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Summary 

The Devonian-Carboniferous Boundary sections at Hasselbachtal, Oese, Apricke, and Ober-Rodinghausen, all located at the 
northern margin of the Rhenish Mountains, were measured in detail. A semi-quantitative evaluation of the carbonate content 
and resulting carbonate curves permitted a highly exact correlation of these sections. This result is supported by data on 
ammonoid records and volcanoclastic horizons. Carbonate fluctuations within the Hangenberg Limestone are regarded as 
showing a 100000 years cyclicity. A new ammonoid genus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHasselbachia n. gen. and the species Paprothites ruzhencevi n. sp. 
are described. Among the rugose corals, a new species Hillaxon hassel n. sp., is erected. 

Key words: Ammonoidea, Rugosa, Devonian-Carboniferous Boundary, Rhenish Mountains, biostratigraphy, lithostratigraphy. 
correlation. 

Zusammenfassung 

Die DevodKarbon-Grenzprofile Hasselbachtal, Oese, Apricke und Ober-Rodinghausen, alle auf der Nordflanke des Rem- 
scheid-Altenaer Sattels gelegen, wurden detailliert aufgenommen. Die halbquantitative Ermittlung des Karbonatgehaltes und 
daraus resultierenden Karbonatkurven eignen sich fur eine sehr genaue Korrelation dieser Profile, die durch Funde von 
Ammonoideen sowie durch vulkanoklastische Horizonte unterstutzt wird. Wechsel irn Karbonatgehalt werden als 100000 Jahres- 
Zyklizitat gedeutet. Die neue Ammonoideen-Gattung Hasselbachia n. gen. sowie die Art Paprothites ruzhencevi n. sp. werden 
beschrieben. Unter den rugosen Korallen wird die neue Art Hillaxon hassel n. sp. errrichtet. 

Schliisselworter: Ammonoidea, Rugosa, DevodKarbon-Grenze, Rheinisches Schiefergebirge. Biostratigraphie, Lithostrati- 
graphie, Korrelation. 

Introduction 

During the search for a global Devonian-Car- 
boniferous Boundary stratotype, numerous ex- 
posures in the vicinity of the hitherto regarded 
reference section at Ober-Rodinghausen (Jong- 
mans & Gothan 1937: 7, Paeckelmann & Schin- 
dewolf 1937: 710) at the northern margin of the 
Rhenish Mountains were intensely investigated 
(see Korn et al. 1994, Luppold et al. 1994, for 
further references). The studies focused predomi- 
nantly zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAon the succession of conodonts (e.g., Zieg- 
ler 1969, Ziegler & Sandberg 1984, Clausen et al. 
1987, 1989, Luppold et al. 1994) and ammonoids 
(e.g., Korn 1984, 1991, 1993), followed by mios- 
pores (e.g., Higgs & Streel 1984, Byvsheva et al. 

1984, Higgs et al. 1993), ostracods (e.g., Bless 
1983, Bless & Groos-Uffenorde 1984, G. Becker 
et al. 1993, G. Becker 1999), and trilobites (e.g., 
Brauckmann & Hahn 1984, Brauckmann et al. 
1993). The correlation of lithological features 
played only a subordinate role, and only the 
Hangenberg Black Shale was used as an index 
horizon. 

Devonian-Carboniferous Boundary sections at 
the northern margin of the Rhenish Mountains 
(Fig. 1) emerged as the most important reference 
sections for the evolution of the latest Devonian 
and earliest Carboniferous pelagic fauna, particu- 
larly for the ammonoids and conodonts (Fig. 2). 
Sections on the northern flank of the Rem- 
scheid-Altena Anticline (Hasselbachtal, Oese, 
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Fig. 1. Geographic position of the investigated sections at the northern flank zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the Remscheid-Altena Anticline. [4511-4613 
refer to topographic mapsheets 1 : 25 0001. 

Apricke, Ober-Rodinghausen, Hangenberg, Ef- 
fenberg, Miissenberg) and the Belecke Anticline 

(Drewer) have proven to be very important for 
litho- and biostratigraphic development during 
this timespan. The global stratotype section and 
point (GSSP), however, is in the section at La 
Serre in the Montagne Noire (Paproth et al. 
1991). 

During the last twenty years, many studies 
were carried out with the aim of documenting 
the turnover of pelagic faunas from the Devo- 
nian into the Carboniferous (e.g., Price & House 
1984, Korn 1993). The investigation of ammo- 
noid assemblages is rooted in the pioneering and 
extensive studies by Schindewolf (1937) and 
Vohringer (1960) who, in their excellent mono- 
graphs, outlined an evolutionary change and 
major break in the ammonoid faunas in the 
Hangenberg Black Shale. 

A highly detailed lithostratigraphic correlation 
of the Wocklum and Hangenberg Limestones 
has not been achieved so far. Many sections 

were measured bed-by-bed (Korn et al. 1994, 
Luppold et al. 1994), but correlation of sections 
has mainly been achieved with ammonoid and 
conodont faunas. 

In the following account, a combined correla- 
tion of lithostratigraphy (primarily based on fluc- 
tuations in the carbonate content) and ammo- 
noid biostratigraphy will be presented. In a 
revisit to the Devonian-Carboniferous Boundary 
sections of the Rhenish Mountains (Fig. 1). at- 

tention was focused in particular on developing 
a precise lithological record as used in parallel 
studies in Thuringia (Bartzsch & Weyer 1982, 
Bartzsch et al. 1999, 2002). The sections were 
measured at the centimetre scale, and several 
tuffites or metabentonites were discovered. Cor- 
relation of lithological and palaeontological fea- 
tures led to a high resolution stratigraphy for 
those latest Devonian and earliest Carboniferous 
successions. 

The sections under study 

Hasselbachtal 

L o  c a t i  o n  : Northern and southern (right and 
left) banks of the Hassel rivulet; 1.5 km east- 
northeast of Hagen-Reh. 

P r e v i o u s  i n v e s t i g a t i o n s :  The auxiliary 
stratotype section for the Devonian-Carbonifer- 
ous Boundary was first mentioned by Schmidt 
(1924), who published a brief description of the 
rock succession. He distinguished the “Dasberg- 
Schichten” (i.e. Dasberg and Wocklum Lime- 
stones), “Hangenberg-Schiefer” (including the 
Hangenberg Black Shale at the base), and the 
“Hangenberg-Kalk”. Only 50 years later, the ex- 
posure attracted the further interest of stratigra- 
phers, when Groos-Uffenorde & Uffenorde 
(1974) re-investigated and sampled the Hangen- 
berg Limestone for conodonts and ostracods. 
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Fig. 2. Ammonoid and conodont stratigraphy near the Devonian-Carboniferous Boundary. 

One of the results of their study was the discov- 
ery of a fauna with zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASiphonodella sulcata (Hud- 
dle, 1934) in the basalmost limestone bed (bed 
84; their sample 956). 

During the search for a Devonian-Carbonifer- 
ous Boundary stratotype, the section on the right 
(northern) bank was re-examined several times. 

In a multidisciplinary study, Becker et al. (1984) 
gave a first detailed description of the Hangen- 
berg Limestone and Hangenberg Shale, with re- 

ferences to conodont and ammonoid occur- 
rences. The faunal list presented there was 
supplemented by Becker (1985). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A first monographic description of the Wock- 
lum Limestone was published by R.T. Becker 
(1988). He presented columnar sections of a por- 
tion of the Wocklum Limestone (measured on 

the left bank of the stream) and the Hangenberg 
Limestone. From the latter (beds 55, 57, and 78), 

he mentioned three ammonoid specimens, that 
belong to the genera Acutimitoceras and Eoca- 
nites. 

Becker’s error in postulating an overlap in the 
occurrences of the genera Kalloclymenin and 
Wocklumeria was corrected by Luppold et al. 
(1994), who demonstrated that the Wocklum 
Limestone ranges much higher than proposed 

by R. T. Becker. These authors showed that 
above the top of Becker’s section a further 

2.50 metres of nodular limestones followed, and 
discovered that records of Wocklumeria sphaer- 
oides (Richter, 1848) and Parawocklumeria 
paradoxa (Wedekind, 1918) as cited by R.T. 
Becker in reality referred to surface-collected 
specimens (R.T. Becker, pers. comm.). In situ 
collected Wocklumeria sphaeroides occur imme- 
diately below the Hangenberg Black Shale 
(Luppold et al. 1994). 
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The Hangenberg Shale has proven rather poor 
in ammonoids. Schmidt (1924) mentioned a 
marly fossiliferous portion ("Steinmergelbank") 
at the top of the Hangenberg Shale, and R.T. 
Becker (1988) recorded a few poorly preserved 

ammonoid specimens zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Acutimitocerus sp.) from 
bed 85. Investigation of this upper portion of the 

Hangenberg Shale yielded more crushed speci- 
mens of the genus Acutimitoceras. Intensive col- 
lecting by DW in 1993 and 1994 yielded first cor- 
als (Weyer 1995, 2001); the chonetid brachiopods 
were studied by Afanas'eva (2002). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA detailed 
lithostratigraphy of the latest Famennian, includ- 
ing the volcanic ash layers of the Purawocklu- 
meria paradoxa Zone, was published (Weyer 
1995: fig. 1). 

Additional information about the section, in- 
cluding a revised lithological column of the 
Wocklum Limestone was provided by R. T. 
Becker (1996). From this formation, he reported 
a number of ammonoid specimens, that per- 
mitted subdivision of the unit into several 
zones. 

D e s c r i p t i o n  of t h e  s e c t i o n :  The exposure 

suffers at present from very poor outcrop condi- 
tions; the Devonian-Carboniferous Boundary 
strata can only be studied after intensive tren- 
ching. The section on the southern river bank 
(which was measured by R. T. Becker 1988 and 
Luppold et al. 1994) is now almost completely 
covered by scree and no longer accessible. In 
1988, 5.40 m of grey shales with interbedded 
nodular limestones were exposed. Three meta- 
bentonite horizons (named herein 01, 02, and 
0 3  in ascending order) were discovered 1.68, 
1.41, and 1.14m below the top of the Wocklum 
Limestone (Figs 3, 4). 

On the northern bank of the Hassel stream, 
the topmost 1.50m of the Wocklum Limestone 
can be studied in a low outcrop, which extends 
into the stream. The section is composed of grey 
nodular limestones with prominent shaly inter- 

Fig. 3. Columnar sections of the Wocklum Limestone in the Hasselbach 
outcrops. Northern bank (Hasselbach N) after Weyer (1995) and Becker 
(1996); Hasselbach 111987 drilling core measured in 1993 by Weyer; sou- 
thern bank (Hasselbach S) after Luppold et al. (1994; upper part, corrected 
using measurements in 1988 by Korn and Paproth) and measurements in 
1994 by Weyer (lower part: following Becker 1988). Ammonoid ranges 
after Becker 1996. Metabentonite horizons (wl, w2, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA03) indicated by an 
asterisk. 
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beds. Two thin metabentonite horizons (02 and 
03) were discovered 1.42 and 1.15 m below the 
top of this unit. Some late Famennian Rugosa 

from the northern and southern outcrops will be 
described here. 

The Wocklum Limestone is overlain by the 
Hangenberg Black Shale which has 0.20 metres 
in thickness, and is followed by 5.60m of the 
Hangenberg Shale. This is largely a silty shale 
with abundant mica flakes and numerous speci- 
mens of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGuerichiu sp. The topmost 0.65m are 
almost free of mica and silt; instead, a low carbo- 

nate content is detectable. These shales yielded 
crushed ammonoids and gastropods (Luppold 

et al. 1994). The crushed specimen of “Acutimi- 
toceras acutum”, figured by Korn in Luppold 
et al. (1994: fig. 4A) has been further prepared. 
It is completely involute with rather coarse, bi- 
convex growth lines. Assignment to a particular 
species is difficult, and the determination 
adopted here is Acutimitocerus sp. 

The following Hangenberg Limestone has a 
thickness of 2.60 m and a lithology that is similar 
to that of the Wocklum Limestone (Figs5, 6). 
Three metabentonite horizons (named herein as 
al, a2, and a3 in ascending order) were discov- 
ered 0.43, 1.00, and 1.96metres above the base 
of the unit. The unit begins with a turbiditic, 
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Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 Columnar sections of the two outcrops of the Hangenberg Limestone at Hasselbach (Hasselbach N section with carbo- 
nate curve) and their comparison with the outcrop in the railway cut of Ober-Rodinghausen. Correlation by means of litholo- 
gical features and ammonoid distribution. Metabentonite horizons ( a l ,  a2, a3) indicated by asterisks, turbiditic beds indicated 
by a T. At the right side of the Ober-Rodinghausen profile, the various terminologies of lithology and biostratigraphy are 
shown zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1 - bed numbers of Vohringer 1960; 2 - ammonoid zones after Vohringer 1960; 3 - sample numbers of Voges 1959, 
1960: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 - conodont stratigraphy after Voges 1959, 1960: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 - sample numbers of Ziegler 1971; 6 - conodont stratigraphy after 
Ziegler 1971: 7 - bed numbers as used in this paper; 8 - correlated bed numbers as used in this paper. 

finely laminated limestone bed of 0.06 metres in 
thickness (bed 84), which is almost devoid of fos- 
sils. However, it occasionally contains fossilifer- 
ous nodules, which yielded a basalmost Carboni- 
ferous conodont fauna with Siphonodella sulcata 
(Huddle, 1934) (Groos-Uffenorde & Uffenorde 
1974, Kurschner et al. 1993). Above this bed, 
Nicimitocerus cf. carinatum (Schmidt, 1925) was 
discovered, providing evidence that at least parts 
of the famous Stockum Limestone fauna (Korn 

1984; Acutimitoceras prorsum Zone) belong to 
the Carboniferous, as proposed by Becker & 
Paproth (1993) and Becker (1996). 

From the Hangenberg Limestone, DW col- 
lected a suite of more than 140 ammonoid speci- 
mens (Fig. 7), of which some are described and 
illustrated in the palaeontological section of this 
article (see cross-sections in figure 14 and photo- 
graphic illustrations in plates 1 and 2). The corals 
(pl. 4) are typical Rugosa species of the “Gatten- 
dorfia Stufe” of German localities. 

An additional section was obtained by a dril- 

ling (borehole Hasselbach 111987) made by the 
Bundesanstalt fur Geowissenschaften und Roh- 
stoffe (BGR). The core has some distorted parts, 
but allows precise study of the lithological suc- 
cession. Near the top of the Wocklum Lime- 
stone, two faults interrupt the sequence, and 
only one of the metabentonites zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(02 )  is preserved 
(Fig. 3). The Hangenberg Limestone in the drill 
section closely resembles that of the surface out- 
crop (Fig. 5) .  It is overlain by 4.34 m of dark 
grey claystones (ostracod shales) of the upper 
Siphonodella sandbergi Zone, with some pseudo- 
planctonic and benthic macrofossils, mostly bi- 
valves [ Guerichia venustiformis (Sadykov, 1962 
and Guerichia aff. mariannae (Chernychev, 1941) 
sensu Sadykov 19621, some trilobites, small lingu- 
lid and articulate brachiopods (?athyrid), one ru- 
gose coral. This part of the Hangenberg Forma- 
tion and its entomozoid fauna were described by 
Groos-Uffenorde & Uffenorde (1 974) from now 
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Fig. 6. Columnar sections of the Hangenberg Limestone in outcrops on the northern flank of the Remscheid-Altena Anticline 
(arrangement according to facies distribution, not to geography). Bed numbering of the Hasselbach section after Becker et al. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(1984) and of the Ober-Rodinghausen railway cut after Vohringer (1960). Metabentonite horizons (a l ,  a2, a3) indicated by 
asterisks, turbiditic beds indicated by a T. At the left margin of each section, a unified bed numbering is introduced, based on 
lithological correlation. 

inaccessible Hasselbach surface outcrops, with an 
estimated thickness of approximately five metres. 
Then follow the anoxic Lower Alum Shales zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Si- 
phonodella crenulata Zone). 

Oese 

Lo c a t i  o n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: A combination of three outcrops 
(road cuts and a small abandoned quarry) along 
the B7 road between Hemer and Menden, oppo- 
site the railway stop of Becke-Oese, permits the 
study of an almost complete section running 
from Late Devonian shales and nodular lime- 
stones up into the Middle Tournaisian alum 
shales and cherts. 

P r e v i o u s  i n v e s t i g a t i o n s :  The section was 
already known to Denckmann (1901), and 
Schmidt (1924) provided an overview of its litho- 
logical subdivision. Ziegler (1962) then investi- 
gated the section because of its Late Devonian 
conodont succession; he introduced the first stra- 
tigraphic scheme for the beds, extending from 

the Annulatu Black Shale to the top of the 
Wocklum Limestone, and ranging from the veli- 
fera Zone up to the upper costatus Zone. 

Later, the Hangenberg Limestone was mea- 
sured and studied by Eva Paproth. She sampled 
this unit for ammonoid faunas, and her collec- 
tions were identified by Kullmann (in Paproth & 
Streel 1982). Keupp & Kompa (1984) studied 
the Hangenberg Sandstone and postulated that 
the sediments originate from a source in the 
South. A re-examination of the exposure (Lup- 
pold et al. 1994), including conodont sampling 
from the basal Hangenberg Limestone, showed 
that this section is remarkably similar to the 
neighbouring sections at Hasselbachtal and 
Apricke. 

D e s c r i p t i o n  of t h e  s e c t i o n :  The middle 
to late Famennian is represented in the exposure 
along the road-cut south-west of the old quarry. 
Sandstones (in the lower part) as well as shales 
with thin nodular limestone horizons are the 
main lithological components of the section. The 
topmost 24 m (Dasberg and Wocklum Lime- 
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Fig. 7. Columnar section of the Hangen- 
berg Limestone in the Hasselbach N 
outcrop with the distribution of ammo- 
noid species recorded from this outcrop. 
[Open bars refer to cf-determination] 

stones; lithological column published by Ziegler 
1962) consist of reddish and greyish shales in 
which nodular limestone horizons are interca- 
lated. Toward the top of the section an increase in 
carbonate material can be recognised (Fig. 4). 

The Wocklum Limestone is completely ex- 
posed, but its base, which is biostratigraphically 
defined (Schindewolf 1937), cannot be located 
because of low fossil content. The rugose coral zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Gorizdronia sp. A (Fig. 25) was collected by 
U. Lemke in the upper part of the Wocklum 
Limestone. The Hangenberg Black Shale is 
0.15 m in thickness and yielded numerous com- 
pletely crushed ammonoids (probably Posrclynze- 
niu evoluta Schmidt, 1924). In the road-cut, ap- 
proximately 15 m of silty Hangenberg Shale lie 
above the black shale. 

The continuation of the section is found in 
the small abandoned quarry beside the road, 
where an intercalation of approximately 12 m 
of bedded, silty to coarse-grained Hangenberg 
Sandstone is exposed. These sandstones end 
rather abruptly and are overlain by the Hangen- 
berg Limestone, of which the majority is exposed 
in the western quarry wall. It is mainly com- 
posed of grey nodular limestones, but its base 
consists of a platy limestone bed with an internal 

organisation typical of a distal turbidite. Its 
graded base is rich in mica. 

The Hangenberg Limestone is also visible in 
the road-cut north-east of the old quarry, where 
the higher portion is better accessible than in the 
quarry. As in the Hasselbachtal section, volcano- 
clastic horizons within the unit could be identi- 
fied (Fig. 6), of which the highest is very promi- 
nent with a thickness of 0.23 m. During our re- 
investigation, more than 110 ammonoid speci- 
mens were collected from several levels (Fig. 8, 
P1. 2). The "index coral" Hebukophyllum priscum 
(Munster, 1840) also occurs (see Fig. 24). The 
Lower Alum Shale horizon follows above the 

Hangenberg Limestone. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Apricke 

L o  c a t i  o n : Several Devonian-Carboniferous 
Boundary sections were studied in the vicinity of 
Apricke and Riemke, but most of them were 
only temporarily accessible. A single permanent 
outcrop can be found in the little stream one 
kilometre North of Apricke; here, on both 
banks, the Wocklum and Hangenberg Lime- 
stones, separated by 5 m of shales are exposed. 
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Fig. 8. Columnar section of the Hangenberg Limestone in the Oese 
outcrop with the distribution of ammonoid species recorded from this 
outcrop. [Open bars refer to cf-determination] 

P r e v i o u s  i n v e s t i g a t i o n s :  The section was 

already briefly described by Schmidt (1924) and 
re-investigated by Paproth (Paproth zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Streel 
1982). The outcrop turned out to be relatively 
poor in macrofossils; only the highest portion of 
the Wocklum Limestone yielded ammonoids 
(Luppold et al. 1994) and trilobites (Feist et al. 
2000). A few specimens of ammonoids were 
found in the basal Hangenberg Limestone. 

D e s c r i p t i o n  of t h e  s e c t i o n :  The Wocklum 
Limestone is strikingly similar to that in the Has- 
selbachtal and Oese sections (Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4), and con- 
tains a metabentonite horizon 0.75 m below the 
top. The Hangenberg Black Shale is 0.20 m thick 
and overlain by 4.80 m of silty Hangenberg 
Shale. As in the Hassel stream section, the basal 
bed of the Hangenberg Limestone is a turbiditic 
and slightly laminated, non-nodular bed. Two ad- 

ditional thin turbidite beds occur near the base 

of the section (beds 4 and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5). The Hangenberg 
Limestone has a total thickness of 2.30 m; three 
metabentonite horizons were found in this unit 
0.40, 0.85, and 1.80 m respectively above the 
base (index beds zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAaZ, a2, and a3). 

Conodont samples from the basalmost part of 
the Hangenberg Limestone showed that Sipho- 
nodella sulcata occurs in bed 6 (Luppold et al. 
1994); they contain also some “silicified” ostra- 

cods of the Thuringian ecotype. It is the same 
fauna as described for the first time by Griindel 
(1961) from the Pfaffenberg Member (of the 
Gleitsch Formation) near Saalfeld in Thuringia. 
Except for the Drewer locality (G. Becker et al. 
1993), such psychrosphaeric communities are 
rarely found and dissolved in the Rhenish Moun- 
tains due to missing “silicification”, but the fauna 
is present there everywhere, too, as proved by 
thin sections (Pl. 4: 15, 16). The ammonoid con- 
tent is relatively poor in comparison to the Oese 
section, although bed 2 yielded several speci- 
mens of Nicimitoceras cf. carinatum and Acutimi- 
toceras sp. This is further evidence of the pre- 
sence of the Acutimitoceras prorsum Zone at the 
base of the Hangenberg Limestone. 

Ober-Rodinghausen, railway cut 

L o c a t i o n :  This famous outcrop is located 
along the railway track between Menden and 
Balve, at the western margin of the big cement 
works of Ober-Rodinghausen. 

P r e v i o u s  i n v e s t i g a t i o n s :  This highly fossi- 
liferous exposure is one of the best-studied and 
best-known Devonian-Carboniferous Boundary 
sections world-wide. It was first described by 
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Schmidt (1924), who already noted rather rich 
faunas from the Wocklum and Hangenberg 
Limestones, and erected a number of new am- 
monoid species. 

In an outstanding study, Schindewolf (1937) 
investigated the Wocklum Limestone in a bed- 
by-bed manner; he separated 22 strata within the 
3.72 m thick rock succession named by him as 
the Wocklumer Schichten. Within this unit he 
discriminated three biostratigraphic units. In total, 
he mentioned 70 species of cephalopods. 

Schindewolf also investigated the Hangenberg 
Limestone. but almost the entire material col- 
lected was destroyed in World War zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11, except for 
the trilobites (Richter & Richter 1951), the bi- 
valves (Paul 1954), and some corals and brachio- 
pods. Therefore, he engaged Vohringer (1960) to 
re-examine this rock unit. The result was a de- 
tailed description of more than 50 goniatite spe- 
cies and a subdivision of the Hangenberg Lime- 
stone into four biostratigraphic units. 

Voges (1959, 1960) sampled the Hangenberg 
Limestone for conodonts and arrived at a subdi- 
vision scheme with three zones mainly based on 
species of the genus zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA“Pseudopolygnathus” (now 

Weyerognathus Dzik, 1997). Later investigations 
of the outcrop focused on the conodonts (Zieg- 
ler 1971) and miospores (Paproth & Streel 1970, 
Higgs & Streel 1984). These more recent studies 
showed that there is a stratigraphic gap at the 
base of the Hangenberg Limestone (late praesul- 
cata conodont Zone; VI Zone in terms of mios- 
pores; prorsurn Zone in ammonoids). The basal 
limestone bed 6b (Fig. 5,  thickness 7 cm, DW col- 
lections) already yielded Siphonodella sulcata 
(Huddle, 1934) and Gattendorfia sp. (see also 
Luppold et al. 1994: 27). An opposite informa- 
tion of Walliser & Alberti (1979: 79) about this 
level, proposing close faunistic relationships to 
the Stockum Limestone (Protognathodus fauna) 
is not correct; it was based mainly on an inter- 
pretation of the trilobite community with Belgi- 
bole abruptirhachis (Richter & Richter, 1919), 
now well known within the Siphonodella sulcata 
Zone (Flajs & Feist 1988). In contrast to the 
majority of German sections of the basal “Gat- 
tendorfia Stufe” in the Rhenish, Thuringian and 
Upper Franconian Mountains, where the pre- 
sence of the Acutirnitoceras prorsurn Zone (to- 
gether with a Protognathodus conodont fauna) is 
now a standard, just the classical reference sec- 
tion of the Ober-Rodinghausen railway cut offers 
a hiatus. Steenwinkel (1984) was able to demon- 
strate, in a drilling core section from the immedi- 
ate neighbourhood of the railway cutting, that 

there is a thin horizon at the base of the unit 
that contains reworked material. She interpreted 
the gap at the base of the Hangenberg Lime- 
stone as an erosional break. 

The Ober-Rodinghausen railway cut section is 
also important for the presence of other inverte- 
brate faunal groups (additional to ammonoid, 

conodont, trilobite, and miospore index fossils); 
there are descriptions of latest Famennian and 
earliest Tournaisian corals (Weyer 1981, 1995, 
2001), brachiopods (Weyer 1972a, Afanas’eva 
2002), and crinoids (Weyer 1965, 1979). 

D e s c r i p t i o n  of t h e  s e c t i o n :  The section 
begins with red shales which contain numerous 

thin limestone nodules (“Fossley” of earlier 
authors) of middle Famennian age. Toward the 

top, the colour changes to grey, as the carbonate 
content increases. There is a striking, 0.16 m 
thick compact limestone bed located 5.20 m be- 
low the top of the Late Devonian carbonate sec- 
tion. It is overlain by a series of alternating 
shales and nodular limestones, which largely re- 
present the Wocklum Limestone. The carbonate 
content increases markedly within this strati- 
graphic interval, and the succession appears to 
be truncated by the Hangenberg Black Shale, 
which is 0.15 m in thickness (Figs 4, 9). 

According to Schindewolf (1937), the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA“Wock- 
lurneria Stufe” (which is coeval with the Wock- 
lum Limestone) has a total thickness of 3.72m 
(his beds 1-22). The lower boundary of the 
Wocklum Limestone was drawn at the first oc- 
currence of a questionable specimen of “Kallo- 
clymenia brevispina” (probably a Sphenocly- 
rnenia). Ammonoids typical of the underlying 
“Clyrnenia Stufe” have not been recorded, thus it 
might be that this boundary only reflects collec- 
tion circumstances. The first detailed lithostrati- 
graphic column of the section is presented here in 
figure 4. 

Above the Wocklum Limestone, 0.15m of 
Hangenberg Black Shale and 6.30m of Hangen- 
berg Shales follow; they are rich in mica particu- 
larly in the middle part. Their upper portion is 
fine-grained and contains crushed goniatites of 
the genus Acutimitoceras (Paproth & Streel 
1970, Luppold et al. 1994). 

The Hangenberg Limestone has a thickness of 
1.50m and, like the upper portion of the Wock- 
lum Limestone, is composed of nodular lime- 
stone with thin shaly interbeddings (Figs 5,  6). 
Vohringer (1960) separated six beds within this 
unit, of which bed 3 was further subdivided into 
five units. We subdivided also the other beds 



Mitt. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMus. Nat.kd. Berl., Geowiss. Reihe zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(2003) 89 

(Fig. 5). Bed 3a was not sampled for conodonts 
by Voges (1960) and Ziegler (1971); here we 

found the first zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASiphonodellu sundbergi Klapper, 
1966 together with still many Pseudorietites west- 
fulicus Schmidt, 1924 (see emended correlation 
of ammonoid and conodont zone in Figs 2, 5).  

The Hangenberg Limestone is followed above 
by five centimetres of grey shales with conodon- 
tite bedding planes and some trilobites and bi- 

valves (Guerichia) (bed 0), which are overlain by 
the Lower Alum Shale Formation, which becomes 
successively replaced by black lydites. 

Ober-Rodinghausen, road cut 

Lo c a t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: The road cut section is located only 
200m east of the railway cutting on the eastern 

side of the Honne Valley. It is a low exposure 
that suffers from overgrowth by vegetation. 

P r e v i o u s  i n v e s t i g a t i o n s :  The first exten- 
sive description of this section was given by 
Ziegler (1962), who sampled the Upper Devo- 
nian sections for conodonts. At the same time, 
the Wocklum Limestone was intensively sampled 
for ammonoids by the doctorate student Thiem 
(Tiibingen). He collected 3000 specimens of am- 
monoids, but this investigation was never pub- 
lished. In 1978, DK re-investigated this portion 

of the section and collected approximately 500 
ammonoid specimens. 

D e s c r i p t i o n  of t h e  s e c t i o n :  The section 
of the Wocklum and Hangenberg Limestones 
closely resembles that in the railway cut succes- 
sion, and only minor differences can be seen 
(Figs4, 6). The main difference between the two 
concerns the Hangenberg Shale: In the road cut 

section this unit is approximately 15 metres 
thick, with the intercalation of thick-bedded, 
coarse-grained sandstone beds (Hangenberg 
Sandstone). 

Stratigraphy of the sections 

Methods 

The five sections were measured at the centi- 

metre scale. For the lithological correlation of 
the successions, mainly composed of nodular 
limestones and interbedded claystone horizons, 
carbonate curves were generated for each sec- 
tion. For this analysis, six different lithologies 
(with decreasing carbonate content) were discri- 
minated: 

- pure platy limestones with even bedding 

- nodular limestone beds poor in clay content 
- limestone nodules (densely arranged) in 

shales 
- isolated limestone nodules in shales 

- shales with rare, small limestone nodules 
- pure shales and metabentonites 

To estimate the carbonate content, values, ran- 
ging from 5 (platy limestones) to 0 (pure shales 
and metabentonites) were assigned to these li- 

thologies. Using these values, graphs were com- 
puted for each section. In the subsequent analy- 
sis, the rhythmic limestone-shale interbeddings 
could be correlated. 

surfaces 
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Wocklum L i m e s t o n e :  For the Wocklum 
Limestone, the famous and well-studied railway 

cutting section near Ober-Rodinghausen (Fig. 9) 
can serve as a standard. There is a more or less 
gradual increase in the carbonate content ob- 
servable within this rock unit, and 15 carbonate 
peaks can be recognised (wl-w15). These peaks 
in the curve reflect nodular limestone beds, 
which in some cases cluster together. They show 
a distinct pattern in their irregular distribution, 
but despite this pattern there are alternating 
periods with lower and higher carbonate de- 
position and only an inconspicuous periodicity is 
visible. 

The carbonate concentration curves can, in 
some cases, be perfectly correlated between 
neighbouring sections (Fig. 10). In the lower por- 
tion of the Wocklum Limestone, the analysis and 
correlation of sections is difficult because of the 
rarity of index fossils in most sections apart from 

that at Ober-Rodinghausen. Another difficulty is 
the rather uniform sedimentation within parts of 
this rock unit. Some thicker (up to 0.20m) clay- 
stone horizons also help to correlate the sec- 
tions. 

Fluctuations in the carbonateklay ratios within 
the succession allow the discrimination of three 

lithological sub-units in the Wocklum Limestone 
of the Ober-Rodinghausen section. 

H a n g e n b e r g  L i m e s t o n e :  The sections of 
the Hangenberg Limestone are easier to cor- 
relate because they show a clearer lithological 
subdivision. A close similarity in the organisation 
of the basal bed of the Hangenberg limestone at 
Hasselbachtal, Oese, and Apricke is taken as 
evidence for an isochronous horizon. Certainly, 
this horizon is missing in the Ober-Rodinghausen 
section due to a sedimentary gap (Steenwinkel 
1984). 

For these reasons, the successions in the local- 
ities at Hasselbach, Apricke, and Oese provide 

Fig. 10. Correlation of the 
Wocklum Limestone of the 
Hasselbach sections with the 
Ober-Rodinghausen road cut 
section on the basis of litho- 
logy and ammonoid distribu- 
tion. Data from Ober-Ro- 
dinghausen after H. J. Thiem 
(unpublished). 
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the best conditions for a lithology-based subdivi- 
sion of the Hangenberg Limestone. They show 
almost regularly distributed limestone/shale suc- 
cessions with both components in similar propor- 
tions and carbonate peaks that are well-defined. 
The Hasselbachtal section has the highest clay 
content; carbonate peaks are thus less striking. 
In contrast to this, the sections at Ober-Roding- 
hausen (railway cutting and road cutting) are 
predominantly made up of carbonate with minor 
shale intercalations. Carbonate curves of these 
sections are less informative, because several 
nodular limestone beds of other sections can be 
amalgamated into thicker units. 

Within the Hangenberg Limestone, 13 major 

peaks in the carbonate concentration curves 
(cl-c13) can be recognised in the sections at 
Hasselbach, Apricke, and Oese. Between some 
of these maxima, second-order peaks can be 
seen. The magnitude of the major peaks differs 
between the two sections, but they can easily be 
correlated. This results in an almost linear corre- 

lation, as evident in the sections at Hasselbach 
and Apricke (Fig. 11). This correlation is sup- 
ported by the presence of metabentonite layers 
(named here a1 to a3), which occur in the sec- 
tions at Hasselbachtal, Oese, and Apricke. Cor- 
relation of the sections of Apricke and Oese 
with the railway cut section at Ober-Rodinghau- 
sen also works rather well. The main difficulty is 

Fig. 11. Correlation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the Hangenberg Limestone of the Hasselbach N section with the Apricke section on the basis of 
lithology (especially carbonate curves). 
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the much lower clay content in the sections at 
Ober-Rodinghausen, which led to an amalgama- 
tion of the limestone beds. 

Based on the vertical carbonate distribution, 
the Hangenberg Limestone can be subdivided 

into 13 lithological units which contain a total of 
approximately 35 single limestone horizons. The 
13 units are defined by a rhythmic succession of 
strata, usually a nodular limestone bed at the 
base and followed by isolated nodules in shales 
and then followed by pure shales. In most of the 
cases, the lower limit of the cycle is marked by 
the base of a solid limestone bed. 

All 13 units are clearly visible in the Hassel- 

bach and Apricke sections. The Oese section 
shows an amalgamation of units 12 and 13 
which, in the Ober-Rodinghausen railway cut, 
are separated by a thin claystone vein. A new 
uniform terminology of the beds is proposed 
herein for the Hangenberg Limestone in the sec- 
tions investigated, and consists, in ascending or- 
der, of beds 1 to 13 (Fig. 6). 

The Hasselbach and Apricke sections display 
the clearest cyclicity in the sediments, with de- 

creasing carbonate content in each cycle. Such a 
succession cannot be traced in the sections near 
Ober-Rodinghausen. where many of the units 
are represented by only one carbonate bed, re- 
flecting the amalgamation of several horizons. 

Comparison of the sections shows that the 
Hasselbach and Apricke sections, in particular, 
are very similar, and even a bed-by-bed correla- 
tion can be achieved. Both show a platy turbidi- 

tic limestone at the base, and both show three 
metabentonite horizons (here named zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAal ,  a2, and 
a3) at the same positions. Even the distribution 
of nodular beds and more compact beds shows 
almost perfectly correspondence. The carbonate 
curves have an almost identical profile. The main 
difference between the two sections is the 
slightly higher clay content at Hasselbach. Other 
differences include the absence of bed 2b at 
Apricke and the lack of thin turbiditic beds (lc) 
at Hasselbach. 

The five sections show a continuous transition 
from a clay-dominated (Hasselbach) to a carbo- 
nate-dominated section (Ober-Rodinghausen), 
although this does not agree with the geographic 
position running from West to East. With de- 
creasing clay content, the nodular limestone beds 
tend to amalgamate, as seen in the lower and 
upper parts of the sections near Ober-Roding- 
hausen. 

The basal nodular limestone bed of the Han- 
genberg Limestone yielded ammonoids and con- 

odonts of the so-called “Stockum Fauna”. Their 
Protognathodus Fauna does not at all contain 
any specimen of Siphonodella due to unknown 
facial reasons. The frequently used explanation 
by shallow (Protognathodus) and deep (Sipho- 
nodella) facies does not work; the true shallow 
water representatives of Siphonodella (Ji & 
Ziegler 1992) never have been recorded in Ger- 
many. We collected Nicimitoceras cf. carinatum 
(Schmidt, 1924) in bed83 of the Hasselbach N 
section and bed2 of the Apricke section, one of 
the index ammonoid species of the Acutimito- 
ceras prorsum Zone. Although additional confir- 
mation would be acknowledged, these records 
lead us to the conclusion that the classical Stock- 

um ammonoid assemblage has to be placed in 
the earliest Carboniferous, as already proposed 
by Becker (1996: tab.2). Two records of Sipho- 
nodella sulcata from bed 84 in the Hasselbach N 
section exist, (1) the specimen of Groos-Uffe- 
norde & Uffenorde (1974), which was in our 
hands and shown to Ludmilla Kononova (Mos- 
cow), who confirmed the determination without 
any doubts, and (2) one of the specimens figured 
by Kurschner et al. (1993: pl. 4: 1-2), which is 
obviously correctly identified, whereas the sec- 
ond specimen (pl.4: 3-4) has to be assigned to 
Polygnathus. 

Between the top limestone bed of the Hangen- 
berg Limestone Member (of Hangenberg Forma- 
tion) and the anoxic crenulata Event (base of 
lower Alum Shale Formation), there is a hitherto 

mostly neglected, but rather long time interval 
without ammonoid zonation, best represented by 
sediments thicker than the Hangenberg Lime- 
stone (or its equivalents) itself in two sections: 
4.34 m ostracode shales in the Hasselbach 1/1987 
borehole (depth 20.10-24.44 m; see Fig. 5,  se- 
quence 13c) of the Rhenish Mountains, and the 
upper 4.32m of the Pfaffenberg Member of the 
Gleitsch Formation (beds 9a-11; Bartzsch & 
Weyer 1982: fig. 9) in the Bohlen section of 
Thuringia. The existence of this still unnamed 
lithostratigraphic unit was first demonstrated by 

Groos-Uffenorde & Uffenorde (1974: fig. 2). It 
belongs, at least for the greater part, to the long- 
lasting Siphonodella sandbergi Zone and would 
occupy a later unit, indicated by Sandberg et al. 
(1978: 114) as a future possible “Upper sandber- 
gi Subzone”, defined by the first occurrence of 
Siphonodella lobata (Branson & Mehl 1934), 
which was found near the base in the Bohlen 
section (Pfaffenberg NE) of Saalfeld (Bartzsch & 
Weyer 1982: 25). On the other hand, Voges 
(1960: 208) recorded that species already in the 
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upper zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAParagattendorfia patens Zone, and Ji 
(1985: fig. 1) observed in Chinese sections a first 
occurrence even below the first Siphonodella 
sandbergi Klapper, 1966. The thickness changes 
in other sections (Drewer: 0.45m; Weyer 1994: 
fig. 1, bed 17) up to extreme condensation 
(Ober-Rodinghausen railway cut: 0.05 m; Fig. 5,  
bed O=sequence 13c) or even complete lack. 
Most probably, the highest part of these “ostra- 
cod shales” represent already the Siphonodella 
crenulata Zone (evidence from Schubelhammer 
section in Upper Franconia; Gandl 1968: 507, 
and our own collections). There was never a 
prove that the anoxic “crenulata Event” (base of 
Lower Alum Shale Formation in the Rhenish 
Mountains or base of Rurjschiefer Formation in 
Thuringia) really coincides with the base of that 
biozone. 

Volcanic ashes and numerical ages 

The presence of six volcanoclastic horizons 
around the Devonian-Carboniferous Boundary 
in the Hasselbach section (Figs3, 5 )  is an inter- 
esting feature and was already used for one nu- 
merical age determination based on included zir- 
con crystals. 

The Lower Tournaisian metabentonite a1 (bed 
79) was first mentioned by Becker et al. (1984: 
185, see also Winter 1993), the second horizon 
(a2) was noticed in 1994 by Weyer (Menning 
et al. 2001: 13), and the third one (a3) was found 
in 2000 by the authors while searching for an 
equivalent of the 30 cm thick clay of the neigh- 
bouring Oese section (recorded by Paproth et al. 
1986: 3, Clausen et al. 1987: 29). Two of these 
metabentonite layers: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa1 (Stoppel in Luppold 
et al. 1994: fig. 5) ,  a2 (pers. comm. by Dr. 
K. Hahne, Potsdam) are also known from the 
Hasselbach 1/1987 borehole. Clausen et al. (1987: 
32) also reported several metabentonite layers in 
the Hasselbach section. 

The Upper Famennian volcanic ashes 0 2  and 
0 3  at Hasselbach N were first excavated and 
mentioned by Weyer (1995: 106, fig. l), and then 
Becker (1996: 22, fig. 2), although the existence 
(including col) was already well known to Dr. 
E. Paproth and her team following an excavation 
(Korn in 1988) in the upper “Wocklumeria” Stufe 
V at Hasselbach S. The first publication of that 
measured sequence (Luppold et al. 1994: fig. 3) 
is generalised and lacks corresponding explana- 
tions of the clearly indicated thin layers that 
represent tuffs 0 2  and 03. Becker (1996: 23) 

noted the better quality of the original drawing 
distributed in 1988 among members of the Inter- 
national Working Group for the Devonian-Car- 
boniferous Boundary; that document (shown in 
Fig. 3) also indicates metabentonite col which is 

no longer accessible. 
Following the advice of Winter (1993: 685) 

and Dr. E. Trapp (pers. comm.) regarding the 
probable larger regional extension of such air- 
distributed volcanic ashes, most of these horizons 
were recorded in the nearby sections of Apricke 
and Oese (Figs 4, 6; partially cited in Korn 2002: 
7, 8, figs 5-6) during our fieldwork of 2000. A 
note by R. T.Becker et al. (1993: 3 9 ,  that the 
thick 30cm layer at Oese is probably not a tuff, 
is no longer valid; geochemical data kindly pro- 
vided by Dr. K. Hahne (Potsdam) clearly prove 
its volcanic ash nature. 

Metabentonite a1 (bed79, lower part of 
Gattendorfia subinvoluta Zone of Vohringer 
1960 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= Acutimitoceras acufurn Zone; middle of 
Siphonodella sulcata Zone) was dated by 
Claouk-Long et al. (1992, 1993, SHRIMP 
method) as 353.2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf 4.0 Ma, and later (1995) cali- 
brated to 353.7 f 4.2 Ma. It forms the basis for 
long quoted value of 354Ma for the Devonian- 
Carboniferous Boundary (Menning et al. 2001: 
13). Parallel zircon analyses by Kramm et al. 
(1991, cited also in R. T. Becker et al. 1993: 33) 
indicated a different result of 346,6 f 1,6 Ma, 
commented on by Claoue-Long etal. (1993: 
546). A much older date of 362Ma for the 
Devonian-Carboniferous Boundary was postu- 
lated by Tucker et al. (1998). Such controversial 
data (with a difference of 8Ma) led to com- 
promise dates, for example, 358 Ma (Menning 
et al. 2002). Compston (2000: 1140, 1144) re-esti- 
mated the age of this ash layer (a l )  as being 
359.6 Ma. 

The relative length of the stratigraphic units near 
the Devonian-Carboniferous Boundary 

With regard to the duration of certain biozones 
in Early Tournaisian times, the studied sections 
at Hasselbach to the Ober-Rodinghausen railway 
cutting may contribute information concerning 
their relative lengths when estimated against 
thicknesses in the sequences of the Hangenberg 
Limestone (“Gattendorfia Stufe”). 

An estimate of the relative and absolute 
lengths of the various stratigraphic units can be 
achieved using the sedimentary record of the 
studied sections. It should be kept in mind, how- 
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ever, that there are very little numerical data for 
Devonian and Carboniferous ages, and that most 
of the subdivisions are largely speculative. 

The following attempt to calculate the lengths 
of the units begins with some basic assumptions 
and additional estimations: 

- The total length of the Famennian has an esti- 
mated length of 15.5 Ma (Menning et al. 
2002). This length is not supported by empiri- 
cal data and is only a rough estimation. 

- The lengths of the stratigraphic interval be- 
tween the annulatu Black Shale (Platyclyme- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
nia annulata Zone) and the Hangenberg 
Black Shale can be estimated at 7 Ma. This is 
based on an evaluation of sediment accumula- 
tion. 

- In the Saalfeld sections, 22 m of shales and 
nodular limestones represent this time unit 
(Bartzsch et al. 1998). This means, in the case 
of regular sediment accumulation, a thickness 
of one metre of sedimentary rocks accumula- 

ted in approximately 300000 years. 
- In the Saalfeld sections, four metres of Gar- 

tendorfiu Limestones (shales with intercalated 
limestone beds and nodules in the same facies 
as the Upper Famennian strata: see Fig. 19) 
are present. If the calculation of the length of 
the Devonian units is applied to these, a dura- 
tion of approximately 1.2 Ma can be expected 
for this interval. 

- Biostratigraphic data, especially for ammo- 
noids and conodonts, provide evidence for a 
simultaneous deposition of the Gattendorfia 

3 
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Fig. 12. Calculated lengths of the anunonoid zones within the 
Hangenberg Limestone and the overlying grey shales. Meta- 
bentonite horizon a1 indicated by an asterisk. 

Limestone in the Thuringian and Rhenish 
Mountains. 

- Within the 1.2 Ma of duration, 13cycles of 
carbonate sedimentation can be counted, con- 
sequently each cycle represents approximately 
100 000 years. 

The relative lengths of the ammonoid zones wi- 
thin the basal Tournaisian differ, but their esti- 
mated lengths can be determined from Fig. 12. 

Conclusions 

Detailed investigation of the Devonian-Carboni- 
ferous Boundary sections on the northern flank 
of the Remscheid-Altena Anticline (Rhenish 
Mountains) led to the following results: 

1. Several lithological and palaeontological fea- 
tures can be used to correlate the sections, for 
instance: (1) fluctuations in the carbonate and 
clay contents, (2) volcanoclastic layers, and (3) 

conodont and ammonoid occurrences. 

2. Correlation of these features led to an extre- 
mely fine subdivision of the sections; units 
much shorter than ammonoid- and conodont 
zones can be discriminated. 

3. A composite standard for the northern Rem- 
scheid-Altena Anticline is proposed, enabling 
correlation with more distant sections. 

4. The total length of the “Gattendorfia Stufe”, 
represented by rock units of the Hangenberg 
Limestone and overlying grey shales up to the 
base of the lower Alum Shale, is calculated as 
approximately 2.5 Ma. 

5. The length of each carbonate cycle within the 
Hangenberg Limestone is estimated at 
100000 years. 

6. The Acutimitoceras prorsum ammonoid Zone 
belongs, at least in its higher part, in the 
Siphonodella sulcata conodont Zone, i.e., in 
the Carboniferous. 

7. The facially induced absence of Siphonodella 
sulcata in Protognathodus-dominated cono- 
dont faunas does not automatically mean that 
these belong in the late Siphonodella praesul- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
cata Zone. 

8. Between the Hangenberg Limestone and the 
lower Alum Shale, a shale unit of maximally 
5 metres thickness represents a yet undefined 
biostratigraphic interval. 
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Palaeontological descriptions 

Ammonoids 

[Abbreviations used in the text are dm zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- conch 
diameter, ww - whorl width, wh - whorl height, 
uw - umbilical width, ah - apertural height, 
WER - whorl expansion rate, calculated [ d d  
(dm-ah)12, IZR - imprint zone rate, calculated 
(wh-ah)/wh (Fig. 13). The described and illu- 
strated specimens are housed in the collection of 
the Museum fiir Naturkunde der Humboldt-Uni- 
versitat zu Berlin, with the catalogue numbers 
MB.C.5231 to MB.C.5300.1 

Family Prionoceratidae Hyatt, 1884 
Subfamily Prionoceratinae Hyatt, 1884 

Paragattendo$a Schindewolf, 1924 

Ty p e s p e c i  e s : zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAParagattendorfia hurnilis Schindewolf. 1924 

Paragattendorfia n. sp. I 
P1. 2: 20-21 

M a t e r i a l :  Five specimens from Oese (beds22 and 28), 
5-16 millimetres in diameter, preserved with shell orna- 
ment. 

Fig. 13. The conch parameters and ratios as used in the am- 
monoid descriptions. 

D e s c r i p  t i  o n : The smaller specimen 
MB.C.5260.3 (Pl. 2, Figs 20-21) has an almost 
ball-shaped conch with a small umbilicus and a 
low aperture. The ornament of this specimen 
consists of fine growth lines which are strongly 
rursiradiate in their course. They form a dorso- 
lateral projection and turn back to run with a 
wide sinus across flanks and venter. The larger 
specimen MB.C.5262.2 displays a similar growth 
line course, but with less strong backward turn 
of the growth lines. 

Since there are only juvenile specimens avail- 
able so far, the species is left in open nomencla- 
ture. The difference to Globimitoceras globi- 
forme (Vohringer, 1960) is the wider umbilicus 
(0.16 in Paragattendorfiu n. sp., 0.08 in Globirni- 
toceras globiforme). 

Subfamily Acutimitoceratinae Korn 1994 

Hasselbachia n. gen. 

Ty p e s p e c i e s : Irnitoceras rnultisulcatum Mhringer, 1960. 

G e n u s  d e f i n i t i o n :  Genus of the subfamily Acutimitocer- 
atinae with low aperture (WER 1.50). Closure of the umbili- 
cus in the adult stage by a significant overlap of the flanks. 
Suture line with equally deep external and adventive lobes. 

I n c l u d e d  s p e c i e s :  
gracile: Imitoceras gracile Vohringer, 1960. Hangenberg Li- 
mestone, Rhenish Mountains. 
rnultisulcaturn: Imitoceras multisulcatum Vohringer, 1960. 
Hangenberg Limestone, Rhenish Mountains. 
sphaeroidale: Irnitoceras sphaeroidale Vohringer. 1960. Han- 
genberg Limestone, Rhenish Mountains. 

Discuss ion :  The three known species which 
belong to the new genus share several charac- 
ters, which allow a clear separation from Mimi- 
mitoceras, Acutimitocerus and Paragattendorfia. 
They have a low aperture and hence slowly ex- 
panding whorls (WER 1.50); this contrasts spe- 
cies of Acutimitoceras, in which this value ranges 
from 1.80 and 2.05. Species of Paragattendorfa 
have similarly low apertures (WER 1.45). In 
Hasselbachia, the umbilicus opens continuously 
during the inner whorls, with a uw/dm ratio that 
only slightly decreases from 0.45 at 3 mm to 0.35 
at 12 mm conch diameter. At approximately 
16 mm, the umbilicus still has 0.2 of the conch 
diameter. In this respect, the new genus is inter- 
mediate between Paragattendorfia (in which the 
umbilicus has a rather constant width and does 
not become closed in the adult whorls) and Acu- 
timitocerus (in which the relative width of the 
umbilicus increases during early ontogeny, and 
closure of the umbilicus starts already in an im- 
mature stage). In Hasselbachia, the umbilicus is 
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closed in the adult stage by a significant overlap 
of the flanks over the umbilicus. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHusselbnchia is 
remarkable because it combines characters 
which are present in other genera: the low WER 
as in Mirnirnitocerus, the continuous opening of 
the umbilicus in the inner whorls as in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAParagut- 
tendorfiu, and closure of the umbilicus is more 
similar to Acutirnitoceras. 

Hasselbach ia m ultisulca ta zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Vohringe r, 1960) 
Fig. 14E, F, P1. 1: 7-8 

1960 
1976 
1981 

1994 

1996 

Itnitoceras rnultisulcntum - Vohringer: 141, pl. 4: fig. 5. 
fmitocerus multisulcatuni - Weyer: 84 1. fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4. 
Imitoceras (Imiroceras) tnultisulcatirm - Ruan: 80. 
pl. 18: figs 5-7. pl. 19: f igs 1-13. 
Acutimitoceras miiltisulcfltltni - Korn: 47. textfigs 49G, 
L. 50J. K, SlC, 55B. 
Acictimitocerus (Srockumites) mitltisulcatum - Becker: 
36. 

M a t e  r i a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 : Four specimens, ranging in their sizes from 10 to 
15 mm. from bed 57 of the Hasselbach scction. 

D e s c r i p t i o n  : The cross section MB.C.5240.3 
shows whorls from 1.6 to 14 mm conch diameter; 
the earliest stage is missing. Already at 1.6 mm 
dm, the whorl cross section is ventrally strongly 

depressed, and is more than twice as wide as 
high. A similar shape of the section is still dis- 
played at 11.4 mm conch diameter. During this 
period of growth, the umbilicus opens continu- 
ously to a maximum of 4 millimetres, with the 
ww/drn ratio being reduced from 0.45 to 0.35. 
During the penultimate half-volution, the cross 
section has markedly changed: The inner flank 
overlaps the preceding whorl and leads to a 
spontaneous narrowing of the umbilicus (uw/dm 
0.25). The same shape can be seen in the last, 

incompletely preserved half-volution. In the 
cross section, the WER decreases from 1.65 
(1.6mm dm) to 1.45 (14mm dm); at the same 
time, the IZR increases from 0.40 to 0.60. This 
means that the whorl cross-section has a conspic- 
uous horseshoe-shaped outline. 

The second cross section (specimen 
MB.C.5240.2) is of a larger specimen which prin- 
cipally resembles specimen MB.C.5240.3. The in- 

ner whorls show the same development of the 
conch geometry, and the adult stage demon- 
strates the rather sudden closure of the umbili- 
cus by whorls which strongly overlap of the in- 
ner flank. The last completely preserved half- 
volution displays a slight flattening of the 
strongly converging flanks. 

The ornament can best be studied in specimen 
MB.C.5240.1. The growth lines are rather coarse 
and run almost linear across flanks and venter. 
In the midflank, shallow constrictions can be 
seen. Their number is approximately ten on a 
volution, but at the end of the preserved por- 
tion, they are more densely arranged. 

Hasselbachia gracilis (Vohringer, 1960) 
P1. 1: 9-10, 15-16 

1960 Iniitoceras gracile Vohringer: 143, pl. 4: fig. 6. 
1994 Acutirnitoceras gracile - Korn: 47, textfigs 49F, 55A. 
1996 Acurimitoceras (Sfockumites) gracile - R. T. Becker: 36. 

M a t e r i a  1 : Three fragmentary specimens of 16 millimetres 
in diameter are available from beds 53 and 57 of the Hassel- 
bach section. 

D e s cr i p t i o n : Both figured specimens display 
the ornament which is made of coarse, al- 
most lamellose growth lines. In specimen 
MB.C.5240.5, they are biconvex with a relatively 
high dorsolateral projection, a shallow lateral si- 
nus, and a low ventrolateral salient. They run 
straight over the venter. The flanks of both spe- 
cimens show short and shallow constrictions in 
small distances. 

Acutimitoceras Librovitch, 1957 
T y p e  s p c c i e s : Imitoceras acuflirn Schindcwolf, 1923 

Acutimitoceras aff. intermedium (Schindewolf, 
1923) 
Fig. 14C 

M a  t e r i a  1 : One specimen from the Hasselbach scction 
(bed 80) (MB.C.5249.3). 

b 
Plate 1.  Ammonoids from the Hangenberg Limestone of the Hasselbach section, all COIL Weyer 1994 (21-24, coll. F. Trosthei- 
de 1994). 1-2. Acurimitoceras cf znrermedium (Schindewolf. 1923). MB.C.5235.1. bed 46, ventral and lateral views, x 1. 3-4. 
iVicimitoceras cf troclzifortne (Vohringer, 1960), MB.C.5234.1. bed 45. dorsal and lateral views, x2.5. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5-6. Pseudurietites west- 
falicus Schmidt, 1924. MB.C.5236.1. bed 49. lateral and ventral views. x3. 7-8. Hasselbachia mulrisulcata (Vohringer. 1960), 
MB.C.5240.1. bed 57. lateral and ventral views, x2.5. 9-10. Husselbachia gracilis (Vohringer. 1960), MB.C.5238.1, bed 53. 
lateral and ventral views. x2.5. 11-12. Globimitoceras globiforme (Vohringer. 1960), MB.C.5240.7, bed 57, lateral and dorsal 
views. x3. 13-14. Guttendorfia molaris Vohringer. 1960, MB.C.5240.8, bed 57, lateral and ventral views, x2.5. 15-16. Hassel- 
bachia grocilis (Vohringer. 1960), MB.C.5240.5, bed 57. lateral and ventral views. x2.5. 17-18. Paprothites sp., MB.C.5240.10. 
bed 57. lateral and ventral views, x2.5. 19-20. Paprorlzites sp.. MB.C.5240.9. bed 57, lateral and ventral views, x1.5. 21-24. 
Paprothites ruzhencwi n. sp.. Holotype MB.C.5240.6. bed 57, lateral. dorsal, and ventral views, x2.5. 
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Fig. 14. Cross sections of ammonoids from the Hangenberg Limestone of the Hasselbach section (coll. Weyer 1994) and of 
the Oese section (coll. Korn and Weyer 2000; coll. E. Paproth), all zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 2.5. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA. Mimimitoceras varicosum (Schindewolf, 1923), 
MB.C.5263, Oese, bed 11. B. Acutimifoceras cE simile (Vohringer, 1960), MB.C.5249.4, Hasselbach, bed 80. C. Acutimitoceras 
aff. intermedium (Schindewolf- 1923). h4B.C.5249.3. Hasselbach, bed 80. D. Acutimitoceras subbilobatum (Munster, 1839), 
MB.C.5292, Oese, lower part of Hangenberg Limestone. E. Hasselbachin mulfisulcafa (Vohringer, 1960), MB.C.5240.3, Hassel- 
bach, bed 57. F. Hasselbachia multisulcara (Vohringer, 1960). MB.C.5240.2, Hasselbach, bed 57. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAG. Gattendorfa subinvoluta 
(Munster, 1832), MB.C.5247.1, Hasselbach, bed 76. H. Garrendorfa costata Vohringer, 1960, MB.C.5249.1, Hasselbach, bed 80. 
I. Gattendorfia costata Vohringer, 1960. MB.C.5249.2. Hasselbach. bed 80. J. Eocanites sp., MB.C.5234.2, Hasselbach, bed 45. 
K. Voehringerites peracutus (Vohringer. 1960), MB.C.5245.1. Hasselbach, bed 72. 

D e s c r i p  t i o n : Cross section MB.C.5249.3 is in- 

complete in the inner whorls, but clearly shows 
the transformation from the evolute juvenile to 
the narrow-umbilicate adult stage. Up to 5 mm 
diameter, the conch is serpenticonic with cres- 
cent-shaped whorl cross-sections. The next half- 
whorl shows already a more pronounced lateral 
growth, and at 12mm diameter, the conch is 
thickly discoidal to pachyconic. In this stage, the 
umbilicus is widest with 2.7 mm. In later stages, 
the umbilicus starts to close, and the whorl width 
becomes more prominent. 

Acutimitoceras zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc€ simile zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Vohringer, 1960) 
Fig. 14B 

cf. 1960 Imitoceras liratum simile - Vohringer: 127, pl. 2, fig. 4. 
cf. 1981 Imitoceras (Imitoceras) simile - Ruan: 75, pl. 16: 

cf. 1994 Acutimitoceras simile - Korn: 49, textfigs 46A, B, 

M a t e r i a l :  One specimen from bed 80 of the Hasselbach 
section (MB.C.5249.4). 

D e s c r i p t  i o n : In the cross section of specimen 
MB.C.5249.4 (Fig. 14B), the transformation of 
the conch geometry from the earliest juvenile to 

figs 10-12. 

47D, 50G, 54A. 
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the pre-adult stage can be studied. In the first 
two whorls, the umbilicus is moderately wide 
(uw/dm 0.22). During the 2”d and 4‘h whorl (up 
to 8 mm conch diameter), the umbilical width re- 
mains stable at approximately 0.5 mm, with the 
uw/dm ratio decreasing from 0.22 to 0.06. The 
complete closure of the umbilicus takes place 
within the Sh whorl. Ontogenetic transforma- 
tions can also be observed in the shape of the 
whorl cross sections. The first two whorls show a 
crescent-shaped section, and the 3rd and 4th are 
semi-circular. In the gfh whorl, the section is al- 
ready laterally compressed. During ontogeny, the 
whorl expansion rate (WER) increases from 1.75 
to 2.00, and the imprint zone rate (IZR) 
amounts 0.50 in stages larger than 5 mm. 

Subfamily Voehringeritinae Bartzsch zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Weyer, 
1988 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Voehringerites Manger, 1971 
Ty p e s p e c i e s : zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKaragandoceras peracutum Vohringer, 1960. 

Voehringerites peracutus (Vohringer, 1960) 
Figs 14K, 15A-C 

1960 

1971 

non 1981 
1988 
1994 

non 1996 

Karagandoceras peracutum - Vohringer: 166, 
fig. 43, pl. 1: fig. 3. 
Voehringerites peracutum - Manger: 36, fig. 3A, 4, 
pl. 12: figs 4, 7. 
Voehringerites peracutus - Korn: 524, fig. 5. 
Voehringerites peracutus - Bartzsch & Weyer: 40. 
Voehringerites peracutus - Korn: 65, figs 31F-G, 
63A, 71B. 
Voehringerites cf peracutus - Bartzsch & Weyer: 
77, figs 1-5. 

M a  t e r i a  1:  One specimen of approximately 35 mm dia- 
meter from bed 72 of the Hasselbach section (MB.C.5245.1). 

D e s c r i p t i  o n : Cross section MB.C.5245.1 was 
produced from a fully septate specimen of ap- 
proximately 40 mm diameter. Unfortunately, three 
half-whorls on one side are only fragmentary 
preserved. Nevertheless, the specimen excellently 
displays the ontogenetic development of the 
conch from the early juvenile up to the adult 
stage. The first 3% whorls are rather widely um- 
bilicate (uw/dm0.30) with a rounded venter. In 
the next 1% whorls, the venter forms a keel, and 
the terminal 2% whorls are oxyconic. 

At a diameter of approximately 18mm (ww 

5.7 mm, wh 9.1 mm), the cross section displays a 
feature which is not known from any other Pa- 
laeozoic ammonoid. It is the combination of an 
oxyconic venter with a sharp double keel. Such 
skid-like keels are known from a number of am- 
monoids, but in all known other examples they 

c w  
Fig. 15. Suture line of Voehringerites peracutus (Vohringer, 
1960), MB.C.5245.1, Hasselbach, bed 72, all x2.5. A, lateral 
view of the specimen. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB, successive sutures of the specimen. 
C, external suture line. 

delimit a tabulate venter (e.g., Gyroceratites, see 
Walliser 1962; Armatites, see Termier & Termier 
1948) or are formed on a rounded or slightly 
flattened venter (e.g., Kosmoclymenia, see Korn 
1979) where they were developed into nested 
“parabolic ears” on the venter. 

The mature suture line of the specimen is re- 
markable for its extremely deep external lobe, 
which extends to be almost twice as deep as the 
adventive lobe (Fig. 15C). It has a Y-shaped out- 
line with a very narrow lower half, in which a 
low median saddle is visible. The ventrolateral 
saddle is rounded and continues in the slightly 
asymmetric, lanceolate adventive lobe. 

D i s c u s s i o n : This new record and additional 
material from the type locality (Weyer collection, 
beds 5a2, 5b) prove a more precise age: basal 
early Siphonodella duplicata Zone (= bransoni 
+ duplicata Zones of Ji 1985), not Siphonodella 
sulcata Zone. Specimens attributed to Voehrin- 
gerites peracutus by Korn (1981) and Bartzsch & 
Weyer (1996) have a much shorter external lobe 
(perhaps without median saddle) and are more 
closely related to the still poorly known taxon 
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gen. nov. I aff. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKaragandoceras Librovich, 1940, 
which was also found in the La Serre stratotype 
section of Montagne Noire (one fairly well pre- 
served specimen, Weyer collection). 

Family zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGattendorfiidae Bartzsch & Weyer, 1987 
Subfamily Gattendofinae Bartzsch & Weyer, 
1987 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Gattendo~ia Schindewolf, 1920 
Type species: Goniatiter subinvolurus Miinster. 1839. 

Gattendo~ia costata Vohringer, 1960 
Fig. 14H, I 

1952 Gattendorfin crnssa - Schindewolf 296, pl. 2: fig. 5. 
1960 Gattendorfia zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcostata - Vohringer: 152, pl. 5: fig. 7. 
1977 Gattendorfia costutu - Weyer: 173, pl. 1: figs 1,7. 
1982 Guttendorfia costutu - Bartzsch & Weyer: 19, textfig. 412. 
1994 Gattendorfia costafa - Korn: 73, textfigs 65C. 66D. 67A. 

M a t e r i a l :  Three specimens from beds 76 and 80 of the 
Hasselbach section (MB.C.5249.1-3). 

Description: Two sections (MB.C.5249.1, 
MB.C.5249.2; Fig. 14H, I) can be studied, and 
both are very similar in their character unfold- 
ing. Up to 8mm diameter, the serpenticonic 
conchs have a wide umbilicus (uwldm 0.55). The 
later whorls show already a reduction of the umbi- 
lical width index. The whorl width index (ww/wh) 
is in all stages of the two specimens (up to 12 mm 
dm) around 2.00. 

D i s c u s s i o n :  It is noteworthy that G. costam is 
the stratigraphically oldest representative of the 

genus, occurring earlier than G. subinvoluta, as al- 
ready known from Saalfeld (Bartzsch & Weyer 
1982). 

Subfamily Pseudarietitinae Bartzsch & Weyer, 
1987 

Paprothites Bartzsch & Weyer, 1987 
T y  p e s p e c i e s : Pseudarietites westjalicus dorsoplanus 
Schmidt. 1924. 

Paprothites ruzhencevi n. sp. 

PI. 1: 21-24 

H o I o t y p e  : Specimen MB.C.5240.6 (coll. F. Trostheide). 

D e r i v a t i o n  o f  n a m e :  After the late V.E.Ruzhencev 
(1899-1978). in honour of his magnificent contribution to 
the knowledge of Palaeozoic ammonoids. 

T y p e  l o c a l i t y  a n d  h o r i z o n :  Hasselbach rivulet (Rhen- 
ish Mountains): Garrendorfa Limestone; bed 57. 

M a  t e r i a  1 : Only the holotype MB.C.5240.6. a well-pre- 
served specimen of 20mm conch diameter is available for 
study. 

D i a g n o s is  : Species of Paprothites with wide 
umbilicus (uw/dm 0.50) and broadly rounded 
venter. Ornament with sharp ribs which run with 
a concave arc across the flanks and project to a 
high ventrolateral salient. 

D e s c r i p t i o n :  The conch of the single speci- 
men is thickly discoidal, with a depressed cres- 
cent-shaped whorl section (ww/wh 1.60-1.75), 
and a wide umbilicus (uwldm 0.50). Umbilical 
wall, flanks, and venter are rounded and not bor- 
dered from each other. Of these conch para- 
meters, the umbilical width obviously does not 
significantly change during ontogeny. The rela- 
tive whorl width changes in the course of onto- 
geny. Only during the last half whorl of the spe- 
cimen, the ww/dm ratio decreases from 0.54 to 

0.45 (and the ww/wh ratio from 1.75 to 1.60). 
On the last volution, 23 sharp ribs can be 

counted, the penultimate whorl has 20, and the 
third-last whorl 14 of them, visible in the umbili- 
cus. These ribs are restricted to the flanks, they 
wedge out in the transition zone to the venter. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

b 
Plate 2. Ammonoids from the Hangenberg Limestone of the Hasselbach section, all coll. Weyer 1994 (1-13) and of the Oese 
section, all coll. Weyer & Korn 2000 (14-27). 1-2. Acutimitoceras convexicm (Vohringer, 1960), MB.C.5241.1, bed 59, 
lateral and dorsal views, x2. 3-4. Miniimifoceras hoennense Korn. 1994. MB.C.5241.2, bed 59, dorsal and lateral views, x2.5. 
5. Guttmdor$u reticulum (Vohringer, 1960). MB.C.5242.1, bed 62A. lateral view, x2. 6-7. Acutimitoceras subbilobamm 
(Miinster. 1839). MB.C.5247.2, bed 76, lateral and ventral views. x2. 8-9. Acutimitoceras cf antecedens (Vohringer, 1960), 
MB.C.5248.2, bed 77, ventral and lateral views. x3. 10-11. Gattendorfia zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsubinvoluta (Miinster, 1832), MB.C.5244.1, bed 71, 
dorsal and lateral views, x 3. 12-13. Acutimitoceras intermedium (Schindewolf, 1923). MB.C.5248.1, bed 77, dorsal and lateral 
views, x1.5. 14-15. Ganendorfia evoluta Vohringer, 1960, MB.C.5258.1, bed 30, dorsal and lateral views, x6. 16-17. Gatten- 
dorfia concava Vohringer. 1960, MB.C.5260.1. bed 28, dorsal and lateral views, x2. 18-19. Gattendorfia molaris Vohringer, 
1960, MB.C.5260.2. bed 28. dorsal and lateral views. x2.5. 20-21. Paragatteridorfia n. sp. I, MB.C.5260.3, bed 28, dorsal and 
lateral views, x4. 22-23. Paprothites dorsoplanus (Schmidt, 1924), MB.C.5262.1, bed 22. dorsal and lateral views, x3. 24-25. 
Puragnttendorfia n. sp. 11, MB.C.5262.8, bed 22. ventral and lateral views, x5. 26-27. Acictimitocerus sp., MB.C.5262.9. bed 22, 
ventral and lateral views. x l .  
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They run with a concave arc over the flank and 
project strongly forward. Fine growth lines run 
parallel the ribs; they form a prominent ventro- 
lateral projection and turn back for a moderately 

deep ventral sinus. 

C o m p a r i s o n s : zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPaprothites ruzhencevi differs 
from Pa. dorsoplanus (Schmidt, 1924) and Pa. 
raricostatus (Vohringer, 1960) in the shape and 
course of the ribs, which in the latter two species 
are rounded and run almost straight over the 
flanks. Both species have thinner conchs and a 
much narrower umbilicus (uw/dm = 0.35) than 
the new species (uw/dm = 0.50). 

The sharp and sinuous ribs of Pa. ruzhencevi 
are also a criterion to distinguish it from other, 
Chinese representatives of the genus, e.g. Pa. 
platyventrus (Ruan, 1981) and Pa. subquadratus 
(Ruan, 1981). These possess a slightly narrower 
umbilicus (uw/dm 0.45). Furthermore, Pa. platy- 
ventrus has 40 to 50ribs per volution, much 
more than Pa. ruzhencevi. Pa. ellipticus (Ruan, 
1981) is the most similar species; both in conch 

shape and ornament. The Chinese species has an 

even wider umbilicus (uwldm 0.55) and a wider, 
more crescent-shaped whorl cross section (ww/wh 
over 2.00). 

Pa. daposhangensis (Sheng, 1989) has much fi- 
ner ribs and is thus easily distinguishable from 
the new species. It is even not clear if this spe- 
cies in fact belongs to Paprothites or to Gatten- 
dorfia. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Paprothites sp. 
P1. 1: 17-20 

M a t e  r i a 1 : Six fragmentary specimens are available for stu- 
dy, ranging from 8 to 22 mm in diameter, all from bed 57 of 
the Hasselbachtal section. 

D e s c r ip  t i o n : The small specimen MB.C.5240.10 

bears 12 slightly arched ribs on the flanks. They sud- 
denly disappear in the ventrolateral area, and the 
venter is smooth. The larger specimen (MB.C.5240.9) 

displays parts of two whorls, and the penultimate 
whorl displays the ribs as in the smaller specimen 
(MB.C.5240.10). The last whorl has weaker and 
shorter ribs, which are restricted to the inner flank. 
In this specimen, a barely visible ventrolateral 
groove is visible, and the venter has an indistinct 
keel, already clearly transitional to Pseudarietites. 

Rugose corals 

All drawings and photographs of cross sections 
are uniformly orientated, viewed from above or 

calice, cardinal septum upside, six protosepta 
marked by arrows or dots. The following abbre- 
viations are used: CS - cross section, LS - long- 

itudinal.section, P - acetate peel, TS - thin sec- 
tion, R - remaining piece (of corallum), D - 
diameter, n - number of major septa, N - num- 
ber of all septa. 

Suborder Cyathaxoniina Spasskiy, 1977 

Family Cyathaxoniidae Milne-Edwards & Hairne, 
1850 

Subfamily Cyathaxoniinae Milne-Edwards & 
Haime, 1850 

Cyathaxonia Michelin, 1847 

Cyathaxonia sp. B 
Fig. 16A-L, P1. 4: 2-4 

1972b “Syringaxon” nov. sp. - Weyer: pl. 1, fig. la-f (mis- 

1984a Cyathaxonia (Cyathaxonia) sp. - Weyer: 21, photo 413. 

Material: Two specimens from Hasselbach N (beds 81 and 
65), Early Tournaisian (“Gattendorjia Stufe”). Acufiniifoceras 
acutum Zone and Paprothites dorsoplams Zone (coll. Weyer 
1994): MB.K.673; 12CS (lop, 2TS) + 1R - Fig. 16A-G. 
P1.4: 3-4 and MB.K.674; 8CS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(5P. 3TS) + 1R - Figs 
16H-L, PI. 4: 2. 

D e s c r i p t i o n : The slender conical and slightly 
cornute corals (L 8 + 5.3 mrn, upper D 4 + 1.8 mm, 
lower D 1 + 0.6 mm) represent the common spe- 
cies of Cyathaxonia of the “Gattendorflu Stufe” 
(represented by cypridinic shales and cephalo- 
pod limestones) in Germany, here illustrated by 
the serial cross sections of a juvenile and of an 
adult individual. The archaeothecal wall bears 
strong or weak septal furrows; the cardinal sep- 
tum is situated on the convex side and becomes 
slightly shortened in a certain middle calicular 
level (Fig. 16G). Contratingent minor septa and 
the prominent antiseptal triade are regularly de- 
veloped. Septa1 flanks have no spiny ornament 
or granulations as in Cyathocarinia; distal septal 
margins are smooth (lamellar microstructure). 

D i s c u s s i o n  : The taxonomy within the genus is 
even recently discussed in an extreme contro- 
versial manner. The old opinion of Schindewolf 
(1951: 101) with a very broad concept of one 
cosmopolitic species Cyathaxonia cornu Miche- 
lin, 1847 throughout the entire Early Carbonifer- 
ous was published without serious proof. Reli- 
able discrimination of species, often with only 
minor diagnostic features, requires intensive 
studies of populations through time and space; 
collections from the lower Hastarian in Germany 

identification). 
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(I), and x20 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(J-L). (see PI. 4, fig. 2). 

Septal formulae 
of MB.K.673 
n 10 14 18 
N 15 21-14 28 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+t+ + I *  
D (mm) 1.2 1.7-1.9 2.9-3.8 
Fig. A B, c D-G 

Fig. 16. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACyathaxonia sp. B. A-G. MB.K.673; Hasselbach zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAcutimitoceras acutum Zone, bed 81; serial cross sections 10-8, 6, 
4, 2, 1, x24 (A, subtabular), x18 (B-C, calicular base), and x12 (D-G, calicular). (see PI. 4, figs 3-4). H-L. MB.K.674; 
Hasselbach N. Puorothites dorsoalanus Zone. bed 65: serial cross sections 8 (subtabular) and 4-1 (calicular), x30 (H), x24 

Septal formulae 
of MB.K.674 
n 10 13 14 
N 13 19 20 
D (mm) 0.8 1.3 1.6- 1.7 
Fig. H I J-L 

indicate four taxa of both Cyathaxonia and Cy- 
athocarinia, all clearly different from the late 
Tournaisian (Ivorian) type species. 

Family Petraiidae Koninck, 1872 
Subfamily Bathybalvinae Weyer, 1991 

Bathybalva Weyer, 1981 

Bathybalva crassa Weyer, 1981 
Fig. 17A-J, P1. 4: 1 

* 1981a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABarhybalva crassa n. sp. - Weyer: 112, PI. 1: 

1984a Barhybalva crassa Weyer, 1981 - Weyer: 22, fig. 5/3. 
2001 

figs 7-18, pl. 4: figs 1-20, pl. 5: figs 1-26. 

Bathybalva crassa Weyer, 1981 - Weyer: 70, fig. 3/ 
4a-c. 

M a t e r i a l :  One specimen (MB.K.671; 13CS (P) + 2R; coll. 
Weyer 1994) from Hasselbach N (bed 76), early Tournaisian 
(“Gattendorfia Stufe”), Acutimitoceras acutum Zone. 

D e s c r i p t i  o n : The small long-conical and cor- 

nute coral (L ca. 9.5 mm, upper D 5.0 mm) is em- 
bedded in sediment; its archaeotheca was not 
seen directly and could bear no or only very 
weak longitudinal ribbing. The septa1 apparatus 
within the very deep calice is radially grouped 
and axially united either directly (in the youth) 
or at maturity around a very small aulos-like ca- 
licular pit. Septa show a pinnate and pseudo- 
fossular arrangement at the insertion points. The 
length of the cardinal septum, located on the 
convex side, equals that of other major septa; 
the seeming shortening of the antiseptum 
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Fig. 17. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABafllyhalva crasm Weyer, 1981. MB.K.671; Hasseibach N. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAclirindoceras acuricni Zone, bed 76: calicular cross sections 
13-12. 10-5, 3-2, x12 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(A-D). x l l  (E) ,  x10 (F-H). x9 (I). and x8 (J): the aulos of A-B is in subtabular position. (see 
PI. 4. fig. 1). 

3 1 3  

18 

Septa1 formulae 2 1 2  
MB.K.671 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3j3 
n 14 15 17 
N 20-23 25 27 28 
D (mm) 1.6-1.9 2.3 2.5-2.9 3.1-3.8 
Fig. A. B C D-G H-J 

(Fig. 17E, F) may be at least in part a function 
of corallum curvature and plane of serial section- 
ing (Weyer 1973a: fig. 4), which is exercised 
parallel to growth rugae or parallel to the upper 
calicular margin. Short minor septa are active in 
the distal calice (Fig. 175) and later disappear in 
the thickening wall after some contracline-like 
melting with their neighbouring major septa. 
There is no antiseptal triade. Peripheral tabulae 
are not seen and could be really absent in such a 
small coral. The terminal interior thickening of 
the archaeotheca amounts less than in the type 
series, but this feature may be variable during 
ontogeny (Weyer 1981a: pl. 4: figs 1-12). 

D is  c u s s i o n : The hitherto not seen presence 
of a small aulos (with one tabula) at the central 

calicular base supports the already postulated re- 
lationships with the Nenxon group (Petraiinae). 
The subfamily Bathybalvinae (including Pseudo- 
petraia Soshkina, 1951, Farnaxonia Weyer, 1971, 
and Asthenophylliirn Grubbs, 1939) has priority 
over its synonym Pseudopetraiidae Fedorowski, 
1991 (published in September 20th, whereas 
Weyer 1991 was available already in April). Ear- 
lier members of this at the moment rather rare 
taxon, the ancestral group of Petraiidae, re- 

mained poorly known and should be expected in 
much greater diversity during all the Devonian 
and even the Silurian. But there is only one big 

collection (Weyer 2001) in our hands, a new spe- 
cies of Pseudopetraiu from late Eifelian lime- 
stones of the Tafilalt (Morocco). 

D i s  t r i b  u t i o n  : This characteristic species of 
the German basal Tournaisian “Gattendorflu 
Stufe” was recorded mainly from the Thuringian 

Mountains (Saalfeld) and also from the Rhenish 
Mountains (Ober-Rodinghausen railway cut) in 
the Acutirnitoceras acuturn, Paprothites dorsopla- 
nus, and Pseudarietites westfalicus Zones. 

Subfamily Petraiinae Koninck, 1872 

Neaxon Kullmann, 1965 

Neaxon regulus Richter, 1848 
Figs 18A-0, 19, P1. 3: 1-6 

* 1848 Petrara regidus [n. sp.] - Richter: 38, pl. 5: figs 134- 
136. 

1969 Neaxori zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbulloides n. sp. - Rozkowska: 752, pl. 1: 
fig. 2a-b. 

1971 Neaxori reggulus (Richter, 1848) - Weyer: 295, 

1981b Neaxoiz reguhis (Richter, 1848) - Weyer: 6, fig. 4, 
photo 3. 

1984b Neaxon regulus (Richter, 1848) - Weyer: 6, 16, 
pi. 7: figs 1-15. 

2002 Neasoir regulus (Richter, 1848) - Berkowski: 20. 
pl. 15: figs 2-3. 

PIS 1-6. 
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Fig. 18. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANeuxon regulus (Richter, 1848). A-D. MB.K.666; Hasselbach N, Puruwocklumeriu purudoxu Zone; calicular cross sec- 
tions 10, x12, 7, x6, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5,  x5, and 2, x4 (with included multitrabecular septal details from cross section 1. x10). E-I. 
MB.K.663; Hasselbach N, Wocklumeriu sphueroides Zone; subtabular (E, F) and calicular cross sections 16, x20, 13, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 15, 10, 
x8, 8, x6, and 5. x5. (see PI. 3, figs 3-5). J-K. MB.K.662; - Hasselbach S ,  middle part of lower “Wocklumeriu Stufe”; 
subtabular and calicular cross sections 12, x12, and 10, x10. (see P1. 3, figs 1-2). L. MB.K.664; Hasselbach N, uppermost 
Wocklumeriu sphueroides Zone; longitudinal section 2, x 6. M-0. MB.K.665; Hasselbach N, lower Wocklumeriu sphueroides 
Zone; longitudinal sections 4, 3, x6, cross section 1 (upper margin of calice, with multitrabecular septal microstructure), x8. 
(see P1. 3, fig. 6). 

Septal formulae 
MB.K.666 
n 16 19 20 22 
N 24 31 32 36 
D (mm) 2.2 5.5 6.5 9.7 
Fig. A B C D 

Septal formulae 
MB.K.678 

Septal formulae 
MB.K.680 

n 13 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA15 19 21 n 14 16 

N 18 22 30 34 N 20 26 
1.0 1.8 4.5-6.1 7.5 D (mm) 1.9 3.4 

Fig. E F G, H I Fig. J K 
D (mm) 
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M a t e  r i a  I :  Seven specimens from the localities Hasselbach 
N (2-7) and Hasselbach zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS (1); lower zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA“Wocklurneria Stufe” 
(1) and upper “Wocklumeria Stufe”: 
MB.K.662; 13CS (12P, 1TS) + 2R; Fig. 18J-K, PI. 3: 1-2 
(bed 14. coll. R.T. Becker 1994). Mentioned in R. T. Becker 
(1996: 21 - Neaxon regulus). 
MB.K.663; 18CS (16P. 2TS) + 2R: Fig. 18E-I, PI. 3: 3-5 (in- 
terval of bed 98-114, Wocklumeria spliaeroides Zone. coll. 
R. T. Becker 1987). Mentioned in R.T. Becker (1988: 198 - 
small solitary coral). 
MB.K.664; 3LS (P) + 1R: Fig. 18L (bed 114. Wocklun~eria 
sphaeroides Zone, COIL R. T. Becker 1996). 
MB.K.665: 1CS (P) + 3LS (2P, 1TS) + 2R; Fig. 18M-0. PI. 3: 
6 (bed 94, Wocklurneria sphaeroides Zone. coll. Weyer 1993). 
MB.K.666; lOCS (9P, ITS): Fig. 18A-D (bed 90, Parmvock- 
lurnerin paradoxa Zone, coll. Weyer 1993). Mentioned in 
Weyer (1995: 106: fig. 1 - Neaxon regirlus). 
MB.K.678; 2R (bed 92, Wocklurneria .sphaeroides Zone, COIL 
Weyer 1994). 
MB.K.679; 2R (bed 109, Wocklumeria sphaeroides Zone. coll. 
Weyer 1994). 

D e s c r i p t i o n : Characteristic features of juve- 

nile, middle and mature stages of the cornute 
corals are visible in the cross sections - a stereo- 
thecate aulos of middle to wide size, compara- 
tively thick septa in radial position, the develop- 
ment of minor septa, an unshortened cardinal 
septum at the convex side of corallum, and sep- 
tal formulae. Upper septal margins bear very 
coarse monacanth trabeculae (spines). Multitra- 
becular spinose ornament is present just at the 
distal calicular rim (Fig. 18D, L-0). The upper- 

most calicular phase with “third order septa” (of 
meiosepta type - Weyer 1984b: 6) is missing in 
the available cross sections. 

D i s t r i b u t i o n :  This well known species is the 
most common late Famennian (“Clymenia and 
Wocklumeria Stufe”) rugose coral of the cold 
water Cyathaxonia facies in Central Europe. 
New records (unpublished Weyer collection 
1999-2000) from the “Wocklumeria Stufe” in the 

M a d h e  El Mrakib section (Korn 1999: 149, 
R. T. Becker et al. 2002: 162) extend the area of 
distribution to Morocco (southern Ma’der. Anti- 
Atlas). 

In the type region of Saalfeld (Thuringian 
Mountains), the available material of the first re- 
vision (Weyer 1971; 54 specimens) has been aug- 

mented by additional 139 specimens from new 
collections of Bartzsch and Weyer from 1976 to 

1991. Figure 19 shows their occurrence through- 
out the Breternitz Member, from the Clymenia zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
laevigata Zone to the top of the Wocklumeria 
sphaeroides Zone immediately below the black 
shale that represents the global Hangenberg 

event. 

Neaxon n. sp. 
Fig. 20A-D, P1. 3: 8-9 

M a t e r i a l :  One specimen (MB.K.672; 7CS [6P, lTS]; coll. 
Weyer 1993) from the Hasselbach 1/1987 borehole (depth 
35.00-35.05 m), middle part of the “Lower Wocklurnerirr 
Stufe” (bed 28). 

D e s c r i p t i o n :  The corallum has 7mm in 

length and 6 mm in distal diameter; here with 
damaged broken septa. It has a straight conical 
shape with a big basal talon (2.5 x 4 mrn), which 
indicates a juvenile cornute configuration with 
the cardinal septum at the convex side. The ar- 
chaeotheca bears fine growth rugae and very 
weak longitudinal septal furrows. The locally 
weathered cast shows coarse monacanth trabe- 
cular spines at the septal margins of the distal 
calice. The cross sections with their radially dis- 

posed septa and a large regular aulos demon- 
strate the typical Neaxon structure. Putatively 
“contratingent minor septa” are nothing but new 
major septa at the four insertion points. There 
occur distant simple convex tabulae. 

D i s c u s s i o n : The undescribed species can not 
be named on the basis of this single, not well 
preserved specimen, but will be officially estab- 
lished in near future on the base of several con- 
specific corals from the “Wocklumeria Stufe” of 

Saalfeld (Thuringia). Differences to Neaxon 
regulus (Richter, 1848) are the straight growth of 
the conical corallum with a short cornute phase 
only near the juvenile fixing talon, the compara- 
tively thinner major septa, and the much longer 
minor septa in maturity. The latter feature re- 
sembles Neaxon bartzschi Weyer, 1978, which 
differs in its strong axial thickening in all long 
major septa. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

b 
Plate 3. Corals from the Late Famennian (“Wocklumeria Stufe”) of Hasselbach section. 1-6. Neaxorl regulus (Richter, 1848). 
1-2. MB.K.662: Hasselbach S, lower “Wocklunierin Stufe”: side view of corallum, x4, cross section 11, x12. (see Fig. 18J-K). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3-5. MB.K.663: Hasselbach N. Wocklumeria sphneroides Zone; side view of corallum, x 4, cross sections 12 and 8, x1S and 
x7. (see Fig. 18E-I). 6. MB.K.665: Hasselbach N, Wockhtrneria sphaeroiilvs Zone: longitudinal section 4, x7. (see Fig. 18M- 
0). 7 .  Famenrrelusma rhenanum Weyer, 1973; MB.K.680; Hasselbach S. lower “Wocklurneria Stufe”; cross section near the 
calicular base. x5. (see Fig. 22A-D). 8-9. Neaxon n. sp. W: MB.K.672: Hasselbach 1/1987 borehole, lower “Wocklumeriu 
Stufe”; subtabular (8) and partly calicular (9) cross sections 7 and 3, x10. (see Fig. 20A-D). 10. Gorizdroriia sp. A; 
MB.K.681; Oese. upper “Wocklumeriu Stufe”; cross section 8, x8. (see Fig. 25A-H). 11-15. Hillaxon zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAhassel n. sp.; holotype 
MB.K.678; Hasselbach S. lower “Wockhrtiieria Stufe“: subtabular cross sections 14. x 8 ,  6 and 3, x7; median longitudinal sec- 
tions 13 and 11, x7. (see Fig. 21A-F). 
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Hillaxon zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARozkowska, 1969 

Hillaxon hassel n. sp. 
Fig. 21A-F, P1. 3: 11-15 

H o 1 o t y p e : specimen MB.K.678; 1OCS (7P, 3TS) + 4LS (2P, 
2TS); coll. R. T. Becker 1999. 

D e r i v a t  i o n  of n a m e  : After the Hassel rivulet on which 
bank the holotype was collected. 

T y p e  l o c a l i t y  a n d  h o r i z o n :  Hasselbach S without pre- 
cise bed indication: upper Famennian Wocklum Limestone, 
lower part of the “Wocklurneriu Stufe”. 

D i a g n o s i s : Slender conical Hillaxon with 34 
septa at 6-8 mm D and many simple dissepi- 
ments, often covering the septal flanks, in the 
adult stage. 

D e s c r i p t i  o n : The only available specimen is a 
slightly cornute conical corallum with remarkable 

torsion, preserved without tip and upper calice 
(L 22 mm, lower D 5.7 mm, upper D 8 mm). In 
maturity, the cardinal septum is situated at the 
concave side. The archaeotheca bears fine growth 
rugae and very weak, almost invisible longitudi- 
nal septal furrows. The preserved adult part 
shows 34 septa without new insertions; therefore 
the difficult identification of six protosepta used 
mainly the starting trend towards a biform tabu- 

larium. All major septa (except for the four short 
ones at the insertion points according to the law 
of Kunth) are equal in length, in radial position, 
and axially united to form a regular wide aulos. 
This apparently starts as a stereotheca in the 
youth, later becoming cyathothecate, and being 
persistent up to the calice, but with some few re- 
peated discontinuous phases caused by a weak 

amplexoid trend at maturity. Short minor septa 
are always visible; their apparent temporary local 
absence in some places of the cross sections is 
caused by the typical coarse monacanth septal 
microstructure of the Neuxon group. 

Distant horizontal to slightly concave tabulae 
occur in the central aulos. At the periphery, there 

Fig. 19. Distribution of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANeuxon regulus (Richter, 1848) in the 
upper Famennian Breternitz Member (Gleitsch Formation) 
near Saalfeld in Thuringia (south-eastern flank of Schwarz- 
burg anticline). 
Standard lithostratigraphy of cypridinic shales with layers of 
limestone beds and nodules (former upper Clymeniid beds, 
subdivided into 152 beds and grouped as 32 units, measured 
by Bartzsch and Weyer 1988 - Bartzsch et al. 1993). Q = thin 
quartzitic horizons; at top (32.12) black shale of Hangenberg 
event (Bartzsch et al. 1998). The total vertical range of the 
Rugosa species (left black line) is based on rather well strati- 
fied collections obtained from precise single beds (second 
row of black dots) or from little thicker intervals comprising 
2-6 beds (right two rows). 
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Fig. 20. Neaxon n. sp. MB. K.672; Hasselbach 111987 borehole, middle part of lower “Wocklurneria Stufe”: subtabular zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(A) and 
calicular (B-D) cross sections 6, x l l ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 and 3, ~ 1 0 ,  1, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx8. (see PI. 3, figs 8-9). 

Septal formulae 
MB.K.672 
n 17 18 
N 27 28 
D (mm) 2.8 x 3.2 2.8 x 3.2-4.9 x 5.1 
Fig. A B-D 

Fig. 21. Hillanon hassel n. sp. holotype MB.K.678; Hasselbach S ,  lower “Wocklumeria Stufe”; subtabular cross sections 14, 9, 7, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4, x 8  (A) and x7 (C-F); median longitudinal section 12, x 7. (see PI. 3, figs 11-15). 

Septal formulae 
MB.K.678 
n 21 
N 34 
D (mm) 5.8-7.1 x 7.6 
Fig. A-F 

+I+ 
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are also few tabellae sloping downwards centri- 
fugally against the wall. The oldest available stage 
(Fig. 21A) looks like a Neaxon, with just begin- 
ning formation of normal dissepiments, as seen in 
the upper left side (Fig. 21B). Their number in- 
creases terminally, particularly along the flanks of 
major septa in addition to those running parallel 
to the archaeotheca. There are only few pre- 
sepiments (lonsdaleioid dissepiments; pl. 3: 14). 

D i s c u s s i o n :  This is the first record of the 
genus outside of Poland, where it is known by 
one species from the upper Famennian locality 
Galpice in the Holy Cross Mountains. This type 
species Hillaxon vesiculosus Rbzkowska, 1969 
differs from the new species in its broad conical 
corallum, weaker minor septa, much narrower 
tabulae within the aulos, and nearly missing dis- 
sepiments on the septal flanks. Further compari- 
sons would require a revision with better middle 
and mature series of cross sections which were 
not yet exercised in the Polish materials. The 
genus could not be found in the “Wocklumeria 
Stufe” of Thuringia, but we know two unde- 
scribed specimens of a third species from the 
Rhenish Mountains (Ober-Rodinghausen railway 
cut, and Reigern). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Famennelasma zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWeyer, 1973 

A presumed synonymy with Friedhergia Roz- 
kowska, 1969 (discussion in Weyer 2000: 76) is 

not finally supported by the publication of a pro- 
bable topotype of the type species Friedhergia 
bipnrtita Rozkowska, 1969 from Kowala in the 
Holy Cross Mountains of Poland (Berkowski 
2002: 21, pl. 13, fig. 3a-d). This specimen does 

not exhibit the typical Neaxon-like aulos in its 
juvenile stages. 

Famennelasma rhenanum Weyer, 1973 
Fig. 22A-D, P1. 3: 7 

* 1973b Fatnetinelasma rlienanurn sp. nov. - Weyer: 685, 

M a t e  r i a 1 : One specimen (MB.K.680; 6CS (5P, 1TS) + 4R; 
coll. R. T. Becker 1999) from Hasselbach S without precise 
bed indication: lower part of the “Wocklumeria Stufe”. 

D e s c r i p t  i o n : The poorly preserved, widely 
conical and straight corallum (L ca. 20 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA111111, 

upper D 18 x 11 mm, lower D 8 x 1 mm, basal 
talon 11 x 7 mm) has the normal archaeotheca 
with fine growth rugae and very weak longitudi- 
nal septal furrows. The somewhat compressed 
distal part presents no dissepiments (in contrast 

to the neighbouring genus Czarnockia Rozkow- 
ska, 1969): locally, in steinkern preservation, 
coarse monacanth trabecular spines are visible at 
the septal margins. 

The septal apparatus is almost identical with 
that of the hitherto unique holotype from the 
Kellerwald region, Rhenish Mountains. Minor 
differences are slightly thinner major septa and 
thinner wall structures of the aulos; they are esti- 

pl. 1: 2a-e, pl. 2: la-h. 

Fig. 22. Famet~tielannn rtimirtiurti Weyer. 1973. MB.K.680: Hasselbach S. lower “Wocklumeria Stufe”; series of cross sections, 
subtabular (A. B), at calicular base (C). and in the lower calice (D), x 5  (A, C, D) and x 6 (B). (see PI. 3: 7). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4 ’  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
f- 

Septa1 formulae z ,z 41 4 4 4  
MB.K.680 6 1 4  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6’5 7 7  7 7  
n 21 23 26 21 
N 34 38 44 46 
D (mm) 7.6 7.5 9.4 x 9.9 9.4 x 9.9 
Fig. A B C D 
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mated here as normal intraspecific variation. The 
diagnostic important shortening of the cardinal 
septum above the calicular base just starts in the 
stage of Fig. 22D; it is situated in a true fossula 

D i s c u s s i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: The genus is widely distributed in 
Upper Famennian rocks from at least the Polish 
Holy Cross Mountains to Morocco, but most ma- 
terials remained undescribed. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA similar, prob- 
ably conspecific specimen was recorded from 
Thuringia: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFamennelasma sp. I1 (Weyer 1984a: 
fig. 412, “Wocklumeria Stufe”). 

(pl. 3: 7). 

Hebukophyllurn priscurn (Munster, 1840) 
Figs 23A-G, 24A-M, PI. 4: 5-11 

* 1840 Cyuthophyllum priscum [n. sp.] - Munster: 114, 
pl. 9: fig. 12b-d (non 12a). 

1982 Guerichiphyllum priscurn (Munster, 1840) - 

Bartzsch & Weyer: 31, fig. 10, pl. 6: figs 1-4. 
1994 Hebukophyllum priscuni (Munster, 1840) - We- 

yer: 187, figs 4/1-3, 511-6, 6/1-13, PI. 1: figs 1-5, 
pl. 2, figs 1-6, pl. 3. figs 1-2. 

non 1996 Conilophyllum priscum (Munster, 1840) - Poty & 
Boland: 205, pl. 1: figs 1-3, pl. 2, fig. 1 [= Conilo- 
phyllum treguense (Poty, 1982)l. 

non 1997 Conilophyllum priscurn (Munster, 1840) - Boland: 
78, pl. 1, fig. 7: pl. 2, figs 2, 4 [= Conilophylluni 
treguense (Poty, 1982)l. 

2001 Hebukophyllurn priscum (Miinster. 1840) - We- 
yer: 70, fig. 3/la-b. 

Subfamily “Guerichjphyllinae Rozkowska, 1969” M a t e  r i a 1: Two specimens from the “Gattendorfiu Stufe”: 
MB.K.638: 8 CS (6P, 2TS) + 1LS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(P) + 3R; Fig. 23A-G, P1. 

Hebukophyllurn Liao & Cai, 1987 
4: 9-11; Hasselbach N (bed 83): Acutimitoc%-us prorsirm 
Zone (Siphonodellu sulcutu Zone) (coll. Weyer 1994). 

Fig. 23. Hebukophyllurn priscurn (Munster, 1840). MB.K.638; Hasselbach N, Acutirnitocerus prorsum Zone, bed 83; A-F. 
subtabular serial cross sections 2, 3, 5-8, x6 (A, B), x5 (C), and x 4 (D-F); G. longitudinal section 9, x4. (see PI. 4: 
9-11). 

Septa1 formulae 
MB.K.638 
n 26 28 
N 44 48 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 4 %  
D (mm) 5.2-10.0 10.7-12.3 
Fig. A-D E-F 
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MB.K.676; 19CS (lop, 3TS) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ 3LS (P) + 5R. Fig. 24A-M, 
P1.4: 5-8; Oese quarry (bed 22), zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPaprothites dorsoplanus 
Zone (lower Siphonodella duplicatu Zone) (coll. Korn & We- 
yer 2000). 

D e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs c r i p t i o n : The first specimen (Fig. 23) was 
attached by a big talon to an adult shell of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAcuti- 
mitoceras kleinerae Korn, 1984. It is charac- 
terised by well developed longer major septa 
nearly without an amplexoid or breviseptoid 
trend. Slight shortening of the cardinal septum 
and fossular structure become evident in 
Fig. 23F. This coral is comparable to the holotype 
and to most of the Thuringian specimens from 
S aalfeld . 

The second specimen (Fig. 24) with at least six 
phases of rejuvenescence and a strong, several 
times changing amplexoid-breviseptoid trend re- 
sembles the holotype of Hebukophyllum xinjian- 
gense Liao & Cai, 1987. The variation of the sep- 
tal apparatus, caused by some ecological stress, is 
enormous, and an orientation according to proto- 
septa was possible only by means of many serial 
sections. The mature pleonophorous phase can 
be abandoned again, and growth continues with 
the ontogenetically earlier diaphragmatophorous 
style. Large lonsdaleioid dissepimental vesicles 
predominate. A conspecific interpretation of 
both records seems justified in view of the great 
variability known from the Rhenish Drewer lo- 
cality and from Saalfeld material. 

D i s  c u s s i o n  : The genus Hebukophyllum was 
estimated to be a synonym of Circellia Ye & 
Wang, 1983 (Yu 1988: 188, Poty & Boland 1996: 
203, Berkowski 2002: 22). This is quite improb- 
able in view of the recent revision (Liao & Soto 
2001: type series’ of the late Tournaisian Circellia 
planotabulata Ye & Wang, 1983 with slightly 
concave tabulae). The postulated identity (Poty 
& Boland 1996: 205) of the early Hastarian 
warm and shallow water coral Conilophyllum tre- 
gaense (Poty, 1982) with Hebukophyllum priscum 
(Munster, 1840) from the cold water cephalopod 
facies is a case of rather perfect homoeomorphy, 
but with differences in early skeletal ontogeny 
and in adult wall structure (very strong longitudi- 

nal archaeothecal ribs, always seen in rich Coni- 
lophyllum tregaense collections from the German 
basal Tournaisian of Lintorf north of Ratingen, 
Rhenish Mountains, and of the Baltic Sea island 
of Riigen). 

Hebukophyllum priscum is an excellent index 
fossil of the Central European “Gattendorjia 
Stufe”, found nearly everwhere during the time 
interval from late Siphonodella praesulcata Zone 
to Siphondella sandbergi Zone. German localities 
are Schubelhammer and Regnitzlosau in Upper 
Franconia, Saalfeld and Kahlleite in Thuringia, 
Oberrodinghausen railway cut, Drewer, Hassel- 
bach and Oese in the Rhenish Mountains. There 
are also new records from Morocco (Mkarig, 
Ouidane Chebbi region south-east of Erfoud, 
Anti-Atlas, Acutimitoceras beds above the Hang- 
enberg Black Shale equivalent, coll. R. T. Becker 
and Ebbighausen). 

Subfamily “Amplexocariniidae Soshkina, 1941” 
(sensu Rozkowska 1969) 

Gorizdronia Rozkowska, 1969 

Gorizdronia sp. A 
Fig. 25A-H, PI. 3: 10 

M a t e  r i a 1 : One specimen (MB.K.681; 9CS (7P. 2TS) + 3LS 
(2P, 1TS) + 2R. coll. U. Lemke ca. 1995) from Oese, upper 
“Wocklumeria Stufe”. 

D e s c r i p t i o n : The archaeotheca of the straight 
conical corallum (L 14.5 mm, upper D 8.5 mm, 
lower D 2.5 mm) bears fine rugae and extremely 
weak, nearly invisible longitudinal septal fur- 
rows. The septal apparatus (with maximal 
38major and minor septa) allows a correct or- 
ientation only by looking for septal insertions 
points and by using the biform antiseptal tabulae 
(Fig. 25B). The cardinal septum (without fossula) 
is always as long as other major septa, which de- 
monstrate a clear radial position. A peculiar fea- 
ture, normally unknown in species of Gorizdro- 
nia, is the sometimes shortened antiseptum 

4 
Fig. 24. Hebukophyllum priscum (Miinster, 1840). MB.K.676; Oese quarry, Paprothites dorsoplanus Zone, bed 22; serial sec- 
tions 21-18, 16, 14-13, 11, 8, 4-1, x9 (A-B), x8  (C-E, G-J), x6 (F, K), and x7 (L-M); calicular parts only in the centre 
of L-M. (see P1.4: 5-8). 

Septa1 formulae 
MB.K.676 
n 17 17 20 23 21 21 20 
N 24 26 32 38 34 34 32 

Fig. A B c, D G H I J, L, M 
D (mm) 3.2 x 3.8 3.2 x 3.8 4.4-5.8 5.4 5.6 6.2 5.4-7.5 
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Fig. 25. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGorizdronia sp. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA. MB.K.681: Oese. upper “Wockhrnieria Stufe”: subtabular serial sections 11-6, 4, 2, x8.5 (A-C), 
x 8  (D), xS.5 (E. F), x 6  (G). and x5 (H). (see PI. 3: 10). 

Septal formulae 
MB.K.681 

3 4  % 6 6  
n 20 21 23 
N 32 33 38 

Fig. A-C D G. H 
D (mm) 4.6-4.7 4.9 6.8-8.3 

(Fig. 25A-D, G). Immediately above a tabula, 

an aulos may be developed completely or par- 
tially throughout short vertical phases, but the 
common structure are brevisepta. Very tiny min- 
or septa become visible in some places of the 
terminal stages (Fig. 25G, H). Simple tabulae 
vary from horizontal to slightly arched, with a 
very small region of bending down at the archae- 
othecal contact. 

D i s c u s s i o n  : An interpretation of such brevi- 

septa1 taxa causes many problems, especially in 
discriminating real and suitable species criteria, 
what will be possible only by investigation of lar- 
ger populations. The best studied material from 
the upper Famennian of the Holy Cross Moun- 

tains are zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGorizdronia soshkinae Roikowska, 

1974, Gorizdronia tenuih Rhikowska, 1969, and 
Gorizdronia geniculata R6ikowska, 1969; they 
all differ in the missing aulate phases. This is 

also true for a late Famennian “Gorizdronia 
soslzkinae” illustrated by Berkowski (2002: pl. 14, 
figs 6-8). The holotype of Gorizdronia soshki- 
nae, designated by Rozkowska (1974: Nalivkinel- 
la profunda Soshkina 1951, pl. 1, fig. 2a-b, non 
Soshkina 1939) comes from an unknown strati- 
graphic position within the Famennian, and is 

not necessarily conspecific with the Polish re- 
cords. There exist several undescribed Gorizdro- 
nia specimens in the Weyer collection (upper Fa- 
mennian of Thuringia). All these corals never 
show a shortened antiseptum. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

b 
Fig. 26. Dreiviwla.srna schiridervolfi Weyer, 1973. MB.K.675: Hasselbach N, Pnrngnttendorjiu patens Zone, bed 41; serial sec- 
tions 29-27. 23. 19-17, 15. 13. 11-10, 8-3, 1. x40 (A-C), x25 (D), x14 (E). x12 (F-H), x10 (I), x8.5 (J-K), x7.5 (L), 
x6.5 (M-Nj. x6 (0-P). and xS.5 (a-R): calicular base around H-K; metriophylloid carinae in B (stippled), E (antisep- 
turn). I (tangential LSj. J. L. M. (see PI. 4: 12-14). 

Septal formulae zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf~ 1 1  . 112 2 2  31 3 5 5  
MB. K. 675 2 s 2  3 2  4 4  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAn 5 s  
n 10 12 16 18 24 
N 12-15 17 24 28 40 
D (mmj 1.4-2.3 2.5 2.8 3.0 4.5-7.1 
Fig. D-E F G H J-R 
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Suborder zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZaphrentoidina SchouppC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Stacul, 
1959 

Family Lindstroemiidae PoEta, 1902 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Drewerelasma Weyer, 1973 

Drewerelasma schindewo@ Weyer, 1973 
Fig. 26A-R, P1.4: 12-14 

* 1973c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBADrewerelasma schindewolfi a s p .  - Weyer: 978, 
figs 1-7. 

1994 Drewerelasma schindewolfi Weyer. 1973 - Weyer: 
196, figs 7/1-16, 8/1-11, 9/1-5, pl. 4: figs 3-4. pl. 5: 
figs 1-3. 

M a t e r i a l :  One specimen (MB.K.675; 27 CS (25e 2TS) 
+3LS (P) f 3 R ;  coll. Weyer 1994) from Hasselbach N 
(bed 41); lower Tournaisian (“Gattendorfia Stufe“), Paragat- 
tendorfia patens Zone (Siphonodella sandbergi Zone). 

D e s c r i p t i o n : The conical cornute, excellently 
preserved and complete corallum (L ca. 17 mm, 
upper D 10.5 mm, lower D 0.5 mm) is imbedded 
in the limestone matrix. From serial sectioning it 
became evident, that there are only fine growth 
rugae on the external archaeotheca. The inten- 
sive series of cross sections includes the mature 
deep calice and a complete ontogeny starting 
with seeming 6 protosepta (Fig. 26A), in reality 
10 septa, 4 of them hidden in the later on thick- 
ened wall. Within the calice, the cardinal septum 
at the convex side is generally as long as all 
neighbouring major septa, and especially thick- 
ened in Fig. 26M-N, with a first trend to a mini- 
mal length reduction (Fig. 260-P). An antisep- 
tal triade with two longer contratingent minor 
septa occurs in middle and late phases, but is 
absent in the youth (Fig.26A-H) where its 
place is indicated by comparatively large inter- 
septal chambers at both sides of the antiseptum. 
Other minor septa are only active as short pro- 
tuberances, indistinguishable from major septa, 
in the uppermost calice (Fig. 26R). Deeper in the 
middle calice, they become incorporated into the 

continuously thickening wall. Metriophylloid car- 
inae can be seen several times, even in the ear- 
liest growth stages (Fig. 26B). 

D i s c u s s i o n :  The new record is very near to 
the hypotype from Drewer in the Rhenish 
Mountains, as figured by Weyer (1994: fig. 7). 
Apparent differences in septal thickening seem 
to fall into the normal intraspecific variation: at 
least at the moment it would be premature to 
propose a new taxon. There are rather few de- 
scriptions for representatives of the genus, in 
spite of its wide distribution in the lower Tour- 
naisian from southern France (Montagne Noire, 
stratotype La Serre section, coll. Weyer 1995) 
across Central Europe and the Ural Mountains 
(Berchogur section, “lrnitocerus bed” of Siphono- 
dellu sulcata Zone, Alekseev et al. 1987) to 
northwestern China (Xinjiang, Hoboksar section, 
described by Liao & Cai 1987 as Metriophyl- 
Zurn). Rich collections from Saalfeld (Thuringian 
Mountains) offer an enormous variability: their 
preliminary determination was Drewerelusrnu sp. 
aff. curviseptuturn (Liao & Cai, 1987) (Weyer 
2001: fig. 3/2). 
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4 
Plate 4. Corals from the lower Tournaisian (“Gattendorfia Stufe”). 1. Bathybalva crassa Weyer. 1981; MB.K.671; Hasselbach 
N, Acutimitoceras acutum Zone, bed 76; calicular cross section 7, x10. (see Fig. 17A-J). 2. Cyathaxonia sp. B; MB.K.674; 
Hasselbach N, Paprothites dorsoplanus Zone, bed 65; calicular cross section 3, x12. (see Fig. 16H-L). 3-4. Cyathaxonia sp. B: 
MB.K.673; Hasselbach N, Acutimitoceras acutum Zone, bed 81; calicular cross sections 7, 4, x10. (see Fig. 16A-G). 5-8. 
Hebukophyllurn priscum (Miinster, 1840); MB.K.676; Oese quarry, Paprothites dorsoplanus Zone. (see Fig. 24A-M). 5. side 
view of corallum (lower two thirds), x2.5. 6-8. subtabular serial cross sections 18, 16. 5,  x7 (6, 7) and x8  (8). 9-11. Hebuko- 
phyllum priscum (Miinster, 1840); MB.K.638; Hasselbach N, Acutimitoceras prorsum Zone; subtabular cross sections 7, 8, and 
longitudinal section 9, x4. (see Fig. 23A-G). 12-14. Drewerelasma schindewolfi Weyer, 1973: MB.K.675: Hasselbach N. Para- 
gattendorfia patens Zone; cross sections 17, 9, 6, x4. (see Fig. 26A-R). 15. Psychrosphaeric ostracode carapaces (Thuringian 
ecotype) in the phragmocone of an indeterminable orthocone nautiloid; Hasselbach N, “Gattendorfia Stufe” (bed 51, Late 
Siphonodella duplicata Zone, base of Pseudarietites westfalicus Zone: coll. Weyer 1994, thin section, x 10. 16. Psychrosphaeric 
ostracode carapaces (Thuringian ecotype), mass occurrence in the body chamber of an Acutirnitoceras kleinerae Korn, 1984; 
MB.C.5269, Oese quarry, “Gattendorfia Stufe”, lower part of the Hangenberg Limestone; coll. Weyer 1993, cross section peel, 
x 10. 
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Appendix 

Conch dimensions and ratios of ammonoids from the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGuttendorfiu Limestone 

dm ww wh uw ah WER wwldm wwlwh uwldni IZR 

Mimimiroceras varicosum (Schindewolf. 1923): Oese. bed 11 (Fig. l4A) 

MB.C.5263 18.83 13.52 9.75 0.83 3.70 1.55 0.72 
15.14 11.3 8.26 0.90 3.17 1.60 0.75 
11.96 9.32 5.98 1.16 2.64 1.64 0.78 
9.33 6.9 1 4.82 1.19 2.13 1.68 0.74 
7.20 5.65 3.32 0.78 

1.39 
1.37 
1.56 
1.43 
1.70 

0.04 
0.06 
0.10 
0.13 

0.62 
0.62 
0.56 
0.56 

Mimimiroceras hoennense Korn. 1994: Hasselbach. bed 59 (PI. 2: 3-4) 

MB.C.5241.2 15.04 9.24 8.48 0.32 3.26 1.63 0.61 1.09 0.02 0.62 

Globimirocc~ras globiforme (Vohringer. 1960): Hasselbach, bed 57 (PI. 1: 11-12) 

MB.C.5240.7 11.99 11.18 6.44 0.94 2.08 1.46 0.93 1.74 0.08 0.68 

Paragattendorfia n. sp. I; Oese. bed 28 (PI. 2: 20-21) 

MB.C.5260.3 11.38 10.75 5.18 1.72 1.96 1.46 0.94 2.08 0.15 0.62 

Paragattendorfia n. sp. I; Oese, bed 22 

MB.C.5262.2 16.02 13.88 7.14 2.50 2.58 1.42 0.87 
MB.C.5262.3 5.18 4.67 2.59 0.54 1.02 1.55 0.90 

1.94 
1.80 

0.16 
0.10 

0.64 
0.61 

Paragatfendorfia n. sp. 11; Oese, bed 22 (PI. 2: 24-25) 

MB.C.5262.8 8.04 6.56 2.77 3.25 1.62 1.57 0.82 2.37 0.40 0.42 

Hasselbachia multisulcara (Vohringer. 1960); Hasselbach. bed 57 (Fig. 14E) 

MB.C.5240.3 13.80 
11.38 
9.42 
7.83 
6.43 
5.25 
1.21 
3.37 
2.67 
2.11 
1.66 

9.24 
8.40 
7.52 
6.59 
5.60 
4.56 
3.77 
2.85 
2.29 
1.74 
1.45 

6.13 3.39 2.41 
4.27 3.85 1.96 
3.25 3.48 1.59 
2.69 3.03 1.40 
2.11 2.61 1.18 
1.71 2.16 1.04 
1.37 1.82 0.84 
1.01 1.54 0.70 
0.82 1.17 0.57 
0.68 0.80 0.45 
0.62 0.37 

1.47 
1.46 
1.45 
1.48 
1.50 
1.56 
1.56 
1.59 
1.61 
1.61 
1.66 

0.67 
0.74 
0.80 
0.84 
0.87 
0.87 
0.90 
0.85 
0.86 
0.82 
0.87 

0.61 
0.54 
0.51 
0.48 
0.44 
0.39 
0.39 
0.31 
0.31 
0.34 
0.41 

1.51 
1.96 
2.31 
2.45 
2.65 
2.66 
2.74 
2.82 
2.79 
2.55 
2.32 

1.31 

0.25 
0.34 
0.37 
0.39 
0.40 
0.41 
0.43 
0.46 
0.44 
0.38 

Hassrlbacliin gracilis (Vohringer, 1960): Hasselbach. bed 57 (PI. 1: 15- 16) 

MB.C.5240.5 15.72 8.95 6.84 3.03 0.57 0.19 
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dm ww wh UW ah WER wwldm wwlwh uwldm IZR 

Acutimitocerus subbilobutum (Miinster, 1839); Oese, lower part of Hangenberg Limestone (Fig. 14D) 

MB.C.5292 19.03 
14.37 
10.86 
8.41 
6.58 
4.83 
3.48 
2.56 
1.90 
1.39 
0.99 
0.74 

9.82 
7.88 
6.01 
4.93 
3.56 
3.02 
2.12 
1.74 
1.22 
1.08 
0.91 
0.80 

10.43 0.52 4.65 
8.08 0.44 3.51 
5.85 0.91 2.45 
4.10 1.29 1.83 
3.02 1.30 1.75 
2.26 1.11 1.35 
1.46 0.96 0.92 
1.06 0.77 0.66 
0.73 0.53 0.51 
0.63 0.31 0.40 
0.44 0.19 0.25 
0.36 

1.75 
1.75 
1.67 
1.63 
1.86 
1.93 
1.85 
1.82 
1.87 
1.96 
1.81 

0.52 
0.55 
0.55 
0.59 
0.54 
0.62 
0.61 
0.68 
0.64 
0.78 
0.92 
1.09 

Acufimifocerus intermedium (Schindewolf 1923); Hasselbach, bed 77 (Pl. 2: 12-13) 

MB.C.5248.1 31.13 21.05 17.66 1.31 8.80 1.94 0.68 

Acutirnitocerus af€ intermedium (Schindewolf, 1923); Hasselbach, bed 80 (Fig. 14C) 

MB.C.5249.3 11.61 7.96 4.95 3.27 2.69 1.69 0.69 
8.92 5.97 3.40 3.30 2.00 1.66 0.67 
6.93 4.17 2.22 3.18 1.47 1.61 0.60 
5.46 3.05 1.53 2.84 1.06 1.54 0.56 
4.40 2.32 1.09 2.40 0.53 

Acurirnitocerus cf intermedium (Schindewolf, 1923); Hasselbach, bed 46 (Pl. 1: 1-2) 

MB.C.5235.1 58.07 27.14 32.38 1.65 

Acutimitocerus convexurn (Vohringer, 1960); Hasselbach, bed 59 (Pl. 2: 1-2) 

MB.C.5241.1 23.05 11.85 12.05 1.15 5.96 1.82 

Acutimitocerus cf untecedens (Vohringer, 1960): Hasselbach, bed 77 (Pl. 2: 8-9) 

MB.C.5248.2 11.58 6.80 5.42 2.77 3.23 1.92 

Acutirnitocerus cf simile (Vohringer, 1960); Hasselbach, bed 80 (Fig. 14B) 

MB.C.5249.4 16.06 
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4.28 
3.00 
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1.52 
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0.42 1.28 2.03 
0.31 0.85 1.95 
0.33 0.63 1.99 
0.32 0.37 1.75 
0.26 0.33 1.96 

Nicirnitocerus c€ trochiforme (Vohringer, 1960); Hasselbach, bed 45 (Pl. 1: 3-4) 

MB.C.5234.1 15.52 8.60 9.00 0.81 5.02 2.18 

Voehringerites perucutus (Vohringer. 1960); Hasselbach, bed 72 (Fig. 14K) 

MB.C.5245.1 
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0.42 0.33 1.80 
0.25 0.25 1.80 

Guttendorfia subinvolutu (Miinster, 1832); Hasselbach, bed 71 (PI. 2: 10-11) 

MB.C.5244.1 12.72 7.45 3.95 6.06 3.33 1.85 
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dm ww wh uw ah WER wwldm wwlwh uwldm IZR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Gattendorfia zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsubinvoluta (Munster, 1832); Hasselbach, bed 76 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(Fig. 14G) 
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Gartendorfia costato Vohringer. 1960; Hasselbach, bed 80 (Fig. 14H, I) 
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Gattendorfia molaris Vohringer, 1960; Hasselbach, bed 57 (Pl. 1: 13-14) 

MB.C.5240.8 13.46 6.49 4.94 4.92 

Cattendorfia molaris Vohringer. 1960 Oese, bed 28 (PI. 2: 18-19) 

MB.C.5260.2 16.39 7.44 6.00 5.68 3.37 1.59 

Gattendorfia evohtra Vohringer, 1960; Oese, bed 30 (PI. 2: 14-15) 

MB.C.5258.1 6.63 2.11 1.51 3.97 1.32 1.56 

Paprothires ruzhencevi n. sp.: Hasselbach. bed 57 (Pl. 1: 21-24) 

MB.C.5240.6 19.8 8.9 5.6 9.6 4.9 1.77 
15.5 8.4 4.8 7.7 

Paprothires dorsoplanus (Schrmdt, 1924): Oese, bed 22 (PI. 2: 22-23) 

MB.C.5262.1 11.47 5.35 4.24 4.40 3.20 1.92 

Paprothites sp.; Hasselbach. bed 57 (PI. 1: 17-18) 

MB.C.5240.10 14.30 5.72 4.60 5.55 3.66 1.81 

Pseudarietites westfalzcus Schmidt, 1924; Hasselbach. bed 49 (PI. 1: 5-6) 

MB.C.5236.1 9.29 4.47 3.46 3.28 

Eocanires sp.; Hasselbach, bed 45 (Fig. 145) 
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