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This guidebook compiles the field trips offered for the
first Central European Conference on Geomorphology and
Quaternary Sciences, to be held in Giessen, Germany, from
23 to 27 September 2018. The conference was organized
for the first time as a joint meeting of the German Asso-
ciation on Geomorphology (AKG, Deutscher Arbeitskreis
fir Geomorphologie) and the German Quaternary Associ-
ation (DEUQUA, Deutsche Quartirvereinigung), following
the motto “Geomorphology and quaternary sciences: con-
necting disciplines”.

Giessen and its wider surroundings are located in Hesse
and offer a great diversity of landscapes. The lithology com-
prises rocks from the Palaeozoic to the Quaternary, includ-
ing the Miocene Vogelsberg massif as the largest volcanic
complex in central Europe. The rivers Lahn, Main and Rhine
dominate the fluvial system of Hesse, and their Quaternary
history is visible in a large variety of sediments and land-
forms. Soils of the region represent an alternating climate
history of the region, reaching back to the Tertiary, and thick
loess deposits in the Wetterau region allowed the develop-
ment of fertile soils, used by farmers in the Neolithic.

The aforementioned geo-tidbits demonstrate what is of-
fered by one pre-conference and three post-conference day
field trips, which provide a geological, geomorphological
and geoarchaeological overview of the area, with a focus on
the Quaternary. I wish to thank all authors for their contri-
butions to this guidebook. Stefanie Menges is thanked for
her editing work and Lisette Diehl for providing some of
the figures. Finally, I would like to express my gratitude to
the German Research Foundation (DFG) and the Hessian
Agency for Nature Conservation, Environment and Geology
(HLNUG), who provided financial support for this publica-
tion.
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2 M. Fuchs: Quaternary and Tertiary landscapes and their sediments in Hesse

e =3 Field Trip A: geology and geomorphology of Giessen and its surrounding areas (23.09.2018)
e =3 Field Trip B: Quaternary environments of Giessen and its surrounding areas (27.09.2018)
® =3 Field Trip C: fluvial and aeolian deposits of Rhine—Main area (27.09.2018)

® =3 Field Trip D: characteristics and development of the Mesozoic—Tertiary weathering mantle and
Pleistocene periglacial slope deposits in the Hintertaunus mountainous region (27.09.2018)

Figure 1. Field trips and their routes offered for the Central European Conference on Geomorphology and Quaternary Sciences, Giessen,
Germany.
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Abstract: This field trip is intended to present an introduction to the geological and geomorphological evolu-

tion of Giessen and its surrounding areas (Fig. 1). The conference location of Giessen is located at
the intersection of three major geological and morphological units: the Rheinisches Schiefergebirge
(Rhenish Massif) to the west, the Hessische Senke (Hessian Depression) to the north and south and
the Vogelsberg volcanic field to the east (Fig. 2).

The rocks of the Rheinisches Schiefergebirge (Rhenish Massif) were formed during Paleozoic
times, in the context of the Variscan orogeny. Dominant rock types include graywacke, slate, quartzite,
and limestone, as well as mafic and felsic volcanics and their related pyroclastics. The area north
and south of Giessen is dominated by the Hessische Senke (Hessian Depression), a north—south-
trending subsidence area with several individual deposit segments. Due to Cenozoic tectonic activity,
the Hessian Depression can be regarded as a connecting segment between the prominent Upper Rhine
Graben and the smaller graben structures of northern Germany, and this is also documented by less
consolidated Tertiary and Quaternary sediments. Long-lasting subsidence of the Hessian Depression,
however, is indicated by the presence of Permian and Mesozoic sedimentary rocks. Rotliegend rocks
are present towards the southwest rim of the Vogelsberg volcanic field and the Hanau-Seligenstidter
Senke. Minor occurrences of Zechstein rocks are exposed along the Lahn valley between Giessen and
Marburg. Mesozoic strata are dominated by Buntsandstein and are widespread in the Marburg area,
with Muschelkalk and Keuper rocks being restricted to small erosional remnants in tectonic graben
structures. The area to the east of Giessen is dominated by the Miocene Vogelsberg volcanic field,
where an estimated area of 2500 km? is covered by volcanic rocks of varying thickness, the Vogels-
berg thus being the largest volcanic field of central Europe. The field trip provides an introduction
to the geology, earth history and geomorphological characteristics of Giessen and its surrounding ar-
eas. We will therefore encounter rocks that formed in distinct geodynamic environments and within a
timespan of roughly 400 Ma (Devonian to present).

Kurzfassung: Die Exkursion bietet mit ihrem Routenverlauf und den ausgewihlten Aufschliissen eine Einfithrung
in die vielgestaltige geologische und geomorphologische Entwicklungsgeschichte des Tagungsortes
Giefen und seiner niheren Umgebung. Die Stadt GieBen liegt am Schnittpunkt dreier bedeutender ge-
ologischer und geomorphologischer Einheiten: im Westen das jungkidnozoisch gehobene Rheinische
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F. Volker and S. Menges: Field Trip A (23 September 2018)

Schiefergebirge, im Osten das ausgedehnte miozine Vulkanfeld des Vogelsberges und dazwischen die
N-S verlaufende Hessische Senke mit ihren mesozoischen und kénozoischen Sedimentfiillungen.

Die Gesteine des Rheinischen Schiefergebirges wurden im Paldozoikum gebildet und ihre Entste-
hung steht im engen Zusammenhang mit der Variszischen Orogenese. Die dominierenden Gestein-
sarten umfassen, je nach Ablagerungsraum und plattentektonischer Position, Grauwacken, Ton-
schiefer, Quarzite, biogene Kalksteine sowie mafische und felsische Vulkanite mit ihren korrelaten
Pyroklastika. Die heutige morphologische Ausgestaltung des Rheinischen Schiefergebirges ist zu
einem grofen Teil auf die quartérzeitliche Hebung zuriickzufiihren. Die Gebiete nordlich und stidlich
von Gieflen werden von der Hessischen Senke dominiert, einem N-S verlaufenden Subsidenzgebiet
mit mehreren individuellen Ablagerungsriumen. Der lang anhaltende Subsidenzcharakter wird belegt
durch die Anwesenheit permischer und mesozoischer Sedimente. Gesteine des Rotliegend finden
sich vereinzelt am SW-Rand des Vogelsbergs und in der Hanau-Seligenstiddter Senke. Relikte von
Zechstein-zeitlichen Gesteinen sind vereinzelt an den Lahnhéngen zwischen Marburg und Gief3en
aufgeschlossen. Bei den mesozoischen Gesteinen dominieren die klastischen Abfolgen des Buntsand-
stein, die grofe Gebiete im Raum Marburg in charakteristischer Weise prigen. Im Kénozoikum kam es
dann zur Ausbildung des Europidischen Grabensystems, das vom Rhonegraben bis weit in die Nordsee
reicht. In Mittelhessen fiihrte dies zu einer Wiederauflebung der Subsidenz-Tektonik und zur Anlage
mehrerer individueller Ablagerungsraume mit gering verfestigten tertidren und quartiren Sedimenten.
Die Hessische Senke kann somit als Bindeglied zwischen dem grof3en Oberrheingraben im Siiden und
den kleineren Grabenstrukturen im nordlichen Deutschland angesehen werden. Das Gebiet 6stlich von
GieBlen wird durch die miozédnen Vulkanite des Vogelsbergs eindrucksvoll dominiert. Trotz intensiver
Erosion im Neogen und Quartir bedecken die Vulkanite heute noch eine Fliche von etwa 2500 km?
und machen damit den Vogelsberg zum grofiten zusammenhéingenden Vulkanfeld Mitteleuropas. Die
Exkursion vermittelt somit einen Einblick in den vielgestaltigen Aufbau und die geomorphologischen
Charakteristika des Tagungsortes Gieen und seiner ndheren Umgebung. Im Verlauf der Exkursion
werden Gesteine angetroffen, die in ganz unterschiedlichen geodynamischen Situationen entstanden
sind und einen erdgeschichtlichen Zeitraum von etwa 400 Ma (Devon bis Rezent) umfassen.

1 The Rheinische Schiefergebirge (Rhenish Massif)
to the west of Giessen

Rocks of the present-day Rhenish Massif (RM) were formed
from Silurian times up to the upper Carboniferous/early Per-
mian, in close connection with the Variscan orogeny. Plate
tectonic processes related to this major orogenic event in-
cluded opening and closing of oceanic basins, terrane accre-
tion, volcanism, sedimentation, orogenic folding and meta-
morphism as well as nappe formation. Major players in-
cluded the Old Red Continent in the north, the Avalonia ter-
rane, the Rhenohercynian and Rheic oceans and Gondwana
further south (Fig. 3).

These processes led to a large number of sedimentary,
magmatic and metamorphic rocks, each representing their
depositional, facies and/or geodynamic characteristics and
thus providing valuable information for the reconstruction
of these geological processes in space and time. Not sur-
prisingly, (para-)autochthonous and allochthonous units are
found in close contact with each other. In addition to varying
degrees of alteration and post-orogenic displacements, this
may well explain the difficulties in reconstructing the Paleo-
zoic geodynamic processes as well as some of the fierce dis-
cussions in the recent scientific literature (Eckelmann et al.,
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2014; Dorr and Zulauf, 2012; Franke, 2012) and references
therein). At the end of the Variscan orogenic processes, the
RM suffered massive erosion of elevated regions and coeval
filling of basin structures, resulting in a widespread peneplain
during Permian times.

During the Mesozoic, most parts of the RM were situated
above sea level and acted as source regions for clastic sedi-
ments in adjacent basins. It is worth mentioning that the re-
gion of the RM west of Giessen lacks Mesozoic cover.

Intensive chemical weathering during early Tertiary times
is documented by thick clay-rich saprolite layers, locally
capped/covered by intraplate volcanics (Eifel, Siebenge-
birge, Westerwald). These kaolinite-rich soils and saprolites,
with locally preserved thicknesses of more than 150 m, re-
flect the humid tropical climate conditions during their time
of formation. Climate conditions subsequently changed to-
wards semi-arid characteristics, resulting in areal denudation
of unprotected land surfaces.

During the Quaternary, the RM was severely affected by
periglacial processes as well as intense uplift (Fig. 4), with
an accumulated maximum uplift of more than 250 m during
the last 800 000 years in the uplift center (Eifel area). These
led to the present-day morphologic characteristics of the RM,

www.deuqua-spec-pub.net/1/3/2018/
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Figure 1. Topographic map with excursion route and major locations. Stop 1: Gleiberg and Vetzberg volcanoes, Stop 2: Herbstlabyrinth
limestone cave, Stop 3: quarry south of Philippstein, Stop 4: abandoned quarry east of Langd.

i.e., a large uplifted block with plateau-like regions, maxi-
mum heights of around 900 m and deeply incised river val-
leys (e.g., Middle Rhine, lower Mosel and lower Lahn rivers).

Thus, morphologic processes during the Cenozoic are
dominated by the following:

1. a phase of intense weathering and denudation during
humid tropical and semi-arid climate conditions with
peneplain formation

2. a phase of pronounced uplift and linear erosion during
the Quaternary.

2 Stop 1: Gleiberg — Tertiary volcanism and
overview

The old castle of Gleiberg (12th century) was built on a small
hill (308 ma.s.l. and 70-80 m above the surrounding area).
The hill is made up of Miocene columnar basaltic rocks that
penetrate graywacke of lower Carboniferous age that are part
of the Giessen nappe (Fig. 5).

Depending on weather conditions, this location and espe-
cially the castle keep offers a nice outlook and a panoramic
view.

Towards the southeast, we look into the small depression
of the Giessener Becken, with the foothills of the Vogelsberg
in the distance.

To the east, we see the valley of the Lahn river, the corre-
sponding main terrace and a prominent basalt hill (Lollarer

www.deuqua-spec-pub.net/1/3/2018/

Kopf). In the far distance, though morphologically not very
prominent, the forested slopes of the main Vogelsberg can be
seen.

To the northeast, the Miocene basalt hill of Amoneburg
and the Lahnberge of Marburg (early Mesozoic sandstone
ridge) are visible.

To the north, behind the village of Krofdorf, there is a large
forest area on comparatively infertile graywacke.

To the west, the plateau of Konigsberg-Hohensolms, con-
sisting of lower Carboniferous basaltic rocks that are locally
known as “Diabas”, can be seen.

To the northwest, a short distance from the prominent
Diinsberg (498 ma.s.l.) is visible, a monadnock dominated
by allochthonous lower Carboniferous lydite. In the fore-
ground, Vetzberg and Koppel (Fig. 6), both volcanic edifices
similar to Gleiberg (Weyl and Stibane, 1980) can be seen.
It is worth noting that Gleiberg, Koppel and Vetzberg are
aligned along a north—west-running fault line. Based on de-
tailed geochemical and radiometric age studies by Turk et
al. (1984), the location of Gleiberg, together with nearby Vet-
zberg and the small edifice of Koppel, comprise the west-
ernmost eruption centers of the Vogelsberg volcanic field
(VB). Columnar jointing is well developed at Vetzberg castle
(Fig. 7).

Along the road from Gleiberg to Breitscheid (Stop 2), pa-
leozoic rocks (dominantly graywacke, slate, diabase, lime-
stone and also lydite) are exposed in numerous small quarries
and roadside outcrops. Occasionally, a transformation of the

DEUQUA Spec. Pub., 1, 3-13, 2018
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Figure 2. Simplified geological sketch map of Giessen and surrounding areas (modified from Weyl and Stibane, 1980). Stop numbers as
in Fig. 1. Four principal units can be distinguished: (1) Paleozoic rocks of the Rhenish Massif, (2) Permian to Triassic sedimentary rocks,
confirming long-lasting subsidence of the Hessian Depression, (3) less consolidated Tertiary and Quaternary sediments in north—south-
running subsidence segments (Amoneburger Becken, Horloff-Graben), thus connecting the prominent Upper Rhine Graben with the smaller
graben structures of northern Germany and (4) Miocene Vogelsberg volcanic rocks, with numerous erosional remnants of various sizes along

the present-day rim of the volcanic field.

silicate rocks into clay minerals is clearly visible. The for-
mation of these clay minerals (kaolinite, illite) is attributed
to intense chemical weathering during lower Tertiary and
Miocene times (Felix-Henningsen, 1994). In adjacent areas
of the Westerwald volcanic field, these clay-rich lithologies
were covered by upper Tertiary volcanic rocks, resulting in
an effective protection blanket against further weathering and
especially erosion. Therefore, these clay deposits were to be-
come the primary commodity for the famous ceramic indus-
try in the Westerwald area, known as the “Kannenbicker-
land”.

3 Stop 2: Breitscheid — Devonian limestone and
recent karst

3.1 Mid-Devonian limestone

Large limestone areas within the Rhenish Massif are geneti-
cally related to reef-building organisms, which include stro-
matoporoids, brachiopods, crinoids, bryozoa, echinoderms
and others. Distribution of Devonian limestone within the

DEUQUA Spec. Pub., 1, 3-13, 2018

Rhenish Massif clearly reflects two different paleomorpho-
logic situations: shallow waters close to the northern shore-
line, and submarine swells within the deeper parts of the
ocean, created by volcanic edifices (Figs. 8, 9). Reef growth
was further supported by the low-latitude position of the area
during Devonian times (Fig. 3).

Volcanic activity, especially pronounced towards the end
of the Mid-Devonian, created volcanic swells of different
sizes, which occasionally reached the water surface, thus cre-
ating small ocean islands and related atoll-like structures.

During the subsequent upper Devonian, most reef-building
organisms died, in relation to the Kellwasser event, a period
of worldwide mass extinction.

Ancient karst phenomena in this limestone indicate uplift
events some time after the end of the reef-building phases,
and examination of sedimentary input in karst cavities re-
vealed both upper Devonian and lower Carboniferous ages
(Flick, 2010).

Recent carbonate solution and calcite precipitation is in-
dicated by several characteristic features, including ponors,
dolines and speleothems in limestone caves.

www.deuqua-spec-pub.net/1/3/2018/
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Figure 3. Plate tectonic reconstruction for the Late Devonian to
early Carboniferous (Eckelmann et al., 2014). Red star: position
of the autochthonous Rhenish Massif. Blue star: source area of the
nappe units in the southeast of the Rhenish Massif.
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Figure 4. Sketch map showing the uplift of the Rhenish Massif
during the last 800 000 years (from Meyer and Stets, 2002). Small
dots: observation points along rivers. Dashed line: the outer rim of
the Rhenish Massif.

www.deuqua-spec-pub.net/1/3/2018/

3.2 The limestone caves Herbstlabyrinth and
Adventhéhle

Both limestone caves are situated between the villages of
Breitscheid and Erdbach, within the eastern part of the Rhen-
ish Massif, about 40 km northwest of Giessen. The cave sys-
tem as it is currently known has a total length of more than
11 km, documented by intensive speleological studies during
the last decade (Dorsten et al., 2016). It is by far the largest
cave system in Hesse.

This segment of the Rhenish Massif is characterized by
two belts of the Mid-Devonian massive limestone occur-
rences, both showing an alignment of southwest—northeast,
as shown in Fig. 9. In the northern belt, the former reefs re-
flect shallow water conditions on the shelf segment of the Old
Red Continent. In the region of the Lahn-Dill synclines, sub-
marine volcanoes formed shallow ridges and shoals that al-
lowed atoll-like reefs to grow surrounded by deep-water con-
ditions (Flick, 2010). The Herbstlabyrinth and Adventhohle
cave system is located in the Dill syncline (Fig. 8).

The landscape between Breitscheid and Erdbach shows
characteristic features of limestone karst areas, e.g., dolines,
sinkholes, karst springs and dry valleys. The limestone has
been quarried for several decades, and it was on 11 De-
cember 1993 in the limestone quarry Medenbach (Holcim
GmbH) that members of the local Speldologische Arbeitsge-
meinschaft Hessen (SAH) discovered the entrance to a cave
that was named “Advent cave”. In the following year, and
close to the Advent cave, the access to another cave system
was discovered by SAH, which was to become the Herbst-
labyrinth. Recent speleological studies focus on the explo-
ration and survey of newly discovered cave segments (cur-
rently known extension ca. 11.5km; Dorsten, 2017). These
field studies are accompanied by detailed work on the age de-
termination of dripstone with the Th-U technique (Mischel
et al., 2017), the correlation of cave-forming processes with
neotectonic events and dated river terraces and geochemi-
cal and stabile isotope studies on drip water and cryogenic
calcite. For details of these ongoing studies see Mischel et
al. (2017).

Since 2009, parts of the cave have been open to the public,
within the framework of guided tours (Fig. 10).

4 Stop 3: quarry south of Philippstein

The quarry is located about 1km south of the village
of Philippstein. Exposed rocks are mafic volcanics of
Givetium/Adorfium age (Middle to Early Upper Devonian;
Deutsche Stratigraphische Gesellschaft, 2016) as well as red
iron ore deposits (Fig. 11). At the eastern wall of the quarry,
several galleries of the abandoned mine “Maria” have been
cut off by quarry activities. All rock units were deformed
during the Variscan orogeny.

In the lower parts of the quarry, columnar jointing is
clearly visible. These flow units were then covered by vol-

DEUQUA Spec. Pub., 1, 3-13, 2018
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Figure 5. Simplified geological profile of the Giessen area (modified from Weyl and Stibane, 1980, composite from Gleiberg to Lahn valley
and Giessen-Bergwerkswald northwest—southeast, and from Bergwerkswald to Schiffenberg west—east). The main petrographic units are
shown: Paleozoic rocks of the Rhenish Massif (blue and gray), Cenozoic sedimentary filling of the north—south-trending subsidence (green
and yellow) segments and Tertiary volcanics at the western border of the Vogelsberg volcanic field (purple).
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Figure 6. Typical landscape west of Giessen with Vetzberg (left)
and Diinsberg (right). Own picture, 24 February 2018.

caniclastic lithologies (Nesbor, 2007). On top, the volcanics
are present as pillow lavas, tubes and pillow fragments, indi-
cating a submarine environment. Obviously, the lava split up
into several lava tubes. Contact with seawater caused glassy
rims, with the basaltic melt that is still hot flowing inside.
Depending on the eruption rates, these lava tubes may have
piled up to impressive volcanic masses.

The reddish iron ores belong to Lahn-Dill-type deposits,
e.g., exhalative iron oxide mineralization associated with
basaltic volcanic centers during Middle to Upper Devonian
times (Von Raumer et al., 2017). In a first step, mobilization
of Fe and associated Ca and Si was caused by hydrothermal
alteration and leaching of subjacent submarine basaltic vol-
canics (Flick, 2010). Subsequently, the rising Fe-bearing hot
fluids encountered cool oxidizing water, resulting in the pre-
cipitation of iron oxides and hydroxides. For a more detailed
discussion of ore genesis in the RM, please see Von Raumer
etal. (2017).

Iron ore mining in the Lahn-Dill ore district has been doc-
umented since the Celtic area, about 2000 years ago. Nu-
merous Fe ore mines were operating during the 19th and

DEUQUA Spec. Pub., 1, 3-13, 2018

Figure 7. Miocene basaltic rocks with well-developed columnar
jointing at Vetzberg castle. Own picture, 24 February 2018.
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Figure 8. Simplified geological map, showing the Paleozoic autochthonous rock units of the Lahn-Dill region (from Flick, 2010, and
references therein). Also shown are three allochthonous Paleozoic units (Giessen nappe, Horre zone, Frankenbach imbricate zone). Red
triangle: Gleiberg castle (Stop 1). Red circle: limestone of the Breitscheid area (Stop 2). Red dot: quarry south of Philippstein (Stop 3).
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Figure 9. Distribution of Devonian limestone reefs within the
Rhenish Massif (from Rothe, 2005). Reefs that developed on the
shelf rim are located north of the stippled line. To the south of the
stippled line, reefs grew on volcanic edifices that formed submarine
rises and ridges. Breitscheid (Stop 2) is marked by a red circle.

Figure 10. Inside the limestone cave Herbstlabyrinth, Breitscheid
(Schauhohle Herbstlabyrinth Breitscheid 2018, © K. P. Kappest).

20th century. The last mine (Grube Fortuna north of Solms-
Oberbiel) was closed down in 1983.

5 The Horloff-Graben (route from Philippstein (Stop
3) to Hungen-Langd (Stop 4))

Several small basins and graben structures connect the mor-
phologic end of the Upper Rhine Graben with the graben
structures of northern Germany. These include the Hanau-
Seligenstidter Senke, the Wetterau, the Horloff-Graben, the
Giessener Becken and the Amoneburger Becken. Thus, un-
consolidated sediments of Cenozoic age are widespread in
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the regions north and south of Giessen (Fig. 2). Pleistocene
loess cover is most pronounced in the basin areas, e.g.,
Amoneburger Becken, Wetterau and Horloff-Graben (see
Field Trip B for details).

It should be mentioned that, amongst these small subsi-
dence structures, only the Horloff-Graben is of post-volcanic
age. The morphologically well-defined Horloff-Graben in-
cises into the southwestern section of the Vogelsberg, form-
ing a north—south-running graben structure, 20 km long and
5km wide (Figs. 2, 12). Graben sediments are of Pliocene
and Pleistocene age, with several brown coal seams being
developed within the Pliocene pile. Despite their very young
age, those brown coal seams were extensively exploited un-
derground and later on in open-pit mines. Mining activities
ended in 1991. Subsequent flooding of the open pit gave rise
to the so-called “Wetterauer Seenplatte”, now widely used
for local recreation, water sports and nature protection.

6 The Vogelsberg volcanic field and internal
structure

VB, located to the east of Giessen, was active during the
Miocene. With an area of 2500 km? and a total volume of
at least 500 km?, it is considered the largest volcanic field by
volume in central Europe (Reischmann and Schraft, 2009;
Fig. 12).

Landscape structure of this huge volcanic field comprises
four distinct units. The central parts are known as “Ober-
wald” above 600ma.s.l. and “Hoher Vogelsberg” between
600 and 500 m (LeBmann et al., 2000). The “Unterer Vo-
gelsberg” forms a zone of up to 20 km wide around the Ho-
her Vogelsberg. The volcanic layers extending to the north-
west are known as the “Vorderer Vogelsberg”. The Taufstein
(774 ma.s.l.) and the Hoherodskopf (764 m) close by have
the highest elevations.

Several boreholes provide important information on the
minimum size and volume of VB volcanic rocks as well as
the internal structures of the volcanic masses (Reischmann
and Schraft, 2009). It should be emphasized, however, that
the borehole “Forschungsbohrung Vogelsberg 19967, that
penetrated the Central Part of the VB (Oberwald), did not
reach the pre-volcanic basis, despite a total coring of 656 m
of volcanic rocks. Thus the estimated volume of 500 km?
must be regarded as a minimum mass.

Those boreholes, in conjunction with detailed field and
radiometric studies, reveal new insights into the genesis of
this huge volcanic edifice. Vogelsberg volcanism comprised
a main activity phase at 19-16 Ma and, separated by a period
of magmatic quiescence, a final phase at around 14 Ma (Nes-
bor, 2014; Abratis et al., 2015). Volcanism of the main phase
started with basanitic to alkali basaltic magmas and pyroclas-
tics, followed by dominantly trachytic rocks. Phreatomag-
matic eruptions and maar structures occurred quite fre-
quently (Nesbor, 2014). After a period of magmatic quies-
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Figure 11. Schematic sketch map of a Devonian submarine volcanic edifice in the Lahn-Dill area (from Nesbor, 2007). White rectangle:

segment exposed at the Philippstein quarry (Stop 3).

Figure 12. Morphological map of the Vogelsberg area, with the
characteristic star-shaped drainage pattern. The highest point of the
volcanic field (Taufstein) is indicated by the black triangle. The
town of Giessen is also shown, as well as the post-volcanic Horloff-
Graben and Hungen-Langd (Stop 4).

cence, volcanic activity recommenced at about 14 Ma with
the eruption of alkali basaltic and basanitic lava flows, with
eruption centers being essentially confined to the Oberwald
region.

www.deuqua-spec-pub.net/1/3/2018/

During the magmatic rest period, erosive and pedogenic
processes dominated, causing leveling of volcanic edifices
and a strong pedogenic overprint due to tropical—subtropical
and humid climate conditions. These processes gave rise to a
widespread erosional surface, which is still visible as a mor-
phological step (Abratis et al., 2015).

Final volcanic activity was essentially concentrated in the
central Oberwald region and dominated by low-viscosity
mafic lava flows. Although volumetrically subordinate, these
younger lava flows covered older volcanic sequences and
erosional features. Due to a well-established climate change
during the Langhian towards moderate and rather dry con-
ditions, the final lava flows are much better preserved, thus
giving the Vogelsberg volcanic field the appearance of a huge
basaltic shield volcano (Nesbor, 2014).

The only rocks that are locally preserved are remnants
of intense weathering of Vogelsberg volcanic rocks during
Burgidalian times, e.g., Fe-rich crests and saprolite, the lat-
ter with thicknesses of more than 50 m (Schwarz, 1997) and
most likely related to the mid-Miocene Climate Optimum.

Taking into account the field evidence from the Rhenish
Massif to the west, we can emphasize two Cenozoic peri-
ods of intense chemical weathering, e.g., a lower Tertiary pe-
riod, documented in widespread kaolinization of Paleozoic
rocks, and a mid-Miocene period, which created Fe crests
and saprolite on Vogelsberg volcanics that are 19—-16 Ma old.

7 Stop 4: abandoned small quarry, close to
Hungen-Langd

The old quarry is located about 500 m east of Hungen-Langd
and provides an excellent view into the internal structure of

DEUQUA Spec. Pub., 1, 3-13, 2018
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Figure 13. Abandoned quarry, about 500 m east of Hungen-Langd (Stop 4) (modified from Nesbor, 2014). Composite sketch map of the
quarry walls. Western segment: four lava flows (unit I to IV), each between 5 and 8 m thick, with well-developed breccia zones at their
basis and upper regions. Intercalated between the lava flows are tuff layers, dominated by mafic ash and fragments of country rock. Central
part: pyroclastic unit (unit V), about 4 m thick, cutting the lava flows and dipping ca. 45° towards southeast, dominated by tuff breccia that
contains basanitic blocks, up to 1 m in size. Lapilli-size particles of the tuff breccia show very few vesicles. Unit VI: 1 to 4 m of pyroclastics
with different properties, overlying unit V, characterized by highly vesicular scoria, embedded in a lapilli and ash matrix. Eastern segment:
massive alkali basalts (unit VII), overlying the pyroclastic sequences, with clearly visible platy and columnar jointing.

Figure 14. Columnar jointing in former lake lava, eastern segment
of the old quarry, Hungen-Langd (Stop 4). Stefan Schorn, © Rein-
hold, 20 March 2017.

the Vogelsberg volcanic edifice (Ebhardt et al., 2001; Nesbor,
2014; Reischmann and Schraft, 2009).

In the western segment of the quarry, four lava flows of
basanitic to alkali-basaltic composition are exposed, each be-
tween 5 and 8 m thick, with well-developed breccia zones
at their basis and upper regions (Fig. 13). Intercalated be-
tween the lava flows are tuff layers, which are dominated
by mafic ash and fragments of country rock (e.g., Buntsand-
stein). Thus, volcanic activity included both effusive and ex-
plosive characteristics.

DEUQUA Spec. Pub., 1, 3-13, 2018

In the eastern part of the quarry, the lava flows were blown
away by a younger explosive event which created a crater
wall with a dip of ca. 45° towards southeast. Pyroclastic
rocks closest to the crater wall are dominated by tuff breccia
that contain basanitic blocks, up to 1 m in size. Lapilli-size
particles of the tuff breccia show very few vesicles. Thus the
crater-forming event is most likely due to the interaction of
rising hot mafic magma with groundwater at shallow depth,
causing a phreatomagmatic explosion that destroyed the lava
flows and created a maar-type conical crater.

The initial maar deposits are overlain by ca. 1 to 4m of
pyroclastics with different properties. This sequence is char-
acterized by highly vesicular scoria, embedded in a lapilli
and ash matrix. Obviously there was a change in eruptive be-
havior towards lava fountains and effective degassing, most
probably related to a lack of groundwater supply.

The volcanic rocks that rest on this layer of highly vesic-
ular scoria occupy the entire eastern section of the quarry.
They consist of massive alkali basalts with clearly visible
platy and columnar jointing due to comparatively slow cool-
ing and shrinking (Fig. 14). This is best explained by further
magma supply from below, ongoing degassing and prohib-
ited groundwater influx, resulting in a slowly cooling lava
lake that completely filled the conical crater structure.

Data availability. No data sets were used in this article.
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1 Introduction

Our 1-day field trip will first lead us to an area south of Mar-
burg in the middle reach of the Lahn valley. After an intro-
duction to the natural settings of the area, we will visit the
gravel quarry of Niederweimar, one of the largest of its kind
in Hesse. The gravel quarry exposes three units of gravel
which possibly represent the remains of different Quaternary
glacial periods. The gravels are covered by late glacial and
Holocene floodplain fines, showing a high-resolution stratig-
raphy. The floodplain fines include tephra of the Laacher See
eruption that took place during the Allergd, and alternating
layers of sands and silts, which may reflect climatic fluctua-
tions of the late glacial. Above the tephra, a dark soil horizon
marks the beginning of Holocene conditions. Furthermore,
the area around Niederweimar is rich in archaeological finds
of different periods. They indicate continuous settlement in
the area over the last 11 000 years. Details will be presented
at our coffee break at the so-called Zeiteninsel (island of
times), an open-air museum showing settlements of different
archaeological periods. Our next stop will be the abandoned
gravel quarry Niederwalgern, which exposes gravels of the
Lahn at the base and a thick sequence of floodplain fines, in-

cluding a dark palaeosol. The sediments indicate massive de-
position during the Holocene, probably due to anthropogenic
forest clearing in the surrounding area. At our third stop, we
will visit a loess palaeosol section south of Giefen, near a
small village called Miinzenberg. Our luminescence ages in-
dicate that this profile comprises Middle Pleistocene loess,
and possibly also a pre-Eemian palaeosol. The last glacial
loess includes the Eltville tephra, another important tephra
of the area, serving as a chronological marker for the Last
Glacial Maximum. Establishing a secure chronostratigraphy
at the site is however challenging, due to the position on a
steep slope, which triggers erosional events.

2 Physiogeographic setting of the area

The geomorphological and geological setting of the area
comprises a complex pattern of different geological units
ranging from the Palaeozoic to the Holocene. An overview
of the topography and geological units is shown in Figs. 1
and 2. The current annual rainfall in the area approximates
700 mm, and the average annual temperature is 8.8 °C.

The main unit in the western part of the excursion route
is represented by the Rhenish Massif (Rheinisches Schiefer-
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Figure 1. Topography of the field trip area and stops of the excur-
sion route.

gebirge). Marine sands, silts and clays were deposited during
the Devonian era, and were later metamorphized to quartzites
and slates during the Variscian orogeny (Carboniferous). Lo-
cally, limestone, greywacke and radiolarite are also present,
the last two especially in an area west of Gielen and Mar-
burg. The Variscian orogen was eroded to its shield during
the Permian era. During the Tertiary, the shield was frag-
mented into several fault blocks, of which some were up-
lifted during the Tertiary and the Quaternary. Examples of
these uplifted blocks are, e.g. the Rhenish Massif or the Harz
further to the northeast. Many of the gravels in the gravel
quarry at Niederweimar (Stop 1) originate from the Rhenish
Massif to the west, like quartzite, radiolarites and greywacke.
Locally, this part of the Rhenish Massif is also called the
Gladenbach Uplands (Gladenbacher Bergland). It has an av-
erage elevation of around 500 m a.s.l.

To the north and north-east of the excursion route, we
mainly find red sandstones of the lower Triassic (Buntsand-
stein) and basalts which originate from the Vogelsberg erup-
tion during the Tertiary (peak activity ca. 15 Ma ago). The
Vogelsberg is the largest contiguous volcanic region in cen-
tral Europe. The highest elevation of the Vogelsberg area
is the Taufstein (773 ma.s.l.). The river Lahn intersects the
Buntsandstein in an area north and south of Marburg, form-
ing a relatively steep valley. At Niederweimar (Stop 1), the
valley opens into a wider basin, which is filled with Pleis-
tocene gravels and Holocene floodplain fines of the river
Lahn. Buntsandstein and basalts are further important com-
ponents of the gravel spectrum in the gravel pit at Nieder-
weimar.

Further geomorphological-tectonic units near Gieflen and
Marburg are depressions which are filled with Tertiary fines
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Figure 2. Simplified geology of the excursion area (database: Geo-
logical Map 1:300000).

and/or Pleistocene loess. The latter will be the focus of Stop
4. Like the uplifted Rhenish Massif, these basins represent
tectonic blocks, which formed and subsided during the Ter-
tiary and Quaternary.

3 Gravel quarry at Niederweimar

3.1 Geology and geomorphology

The gravel quarry at Niederweimar is situated south of Mar-
burg in the central Lahn valley. It is one of the largest gravel
quarries in Hesse. The middle reach of the Lahn cuts through
a wide range of geological units such as the Rhenisch Mas-
sif and sandstones of Permian and lower Triassic age. Trib-
utaries coming in from the east pass the basaltic Vogelsberg
massif. This leads to a rather diverse gravel spectrum, domi-
nated by greywacke, associated with radiolarites, sandstones,
basalts and quartzites. The hard rock base of the gravel pit is
formed by red to purple sandstones and claystones of up-
per Permian age (Zechstein). Sediments within the gravel pit
have not only been deposited by the river Lahn, but also by
the river Allna, a tributary flowing in from the west, sourced
in the Rhenish Massif. More detailed information on the flu-
vial history of the Lahn valley near Marburg can be found in
Heine (1970).
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Figure 3. Digital elevation map of the area around the gravel quar-
ries Niederweimar and Niederwalgern (Stop 1 and Stop 3).

From a geomorphological point of view, the gravel pit
is situated on the lower terrace of the Lahn. It is currently
not inundated by floods, and its cover sediments are of Late
Pleistocene and early Holocene age, as evidenced by the
Laacher See tephra (LST; 12 900 ka, van den Boogard, 1995).
Chronostratigraphically, the lower terrace would be assigned
to the last glacial period. However, it appears that three gravel
units are exposed in the pit, of which the lower ones seem
to be much older than the last glacial. Elevation differences
in the past and current floodplain of the Lahn are minimal
(see Fig. 3); thus it is nearly impossible to distinguish dif-
ferent terrace levels from a geomorphological point of view.
It therefore appears that at this location of the Lahn River,
we are not dealing with a classical staircase of terraces, but
with vertical stacking of terrace units, possibly due to (rela-
tive) tectonic subsidence in this part of the Lahn valley. So
far, several radiocarbon ages, pollen and macrofossil assign-
ments of the cover sediments as well as the gravel units have
existed (e.g. Huckriede, 1982; Urz, 1995; Schirmer, 1999;
Freund and Urz, 2000; Bos and Urz, 2003). But since large
parts of the gravel units are older than 40 ka, numerical ages
in particular of the older gravel units have been missing so
far. New optically stimulated luminescence (OSL) and e
ages for the gravels as well as the floodplain loams are pre-
sented on this field trip.
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3.2 Archaeology

During more than 20 years of excavation by the State Archae-
ological Service of Hesse on ca. 70 ha of river floodplains and
adjacent alluvial terraces, a large area of settlements has been
detected, spanning from the Mesolithic (11.7 to 7.5ka) and
different periods of the Neolithic (7.5 to 4.2 ka), Bronze (4.2
to 2.8 ka) and Iron Age (2.8 to 2.0ka) to the Middle Ages.
Such an extensive colonization of a local river landscape is,
as yet, unique. The possibility to settle on the drier terraces
near the water, as well as the species-rich flora and fauna,
made the river landscape of the central Lahn valley attractive
to humans (Bos and Urz, 2003).

Already in 1994, two early Mesolithic sites were found
during a gravel excavation. They were dated to around
10.5kacal BP (Bos and Urz, 2003). Pollen and macrofos-
sil analyses, which were part of two research projects during
the DFG (German Research Foundation) priority programme
“Changes of the Geo-Biosphere during the last 15 000 years,
continental sediments as evidence for changing environmen-
tal conditions”, suggest that forest-clearing due to deliberate
burning by Mesolithic people occurred in the area (Bos and
Urz, 2003). A reconstruction of the Mesolithic landscape in
the central Lahn valley is shown in Fig. 4.

Since 2017, a DFG-funded research project has focused
on plant remains from archaeological records as a source of
information on the changing environmental conditions and
agricultural systems within the prehistoric settlements near
Niederweimar (Ralf Urz, Department of Geography, Philipps
University of Marburg). Further details on the archaeology of
Niederweimar can be found on the homepage of the archaeo-
logical survey of Hesse (https://1fd.hessen.de, last access: 11
July 2018).

3.3 Gravel unit

The gravel unit can be divided into three subunits (Fig. 5).
The oldest unit (Unit I) forms the base of the gravel pit. It
is not present and/or visible in all parts of the pit and is of
dark grey to dark reddish colour. Unit II consists of brown
gravels with trough and horizontal bedding and with a strong
overprint caused by precipitation of iron oxides. This unit
can be further divided into two subunits, separated by a dis-
continuous layer of larger blocks. Unit III is formed by grey-
ish gravels with marked horizontal and trough bedding and a
block layer at its base. Unit II and III are separated by an ero-
sional disconformity. Further information on the gravel units
is given in Freund and Urz (2000) and Urz (1995). They as-
sign the lower part of the gravels (our Unit II) to the early
Weichselian, based on pollen and macrorest analyses, and the
upper part of the gravels (our Unit III) to the last Pleniglacial.
The latter is supported by one '“C age at Niederweimar of
around 32 ka, and two further '#C ages between 30 and 40 ka
at the gravel quarry Niederwalgern (Urz, 1995).
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Figure 4. Palacoenvironmental reconstruction of the fluvial landscape of the central Lahn river valley during the early Mesolithic occupation,
showing the Mesolithic camp sites, the differences in relief between the floodplain and the terraces and accompanying differences in forest

vegetation (Bos and Urz, 2003).

3.3.1 Methods and results

Luminescence dating

Different luminescence methods were applied in order to
date the gravel units. Unfortunately, OSL dating of quartz
has an upper age limit of around 100ka for the sediments
in question (quartz dose rate 1.5 to 2.3 Gy ka™!). The lower
gravel units were thus too old for conventional OSL dating.
For this reason, TT-OSL and post-IR IRSLy5 dating were
tested as additional methods. However, both methods suf-
fered from incomplete bleaching. Thus the ages need to be
treated with care. Results are shown in Table 1 and Fig. 5.

Heavy mineral analyses

Sodium polytungstate with a density of 2.85 g cm ™3 was used

as heavy liquid to separate the heavy from the light fraction in
a centrifuge. The samples were boiled with concentrated HCI
before centrifugation in order to remove iron and manganese
hydroxide crusts, which would complicate the identification.
The disadvantage of this method is the dissolution of car-
bonate, apatite and parts of monazite and olivine (Boenigk,
1983). Nevertheless, this was deemed acceptable because of
the benefit of being able to make comparisons with our own
and other previous analyses.

The lowermost gravel units (Unit I and II) show a very
low content of heavy minerals, with 0.02-0.09 % in the fine
sand fraction, while the other profile sections reveal heavy

DEUQUA Spec. Pub., 1, 15-28, 2018

mineral contents ranging from 0.13 to 1.6 %. One of the
key questions of this investigation was in which depth lev-
els heavy minerals of volcanic origin, i.e. of the Laacher See
tephra (LST) occur. The LST is characterized specifically by
the volcanic heavy minerals pyroxene (augite), brown horn-
blende and titanite (e.g. Henningsen, 1980; Hilgers et al.,
2003; Thiemeyer, 1993; Semmel, 2003), which comprise up
to more than 75 % of the overall heavy mineral fraction.

Samples from gravel Unit I and II show high amounts of
extremely stable heavy minerals, especially zircon and tour-
maline. The sample from the overlying gravel unit (Unit III),
just below the floodplain fines, shows a significant increase
of the heavy mineral content as well as high amounts of
volcanic heavy minerals (pyroxene 75 %, brown hornblende
15 % and titanite 3 %). It is thus assumed that at least parts
of this gravel unit post-date the Laacher See event.

3.3.2 Stratigraphic interpretation

Due to the high sedimentation age of the lower gravel units,
it is difficult to provide a numerical chronology of them. So
far, only the following conclusions can be tentatively drawn.

The lowest gravel unit (Unit I) is probably older than the
overlying unit. An assignment to a certain marine isotope
stage (MIS) is impossible, but most likely the sample is older
than 300 ka.
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Figure 5. Sketch and photograph of the gravel units at the Niederweimar quarry. Also shown are age estimates based on (preliminary)
luminescence ages (OSL, TT-OSL and pIRIR»5 dating). More detailed information on the ages is given in Table 1. Note that in the uppermost

sample, heavy minerals typical of the Laacher See tephra were found.

Table 1. Luminescence ages (OSL, TT-OSL and pIRIR,55) of the gravel units in Niederweimar.

Sample Depth Unit Quartz OSL age Quartz TT-OSL age  Feldspar pIRIR age

(m) (ka) (ka) (ka)
Gl464 42 1IIIb 12.5+0.8 42+3 20+5
GI463 6.3 b 307 £21 299 +31
GI462 9.6 IIb 291+29 447 £57
Gl461 11.1 ITa 323 +28 324 £31
GI460 135 I 408 =70 464 £ 57

The intermediate gravel layer (Unit II) seems to have
formed during one single glacial period, because the lumi-
nescence ages are of similar age (except for one outlier), in-
dependent of the method used. However, the ages are too im-
precise and too unreliable for a clear assignment to a certain
MIS. According to the luminescence ages, Unit I most likely
formed during MIS 8 or MIS 10. This age strongly contra-
dicts previous findings of Huckriede (1972, 1982) as well as
Urz (1995) and Freund and Urz (2000), who place the base
of the unit in the Eemian and early Weichselian, based on
pollen and macrofossil analyses.
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The uppermost gravel unit (Unit III) showed a surprisingly
young age. So far, we have assigned this unit to the middle
Weichselian because earlier, preliminary OSL ages clustered
around 30ka. Also, several e ages between 30 and 40 ka
at Niederweimar and the nearby site of Niederwalgern (Urz,
1995; Freund and Urz, 2000) indicate an older age of this
unit. It is possible that during the Younger Dryas, the grav-
els of the middle Weichselian were partially incised by the
braided river that shaped the riverbed at that time. The chan-
nels were then filled with Younger Dryas gravels and sands
shortly before the onset of the Holocene. In many parts of
the upper gravel layer, these former channels are visible. This
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Figure 6. Sketch of section NW-6 in the floodplain loams of Niederweimar, together with results from 14C and OSL dating, grain size and
heavy mineral analyses. Please note that the lowermost sample for OSL dating is derived from one of the neighbouring sections NW-3, from

the same stratigraphic unit.

young sedimentation age of the uppermost part of gravel Unit
III is supported by the heavy mineral spectrum, which shows
a signature characteristic of the LST.

Although the older luminescence ages have been unreli-
able so far, they allow the following overall interpretation:
terrace units of different ages are vertically stacked onto each
other, possibly indicating (relative) tectonic subsidence of the
area. MIS 6 is not represented by a gravel unit in the studied
section; thus it seems to have been completely removed by a
later erosional period. Very large blocks in the lower part of
Unit I testify to an extremely dynamic fluvial event, which
may have caused this erosion. However, it cannot be ruled
out that MIS 6 gravels are found in other parts of the gravel

pit.

3.4 Floodplain loams

Floodplain loams overlie the Pleistocene gravels and show a
very detailed stratigraphy, with alternating sand and silt lay-
ers in the lower part, one or several light grey layers of vary-
ing thickness in the middle and upper part, and a further dark
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palaeosol horizon in the uppermost part. From field observa-
tions, it is tempting to assign the greyish layers to the (relo-
cated) Laacher See tephra, which would place the lower part
of the floodplain loams in the late glacial and the upper part
of the section mainly in the Holocene. This stratigraphy is
supported by detailed pollen and macrofossil studies as well
as radiocarbon dating carried out by, e.g. Urz (1995), Bos and
Urz (2003) and Schirmer (1999). However, this stratigraphic
interpretation contradicts the findings on the gravel unit in-
vestigated in the current study. Here, one OSL age places the
uppermost part of the gravels in the Younger Dryas. Heavy
mineral analyses also confirm that their deposition took place
after the Laacher See event. In order to gain further insight
into the chronostratigraphy of the site, further '*C and OSL
dating and palynological, granulometric and heavy mineral
analyses on the floodplain loams were carried out.

3.4.1 Methods and results

Particle size distributions were determined by classical
pipette and sieve procedures without decarbonation accord-
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Table 2. OSL and 4C ages of the floodplain loams in Niederweimar. l4c analyses were carried out on wooden macrofossils, and OSL

dating was carried out on the quartz coarse grain fraction.

Sample Depth  Unit Quartz OSL age l4c age
(m) (ka) (kacal BP)

Poz-97127  3.00 NW-6III 13.52+0.14
Poz-97337  3.10 NW-61L.11b 13.06 £0.13
Poz-97126  3.15 NW-61l.11a 13.754+0.14
Poz-97335 355 NW-611.9 14.08 £0.24
Poz-97334 385 NW-61L7 13.77£0.14
Poz-97124  4.00 NW-61L5 14.50£0.35
Poz-97333 455 NW-61Il.1a 13.91+0.20
GI455 275 NW-61V.1 13.9+1.2

GI453 350 NW-6IL.10 10.8£0.9

GI450 455 NW-61L1 126 +1.2

GI448 5.00 NW-31 12.8+1.2

ing to Kohn (ISO 11277). The chronology of the upper unit
of floodplain fines is mainly based on calibrated '“C age
analyses (CalPal online; Weninger and Joris, 2004), carried
out on wooden macrofossils, obtained from the silt-rich sed-
iment layers. Additionally, three luminescence ages were de-
termined, using OSL on the coarse grain quartz fraction. Re-
sults are shown in Fig. 6 and Table 2.

Palynological analyses were carried out mainly on the silty
layers in the bottom part of the section (Unit I to Unit III).
They reveal vegetation changes over a short period of only
1000 years according to the *C ages (Fig. 7).

The layers II.1a and II.1c have similar pollen spectra with
a dominance of Poaceae, Thalictrum, Artemisia and other
herbs, such as the Helianthemum nummularium group, Ra-
nunculus acris type, Apiaceae and Matricaria type, indicat-
ing a dominance of meadows. An open landscape is sug-
gested by a low abundance of arboreal pollen (7 %), repre-
sented by Pinus and Betula. Presence of Myriophyllum and
remains of Gleotrichia type and Spirogyra indicate stagnant
or slowly flowing water. Pollen concentration is rather high
and varies between 15000 and 27 000 grains cm™3, indicat-
ing a low sedimentation rate. A low abundance of mycor-
rhizal spores of Glomus type indicates low soil erosion rates.
Charcoal concentration of up to 6000 particles cm ™ reveals
the presence of fires.

The next four clay layers (Units 11.3, IL.5, II.7, and I1.9)
differ from the first ones by very low pollen concentrations
of 2000-3000 grains cm 3. This can possibly be explained
by increased sedimentation rates due to enhanced soil ero-
sion in the catchment. The latter is confirmed by a high abun-
dance of Glomus type (87-302 %). Pollen spectra of all four
layers are characterized by a significant increase of arboreal
pollen like Picea (Bittmann, 2007), possibly partly reworked.
Non-arboreal pollen (NAP) is still dominant in the spectrum
with Cyperaceae, Poaceae and Artemisia, also suggesting
wetter conditions and possible spread of tundra vegetation.
Spores of coprophilous fungi (Arnium, Bombardioidea, Po-
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dospora, Sordaria and Sporormiella) indicate the presence
of the herbivores in the area, but their increased abundance
can possibly be explained by an increased soil erosion in the
catchment. Pollen of Myriophyllum and algal remains indi-
cates similar aquatic conditions to before. Interestingly, there
are abundant sheaths of Gleotrichia-type, which is known as
having been an aquatic pioneer during the early part of a late
glacial due to its ability to fix nitrogen and make conditions
suitable for other aquatic plants (van Geel et al., 1989).

Layer II.11 has an increased pollen concentration
(6000 grains cm™—3), indicating a lower sedimentation rate
during this period. The pollen concentration increases up to
64 000 grains cm™—> in the peat layer, indicating a slow peat
growth rate. An abundance of arboreal pollen (AP) in layer
11 exceeds 50 % and it is dominated by Pinus and Betula,
indicating further spread of birch-pine forests under milder
conditions.

The heavy mineral samples from this section reveal a
spectrum which is typical of the LST throughout the whole
section of floodplain loams. Since especially pyroxene and
brown hornblende are not very resistant to weathering, near-
surface samples are affected by a higher grade of mineral
alteration, which causes a relative enrichment of the stable
heavy mineral titanite.

3.4.2 Stratigraphic interpretation

The '“C ages place the lower part of the floodplain loams
in the Meiendorf and Bolling interstadials, as well as in the
Older Dryas period. They coincide with '#C ages presented
by Schirmer (1999) for the same stratigraphic unit and pre-
date the Laacher See eruption. Based on our investigations
in the field, we placed the first layers containing LST in Unit
III, supporting the '*C ages. Furthermore, comparison of the
preliminary pollen data with pollen diagrams presented in
Schirmer (1999) allows a stratigraphical correlation of the
lower part of our section to the late glacial. This is evidenced
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Figure 7. Selected curves from the palynological diagram of the section NW-6.

by rather low AP values, dominance of Betula, Poaceae and
Artemisia and the presence of a wide variety of herbs such as
Helianthemum, Plantago and Rumex acetosella type.

However, the heavy minerals suggest that layers from Unit
IT also contain significant amounts of LST, as well as the
underlying gravel unit. This finding is consistent with two
of the OSL dates from the floodplain loams, which yield
ages of 12.6£1.2 and 10.8 =0.9ka, thus post-dating the
Laacher See event. Another OSL age from the underlying
gravel (12.8 & 1.2 ka) agrees with the Laacher See event and
is consistent with another sample dated to 12.5 £ 0.8 ka in-
vestigated in the gravel section (see Sect. 3.3.1). However,
the OSL chronology shows an age inversion in the uppermost
sample. This is most likely due to methodological problems,
namely OSL curves in this sample that decay slower than
usual. The three lower samples showed typical OSL curves;
they thus appear more reliable. On the other hand, the pollen
data rule out a Holocene age of the middle OSL sample in the
floodplain loams. The beginning of the Holocene in the area
is well defined stratigraphically by a strong increase of pine
pollen up to 80 % (Bos and Urz, 2003), and this signature is
absent in our investigated pollen samples.

In summary, on the one hand it seems that the OSL data
and the heavy mineral analyses support each other, with the
uppermost gravel unit and the overlying floodplain loams
post-dating the Laacher See event. On the other hand, the '4C
chronology is more consistent with the pollen data and the
field observations, i.e. the onset of tephra deposition within
Unit III. This stratigraphic inconsistency will be further in-
vestigated in the near future.

The '“C chronology furthermore reveals that the lower
part of the section, comprising a sequence of intercalated
coarser and finer layers (Unit IT), was deposited within a rel-
atively short time, resembling an alluvial channel facies (Au-
rinnenfazies) sensu Schirmer (1983).
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4 Abandoned gravel quarry of Niederwalgern

The site Niederwalgern is a former gravel quarry, which
has now been turned into a lake that serves as a natural re-
serve for birds and other wildlife, and is also the habitat of a
small herd of water buffalos. Geomorphologically, the for-
mer gravel quarry rests on the lower terrace of the Lahn,
which in turn is covered by Holocene alluvial fines. The fines
include a thick unit of sediments that contains abundant frag-
ments of ceramics and charcoal, indicating anthropogenic al-
luvium which originates from hillslopes further to the west
(Fig. 3). Detailed litho-, bio- and chronostratigraphic investi-
gations at the site (during active quarrying) were carried out
by Urz (1995).

4.1 Methods and results

Particle size distribution was determined by classical pipette
and sieve procedures without decarbonation according to
Kohn (ISO 11277). In order to provide a first chronology of
the section, OSL dating was applied to the underlying gravels
of the lower terrace and to the upper part of the overlying fine
sediments. For this purpose, the coarse grain quartz fraction
was analysed. Due to incomplete bleaching, the D, values
of the floodplain fines are based on a minimum age model.
In contrast, material from a sand lens within the underlying
gravel was well bleached. Thus, the Central Age Model was
applied for deriving the mean D,. Results are summarized in
Table 3 and Fig. 8.

4.2 Stratigraphic interpretation

The investigated section comprises three units: the gravel
unit (I) at the base of this site yields an OSL age of
8.54+0.6ka. In comparison to a '“C age obtained by
Urz (1995), which places this unit in the Younger Dryas, our
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Table 3. OSL ages of the quartz coarse grain fraction of the Niederwalgern section.

Sample  Depth Unit Quartz OSL age  Quartz OSL age
(m) (ka) (AD)
GI465 0.55 N-Walll.5a 1.00 £0.07 950-1090
GI466 0.75 N-Walll.4c 0.89£0.09 1040-1220
GI470 1.10  N-WallL.3b 0.79 +£0.07 1160-1290
GI467 1.40 N-Walll.3a 1.16 £0.10 750-960
GI469 1.80  N-Walll.1 1.12£0.06 830-970
GI468 3.75 N-Wal.3 85£0.6
Clay Silt Sand Gravel
- z e v Suiyee

Fine Middle Coarse
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Figure 8. Sketch of section Niederwalgern, together with results of
OSL dating (in ka) and grain size analyses.

OSL age appears to be too young. Further investigations on
this issue will be undertaken in the near future.

The intermediate layer (II) is composed of floodplain
loams with a dominant sand fraction. The unit terminates
with a dark soil complex, in which the clay content increases
to around 40 % in the uppermost sample. This soil can pos-
sibly be correlated with the so-called black floodplain soil
which is widespread in the area. The formation of this flood-
plain soil in middle Hesse is assigned to the early Holocene
(Mickel, 1969; Houben, 2002; Urz, 2003) or to the early
to mid-Holocene (Rittweger et al., 2000). So far, precise
numerical ages of this horizon have been sparse, and the
site at Niederwalgern offers the potential for improving the
chronology by undertaking further OSL analyses.

The sediments of the uppermost unit (II) are dominated
by silt. Charcoal pieces and fragmented ceramics are also
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Figure 9. (a) Study area within the European loess belt (Haase et
al., 2007). (b) Location of the Miinzenberg loess sequence and ref-
erence sections. Loess distribution is only indicated for the region
of Hesse (Germany). Please note that sedimentary units are strongly
generalized.

abundant, indicating strong anthropogenic impact. At the
current stage of research, it is however not clear whether this
sediment layer is a colluvium from the small slopes further
to the west or an alluvial sediment. Five OSL ages assign the
unit to the Early Medieval Period in the lower part and the
High Medieval Period in the upper part. As in many other
parts of Germany, the High Medieval Period was character-
ized by deforestation and intensive farming, not only in the
lowlands, but also on the hillslopes of low mountain ranges.
This led to intense soil erosion and deposition of material at
toe slopes and floodplains as colluvial and alluvial deposits.

5 Minzenberg loess section

5.1 Study area

The section is situated on a slope within a former brick-
yard on the east side of the Wetter River (50°26’ N, 08°46’ E;
198 ma.s.1.), in the northern part of the Wetterau basin within
the Hessian Depression (Fig. 9). The basin’s topography is
characterized by a gently rolling landscape, flanked by the
northern Taunus mountains to the west and the basaltic Vo-
gelsberg massif to the east. During the Tertiary, tectonic sub-
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Figure 10. Results of sedimentological and colorimetric analyses at the Miinzenberg section (5 cm depth interval except magnetic suscep-
tibility with 10 cm depth interval): (a) grain size distribution, (b) carbonate content, (c) magnetic susceptibility measurements conducted in
the field and (d) colour values a*, L* and Redness Index (RI), allowing estimations of hematite contents.

sidence created a mosaic of small-scale depressions, accom-
panied by the deposition of marine, fluvial, limnic and aeo-
lian sediments (Bibus, 1974, 1976). Therefore, the lithology
of the study area is dominated by unconsolidated Miocene
sediments consisting of sands, gravels and clays. Addition-
ally, Miocene basalts and intensively saprolized rock form
the subsurface of the northern part of the Wetterau, character-
izing the lithology of the study area (Kiimmerle, 1981; Sabel,
1982).

Under periglacial conditions during the Pleistocene, the
river Wetter formed terraces above the present-day river
bed. These terraces were later covered by calcareous aeolian
sands and reworked loess-derived clayey silts. On northeast-
facing slopes and geomorphologically sheltered positions,
loess was deposited and has been preserved to thicknesses
of up to 10 m (Schonhals, 1996). Farming in the area already
started in the early Neolithic, ca. 7500 years ago, favoured
by a moderate climate and fertile soils. Because of this long-
term cultivation, the present-day soilscape of the area is char-
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acterized by truncated soil profiles and anthropogenic col-
luvium, e.g. truncated Luvisols, Cambisols and Regosols
(Houben, 2012; Lang and Nolte, 1999; Schrader, 1978).

5.2 Methods

According to Bibus (1974), the investigated loess section
can be subdivided into 17 units, including several palacosols
showing different intensity of pedogenesis, reaching a thick-
ness of up to 10 m. However, the chronostratigraphic inter-
pretation by Bibus (1976) was based solely on palaeope-
dological criteria, whereas there has been no numerical age
control so far. Therefore, the existing loess profile has been
extended, described and sampled in several field campaigns
since summer 2013. Magnetic susceptibility measurements
were conducted in the field with a SatisGeo Kappameter
KM-7 at a 10 cm depth interval, recording five measurements
per depth interval. Samples for sedimentological analyses
were collected at high resolution (5 cm), yielding 180 bulk
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(a) (b)

Figure 11. Photomicrographs of palaeosoil sediments. (a) The mi-
crostructure is characterized by numerous channels and planes,
forming polygonal segments with coatings of illuvial clay. (b) Dis-
tribution of clay in striated b-fabric. (¢) Charcoal. (d) Disorthic
Fe / Mn nodules.

samples, based on the continuous column sampling method
described in Antoine et al. (2009). Sedimentological anal-
yses included determination of particle size distribution by
classical pipette and sieve procedures without decarbonation
according to Kohn and gas-volumetric determination of car-
bonate using the Scheibler method. Additionally, spectropho-
tometric analysis for determination of colour and lightness
was conducted using a Konica Minolta CM-5 spectropho-
tometer at the laboratory for Physical Geography of RWTH
Aachen. Based on the colour values, the Redness Index (RI)
was calculated as a proxy for soil rubification and changes
in hematite content (Barron and Torrent, 1986). For lumines-
cence dating, 16 samples (Fig. 10; red circles) were taken at
night-time by direct sampling into opaque plastic bags, af-
ter removing the light-exposed outer sediment layer of the
profile wall. Samples for dosimetry measurements were col-
lected within a 30 cm radius of each luminescence sample.
Sample preparation and post-IR IRSL measurements, fol-
lowing a modified post-IR IRSLj»5 protocol originally pro-
posed by Buylaert et al. (2009), were carried out at the Lu-
minescence Laboratory of Giessen University. Further infor-
mation can be found in Steup and Fuchs (2017). A total of
15 undisturbed samples were collected from the profile for
micromorphological analyses (Fig. 10; red boxes).

For the interpretation of relative variations in the geochem-
ical composition along the loess section, XRF analyses were
performed on a ITRAX XRF core scanner at Bremen Univer-
sity. The results are presented as element log ratios (Fig. 12)
to characterize weathering intensity and dust provenance.
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5.3 Profile description and results

The division of the loess section into 14 pedostratigraphic
units (Fig. 10) is based on field observations including iden-
tification of major discontinuities and variations in colour,
grain size distribution, magnetic susceptibility and carbonate
content, as well as quantitative analyses of grain size distribu-
tion, carbonate content, spectrophotometric colour measure-
ments and age estimates obtained from luminescence dating.
Five units are distinguished based on sedimentological and
pedological characteristics from the basal stratum (I) of the
sequence to the surface of the recent soil (V):

I. basal soil complex

II. calcareous loess and reworked soil sediment
III. weak brown soil sediment
IV. loess and tundra gleys

V. modern disturbed top soil.

The lowermost subsequence (Unit 1) of the section con-
sists of Fe / Mn nodules of reddish brown compacted clayey
silt ~2m thick, characterized by complete decarbonatiza-
tion. It shows the highest content of illuvial and neoformed
clay (<2um; Fig. 1la, b), with almost 40% clay at a
depth of 10 m. Four subunits can be distinguished within
the basal soil complex, based on grain size variability and
changes in soil colour and elemental composition (based on
XRF). The luminescence age estimates (Table 4) calculated
from the pIRIR»;s signal in subunits a and b range from
177.6 £26.8ka (GI 142) to 204.7 £21.8ka (GI 143), indi-
cating a time of deposition prior to the last interglacial (MIS
Se) and therefore soil formation during MIS 5 or 7.

Unit 2 marks a transitional stage between subsequence
I and II, showing several indices for translocation, e.g.
coarsening substrate, only partial decalcification and diffuse
boundaries (Fig. 11c, d). It is superimposed by 1 m of ho-
mogeneous yellow-grey, calcareous (11-12 % CaCO3) and
silty loess (Unit 3) with incorporated CaCOj3 concretions (&
5-6 cm). Unit 4 differs clearly from the underlying and over-
lying typical calcareous loess layers (Units 3 and 5) in the
occurrence of reworked yellowish brown to grey silt loams
and sandy layers, both containing Fe / Mn concretions and
erosive and translocated structures. The uppermost laminated
calcareous loess (Unit 5) of subsequence II is infiltrated with
large calcareous nodules up to 15 cm in diameter and marks
the boundary towards the overlying light brown reddish silt
loam (Unit 6), with a tabular structure and a lower carbon-
ate content compared to the loess sediments. Luminescence
ages of the under- and overlying sediments confirm a gap of
~ 100 ka between subsequence II and IV, implying deposi-
tion of SS II during MIS 6 (GI 146: 167.5 +21.9ka). The
overlying subsequence IV represents MIS 2 and is character-
ized by the alternation of yellow sandy loess sediments with
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Figure 12. Grain size data, weathering and provenance indices at Miinzenberg as derived from XRF data.

Table 4. Equivalent doses and post-IR IRSL dating results. The measurement column refers to the protocol used for age calculation; 7 is the
number of aliquots used for D, calculation. D, is the equivalent dose. The post-IR IRSL»5 ages are considered to be the most reliable age
estimates.

Sample Depth (cm) Measurement n D, (Gy) Uncorrected age (ka)
GI 156 140-145  pIRIRyy5 6 53.0+4.1 164+1.8
GI 155 175-182  pIRIRy»5 4 70.2+4.0 23.5+1.9
GI 154 188-194  pIRIRj»5 7 82.6+2.5 279+1.7
GI 150 388-394  pIRIRy;5 7 75.5+53 25.1+£2.7
GI 149 442-451  pIRIRp»5 8 350.8 £26.3 1128 +12.5
GI 146 637-641 pIRIR)5 8 399.5 +£46.7 167.5+21.9
GI 143 802-805 pIRIRy;5 8 601.9+33.3 204.7+21.8
MET-IR5 3 354.0+27.6 1204+ 144
MET-pIRIR g9 3 530.04+29.0 180.2+19.1
MET-pIRIR|5¢9 3 696.4 +69.0 236.8+31.9
MET-pIRIRyp9 3 640.0+61.6 217.6 +28.8
MET-pIRIRy50 3 72224252 245.6 +23.9
GI 142 820 pIRIRpy5 6 506.1 +59.9 177.6 £26.8
MET-IR5 4 383.2+54.2 134.54+22.8
MET-pIRIR;og 4 471.5+82.6 165.5+32.8
MET-pIRIR |50 4 570.8 £48.7 200.3 +25.3
MET-pIRIRyg9 4 719.6£122.2 252.54+48.9
MET-pIRIRp59 4 627.9 +£59.1 220.34+29.2
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intercalated coarser brownish sand layers (Units 8, 10, 12)
and greyish yellow horizons with higher silt and lower sand
contents, reflecting incipient pedogenesis (Units 7,9, 11, 13).
Transitions between sandy loess and bleached tongue hori-
zons are represented by disturbed boundaries accompanied
by redepositional features, such as rounded Fe / Mn nodules
and the highest coarse sand contents of the entire sequence.
In the uppermost loess (Unit 12) a greyish-black layer of
volcanic material 1-2 mm thin is observed, showing defor-
mation features through solifluction processes. Based on the
post-IR IRSL ages (GI 154 and GI 155), the volcanic ash
layer can be attributed to the Eltville tephra, which serves as
an important marker horizon and thus enables us to corre-
late the Miinzenberg loess section with other sequences from
central Germany containing this ash layer. The superimposed
Unit 14 of subsequence V corresponds to the modern surface
soil.

Data availability. Tables with primary data will be provided by the
authors on request. See also www.hlnug.de/fileadmin/dokumente/
geologie/geologie/guek300.pdf (HLUG, 2017).
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1 Einleitung

Die Exkursion fithrt im Wesentlichen zu quartéren fluviati-
len und #olischen Sedimenten im Rhein-Main-Gebiet. Da-
bei werden die geologischen Strukturrdaume des Hanauer Be-
ckens und hier das Teilbecken der Hanau-Seligenstédter Sen-
ke, der Nordliche Oberrheingraben sowie das Mainzer Be-
cken betrachtet (Abb. 1). Wobei die vorgestellten Aufschliis-
se nur in der Hanau-Seligenstiddter Senke sowie Mainzer Be-
cken liegen.

Das Exkursionsgebiet wird durch zwei Grabensysteme
gepragt, den nordlichen Oberrheingraben und das Hanau-
er Becken. Die Entstehung des Oberrheingrabens, als Teil-
abschnitt der Mittelmeer-Mjosen-Zone, begann vor rund 40
Millionen Jahren im Eozidn. Seitdem hat eine Absenkung
von gut 4000 m stattgefunden. In einzelnen Gebieten, wie
dem Heidelberger Becken, ist eine noch stirkere Absenkung
nachgewiesen worden, so dass hier im Quartdr Sediment-
méchtigkeiten von iiber 500 m auftreten (Ellwanger et al.,
2008 und Gabriel et al., 2013). Aber auch in Hessen sind
Quartdrméchtigkeiten von 225 m in der Forschungsbohrung
Viernheim (Hoselmann, 2008a) dokumentiert. In einem Teil-
becken Ostlich des Niersteiner Horstes (1.2.4 in Abb. 1) wird

eine bisher nicht durch Bohrungen nachgewiesene Quartér-
michtigkeit von rund 325 m vermutet. Die pleistozéne Gra-
benfiillung besteht aus einer Wechselfolge fluviatiler und
limnisch-fluviatiler Ablagerungen. Am 6stlichen Grabenrand
sind wiederholte laterale Eintrige vom Grabenrand (Oden-
wald und Sprendlinger Horst) sowie dolischer Eintrag zu be-
obachten (Hoselmann und Lehné, 2014).

Das Hanauer Becken (3.1.2 in Abb. 1; Stopps 1-3) ist
ein Randbecken des nordlichen Oberrheingrabens, das im
Westen vom Sprendlinger Horst und Bergstrifler Oden-
wald, im Stiden vom Bollsteiner Odenwald, im Osten vom
Buntsandstein-Odenwald, Vorspessart und im Nordosten so-
wie Norden von der Biidinger Permscholle begrenzt wird. Im
Norden schliefit sich als weiteres kidnozoisches Senkungsge-
biet die Wetterauer Senke an. Intern gibt es Hoch- und Tiefla-
gen wie den Frankfurter Horst und die Neu-Isenburger Pfor-
te. Wie auch im Oberrheingraben sind im Oligozin und unte-
ren Miozdn marine, brackische sowie limnisch-fluviatile Se-
dimente abgelagert worden. Die pliozéinen Sedimente wer-
den durch limnisch-fluviatile Ablagerungen aus regiona-
len Liefergebieten geprigt. Lokal kommt es zur Bildung
von Braunkohlen. Eine detaillierte lithostratigraphische Ent-
wicklung im Paldogen und Neogen findet sich bei Grimm
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Abb. 1. Die geologischen Strukturrdume im Exkursionsgebiet mit den einzelnen Stopps sowie den tektonischen Strukturen im westeuropéi-

schen Riftsystem.
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(2004). Die quartiren Akkumulationen werden im Wesent-
lichen durch fluviatile Ablagerungen des Mains und seiner
Zufliisse gebildet.

Beim Mainzer Becken (3.1.4 in Abb. 1, Stopps 4 und
5) handelt es sich um ein Senkungsgebiet, das am nord-
westlichen Rand des Oberrheingrabens liegt. Die nordliche
Begrenzung stellt das Rheinische Schiefergebirge dar, im
Exkursionsgebiet ist dies z.B. der Vordertaunus (1.1.1.3 in
Abb. 1); im Siidwesten grenzt es an die permischen Gestei-
ne des Saar-Nahe-Beckens. Auch wenn der Begriff Becken
eine Tieflage beschreibt, handelt es sich beim Mainzer Be-
cken um eine in Relation zum Oberrheingraben nicht so stark
abgesenkte Hochscholle. Die Sedimentfiillung des Mainzer
Beckens besteht im Wesentlichen aus eozédnen limnischen
Sedimenten und ab der Pechelbronn-Formation aus mari-
nen, marin-brackischen und nach oben hin aus brackisch-
limnischen Ablagerungen. Die lithostratigraphische Abfol-
ge wird detailliert bei Grimm et al. (2011) beschrieben.
Pliozidne und quartdre Sedimente sind meist geringmich-
tig. Allerdings ist im Aufschluss der Mosbacher Sande
bei Wiesbaden-Amoneburg (Stopp 4) die Mosbach-Sande-
Formation mit mehr als 20 m Michtigkeit aufgeschlossen,
die diskordant auf der untermiozénen Wiesbaden-Formation
liegt. Das Mainzer Becken ist ein weltweit bekanntes, sehr
gut untersuchtes und fossilreiches Tertidrgebiet in Deutsch-
land (Rothausen und Sonne, 1984; Grimm und Grimm, 2003;
Schifer, 2012).

Fluviatile Ablagerungen des Mains sind in Hessen im Ha-
nauer Becken, dem nordostlichen Bereich des nordlichen
Oberrheingrabens sowie im Mainzer Becken abgelagert wor-
den. Fiir die pleistozinen Ablagerungen des Mains fiihrte
Semmel (1964) ein Gliederungssystem ein, das die Terras-
sen in sieben Stufen von der tl-Terrasse (Unterpleistozin)
bis t7-Terrasse (Oberpleistozidn) unterscheidet.

Zur Zeit der Ablagerung der unterpleistozdnen tl-
Terrasse (nach lithostratigraphischer Definition Untermain-
Hauptterrassen-Formation; Hoselmann, 2007b) war das Un-
termaingebiet noch ein Absenkungsraum, der michtige Auf-
schotterungen zulieB3, die heute im Wesentlichen noch erhal-
ten sind. Seit rund 600 ka schneidet sich der Main aufgrund
tektonischer Hebungsprozesse in seinen Untergrund ein, so
dass sich im Mittelpleistozdn (t2- bis t5-Terrassen; nach
lithostratigraphischer Definition Untermain-Mittelterrassen-
Formation; Hoselmann, 2008b) sowie Oberpleistozéan (t6-
und t7-Terrasse; nach lithostratigraphischer Definition
Untermain-Niederterrassen-Formation; Hoselmann, 2008c)
eine Terrassentreppe entwickeln konnte (Abb. 2).

Die t1-Terrasse im Bereich der Isenburger Pforte wird auf-
grund der Hohenlage der Terrassenbasis in fiinf Terrassen-
stufen (tla bis tle) untergliedert (Semmel, 1999a, 2006).
Die Isenburger Pforte umfasst nach Semmel (1999a) das
tieferliegende Gebiet zwischen dem aus miozéinen Kalkstei-
nen aufgebauten Sachsenhiuser Berg und dem Rotliegend-
Hohenzug zwischen Sprendlingen und dem Trachyt-Stiel
des Hohen Berges zwischen Dietzenbach und Heusenstamm
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Abb. 2. Schema der Terrassenentwicklung des Mains im Be-
reich des Frankfurter Stadtwaldes (umgezeichnet nach Sem-
mel, 2006). Zur Zeit der Akkumulation des mehrgliedrigen tl1-
Terrassekomplexes des Mains war der Raum Senkungsgebiet. In
den Warmzeiten bildeten sich engrdumige Flussrinnen, die mit To-
nen, Schluffen und Torfen verfiillt wurden. Ab der t2-Zeit ist der
Raum durch Hebung gekennzeichnet, so dass sich der Main in 4l-
tere Sedimente einschneiden konnte und eine Terrassenstaffel aus-
bildete. Jiingere Terrassenablagerungen erodierten dltere Sedimente
groBrdumig, so dass die t5-Terrasse nur westlich des Mains erhalten
blieb.

(Abb. 3). Da die fluviatilen Sedimente des Mains liegendes
Pliozédn aufgearbeitet haben, sind diese petrographisch hiu-
fig kaum von fluviatilen pliozdnen Ablagerungen zu unter-
scheiden. Im Hanauer Becken lassen sich Lydite als Leitge-
rolle zur Abtrennung pliozidner Sedimente nutzen. Erst mit
dem Beginn des Pleistozéns vergroflert der Main durch riick-
schreitende Erosion sein Einzugsgebiet um den Bereich des
Obermains und der Regnitz (Lang, 2007) und entwéssert so-
mit auch den Frankenwald, der die Lyditgerdlle liefert. In
Gebieten, in denen Zufliisse aus dem 3stlichen Rheinischen
Schiefergebirge hinzukommen, dient der Lydit nicht mehr
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Abb. 3. Geologische Ubersichtskarte des 6stlichen Rhein-Main-Gebietes (verindert nach Lang und Seidenschwann, 2012).

als Leitgerdll fiir pleistozdne Mainsedimente, da auch aus
diesen Landschaftsrdumen Lyditgerolle stammen, die sich
in pliozénen und pleistozidnen Ablagerungen im Untermain-
gebiet wiederfinden. Diese Lydite sind geochemisch nicht
von denen aus dem Frankenwald zu unterscheiden (Semmel,
1999b).

Die Michtigkeit der unterpleistozinen t1-Terrasse betrigt
maximal 40 m (Scheer, 1976), kann aber auch nur wenige
Meter betragen. Hiufig tritt im Untermaingebiet eine Méch-
tigkeit von rund 30 m auf. Der Terrassenkomplex besteht aus
verschiedenen fining-upward-Zyklen, die hdufig am Top mit
warmzeitlichen Ton-Schlufflagen enden; die Terrassenbasis
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wird meist durch eine Grobblocklage gekennzeichnet, die
den Erosionsrest einer Terrassenakkumulation darstellt. Die
Kiese bestehen hauptsichlich aus Quarz, Quarzit, Hornstein,
Lydit sowie aus Sandstein des Buntsandsteins. Letztere bil-
den auch vorrangig Driftblocke, welche als Hinweis auf kalt-
zeitliche Ablagerungsbedingungen dienen. Schwerminerale
im Sandanteil zeigen stark schwankende Prozentzahlen der
stabilen und instabilen Schwerminerale wie Epidot, Granat
und griine Hornblende. Durch Aufarbeitung plioziner Sedi-
mente konnen die extrem stabilen Schwerminerale wie Zir-
kon, Rutil und der TiO,-Gruppe angereichert werden. Das
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Auftreten von Staurolith kann von den Gneisen des kristalli-
nen Vorspessarts abgeleitet wird.

Die mittelpleistozidne t2-Terrasse kann im Hanauer Be-
cken eine Michtigkeit von bis zu 25 m erreichen. Im west-
lichen Untermaingebiet sind die Sedimente der t2-Terrasse
dagegen nur maximal 5 m méchtig (Semmel, 1974). Auch
die Akkumulation der t2-Terrasse beginnt an der Basis héu-
fig mit einer Grobblocklage. Der petrographische Inhalt der
Terrasse unterscheidet sich nach Scheer (1976) nur wenig
von der tl-Terrasse. Zum Ende der Ablagerungszeit der t2-
Terrasse floss der Main nicht mehr durch die Isenburger Pfor-
te, sondern weiter nordlich in Richtung Offenbach durch die
Pforte von Tempelsee (Semmel, 1999a).

Die fluviatilen Ablagerungen der mittelpleistozidnen t3-
Terrasse zeigen im Osten der Untermainebene nur eine
Michtigkeit von wenigen Metern. Im Westen tritt dage-
gen eine durchschnittliche Méchtigkeit von 8 bis 10m auf
(Scheer, 1976; Semmel, 1974). Haufig ist diese Terrasse sehr
sandig ausgebildet; enthilt aber nach Semmel hohe Antei-
le an Driftblocken von Sandsteinen des Buntsandsteins mit
Kantenldngen von tiber einem Meter. Dazu wurden innerhalb
des Sedimentkorpers synsedimentire Eiskeilpseudomorpho-
sen sowie Kryoturbationen beobachtet, die kaltzeitliche Ak-
kumulationsbedingungen nachweisen. Die Gerollpetrogra-
phie und die Verteilung der Schwerminerale dhneln denen
der dlteren Mainterrassen.

Die mittelpleistozéne t4-Terrasse ist hdufig stark erodiert
und weist eine Machtigkeit von maximal 5 m auf. Die Schot-
terpetrographie ist vergleichbar mit &lteren Terrassen. Somit
ist die t4-Terrasse im Wesentlichen nur durch die Hohenlage
von anderen mittelpleistozdnen Terrassen zu unterscheiden.
Mitunter beinhaltet die Terrasse hohere Anteile aufgearbei-
teter plioziner und pleistoziner fluviatiler Sedimente.

Die jiingste mittelpleistozdne Mainterrasse ist die t5-
Terrasse. Sie weist im Hanauer Becken Michtigkeiten von
5 bis 10m auf (Scheer, 1976). Im Raum Seligenstadt hat
sie eine dokumentierte Breite von rund 4 km. Der Kiesan-
teil in den Terrassensedimenten ist hoch und weist erstma-
lig Muschelkalkgerolle auf, die allerdings nach Scheer un-
terhalb von Miihlheim nicht mehr nachzuweisen sind. Deut-
lich ist aber im Allgemeinen eine Kornvergroberung im Ge-
gensatz zu den dlteren pleistozdnen Mainterrassen erkennbar.
Das Schwermineralspektrum &hnelt dem Spektrum der dlte-
ren Mainsedimente, dagegen zeigt die gegen Verwitterung
instabile griine Hornblende mit Anteilen von zum Teil mehr
als 30 %, dass die t5-Terrasse kaum postsedimentir verwit-
tert ist.

Die oberpleistozine t6-Terrasse tritt in einer Machtigkeit
von rund 3 bis 8 m auf. Im Gegensatz zu den dlteren Main-
terrassen sind diese Sedimente im Hanauer Becken karbo-
natisch und enthalten in der Kiesfraktion bis zu 20 % Mu-
schelkalkgerdlle, deren Anteile aufgrund ihrer geringen Re-
sistenz gegeniiber fluviatilem Transport im Flussverlauf ab-
nehmen. So sind Ablagerungen der t6-Terrasse, wie auch
der jiingeren t7-Terrasse, mainabwirts ab dem Frankfurter
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Stadtwald i. d. R. karbonatfrei. Weiterhin treten im Geroll-
spektrum Sandsteine des Buntsandsteins, Quarze, Quarzite,
Hornsteine, Lydite sowie Grauwacken und vereinzelte Ba-
salte auf. Die Sedimentation der t6-Terrasse wird mit einem
kalkhaltigen Hochflutlehm abgeschlossen, in dem Laacher-
See-Tephra eingelagert ist. Haufig werden in den Terrassen-
sedimenten Driftblocke gefunden. Eine Akkumulation der
t6-Terrasse muss aufgrund der detailliert auskartierten Vor-
kommen im Untermaingebiet in der Weichsel-Kaltzeit er-
folgt sein.

Nach der Aufschotterung der t6-Terrasse setzte Erosion
ein, an die sich die Akkumulation der ebenfalls weichselzeit-
lichen t7-Terrasse des Mains anschloss. Im Gelédnde ist somit
eine deutliche Terrassenkante zu erkennen. Die Verbreitung
der t7-Terrasse ist eng an das heutige Flussbett des Mains
gebunden und erreicht nur noch Breiten von einigen Hundert
Metern. Die maximale Michtigkeit der Terrasse betréigt rund
fiinf Meter. Sie wird meist von einem nicht pedogen iiber-
pragten, karbonatischen Hochflutlehm iiberdeckt, der kryo-
turbat vermischt ist (Semmel, 1974) und somit ein priho-
lozénes Alter aufweist. Das Schotterspektrum entspricht der
t6-Terrasse.

Im Holozén kam es zur Akkumulation von Auensedimen-
ten, die meist in Form von Lehmen und Sanden akkumuliert
worden sind.

Die ersten drei Stopps der Exkursion liegen in der Hanau-
Seligenstiddter Senke, wo im Liegenden der pleistozinen
Mainablagerungen limnisch-fluviatile Ablagerungen pliozi-
nen Alters anstehen, die mit der Iffezheim-Formation (ElI-
wanger, 2010) korreliert werden. Wie aus Abb. 3 ersichtlich,
sollen die pliozinen Ablagerungen in Rinnen vorliegen. Ei-
ne Forschungsbohrung des Hessischen Landesamtes fiir Na-
turschutz, Umwelt und Geologie (HLNUG) hat im zentra-
len Bereich einer pliozédnen Rinne 161,40 m quartdre und
tertidare Sedimente aufgeschlossen (Abb. 4; raumliche La-
ge in Abb. 3). Unterhalb 5,30 m Niederterrassensedimente
der Gersprenz, einem im Bergstriler Odenwald entspringen-
der Zufluss des Mains, stehen bis zu einer Teufe von 33 m
unter GOK Terrassensedimente der t1-Terrasse (Untermain-
Hauptterrassen-Formation) an. Mit einer Michtigkeit von
80 m ist die Iffezheim-Formation sehr hoch aufgel6st und be-
stitigt die Rinnenposition der Bohrung. Charakteristisch ist
innerhalb der Iffezheim-Formation ein grobklastisches Sedi-
ment, das mit den pliozidnen Arvernensis-Schichten (Grimm,
2011; dort arvernensis-Schotter) korreliert wird. Meist lie-
gen die Arvernensis-Schichten im Hanauer Becken diskor-
dant auf marin-brackischen untermiozinen Sedimenten, wie
z.B. in der rund 3 km entfernten Bohrung VB8 ZVG Dieburg
(R 3494094, H 5534546 und Abb. 3). In der FB Babenhau-
sen folgen hingegen noch 41,60 m Sedimente der Iffezheim-
Formation. Im Liegenden sind bis zur Teufe von 161,40 m
unter GOK untermiozéne und oligozéne, meist marine und
brackische Sedimente der Oberrad-, Oppenheim- und Vilbel-
Kies-Formation sowie der Pechelbronn-Gruppe aufgeschlos-
sen. Das Grundgebirge bilden Granodiorit, Gabbro und Tek-
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—\_Lehmsand, kréftig braun - Flugsand ungegliedert (Weichselium)
—_Lehmsand, braunlichgelb - Niederterrasse ungegliedert (Weichselium)
\ kiesfuihrender Sand, oliv gelb - Niederterrasse ungegliedert (Weichselium)

kiesfiihrender Sand, gelblich braun - t1 des Mains ungegliedert (Unterpleistozan)

Gerdllkies, gelblich braun - t1 des Mains ungegliedert (Unterpleistozan)

Kies, blassgrau - t1 des Mains ungegliedert (Unterpleistozéan)

Reinsand, grau - Iffezheim-Formation (Pliozén)

Lehmschluff, grau - Iffezheim-Formation (Pliozén)

Reinsand, grau - Iffezheim-Formation (Pliozén)

Lehmschluff, grau bis braun - Iffezheim-Formation (Pliozén)
Lehmsand, graubraun - |ffezheim-Formation (Pliozén)
kiesfiihrender Sand, dunkelgrau - Arvernensis-Schichten (Pliozén)
—_Gerdllkies, dunkelgraubraun - Arvernensis-Schichten (Pliozan)
\ kiesfiihrender Sand, graubraun - Arvernensis-Schichten (Pliozan)
\ Lehmsand, grau - Iffezheim-Formation (Pliozan)

Sandschluff, hellgrau - Iffezheim-Formation (Pliozén)

Schluffsand, grau und braun - Iffezheim-Formation (Pliozan)

Carbonatsand, grau - Oberrad-Formation (Obere Cerithien-Schichten, Ob. Teil)

(Untermiozan)

Kalkmergelstein, braun - Oberrad-Formation (Obere Cerithien-Schichten, Ob. Teil)
—\(Untermiozén)

Carbonatsand, beigebraun - Oppenheim-Formation (Obere Cerithien-Schichten, Unt. Teil)

(Oberoligozan/Untermiozan)

Kalkstein, hellgrau - Oppenheim-Formation (Obere Cerithien-Schichten, Unt. Teil)

(Oberoligozan/Untermiozan)

Schluffsand, griinlichgrau - Oppenheim-Formation (Obere Cerithien-Schichten, Unt. Teil)
~\_(Oberoligozén/Untermiozan)

carbonatfiihrender Sand, beige bis dunkelgriin - Oppenheim-Formation (Obere
~\ Cerithien-Schichten, Unt. Teil) (Oberoligozan/Untermiozén)

Schluffsand, beigebraun - Vilbel-Kies-Formation (Oberoligozan)

Ton, griinlichgrau - Cyrenenmergel-Gruppe? (Unteroligozan)

Granodiorit, rétlichbraun - Odenwald-Kristallin (Karbon)

Gabbro, olivgriin - Odenwald-Kristallin (Karbon)

Tektonit, dunkelgrau (Lamprophyr) und rosa (Granit) - Otzberg-Zone (Karbon)
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Abb. 4. Stark generalisiertes geologisches Profil der Forschungsbohrung nérdlich von Babenhausen (R 3495591, H 5537260).
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Tabelle 1. Lumineszenz-Alter der fluviatilen Ablagerungen der Gersprenz in der Kiesgrube Krichbaum.

Probenbezeichnung  Teufe u. GOK U (ppm) Th (ppm) K (%) D (Gy kafl) Quarz  De (Gy) Alter (ka)

Her_Kri IV 3 1,4m 1,24+0,2 4,6+0,5 1,864+0,09 2,4640,1 48,8+2 19,8+ 1,2
Her_Kri I1 2 4,5m 1,5+£0,1 440,5 1,84+0,09 2,42+0,1 58,24+2,3 24,0+1,4
Her_Krill 6,05m 1,6+0,2 6,3+0,6 1,734+0,09 2,41+0,11 53,6t£2,1 22,3+1,3

tonit des Odenwald-Kristallins und der Otzberg-Zone des
Odenwalds. Diese kristallinen Gesteine sind im oberen Ab-
schnitt stark entfestigt.

2 Stopp 1

— Weichselzeitliche Terrassensedimente der Gersprenz in
der Kiesgrube Krichbaum bei Babenhausen

— (GK/TK25: 6019 Babenhausen; GK R 3495130, H
5533180 bzw. UTM32N E 495057, N 5531406, Hohe:
132 m ii. NN)

— Fiithrung: Christian Hoselmann und Tatjana Laupen-
miihlen; OSL-Datierung: Johanna Lomax

Im Sand- und Kiesabbau Krichbaum rund 3 km siidwest-
lich von Babenhausen sind rund 8 m fluviatile Sedimente der
Gersprenz aufgeschlossen. Diese wurden in vier Teilprofilen
beschrieben und fiir malakologische Untersuchungen sowie
fiir Schwermineralanalysen der Feinsandfraktion untersucht.
Weiterhin wurden drei Proben fiir Lumineszenzdatierungen
genommen (Abb. 5a und b).

Die Sedimentabfolge wurde im unteren Bereich mit dem
Bohrstock auskartiert und beginnt mit schluffig-tonigen Ab-
lagerungen, die regional weit verbreitet auftreten. In den
hangenden Sedimenten sind karbonatfithrende Kiese, sandi-
ge Kiese und Sande der Gersprenz aufgeschlossen, die zum
Teil engraumig schriaggeschichtet sind. Die Gersprenz ist ein
rund 60 km langer Nebenfluss des Mains, der bei Lindenfels
im kristallinen Bergstrder Odenwald entspringt. Somit be-
steht auch der Kiesanteil im Wesentlichen aus kristallinen
Gesteinen des Odenwalds und unterscheidet sich daher signi-
fikant von der Schotterpetrographie des Mains mit u. a. Sand-
steinen des Buntsandsteins, Quarzen, Kieselschiefern und
Quarziten in der t1-Terrasse. Auch das Schwermineralspek-
trum der Feinsandfraktion wird durch eine lokale Provenienz
gekennzeichnet, die Anteile von bis zu 86 % griiner Horn-
blende aufweist. Dazu kommen geringe Anteile Schwermi-
neralen der Epidot-Gruppe und Granat.

In den vier Profilteilen wurden weiterhin 12 Proben fiir
die Bestimmung von Mollusken entnommen. Die ersten Er-
gebnisse der malakologischen Untersuchungen haben erge-
ben, dass zur Zeit der Ablagerung durchgehend kaltzeitli-
che klimatische Bedingungen herrschten. In den hangenden
Abschnitten der Ablagerungen treten auch Formen auf, die
auf feucht periglaziales Klima hindeuten. Die dominierenden
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Arten Succinella oblonga, Trochulus hispidus (beide Abb. 6)
und Pupilla muscorum treten konzentriert in jungpleistozi-
nen Kaltphasen auf. Diese kommen zwar auch durchgehend
vor, dominieren aber in den dlteren Schichten (6—8 m unter
GOK). Die darauffolgende durchgehende Columella-Fauna
— Collumella columella und Arianta arbustorum als Vertre-
ter — deutet auf eine kaltzeitliche Steppe hin, in der paral-
lel auch eine Oblonga-Fauna einhergeht (Lozek, 1964). Die
Oblonga-Fauna ist ein Anzeiger fiir feuchte Auenlandschaf-
ten. Weiterhin ist eine Pupilla-Fauna zu finden. Die Pupilla-
Fauna ist der Columella-Fauna sehr dhnlich und es kommt
hiufig zu einem Ubergang zwischen den beiden Faunen. Wi-
derspriichlich in diesen fluviatilen Ablagerungen ist jedoch,
dass im ganzen Profil so gut wie keine SiiBwassermollus-
ken zu finden sind. Die einzigen Arten die hier vereinzelt
auftreten sind Galba truncatula (bei 5,0-5,1; 4,5-4,6; 1,15—
1,25 m), Bithynia tentaculata (bei 5,0-5,1 m), Planorbis pla-
norbis (bei 5,0-5,1; 4,4-4,5 m), Sphaeridae indet. (bei 4,5—
4,6 m), Lymnaeidae indet. (4,5-4,6 m) und Anisus leucosto-
ma (2,5-2,6 m).

Insgesamt ist das Profil durch eine fiir kaltzeitliche Faunen
typische artenarme Fauna gekennzeichnet. In hoheren Ab-
schnitten des Profils nimmt die Erhaltung der Gehiuse zu.
In den élteren Schichten ist die Artenzahl nicht nur wesent-
lich geringer, sondern auch der Erhalt der Molluskengehiuse
ist schlechter, d.h. es kommen nur Gehausefragmente vor. In
den jiingeren Schichten, sind grofitenteils komplette Gehiuse
erhalten und auch teilweise Steinkerne.

An drei Proben (Abb. 5a) wurden von Johanna Lo-
max (Justus-Liebig-Universitit Gielen) Altersbestimmun-
gen mittels Optisch Stimulierter Lumineszenz durchge-
filhrt. Die Aquivalentdosis (D,) wurde anhand der Quarz-
Grobkornfraktion (90-200 um) bestimmt und mittels des
SAR-Protokolls (Murray und Wintle, 2000, 2003) analysiert.
Die Grobkornproben zeigen gute Lumineszenzeigenschaften
mit relativ hellen Lumineszenzsignalen, so dass alle Proben
mit 2mm Aliquots gemessen wurden. Die D,-Verteilungen
der Proben weisen eine relativ enge symmetrische Verteilung
auf. Somit ist von einer guten Bleichung auszugehen. Zusam-
menfassend sind analytischen Ergebnisse ermittelt worden,
die in Tabelle 1 zu finden sind.

Da sich die Proben problemlos datieren lieen, kann von
zuverldssigen Ergebnissen ausgegangen werden.

Somit sind die fluviatilen Sedimente wéhrend des
Weichsel-Hochglazials abgelagert worden. Die Ablagerung
erfolgte innerhalb weniger 1000 Jahre. In diesen verwilder-
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Abb. 5. (a) Ubersichtsfoto der Abbauwand in der Kiesgrube Krichbaum bei Babenhausen — in dem Foto sind die vier Profilabschnitte I-V
sowie die Probenentnahmepunkte fiir die Lumineszenzdatierungen (Her_Kri I 1 etc.) vermerkt. (b) Detailausschnitt aus dem Profilabschnitt
I mit schridggeschichteten fluviatilen Sedimenten der Gersprenz und dem Probenentnahmepunkt Her_Kiri I 1 fiir die Lumineszenzdatierung

(Fotos: Christian Hoselmann).

ten Flusssystemen ist von schnellen Ablagerungen und haufi-
gen Umlagerungen der Sedimente auszugehen, was zu einer
gewissen Vermischung der Akkumulationsalter fiihrt.

3 Stopp 2

— Der Zellhiigel bei Mainhausen-Zellhausen im Mittelal-
ter: auf den Spuren einer mittelalterlichen Siedlung im
Umfeld des Klosters Seligenstadt

- (GK/TK25: 5919 Seligenstadt; GK R 3498450, H
5542300 bzw. UTM32N E 498376, N 5540523, Hohe:
117 m ii. NN)

DEUQUA Spec. Pub., 1, 29-52, 2018

— Fiihrung: Gesine Weber

1953 entdeckte der damalige Bodendenkmalpfleger Karl
Nahrgang auf dem sogenannten Zellhiigel westlich von
Mainhausen-Zellhausen eine mittelalterliche Befestigung
(Nahrgang, 1957). Seit 2009 erforschen die Untere Denkmal-
schutzbehorde des Kreises Offenbach und der Geschichts-
und Heimatverein Mainhausen e.V. diese Fundstelle. Die Er-
gebnisse der Grabungen brachten viele neue Erkenntnisse zur
frith- und hochmittelalterlichen Geschichte der Region und
des benachbarten Klosters Seligenstadt, das eine Griindung
Einhards, des Biographen Karls des Grof3en ist.
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Abb. 6. Trochulus hispidus und Succinella oblonga mit minerali-
siertem Holz bei 5,4-5,5 m; Gehéuseldnge bis 5 mm (Foto: Joachim
Wedel, HLNUG).

Bei dem Zellhiigel handelt es sich um eine flache Kuppe,
westlich des Ortes Zellhausen, die sich halbinselférmig in die
moorige Niederung eines Altmainarmes, den Zeller Bruch,
hineinschiebt. Mitte des 19. Jahrhunderts wurde die Gelédn-
deoberfliche um einen halben bis dreiviertel Meter abgetra-
gen, um die Torfgruben im Zellerbruch zu fiillen (Nahrgang,
1957). Ein weiterer Bodenabtrag erfolgte mit der Flurberei-
nigung Mitte des 20. Jahrhunderts.

Bei den anstehenden Sedimenten auf dem Hiigel ist es
mitunter schwer, natiirliche und anthropogene Ablagerun-
gen voneinander zu unterscheiden. Sand und rotliche Lehm-
schichten kommen nebeneinander vor. Stellenweise sind
Kalkbédnder und -linsen eingelagert, die manchmal kaum
von mittelalterlichen Mortelgruben oder Mauerausbriichen
zu unterscheiden sind (Abb. 7). Eine von Posselt & Zickgraf
Prospektionen GbR durchgefiihrte Bodenradaruntersuchung
zeigte ebenfalls Strukturen, die aus Sicht der Archidologen
als Reste einer Bebauung gedeutet werden konnen, sich aber
bei der Ausgrabung als natiirliche Bildungen erwiesen.

Auf dem Zellhiigel stand bis 1816 eine Kirche inmitten ei-
nes ummauerten Kirchhofs. Bei den Grabungen 2016/2017
zeigte sich, dass von den Fundamentgriben nur noch 2-3 cm
erhalten waren, stellenweise fehlten sie ganz; 1953 waren
es noch 30cm. Die Kirche wurde 1344 erstmalig erwihnt;
Funde von Bodenfliesen weisen auf eine Errichtung spites-
tens in der 2. Hilfte des 12. Jahrhunderts hin. Hinweise auf
dltere Vorgidngerbauten fehlen, was aber an der schlechten
Befunderhaltung liegen kann. Zur Nutzung des zugehorigen
Friedhofs gibt es keine schriftlichen Quellen wie Kirchenbii-
cher, so dass unbekannt ist, wer dort wann begraben wurde.
Erste '“C-Daten von Skeletten weisen auf das 15./16. Jahr-
hundert (Curt-Engelhorn-Zentrum Archdometrie gGmbH).

Von einer spitbronzezeitlichen Kulturschicht mit zahlrei-
chen Keramikfunden und einzelnen romerzeitlichen Fund-
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Abb. 7. Anthropogen(?) verursachte ringformige Bodenstruktur.
(Foto: Gesine Weber)

stiicken abgesehen, wurde der Zellhiigel spitestens in
spatmerowingisch-frithkarolingischer Zeit besiedelt. Bei den
Grabungen 2010 konnte ein Umfassungsgraben untersucht
werden, der den darin enthaltenen Funden nach, etwa zu
Beginn des 10. Jahrhunderts aufgegeben wurde. Aufler Ke-
ramikscherben und Speiseabfillen wie Tierknochen wurde
auch ein Hund darin niedergelegt. 2011 wurde ein Steinkel-
ler von 7,40 x 4,90 m GroBe freigelegt, der offenbar zeit-
gleich mit dem Graben mit Siedlungsabfall verfiillt wurde.
Insgesamt 55 kg abgeschlagener Verputz, davon 14 kg farbig
bemalt, weisen auf ein reich ausgeschmiicktes Gebédude hin.
Dass dort Angehorige des karolingerzeitlichen Hochadels
wohnten, zeigen Reste von Glasgefilen sowie ein kleiner
silbertauschierter Schwertknauf auf der Kellersohle (Abb. 8).
Glasgefife galten in karolingischer Zeit als sehr kostbar und
fanden sich daher nur in ,,besseren‘ Haushalten. In Form und
Farbe, ein verwitterungsbedingtes Graubraun, dhnelt der eine
Zellhduser Glasbecher zwei Stiicken aus dem wikingerzeitli-
chen Griberfeld von Birka in Schweden. Ein herausragen-
der Fund aus dem Keller war ein silbertauschierter, mit ei-
nem floralen Muster in Niello-Technik versehener Schwert-
knauf, der in die erste Hilfte des 9. Jahrhunderts datiert wer-
den kann. Uberraschenderweise fand sich am Keller ein klei-
nes Gréberfeld mit sechs Bestattungen (Kroemer et al., 2011;
Weber et al., 2015), das mit dem Friedhof an der Zellkir-
che in keinem Zusammenhang steht. Die vier Minner und
zwei Frauen waren zumindest teilweise Zeitgenossen von
Einhard, der 815 Seligenstadt, damals noch Mulinheim su-
perior genannt, von Ludwig dem Deutschen geschenkt be-
kam und 828 mit der Uberfiihrung der Reliquien von Petrus
und Marcellinus den Grundstein fiir das Kloster legte (Datie-
rung der Skelette: Leibniz Labor fiir Altersbestimmung und
Isotopenforschung und Christian-Albrechts-Universitit Kiel
sowie Curt-Engelhorn-Zentrum fiir Archdometrie). Die an-
thropologische Untersuchung der Zellhduser Skelette zeigte
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Abb. 8. Karolingerzeitlicher Keller und Funde daraus (Glasgefifle,
Schwertknauf, Fibel, Messer, Pfeilspitze und Kamm). (Fotos: Gesi-
ne Weber)

mit mindestens 40 bzw. tiber 60 Jahren ein relativ hohes Ster-
bealter; eine Frau war zudem noch stark korperlich behin-
dert. Demnach scheint hier innerhalb des Hofareals ein Be-
stattungsplatz einer kleinen lokalen Elite vorzuliegen. Dies
wird auch durch die Strontium-Isotopenanalysen bestitigt,
die gezeigt haben, dass es sich um Einheimische handel-
te (Untersuchungsberichte von Marina Vohberger, Miinchen,
2014 und Corina Knipper vom Curt-Engelhorn-Zentrum fiir
Archidometrie, 2016).

Ein Schwerpunkt der Grabungen seit 2009 war die von
Karl Nahrgang entdeckte frithmittelalterliche Befestigung.
Sie bestand aus einer nur noch punktuell nachweisbaren
Mauer und einem vorgelagerten tiefen Graben, dessen 2 m
breite Sohle etwa 2,5m u. GOK lag. Um die Grabenrin-
der zu befestigen, waren sie mit heute noch bis zu 50 cm
hoch erhaltenen Eichenpfdhlen gesichert. Diese aus zwei
untersuchten Grabenabschnitten stammenden Holzer wur-
den dendrochronologisch auf um/nach 915 (Thorsten West-
phal, Klaus-Tschira-Archdometrie-Zentrum, Univ. Heidel-
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berg, 2016) bzw. 925 bis 937+ 10 a (Dendrochronologisches
Labor Westphal, Frankfurt, 2010) datiert, sind also eindeutig
frithottonischer Zeitstellung. Es ist davon auszugehen, dass
die Errichtung der Befestigung in Zusammenhang mit der
Burgenordnung* Heinrichs L. steht, der den Bau von Bur-
gen gegen die immer wieder das Reich heimsuchenden Un-
garn anordnete. Ob die Befestigung irgendwann zerstort wur-
de ist unbekannt. Da sich aber bisher keinerlei Brandspuren
fanden, die auf ein gewaltsames Ende hindeuten, ist eher an
einen langsamen Zerfall von Umwehrung und Teilen der An-
siedlung zu denken. Dafiir spricht auch, dass Teile der Mauer
erst in den Graben stiirzten, als dieser schon 60-80 cm ver-
fiillt war. Ein zwischen den Steinen liegender Tierknochen
konnte in das 12. Jahrhundert datiert werden, wohingegen
andere Knochen im Graben in das 10. Jahrhundert datieren
(Klaus-Tschira-Archdometrie-Zentrum).

Die grofle Menge an archiologischen Funden belegt, dass
es sich nicht um eine reine Fliehburg handelte, sondern um
eine dauerhaft bewohnte Siedlung. Offenbar wurde der karo-
lingerzeitliche Umfassungsgraben und das vielleicht schon
baufillig gewordene unterkellerte Gebdude aufgegeben, um
das Ganze zu einer wehrhaften Befestigung auszubauen.

Der Bau der Wehrmauer, die immerhin fast 10 000 m? um-
gab, erforderte enorme Mengen an Mortel. Dieser fand sich
in der Grabenfiillung aber auch in Form ausgedehnter Pla-
nieschichten am Rand der Siedlung. Eine grofie, nicht aus-
gerdumte Mortelgrube diirfte noch zu der spatmerowingisch-
karolingischen Siedlungsphase gehort haben, aber ein 2016
entdeckter Befund steht mit dem grof} angelegten Ausbau in
Zusammenhang. Es handelt sich um eine runde Wanne aus
hartem Mortel mit flachem Boden und zentralem Pfosten-
loch von knapp 2 m Durchmesser. Die kreisformigen Rillen
(Ruihrspuren) auf dem Wannenboden weisen darauf hin, dass
es sich um einen mechanischen Moértelmischer handelt. Ver-
gleichbare Mortelmischer treten im 8.—11. Jahrhundert auf
und werden mit der Renaissance der Steinarchitektur in Ver-
bindung gebracht. Sie finden sich auf etwa 40 Fundstellen in
ganz Europa in Zusammenhang mit grofen Baumafnahmen
der kirchlichen und weltlichen Herrschaft (Hiiglin, 2011).
Bei der Grabung 2017 wurde auf der entgegengesetzten Sei-
te der Befestigung eine fast doppelt so grole Mortelplatte
mit ebenfalls konzentrischen Riihrspuren entdeckt, bei der es
sich mit groler Wahrscheinlichkeit um den Rest eines wei-
teren mechanischen Mortelmischers handelt (Kroemer und
Weber, 2017).

Von der Zellkirche abgesehen, ist der Keller das bisher ein-
zige nachgewiesene Gebidude auf dem Zellhiigel, doch bele-
gen die ungeheuren Fundmengen an Tierknochen und Kera-
mikscherben eine intensive Besiedlung seit dem frithen Mit-
telalter. Bei den Keramikscherben handelt es sich iiberwie-
gend um lokale Warenarten wie die sogenannte graue Glim-
merware. Vermutlich wurde hier von den Topfern ein Ton
verwendet, der bereits von der Lagerstitte her einen Glim-
meranteil besall, was durch die Zugabe von zerschlagenem
Glimmergneis, wie er 6 km entfernt bei Stockstadt ansteht
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und auch fiir den Bau der Befestigung verwendet wurde,
verstirkt werden konnte. Auf Fernhandel weisen Keramik-
scherben von Gefédllen, die im Rheinland hergestellt und auf
den Zellhiigel transportiert wurden. In diesem Zusammen-
hang stellt sich fiir die Archéologen die Frage, inwieweit es
noch einen halbwegs schiffbaren Bachlauf im Bereich des
Altmainarmes gab, mit dem solche Importgiiter, aber auch
das ganze Baumaterial, das aus Steinbriichen bei Stockstadt
oder vom Spessartrand bei Horstein auf der anderen Main-
seite herangeschafft werden konnte. Diese Frage ist noch un-
geklart.

Ortsansdssiges Handwerk lésst sich auf dem Zellhiigel di-
rekt oder indirekt nachweisen, so belegen Spinnwirtel die
hdusliche Textilherstellung. Besonders in der Nordostecke
der Befestigung hduften sich Funde von bearbeiteten Kno-
chen und Geweihen, die auf einen dort ansissigen Knochen-
schnitzer hinweisen. Mit dem Fund von fast 50kg Eisen-
schlacke und verbrannter Ofenwandung aus Lehm ist das
Schmiedehandwerk fiir den Zellhiigel nachgewiesen.

Alle Funde belegen eindeutig das Vorhandensein einer
spatmerowinger-/karolingerzeitlichen Elite auf dem Zellhii-
gel, die sicher in engem Kontakt mit Einhard, dem Kloster
Seligenstadt und dem dort verkehrenden Hochadel bis hin zu
Konig und Kaiser stand. In ottonischer Zeit erfolgte dann der
Ausbau zu einer gut befestigten Siedlung. Diese verlor dann
mit zunehmendem Erstarken des unmittelbar am Mainufer
deutlich verkehrsgiinstiger gelegenen Seligenstadt an Bedeu-
tung und wurde vermutlich im Laufe des 12. Jahrhunderts
schlieflich aufgegeben. Vor Ort iiberlebt hat bis 1816 ledig-
lich die Kirche.

4 Stopp 3

— Unterpleistozidne Sedimente des Mains in der Tongrube
Katzenbuckel bei Hainburg-Hainstadt

- (GK/TK25: 5919 Seligenstadt; GK R 3494100, H
5548510 bzw. UTM32N E 494027, N 5546730, Hohe:
127 m ii. NN)

— Fithrung: Christian Hoselmann und Tatjana Laupen-
miihlen

Rund 1km westlich von Hainburg (Ortsteil Hainstadt)
liegt die Tongrube am Katzenbuckel des Klinker- und Zie-
gelwerks Franz Wenzel GmbH & Co KG. In dieser Gru-
be wird mindestens seit Mitte des 18. Jahrhunderts Ton
zur Ziegelherstellung abgebaut — das dlteste Dokument zum
Abbau datiert sogar auf das Jahr 1687, in dem der Pacht-
zins mit dem Fiirstbischof von Mainz geregelt wurde. So-
mit existiert in diesem Gebiet ein grof3es, historisches Gru-
benareal (>1km?), das aber im Wesentlichen renaturiert
wurde. In einem kleinen Bereich werden auch heute noch
mehrmals im Jahr kleinere Mengen Ton abgebaut. Im Be-
reich des Katzenbuckels stehen rund 20 m Sedimente der t1-
Terrasse (Untermain-Hauptterrassen-Formation) an, von de-
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Abb. 9. Ausschnitt aus der Sedimentabfolge der Tongrube am
Katzenbuckel. Die einzelnen Profilabschnitte beschreiben: IV =
limnisch-fluviatile, holzfiihrende Torfe und stark humose Tone; V =
stark gebleichte, glimmerfiihrende, fluviatile Sande; VI = limnisch-
fluviatile, schluffige Tone und VII = oxidierte, fluviatile Mittel- bis
Grobsande. (Foto: Christian Hoselmann)

nen im Aufschluss, in einem Schurf sowie mit Bohrstock
auskartiert rund 15 m aufgeschlossen sind. Diese Sedimen-
te lagern diskordant auf karbonatfreien Schluffen und To-
nen in Wechselfolge mit fluviatilen Sanden der pliozinen
Iffezheim-Formation. Im Aufschluss konnten insgesamt sie-
ben Profilabschnitte geologisch bearbeitet werden, die je-
weils sandigen Abfolgen (Abschnitte I, ITI, V und VII) und
Tone mit zum Teil Torfen und Ligniten (Abschnitte II, IV und
VI) beschreiben. Ein Ausschnitt dieser Abfolge ist in Abb. 9
dargestellt. In den fluviatilen Sanden der t1-Terrasse sind nur
ganz vereinzelt Kiese zu beobachten. Die kaum geschichte-
ten Sande bestehen zum Grofiteil aus aufgearbeitetem plioza-
nen Material. Das spiegelt sich auch in der Schwermineral-
verteilung der Feinsandfraktion wider. In den sandigen Ab-
folgen wurden insgesamt 18 Préparate analysiert. Insbeson-
dere in den liegenden Profilabschnitten ist der Anteil der in-
stabilen, typisch pleistozédnen Schwerminerale Epidot, Gra-
nat und griine Hornblende sehr gering (<10 %) und es do-
minieren extrem stabile Schwerminerale Zirkon, Turmalin
und die TiO,-Gruppe. Hinzu kommen bis zu 48 % Staurolith,
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der als Liefergebiet dem kristallinen Vorspessart zugerech-
net wird. Der Anteil instabiler Schwerminerale nimmt zum
hangenden Profilabschnitt auf bis zu 30 % zu. Insgesamt be-
stitigt die Schwermineralverteilung in den Sedimenten am
Katzenbuckel, dass hier sehr viel aufgearbeitetes liegendes
Pliozéinmaterial fluviatil, zum Teil recht kurzrdaumig, umge-
lagert wurde.

Ein fritherer Abbaustand der tl-Terrasse bei Hainstadt
wurde bereits von Backhaus (1967) beschrieben. Das dort
dargestellte Profil dhnelt der auch heute noch aufgeschlos-
senen Sedimentabfolge. Hier wird im oberen Abschnitt der
Abfolge allerdings eine kiesige Schicht mit groben Main-
schottern beschrieben, die beim jetzigen Abbaustand nicht
aufgeschlossen ist.

In der Tongrube wurden 32 Proben fiir palynologische Un-
tersuchungen entnommen, die bisher bestimmt, aber noch
nicht ausgezihlt wurden. Die Ergebnisse der Auszihlungen
werden im Rahmen der Exkursion prisentiert. In den unter-
suchten Priparaten zeigen in den iltesten Ablagerungen die
Gattungen Picea (Fichte) und Pinus (Kiefer) eine deutliche
Dominanz. Mit Zunahme des organischen Anteils (holzfiih-
rend, humos) im Sediment sinkt der Anteil von Picea und Pi-
nus drastisch ab und es befinden sich nur noch vereinzelt zer-
fetzte Pollensicke in den Proben. Im Gegensatz dazu nimmt
der Anteil von Sphagnum (Torfmoose), Lemnaceae (Wasser-
linsen) und Polypodium (Tiipfelfarne) zu. Am Top des Pro-
filabschnitts II zeigt sich eine deutliche Dominanz von Al-
nus (Erle) und Lemnaceae, was typisch fiir einen Erlenbruch-
wald wire; andere typische Anzeiger fehlen aber. In Profilab-
schnitt IV befinden sich zwei Torfhorizonte in denen erneut
Picea und Pinus auftreten, jedoch nicht als alleinige domi-
nante Gattung. Osmunda (Konigsfarne) und Alnus sind auch
hier deutlich vertreten. Dies stimmt mit der pollenanalyti-
schen Untersuchung von v. d. Brelie iiberein, der drei Proben
aus den Torfhorizonten entnommen hat und eine klare Domi-
nanz von Pinus und Alnus nennt (in Backhaus, 1967). Aller-
dings muss bedacht werden, dass die Proben zu einem ganz
anderen Abbaustand am Katzenbuckel genommen wurden
und eine direkte Korrelation der Entnahmepunkte nur schwer
moglich ist. Im Hangenden dieser Torfhorizonte wird die An-
zahl der Individuen immer geringer und die Erhaltung immer
schlechter, wohingegen sich die Artenanzahl nicht verdndert.

Eine wichtige Frage, die durch die palynologischen Unter-
suchungen beantwortet werden sollte, war, ob die limnisch-
fluviatilen und fluviatilen Ablagerungen bis ins Pliozén rei-
chen. In wenigen Proben kommen vereinzelt tertiire Formen
wie Carya (Hickory), Pterocarya (Fliigelniisse) und Tsu-
ga (Hemlocktannen) vor. Die aussagekriftigen Formen nach
Lang (1994) Sequoia (Mammutbdume), Taxodium (Sumpf-
zypressen), Liquidambar (Amberbaume) oder Nyssa (Tupe-
lobdume) treten nicht auf. Die vorldufigen palynologischen
Untersuchungen zeigen, dass es sich bei den Sedimenten in
der Tongrube Katzenbuckel um altpleistozine Ablagerun-
gen handelt, was sich mit den Untersuchungen von v. d.
Brelie deckt. Durch den in seinen Untersuchungen 5 %igen
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Anteil von Tsuga und dem parallelen Auftreten von Carya
und Pterocarya ordnet er die Ablagerungen ebenfalls dem
Altpleistozin zu (in Backhaus, 1967).

Die in Profilabschnitt II massenhaft vorkommenden
Sphagnum-Sporen sind typische Anzeiger fiir Moore, die
sich im Hinterland von Flussauen bilden, meistens aus einem
alten Altarm entstehend. Ungewohnlich fiir diese Auen- und
Moorvegetation ist das geringe Auftreten von Betula (Bir-
ken). Aber nicht nur Betula sondern auch andere Flussauen
prigende Pflanzentypen sind nur in geringen Prozentzahlen
vertreten. Gegen eine Umlagerung spricht die sehr gute Er-
haltung von Tsuga- und Picea-Pollen. Auffillig ist weiter-
hin, dass sich im gesamten Profil inkohltes Holz nachweisen
lasst. Dies deutet auf regelméBige Brénde hin.

5 Stopp 4

— Marines Tertidr und fluviatile sowie &olische plei-
stozidne Ablagerungen im Dyckerhoff-Steinbruch bei
Wiesbaden-Amoneburg unter besonderer Beriicksich-
tigung quartédrpaldontologischer Funde der Mosbacher
Sande

— (GK/TK25: 5915 Wiesbaden; GK ca. R 3448500, H
5545800 bzw. UTM32N E 448446, N 5544022 Hohe:
ca. 140 m ii. NN)

— Fiihrung: Jan Bohaty, Christian Hoselmann und
Gudrun Radtke

In den Wiesbadener Ortsteilen Amoneburg und Biebrich
werden seit gut 150 Jahren die pleistozénen Ablagerungen
der Mosbacher Sande beschrieben und wissenschaftlich be-
arbeitet. Diese Sande sowie die liegenden tertidren Kalkstei-
ne und Mergel wurden bis 2005 fiir die Zementherstellung
von der Dyckerhoff AG abgebaut. Das Abbaugebiet gehort
heute der ELW (Entsorgungsbetriebe der Landeshauptstadt
Wiesbaden). In den Steinbriichen ergaben sich immer wie-
der hervorragende Aufschlussverhiltnisse, die fiir intensive
geologische, paldontologische sowie bodenkundliche Unter-
suchungen genutzt werden konnten. Das auflergewohnlich
reichhaltige Spektrum palidontologischer Funde und die jahr-
zehntelange geologische Dokumentation der Ablagerungen
und Funde machen das Vorkommen zu einem der wichtigs-
ten tertidren und quartdren Aufschliisse in Hessen.

Der Aufschluss im Dyckerhoff-Steinbruch im sog. Rhein-
gauer Feld gibt insgesamt einen Einblick in obere Abschnit-
te des Kalktertidirs (Oberoligozin—Untermiozédn) im Mainzer
Becken (Grimm und Radtke, 2014). Die im Folgenden neu
definierten Formationen (STD 2016) sind im Untergrund auf-
geschlossen:

— Wiesbaden-Formation (Reichenbacher und Keller,
2002; Grimm und Radtke, 2011)

— Riissingen-Formation (Kadolsky und Schifer, 2011d)
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Abb. 10. Uberblick zur Stratigraphie des Mainzer Becken mit La-
ge der marinen Ingressionen (nach Forsterling und Radtke, 2012,
veridndert); in Gelb: aufgeschlossene Formationen im Dyckerhoff-
Steinbruch.

— Oberrad-Formation (Kadolsky und Schifer, 2011c¢)

— Oppenheim-Formation (Kadolsky und Schifer, 2011b;
Schifer und Kadolsky, 2015)

— Hochheim-Formation (Kadolsky und Schifer, 2011a)

Im nordlichen Teil des Dyckerhoff-Steinbruchs, im so-
genannten Kalkofen — nordlich der A66 gelegen — ha-
ben Reichenbacher und Keller (2002) das Typusprofil der
Wiesbaden-Formation (,,Untere Hydrobien-Schichten®) be-
schrieben. Die Exkursion wird in den S-Teil (Ostfeld) des
Steinbruchs (siidlich der A66) gefiihrt. Dieser Teil des Stein-
bruchs zeichnet sich durch das zusitzliche Vorkommen von
Algenriffen aus, die aufgrund ihrer auBerordentlichen Be-
deutung zur Unterschutzstellung durch das Hessische Denk-
malschutzgesetz gefiihrt haben. Generell ldsst sich eine
Algenkalk-dominierte Plattformfazies von einer eher merge-
ligen Lagunenfazies unterscheiden (Abb. 10).

Die Arbeiter im Dyckerhoff-Steinbruch haben die Gestei-
ne nach Farben angesprochen, was bis heute in die wis-
senschaftlichen Beschreibung Eingang gefunden hat. So ha-
ben u. a. Best (1975) als auch Krause (1991) die bewéhr-
te Aufteilung von ,,dunkler und heller Folge* in ihren Pro-
filaufnahmen mit aufgenommen (s.a. Keller und Radtke,
2007). Die Basis der Wiesbaden-Fm (-Formation) bilden
dunkle bituminose Tone, die zur Zementherstellung nicht
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Abb. 11. Standardprofil der Wiesbaden-Fm mit Subformationen
(nach Radtke, 2007, verdndert).

geeignet waren — im Gegensatz zu den im Hangenden an-
stehenden hellen Kalksteinen. Reichenbacher und Keller
(2002) haben die Wiesbaden-Fm in drei Faziesbereiche von
brackisch, tiber lakustrin zu ,,Auftauchbereich* gliedern kon-
nen. Spiter folgten Grimm und Grimm (2003) den Vorgaben
der Deutschen Stratigraphischen Kommission (DSK) und
vergaben Subformationsnamen fiir diese Lithofazieseinhei-
ten: Hartenberg-, Késtrich- und Wischbachtal-Subformation
(-Sbfm) (s.a. Keller und Radtke, 2007 und Abb. 11).
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Die Riissingen-Fm bildet die Unterlage der im Steinbruch
anstehenden hellen Kalksteine der Wiesbaden-Fm. Sie be-
steht aus weiBgriinlichen Kalkmergeln und griingrauen Mer-
geltonen. Thr alter Name ,,Inflata-Schichten* weist auf das
ausschlieBliche Vorkommen der Wattschnecke Hydrobia in-
flata (neben H. paludinaria) in nur dieser Schicht hin. Mittig
ist der Leithorizont Obere Falsocorbicula-Bank zu finden.

Mit Beginn der Wiesbaden-Fm erfolgt ein Farbwechsel
der Gesteine von griingrauen Mergeln der &lteren Riissingen-
Fm hin zu dunkelbraunen Tonen und, seltener, Mergelto-
nen der Hartenberg-Sbfm (Abb. 11). Die 2,5-5 m maéchti-
gen Sedimente der Hartenberg-Sbfm spiegeln die Transgres-
sion der Beckenfazies des Oberrheingrabens randlich auf die
Plattformfazies des Mainzer Beckens wider (Martini, 1988;
Grimm und Grimm, 2003). Im unteren Teil der bituminésen
Tone treten Fischskelette auf, darunter vor allem Fischres-
te von Notogoneus longiceps (von Meyer), aber auch gro-
Bere Funde von u. a. Sciaeniden (Umberfische) (Martini,
1981; Reichenbacher, 2000). Der Sandaal Notogoneus ist
meist in Weichteilerhaltung iiberliefert, was auf kurzzeitige
euxinische Verhiltnisse im Ablagerungsraum hinweist. Ne-
ben seltenen Lagen mit dem Gastropoden Hydrobia palu-
dinaria (Bronn) und Lagen von Nannoplankton sind Hori-
zonte mit massenhaftem Auftreten der Foraminifere Lippsi-
na demens (Bik) zu finden, die als Einzige auf marine Ein-
schaltungen in einem ansonsten brackischen Ablagerungsbe-
reich hinweist. Sie zeigt den Hohepunkt der 2. Aquitanium-
Transgression im Mainzer Becken an (Best, 1975; Krause,
1991). Auf brackische Faziesbedingungen weisen auch die
weiteren Faunenfunde wie z.B. brackische Ostrakoden (Mu-
schelkrebse) mit dominanten Arten wie Hemicyprideis mio-
caenica und H. lienenklausi hin. Wichtig zur biostratigraphi-
schen Einordnung sind Characeen-Funde (verkalkte Oogo-
nien von SiiBwasseralgen) mit der erstmals vorkommenden
Leitart Stephanochara berdotensis, die Mittel- bis Spataqui-
tanium anzeigt (Schwarz, 1988; Reichenbacher, 2000).

Die bitumintdsen Tone sind wasserundurchlissig und fiir
die Existenz der hier entstandenen Deponie und ihrer Ab-
dichtung in den ansonsten kliiftigen und verkarsteten Kalk-
steinen der Riissingen-Formation unabdingbar.

Die Kistrich-Sbfm mit den klassischen hellen Hydrobien-
kalken einer Karbonatplattformfazies und einer reichhaltigen
Fauna und Flora iiberlagert die Hartenberg-Sbfm. Es handelt
sich um eine Wechsellagerung von vorwiegend Kalkmer-
geln/Tonmergeln und vereinzelten Kalksteinen sowie Dolo-
miten der ,hellen Folge* mit einer Michtigkeit von rund
30m (Abb. 11). Darunter befinden sich mm- bis cm-dicke
Kalksand-Schilllagen (aus Hydrobien). Die hohe Biodiversi-
tdt beschrénkt sich bei niherem Hinsehen auf von Land ein-
geschwemmte und eingewehte Fossilgruppen. Hochdivers
sind z.B. Landschnecken, Insekten als auch eine sehr reich-
haltige Vertebratenfauna mit Sdugetieren, Amphibien und
Reptilien. In der insgesamt brackischen Fazies mit Braun-
kohlen und Braunkohlentonen finden sich fossile Blitter,
Samen und Friichte, aber auch Wurzelhorizonte und Tro-
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Abb. 12. Gesteinsbildende und frither namensgebende Brackwas-
serschnecke Hydrobia paludinaria aus der Wiesbaden-Formation
im Dyckerhoff-Steinbruch; Gehiuselénge bis 4 mm. (Foto: Gudrun
Radtke)

ckenrisse, die auf Landnihe und Auftauchphasen des Ab-
lagerungsraums hinweisen. Bei den aquatischen Mollusken
sind insbesondere die gesteinsbildend auftretenden Hydro-
bien mit der Art H. paludinaria (Bronn) (Abb. 12) zu nen-
nen, die namensgebend fiir die ,,Hydrobien-Schichten* wa-
ren. Wie schon in der Hartenberg-Sbfm sind hier die glei-
chen brackischen und limnischen Ostrakoden (Hemicypri-
deis, Eucypris) zu beobachten (Schifer, 1984; Krause, 1991;
Reichenbacher und Keller, 2002). Mehrere Leithorizonte
geben biostratigraphische Reichweiten an: Bei den aquati-
schen Wirbeltieren sind Gliederungen in Fisch-Otolithen-
Zonen moglich (Reichenbacher, 2000). Das Leitfossil der
Wiesbaden-Fm, der Otolith (Gehorstein) Hemitrichas rotun-
da, wird im Aufschluss in exzellenter Erhaltung gefunden.

Den obersten Abschnitt der Abfolge bildet die
Wischbachtal-Sbfm, die mit einer Machtigkeit von 8—10 m
somit die jiingste Subformation in der Wiesbaden-Formation
ist. Sie wird von schluffigen Mergeln und Kalkschluffen
mit Wurzelhorizonten und Calichebildungen dominiert.
Eine verarmte Fauna mit Cypriniden ist als limnische Auf-
tauchfazies (Best, 1975; Reichenbacher und Keller, 2002)
beschrieben.

Typisch fiir die Wiesbaden-Fm im Ostfeld sind die Al-
genriffe, die in die gebankte Fazies der Kalksteinbinke
eingeschaltet sind. Sie sind etwa 10m hoch und 20-50 m
breit. Thre Ablagerungen sind deutlich hérter und karbo-
natreicher als die umliegenden Kalkmergel. Die Algenrif-
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fe sind durch Photosynthese-betreibende Cyanobakterien-
Algen-Vergesellschaftung mit stengeligem Habitus und kalk-
fillenden Eigenschaften entstanden. Die dem Licht entge-
genwachsenden stromatolitischen Algenriffe sind per Defini-
tion Riffe, da sie aus dem umliegenden Sediment aktiv bio-
gen herauswachsen.

Mikrofaziell lassen sich biogenfithrende Mikrite (mudsto-
ne), teils mit Fenstergefiige — was auf Auftauchbereich hin-
deutet — sowie bioklastische Sparite (pack- bis grainstone)
unterscheiden mit jeweils stromatolitisch umkrusteten Hy-
drobien (lumps) (s.a. Grimm und Grimm, 2003; Keller und
Radtke, 2007). Die Wischbachtal-Sbfm wird aufgrund han-
gender und liegender Einstufungen in das tiefere Burdigali-
um gestellt.

Im Hangenden des weitrdumig zu verfolgenden dis-
kordanten Kontaktes zwischen untermiozidnen Kalken der
Wiesbaden-Fm sowie relikthaft in Dolinen erhaltenen, plio-
zdnen Sedimenten, haben sich im Bereich des Rheingauer
Feldes alt- bis jungpleistozine Sedimente iiberliefert. Unter
diesen Sedimenten nehmen die fluviatilen Ablagerungen des
Ur-Mains und Ur-Rheins mit den Mosbacher Sanden — nicht
zuletzt aufgrund ihres seit mehr als 175 Jahren bekannten
Fossilreichtums (u. a. von Meyer, 1843; Romer, 1895, 1896;
Schroder, 1898; von Reichenau, 1904 bis Keller, 2013; Gru-
ner und Gruner, 2014; Bohaty, 2016, 2018a, b) einen be-
sonderen paldontologisch-quartirgeologischen Stellenwert
ein. Innerhalb der Dyckerhoff-Steinbriiche Wiesbadens sind
sie als paldontologisches Bodendenkmal ,,Mosbach-Sande,
Steinbruch Ostfeld“ (Abb. 13) durch das Landesamt fiir
Denkmalpflege Hessen erfasst. Besondere paldontologische
Bedeutung kommt hierbei jenen, in den Cromer-Komplex
einzustufenden, mittelpleistozéinen Sedimenten der Haupt-
Mosbach-Subformation (Hoselmann, 2007a) (= ,, Graues
Mosbach® und ,,Mosbach III* sensu Briining, 1974; Keller,
1999 bzw. ,,Mosbach-2“ und ,,Mosbach-3‘ sensu von Koe-
nigswald und Tobien, 1987) zu, welche aus fluviatilen, kar-
bonatreichen, griinlich-graulichen Fein- bis Mittelsanden mit
Unterbrechungen von Grobkieslagen bestehen und deutliche
Flussarchitekturen in Form von Schrig- und Kreuzgefiigen
aufweisen.

Die Bezeichnung Mosbach-Sande geht auf das erstmals
zum Jahre 991 erwihnte Dorf Mosbach (,,Moskebach*
Kop. Ende 13. Jahrhundert, ,,Mussebach* 1085, ,,Biebrich-
Mosbach® 1882), im Siiden Wiesbadens zuriick. Seit seiner
ersten Nennung im 10. Jahrhundert erschien es stets mit Bie-
brich in einer Gemarkung verbunden und wurde 1893 in die
Stadt Biebrich am Rhein, 1926 dann nach Wiesbaden einge-
meindet.

In der Umgebung des ehemaligen Dorfes wurden in zahl-
reichen Pingen und Gruben Sande, Kiese und Kalke ober-
tidgig abgebaut — so z. B. in den historischen Gruben beid-
seits der Biebricher Allee (Bereich Adolfshohe). Von dort —
und aus dem stidlichen Salzbachtal — stammen auch die ers-
ten Fossilfunde aus den Mosbacher Sanden. Der industriel-
le Abbau der Kalke und Sande verlagerte sich im Laufe der
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Abb. 13. Fotoimpression der fluviatilen Sedimente der mittelplei-
stozédnen Haupt-Mosbach-Subformation (Hoselmann, 2007a) des
paldontologischen Bodendenkmals ,,Mosbach-Sande, Steinbruch
Ostfeld®. (Foto: Jan Bohaty)

Zeit in Ostliche Richtung auf das Rheingauer Feld, wo die
im Jahre 1864 gegriindete Dyckerhoff AG in den ehemaligen
Steinbriichen Kalkofen, Kastel und Ostfeld Kalke und Sande
fiir das erste deutsche Zementwerk abbaute. Bis zum heuti-
gen Tage werden ausschlieBlich noch Mosbacher Sande in-
nerhalb des Steinbruchs Ostfeld gewonnen. Im Gegensatz zu
den kleinrdumigen Gewinnungsstellen in der Umgebung von
Mosbach konnten durch die im Zuge der industriellen Sand-
gewinnung resultierenden, groBriumigen Abbauprofile his-
torische Fossilfunde stratigraphisch eingestuft und die Gene-
se der Ablagerungen geowissenschaftlich verifiziert werden.
MabBgeblich fiir die wissenschaftliche Bearbeitung sind kon-
tinuierliche und iiber lingere Zeitraume hinweg stattfindende
Profildokumentationen sowie systematische Fossilaufsamm-
lungen, wie sie insbesondere durch Herbert Briining (1911-
1983) (Naturhistorisches Museum Mainz/Landessammlung
fiir Naturkunde Rheinland-Pfalz) und Thomas Keller (Leiter
der Paldontologischen Denkmalpflege a. D./Landesamt fiir
Denkmalpflege Hessen) vorgelegt wurden. Neben der iltes-
ten Mosbach-Sammlung mit etwa 1090 Fossilien in den Na-
turhistorischen Sammlungen des Museums Wiesbaden (Hes-
sisches Landesmuseum fiir Kunst und Natur), befinden sich
circa 15000 Fossilien in der Sammlung des Naturhistori-
schen Museums Mainz (Landessammlung fiir Naturkunde
Rheinland-Pfalz) sowie eine gro3e Anzahl in der noch heu-
te im Aufbau befindlichen Sammlung der Paldontologischen
Denkmalpflege des Landesamtes fiir Denkmalpflege Hessen.

Nach den bisherigen Erkenntnissen konnen die Ablage-
rungsszenarien der Mosbacher Sande wie folgt gedeutet wer-
den:

Nach der Verlandung des miozénen Mainzer Tertidrmee-
res fiithrten die Fliisse, die Solifluktion sowie weitere klima-
tologisch bedingte Verwitterungsprozesse in der Zeit zwi-

DEUQUA Spec. Pub., 1, 29-52, 2018



44

C. Hoselmann et al.: Field Trip C (27 September 2018)

Paléo-
magnetik

Main-
terrassen

Lithostratigraphie
nach HoseLmann (2007a, 2018)

Deckschichten mit Loss, umgelagerten Sedimenten, Auensedimenten, Paldobdden und Tephren

Mosbach-Mittelterrassen-
Subformation

BrUNING Gliederung
(1978) nach KeLLER (in KeLLer & RapTke 2007)
Rostrotes Mosbach L A ‘
Mosbach IV .
e Sequenz 4 (OF) ‘
© | e
= ns| 5 Sequenz 3
o — [+
g= 2
o L= o - — —
= =
8% 8
o
§ o Iy § Sequenz 2
] (B) o
11N5}
A
=5
O o
< % =2
Mosbach Il |3 42 S Sequenz Il (OF)
o83
=3 E
g &2
= O
sge
Grobes Moshach (G
Mosbach |

Haupt-Mosbach-Subformation
(Rhein- und etwas Mainsedimente)

=
2
=
(&)
(7}
5}
=
=
=4
[aa]

untermiozane Wieshaden-Formation (ReicHENBACHER & KELLER 2002)

Jaramillo-Subchron

Mosbach-Sande-Formation

Mosbach-Hauptterrassen-
Subformation
(Main- und etwas Rheinsedimente)

tl-Terrasse

Matuyama-Chron

Abb. 14. Schematische Untergliederung der Mosbacher Sande (umgezeichnet nach Keller in Keller und Radtke, 2007) mit einer zyklothemi-
schen Gliederung (kurze Pfeile: Kleinzyklen — ldngere Pfeile: tibergeordnete Zyklen — OF = Overbank-Fine); im Grauen Mosbach werden
vier Sequenzen nachgewiesen, die einzelnen Flussarchitekturen: (1) verflochtener Fluss, (2) médandrierend sandige Mischform, (3) schmale
anastomisierende Rinnen und (4) Overbank-Fines, zugerechnet werden. Erginzt wird diese Darstellung durch die paliomagnetische Einstu-
fung und um eine lithostratigraphische Neugliederung der Sedimentabfolge sowie die Gliederung des Aufschlusses nach Briining (1978).

schen oberem Miozén bis zum oberen Altpleistozén zu steti-
gen Sedimentabtragungen. Diese Prozesse lieBen eine Uber-
lieferungsliicke von etwa 20 Millionen Jahren zuriick, die
sich im Geldnde durch den unmittelbaren Kontakt zwischen
miozinen Kalken und zirka 750-600ka alten Ablagerun-
gen des Mains und Rheins erkennen lédsst (Bohaty, 2017,
2018a, b). Innerhalb des Mainzer-Sedimentbeckens und dem
Rhein-Main-Gebiet verlagerten die beiden Hauptfluter Main
und Rhein ihr Flussbett hiufiger. Der Main erreichte den
Rhein wesentlich weiter westlich als heutzutage. Zudem deu-
ten die fluviatilen Sedimente des Rheingauer Feldes darauf
hin, dass zur Zeit des Pleistozdns ein bis zu 20km brei-
ter Schwemmficher am Ausgang des Maines existierte. Die
Fliegeschwindigkeit des Mains war im Vergleich zur derje-
nigen des Rheins deutlich niedriger, was zumindest tempo-
rir den Riickstau des Mainwassers zur Folge hatte. Gleich-
zeitig lagerte sich im Bereich des heutigen Rheingauer Fel-
des durch die andauernde Absenkung des Rheintalgrabens
verstirkt Sedimentfracht ab. Diese Absenkung wurde von
Hebungsbewegungen abgelost, welche die auch heute noch
gut sichtbaren Terrassen entstehen lieBen. Sedimentfracht,
Wasserriickstau, ein breiter Schwemmficher und die an-
schlieende Terrassierung des Rheingauer Feldes boten idea-
le Voraussetzungen fiir die Entstehung der Mosbacher Sande
als Fossillagerstitte von iiberregionaler Bedeutung. In die-
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ses Fluss- bzw. Schwemmfichersystem geratene Tierkada-
ver kamen zumeist nach kurzem Transport zur Ablagerung.
Zahlreiche Verbissspuren und Verwitterungsanzeichen zeu-
gen von den hier lebenden Raubtieren und Aasfressern, wel-
che die Kadaver entsprechend fragmentiert zuriicklieBen. Die
biostratigraphische und klimatologische Einstufung der mit-
einander assoziierten, disartikulierten fossilen Skelette wird
jedoch erheblich durch die zum Teil mehrfachen Um- und
Ablagerungen erschwert. So treten Knochen warm- und kalt-
zeitlicher Organismen in den Sedimentschichten der Mos-
bacher Sande durchaus nebeneinanderliegend auf (Bohaty,
2017, 2018a, b). Neben einigen im Geldnde nicht verifi-
zierbaren Gliederungen der Mosbacher Sande des Rheingau-
er Feldes (u. a. von Koenigswald und Tobien, 1987; siehe
hierzu Keller, 1999), existieren in der Literatur bislang drei
Unterteilungsmodelle von Briining (1978), Keller (in Keller
und Radtke, 2007) und Hoselmann (2007a, 2018) (Abb. 14).
Nach Keller (in Keller und Radtke, 2007) teilen sich die Mos-
bacher Sande in zwei im Alter unterschiedliche Schiittungs-
korper:

Erster, altpleistoziner fluviatiler Zyklus — Grobes Mos-
bach und feinkodrnige Mosbacher Dolinenfiillung: im Han-
genden von Grobschottern, Kiesen und Sanden folgen fein-
klastische Tone und Schluffe, z. T. in Wechsellagerung mit
sandigen Einschaltungen. Nach Keller sind diese Sedimente
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Abb. 15. Fundsituation eines Unterkiefers der pleistozédnen Nas-
horngattung Stephanorhinus sp.; LfDH-Inv.-Nr. PAL EV 27/06.
Bildbreite 23 cm. (Foto: Anne Sander, Landesamt fiir Denkmalpfle-
ge Hessen)

dem ersten fluviatilen fining-upward-sequence-Zyklus zuzu-
ordnen. Die liegenden Grobsedimente sind diskordant von
den hangenden Feinklastika iiberlagert. Im Bereich dieser
Diskordanz treten feinkornige Dolinenfiillungen auf (u. a.
Semmel, 2002), in deren Bereich Briining (1970) die Uber-
pragung des feinkornigen Sediments durch eine fossile Bo-
denbildung beschrieb. Paliomagnetische Untersuchungen an
diesen Hochflutlehmen stufen It. Boenigk (1978) diese in das
Jaramillo-Subchron (1072-970ka) ein. Die altpleistozénen,
iiberwiegend als Dolinenfiillung erhaltenen Sedimente wei-
sen (Keller in Keller und Radtke, 2007; Keller, 2007) eine
Michtigkeit von iiber fiinf Metern auf und zeigen Anzei-
chen periglazialer Bedingungen einer frithen Kaltzeit (Frost-
spalten, Tropfenboden und sackférmige Sedimentiiberpra-
gungen). In diesen konnte eine arten- und individuenarme
Saugetierfauna belegt werden, fiir welche das ,,Altmammut*
Mammuthus meridionalis, das Pferd Equus sp. und das etrus-
kische Nashorn Stephanorhinus etruscus kennzeichnend sind
(siehe u. a. Keller in Keller und Radtke, 2007).

Zweiter, mittelpleistozédner fluviatiler Zyklus — Graues
Mosbach: Zwischen dem ersten und dem wesentlich jiin-
geren, zweiten Zyklus wurde von Koenigswald und Tobi-
en (1987) ein Hiatus hoherer Ordnung verifiziert. Der ge-
mal Keller (in Keller und Radtke, 2007) bis zu 12 m méch-
tige zweite Zyklus wird von groben bis feinkodrnigen Se-
dimenten (Grobschottern, Kiesen, Sanden, Schluffen und
Mergeln) mit deutlichem Kalkgehalt dominiert. Die Abla-
gerungen weisen im Gegensatz zum Groben Mosbach und
den feinkornigen Mosbacher Dolinenfiillungen eine nor-
male Magnetisierung (Brunhes) auf. Nach Semmel (1969)
werden sowohl die altpleistozédnen als auch die diskordant
auf ihnen auflagernden, mittelpleistozdnen Sedimente der
t1-Terrasse (Untermain-Hauptterrassen-Fm) zugeordnet. Der
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mittelpleistozéne Sedimentkorper ist im Bereich des ehema-
ligen Dyckerhoff-Steinbruchs — bzw. des paldontologischen
Bodendenkmals ,,Mosbach-Sande, Steinbruch Ostfeld* — als
ungefihr 1000 x 300m messendes Segment des zentralen
Rheingauer Feldes aufgeschlossen. In diesem beschrieb Kel-
ler (in Keller und Radtke, 2007) vier Sequenzen: Die unters-
ten drei Sequenzen zeichnen sich demnach durch zyklische
fining-upward-sequences aus und unterscheiden sich durch
voneinander verschieden aufgebaute Sets fluviatiler Archi-
tekturelemente. Innerhalb des Grauen Mosbachs wurden ins-
besondere von Briining (1978) zahlreiche unterschiedliche
Klimaindikatoren lithogenetischer Natur beschrieben, wobei
gemdl Briining die Anzeiger (u. a. Driftblocke) kiihler oder
kalter Klimata dominieren sollen. Keller (in Keller und Radt-
ke, 2007) wies jedoch auf die Notwendigkeit einer sauberen
Unterscheidung von syn- und epigenetischen Entstehungen
hin und belegte, dass z. B. Driftblocke als sperrige, transpor-
tresistente Korper sekundir auf Kontaktflachen hoherer Ord-
nung akkumulieren konnen. Allerdings betonte auch Keller
die Seltenheit warmklimatischer Indikatoren — wie der von
Wilde et al. (2005) belegten interglazial dominierten Flora
oder der durch das Landesamt fiir Denkmalpflege Hessen
in den letzten 20 Jahren verzeichneten Warmzeitkomponen-
ten der Gastropoden- und Sdugetierfaunen. Die mittelplei-
stozdinen Mosbacher Sande sind fiir eine reiche Sdugetier-
fauna mit bislang etwa 65 bekannten Arten beriihmt. Hinzu-
kommen Fisch- und Vogelfossilien sowie eine hochdiverse
Molluskenfauna von etwa 150 Arten (Keller in Keller und
Radtke, 2007; Gruner und Gruner, 2014). Charakteristische
Saugetiere sind der Steppenelefant Mammuthus trogonthe-
rii, die Nashorner Stephanorhinus etruscus/hundsheimensis
sowie S. kirchbergensis (Abb. 15), der Deninger-Bér Ursus
deningeri deningeri sowie der wesentlich groiere Ursus arc-
tos priscus. Aus dem Grauen Mosbach liegt zudem eine der
altesten in Mitteleuropa bekannten Wiihlmauspopulationen
(Arvicola) vor (Maul et al., 2000), unter welcher die Art Ar-
vicola mosbachensis einen biostratigraphischen Leitwert be-
sitzt (Abb. 16). Gemill Adam (1964) und Maul et al. (2000)
kann das Graue Mosbach in die faunistische Stufe des Mos-
bachiums sowie in das Cromer-Interglazial IIT eingegliedert
werden. Nach Keller (in Keller und Radtke, 2007) treten
in der Grof3sdugerfauna einerseits typische Warmzeitformen
auf, so z. B. der Waldelefant Elephas antiquus, das Fluss-
pferd Hippopotamus sp., das Schwein Sus sp., der Gepard
Acinonyx pardinensis oder der Jaguar Panthera onca gom-
baszoegensis. Andererseits deuten Steppenelefant Mammut-
hus trogontherii, Steppenbison Bison priscus, Steppenhirsch
Megaloceros verticornis und das Reh Capreolus suessenbor-
nensis einen klimatisch kontinental gepréigten Zeitabschnitt
an. Keller (in Keller und Radtke, 2007) wies zudem darauf
hin, dass anhand von taphonomischen Indizien an kaltzeit-
lichen Faunenelementen (u. a. dem Ren Rangifer sp. und
dem VielfraB Gulo schlosseri) diesen kein grof3erer Einfluss
auf die sekundir miteinander assoziierte Gesamtfauna ein-
gerdaumt werden kann (vgl. Keller, 2002). Wie bereits oben
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Abb. 16. Backen- und Schneidezihne des Leitfossils der Haupt-
Mosbach-Subformation, der Wiithlmausart Arvicola mosbachensis.
Bildbreite 4,8 cm. (Foto: Anne Sander, Landesamt fiir Denkmalpfle-
ge Hessen)

erwiahnt, treten aufgrund der z. T. mehrfachen Um- und Ab-
lagerungsszenarien Knochen warm- und kaltzeitlicher Or-
ganismen in den Sedimentschichten des Grauen Mosbach
durchaus nebeneinanderliegend auf (Bohaty, 2017, 2018a,
b).

Lithostratigraphisch 1ldsst sich im Rheingauer Feld
die pleistozane fluviatile Abfolge nach Hoselmann
(2007a, 2018 und Abb. 14) als Mosbach-Sande-Fm
definieren, die sich durch die drei Subformationen:
Mosbach-Hauptterrassen-Sbfm, Haupt-Mosbach-Sbfm
sowie Mosbach-Mittelterrassen-Sbfm untergliedern lisst.
Die Mosbach-Hauptterrassen-Sbfm ist mit der tl-Terrasse
des Mains (Untermain-Hauptterrassen-Fm) zu korrelieren
und wird im Wesentlichen von fluviatilen Sedimenten des
Mains aufgebaut. Dagegen ist die Haupt-Mosbach-Sbfm
(Graues Mosbach) vorrangig aus Ablagerungen rheinischen
Ursprungs akkumuliert und kann mit Teilen der Viernheim-
Fm (Hoselmann, 2010) des nordlichen Oberrheingrabens
korreliert werden. Den fluviatilen Abschluss dieser Sequenz
bildet die Mosbach-Mittelterrassen-Sbfm, die im Wesentli-
chen mit der t2-Terrasse des Mains (untere Subformation der
Untermain-Mittelterrassen-Fm) korreliert werden kann und
dem Rostroten Mosbach nach Briining (1978) entspricht.
Ahnliche Abfolgen mit verzahnten fluviatilen Sedimenten
rheinischer und mainischer Provenienz finden sich auch
in vielen Bohrungen im nordlichen Oberrheingraben vom
Frankfurter Flughafen im Norden bis in den Raum Grifen-
hausen im Siiden. Nur ist hier im Gegensatz zum Aufschluss
der Mosbacher Sande im Rheingauer Feld aufgrund feh-
lender Aufschliisse eine detaillierte paldontologische und
sedimentologische Bearbeitung kaum mdoglich.

Die dolischen Deckschichten und Paldobdden und Boden-
verlagerungen werden detailliert bei Semmel (1995, 2005)
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Abb. 17. Wiirmlossprofil in Mainz-Weisenau aus Semmel (1999c¢).

und Hilgers et al. (2003) beschrieben und sind zum Teil in
Dolinen sehr gut dokumentiert. Insbesondere der Loss der
letzten Kaltzeit ist oftmals sehr gut aufgeschlossen mit hoch
aufgelosten Mosbacher Humuszonen und den jungweich-
selzeitlichen Erbenheimer Nassboden (E1 bis ES) paldope-
dologisch von Interesse. Markant ist das hiufige Auftreten
der Eltville Tephra, einer vulkanischen Ablagerung aus der
Osteifel, die mit einem Alter zwischen 23,2 und 25,6 ka vor
heute (Zens et al., 2017) ein charakteristisches, hdufig mehr-
gliedriges Band zwischen dem E3- und E4-Nassboden bildet.

6 Stopp 5

— Lossprofil und Paldoboden im ehemaligen Steinbruch
bei Mainz-Weisenau

— (GK/TK25: 6015 Mainz; GK R 3449540, H 5536880
bzw. UTM32N E 449485, N 5535105, Hohe: 160 m .
NN)

— Fiihrung: Michael Weidenfeller
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Abb. 18. Horizontabfolge des Altwiirmabschnittes in Dellenposition (aus Bibus et al., 1996).

Das Lossprofil im Steinbruch Mainz-Weisenau ist neben
dem Dyckerhoff-Steinbruch in Wiesbaden (vgl. Stopp 4 und
Semmel, 1995, 2005) eines der bedeutendsten Quartérauf-
schliisse im Rhein-Main-Gebiet. Uber viele Jahrzehnte wur-
den die Sedimente und die fossilen Bodenbildungen von
verschiedensten Bearbeitern mit unterschiedlichsten Metho-
den untersucht und datiert. Arno Semmel von der Universi-
tit Frankfurt a.M. hat den Abbaufortschritt iiber viele Jah-
re beobachtet und beschrieben (Abb. 17) (Semmel, 1983).
Im Band 20 der Frankfurter Geowissenschaftlichen Arbeiten
(Semmel, 1996) sind die Ergebnisse in Einzelbeitrdgen do-
kumentiert. Anlasslich des Lossfestes in Gieen 1999 fasste
Semmel (1999¢) den Wissensstand in einem Exkursionsbei-
trag zusammen.

Die Lossforschung im Rhein-Main-Gebiet begann mit den
Arbeiten von Schonhals (1950, 1951), der den Wiirmloss in
drei, jeweils durch Bodenbildungen begrenzte, stratigraphi-
sche Abschnitte gliederte. Semmel (1963) bestitigte spiter,
dass der fossile Ah-Horizont genetisch gar nicht zum lie-
genden B-Horizont gehort. AuBerdem konnten hiufig drei
selbstindige fossile Ah-Horizonte tiber dem Bt-Horizont ge-
funden werden, der als Bildung der letzten Warmzeit ge-
deutet wird (Schonhals et al., 1964). Diese Ah-Horizonte
werden als Mosbacher Humuszonen bezeichnet. Die Loss-
abfolge wurde insbesondere in den 90er Jahren von der
Arbeitsgruppe von Erhard Bibus, Geographisches Institut
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der Universitdt Tibingen, mit verschiedensten Methoden
bearbeitet (Bibus et al., 1996). Dazu gehorten neben pa-
ldopedologischen Untersuchen auch Molluskenbestimmun-
gen, Bestimmungen von Holzkohlen, Diinnschliffuntersu-
chungen (Poetsch, 1996), paliomagnetische und schwer-
mineralogische Untersuchungen (Thiemeyer, 1993) sowie
Lumineszenz-Datierungen (Frechen und Preusser, 1996).
Bibus et al. (1996) konnten aufgrund von typischen Ho-
rizonten im hangenden und zwischengeschaltetem Loss be-
legen, dass es sich in Weisenau um den Altwiirmabschnitt
mit den drei interstadialen Mosbacher Humuszonen und den
RissloB mit den Weilbacher Humuszonen handelt (Abb. 18).
Die Humuszonen sind durch méchtigere Losszwischenlagen,
die kalttrockene Abschnitte anzeigen, voneinander getrennt.
Die beiden untersten Mosbacher Humuszonen sind stark
durch Entkalkungs- und Verbraunungserscheinungen unter-
schiedlicher Intensitdt und Verbreitung degradiert. Einerseits
handelt es sich um braune Flecken, andererseits jedoch auch
um basale Verbraunungszonen, die vor allem im Dellentiefs-
ten verbreitet sind. Aktuell ist im Weisenauer Steinbruch ein
Lossprofil mit der Unteren Mosbacher Humuszone und ei-
nem Btv-Horizont aufgeschlossen. Die Beschreibung orien-
tiert sich an den bereits publizierten Ergebnissen. Neuere Un-
tersuchungen am aufgeschlossenen Profil liegen nicht vor.
Seit 1991 wurde ein Lossriicken durch den Abbau ge-
schnitten, in dessen Bereich zu Beginn der letzten Kalt-
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Abb. 19. Lossprofil mit Unterer Mosbacher Humuszone, Mainz-
Weisenau. (Foto: Michael Weidenfeller)

zeit eine Delle in den liegenden dlteren Loss eingetieft war.
Das Liegende des aktuell aufgeschlossenen Profils bilden die
jiingstpliozinen Alteren Weisenauer Sande und die altquarti-
ren Jiingeren Weisenauer Sande (Semmel, 1983). Die Basis
des Profils bildet ein stark karbonathaltiger Loss, der kleine
Karbonatkonkretionen enthilt. Der tiefere Teil der Lossab-
folge ist nicht aufgeschlossen. Dariiber folgt ein 25 cm méch-
tiger, schwach entwickelter Btv-Horizont mit einem Karbo-
natanreicherungshorizont an der Basis (Abb. 19). Auf den
Aggregatoberflichen im Btv-Horizont sind schwach ausge-
prégte Toncutane sichtbar. Die Grenze zum hangenden Loss
ist sehr scharf und geradlinig. Die graugelbliche Farbung des
Losses ldsst auf einen geringen Anteil an organischer Sub-
stanz schlieBen. Der Loss geht in einen ca. 30 cm méchti-
gen hellgelblich braunen Loss iiber. Dariiber folgt eine kraf-
tig ausgebildete zweigeteilte Humuszone. Der untere Teil ist
homogen dunkelbraun gefirbt. Der obere Teil der Humuszo-
ne zeigt hellbraune Fleckung in einem schwarzbraunen Ho-
rizont. Dariiber schlieft sich mit diffusem Ubergang ein hell-
graubrauner Loss an, der diskordant von einem dunkelbrau-
nen kiinstlich aufgeschiitteten Sediment iiberlagert ist.

Nicht aufgeschlossen ist der mittel- und oberweichselzeit-
liche Abschnitt der Lossabfolge mit den Erbenheimer Nass-
boden und dem Eltville Tuff (vgl. Abb. 17). Im Hangenden
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Abb. 20. Altwiirmabfolge in Dellenposition, Profil Mainz-
Weisenau (aus Bibus et al., 1996).

des Eltville Tuffes folgt der blassgraue, schwach humose E4-
Nassboden (Semmel, 1996). Den Abschluss des Weisenauer
Profils bildet ein bandkeramisches Kolluvium mit Holzkoh-
len und Hiittenlehm. Von dem holozénen Oberflichenboden
ist nur noch vereinzelt ein Rest des Bt-Horizontes erhalten.
Bereits zur bandkeramischen Zeit war stellenweise der Roh-
16ss durch Bodenerosion freigelegt.

Die Abfolge der fossilen Boden der letzten Kaltzeit be-
ginnt mit den Mosbacher Humuszonen, deren Bildung je-
weils von Losssedimentation abgeldst wurde (Abb. 20). Pala-
ontologische Belege (Fauna und Flora) sprechen dafiir, dass
withrend der Humuszonenbildung ein Waldsteppenklima mit
Nadelwald herrschte. Die méchtige zweigeteilte Humuszo-
ne im aktuellen Aufschluss wird entsprechend der Merk-
malsauspragung als Untere Mosbacher Humuszone inter-
pretiert. Von den aus einem benachbarten heute nicht mehr
aufgeschlossenen Bereich vorliegenden Lumineszenz-Daten
spricht das von Frechen und Preusser (1996) ermittelte IRSL-
Alter von 94,0+ 9, 8 ka fiir diese Annahme. Nicht eindeutig
ist derzeit die Interpretation und stratigraphische Zuordnung
des fossilen Btv-Horizontes. Ob dieser Horizont in die letz-
te Warmzeit gehort, kann nicht eindeutig beantwortet wer-
den, da von diesem Profil keine absoluten Altersdatierun-
gen vorliegen. Da die von Bibus et al. (1996) beschriebe-
ne Schuttlage unter der Unteren Humuszone fehlt und ein
michtiger Loss zwischengeschaltet ist, konnte es sich auch
um den Rest eines interglazialen Bodens handeln. Allerdings
wire in einem warmzeitlichen Boden eine stédrker ausgeprag-
te Tonverlagerung und intensivere Konkretionsbildung zu er-
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warten. Fiir einen interglazialen Boden spricht, dass der Ho-
rizont durch eine Diskordanz gekappt wird und eine Lossse-
dimentationsphase folgt. Sollte es sich um den Eem-Boden
handeln, wire der Loss im Liegenden dieses Bodens in das
Riss bzw. Pria-Eem zu stellen. Allerdings fehlt diesem Loss
die von Bibus et al. beschriebene intensive Pseudovergleyung
(Marmorierung und Rostrohren).

Daher ist es wahrscheinlich, dass es sich um den von Bi-
bus et al. (1996) beschriebenen Btv-Bvt-Horizont an der Ba-
sis der Unteren Mosbacher Humuszone handelt. Im damali-
gen Profil konnte eine Lessivierung festgestellt werden. Nach
den makroskopischen und mikromorphologischen Merkma-
len handelte es sich jedoch um eine duferst schwache Ton-
durchschlaimmung, die mit den Bt-Horizonten interglazia-
ler Parabraunerden nicht verglichen werden kann (Poetsch,
1996). Analog zur Beschreibung von Bibus et al. (1996) liegt
das aktuell aufgeschlossene Profil in Dellenposition, wie es
fiir den Altwiirmabschnitt im Weisenauer Profil typisch ist
(Abb. 20).

Datenverfligbarkeit. Tabellen der Schwermineralanalysen befin-
den sich im Supplement.

The Supplement related to this article is available
online at https://doi.org/10.5194/deuquasp-1-29-2018-
supplement.
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Abstract: The Devonian slates and sandstones of the Rhenish Massif were subject to deep and intensive weath-
ering under (sub)tropical climate conditions during the Cretaceous, the Paleogene and the Neo-
gene, which caused the development of a weathering mantle (regolith) > 100 m thick, consisting of
kaolinitic saprolite and paleosols as well as correlated sediments. Especially the tectonic uplift of the
Rhenish Massif and climate change during the Neogene and the Pleistocene led to a vast denudation
of the weathering mantle. Only in less uplifted areas of the mountainous region did thick remnants
of saprolites remain, and they were covered by Neogene sediments as well as Quaternary periglacial
slope deposits. As the kaolinitic weathering products serve as raw materials for the clay industry,
unique exposures are available in the Hintertaunus which offer impressive insights into the landscape
development of the past ~ 80 million years: the excursion proceeds from Giessen to Limburg and
further south and southwest to the eastern and western Hintertaunus area. At site 1 near the village
of Langhecke, characteristics and properties of the fresh, unweathered slates will be demonstrated.
Excursion sites 2 and 3 are situated near the village of Eisenbach. In two open-cast clay mines, both
a terrestrial and a semi-terrestrial saprolite from silt slate, covered by periglacial layers, are exposed.
Properties and genesis will be discussed on the basis of morphological characteristics and mineralog-
ical and geochemical analyses, as well as isovolumetric elemental mass balances. At site 4 a former
basalt quarry near the village of Biebrich exposes a Paleogene Plinthosol above saprolite. The au-
tochthonous paleosol was preserved below Upper Oligocene basalt tuff and periglacial layers. Site 5
is situated within a huge pit for mining of Upper Oligocene to Miocene quartz gravel near the village
of Wasenbach. A Miocene Plinthosol developed from alluvial sediments on top of the gravel beds
and was covered by periglacial slope deposits. At nearly all sites the basal layers of the periglacial
cover beds consist of kaolinitic paleosol/saprolite material, which has an important influence on the
site properties of the Holocene soils.
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Kurzfassung:

1 Introduction

P. Felix-Henningsen: Field Trip D (27 September 2018)

Unter (sub-)tropischen Klimabedingungen wihrend der Kreidezeit, sowie im Paldogen und Neogen,
waren die devonischen Schiefer und Sandsteine einer intensiven Verwitterung ausgesetzt durch die
eine > 100 m michtige Verwitterungsdecke (Regolith) aus kaolinitischen Saprolitzonen, Paldobdden
und korrelaten Sedimenten entstand. Tektonische Hebung des Rheinischen Schiefergebirges und Kli-
mawechsel im Neogen und Pleistozén fiihrten dazu, dass die Verwitterungsdecke in weiten Bereich
wieder abgetragen wurde. Nur in den schwicher gehobenen Gebieten des Mittelgebirges, wie im Hin-
tertaunus, blieben méchtige Reste der Verwitterungsdecke erhalten, die von neogenen Sedimenten und
quartdren periglazialen Deckschichten iiberlagert wurden. Da die kaolinitischen Verwitterungspro-
dukte wertvolle Rohstoffe fiir die Tonindustrie darstellen, entstanden im Hintertaunus einzigartige
Aufschliisse, an denen die Landschaftsentwicklung der vergangenen 80 Mio. Jahre eindrucksvoll
sichtbar wird:

Die Exkursion fiihrt von Gielen nach Limburg und von dort nach S und SW in den 6stlichen und
westlichen Hintertaunus. Am Exkursionspunkt 1, bei der Ortschaft Langhecke, werden die Merk-
male und Eigenschaften der frischen, unverwitterten Schiefer demonstriert. Die Exkursionspunkte 2
und 3 befinden sich nahe der Ortschaft Eisenbach. In zwei Tongruben sind ein terrestrischer und ein
semiterrestrischer Saprolit aus Schluffschiefer aufgeschlossen, die von periglazidren Deckschichten
iiberlagert werden. Auf Basis der morphologischen Merkmale, der mineralogischen und geochemis-
chen Analysendaten sowie den Ergebnissen isovolumetrischer Massenbilanzen werden die Eigen-
schaften und Genese der Verwitterungsdecke und ihre Uberprigung im Pleistozin diskutiert. Am
Standort 4, nahe der Ortschaft Biebrich, ist in einem ehemaligen Steinbruch ein autochthoner
Plinthosol aus dem Paldogen aufgeschlossen, der unter oberoligozéinem Basalttuff konserviert und von
gegliederten periglazidren Deckschichten liberlagert wurde. Exkursionspunkt 5 befindet sich in einem
groBen Kiesabbau nahe der Ortschaft Wasenbach, in dem oberoligozine — untermiozine Quarzschot-
ter und -sande des Vallendar-Flusssystems abgebaut werden. Ein miozéner Plinthosol entstand aus
Hochflutsedimenten oberhalb der fluviatilen Kiese und wurde von periglazidren Deckschichten iiber-
lagert. Deren Basislage besteht hier, wie an den anderen Standorten, aus dem kaolinitischen Substrat
des unterlagernden Saprolits/Paliobodens und hat damit einen bedeutenden Einfluss auf die Stan-
dorteigenschaften der holozédnen Boden.

The bedrock areas in mountainous regions of Middle Eu-
rope, which was a continent during the Mesozoic and Ter-
tiary, were subject to deep weathering under (sub)tropical
humid climate conditions, which caused the formation of
a kaolinitic weathering mantle tens to hundreds of metres
thick, consisting of a paleosol above saprolite (Fig. 1). De-
tails about distribution and genesis as well as comprehensive
references are published in Felix-Henningsen (1990, 1994,
2015).

Due to tectonic uplift of the former planation plains and
climate changes during the Neogene and the Quaternary, the
Mesozoic—Tertiary weathering mantle (MTV) was in part
or completely subject to erosion. Especially the strong up-
lift during the Quaternary and periglacial conditions dur-
ing the cold periods strongly supported the removal of the
weathering mantle and led to the expansion of a sequence
of periglacial layers above the truncated weathering mantle
(Felix-Henningsen et al., 1991; Sauer and Felix-Henningsen,
2006, Fig. 2). Only in areas with weaker tectonic uplift did
more or less thick remnants of the weathering mantle remain.

DEUQUA Spec. Pub., 1, 53-77, 2018

Figure 1. Organization of the complete Mesozoic—Tertiary weath-
ering mantle (MTV) of the Rhenish Massif with the units fresh rock,
saprolite and solum.
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Figure 2. Organization of the more or less denudated Mesozoic—
Tertiary weathering mantle (MTV) of the Rhenish Massif on rem-
nants of the planation planes, covered by Pleistocene periglacial lay-
ers (top layer is referred to as “main layer” in the text).

Figure 3. Saprolite of the Mesozoic—Tertiary weathering mantle
with interfingered transition between the white, bleached oxidation
horizon and the black reduction horizon below. The saprolite of both
horizons displays a well-preserved rock structure, but it is soft and
friable.

Autochthonous kaolinitic paleosols of Cretaceous to Neo-
gene age show characteristics of soils of the modern trop-
ical regions (e.g. Ferralsols, Plinthosols). They developed
at the former land surface by processes of soil formation,
such as chemical and physical weathering and bioturbation.
Remnants of such paleosols occur in small areas, protected
against erosion by a cover of Tertiary sediments or volcanic
rocks (Fig. 4).

Saprolites developed below the paleosols when the weath-
ering front exceeded the depth of the soil. They are exclu-
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saprolite from silt slate, covered by Upper Oligocene fluvial sedi-
ments and periglacial layers, near Bengen, Rhenish Massif (for de-
tails see Felix-Henningsen and Wiechmann, 1985).

sively chemically weathered bedrock and show the preserved
rock structure because with increasing depth of the weather-
ing front the physical forces (swelling and shrinkage, rooting,
bioturbation, frost pressure) intermitted, while dissolution of
minerals and leaching of elements under sufficient precipita-
tion proceeded unhampered (Fig. 1).

The excursion aims to present unique sections of the thick
weathering mantle in the Hintertaunus (literal: back of the
Taunus) region, which is a part of the eastern Rhenish Massif
(Fig. 6), in order to discuss properties and genesis, as well
as the Quaternary superimposition and the consequence for
the site properties of Holocene soils. Due to a lesser tectonic
uplift and weak denudation of the Cretaceous to Paleogene
planation areas, more or less thicker remnants of the weath-
ering mantle are well preserved. The excursion presents fresh
slates as parent rock as well as unique exposures of terrestrial
and semi-terrestrial saprolites and autochthonous paleosols
of Paleogene and Miocene age. Furthermore, periglacial su-
perficial layers above saprolite and paleosols, exposed in
deep profiles, allow insight into the processes of periglacial
overprinting of the MTV. In detail, the following topics will
be presented and discussed:
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Table 1. Geological development of the Rhenish Massif since the Mesozoic.

Era Formation Series Start  Geomorphological processes Climate
(Ma)
Cenozoic  Quaternary Holocene 0.01  weathering, erosion, especially of unconsoli- moderate humid
dated material
Pleistocene 2.8 East Eifel volcanism, formation of the trans- alternation of cold
verse valley of the Rhine river through the periglacial periods
Rhenish Massif, strong tectonical uplift, for- and moderately warm
mation of river terraces and periglacial layers interglacial periods
Tertiary Pliocene 5 weak tectonical uplift, weathering and strong change from warm hu-
denudation of the old weathering mantle due to  mid to moderate humid,
climatic change, deposition of quartz gravels at ~ warm arid phases
river terraces
Neogene Miocene 23 volcanism (e.g. Vogelsberg), phase of warm humid, warm arid
kaolinitic deep weathering, denudation, phases
sedimentation of kaolinitic clays formation of
the recent river system
Tertiary Oligocene 38 strong tectonic uplift, formation of fault blocks ~ warm humid with mod-
Paleogene and fault troughs, weathering and denudation, erate and arid phases
sedimentation of kaolinitic clays western Eifel
volcanism, sub-volcanoes of the Siebengebirge
Eocene 55 peneplanation, kaolinitic deep weathering and  warm humid, warm arid
soil formation, phases of tectonic uplift with  phases
denudation of soils and sedimentation of
kaolinitic clays.
Palaeocene 65 peneplanation, kaolinitic deep weathering and ~ warm humid
soil formation
Mesozoic  Cretaceous Upper 100  peneplanation, deep weathering, marine trans-  warm humid
Lower 145  gressions at the margins of the Rhenish Massif

— characteristics, properties and mineralogical composi-
tion of Lower Devonian slates as parent rock of the
MTV;

— morphological characteristics as well as geochemical
and mineralogical properties of different saprolite zones
and their genesis;

— characteristics, properties, genesis and classification of
autochthonous kaolinitic paleosols of Paleogene and
Miocene age;

— organization, stratigraphy and properties of periglacial
layers;

— demonstration and discussion of methodological ap-
proaches of clay mineral analyses and isovolumetric el-
ement mass balances.

2 The excursion area

2.1 Geomorphology of the Hintertaunus region

Table 1 shows the timescale of the geological development of
the Rhenish Massif. Of specific interest for the topic of this

DEUQUA Spec. Pub., 1, 53-77, 2018

excursion is the younger geologic history of the past 195 Ma
from the Cretaceous to the Holocene. The Taunus forms
the tectonically uparched, south-eastern part of the middle
mountains, separated by the Lahn syncline from the Wester-
wald in the north. The Hintertaunus area slants down from
the High Taunus (up to 879 ma.s.l.) in a north-eastern direc-
tion to the Lahn valley at Limburg (113 ma.s.l.). The crest
of the High Taunus consists of massive Taunus quartzite (up-
per Siegen, lowest Lower Devonian), followed to the north
and north-west by Hunsriick slates from marine silt and fine
sand. North of the village of Eisenbach at the edge of the
Limburg basin the bedrock changes narrowly with clay slate
and quartzite of the Upper Ems and calcareous slates, diabase
and marine tuffs (Schalstein) of the Middle and Upper Devo-
nian (Felix-Henningsen and Requadt, 1985). In the western
Hintertaunus alternating layers of quarzitic Paleogene sand-
stones, silt slates and marine tuffs represent the Lower De-
vonian rocks, locally mounted by Eocene to Lower Miocene
volcanoes (Miiller, 1973).

In a paleo-river system, which existed from the middle
Eocene to the Upper Oligocene, fluvial milky quartz grav-
els (Vallendar gravel) were deposited in valleys and basins,
where they reached a thickness of up to several tens of me-
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Figure 5. Morphological and mineralogical organization of the Mesozoic-Tertiary weathering mantle (MTV) of the Rhenish Massif. Bj-Gj
is terrestrial or semi-terrestrial fersiallitic soil horizons, mCewj is bleached saprolite, mCoj is oxidized saprolite, mCrj is reduced saprolite
and R is fresh rock; K is kaolinite, I is illite, M is muscovite, Chl-V-WL is chlorite—vermiculite mixed layer minerals, Sm is smectite and Chl

is chlorite.

tres (Ahlburg, 1915; Lohnertz, 1978; Andres et al., 1974;
Semmel, 1984). In the western Rhenish Massif the paleo-
river course can be traced parallel to the Mosel river down
to the tectonical basin of Neuwied (Semmel, 1984). Re-
quadt (1990) concludes that the Vallendar gravels were origi-
nally deposited as sediments of a Middle to Upper Oligocene
(33-30 Ma) marine transgression advancing from the Mainz
basin in the south of the Rhenish Massif towards the north.
In this period, a connection existed between the northern
alpine Molasse basin through the Upper Rhine fault trough
and the Hessian basin to the North Atlantic (Walter, 1995).
In a second phase, during tectonic uplift of the area, the
eroded material of the weathering mantle was repeatedly re-
distributed and finally deposited in river valleys. Requadt and
Buhr (1989) identified five terraces with deposits of milky
quartz gravel in different altitudes adjacent to the lower Lahn
valley. The tectonic uplift during the Pliocene favoured the
fluvial dissection of the excursion area, which led to ero-
sion of a great part of the Vallendar gravel and the underly-
ing weathering mantle (Andres et al., 1974). Periglacial so-
lifluction during the Upper Pleistocene caused extensive re-
distribution of the exposed paleosols, saprolites and Vallen-
dar gravel and the formation of the basal layer. On flat slopes
and in plain areas, loess, deposited during the glacial and
afterwards partly redistributed by solifluction, remained as
the middle layer. Area-wide, an upper layer of redistributed
loess, mixed with pumice of the Laacher See volcano erup-
tion, was deposited by eolian sedimentation and solifluction
during the Younger Dryas period (Felix-Henningsen et al.,
1991). Thick loess deposits within the basins of Limburg and
Idstein were the parent material of fertile Holocene Luvisols,
intensively used by agriculture.
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The rivers Aar, Worsbach and Emsbach (from west to east)
are tributaries of the lower Lahn river, which drain the excur-
sion area. The average annual temperatures are 8.5 to 9°C
in lower altitudes and about 7 °C above 500 m a.s.l. Annual
precipitation amounts to 650-750 mm.

2.2 The Mesozoic—Tertiary weathering mantle

The bedrock of the Rhenish Massif consists of Devonian
slates and sandstones, which are exposed to continental con-
ditions at least since the Jurassic. During this period of
about 200 Ma in total, discrete phases, each of Ma duration
with (sub)tropical humid (Cretaceous and Paleogene, mid-
dle Miocene), semi-arid (Upper Oligocene, Lower Miocene),
subtropical to moderate (Neogene) and moderate to arctic cli-
mate (Quaternary), influenced the development of the weath-
ering mantle, paleosols and relief forms. In periods of mil-
lions of years with a humid (sub)tropical climate during the
Upper Cretaceous and Tertiary, a saprolite more than 150 m
thick (Spies, 1986) developed below a kaolinitic paleosol
(Figs. 1 and 4), when the weathering front advanced with
a higher rate to greater depths than the lowering of the land
surface by erosion. The progression of the weathering front
to greater depths on crystalline rocks shows rates of 1 to 5 cm
in 1000 years under recent humid tropical climate conditions
(references in Felix-Henningsen, 2015). Therefore, sapro-
lites testify to periods lasting millions of years with warm
humid climatic conditions, high weathering intensity and an
extremely stable land surface due to a dense vegetation cover.

The occurrence of the MTV is bound to planation plains,
which developed by extensive denudation during the Creta-
ceous until the Paleogene. Their remnants are preserved in
weaker uplifted areas of the Rhenish Massif, mainly at the
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Figure 6. Simple classification of the weathering intensity of saprolite from Devonian slates of the Rhenish Massif (used for mapping and
geomorphological investigations; example is from the dissected planation plane of the Hunsriick area): an upper zone, in which chlorites are
completely weathered to kaolinite, and a lower zone, with incomplete kaolinitization of chlorite.

edges and within tectonic basins of the mountainous region.
Also in the flat upland area of the Hintertaunus, which dur-
ing the Neogene was already affected by tectonic subsidence,
leading over to the downthrown fault blocks of the basins of
Idstein, Limburg and the Westerwald, thick sections of the
saprolite remained.

Saprolites from Lower Devonian slates are characterized
by their preserved rock structure, a lower mechanical sta-
bility than the fresh slates and a change of colour due to
weathering of silicates and oxidation. Morphological charac-
teristics as well as chemical and mineralogical properties of
saprolites, which in a similar way are distributed in weather-
ing mantles of the recent tropics, change with depth, because
the age and intensity of weathering decrease from the basis
of the paleosol towards the weathering front at the basis of
the saprolite. Thus, a vertical sequence of upper, middle and
lower saprolite zones can be defined by their morphologi-
cal characteristics as well as mineralogical, geochemical and
physical properties (Felix-Henningsen, 1994, Fig. 5). Due to
weathering of silicates and leaching of the dissolved ions,
which do not contribute to the neo-formation of clay miner-
als, the bulk density (volume weight, vol-wt) and mechani-
cal stability decrease from the weathering front towards the
surface as a consequence of increasing mass loss (Table 2),
porosity and permeability. In the lowest saprolite zone the
primary Fe-Mg chlorites, which are the minerals with the
lowest stability, changed to smectite under reducing condi-
tions and chlorite—vermiculite mixed layer (m.l.) minerals
under oxidizing conditions as intermediate products. With
increasing intensity of weathering and leaching in the up-
per saprolite zones, these secondary minerals were dissolved
and kaolinites precipitated (Fig. 5), while bases and silica
were leached (e.g. Tables 3—7). For mapping of the weather-
ing mantle and identification of tectonic faults, a subdivision
of the saprolite in two mineralogical zones is useful (Spies,
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Table 2. Bulk densities (b.d.) and Ti/Zr ratios of fresh slate
and saprolite zones (Eisenbach Topferkaute). Absolute bulk mass
losses (b.m.l. in gcm_3)=b.d. Cn —b.d. R; relative bulk mass
losses (b.m.l. in %)=(b.m.l. Cj/bm.l. R)-100; Ti/Zr=Ti
(mass %) x 103 / Zr (mg kg_l).

Horizon  Depth b.d. b.m.l. bm.l Ti/Zr

m) (gem™)  (gem™) (%) (mgkg™h)
Cjl 2-15 1.70 0.88 —34 5.21
Cj4 20-24 1.85 0.73 —28 2.35
Gj5 24-30 2.25 0.33 —13 4.38
R > 30 2.58 0 0 4.39

1986): an upper zone with complete transformation of chlo-
rite into kaolinite and a lower zone with incomplete transfor-
mation (Fig. 6).

The mass loss of Al indicates that chlorite was not quan-
titatively transformed into kaolinite. Acid conditions in the
weathering zone and presumably high contents of dissolved
organic carbon in the pore solution, which derived from the
decomposition of organic matter in the soil, supported the
solubility and leaching of Al ions.

The morphological and geochemical characteristics of
saprolites also depend on Cretaceous and Paleogene re-
lief conditions. Red- or brown-coloured terrestrial saprolites,
with high contents of pedogenic Fe and Mn oxides, weath-
ered under oxidizing conditions and the influence of perco-
lating water. In lower areas of the undulating planation sur-
face, a high groundwater table caused the formation of semi-
terrestrial saprolites. As a consequence of weathering under
groundwater saturation and leaching of dissolved metal ions
under reducing conditions, these saprolites display a white
colour due to bleaching (Felix-Henningsen, 1994).

www.deuqua-spec-pub.net/1/53/2018/



P. Felix-Henningsen: Field Trip D (27 September 2018)

000’

Hoﬂzbach 4 Westn=rburg
%
(=)
Selters =

% :
< i}\\Obeme"s'el /i Schial

1 = Langhecke e
2 = Eisenbach Topferkaute e

: 3 =Eisenbach Olkaute 5
4 = Biebrich des o’

5 = Wasenbach In

0 D33 T T T

= o é
Z ,/Ingelhmma R, %
| o “Ober-Olm ey

59

_A518
Hesselberg
OGravenwieshach

G
2 701
\'\f@ f “EAN ‘;7[98
\ Niedern; »
\ hau sen ?

A
Atzelberg

‘Morfelden- D’eff.ﬂ/
Walldorf ~  Rodermark

Figure 7. Hintertaunus, south-eastern Rhenish Massif, with locations of the excursion sites.

The known autochthonous paleosols on saprolite from
Lower Devonian slates are Plinthosols of Cretaceous to Pa-
leogene age with a bright pattern of red and white mot-
tles. They occur locally, preserved below layers of Upper
Oligocene basalt, tuffs and fluvial river sediments (Felix-
Henningsen and Wiechmann, 1985) and show a high content
(> 60 mass %) of kaolinitic clay. The sequence of a concre-
tionary upper horizon and a mottled middle horizon, which
fades with depth to a bleached, semi-terrestrial saprolite, in-
dicates a soil development under a high groundwater table.

The paleosol of the MTV can be younger than the upper-
most saprolite. In the case that a former paleosol was eroded
during a climatically or tectonically induced period of de-
nudation, the saprolite was the parent rock of a younger soil,
which developed in a following phase of geomorphic stabil-
ity. Paleogene and Neogene sediments of the Rhenish Massif
testify to such periods of denudation of the MTV.

In the area of the Hintertaunus and the adjacent Wester-
wald, saprolites of the MTV are frequently exposed in open-
cast mines of the clay industry, which exploits them for ce-
ramic products, bricks and roof tiles or green house sub-
strates, depending on the mineralogy of the exposed zones.
Correlated clay sediments, which were deposited during Pa-
leogene and Neogene erosion phases in subsiding basins of
the Westerwald, are valuable kaolinitic clay deposits used for
the ceramic industry.
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During periglacial periods of the Pleistocene, combined
processes of congelifraction, cryoturbation and solifluction
as well as deposition of loess and pumice formed a sequence
of superficial layers (Fig. 2). The basal layer derived from
the underlying saprolite or kaolinitic paleosol. A low poten-
tial for the formation of soil structure results from the low
shrinkage and swelling capacity of the kaolinitic material.
Thus, the basal layer causes very unfavourable soil proper-
ties due to high bulk density, water logging, low cation ex-
change capacity and lack of nutrients. Therefore, the recent
potentials of the soils for land use are narrowly linked to the
landscape development during the past deca-million years.

3 Excursion route

The excursion proceeds from Giessen via Limburg to the
Hintertaunus region. The first three sites are situated in the
eastern Hintertaunus (Fig. 7):

1. A slate quarry near the village of Langhecke demon-
strates characteristics and properties of fresh slates
(Fig. 9).

2. The saprolite open-cast mine “Topferkaute” at the mar-
gin of the village of Eisenbach shows exposed terrestrial
saprolite with periglacial superficial layers.
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3. The saprolite open-cast mine “Olkaute” near the village
of Eisenbach shows exposed semi-terrestrial saprolite
with periglacial superficial layers.

Two further sites are situated in the western Hintertaunus:

4. An autochthonous pre-Upper Oligocene Plinthosol
above saprolite from Lower Devonian slates and cov-
ered by Upper Oligocene volcanic tuff, basalt and a se-
quence of periglacial superficial layers will be presented
near the village of Biebrich.

5. An autochthonous Miocene Plinthosol, developed from
alluvial sediments above quartz gravels and covered by
a sequence of periglacial superficial layers, is exposed
in a gravel pit near the village of Wasenbach.

4 Methods of investigation

In the following section, the procedures of physical, chemical
and mineralogical soil analyses are briefly cited. They are de-
scribed in detail in the method book of Blume et al. (2011).
The procedure of isovolumetric balance of element masses
in saprolites, which explains the mass losses and provides
important information about the genesis of saprolites, is ex-
plained in detail Sect. 4.2.

4.1 Soil analytical procedures

The following analytical procedures were employed:

— Texture of fine soil <?2mm. After extraction of hu-
mus (HyO;), carbonates (HCI) and iron oxides (Na
dithionite, citrate and bicarbonate) and dispersion with
NayP,07, the fractions were separated by wet sieving
(2-0.02 mm) and a pipette method (20 to < 2 um).

— Pedogenic oxides. Amorphous Fe (Fe,) and Mn oxides
(Mn,) were extracted with NH4 oxalate while the total
amounts of pedogenic Fe (Feq) and Mn oxides (Mng)
were extracted after dissolution with Na dithionite, cit-
rate and bicarbonate; amorphous Al (Al}) and Si oxides
(Si)) were extracted after dissolution in 0.5 M NaOH.
The concentrations of all metal ions were measured with
an atomic adsorption spectrometer (AAS).

— Total amounts of main and trace elements. Melt tablets
were analysed using XFA (X-ray fluorescence analysis;
Philips PW 1480).

4.2 Isovolumetric mass balance of saprolites

Saprolites are characterized by mass losses due to dissolu-
tion of weatherable minerals, mainly silicates, followed by
the export of dissolved elements with percolating pore solu-
tion or migrating groundwater. Mass losses increase with age
and intensity of weathering and, thus, from the weathering
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front at the saprolite—rock boundary with decreasing depth
towards the land surface, until all weatherable minerals are
dissolved (e.g. Table 2). The increasing porosity of sapro-
lites and the potential of the self-energizing of weathering
processes result from increasing mass losses, as well as the
decreasing mechanic stability of the saprolite, which makes
it breakable, friable, soft and easy to erode. Therefore, bulk
mass losses are an indicator for the degree of weathering,
porosity and mechanic stability of a saprolite. A calculation
of element mass losses (Sect. 4.2.3) indicates which elements
were exported to which degree. Their geochemical behaviour
allows the reconstruction of chemical processes and factors
in the different saprolite zones.

4.2.1 Test on homogeneity of parent rock and saprolite
with Ti / Zr ratios

The quantification of the mineralogical and geochemical dif-
ferences between saprolite and parent rock requires an ex-
tensive petrological investigation of the unweathered and
weathered samples. An increasing proportion of quartz sand
is indicated by decreasing Ti/Zr ratios, while the oppo-
site is the case with decreasing sand content. The con-
tents of Ti in fresh weathered slates is 0.6 mass % (n = 10,
SD =0.1 %), mainly bound in rutile, which is associated with
mica (Mosebach, 1954) and therefore narrowly correlated
with K¢ (r =0.927%", n = 10). Zr with average concentra-
tions of 213mgkg~! (n = 10, s =39 mgkg™") in unweath-
ered slates is bound in the heavy mineral zircon. With in-
creasing contents of quartz sand, the Zr contents also in-
creases, which causes the narrow correlation between Si; and
Zr (r = 0.977F, n = 10). On the other hand the contents of
muscovite illite and the associated contents of rutile decrease
with increasing contents of quartz (Si; / K: r = —0.9371F,
n = 10; Si; / Ti: r = —0.917F, n = 10). Therefore, the con-
centrations of Ti and Zr change oppositely with a change of
texture of the slates and the ratios can be used as a marker
of parent material homogeneity. From the Ti/Zr ratios of
150 samples of fresh slates and saprolites and determination
of textural composition, a classification of textural units was
possible (Felix-Henningsen, 1994):

Ti/Zr > 5 silty clay slate,

Ti/Zr 54  clayey silt slate,

Ti/Zr 4-2.8 sandy silt slate,

Ti/Zr < 2.8 silty sandstone and greywacke.

4.2.2 Total mass losses of saprolites

Mass losses of saprolites compared to the fresh rock result
from the export of elements, released from dissolving min-
erals, due to leaching with percolation or groundwater. Also,
mass gains are possible, which result from precipitation of
dissolved elements within a saprolite zone. The determina-
tion of volume of fragments of rock and saprolite is per-
formed by weighing fragments, saturated with penetrating oil
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Table 3. Eisenbach Topferkaute, terrestrial saprolite: bulk density (b.d.) and contents of main element oxides and LOI
(mass % =g (100 g)_l). Fe; O3, is total iron (Fel 1 Fell). LOT is loss of ignition. Of the horizons, R is fresh slate and Cj is saprolite.

Horizon b.d. SiO, TiO, Al,O3 Fe, 03¢ MnO MgO CaO Na,O K,O P,05 LOI

(g cm’3) (mass %) (mass %) (mass %) (mass %) (mass %) (mass %) (mass %) (mass %) (mass %) (mass %) (mass %)
Cjl 1.70 56.12 0.99 23.33 6.88 0.02 0.63 0.09 0.18 4.74 0.06 5.81
Cj2 1.70 55.28 0.99 23.07 8.13 0.05 0.57 0.10 0.10 431 0.11 6.24
Cj3 1.70 57.19 0.93 20.48 7.97 0.01 0.99 0.26 0.10 4.05 0.17 5.85
Cj4 1.85 58.39 0.88 19.80 7.39 0.08 2.16 0.31 0.10 4.00 0.09 5.11
Cj5 2.25 53.51 1.12 23.62 6.88 0.04 2.34 0.19 0.20 5.16 0.11 5.50
R 2.58 56.37 0.93 20.92 8.24 0.04 2.60 0.24 0.07 4.29 0.16 5.19

Table 4. Eisenbach Topferkaute, terrestrial saprolite: bulk density (b.d. in g 100~! cm3) and volume weights of main element oxides and
LOling vol~! (vol = 100 cm?). Fe; O3, is total iron (Fell - Fell). LOI is loss of ignition. Of the horizons, R is fresh slate and Cj is saprolite.

Horizon b.d. SiOy TiO, AlLO3 Fey O3, MnO MgO CaO Na,O K,O P,05 LOI

(gvo]fl) (gvolfl) (gvolfl) (gvolfl) (gvolfl) (gvo]fl) (gvolfl) (gvolfl) (gvo]fl) (gvolfl) (gvolfl) (gvo]fl)
Cjl 170 95.40 1.68 39.66 11.70 0.03 1.07 0.15 0.31 8.06 0.10 9.88
Cj2 170 93.98 1.68 39.22 13.82 0.09 0.97 0.17 0.17 7.33 0.19 10.61
Cj3 170 97.22 1.58 34.82 13.55 0.02 1.68 0.44 0.17 6.89 0.29 9.94
Cj4 185 108.02 1.63 36.63 13.67 0.15 4.00 0.57 0.19 7.40 0.17 9.45
Cj5 225 120.40 2.52 53.15 15.48 0.09 5.26 0.43 0.45 11.61 0.25 12.38
R 258 145.43 2.40 53.97 21.26 0.10 6.71 0.62 0.18 11.07 0.41 13.39

Table 5. Eisenbach Topferkaute, terrestrial saprolite: bulk mass losses (b.m.l) and individual mass losses of main element oxides and LOI in
g vol~! (vol =100 cm?). Fe; O3, is total iron (Fell + Fell). LOL is loss of ignition. Of the horizons, R is fresh slate and Cj is saprolite.

Horizon b.m.l. SiO, TiO, Al,O3 Fe, 03, MnO MgO CaO Na,O K,0 P,05 LOI

(gvol™)  (gvol™h (gvol™h) (gvolT!) (gvolTh) (gvolTl) (gvolTl) (gvolTh) (gvolTl) (gvolTl) (gvolTh) (gvolTh)
Gjl —88 —50 —1 —14 —10 0 —6 0 0 -3 0 —4
Cj2 —88 —51 -1 —15 -7 0 —6 0 0 —4 0 -3
Cj3 —88 —48 -1 —-19 -8 0 -5 0 0 —4 0 -3
Cj4 -73 —37 -1 —17 -8 0 -3 0 0 —4 0 —4
Cj5 -33 -25 0 —1 —6 0 —1 0 0 1 0 -1
R 0 0 0 0 0 0 0 0 0 0 0 0

Table 6. Eisenbach Topferkaute, terrestrial saprolite: relative bulk mass losses (b.m.l.) and individual mass losses of main element oxides
and LOI in %, related to the fresh slate. Fe;O3; is total iron (Felll + Fell). LOT is loss of ignition. Of the horizons, R is fresh slate and Cj is
saprolite.

Horizon bml  SiO, TiOy AlO3 FeyO3; MnO MgO CaO NayO K,O P05 LOI

(%) (%) (%) (%) (%) (B (%) (%) (%) () (%) (%)
Cjl -34 =34 =30 —-27 —45 —-67 -84 75 69 =27 =75 =26
Cj2 -34 =35 =30 —27 -35 -18 =86 73 -6 34 =55 =21
Cj3 -34 33 -34 =35 -36 -84 75 =29 -6 38 -30 -26
Cj4 -28 =26 32 —32 —36 43 40 -7 2 =33 —-60 —29
Cj5 13 -17 5 -2 -27 =13 =22 31 149 5 —40 -8
R 0 0 0 0 0 0 0 0 0 0 0 0

Table 7. Eisenbach Topferkaute, terrestrial saprolite: relative composition of bulk mass losses (r.b.m.1.) in %. Fe,O3; is total iron (Felll -
Fell). LOI is loss of ignition. Of the horizons, R is fresh slate and Cj is saprolite.

Horizon bml SiO TiO» ALO3 FeyO3 MnO MgO CaO NaO K,O P05 LOI

(%) (o) (%) (%) ) (%) (%) (%) () (%) (%) (%)
Cjl 100 57 1 16 11 0 6 1 0 3 0 4
Cj2 100 58 1 17 8 0 7 1 0 4 0
Cj3 100 55 1 22 9 0 6 0 0 5 0 4
Cj4 100 51 1 24 10 0 4 0 0 5 0 5
Cj5 100 76 0 3 18 0 4 1 —1 -2 1 3
R 0 0 0 0 0 0 0 0 0 0 0 0
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Table 8. Eisenbach Topferkaute, terrestrial saprolite: contents of quartz in slates and saprolites as well as losses of quartz in saprolites (XDA
according to Till and Spears, 1969). Of the horizons, R is fresh slate, Cv is weathered slate and Cj is saprolite. Of the neo-formed minerals,
Sm is smectite, Chl-V is chlorite—vermiculite mixed layer minerals and K is kaolinite.

Horizon Depth  Neo-formed Quartz Quartz  Mass loss of quartz ~ Relative quartz loss

(m) minerals (mass %) (g 100~1 cm73) (g 100! cm73) of rock (%)
Cjl-4 2-24 K 40 74 16 18
Cj5 24-30 Chl-V 35 78 12 13
Cv >30 Sm 35 82 8 9
R >30 0 35 90 0 0

(e.g. WD 40), under submersion in water. The bulk density
in gcm™3 results from the ratio of the weight of the dried
fragment (105 °C) and its volume. The total mass loss is in-
dicated by the difference of bulk densities (volume weights)
of fresh rock and saprolite:

b.m.l. = b.d. rock — b.d. saprolite - 100, €))]

where b.m.l. is mass loss (g 100 cm™3) and b.d. is bulk den-
sity (gem ™).

4.2.3 Element mass losses of saprolites

A 100 % mass of rock or saprolite is geochemically defined
by the sum of main element oxides (determined by XRF, X-
ray fluorescence) plus the loss of ignition in mass % (Ta-
ble 3).

As weathering of saprolites did not change the volume of
rock, the comparison of volume-related element masses of
fresh rock and saprolites is the best and only way to iden-
tify the real extent of element losses and gains in saprolites.
Therefore, the masses of individual element oxides per vol-
ume (Table 4) have to be calculated as follows:

mEpy 4 LOIy, = (mE, 4+ LOL) x b.d., 2)

where mE. is the contents of main element oxide
(g 100 g_l =mass %, Table 3), mE,, is the volume mass of
the main element oxide (g 100 cm ™3 = vol %, Table 4), LOI,
is the loss of ignition (mass %), LOIy, is the volume mass of
loss of ignition (g 100 cm™3) and b.d. is bulk density.

Correspondingly, the masses of trace elements can be cal-
culated and balanced.

The summarized volume masses of main elements and
LOI account for the bulk density (g 100 cm™3, Table 4):

b.d.- 100 = ¥mEy, 4+ LOI,. 3)

The differences between the volume masses of main el-
ement oxides and LOI, respectively, in rock and saprolite
show the individual mass losses and gains of element oxides

(and LOI) (Table 5):

AmE;, = mE, rock — mE,, saprolite, 4)
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where AmEy, is the mass loss or gain of element oxides
(2100~ em™3).

The total mass loss as well as individual mass losses of
element oxides and LOI of saprolites (Table 5) in relation to
the volume weight of element oxides and LOI, respectively,
in the fresh rock (Table 4) shows the relative mass loss of
element oxides (and LOI) in % (Table 6):

AmE, (%) = AmEy, saprolite / mEy, rock - 100. (@)

The individual mass loss of element oxides and LOI in re-
lation to the bulk mass loss (Table 5) results in the relative
element oxide composition of the bulk mass loss in % (Ta-
ble 7):

b.m.l. = ¥ AmE;,/b.m.1. - 100, (6)

where b.m.1. is bulk mass loss (=100 %) and AmE,, is the
mass loss of main elements and LOI (g 100~ em™3).

4.3 Mineralogical methods

4.3.1 Contents and losses of quartz

Silica makes the main contribution to the bulk mass losses
of elements in saprolites due to desilication, which is also an
indicator for a warm humid (sub)tropical climate. Potential
sources of Si are silicates and quartz. The silicate mineral
in slates with the lowest weathering stability is Fe—-Mg chlo-
rite, which shows a SiO; : AlO3 molar ratio of 1.99 (n = 11,
after selective extraction with 2N HCI, 80 °C), while kaoli-
nite, which was newly formed from chlorite, shows a ra-
tio of 2. Therefore, a quantitative neo-formation of kaolin-
ite from chlorite did not lead to desilication. Furthermore,
near the basis of saprolites, the neo-formation of smectites
with a SiO; : Al,O3 molar ratio of 5.12 (Weaver and Pol-
lard, 1973:67) after weathered chlorites indicates that the dis-
solution of fine grained quartz must have mainly provided
the high concentration of dissolved silica. The contents of
quartz was determined by XDA (X-ray diffraction and ab-
sorption) according to the procedure described in Till and
Spears (1969). The contents of quartz (mass %) is converted
into mass per volume (g 100~! cm™3) and is isovolumetri-
cally balanced (Table 8).
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Kaolinite (a) Intercalation disordered (b) b-axis disordered

B .-

Figure 8. Two types of b-axis disordered kaolinites: (a) interca-
lation disordered fireclay (icd kaolinite) without intercalation of
DMSO (dimethyl sulfoxide) is typical for the neo-formation in soil
horizons and (b) b-axis disordered kaolinite (bad kaolinite) with
DMSO intercalation is typical for the neo-formation in saprolites.

The results show that dissolution and leaching of up to
18 % of the original quartz content in the fresh slate largely
contributed to the loss of silica and the bulk mass loss of
saprolites.

4.3.2 Contents of clay minerals and crystallinity
of kaolinite

The contents of kaolinite as the neo-formed mineral after Fe—
Mg chlorite (and in part smectite) was determined according
to Islam and Lotse (1986). The contents of kaolinite were
calculated from the amount of extracted Al after dissolution
of the clay fraction in 0.5 N NaOH (80 °C, 3 min).

All clay minerals were determined by X-ray diffraction
(XRD) of oriented specimen of the natural clay fraction
< 2um, dispersed in water, before and after saturation with
ethylene glycol, K+, fumigation with DMSO (dimethyl sul-
foxide) and heating (1 h 450 and 550 °C).

Well-ordered kaolinites can be identified by a peak-triplet
at 20-25° 26 in X-ray diffraction diagrams (Cu radiation).
Such kaolinites occur as white monomineralic precipitates
and filling of veins in semi-terrestrial saprolites. Kaolinites
of paleosols and saprolites (references in Felix-Henningsen,
1990, 2015), which mainly developed topotactically during
the alteration of primary silicates, belong to the less ordered
type of b-axis disordered kaolinites and fireclay minerals.
These fractions can be distinguished by the expansion after
intercalation with DMSO. As a result of fumigation of an ori-
ented XRD clay specimen (70 °C for 72 h) with DMSO, well-
crystalline and b-axis disordered kaolinites, which are abun-
dant (> 90 %) in saprolites, expand from 0.72 to 1.12nm
(Fig. 8).

On the contrary, the clay fraction (> 60mass %) of the
paleosol shows an increasing proportion (up to 90 %) of fire-
clay from the saprolite to the former topsoil. Fireclay does
not expand after treatment with DMSO (Fig. 8). Therefore,
DMSO intercalation allows the sources of kaolinites (from
saprolites) and fireclay (from paleosol) in sediments to be
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Figure 9. Fresh slate of the Rhenish Massif with nearly verti-
cal cleavage planes, covered by a layer of rock fragments due to
periglacial congelifraction, exposed at the bottom of a valley in the
eastern Hunsriick. In such deeply incised valleys the MTV has been
completely eroded.

identified, and the results support the geomorphological re-
construction of landscape development.

5 Excursion sites

5.1 Village of Langhecke: fresh slates

Clastic sedimentary rocks developed from shallow marine
sediments of the Lower Devonian and have the largest ex-
tension in the Rhenish Massif. As a consequence of dia-
genesis and anchi-metamorphosis during the Variscian oro-
genesis, the pelitic sediments, 5-10km thick, were trans-
formed to folded clay and silt slates, while intercalated banks
of greywacke sandstones originated from sand sediments
(Fig. 9). Due to the diagenetic transformation of silicate min-
erals during the Variscian orogenesis, released silica was
concentrated in milky quartz veins. Detritic organic matter
of the marine sediments changed to coaly bituminous sub-
stances, which cover the surfaces of phyllosilicates and cause
the black colour of the slates. Also in the Hintertaunus re-
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Figure 10. Periglacial congelifraction of the fresh slate and lateral
movement by solifluction led to a horizontal orientation of the slate
fragments and formed the basal layer.

gion, Lower and Middle Devonian clay and silt slates, inter-
calated with banks of greywacke and greenstone, served as
parent rock of the MTV.

The occurrence of fresh slates near the recent land surface
is bound to the extent of Tertiary and Quaternary denuda-
tion of the MTYV, which is up to 150 m thick. In the central
and most uplifted areas (~450-900 m a.s.l.) of the Rhenish
Massif the weathering mantle was largely removed. Because
of congelifraction of the exposed slate and solifluction, a
basal layer of slate fragments developed during Quaternary
periglacial periods, covered by a thin Late Pleistocene main
layer of redistributed loess and pumice (Fig. 10).

In the less tectonically uplifted (~<450ma.s.l.) lower
and marginal zones of the mountainous region with thick
remnants of the MTYV, fresh slates only occur at the bottom
of deeply incised erosion valleys (Fig. 11). As the clay slates
of the Rhenish Massif have been used since Roman times as
cover for roofs and walls of houses, they have been mined in
open-cast and subsurface mines until today.

The excursion site at village of Langhecke shows an ex-
ample of the occurrence of fresh slates, exposed in a former
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Figure 11. Remnant of the Palaeogene planation plane in ~
300 m a.s.l. of the Hintertaunus (Rhenish Massif), dissected by Neo-
gene and Quaternary regressive erosion. Fresh slates are only ex-
posed at the valley bottom.

slate mine at the bottom of such an erosion valley. They dis-
play characteristics as described in the following points.

— Bulk densities are measured to be 2.50-2.58 gcm ™3 for
clay slates and 2.67-2.69 g cm ™ for silt slates.

— Mineralogical composition of slate is as follows:

— 35-45 mass % muscovite, KAIl>(AlISi3019)(OH»);

— 25-35mass % Fe-Mg chlorite (Fe-rhipidolite),
composed of (Mg5h, Fey s MEJ,) (Siz2sAl; 72)
O10 (OH)g; the distribution of central ions was
modelled according to Brindley and Gillery (1956)
and Makumbi and Herbillon (1975);

— 25-35mass % quartz, and in greywacke up to
90 mass %;

— < lmass % accessory minerals of pyrite and ap-
atite;
— 0.3-0.5 mass % C coaly bituminous organic carbon;

— heavy minerals, consisting of an ultra-stable group
with zircon, tourmaline and rutile.

5.2 Eisenbach Topferkaute: terrestrial saprolite
from slates

The open-cast clay mine Topferkaute at the margin of the
village of Eisenbach is situated at the north-west-exposed
middle slope of the River Eisenbach valley (Fig. 6), which
already started to incise during the Tertiary, and about 60 m
below the remnant of a planation plain on which the Eisen-
bach Olkaute excursion site is situated (see Sect. 5.3).

5.2.1 Saprolite

The profile, 25 m deep, exposes a terrestrial saprolite from
fresh and nearly fresh slate to the upper, strongly weathered
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Table 9. Eisenbach Topferkaute: profile of a terrestrial saprolite of the Mesozoic—Tertiary weathering mantle, covered by Pleistocene
periglacial layers. Horizon symbols and characterization are according to AG Bodenkunde (2005). Depth refers to the lower boundary.
Location: village of Eisenbach. TK25: 5615 Villmar r 3447581 h 5579187; 250 m a.s.1. Relief: lower middle slope. WRB: (Stagnic) Luvisol.

Hor. Horizon Depth  Horizon characteristics

no. symbol (cm)

1 Ai+ Ah 5 Main layer from loess mixed with pumice, disturbed humic topsoil, dark brown (10YR 4/3),
silty loam (Lu), weakly humic, strongly rooted, crumb structure, low bulk density, diffuse tran-
sition

2 Al+ Bt 90  Main layer from loess mixed with pumice, yellowish brown (10YR 5/8), strong clayey silt (Ut4,
G2), very weak humic, middle rooted, polyhedral to platy structure, low to middle bulk density,
wavy lower boundary

3 II Sw 110  Middle layer from loess, yellowish brown (10YR 5/6), strong clayey silt (Ut4, £X1), weakly
rooted, coherent structure, high bulk density, single Bt bands with accumulation of oxides, wavy
lower boundary

4 III Sd 140 Basal layer from redistributed saprolite, brown (10YR 5/8), weak clayey loam (Lt2, £X2),
weakly rooted, weak rusty mottling, polyhedral structure, high bulk density, sharp wavy lower
boundary

5 Bvl 170  Basal layer from redistributed saprolite, brown (10YR 5/8), silty clay (Tu3, £X1), prism struc-
ture, high bulk density

6 Bv2 200 Basal layer from redistributed saprolite, reddish brown (7.5YR 6/8), clayey loam (Lt3, £X1),
prism structure, high bulk density, sharp lower boundary

7 IV mCjl 1000  Mesozoic—Tertiary saprolite from silt slate, red (2.5YR 5/6) and purple zones (7.5R 5/3) interfin-
gered with yellow brown (10YR 7/6) to dark brown (10YR 5/8) zones, following the cleavage
and joints, soft and friable, with black Mn oxide stains on cleavage plains

8 mCj2 1500  Mesozoic—Tertiary saprolite from silt slate, reddish brown (7.5YR 7/6), red (2.5YR 7/6) and
red-purple (10R 5/3) zones; soft, to disintegrate manually

9 mGC;j3 2000 Mesozoic—Tertiary saprolite from silt slate, brownish yellow (10YR 7/6), sections with quartz
veins are interfingered with mCj2 over a depth of 5-8 m, cleavage plains stained with black-
brown Mn oxides; indurated, but plates centimetres thick are manually breakable

10 mCj4 2400 Mesozoic-Tertiary saprolite from silt slate, light olive-grey (SBG 7/1), only apart from joints
and fissures dark grey (10BG 5/1) zones with higher contents of primary coaly bituminous
organic matter, cleavage plains with dark brown to black coatings of Fe-Mn oxides

11 mGC;j5 3000 Mesozoic—Tertiary saprolite from silt slate, basal zone with vertical zones of olive-grey (10BG
5/1), weakly oxidized saprolite interfingered with black (N 3/0) fresh slate, massive

12 mCn 3000+ Nearly fresh silt slate, black (N 3/0), matrix along single joints and quartz veins with olive

elucidation due to oxidation (10G 4/1)

Table 10. Eisenbach Topferkaute: texture of the fine earth (<2 mm), free of humus and carbonates (texture analyses of saprolite were
performed with ground material; therefore the data present the relative disintegration but not the real particle size of the original slate
texture). Fractions: ¢, m and f are coarse, middle and fine; S is sand, U is silt and T is clay. Depth refers to the lower boundary.
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Horizon  Depth (cm) Texture (mass %)

cS mS fS cU mU fu T
Ai+ Ah 5 2.33 2.54 461 3629 21.63 821 24.40
Al+ Bt 90 0.95 1.59 277 3922 23.04 797 24.46
II Sw 110 1.83 2.27 372 40.84 2477 875 17.82
11T Sd 140 5.93 5.99 7.80 20.97 19.67 891 30.73
Bv 170 1.67 1.64 2.87 2743 20.88 9.10 36.41
Bv2 200 2.62 2.95 6.64 1775 1455 1143 44.06
IV mCjl 1000 1.32 4.05 849 12.19 21.67 29.70 22.58
mCj2 1500 25.80 23.58 12.27 6.88 11.92 13.34 6.21
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Figure 12. Eisenbach Topferkaute, terrestrial saprolite: main el-
ement composition volume weight (vol-wt) in g 100~ em=3) of
fresh slate and saprolite, isovolumetric bulk mass losses (ML) and
relative elemental composition of mass losses (in % of the bulk mass
loss).

zones. The individual zones are interfingered over distances
of many metres. Interfingering is a typical phenomenon in
deep weathered slates because the more or less steep in-
clined to vertical cleavage planes and tectonic joints cause
differences in permeability and weathering intensity between
jointed and massive parts of the slate.

In the lowermost saprolite zone (Cj5, Table 9), the black-
grey colour of the slate changes to an olive colour along
cleavage plains and joints as a consequence of oxidation,
which increases to the upper saprolite zones (Cj4, Table 9).
The loss of primary coaly bituminous organic matter follows
the penetration of air into the rock matrix and indicates an
increase of porosity in the wake of dissolution of minerals
and export of dissolved elements. This is confirmed by mass
losses (Fig. 14) as well as the loss of mechanical stability.
Within the olive-coloured parts, inner crystalline oxidation
transformed the primary chlorites to chlorite—vermiculite
mixed layer (m.l.) minerals, which occur beside kaolinite.
The Stephan Schmidt KG mines this saprolite zone for use
as a greenhouse substrate. The colour of the higher sapro-
lite zones (Cj1-Cj3, Table 9) changes to brown, light and
dark red and purple-red, as all iron-bearing silicates weath-
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Figure 13. Eisenbach Topferkaute, terrestrial saprolite: volumet-
ric masses of iron fractions (mineralogically bound Felll . and
FeHmin, as well as free iron oxides Fey) and trace elements of fresh
slate and saprolite.

ered completely, and free iron oxides, which precipitated as
goethite and hematite, were formed.

Leaching of elements by percolation water under oxidiz-
ing conditions caused mass losses of 25-30 % of the origi-
nal rock mass (Fig. 12) and a loss of stability of the sapro-
lite, which changed to a soft, friable material. Especially Si,
Al, bases and to a minor extent also Fe contributed to the
mass loss. The loss of dissolved SiO; and bases was a con-
sequence of weathering of silicates and leaching of dissolved
elements under warm (sub)tropical climatic conditions, as
the mobility of silica depends only on the temperature of the
weathering solution. Because of the desilication the amor-
phous Si fraction of the saprolite is impoverished relatively
to the contents of amorphous Al compounds (Table 11). The
losses of total Al,O3 (Fig. 12), dependent on acid conditions
(pH < 4.5) and complexation by dissolved organic matter,
increased above the lowermost saprolite zone, as the buffer
capacity decreased after the leaching of bases. This also
shows that Al, released from the primary silicates, was not
quantitatively captured in neo-formed kaolinite. Restricted to
the lowermost saprolite (Cj5, Fig. 12), Fe,O3 contributes to
the mass loss as intermittent waterlogging above the massive
fresh slate supported the mobilization of iron under reduc-
ing conditions. In the upper saprolite zones (Cjl1—4, Fig. 12)
the mass loss of iron does not increase any more as the oxi-
dizing conditions caused the formation of immobile oxides.
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Table 11. Eisenbach Topferkaute: contents of pedogenic oxides. Depth refers to the lower boundary.

Horizon  Depth (cm) Feo Feq Feo/Feq Mny Siy Al

(mgg™") (mgg™") (mgg™") (mgg™!) (mgg™)
Ai+ Ah 5 1.65 13.88 0.12 0.45 5.12 6.60
Al+Bt 90 1.96 13.44 0.15 0.44 6.16 8.41
I Sw 110 2.09 11.66 0.18 0.65 6.28 6.74
III Sd 140 1.64 28.17 0.06 0.47 791 10.96
Bv 170 1.26 21.27 0.06 0.40 6.74 7.98
Bv2 200 0.44 33.14 0.01 0.08 8.95 11.34
IV mCjl 1000 0.19 47.41 0.00 0.32 1.79 6.42
mCj2 1500 0.29 44.90 0.01 0.07 2.32 7.32
mCj3 2000 0.32 38.90 0.01 0.04 2.23 5.11
mCj4 2400 0.34 11.03 0.03 0.22 2.69 2.79
mCorj 3000 0.30 6.57 0.05 0.02 2.13 2.50
mCn > 3000 0.33 0.45 0.73 0.01 1.87 1.30

Table 12. Eisenbach Topferkaute: clay mineral composition. LM is labile minerals > 1.8 nm, Sm is smectite, WL is mixed layer minerals,
Chlp is primary chlorite, Chls is secondary (Al-)chlorite, Ver is vermiculite, Il is illite, Kao icd is fireclay and Kao bad is b-axis disordered
kaolinite; n.n. refers to values that are not detectable. Depth refers to the lower boundary.

Horizon ~ Depth (cm) Clay minerals < 2 um (mass %)>?

IM Sm WL Chlp Chls Ver WL Il Kaoicd Kaobad
Ai+ Ah 5 5 4 4 nn. nn  nn  nn 56 11 25
Al+ Bt 90 4 4 4 nn  nn 5 11 37 15 24
II Sw 110 14 nn nn nn.  n.n. 5 7 33 11 28
11 Sd 140 n.n. 7 7 nn.  nn 6 9 40 11 28
Bvl 170 8 8 n.n. n.n. n.n. 11 nn. 30 14 28
Bv2 200 n.n. n.n. 5 n.n.  n.n. 9 nn. 38 20 28
IV mCjl 1000 nn. nn.  nn nn. nn  nn  nn 79 n.n. 21
mC;j2 1500 nn. nn.  nn. nn. nn. nn  nn 75 n.n. 25
mC;j3 2000 4 nn nn nn. nn nn  nn 76 n.n. 20
mCj4 2400 4 nn  nn 22b n.n. n.n 4 58 n.n. 12
mCj5 3000 1 nn nn 20 nn oo 1 73 n.n. 6
mCn > 3000 2 nn. nn 12 nn. nn  nn 82 n.n. 4

@ Masses calculated with reflex intensity x factor (Tributh and Lagaly, 1989). b Apparent increase of mass, due to increase of reflex

intensity with formation of chlorite—vermiculite m.1. minerals.

The iron balance (Fig. 13) shows that Fe!!, bound within the
chlorite minerals of the fresh slate, was successively oxidized
from Cj5 upwards to Cjl. A first step of inner-crystalline ox-
idation was followed by the release of Fe ions from chlorites
and precipitation as pedogenic (free) iron oxides. Their con-
tents rise continuously from the fresh rock to the uppermost
saprolite zone with increasing intensity of weathering of sil-
icates (Table 11). Mn oxides are irregularly distributed as
their better solubility under acid conditions promoted diffu-
sive redistribution in phases of water saturation of the sapro-
lite matrix under weak reducing conditions and accumulation
on joint plains under oxidizing conditions. A total of 50 %
of the original volume weight of heavy metals, also mainly
bound in chlorite minerals as a substitute for Fe, was leached
from the saprolite according to their relative solubility under
acid conditions (Fig. 13).
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The clay mineral association (Table 12) shows a transfor-
mation of chlorites of the fresh slate to chlorite—vermiculite
mixed-layer minerals within the olive-grey parts along joints
of the lowermost saprolite zone as well as in the olive-grey
saprolite. This shows that the weathering of primary silicates
as well as leaching of silica and bases is accompanied by the
oxidation of the primary coaly bituminous organic matter of
the slates.

As the saprolite, exposed in 70 m higher altitude at the
Olkaute excursion site (see Sect. 5.3), was formed under
groundwater saturation, the saprolite of the Topferkaute de-
veloped obviously during a younger stadium of deep weath-
ering, perhaps during the Miocene. The tectonical uplift of
the Hintertaunus during the Upper Oligocene caused the low-
ering of the groundwater table and erosion of the Cretaceous
to Paleogene saprolite. Therefore, deep weathering contin-
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ued under terrestrial conditions during the middle Miocene
warm humid period.

5.2.2 Periglacial layers and Holocene soil

The saprolite is covered with periglacial layers up to several
metres thick, which are the parent material of the Holocene
Stagnic Luvisol. The analytical data are displayed in Ta-
bles 10—12. The basal layer consists of material from the up-
permost saprolite zone, redistributed by solifluction, covered
by a middle layer of loess and an uppermost main layer of
loess mixed with pumice of the Late Pleistocene Laacher See
eruption (Table 9). Therefore, the texture of the middle and
upper layer is rich in coarse silt, typical of the large propor-
tion of loess. The basal layer shows high clay contents as a
consequence of intensive periglacial congelifraction of redis-
tributed saprolite material and the admixture of substrate of a
periglacially reworked paleosol rich in kaolinitic clay, which
is indicated by the high total amounts of kaolinite in the
clay fraction (Table 12). They also contain weakly weathered
three-layer silicates, which in the main and middle layers de-
rive from loess. In the basal layer, they originate from re-
distributed material of less weathered, lower saprolite zones,
which were exposed by denudation in upslope areas. Due to
congelifraction, cryoturbation and lateral transport the mate-
rial was admixed to solifluction layers.

5.3 Eisenbach Olkaute: semi-terrestrial saprolite from
slates, paleosol sediment and Vallendar gravel

5.3.1 Saprolite

Since 1866, white, bleached saprolite has been mined in the
Olkaute quarry, near the village of Eisenbach, as raw material
for the ceramic industry. The exposed saprolite from silt slate
(Table 13) presents the transition of the bleached horizon
(mCewj), up to 10 m thick, to a grey saprolite (mCorj) and
further down a black-coloured saprolite (mCrj). In both zones
the undisturbed rock structure of the slates is preserved, al-
though the saprolite is strongly weathered, friable and can
be disintegrated manually. According to the pedogenic iron
forms (Table 15) and clay mineralogical composition (Ta-
ble 16) differences between the saprolite zones exist.

The white colour of the mCewj zone (Figs. 15 and 16)
proves that the dissolution of all iron-bearing silicates and
the formation of kaolinite, as well as the leaching of bases,
silica and metal ions must have occurred under reducing con-
ditions as a result of saturation with migrating ground water.
Therefore, Fe and Mn ions, released from silicates, remained
mobile and were completely leached with a lateral ground-
water flow. The decay of the primary organic matter in the
bleached horizon, which until today is still present in the
lower saprolite zone with sustainable reducing conditions, is
a consequence of oxidation after the lowering of the ground-
water table. This went along with the tectonic uplift of the
Hintertaunus area and regression of the nearby sea since the
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Figure 14. Eisenbach Olkaute, semi-terrestrial saprolite: main el-
ement composition (vol-wt in g 100~ em™3) of fresh slate and
saprolite, isovolumetric bulk mass losses (ML) and relative elemen-
tal composition of mass losses (in % of the bulk mass loss).

Figure 15. Eisenbach Olkaute: soft, white bleached saprolite from
silt slate (MTV) with well-preserved slate structure.

Upper Oligocene. In addition, arid climatic phases existed
during the Upper Oligocene and Lower Miocene and led to
the formation of silcretes in Tertiary river sediments of the
Rhenish Massif, as demonstrated in the Olkaute. The deep
exsiccation of the saprolite must have contributed to the oxi-
dation of the upper zones of the saprolite.
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Table 13. Eisenbach Olkaute: synthetic profile of a semi-terrestrial saprolite of the Mesozoic—Tertiary weathering mantle, covered by an
Upper Oligocene soil sediment and fluvial sediments as well as Pleistocene periglacial layers. Horizon symbols and characterization are ac-
cording to AG Bodenkunde (2005). Depth refers to the lower boundary. Location: north of the village of Eisenbach. TK25: 5613 Schaumburg
r 3446728 h 5580017; 290 m a.s.1. Relief: plateau, weakly inclining to the west. WRB: Stagnic Luvisol

Hor. Horizon Depth  Horizon characteristics
no. symbol (cm)
1 L+ Of 2-0  Humic layer
Ah 0-6  Main layer from loess mixed with pumice, humic horizon, grey-brown (10YR

3/4) silty loam (Lu), humic, rooted, low bulk density, crumb structure, sharp
lower boundary

3 Al 25 Main layer from loess mixed with pumice, yellowish brown (10YR 4/4) sandy
loam (Ls3), weak humic, weakly rooted, smooth transition
4 S-Bt 48  Main layer from loess mixed with pumice, pale brown (10YR 4/3) silty loam

(Lu), weakly rooted, dark brown clay cutans, Mn oxide concretions, polyhedral
structure, sharp horizontal boundary

5 II S-Bt 78  Middle layer, dominated by loess, yellow-brown (10YR 6/6) clayey silt (Ut3),
weakly rooted, dark brown (10YR 5/4) clay cutans, Mn oxide concretions, poly-
hedral to prismatic structure, sharp and wavy lower boundary

6 III Sd-1Cj 113 Base layer, grey (10YR 7/2) and yellowish brown (10YR 5/4) loamy clay (T1)
coherent structure, high bulk density, wavy lower boundary

7 IV fiGr + fiGmk 700  Fluvial sediment (Upper Oligocene Vallendar gravel), more or less silicified
white (10Y 8/1) sand with layers of sandy silt (Us, G3+Ls3), weakly rounded
milky quartz pebbles and boulders, layers of massive silcrete

8 V SBj-M1 1000  Soil sediment (redistributed Plinthosol) of a pre-Upper Oligocene paleosol as
filling of an erosion gully, red (2.5YR 3/4) and weakly grey mottled (5BG 7/1)
loamy clay (T13) to clay (Tt)

9 SBj-M2 1300  Soil sediment (redistributed Plinthosol) of a pre-Upper Oligocene paleosol as
filling of an erosion gully, grey (10BG 7/1), rusty mottled (10R 3/4) clay (Tt)

10 VI mCewjs 1500  Transition zone in Mesozoic—Tertiary saprolite of silt slate at the gully margin,
brownish yellow (10YR 8/4), soft

11 mCew;j 1900 Mesozoic—Tertiary saprolite of silt slate, white (10BG 6/1), soft, yellow and
orange stains of iron oxide

12 mCorj 2100  Mesozoic—Tertiary saprolite of silt slate, light grey (SBG 8/1), soft, yellow and
orange stains of iron oxide

13 mCrj 2500+  Mesozoic—Tertiary saprolite of silt slate, dark grey (5B 5/1), soft

Table 14. Eisenbach Olkaute — texture of the fine earth (< 2 mm), free of humus and carbonates (texture analyses of saprolite were performed
with ground material; therefore the data present the relative disintegration but not the real particle size of the original slate texture). Fractions:
g, m and f are coarse, middle and fine; S is sand, U is silt and T is clay. Depth refers to the lower boundary.

Horizon Depth (cm) Texture (mass %)

cS mS fS gU mU fu T
Ah 6 0.54 827 1534 19.76 20.71 12.19 23.19
Al 25 0.34 9.49 16.64 18.04 449 29.62 21.38
S-Bt 48 1.06 1274 1871 18.52 1622 1248 20.27
1IS-Bt 78 1.14 2.19 837 1849 1649 11.10 4222
M1Sd-1Cj 113 0.61 1.84 8.12 1199 13.14 9.48 54.82
IVfiGr 700 11.68 1236 1646 1837 20.26 13.95 6.72
VSBj-M1 1000 0.90 0.86 0.61 3.81 982 11.83 72.17
SBj-M2 1300 1.36 1.27 1.89 5.15 1226 10.63 67.44
VImCewjs 1500 0.04 0.40 275 16.56 2220 2330 34.75
mCewj 1900 0.31 0.94 496 20.61 21.88 22.09 29.21
mCorj 2100 0.04 0.95 275 23.18 2246 20.85 29.77
mCrj 2200+ 0.01 0.27 413 2632 24.83 19.82 24.63
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Figure 16. Eisenbach Olkaute, white bleached saprolite from silt
slate (MTV) with an erosion gully (Upper Oligocene?), refilled with
red, white mottled soil sediment of a former Plinthosol.

Bulk mass losses are clearly higher within the bleached
and reduced zones (Fig. 14) than in the terrestrial saprolite of
Eisenbach Topferkaute (Fig. 12). Because of leaching under
reducing conditions, iron and other metal ions are strongly
depleted (Fig. 17). Therefore, iron oxide contributes more
than 25 % to the bulk mass loss. The relative proportion of
Si0O; in the bulk mass loss increases from the lower to the up-
permost saprolite zone and indicates the increase of desilica-
tion. As only the illite minerals weathered to kaolinite while
muscovite remained stable, the losses of K>O are rather low.

5.3.2 Soil sediment

A former erosion gully, several metres deep (Fig. 16), which
extended from the former plantation plain downwards to a
valley, cut through the bleached saprolite and was filled with
soil material of a red-white mottled Plinthosol after the soil
has been undercut by linear erosion of the soft saprolite. It
broke down and was mixed with fragments of the bleached
saprolite. The paleosol material has a clay content around
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Figure 17. Eisenbach Olkaute, semi-terrestrial saprolite: volumet-
ric masses of iron fractions (mineralogically bound Femmm and
FeHmin, as well as free iron oxides Fey) and trace elements of fresh
slate and saprolite.

70mass % (Table 14), typical of Cretaceous—Paleogene fer-
siallitic paleosols. The reason for such a high clay content
is the weathering of muscovite remaining stable within the
saprolite and the transformation to kaolinite (65—-70 mass %)
and illite (30-35 mass %). Up to 50 % of the kaolinite frac-
tion consists of fireclay. The negligible contents of fireclay
within the saprolite shows that the formation of fireclay is
typically bound to fersiallitic and ferrallitic paleosol hori-
zons, which were subject to strong desilication.

From the characteristics of the soil sediment and the an-
alytical data the processes of soil formation, such as acid-
ification, weathering of silicates and desilication and neo-
formation of kaolinite, can be concluded. The isovolumetric
balance shows that the volumetric contents of Fe,O3 in the
soil sediments match those of the fresh slate (Fig. 14). Iron
obviously was not leached from the paleosol. This could be
a consequence of permanent oxidizing conditions within the
soil zone, which did not allow an enhanced mobility of iron.
The fact that the underlying saprolite is nearly free of min-
eralogically bound iron and completely depleted in free iron
oxides leads to two hypotheses:

a. If bleached saprolite became the parent material of the
soil after phases of erosion of previous soils (e.g. due to
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Table 15. Eisenbach Olkaute: contents of pedogenic oxides. Depth refers to the lower boundary.

Horizon Depth (cm) Feo Feq Feo /Feq Mny Siy Al

(mgg™!)  (mgg™) (mgg™") (mgg™!) (mgg™)
Ah 6 3.24 7.49 0.43 0.42 11.98 11.11
Al 25 2.90 7.70 0.38 0.63 11.74 13.16
S-Bt 48 2.33 9.87 0.24 1.32 16.86 20.10
IIS-Bt 78 0.55 12.36 0.04 0.23 8.72 9.97
1I1Sd-1C;j 113 0.12 9.17 0.01 0.02 10.81 15.42
IVAiGr 700 0.04 0.25 0.16 0.01 0.60 1.93
VSBj-M1 1000 0.76 82.58 0.01 0.03 3.02 8.35
SBj-M2 1300 0.20 20.22 0.01 0.02 2.11 7.08
VImCewjs 1500 0.13 21.19 0.01 0.09 1.59 5.88
mCewj 1900 0.05 0.73 0.06 0.01 2.84 221
mCorj 2100 0.05 0.28 0.17 0.01 3.04 1.99
mCrj 2200+ 0.16 1.20 0.13 0.01 2.87 1.42

Table 16. Eisenbach Olkaute: clay mineral composition. LM is labile minerals > 1.8 nm, Sm is smectite, WL is mixed layer minerals, Chlp
is primary chlorite, Chls is secondary (Al-)chlorite, Ver is vermiculite, Il is illite, Kao icd is fireclay and Kao bad is b-axis disordered
kaolinite; n.n. refers to values that are not detectable. Depth refers to the lower boundary.

Horizon Depth (cm) Clay minerals < 2 um (mass %)*

LM Sm WL Chlp Chls Ver WL Il Kaoicd Kaobad
Ah 6 2 nn.  nn nn. nn nn oo 64 10 25
Al 25 4 nn  nn n.n. n.n. 4 nn. 58 14 21
S-Bt 48 4 nn.  nn nn. nn nn  nn 59 13 24
IIS-Bt 78 6 nn nn nn. nn  nn nn 39 28 27
IIISd-1C;j 113 nn. nn.  nn nn. nn  nn  nn 27 52 22
IVAGr 700 n.n. n.n.  nn nn. n.n. nn.  nn. 0 68 32
V{SBj-M1 1000 nn. nn.  nn. nn. nn nn  nn o 35 28 37
fSBj-M2 1300 nn. nn.  nn nn. nn  nn  nn 32 37 32
VImCewjs 1500 nn. nn  nn nn. nn  nn  nn 65 2 32
mCew;j 1900 nn. nn.  nn nn. nn  nn  nn o 73 2 24
mCorj 2100 n.n. nn. oo nn. nn  nn  nn 75 2 22
mCrj 2200+ nn. nn.  nn nn. nn nn  nn 75 3 22

* Masses calculated with reflex intensity x factor (Tributh and Lagaly, 1989).

Paleogene climate changes or tectonic uplift), the con-
tents of iron oxides must have been supplied by precip-
itation of iron in the capillary seam of the groundwater.
This seems to be less possible, as the saprolite below is
completely depleted in iron, which means that the iron
concentration of the groundwater was extremely low.

b. The high iron content of the paleosol results from the
weathering of the fresh slate under terrestrial condi-
tions at the beginning of the formation of the weathering
mantle and before the saprolite with the groundwater
body was formed. According to this, during the whole
period of formation of the weathering mantle, the soil
surface was stable and little erosion took place. In the
case of erosion, the primarily formed soil horizon was
removed with time and the bleached saprolite became
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the parent material. This remains to be an unresolved
question.

5.3.3 Silicified fluvial sediment

The western wall of the saprolite open-cast mine cuts a bank
of fluvial sediments, superimposing the soil sediment fill of
the former erosion gully and the adjacent bleached sapro-
lite. The sediments consist of partly silicified and cemented
pure quartz sand with gravel of well-rounded milky quartz,
which derived from erosion of less weathered primary quartz
veins within the saprolite. Less rounded boulders of Taunus
quartzite, up to 40cm in diameter, indicate a long distance
transport of the fluvial sediments because the next sources
of Taunus quartzite are located more than 3 km away in a
south—south-east direction. They must have been sedimented
in the Upper Oligocene Vallendar river system on the Pale-
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ogene planation plain, before the tectonic subsidence of the
fault blocks and the incision of the Late Tertiary and Quater-
nary valleys, separating the planation plane around Olkaute
from the High Taunus. The isovolumetric balance of ele-
ments (Fig. 14) shows a strong absolute accumulation of sil-
ica, indicating silification as a consequence of (semi-)arid cli-
mate conditions, which existed throughout Middle Europe
in the transition from the Upper Oligocene to the Lower
Miocene.

5.3.4 Periglacial layers and Holocene soll

The uppermost layers, 2 m thick, above the Tertiary fluvial
sediments consist of periglacial layers, organized in basal,
middle and main layers (Table 13).

The basal layer is free of loess but rich in clay (Ta-
ble 14) and consists of a more or less brown to white loam,
which derived from congelifraction of the saprolite. During
thaw periods the porous saprolite was saturated with water,
which caused rapid congelifraction during the frost periods.
The disintegration of kaolinite aggregates (booklets), which
tend to develop as pseudomorphoses of weathered silicates,
severely enhanced the clay content. Admixture of saprolite
zones and paleosol material increased the contents of pedo-
genic iron. The contents of amorphous silica and aluminum
correlate with the contents of clay (Table 15). The middle
layer is dominated by loess but contains also a proportion of
material of the basal layer, rich in clay. The pedogenic SBt
horizon characterizes a Stagnic Luvisol. Micromorphologi-
cal analyses show that the majority of the clay cutans were
destroyed by periglacial frost pressure and therefore occur
as fragments and coatings as zones within the loess matrix,
apart from recent voids. Thus, a pre-Holocene formation of a
relic Bt horizon is probable. The main layer consists of loess
mixed with pumice of the Laacher See eruption and shows
clay accumulation in its basal part and impoverishment of
clay in the upper part as a consequence of Holocene weath-
ering and clay migration.

5.4 Burgkopf basalt quarry: autochthonous pre-Upper
Oligocene Plinthosol

Near the village of Biebrich, the flat basalt dome, Burgkopf,
rises above the Tertiary planation plain, covered by loes-
sial periglacial layers with a strong admixture of Vallendar
gravel, which intermits with the rise of the dome. The wall
of a former quarry, in which basalt columns of the Upper
Oligocene basalt duct were mined, exposes the profile of an
autochthonous Plinthosol, about 4—6 m thick, above bleached
saprolite from Devonian slates and sandstones (Table 17,
Fig. 18). The volcanic basalt duct cuts through the paleosol
which was preserved below a layer of laminated basalt tuff.
This confirms a pre-Upper Oligocene age of the paleosol.
High contents of clay above 50 mass % (Table 18) and pe-
dogenic oxides (Table 19) indicate an intensive weathering
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Figure 18. Burgkopf: pre-Upper Oligocene Plinthosol of the MTV,
covered by a layer of Upper Oligocene basalt tuff and loessial
periglacial layers.
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Figure 19. Burgkopf, pre-Upper Oligocene Plinthosol: volumet-
ric masses of iron fractions (mineralogically bound FeIHmin and
FeHmin, as well as free iron oxides Fey) and trace elements of fresh
slate and saprolite.
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Table 17. Burgkopf: autochthonous pre-Upper Oligocene Plinthosol from saprolite, below Oligocene basalt tuff and Pleistocene periglacial
layers of loess with fragments of basalt rock. Horizon symbols and characterization are according to AG Bodenkunde (2005). Depth refers to
the lower boundary. Location: Burgkopf, near the village of Biebrich. TK 5613 Schaumburg r 3425088 h 5575723; 458 m a.s.l. Relief: near
the crest of a basalt dome. WRB: (Stagnic) Luvisol.

Hor. Horizon Depth  Horizon characteristics

no. symbol (cm)

1 Ah 6  Main layer of loess with pumice, dark yellow grey (5Y3/2) strong clayey silt (Ut4), weak to middle
humic, fine crumbly, strongly rooted

2 Al 30 Main layer of loess with pumice, brownish yellow (10YR4/3) strong clayey silt (Ut4), weak humic
spots, weakly rooted, sub-polyhedral to platy structure

3 Bt+ Al 60  Main layer of loess with pumice, brownish yellow (10YR 4/3) and yellow brown zones (10YR 4/4),
strong silty clay (Tu4, X1) with some horizontally orientated stones, weakly rooted, sub-polyhedral to
polyhedral structure, dark brown zones with clay cutans, lower boundary interfingered with the horizon
below

4 11 S-Bt 100  Middle layer of loess and basalt, yellow brown (10YR 4/4) and dark brown (7.5YRS5/4) zones, silty

clay, moderate stony (Tu3, X2), weakly rooted, prism structure with dark brown clay cutans and spots
of Mn oxides on ped surfaces, biopores with clay cutans, diffuse rusty mottles

5 IIT S-Bt 150  Basal layer of basalt tuff and some loess, yellowish brown (10YR 5/4) silty clay with basalt fragments
and blocks (Tu3, Gr3, X3, mX), polyhedral to prismatic structure, weakly rooted, partly very strong
compacted, diffuse rusty mottles, wavy lower boundary with accumulation of stones

6 IV Bv-C 190  Compact basalt tuff with alternating light grey, brown grey, red brown and purplish layers, centimetres
thick, of clayey loam, strong gravelly and stony (Lt3, Gr4, X4), light olive grey inclusions of monomin-
eralic smectite, coarse prismatic structure, sharp lower boundary marked by a concretionary band of
goethite accumulation 1 cm thick

7 V 1Bjl 210  Paleogene Plinthosol, brown red (2.5YR 4/6) and purplish red (10R4/4) weak silty clay (Tu2) with
white (10Y8/1) horizontally orientated spots, coarse prismatic to coherent structure, gliding transition

8 fBj2 300 Paleogene Plinthosol, red (10R4/4) silty clay (Tu3) with light grey to white (10Y8/1, 5BG8/1) spots,
coherent to coarse prismatic structure, gliding transition

9 fBj3 400 Paleogene Plinthosol, purplish red (10R3/4) clayey loam (Lt3) with light grey (10Y8/1) and yellow red
(5YR 6/6) spots, decreasing with depth, coherent to coarse prismatic structure, gliding transition

10 fBj4 500+  Paleogene Plinthosol, purplish red to red brown (10R6/3) silty loam (Lu) with a smaller part of light

grey spots (5Y8/1), coherent to coarse prismatic structure

Table 18. Burgkopf: texture of the fine earth (< 2 mm), free of humus and carbonates. Fractions: ¢, m and f are coarse, middle and fine; S is
sand, U is silt and T is clay. Depth refers to the lower boundary.

Horizon  Depth (cm) Texture (mass %)
¢S mS S cU mU fU T
Ah 6 053 430 437 3871 24.62 8.79 18.68
Al 30 039 4.04 444 4205 21.66 9.14 18.28
Bt+ Al 60 0.22 2381 346 38.11 20.87 7.77  26.76
1I S-Bt 100 0.19 4.19 467 32.80 1831 7.86  31.99
IIT S-Bt 150 2.15 3.81 10.09 23.77 18.61 10.06 31.49
IV Bv-C 190 244 273 1147 1748 18.51 9.80 37.57
V Bjl1 210 0.00 0.22 2.19 6.62 1491 2281 53.26
fBj2 300 0.10 036 1147 2094 1537 15.17 36.59
fBj3 400 0.15 0.72 22,06 24.69 9.11 7.88  35.40
fBj4 500+ 0.05 029 1375 25,57 13.65 13775 3295
of the slate. The maximum of pedogenic iron, manganese Besides illite, about 40-50 mass % of the clay fraction
and silica occurs in the uppermost horizon of the Plinthosol, consist of kaolinite (Table 20). Weathering transformed all
which suggests a soil formation under the influence of a high iron-bearing silicates completely to pedogenic iron oxides,
groundwater table. and easy to mobilize heavy metals were leached (Fig. 19).
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Table 19. Burgkopf: contents of pedogenic oxides. Depth refers to the lower boundary.

Horizon  Depth (cm) Feo Feq Feo/Feq Mny Siy Al

(mgg™h)  (mgg™h (mgg™") (mgg™!) (mgg™)
Ah 6 2.80 9.10 0.31 0.14 4.18 7.62
Al 30 2.66 7.85 0.34 0.36 3.96 7.50
Bt+ Al 60 2.58 10.33 0.25 0.39 442 8.85
II S-Bt 100 2.69 11.18 0.24 0.69 6.58 10.09
III S-Bt 150 1.50 30.54 0.05 0.64 9.01 12.41
IV Bv-C 190 1.11 61.62 0.02 1.69 13.32 16.71
V {Bjl1 210 0.12 39.45 0.00 0.09 10.33 9.84
fBj2 300 0.09 12.73 0.01 0.02 2.96 4.88
fBj3 400 0.08 15.29 0.01 0.02 3.06 5.82
fBj4 500+ 0.06 8.02 0.01 0.01 3.62 5.59

Table 20. Burgkopf: clay mineral composition. LM is labile minerals > 1.8 nm, Sm is smectite, WL is mixed layer minerals, Chlp is primary
chlorite, Chls is secondary (Al-)chlorite, Ver is vermiculite, I11 is illite, Kao icd is fireclay and Kao bad is b-axis disordered kaolinite; n.n. is

not detectable. Depth refers to the lower boundary.

Horizon Clay minerals <2 um (mass %)
Depth Sm WL Chlp Chls Ver WL 1IlI Kao Kao
(cm) icd  bad
Ah 6 nn. 9 n.n. 33 3 6 37 3 5
Al 30 nn.  nn n.n. 32 16 5 36 3 6
Bt+ Al 60 n.n. 8 nn 32 3 13 39 2 3
1I S-Bt 100 n.n. 8 nn 27 4 12 42 2 5
III S-Bt 150 9 12 nn.  nn. nn. 12 39 5 8
IV Bv-C 190 7 nn nn. nn.  nn. nn 0 73 20
V {Bjl 210 n.n. nn nn. nn  nn  nn 57 21 22
fBj2 300 n.n.  n.n nn. nn  nn  nn 6] 16 23
fBj3 400 n.n. nn nn. nn nn nn 57 24 19
fBj4 500+ n.n.  n.n nn. nn  nn  nn 56 19 24

* Masses calculated with reflex intensity x factor (Tributh and Lagaly, 1989).

The contents of pedogenic oxides are high and decrease with
depth following the decreasing intensity of weathering.

During the eruption of the volcano, heat and moisture
caused auto-hydrothermal processes that overprinted the
layer of basalt tuff and led to silification and induration, as
well as the formation of pure smectite concretions and veins.
The basalt of the duct as well as a zone of the adjacent
Plinthosol, 50 cm thick, also show a neo-formation of smec-
tite.

Kaolinitization continued after the volcanic activity and
caused the neo-formation of kaolinite from mafic minerals
of the basalt tuff (Table 20).

The deposition of periglacial layers above the basalt tuff
started with the accumulation of coarse fragments of basalt
columns and boulders as a basal layer. The subsequently de-
posited loess of the middle layer invaded the hollows of the
loosely packed rock fragments of the basal layer. The middle
layer was subject to weathering and formation of a Luvisol
during a pre-Holocene interglacial period. Micromorpholog-
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ical investigations of the Bt horizons show that clay cutans
of former pores are disturbed and squeezed by frost pressure
or cryoturbation, while recent pores show no signs of accu-
mulation of fine clay. The main layer, which consists of a
mixture of loess and pumice of the Late Pleistocene Laacher
See eruption, shows a clear clay enrichment near the basis as
a consequence of Holocene soil formation.

5.5 Wasenbach gravel pit: autochthonous Miocene
Plinthosol

Several large gravel pits around the village of Wasenbach
(Fig. 1) expose banks of pure, white quartz sand and gravel,
several tens of metres thick, which stratigraphically belong
to the youngest terrace (tT1 according to Requadt, 1990) of
the Upper Oligocene Vallendar river system. In part, they
derived from reworked gravel of an older terrace (tT2, af-
ter Requadt and Buhr, 1989) in a higher relief position. The
sediments consist of alternating layers of quartz gravel, sand
and kaolinitic sandy silt, deriving from the reworked weath-
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Table 21. Wasenbach: autochthonous Miocene Plinthosol from Oligocene alluvial sediments above Vallendar gravel beds, covered by Pleis-
tocene periglacial layers. Horizon symbols and characterization are according to AG Bodenkunde (2005). Depth refers to the lower boundary.
Location: near the village of Wasenbach. TK25: 5613 Schaumburg r 3427002 h 5577275, 281 ma.s.l. Relief: gentle slope. WRB: Stagnic

Luvisol.

Hor. Horizon Depth  Horizon characteristics

no. symbol (cm)

1 Ah 17 Main layer of loess, grey-brown (10YR 3/4) strong clayey silt (Ut4), middle humic, middle
rooted, low bulk density, crumb structure, sharp horizontal lower boundary

2 Sw-Al 35/60  Main layer of loess, yellowish brown (10YR 4/4) clayey silt (Ut3), weak humic, weakly rooted,
low to middle bulk density, sub-polyhedral structure, gliding transition

3 1I S-Bt 100  Middle layer of loess solifluction, dark yellow brown (10YR 5/6) silty clay, weak stony and
gravelly (Tu3, X2, G2), near the basis alternating with solifluction layers with red brown (2.5YR
6/8) material from the lower horizon, coarse prismatic structure, sharp and wavy lower boundary

4 III C (fGroj) + Bt 140  Middle layer of loess solifluction, colour intensively changing between reddish brown (5YR
6/6), light brownish red (2.5YR 6/8) and brown (10YR 5/6), silty loam, gravelly (Lu3, G 3)
coarse prismatic

5 IV C (fGroj) 180  Purplish red to red (10R 4/8) and yellow (2.5Y 8/6) layers of silty loam (Lu), platy structure,
sharp lower boundary

6 V {Grojl 230  Miocene Plinthosol, purplish red to red (10R 4/4 to 10R 4/8) silty loam (Lu) with yellow spots
(2.5Y 8/6), horizontally orientated in the uppermost decimetre

7 fGroj2 350 Miocene Plinthosol, large yellow (2.5Y 8/6) spots of strong clayey silt (Ut4) alternating with
purplish red spots (10R 4/8) of silty fine sand (fSu3), sharp lower boundary

8 VI fGorj 450  Orange-brown (10YR 8/6-6/6) silty middle sand (mSu3)

9 fGrj 1000+  Upper Oligocene Vallendar gravel, grey-white (N 8/0) silty middle sand and banks of gravel

(mSu3, G), with banks of ferruginous silcrete centimetres to decimetres thick

Table 22. Wasenbach: texture of the fine earth (< 2 mm), free of humus and carbonates. Fractions: ¢, m and f are coarse, middle and fine; S

is sand, U is silt, T is clay, y is yellow and r is red. Depth refers to the lower boundary.

Horizon Depth (cm) Texture (mass %)

cS mS fS cU mU fu T
Ah 17 0.67 7.17 8.45 3493 2283 831 17.62
Sw-Al 35/60 0.78 7.51 742 3699 22.27 8.60 1643
1IS-Bt 100 2.69 4.54 6.77 3043 18.20 6.89 3048
IIIC(fGroj) + Bt 140 2.06 468 11.38 23.89 16.09 1223 29.67
IVC(fGroj) 180 0.13 0.54 949 2740 20.27 15.10 27.06
V{Grojl(y) 230 0.83 5.51 1997 28.58 1490 1042 19.79
V{Groj1(r) 230 0.60 531 20.89 2698 1493 10.94 20.35
fGroj2(y) 350 0.71 12.07 36.46 22.18 8.43 648 13.67
fGroj2(r) 350 223 2585 45.13 10.87 491 4.11 6.91
VIfGorj 450 0.11 16.53 53.11 13.35 4.58 3.97 8.35
fGrj 1000+ 32.35 3347 21.40 5.16 1.42 2.23 3.96

Table 23. Wasenbach: contents of pedogenic oxides; y is yellow and r is red. Depth refers to the lower boundary.

Horizon Depth (cm) Feo Feq Feo /Feq Mny Sij Al

(mgg™h)  (mgg™") (mgg™") (mgg™") (mgg™
Ah 17 3.17 6.99 0.45 0.94 10.92 6.76
Sw-Al 35/60 3.33 7.41 0.45 0.95 12.25 7.71
1IS-Bt 100 1.27 13.35 0.10 0.18 12.81 9.21
IIC(fGroj) + Bt 140 0.09 2222 0.00 0.07 8.66 5.62
IVC(fGroj) 180 0.07 24.25 0.00 0.05 7.97 6.14
V{Grojl(y) 230 0.05 31.81 0.00 0.03 6.92 5.16
V{Grojl(r) 230 0.36 32.11 0.01 0.03 7.50 5.67
fGroj2(y) 350 0.04 3.56 0.01 0.01 5.73 4.24
fGroj2(r) 350 0.06 11.33 0.01 0.02 4.51 3.64
VIfGorj 450 0.04 5.21 0.01 0.02 5.73 4.24
fGrj 1000+ 0.03 0.08 0.33 0.01 4.75 3.64
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Table 24. Wasenbach: clay mineral composition. LM is labile minerals > 1.8 nm, Sm is smectite, WL is mixed layer minerals, Chlp is
primary chlorite, Chls is secondary (Al-)chlorite, Ver is vermiculite, Il is illite, Kao icd is fireclay and Kao bad is b-axis disordered kaolinite;

n.n. refers to values that are not detectable.

Horizon Depth (cm) Clay minerals < 2 pm (mass %)

LM Sm WL Chlp Chls Ver WL Il Kaoicd Kaobad
Ah 17 3 0 0 0 0 0 16 72 6 3
Sw-Al 35/60 4 0 2 0 21 0 12 49 8 4
1IS-Bt 100 0 8 6 0 0 0 6 41 23 15
HIC(fGroj) + Bt 140 0 0 0 0 0 0 0 56 30 14
IVC(fGroj) 180 0 0 0 0 0 0 0 56 30 14
V{Grojl(y) 230 0 0 0 0 0 0 0 55 34 11
V{Groj1(r) 230 0 0 0 0 0 0 0 57 33 10
fGroj2(y) 350 0 0 0 0 0 0 0 53 35 12
fGroj2(r) 350 0 0 0 0 0 0 0 56 35 9
VIfGorj 450 0 0 0 0 0 0 0 55 33 13
fGrj 1000+ 0 0 0 0 0 0 0 49 32 20

* Masses calculated with reflex intensity x factor (Tributh and Lagaly, 1989); y is yellow and r is red. Depth refers to the lower boundary.

ering mantle. The abrupt changes in particle size, intercalated
channel structures and banks of ferrous silcrete indicate the
activity of a shallow river with intermittent rates of stream-
flow. Such sediments are typical of semi-arid climatic condi-
tions with alternating rain and dry seasons. The fluvial sedi-
ments change from gravel to sand up to the surface and the
contents of fine material progressively increases. The upper-
most layer was deposited as flood plain sediments, rich in
silt and clay, from which an autochthonous Plinthosol with
intensive red, white and yellow mottles developed under the
influence of an intermittent depth of the groundwater table
(Fig. 20, Table 21). Soil development occurred probably dur-
ing the Miocene. The contents of silt and clay (Table 22)
and pedogenic oxides (Table 23), as well as total amounts
of Al, Fe and heavy metals, bound in silicates, increase from
the lowermost horizon to the surface of the Plinthosol. The
clay fraction consists of illite and kaolinite in similar pro-
portions (~ 40 % kaolinite and ~ 60 % illite) in all horizons
(Table 24). Kaolinites of the Vallendar gravel mainly de-
rive from reworked saprolite. The proportion of kaolinite in-
creases from the gravel to the upper Plinthosol horizons and
indicates that erosion of terrestrial kaolinitic soils (e.g. Fer-
ralsols, Plinthosols) may have delivered the fines of the flood
plain sediment rather than the weathering of primary silicates
in situ.

With increasing inclination of the land surface in the direc-
tion of the former Tertiary trough valley the paleosol during
Pleistocene cold phases was affected by soil creep and slope
downwards, increasingly incorporated into basal solifluction
layers. The basal layer of the periglacial slope deposits con-
sists of horizontally laminated, redistributed Plinthosol ma-
terial. The middle layer, rich in loess with quartz gravel, and
the main layer, consisting of a mixture of loess with Laacher
See pumice, superimpose the basal layer. Both layers served
as parent material for the Holocene Stagnic Luvisol.

DEUQUA Spec. Pub., 1, 53-77, 2018

Figure 20. Wasenbach: Miocene Plinthosol from alluvial flood
plain sediments above Upper Oligocene Vallendar gravel, covered
by loessial periglacial layers.
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