2: 0.38 - 1.16 wt %; FeO: 3.84 - 5.26 wt %; MgO: 0.88 - 1.66 wt % 
plagioclase: An: 4-21; SrO: 0.10 - 0.26 wt % 
K-feldspar: Or: 89-97; SrO: 0 - 0.14 wt %; BaO: 0.27-0.47 wt % 
 
Table 12: Isotope results of “Hauptgranit” samples according to Wenzel (1999): 

rock type (87Sr/86Sr)330Ma (143Nd/144Nd)330Ma εNd330Ma δ18O  ‰ SMOW 

“Hauptgranit” 0.70562 0.51208 -2 +8.5 - +9 

 

Figure 22: Microstructural pattern of the 
muscovite-bearing monzogranite from Klein-
Zadel “Hauptgranit” (Wenzel et al. 1991). 
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Table 13: Chemical composition (wt %) of “Gπ” samples (Wenzel et al. 1991): 

rock 
type SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 LOI ∑ 

GP1 70.03 0.44 14.79 2.94 0.04 1.25 1.03 5.04 5.01 0.13 1.28 101.98 

GP2 69.40 0.42 15.39 2.68 0.04 1.25 1.40 5.81 4.03 0.14 1.21 101.77 

GP: “Gπ” porphyric microgranite 
 
Mineralogical data of the porphyric microgranite “Gπ” (Wenzel et al., 1991): 
 
There is a chemical and textural disequilibrium between the coarse grained minerals (“xenocrysts”) 
and the fine grained minerals in the groundmass. 
“xenocrysts” 
biotite:  TiO2: 3.96 - 4.42 wt %; BaO: 0.56 - 1.74 wt %; XMg: 0.58 - 0.61 
Plagioclase 1: An: 28 - 33; SrO: 0.220 - 0.36 wt % 
 
matrix 
Plagioclase 2: An: 4 - 7; SrO: 0 wt % 
K-Feldspar:  Or: 87-94; SrO: 0 wt %; BaO: 0 - 0.12 wt % 

 

Fig.23: Microstructure of the 
porphyritic microgranite “Gπ” 
(Wenzel et al. 1991). 
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