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1. Introduction

Permocarboniferous volcanism in Eastern Germany

At the Carboniferous to Permian transition, extensive volcanic activity took place in the NE
German and Saale basins, presumably in the framework of dextral transtension or transpression
which affected Europe and resulted from westward movements of Gondwana with respect to
Laurussia after Variscan continent-continent collision (ARTHAUD & MATTE, 1977; ZIEGLER, 1990;
BENEK et al., 1996, Fig. 1). The NE German basin contains in excess of 10-12 km of Phanerozoic
strata. It connects eastward with the Polish basin and westward with the NW German basin and the
North Sea area. It is situated between the stable Precambrian Baltic Shield to the north and the
Cadomian/Caledonian/V ariscan-influenced areas to the south. At least 48,000 km?3 of volcanic rocks
were produced in the NE German Basin, 70% of which are calc-alkaline SiO,-rich lavas and
ignimbrites (BENEK et al., 1996). We shall visit subvolcanic complexes in the Flechtingen area and
the Halle Volcanic Complex (Fig. 2).

Flechtingen

The Flechtingen area is one of the classical Late Paleozoic exposures in northern Germany. The
Flechtingen-RoBlauer Scholle is a NW-SE-trending crustal block that has been uplifted during the
Mesozoic. The Stephanian — Lower Rotliegend succession of the Flechtingen Block is up to ca.
1400 m thick and consists of andesites, rhyolitic ignimbrites and lavas with subordinate
intercalations of sedimentary rocks. The sequence dips SW-wards at low to moderate angles.
BREITKREUZ & KENNEDY (1999) dated the Holzmiihlental ignimbrite (Fig. 4) to 302 +3 Ma (16
error) by the U/Pb SHRIMP method on zircons. The andesites are grouped into two complexes. The
lower andesites comprise extensive sheets hosted within fine grained sedimentary rocks in the lower
part of the succession. The upper andesites represent a group of smaller, isolated outcrops set within
felsic volcanics in the higher part of the succession west of Flechtingen. Earlier investigations
interpreted the lower andesites as lavas (BURCHARDT & EISENACHER, 1970; BENEK et al., 1973).
Recent findings, however, prove that the andesites are sills (see BREITKREUZ et al. this volume and
Figs. 5 to 12). On this field trip, we will see outcrops only of the lower andesites and some drill core
samples from the upper andesites.

Saale basin — Halle Laccolith Complex

The Saale basin represents one of many intramontane basins which developed late during and after
the Variscan orogeny. In the Halle Volcanic Complex (HVC), a major magmatic centre of this
basin, volcanic activity commenced in the Late Carboniferous with the eruption of a trachybasaltic
to trachydacitic suite of lavas and pyroclastics with minor intrusive activity (so called “Porphyrites I
to IV”, see Fig. 22 as an example), as exposed by coal and uranium exploration drilling (KAMPE et
al,, 1965; SIEGERT, 1967; ROMER et al., 2001). A small rhyolitic laccolith with a presumed
christmas-tree geometry formed during this early period (Schwerz laccolith, 307 + 3 Ma, see Stop
5). HVC magmatism culminated with the emplacement of the main porphyritic rhyolitic laccolith
complex (stops 3 and 4) of about 60 km?® between 301 and 294 +3 Ma (Landsberg, L&bejiin,
Petersberg, Wettin units; ages determined by 206pp/ 238 SHRIMP dating on zircons by BREITKREUZ
& KENNEDY, 1999). The presence of aphanitic SiO,-rich lavas overlying erosional debris from the
intrusions as well as of mafic dykes cross cutting the laccolith units suggests that magmatism
continued after emplacement and partial exhumation of the laccoliths (RUFFER et al., 1998). The
voluminous rhyolitic laccoliths will be further referred to as the Halle Laccolith Complex (HLC).
The host sediments of the HL.C consist of a succession of grey to red silt- and mudstones with
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several fine sandstone beds and coal seams (Wettin beds, Fig. 16) and a fluvio-limnic succession of
reddish-grey conglomerates, siltstones, clays, and sandstones with abundant volcaniclastics (Halle
beds in Fig. 16, KAMPE & REMY, 1960; KNOTH et al., 1998).

2. Field trip route (Fig. 3)

Start on Monday, Oct 14" at 7 am from Freiberg, Institute of Geology. National Rd. 101 to
Motorway A14 through the Paleozoic Freiberg gneisses and Nossen-Wilsdruff Schiefergebirge. On
Motorway Al4 northbound through the NW Saxonian Volcanic Complex (Permocarboniferous)
and the Tertiary lignite basins around Leipzig and Halle into the Halle Volcanic Complex
(Permocarboniferous). Just north of Halle, to the right of the Motorway, the Petersberg summit
(250 m) can be seen. It consists of the small crystal porphyritic rhyolitic laccolith that will be
visited in the afternoon (Fig. 18, stop 4). Continuing on the A14 towards Magdeburg, the landscape
becomes dominated by Pleistocene deposits and landforms. Near Magdeburg we change to
Motorway A2, leaving at exit “Eilsleben”. Going northwards on the National Rd. 245 to Bebertal
entering the Felchtingen block, an area where late Paleozoic rocks crop out again. In Bebertal
turning left in the middle of the village towards Bodendorf and continuing for ~ 3 km until reaching
the entrance to the Bodendorf quarry (stop 1). After visiting the quarry, back to Bebertal and, near
the eastern limit of the village, turning left to continue for ~ 2 km before reaching the entrance of
the quarries Eiche and D&nstedt on the left (stop 2).

Second part of the field trip: back to the Halle area. Leaving the Al4 at exit “Lobejiin”,
about 10 km north of Halle, to see a quarry in the large crystal porphyritic rhyolite (stop 3). The
quarry buildings can be seen to the E of the motorway. At the exit driving towards Lobejiin for
~ 1 km. The entrance to the quarry is on the right. At this quarry, cores from Flechtingen and Halle
areas will be exhibited.

From the Lobejlin quarry going back on the Motorway, exiting at the next exit direction
Halle-Leipzig. After ~400 m on the B6 road towards Halle, turning left and going below the
motorway taking the next turn left. Continuing for ~ 3 km through the villages of Sylbitz and
Trebitz, reaching a crossing with a larger road, turning left and continuing for ~ 500 m. To the right
is an unsealed track to the entrance of the abandoned Hoffmann quarry in the Petersberg laccolith, a
small crystal rhyolite (stop 4). Stop at the first widening and take a small path through the bushes
into the quarry.

Back to the cars, turn left on the main road and drive through FrofBnitz. At Nehlitz turn left
and continue on this road eastwards past the villages of Kiitten, Rieda, Prussendorf, and Sporen.
After Sporen turn right at a crossing. Continue southwards through Quetzdélsdorf, past one crossing
to the right. The next crossing to the right leads to the village of Schwerz. Continue through this
village. The Schwerz quarry is located to the left of the road ~ 1 km after the village boundary
(stop 5). The Schwerz quarry exposes an older rhyolitic laccolith of the HVC. In this quarry a dyke
of larger crystal material intersects the small phenocryst Schwerz laccolith and complex magmatic
mingling can be examined. From there back to Freiberg.

3. Flechtingen

The following sections give a general overview of the geology that we will see at stops 1 and 2. As
mentioned above, there are two groups of andesites in the Flechtingen area: the lower andesites and
the upper andesites. Both groups show a strong hydrothermal alteration and replacement of the
primary igneous phases with various secondary minerals. The andesites of the two complexes differ
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in their phenocryst content and size. The lower andesites are aphyric to weakly porphyritic with
largest phenocrysts ca. 2 mm long. A geochemical analysis of the lower andesites can be found in
the appendix. The upper andesites are more porphyritic with up to ca. 30% phenocrysts, up to ca. 4
mm long. The phenocrysts are albite (#calcite, kaolinite and sericite) pseudomorphs after
plagioclase, and chlorite (+opaques and calcite) pseudomorphs after pyroxene. The main
groundmass components are lath-shaped plagioclase and variable amounts of interstitial quartz,
alkali feldspar, calcite, chlorite and hematite.

The lower andesites

The lower andesites represent a complex of thick, essentially conformable andesite sheets, with thin
intercalations of fine-grained sedimentary rocks (Figs. 5-7). Field and drill core data suggest that
the main andesite sheets locally show thin offshoots or split into thinner units separated by
sedimentary rocks. Large-scale deformation structures include shallow synclines as well as grabens
and half-grabens (Fig. 8, stop 2). Sedimentary rocks adjacent to the andesite sheets also show
smaller-scale bending, folding and fracturing, and locally the andesites discordantly cut the
deformed bedding of the sedimentary rocks (Fig. 6). All the deformation structures mentioned tend
to be asymmetric, but no preferred directions were identified so far. In places, sediment penetrates
the andesites as clastic wedges and clastic dikes of up to 3 m length. The andesites also host patches
of sedimentary rocks, both in the margins of the sheets (Fig. 6) and their interiors (stop 1b).

At the contacts and offshoots, the andesites are often vesicular with flattened and aligned
vesicles. Perlitic textures and peperites (Figs. 9, 11) are found in breccias in the Bodendorf
(Figs. 10, 11) and Eiche quarry (Fig. 9, stop 2). Most of the peperites show clastic textures and
jigsaw to chaotic fabrics. Andesite breccias are monolithological, relatively fine-grained, matrix-
supported rocks with a chaotic to jigsaw fabric. Lithological gradations between andesite breccias
and peperites are common. In addition, quartz, calcite, chlorite, clay minerals and hematite patches
and veins of variable size (from microscopic to several cm wide) are common in andesites and
breccias of the contact zones.

The lower andesites are interpreted as subvolcanic intrusions that were emplaced into fine
grained Stephanian sedimentary rocks sandwiched between folded basement rocks and a Rotliegend
thyolitic tuff cover. The intrusive nature of the andesites is evidenced by the structures and
lithologies in their lower (Fig. 7) and upper contact zones including: 1) local andesite offshoots, 2)
sedimentary xenoliths, 3) peperites, and 4) sediment clastic dikes. In particular, the two latter
features demonstrate that magma wet sediment interactions must have occurred along both basal
and top margins of the andesite sheets during their emplacement as intrusions.

The upper andesites

We will not visit outcrop of the upper andesites, but material from the drill cores Hasenberg 5/66
and Hasenberg 8/66, 70 m and 98 m deep, respectively, will be exhibited at stop 3. The Hasenberg
5/66 core, located near the north-western margin of the andesite outcrop (Fig. 4), passed through the
andesites into sedimentary rocks below. The following lithologies, in upward succession, make up
the core:

» ca. 13 m of sandstones overlain by volcanogenic sandstones, pebbly sandstones and
mudstones,

» ca. 22 m of sandy andesite breccias with intercalations of massive andesites,

> ca. 35 m of massive and vesicular andesites.
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Figure 7: Basal planar contact of the
andesitic sill, the top section of which
will be examined in stop 2, The basal
part of the andesite has vesicles Figure 8: Synclinal and graben structure at the top contact of the andesite
aligned parallel to the margin and is sill (lower andesites) in the Eiche quarry (stop 2),

strongly alterated (carbonate). This
outcrop in the southern section of the
Eiche-Donstedt quarry is currently
notaccessible (filled up).

8 Figure 10: Sparsely amygdaloidal andesite grading into andesite
breccia (Bodendorf quarry, stop 1a).

Figure 9: Peperites between the andesite sills
and their country rocks in the Eiche quarry
(stop 2).

Figure 12: Breccia of
porphyritic andesite from
the drill core Hasenberg
5/66. For location see Fig. 4.

Figure 11: Peperite from the top of a sill in
the Bodendorfquarry, stop 1a.
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Hasenberg 8/66 core penetrated the central part of the andesite outcrop and represents the
internal part of the andesite body. The core predominantly consists of massive and vesicular to
amygdaloidal andesites.

The upper andesites are interpreted as plugs (small, oval outcrops) gradational into lava
domes or short flows (larger, aligned outcrops). The plugs were preferentially emplaced along the
boundary of contrasting lithologies: rhyolites and rhyolitic ignimbrites, and locally pierced their
host rocks resulting in lava effusion. Data from the drill cores discussed above point to a complex
structure of the lava flows, which document both intrusive and effusive stages of their development.

The rock sequence in the Hasenberg 5/66 core is interpreted as a basal part of a lava flow
overlying contemporaneous, partly volcanogenic deposits (Fig. 12). This sequence reflects
autoclastic brecciation processes and increasing supply of volcanogenic detritus into the
depositional environment in front of an advancing lava flow.

Stop 1: Bodendorf quarry

a) First a general overview of the geology of the Flechtingen area will be given (see above). Then
we will examine a top contact of one of the andesitic sills (Fig. 5). We will climb over a steep
quarry face to a higher level of the quarry with a ladder.

b) Further into the quarry, we can see sediment pockets within an andesite sill at the ramp to the
fourth level. Sill and mudstone fragments are intercalated.

Stop 2: Eiche quarry

In the course of exploitation, the southern Donstedt and the northern Eiche parts merged into one
elongated N-S trending open pit. In the Eiche-section the top contact of a thick andesitic sill unit is
well exposed. Five synclines and grabens, up to ca. 100 m wide, can be identified along a ca. 1.5
km long section. We will see the top contacts of the andesitic sills and the graben structures as
depicted in Fig. 8. The basal contact was exposed until 1995 (Fig. 7).

4. The Halle Laccolith Complex

The following section gives an overview of the geology we will see at stops 3, 4, and 5.

Geological overview

Investigation of the Halle Volcanic Complex started as early as the middle 19" century
(LASPEYRES, 1875; VELTHEIM, 1940). After much debate about the extrusive vs. intrusive mode of
formation of the porphyritic rhyolite units, recent workers have reached the conclusion that all the
units, which are depicted in Fig. 13a, are intrusive (KUNERT, 1995; BREITKREUZ et al., 1998; MoCK
et al., 1999 and references therein). The evidence being their large thicknesses (at least several
hundred metres), sedimentary rocks tilted during laccolith emplacement in between the units
(Figs. 13b, 14), and the architecture of the internal flow structures found in the small crystal
laccolith units (MOCK et al., 1999). Bowl shaped flow structures indicate a level of erosion in the
lower part of the laccolith (e.g. the Wettin unit), whereas cupola shaped flow structures suggest the
upper part of a laccolith (e.g. the Petersberg unit, Fig. 21). Thin to absent contact metamorphic
aureoles and chilled margins advocate a very shallow emplacement of these laccoliths. In the small
crystal laccolith units, flow structures are recognised in the field by layers of partly stretched
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vesicles, bands of weakly aligned phenocrysts (mostly feldspars), or bands of higher phenocryst
content.

Of the laccoliths of the HLC, the Lobejiin (Stop 3), Landsberg, and Schwerz laccoliths have
large feldspar phenocrysts up to ~ 30 mm long axis; the Landsberg and Schwerz units also contain a
variant with smaller phenocrysts. Being the oldest laccolith of the HLC, the Schwerz laccolith has
been intruded by magma associated with the Landsberg laccolith. The Schwerz laccolith displays a
large textural variation compared to the younger bodies (Stop 5). The Wettin and Petersberg
(Stop 4) units both have smaller feldspar phenocrysts (~ 10 mm) with the Wettin unit containing
small schlieren-like domains with larger phenocrysts.

The Petersberg laccolith (Stop 4) forms the largest of the laccoliths in the HVC with an
estimated volume of ~ 20km? Flow structures, and carapace facies (spherulitic groundmass
texture) found at the summit of the Petersberg hill suggest that the present day level of erosion lies
within the upper third of the laccolith.

The laccoliths are separated by bands of sedimentary rocks. In the coal mines near Lbejiin
(district of Plotz-Lobejiin), these sedimentary rocks have been found steeply dipping and faulted by
the intrusion of the Lébejiin laccolith (Fig. 14). A short distance to the west of the Petersberg
summit, these sediments crop out at the surface with a steep dip. As depicted in Fig. 16, pockets of
host sediment have been exposed by drilling at the top of the Lobejiin laccolith. Their presence
suggests that the Lobejiin laccolith itself might have been composed of a number of smaller
subunits which emplaced synchroneously at the same intrusion level (Donnersberg type, see
BREITKREUZ & MOCK, 2001).

The laccoliths of the HLC are also featured in BREITKREUZ & MOCK and MOCK et al. in this
volume. The reader is referred to these contributions for further information.

Stop 3: Lobejlin quarry:

We visit a quarry in the coarse grained rhyolitic laccolith of Lobejiin. There, we will also have the
opportunity to examine drill cores from the Flechtingen and Halle areas, usually stored at the core
depository of the Geological Survey of Sachsen-Anhalt.

The quarry

The large phenocryst variety of the porphyritic rhyolites of the HVC is quarried here for building
material and gravel mainly for roadworks. It can be distinguished from the small phenocryst variety
mainly by the size of the feldspar phenocrysts (Figs. 15, 19, 28) and the absence of flow banding in
outcrops. However, detailed textural studies show a preferred orientation of phenocrysts’ long axes.
The groundmass taking up 68 — 85 % of the rock is mostly coarser grained than in the small
phenocryst variety. The chemistry of the Lébejiin laccolith is shown in the appendix (sample HA
4/1).
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Figure 18: View of the Petersberg near Halle. The
summit is marked by the monastery and the telecom
tower. To the left the buildings of the Bromme
quarry mining the small crystal rhyolite can be

seen.
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Figure 19: Drill core Petersberg 9. Small
crystal porphyritic rhyolite, Petersberg
laccolith, phenocrysts of up to 0.5 cm size,
K-feldspar (pinkish-red), plagioclase
(greenish-grey), quartz (grey to black).
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*ﬁ Figure 20: Abandoned Hoffmann quarry,
\y Petersberg laccolith (stop 4). Steeply dipping
| flow banding in the small phenocryst rhyolite
! can be seen on this picture. The flow banding
can be recognised by aligned vesicles, zones
of higher phenocryst content, and preferred
orientation of phenocrysts. The flow banding
often forms joints in the rock that should not

be confused with tectonic and cooling joints,

Figure 22: Lava dome intrusion breccia from
drill core WisBaw 1408(80), 571,65m. Ragged
lava dome fragments, crystals, and lithics
(lower left corner) floating in liquefied
sediment. Height of figure: 4cm.
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Stop 4: abandoned Hoffmann quarry:

This abandoned quarry features the small phenocryst rhyolitic laccolith (Petersberg). Flow banding
can be examined. We will also introduce some detailed textural studies that have been performed on
the small phenocryst porphyritic rhyolite. The groundmass taking up 75t0 93 % of the rock
(Fig. 28) is mostly very fine grained. Spherulitic groundmass textures found near the summit of the
Petersberg hill (a short distance off to the east) indicate that the present level of erosion lies in the
upper third of the laccolith. A geochemical analysis of the small phenocryst porphyritic rhyolite of
the nearby Brémme quarry can be found in the appendix (sample HA 2/4).

The flow structures in the Petersberg laccolith exhibit a complex cupola shaped pattern
(Fig. 21). Detailed quantitative textural analysis of the felsic phenocrysts of the Petersberg laccolith
in a drill core bored close to the Hoffmann quarry (Fig. 21) revealed that the laccolith was probably
fed by different pulses of magma, but that little or no cooling took place between the batches. The
crystal size distributions are straight and very similar throughout the drill core whereas the spatial
distribution pattern determined by the R-value method of JERRAM et al. (1996) shows the difference
in the arrangement of phenocrysts (Fig. 23).

Stop 5: Schwerz quarry

Complex magmatic mingling textures and dykes of the large phenocryst variety intruding a small
phenocryst variety can be examined in this quarry.

Contact relationships in the Schwerz quarry

Near Schwerz, the porphyritic rhyolites form hills known as the Windmiihlenberg or Schwerzer
Berg. The Schwerz quarry is situated in this hill. There are several varieties of rhyolite exposed in
the quarry (after KraUS, 1999):

black with small phenocrysts (Fig. 27)
brown with small phenocrysts
brown-black with small phenocrysts
coarse grained rhyolite in a dyke
brown with large phenocrysts

coarse grained rhyolite in apophysae

YVVVVYY

They all have 70 — 85 % groundmass, the large phenocryst varieties a slightly less than the
small phenocryst varieties (compare Fig. 28). The black variety with small phenocrysts takes up
most of the quarry. Phenocrysts are quartz, K-feldspar, and plagioclase and minor biotite. Hematite
or magnetite occur finely dissipated and are responsible for the different groundmass colours. The
black and brown varieties with small phenocrysts show a very fine grained dense groundmass
whereas the varieties with larger grains exhibit a micro-granitic, coarse grained groundmass.
Spherulites occur mainly in the brown variety with large phenocrysts. Xenoliths of mostly andesitic
material from the older “Porphyrite” units of the HVC (see above) are abundant. The contacts
between the different varieties are mostly sharp. Especially the dyke shows almost no contact
features (Fig. 24). At some places, the contacts are characterised by schlieren-like domains where
two varieties are intermingled in elongate patches on a meter to decimeter scale (Figs. 25, 26).
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The chemistry of a sample of the black variety of the Schwerz rhyolite can be seen in the appendix
(sample HA 5/1).
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6. Appendix

Geochemical analyses of selected samples from Flechtingen and the HVC:

Major elements:

Flechtingen Halle rhyolitic laccoliths
[%] Andesite Petersberg Lobejiin Schwerz,
Flechtingen* rhyolite rhyolite black variety
HA 2/4 HA 4/1 HA 5/1
Si0O, 61.5 71.4 71.2 71.9
TiO, 1.25 0.25 0.23 0.24
Al,O4 15.0 14.1 14.1 13.9
Fe,O3 7.08 2.38 2.59 2.29
MnO 0.14 0.024 0.021 0.037
| MgO 1.79 0.46 0.69 0.29
CaO 2.05 0.22 0.25 1.33
Na,O 3.58 2.75 2.84 3.16
K>0 4,16 6.68 6.05 5.24
P,0s 0.21 0.082 0.071 0.072
LOI 2.92 1.59 1.83 1.20
SO, 0.04
CO, 0.08 0.08 0.23
F 0.046

Trace elements:

Flechtingen Halle rhyolitic laccoliths
[ppm]| Andesite Petersberg Lébejiin Schwerz,
Flechtingen* rhyolite rhyolite black variety
HA 2/4- HA 4/1 HA 5/1
B 45
Ba 527 938 690 809
Be 4 2.0 3.2 3.0
Ce 61 31.9 113 124
Co 32
Cr 41
Cu 14
Ga 18 21 19 19
La 43 14.0 54.8 61.3
Li 68 35 33 42
Nb 15 17 18 19
Ni 7
Pb 10 11 4.1 20
Rb 181 289 273 226




Sc 6.6 5.4 6.2
Sn 6 7 7 8
Sr 105 88 51 119
Th 16 21 22 21
U 5.5 3.4 2.5 5.8
% 74 12 17 14
Y 43 19.9 37.8 38.7
Zn 90 46 36 53
Zr 214 199 195 182
Cs 4.1 6.5 6.7
Pr 3.78 13.6 14.5
Nd 14.1 46.4 493
Sm 3.15 8.92 9.13
Eu 0.37 0.97 1.10
Gd 3.24 7.76 7.86
Tb 0.52 1.22 1.20
Dy 3.37 7.16 7.10
Ho 0.70 1.38 1.38
Er 2.22 3.98 3.99
Tm 0.37 0.60 0.59
Yb 2.52 3.86 3.76
Lu 0.40 0.06 0.56
Hf 5.6 5.9 6.2
Ta 1.7
W 2.3

* Andesitoid 7 ,,Abschlubericht zu DFG-Projekt TO 53/14-2, 20/01/1995%, used in plots in
(BENEK et al., 1996).
HVC samples: data from (ROMER et al., 2001).
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