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Abstract. The Devonian reef limestone complex of Résen-
beck near Brilon (Rhenish Mountains) shows numerous nep-
tunian dykes and other hollows which have been filled with
Carboniferous siliciclastic as well as fossil-rich carbonate
sediments with ammonoids, conodonts, and chondrichthyan
fish. While the shales of the infill can be interpreted as
autochthonous sediments, the carbonates represent erratic
blocks of sediments which were deposited in elevated ar-
eas but subsequently eroded and transported as erratic blocks
into the karstic cavities. The biota of the carbonates demon-
strates that two stratigraphic intervals are represented: (1) the
Tournaisian—Viséan boundary interval, which can be iden-
tified by the presence of trilobites, and (2) the late Viséan
(Asbian—Brigantian), proven by the presence of ammonoids
and conodonts embedded in shales that probably have an
early Serpukhovian age. Two carbonate facies can be distin-
guished in the Late Viséan blocks: (1) low-energy micritic
sediments with Goniatites crenistria, which are probably
equivalent to the crenistria Limestone and (2) high-energy
(tempestite) sediments with numerous ammonoid specimens
and in a more subordinate role other to fossil groups.

1 Introduction

Neptunian dykes and other karstic hollows in Devonian reef
limestone formations are filled with a variety of younger
sediments and have been attracting geoscientists for a long
time. The dyke sediments are often fossil-rich and contain di-
verse faunas which are not known from time-equivalent sed-
iments in normal sedimentary successions. Two occurrences
of such Carboniferous infill have received particular attention
in Germany: (1) the Erdbach Limestone at the classical Erd-
bach locality at the eastern margin of the Rhenish Mountains
(e.g. Holzapfel, 1889; Stoppel et al., 2006) and (2) similar
sediments recorded in outcrops on the Winterberg near the
Iberg in the Harz Mountains (e.g. Schindewolf, 1951; Franke,
1973). Comparable occurrences in other regions, such as the
Warstein Anticline and the Brilon Anticline of the Rhenisch
Mountains, have not been as intensively investigated. Here
we describe an occurrence of Carboniferous carbonate sedi-
ments within a karstic hollow on the Brilon Anticline.

The Brilon Massenkalk (Brilon carbonate complex, Fig. 1)
is a massive limestone formation formed by reef detritus dur-
ing the Middle Devonian (Givetian) and early Late Devonian
(Frasnian) on a carbonate platform within the Rhenohercy-
nian shelf (e.g. Franke, 2000). During the Late Devonian and
Early Carboniferous, this platform began to break, particu-
larly at its margins, with the formation of deep dykes, which
were subsequently widened and filled with sediments of Car-
boniferous to Cretaceous age (e.g. Bar, 1966, 1968). Clausen
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Figure 1. Geological map of the Brilon Syncline (after Bar, 1968) with the position of the Rdsenbeck locality (marked by a star) at the

eastern margin of the Brilon carbonate complex.

et al. (1978) as well as Clausen and Leuteritz (1979, 1984)
described such occurrences on the Warstein Anticline.

Of particular interest are neptunian dykes and near-surface
hollows filled with the so-called Erdbach Limestone, a pe-
culiar rock formation that has already been described from
classical localities such as Erdbach at the eastern margin of
the Rhenish Mountains (e.g. Holzapfel, 1889; Krebs, 1968)
or the Iberg in the Harz Mountains (e.g. Franke, 1973; Gis-
chler, 1992). Most of these infills are late Tournaisian/early
Visean in age (Ammonellipsites Zone in terms of ammonoids
and Scaliognathus anchoralis Zone in terms of conodonts).
However, younger Late Viséan neptunian dykes have been
described from the vicinity of Résenbeck (Bar, 1966, 1968;
Brinckmann and Luppold, 2010; Brinckmann et al., 2015)
and from the Iberg in the Harz Mountains (Gischler, 1992;
Gischler and Korn, 1992).

The sediment infills of the neptunian dykes differ, with
respect to their lithofacies and stratigraphic incompleteness,
strongly from the “normal” basin facies in the surrounding
areas. In the area of the Brilon Anticline, the basinal facies
of the Late Viséan succession is developed as siliceous black
shales and grey Posidonia-bearing shales with very thin lime-
stone intercalations, which document a continuous sedimen-
tary record as exposed in the road section south of Schar-
fenberg (Korn, 2010). A condensed shale succession was de-
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scribed by Pas et al. (2013) from the Burgberg, located only
1250 m south of the occurrence in the Rosenbeck quarry, but
with a position on the northern flank of the Messinghausen
Anticline. In the Burgberg quarry and also the section above
the Beringhausen Tunnel on the south flank of the Messing-
hausen Anticline (Clausen et al., 1991; Schulke et al., 2003;
Schillke and Popp, 2005), there occurs a more or less con-
tinuous succession from the Middle to the earliest Late De-
vonian reef limestone through to the Late Devonian nodular
limestone. Both sections show an incomplete Carboniferous
record. At Burgberg, the entire Tournaisian and large parts of
the early Viséan are represented by only 4 m of dark shales
(Pas et al., 2013), indicating that this succession is either ex-
tremely condensed or that substantial parts of it are missing.

The enlargement of the opencast limestone pit of
Rheinkalk Messinghausen GmbH & Co. KG, located north-
east of RGsenbeck, created the possibility for a more detailed
study of the neptunian dykes in the Devonian limestone com-
plex (Fig. 2). This exposure enabled us to answer the follow-
ing questions:

— Are the Carboniferous dyke sediments of Rosenbeck
identical, in terms of carbonate facies, to the Erdbach
Limestone?
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— Do the sediments in the neptunian dykes from Rdsen-
beck belong to a short stratigraphic interval, and do
the sediments of Rdsenbeck represent, like the Erdbach
Limestone in other places, a stratigraphic interval situ-
ated at the Tournaisian—Viséan boundary?

In order to answer these research questions, we collected
large samples of rock for sedimentological investigations and
to study their biotic content (conodonts, ammonoids).

2 Research history

The investigation of the Brilon carbonate complex began in
the 19th century with the pioneering studies by Sedgwick
and Murchison (1842), Roemer (1844), and Stein (1860),
as well as the first geological map of the area made by von
Dechen (1884). These and later studies of the Brilon carbon-
ate complex performed by Paeckelmann (1926) and Paeckel-
mann and Kihne (1936) did not provide any information on
neptunian dykes with a Carboniferous infill.

It was probably Bér (1966, 1968) who first found Late De-
vonian and Early Carboniferous dyke sediments in the Brilon
Massenkalk and regarded them as infill of palaeokarst voids.
He demonstrated that Late Devonian and Early Carbonifer-
ous sedimentary rocks lie, at many places at the margin of
the limestone complex, disconformably on the massive Mid-
dle Devonian limestone (Fig. 1). Moritz (1983) worked on
drill cores in the Brilon Massenkalk complex and found fill-
ings of various ages in the neptunian dykes.

Brinckmann and Luppold (2010) as well as Brinckmann
et al. (2015) studied a number of localities with neptunian
dykes in the area of Rdsenbeck, including the outcrop de-
scribed herein. They analysed the conodont faunas of the
Carboniferous sediments and found species-rich, mixed fau-
nas with elements of Frasnian to Serpukhovian age.

Fossiliferous carbonates of the Early Carboniferous age
were discovered in other regions of the Rhenish Mountains.
Holzapfel (1889) and Kayser (1907) investigated the reef
complex of Langenaubach—Breitscheid in the Dill Syncline
and described an irregularly thick Early Carboniferous lime-
stone cover on top of the Devonian reef limestone. More
than half a century later, Walliser et al. (1958) and Krebs
(1960) interpreted these occurrences as neptunian dykes and
coined the term Erdbach Limestone. In the type region of
the Erdbach Limestone, Krebs (1968) described dykes with
Early Carboniferous sediments and explained their origin
through polyphasic submarine brittle tectonics. Fiichtbauer
and Richter (1983) interpreted the dykes as caused being
by tectonic movements within the reef complex. Neptunian
dykes with a Carboniferous infill were also reported from the
Lahn Syncline (Buggisch and Michl, 2002).

Franke (1973) and Gischler (1992) investigated pockets
and dykes filled predominantly with carbonate sediments on
top of the Devonian Iberg reef in the Harz Mountains. These
records have been known about for a long time (Roemer,
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1850; Groddeck, 1883), and ammonoids from these occur-
rences at the Winterberg have already been described by
Schindewolf (1951) as well as Eichenberg and Schneider
(1962), who compared these with the fauna from Erdbach.
It was shown that the ammonoid faunas from the Winter-
berg belong to at least three stratigraphic levels (Gischler and
Korn, 1992): (1) the Tournaisian—Viséan boundary interval
(fauna with Merocanites like at Erdbach), (2) the basal Brig-
antian (fauna with Goniatites), and (3) the middle Brigantian
(fauna with Neoglyphioceras).

Thick limestone beds with Early Carboniferous con-
odonts led Uffenorde (1976, 1977) to postulate the indepen-
dence of a massive Early Carboniferous limestone formation
(“Kallenhardt Limestone”) within the Warstein limestone
complex. He revised his idea and pointed out that the con-
odonts probably were derived from millimetre-wide fissures
in the Erdbach Limestone (in Clausen et al., 1982). Macro-
fossils have not been reported so far from the Carboniferous
dyke sediments of the Warstein Anticline (Clausen and Leu-
teritz, 1984).

At the eastern margin of the Warstein Anticline, Krebs and
Wachendorf (1979) investigated the so-called Schlagwasser-
brekzie, which they interpreted as the lateral equivalent of the
Erdbach Limestone. This breccia was seen as a polymictic
conglomerate composed of fragments of cephalopod lime-
stone, flint limestone, and massive reef limestone embedded
in a marly matrix. Clausen and Leuteritz (1984) discovered
large dykes filled with breccias and boulders in the massive
Devonian limestone of the Warstein Anticline. They inter-
preted this infill as stratigraphically and related to the Schlag-
wasserbrekzie.

Stoppel et al. (2006) pointed out that various carbonates in
the Rhenish Mountains were regarded as Erdbach Limestoneg,
as long they came from the Tournaisian—Viséan boundary in-
terval. They limited the original concept of the term Erdbach
Limestone to the crinoid-rich limestone facies with abun-
dant cephalopods, bivalves, gastropods, and trilobites de-
posited on the Devonian reefs after their decline. They dis-
covered that the Erdbach Limestone is not a formation within
a continuous succession of sedimentary rocks but rather a
locally delimited rock unit of maximally 10 m thick which
had been accumulated on the rugged surface of the Devo-
nian reefs or deposited as an infill of dykes and caves. Ac-
cording to this new, narrower definition, the bedded Erdbach
Limestone with conodonts, echinoderms, gastropods, bra-
chiopods, cephalopods, trilobites, and corals of the Warstein
Anticline does not belong to the Erdbach Limestone. This
rock unit, best exposed on the northern flank of the Warstein
Anticline (Drewer, Kattensiepen, Eulenspiegel), was named
the Kattensiepen Member by Korn (2006).

Several authors studied the fauna of the Erdbach Lime-
stone. The first of these was Holzapfel (1889), who de-
scribed ammonoids, brachiopods, corals, and trilobites from
the type locality near Erdbach. Richter and Richter (1949),
Hahn (1967), and Hahn et al. (1996) investigated the trilo-
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Figure 2. Examples of neptunian dykes in the Middle Devonian limestone in the Rdsenbeck quarry. (a) Funnel-shaped dyke largely filled
with debris and mud. (b) Cave-like dyke filled with Early Carboniferous shales.

bite fauna. The conodonts from localities near Erdbach were
studied by Krebs (1962), who then used these data to dis-
tinguish three successive horizons (Erdbach Limestone I, 11,
and I11) in the type locality (Krebs, 1968). The ammonoids
from the time-equivalent carbonates of the Erdbach type in
the Harz Mountains were described by Schindewolf (1951)
and the crinoids by Sievert-Doreck (1951).

Amler et al. (2004) described the macrofauna of the Erd-
bach Limestone as typical for small-scaled diverse environ-
ments on seafloor elevations, which are considerably differ-
ent from the surrounding basins. Based on sedimentologi-
cal features they interpreted the Erdbach Limestone as be-
ing characterised by slow accumulation rates in a shallow but
low-energy environment.

In several studies it was demonstrated that the Carbonif-
erous sedimentary rocks of the Iberg reef in the Harz Moun-
tains are much more diverse than time equivalents in other
regions. Peckmann et al. (2001), Gischler et al. (2003), and
Buggisch and Krumm (2005) postulated a cold seep en-
vironment for the accumulation of low-diversity but high-
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abundance fossil assemblages, particularly of rhynchonellid
brachiopods and solemyid bivalves.

3 Sample locality and material

The Brilon Anticline is located in the north-eastern corner of
the Rhenish Mountains (Fig. 1). This structure is predomi-
nantly formed by a massive Devonian limestone formation
(“Massenkalk™), the exposures of which extend over a dis-
tance of 17.5km, from Altenbiren in the south-west to Blei-
wasche in the north-east. The sample locality (51.42455° N,
8.70933° E) within the large opencast mine of Rheinkalk
Messinghausen GmbH & Co. KG is situated at the eastern
margin of the limestone occurrence, 2.5 km north-east of the
town of Rdsenbeck, 10 km east-north-east of Brilon. In this
large quarry, numerous neptunian dykes and other karstic
hollows are exposed (Fig. 2). Most of them are filled with
clay and loose boulders, but one narrow dyke shows, at least
60 m below the current surface, an infill composed of black
shales of unknown stratigraphic age (Fig. 3).
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Figure 3. The position of the studied samples in the outcrop at the south-eastern margin of the limestone quarry. Sample A is from the top of
the Middle Devonian reef limestone, and samples B to G are Early Carboniferous dyke sediments.

The Karstic cavity in the Devonian limestone complex has
been exposed for at least 25 years, but only the enlargement
of the quarry has allowed for more detailed sampling. The in-
vestigated samples are from a northward-facing quarry face,
6 to 8m high, at the eastern margin of the large opencast
pit. This occurrence is situated only about 100 m west of the
significant N-S-tending fault system that delimits the Devo-
nian carbonate complex from Serpukhovian siliciclastics. At
this place, the Devonian massive limestone possesses an at
least 80 m wide, irregularly funnel-shaped cavity, which is
truncated by erosion at the top. This hollow is filled with
dark-grey but often strongly bleached shales with nearly hor-
izontal bedding and containing numerous isolated blocks of
Middle Devonian and Early Carboniferous limestones.

The topography of the contact between the massive De-
vonian limestone and the dark Carboniferous shales proba-
bly reflects the relief during the Early Carboniferous. Only
at one place can a direct contact of the Devonian limestone
with the overlying Carboniferous carbonates be seen (Fig. 3).

www.foss-rec.net/18/57/2015/

However, the outcrop clearly shows that a natural sedimen-
tary contact is not present here and that the Carboniferous
limestone beds represent large erratic blocks.

During the present study, eight samples (A to H), which
were collected in 2011 from the aforementioned outcrop,
were investigated (Fig. 3):

— A - Sample from the top part of the Devonian massive
limestone near the contact with the overlying Carbonif-
erous carbonates.

— B, C — Samples from a very large limestone body of
up to 65cm thickness which lies with uneven contact
on the Devonian massive limestone and quickly wedges
out to the sides. Sample B was taken from the base and
sample C from the top of this limestone bed.

— D — Sample from an about 20 cm thick irregular lime-
stone bed which is separated from sample B and C by

Foss. Rec., 18, 57-72, 2015
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Figure 4. Polished slab of sample E showing a breccia structure
with various carbonate and phosphorite components; x1.

up to 40 cm of dark-grey and, particularly at the base,
rust-coloured shales.

— E, F - Samples from a very irregular, limestone breccia
with up to 30 cm thickness (Fig. 4) which is separated
by thin rust-coloured shales from the bed of sample D.

— G, H-Large isolated blocks of a limestone bed reaching
a thickness of up to 60 cm embedded in grey shales.

An additional sample (sample X) was taken in 1988 by
D. Korn from an isolated large block of about 1 m length.
This block was found only a few metres away from the new
outcrop and may have been derived from the same neptunian
dyke. 1t was a marly carbonate with extremely common trilo-
bite remains, which are being studied by Hahn and Miiller
and have a latest Tournaisian/earliest Viséan age.

4 Carbonate microfacies

Large polished slabs (up to 15 x 15cm, Fig. 4) and thin sec-
tions (up to 5 x 5cm, Fig. 5) were produced for the microfa-
cies analysis. Classifications of carbonate rocks of Dunham
(1962) and Embry and Klovan (1972) were used to charac-
terise the investigated samples.

— A - Stromatopora—Tabulata rudstone with numerous
biogens (stromatoporoids, tabulate corals (Thamno-
pora), a few bivalves and singular crinoid ossicles); it
represents the typical reef debris facies widespread in
the Brilon Anticline (Fig. 5a).
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— B, C—We studied larger slabs of this bed, which shows
various lithofacies (Fig. 5b—d). The bed is developed
as an ammonoid packstone with various bioclasts such
as bivalves, orthocone cephalopods, gastropods, trilo-
bites, ostracods, foraminifera, fish remains, crinoids,
conodonts, and lithoclasts (mostly angular extraclasts
and phosphoritic nodules). The strongly fragmented
bioclasts and lithoclasts are usually poorly sorted and
randomly oriented. The bed has several internal ero-
sional surfaces, sometimes underlined by pressure so-
lution sutures. It is interpreted as representing multi-
ple tempestites with re-sedimentation of bio- and litho-
clasts.

— D - The sample is a fine-grained, dark-grey, and nearly
homogeneous limestone. It can be described as an
ammonoid-bearing wackestone with a few fragmented
biogens and a few ammonoid conchs, which exhibit lit-
tle fragmentation. In its lithology and biota, this carbon-
ate closely resembles the crenistria Limestone, which
occurs throughout the Rhenish Mountains and the Harz
Mountains (Mestermann, 1998).

- E, F, H — The samples represent a carbonate breccia
composed of angular as well as rounded components,
which are randomly oriented. The spectrum of clasts
comprises fragments of Devonian reef limestone, Car-
boniferous mudstone and wackestone (comparable to
sample D), Carboniferous ammonoid packstone (such
as samples B and C), and phosphoritic nodules. The
lithology of the samples attests to an extensive re-
sedimentation under high-energy depositional condi-
tions. Most probably the bed was accumulated as a brec-
cia within the cavity.

— G - The carbonate closely resembles that of the sam-
ple D, but differs in more frequent biogens, particu-
larly of ammonoids (Fig. 5f). The matrix is micritic, and
ammonoids (probably Goniatites crenistria) are irregu-
larly distributed with some concentrations. Other bio-
gens are rare bivalves (Posidonia) and rugose corals.
The bed is very similar to the crenistria Limestone but
reaches a thickness of 60cm in the outcrop of Résen-
beck. Rounded blocks of this limestone occur irregu-
larly in the shales filling the cavity within the Devonian
limestone; it is clear that they were transported into the
karst hole.

5 Selected fossil groups

5.1 Ammonoids

Despite the richness of ammonoid specimens, only a few de-
terminable individuals could be extracted from the hard car-
bonate rocks. Nevertheless, the polished slabs and the thin
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sections allow for insight into the composition of the fauna.
Two faunas can be separated:

1. In samples D and G, only one goniatite species is rep-
resented (e.g. Fig. 5f). According to the conch shape,
these specimens should be determined as Goniatites
crenistria Phillips, 1836. This can be seen as further evi-
dence that the samples are an equivalent of the crenistria
Limestone (Warnke, 1997; Mestermann, 1998).

2. Samples B, C, E, and F show an abundance of am-
monoids, and most of them belong to the genus Goni-
atites, most probably Goniatites fimbriatus (Foord and
Crick, 1897) or Goniatites spirifer Roemer, 1850, to-
gether with Calygirtyoceras sp. (Fig. 5e).

The shales filling most of the large cavity are very poor in
fossils, and hence the biostratigraphic interpretation is very
difficult. Apart from small bivalves (“Posidoniella”, which
may speak for a basal Serpukhovian age), a juvenile speci-
men of a coelacanth has been found (Witzmann et al., 2010).
This means that the carbonates are obviously older than the
shales in which the carbonate blocks are embedded (Fig. 6).

5.2 Conodonts

Brinckmann and Luppold (2010), in their study of the inves-
tigated outcrop, identified conodont assemblages from two
successive limestone horizons. The lower one contained a
mixed fauna with Frasnian (Late Devonian) to Early Car-
boniferous taxa, whereas the fauna of the upper horizon was
indicative of the latest Visean to early Serpukhovian age.
These findings confirmed an earlier study of Bér (1968),
who reported mixed faunas from the post-Devonian carbon-
ate cover overlying the Brilon limestone complex.

In the present study six samples (B to F and H), each
about 1 kg, were dissolved in dilute formic acid. Conodonts
are very common, with more than 1100 disjunct platform el-
ements of Lochriea and Gnathodus (Fig. 7, Table 1). The
fauna includes exclusively Viséan forms, which are mostly
long-ranging species. Three samples include taxa that allow
for very accurate biostratigraphic dating. The co-occurrence
of the species Lochriea nodosa and Gnathodus praebilinea-
tus in samples C and F is indicative of the lowest part of
the nodosa Zone (Belka and Lehmann, 1998; Nemyrovska,
2005). There is no doubt that the sample H represents the
same stratigraphic interval. The zonal marker L. nodosa is
admittedly absent but the fauna contains the taxa Gn. prae-
bilineatus and Mestognathus bipluti, the stratigraphic ranges
of which overlap within a short interval at the base of the
nodosa Zone only. Conodont fauna found in the sample B is
also characteristic of the nodosa Zone. Its composition, how-
ever, is not specific to any particular part of the zone. The as-
semblages of the samples D and E are very poor. In general,
the appearance of gnathodid forms, Gn. prebilineatus,Gn. bi-
lineatus, and Gn. girtyi, is characteristic of faunas of the bi-
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lineatus conodont Zone, but it cannot be excluded that these
samples also represent the lower part of the nodosa Zone.

5.3 Fish remains

Processing of samples for microfossils revealed a number of
fish microremains which can be attributed to various chon-
drichthyan groups including representatives of Symmori-
iformes, Squatinactiformes, Phoebodontiformes, and Holo-
cephali (Fig. 8). The teeth have been determined as belonging
to Denaea cf. fournieri Pruvost, 1922; Thrinacodus cf. gra-
cia (Grogan and Lund, 2008); ?Squatinactis sp.; and Holo-
cephali indet. Associated with the teeth are ctenacanth- and
hybodont-type scales and spines.

A large number of the falcatid teeth of cladodont design,
assigned to Denaea, probably suggest an offshore assem-
blage. Other taxa would seem to be rare visitors to the wa-
ters covering the Rhenohercynian shelf due to a very low
amount of collected material. Similar chondrichthyan assem-
blages, but rather more diverse ones, are also known from
the Late Viséan sediments of Poland, Germany, and England
(e.g. Ginter et al., 2010, 2015).

6 Results
6.1 Genesis of the Carboniferous neptunian dykes

The development of the Brilon carbonate complex began in
the Middle Devonian with the onset of reef building, and un-
til the early Late Devonian, a large Tabulata—Stromatopora
biostrome had been built up (e.g. Paeckelmann and Kiihne,
1936; Krebs, 1967, 1971; Machel, 1990). During the Give-
tian and early Frasnian, an extended carbonate complex of
approximately 80 km? and 300 m thick was accumulated.
The death of the reef has been dated, as in other parts of the
Rhenohercynian Basin, to the Frasnian (Jux, 1960).

During the Famennian and Tournaisian, the carbonate
complex experienced some disruptions, particularly at its
margins, paralleled by the formation of fissures and cracks
(Fig. 9). Time-equivalent sedimentary rocks in normal suc-
cession are only known from the Nehden Syncline (which
forms a window in the Brilon Massenkalk, Fig. 1) and from
the Messinghausen Anticline, but there they are in a suc-
cession above the Devonian reef limestone (Schiilke and
Popp, 2005; Pas et al., 2013). At the end of the Tournaisian,
condensed carbonate sediments (Erdbach Limestone facies)
were occasionally accumulated on the surface of the reef
ruin. A loose block of this age was found by D. Korn in 1988,
containing numerous trilobites of latest Tournaisian to earli-
est Viséan age (P. Miller, personal communication, 2013).

In the Late Viséan, the second phase of accumulation of
condensed carbonate sediments led to the formation of two
different carbonate facies and phosphorite nodules on top of
the reef ruin.

Foss. Rec., 18, 57-72, 2015



F. Heuer et al.: Facies, origin, and palaeontological inventory of an Early Carboniferous neptunian dyke

Foss. Rec., 18, 57-72, 20 www.foss-rec.net/1




F. Heuer et al.: Facies, origin, and palaeontological inventory of an Early Carboniferous neptunian dyke 65

Figure 5. Carbonate microfacies of selected samples from the Résenbeck quarry; all x2. A — Middle Devonian reef limestone; B—-F — Early
Carboniferous dyke sediments. (a) Sample A: Stromatopora—Tabulata rudstone. Bioclast- and lithoclast-supported facies with fragments of
stromatoporoids, tabulate corals (Thamnopora), and fragments of rugose corals and bivalves without preferred orientation. (b) Sample B:
ammonoid packstone. Densely packed fragments of ammonoids within micritic matrix; some areas are filled with pseudosparite. Bioclast
voids are filled with sparry calcite and displaying geopetal orientation. Ammonoids of various sizes from the initial stage (1 mm in diameter)
up to 20 mm (but then fragmentary) are packed without preferred orientation. Numerous mollusc shell fragments (probably also mostly
from ammonoids); less abundant are remains of ostracods, trilobites, and foraminifera. (c) Sample C: thin section with two successive
carbonate facies. The lower part is a mollusc packstone with micritic matrix in which particularly small ammonoids up to 2mm diameter
are present; larger specimens are fragmented. Separated by a sharp boundary follows (in the upper part of the thin section) an ammonoid
rudstone with densely packed ammonoids up to approximately 8 mm conch diameter. (d) Sample C: densely packed bioclastic and lithoclastic
packstone with strongly fragmented mollusc shells and well-rounded clasts of phosphoritic nodules up to 10 mm length. Further biogens
include ostracods, foraminifera, and conodonts. (e) Sample E: mollusc packstone with micritic matrix, which in some places is replaced by
pseudosparite. Bioclast voids are filled with sparry calcite and show geopetal orientation. Most of the bioclasts are probably ammonoid shell
remains; only one specimen is rather well preserved with internal whorls (Calygirtyoceras sp.). Further biogens are orthoconic cephalopods,
ostracods, and trilobites. (f) Sample G: wackestone with occasionally occurring ammonoid conchs.

Table 1. Numerical distribution of platform elements of conodont species recovered from limestone blocks at Rosenbeck.

Conodont species SampleB  SampleC SampleD SampleE Sample F  Sample H
Gnathodus bilineatus - 8 - 1 16 16
Gnathodus girtyi collinsoni 2 9 - - - -
Gnathodus girtyi girtyi 63 163 7 - 44 197
Gnathodus praebilineatus 6 3 1 4 11
“Gnathodus” homopunctatus - 9 6 1 102 101
Gnathodus spp. 6 5 4 1 16 6
Mestognathus bipluti - - - - - 1
Lochriea commutata 6 23 6 2 125 156
Lochriea mononodosa - 7 - - - -
Lochriea nodosa 2 8 - - 2 -
Total specimens 79 238 26 6 309 489

1. The first carbonate facies can be attributed to the crenis-
tria Limestone (Goniatites crenistria Zone) and thus
closely resembles the basinal facies of the Rhenoher-
cynian Basin; it falls within the maximum flooding in-
terval of the late Asbian (Herbig et al., 1999).

not allow for the study of the Carboniferous carbonates at the
place of their initial sedimentation.

There is some evidence that Early Carboniferous carbon-
ates were also accumulated deep in the neptunian dykes, as in
the small Stemmel quarry only 650 m north-west of the oc-
currences described here (Brinckmann and Luppold, 2010;
Brinckmann et al., 2015). Such an in situ occurrence of car-
bonates is not known from the Résenbeck quarry; the deep-
est of the exposed dykes (Fig. 2b) is filled with dark shales.
It can therefore be assumed that most of the Early Carbonif-
erous carbonates were built up on top of the dead reef, and
that loose blocks were transported during the collapse of the

The second facies consist of tempestites that are
stratigraphically slightly younger (Goniatites fimbria-
tus Zone or Goniatites spirifer Zone) than the first; it
belongs in the lowstand systems tract of the early Brig-
antian.

Subsequently, the filling of the Kkarstic cavities of Rdsen-
beck began; background sediments (predominantly clay) as
well as blocks of the host carbonates (Devonian reef lime-
stone) and the cover sediments (Carboniferous carbonates)
were transported into the dykes. This caused a repeated suc-
cession of high-energy carbonates (samples B, C, E, and
F) with low-energy carbonates (samples D, G, and H) sep-
arated by shales. The stratigraphical inversion speaks for
an allochthonous origin of these blocks, which were prob-
ably transported into the dykes after the collapse of the
palaeokarst. Unfortunately, the outcrops near Résenbeck do
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topographic structure for re-sedimentation within the karstic
structures.

Most probably, the neptunian dykes in the area of Rdsen-
beck were enlarged in post-Carboniferous times. Deep hol-
lows filled with Cretaceous sediments are filled with glau-
conite sandstone in the Warstein Anticline (Clausen et al.,
1978; Clausen and Leuteritz, 1979, 1984) and dinosaur-
bearing clay near Nehden in the Brilon Anticline (Huckriede,
1982; Norman, 1987). In the Rdsenbeck quarry, younger
dykes are filled with silt and boulders or by mineral veins
(usually quartz and haematite).

Foss. Rec., 18, 57-72, 2015
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Figure 6. Stratigraphic column for the Viséan with the ammonoid stratigraphy and the presumed positions of the samples (timescale after
Korn and Kaufmann, 2009).

6.2 Discussion of the hypotheses monoids, but other typical faunal elements from Erd-

bach (trilobites, echinoderms, and corals) are consid-

The following questions can be answered according to the erably rare in most of the samples from Rdsenbeck.

study of the neptunian dyke carbonates from Résenbeck: Only sample X, which was collected from a loose block,

contained many trilobites and echinoderms and thus

1. Are the Carboniferous cover sediments of Rdsenbeck shows a closer resemblance to the Erdbach Limestone.

identical, in terms of carbonate facies, to the Erdbach The definition of the Erdbach Limestone (Stoppel et

Limestone? al., 2006) as a crinoid-rich limestone with many am-

With respect to the composition of the macrofauna, the monoids, bivalves, gastropods, and trilobites does not
Résenbeck occurrence resembles the classical Erdbach apply to samples A to H.

Limestone mainly in the abundant occurrence of am-
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Figure 7. Conodonts from the Early Carboniferous dyke sediments of Rdsenbeck. (a) Gnathodus girtyi girtyi Haas, 1953, sample C.
(b) Lochriea commutata (Branson and Mehl, 1941), sample C. (c) Lochriea nodosa (Bischoff, 1957), sample C. (d) Gnathodus praebi-
lineatus Belka, 1985, sample E. (e) Gnathodus bilineatus Roundy, 1926, sample E. (f) “Gnathodus”homopunctatus (Ziegler, 1960), sam-
ple E. (g) Lochriea nodosa (Bischoff, 1957), sample F. (h) Gnathodus bilineatus Roundy, 1926, sample F. (i) Gnathodus girtyi girtyi
Haas, 1953, sample F. (j) Gnathodus girtyi girtyi Haas, 1953, sample F. (k) Gnathodus bilineatus Roundy, 1926, sample H. (I) “Gnatho-
dus”homopunctatus (Ziegler, 1960), sample H.

The fossil-rich Erdbach Limestone has been interpreted
as having been accumulated in a rather shallow but
quiet environment (Amler et al., 2004), which is in
marked contrast to some of the carbonate cover sed-
iments of Résenbeck, which either show sedimentary
structures characteristic for tempestites or fossil-poor
micrites (except for Goniatites crenistria). This means
that the occurrence of Rosenbeck resembles the occur-
rence of Erdbach only superficially, i.e. in the position
of Carboniferous carbonates in hollows within the De-
vonian reef limestone.

. Do the sediments in the neptunian dykes from Rdsen-
beck belong to a short stratigraphic interval, and do the
sediments in the neptunian dykes of Rdésenbeck rep-
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resent, like the Erdbach Limestone in other places, a
stratigraphic interval situated at the Tournaisian-Viséan
boundary?

The samples from Rdésenbeck belong to at least two
different time intervals: (1) near the Tournaisian—
Viséan boundary (sample X) and (2) near the Asbian—
Brigantian boundary (samples A to H). The age of sam-
ple X is proven by trilobites (P. Miiller, personal com-
munication, 2012), and the age of the other samples by
conodonts and ammonoids. Ammonoids from samples
A to H predominantly belong to the genus Goniatites
(i.e. Goniatites crenistria to Goniatites spirifer zones of
the late Asbian and early Brigantian) and are thus sig-
nificantly older than the shales, which perform as the
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Figure 8. Chondrichthyan teeth from the Early Carboniferous dyke sediments of Rdsenbeck. (a—c) Thrinacodus cf. gracia (Grogan and
Lund, 2008). A, C, in lingual views, sample C; B, in lingual view, sample C. (d) ?Squatinactis sp., in occlusal (D1), lingual (D2), and labial
(D3) views, sample C. (e—j) Denaea cf. fournieri Pruvost, 1922, in lingual (E1, F1, G1, Hp, 11, J1), occlusal (Ep, Fa, Go, I2, J2), and labial
(E3, F3, G3, Hy, I3) views, sample C. (k) Holocephali gen. et sp. indet. in lingual view, sample C. Scale bars: 0.4 mm.
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Figure 9. Schematic diagram illustrating the genesis of the dykes and their sediments in the Rdsenbeck quarry. (a) Early Late Devonian:
end of reef limestone sedimentation. (b) Late Devonian to Tournaisian: collapse of the carbonate platform, formation of fissures and dykes.
(c) Late Tournaisian to Viséan: accumulation of carbonates on top of the reef ruin, widening of the dykes. (d) Late Viséan: begin of filling of
the dykes by shales. (e) Latest Viséan to early Serpukhovian: transport of eroded sediment blocks from the top of the reef ruin into the dykes.
(F) Serpukhovian to Recent: complete filling of the dykes with mud, erosion of the reef complex.
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host sediments for the carbonate blocks and are proba-
bly early Serpukhovian in age.
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