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Above the richly documented palynomorphs (Becker et al., 1974) characterizing the lower part of the
uppermost Famennian (“Strunian”), one can subdivide the Hangenberg crisis in 3 parts: “a lower crisis
interval which started as a prelude with a minor eustatic sea-level fall, followed rather abruptly by pan
tropically widespread black shale deposition™; “a middle crisis interval which is characterized by a gradual but
major sea-level fall of glacio-eustatic origin”; “an upper crisis which is characterized by post-glacial

transgression” (Kaiser ef al., in press).

The base of the “Strunian”, in the reference section of Chanxhe, falls within the higher LL (lepidophyta—
literatus) Zone, more or less at the morphometric change in Retispora lepidophyta, ranging from a majority of
large specimens (shale 112 and below) to a majority of small specimens (shale 116 and above) (Maziane et
al., 2002). The foraminifer Quasiendothyra kob. kobeitusana first occurs in limestone 115; the conodont
Bispathodus ultimus (Upper expansa Zone) first occurs in limestone 111. Indeed, a correlation with the
Refrath borehole (western Germany, ca. 100 km east of Chanxhe) using the morphometric changes in R.
lepidophyta, shows that the middle expansa conodont Zone (and hemisphaerica—dichotoma ostracod Zone)
corresponds to shales 101 to 112 at Chanxhe (Streel & Hartkopf-Froder, 2005). The morphometric change of
R. lepidophyta allows correlations between several sections (outcrops and boreholes) in eastern Belgium
(Streel, 1966; Maziane et al., 2002). Acritarchs and prasinophytes are particularly abundant in the “Strunian”
at Chanxhe. The acritarchs belong to Micrhystridium, Solisphaeridium, Stellinium and Verhyhachium
(Maziane, 1999; Maziane et al., 2007). A small percentage of Maranhites suggests locally a high sea-level.
Higher in the section, acritarchs decrease in abundance and diversity, while miospores abundance is
increasing, suggesting a closer shoreline. A lowering of the sea-level is corroborated by the occurrence above
bed 123 of shallow water ostracods species belonging to the genera Platycopina and Paraparchiticopina
(Casier et al., 2005). Prasinophytes (small Leiosphaeridia, small and large Gorgonisphaeridium,
Synspheridium, Cymatiosphaera, Pterospermella) become more and more abundant, suggesting a shift to a
lagoonal facies. The first occurrence of the large prasinophyte Gorgonisphaeridium winslowiae, above the
first level of Quasiendothyra kobeitusana (Maziane & Vanguestaine, 1997; Maziane et al., 2002) is also a
good characteristic of this timespan.

The lower crisis interval starts with the first occurrence of Indotriradites explanatus marking the base of
the LE (lepidophyta—explanatus) Zone. At Chanxhe (shale 146), it corresponds to a major drop in the acritarch
diversity and a complete dominance of small Gorgonisphaeridium and small Leiosphaeridia. These
prasinophytes have affinities with cold water and dysoxic-anoxic facies (Tyson, 1995: 301). They are
dominant, if not exclusive, until the top of the section (limestone 162) where a fault interrupts the sequence.
Intensive work on intercalated shales (bed 156, for instance) showed the presence of R. lepidophyta and I.
explanatus but did not provide other diagnostic miospores. Therefore, several attempts to complete the data
until the base of the Hastiére Limestone were made with the Royseux section in the Hoyoux valley (Austin et
al., 1970; Maziane et al., 2002), and with the Rivage Pont de Scay section in the Ourthe valley (Sautois, 2007,
Prestianni et al., in prep.). The LE Zone is confirmed everywhere. The Rivage Pont de Scay section was
obviously used by Kumpan et al. (2014), although this was not clearly specified. A short positive carbon
excursion is showed by these authors in that section and is tentatively correlated with a comparable carbon
excursion in the Carnic Alps. It can be correlated with the lower part of the LE Zone in Chanxhe. In the
Rhenish Massif, the LE zone is known from the highest part of the early praesulcata conodont Zone, in the
upper part of the Wocklum Limestone at the Hasselbachtal section (Higgs & Streel, 1984). Ostracod transition
between the hemisphaerica—dichotoma Zone and the hemisphaerica—latior is also firmly correlated with the
LE Zone in Hasselbachtal section (Bless & Groos-Uffenorde, 1984). In more offshore localities, the Drewer
sandstone, known within the LE Zone between the Wocklum Limestone and the HBS, is in the same
stratigraphic position as the short positive carbon excursion in Rivage Pont de Scay and might correspond to a
first short-termed glacial advance. The LE zone is followed by the LN (lepidophyta—nitidus) Zone which starts
with the Hangenberg Black Shales (HBS), on top of the Wocklum limestone (Higgs & Streel, 1994).
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The middle crisis interval starts in the Rhenish Massif, above the HBS in the Hangenberg shales (HS) and
peaks in the Hangenberg Sandstone (HSS) immediately below the Stockum Limestone. The LN zone in the
Rhenish Massif is based on rather poor assemblages with a small number of miospores of limited species
diversity. However, in several localities, Verrucosisporites nitidus is accompanied by Vallatisporites vallatus
(Higgs & Streel, 1984). This is consistent with the LVa (lepidophyta—vallatus) Zone defined in the Amazon
Basin in Brazil by Melo & Loboziak (2003) where LE-LN assemblages have been recognized and renamed
Rle—LVa. Diamictites and glacio-marine strata are common in these intervals. However, the Rle is considered
possibly representing an impoverished variant (ecofacies?) of the LVa in places where Verrucosisporites
nitidus and Vallatisporites vallatus are absent. Therefore, it is difficult (Streel et al., 2013) to accept the
conclusion made by Wicander et al. (2011) that the diamictite sequence of the Itacua Fm they have studied in
Bolivia was a composite representing several deglaciation events starting in the LL through the LE and LN
Zones. However, on the evidence provided above in eastern Belgium and western Germany, a glaciation
starting in the LE Zone and culminating in the LN Zone, interrupted by the transgressive HBS is well
possible. In the Stockum trench II (Higgs et al., 1993; Streel, 1999), the more sandy part (HSS),
corresponding to the maximum of the regression, contains an atypical LN assemblage of miospores, very rich
in Retusotriletes ssp. and where R. lepidophyta is rare (about 1% but a consistent element). This atypical LN
Zone has also been found from the top of the Old Head of Kinsale Fm, in southern Ireland, at the base of the
regional Courceyan Stage (Higgs et al., 1988) as well as in the Kowala Fm of the Holy Cross Mountains in
Poland (Marynowski & Filipiak, 2007). The LE-LN Zones or equivalents are well represented around the
world. In north America, for instance, they allowed to date for the first time (Sandberg ef al., 1972) not only
the Bedford Shales in Ohio (see also Molyneux et al., 1984), but also the Sappington Shales in Montana (see
also Warren et al., 2014). Also for the first time, using miospores, the lower part of the continental Pocono Fm
in western Pennsylvania was dated as uppermost Famennian (Streel & Traverse, 1978). Laminites intercalated
within diamictites (Brezinski et al., 2010) in the Spechty Kopf Fm of eastern Pennsylvania carry also well
preserved LN assemblages (Richardson et al., 2006, Streel et al., in prep). Correlation of the LE-LN Zones
with equivalent in New York State and Pennsylvania Catskill Fm is still under study (Avkhimovitch et al., in
prep.), emphasizing the range of changes through time of several new species of Vallatisporites. Correlation
between Western Europe and the Russian Platform was given by Byvsheva et al. (1984), with Poland and
Belarus, by Avkhimovitch et al. (1993).

The upper crisis interval starts in the Rhenish Massif above the atypical LN Zone where a transgression
reflects a post-glacial eustatic rise. The next miospore zone, the VI (Vallatisporites verrucosus—Retusotriletes
incohatus) Zone is poorly defined, above all by the disappearance of several taxa. Not only R. lepidophyta but
also Rugospora flexuosa, Diducites versabilis and D. plicabilis. V. verrucosus is not diagnostic as it first
occurs in the LE Zone. The VI Zone is dominated by simple laevigate or microapiculate forms such as
Retusotriletes incohatus or Apiculiretusispora coniferus, known from older zones, but which may comprise
here more than 50% of the total spore assemblage. The base of the VI Zone is well displayed, a few cm or
dm. below the still official D—C Boundary, in trenches or borehole like the Hasselbachtal borehole (Higgs et
al., 1993), the Seiler trench (Ziegler & Sandberg, 1984) and the Stockum trench (Alberti et al., 1974; Higgs et
al., 1993). In the last-one, it coincides approximately with the Stockum limestone where the Protognathodus
kockeli conodont zone is often present.

This limit is consistent with a major change in the terrestrial flora underlined by their deep change in
miospores production all around the world.

A new D-C limit. The advocacy of Walliser (1984) for a natural D—C limit at the base of the HBS level is
difficult to support from a palynological point of view. For instance in North America, it would return the
Bedford and Sappington Shales in the Mississippian. It would also place the Gondwanan glaciation straddling
the D-C limit. The contact between the top of the miospore atypical LN Zone (or the LN—VI limit) and the
conodont P. kockeli is the most suitable candidate to characterise a “near event” limit and then replace the
“sulcata limit”. Renewed trenches like Stockum II might display this contact accurately. By the way, trench
protected by a permanent roof is used to protect the stratotype of the Eifelian Stage in Germany. Such new
limit would not disturb too much the existing correlation of the D—C Boundary around the world.

References

Alberti H., Groos-Uffenorde H., Streel M., Uffenorde H. & Walliser O.H. (1974). The stratigraphical significance of the
Protognathodus fauna from Stockum (Devonian/Carboniferous boundary, Rhenish Schifergebirge). Newsletter of
Stratigraphy, 3 (4): 263-276.

141



STRATA, 2015, série 1, vol. 16. IGCP596—-SDS Symposium (Brussels, September 2015)

Austin R., Conil R., Rhodes F. & Streel M. (1970). Conodontes, spores et foraminiféres du Tournaisien inférieur dans la
vallée du Hoyoux. Annales de la Société géologique de Belgique, 93: 305-315.

Avkhimovitch V.I., Turnau E. & Clayton G. (1993). Correlation of uppermost Devonian and Lower Carboniferous
miospore zonations in Byelorussia, Poland and Western Europe. Annales de la Société géologique de Belgique, 115
(2): 453-458.

Becker G., Bless M.J.M., Streel M. & Thorez J. (1974). Palynology and ostracod distribution in the Upper Devonian and
basal Dinantian of Belgium and their dependence on sedimentary facies. Mededelingen Rijks Geologist Dienst, 25
(2): 9-99.

Bless M.JM. & Groos-Uffenorde H. (1984). Ostracodes at the Devonian-Carboniferous boundary. Courier
Forschungsinstitut Senckenberg, 67: 23-28.

Brezinski D.K., Cecil C.B. & Skema V.W. (2010). Late Devonian glacigenic and associated facies from the central
Appalachian Basin, eastern United States. Geological Society of America Bulletin, 122 (1/2): 265-281.

Byvsheva T.V., Higgs K. & Streel M. (1984). Spore correlations between the Rhenish Slate Mountains and the Russian
platform near the Devonian-Carboniferous boundary. Courier Forschungsinstitut Senckenberg, 67: 37-45.

Casier J.-G., Lebon A., Mamet B. & Préat A. (2005). Ostracods and lithofacies close to the Devonian-Carboniferous
boundary in the Chanxhe and Rivage sections, northeastern part of the Dinant Basin, Belgium. /nstitut Royal des
Sciences Naturelles de Belgique, Sciences de la Terre, 75: 95-126.

Higgs K. & Streel M. (1984). Spore stratigraphy at the Devonian-Carboniferous boundary in the northern “Rheinisches
Sciefergebirge”, Germany. Courier Forschungsinstitut Senckenberg, 67: 157-179.

Higgs K. & Streel M. (1994). Palynological age for the lower part of the Hangenberg shales in Sauerland, Germany.
Annales de la Société géologique de Belgique, 116 (2): 243-247.

Higgs K., Clayton G. & Keegan J.B. (1988). Stratigraphic and Systematic Palynology of the Tournaisian Rocks of
Ireland. The Geological Survey of Ireland, Special Paper, 7: 1-93.

Higgs K.T., Streel M., Korn D. & Paproth E. (1993). Palynological data from the Devonian-Carboniferous boundary
beds in the new Stockum trench II and the Hasselbachtal borehole, Northern Rhenish Massif, Germany. Annales de la
Sociéte geologique de Belgique, 115(2): 551-557.

Kaiser S.A., Aretz M. & Becker R.T. (in press). Review of chrono-, litho- and biostratigraphy around the global
Hangenberg Crisis and Devonian-Carboniferous boundary. Geological Survey of London.

Kumpan T., Babek O., Kalvoda J., Grygar T.M. & Fryda J. (2014). Sea-level and environmental changes around the
Devonian—Carboniferous boundary in the Namur—Dinant Basin (S Belgium, NE France): A multi-proxy stratigraphic
analysis of carbonate ramp archives and its use in regional and interregional correlations. Sedimentary Geology, 311:
43-59.

Marynowski L. & Filipiak P. (2007). Water column euxinia and wildfire evidence during deposition of the Upper
Famennian Hangenberg event horizon from the Holy Cross Mountains (central Poland). Geological Magazine, 144
(3): 569-595.

Maziane N. (1999). Biostratigraphie et palynofacies du Famennien supérieur en Belgique et au sud de !'Irlande.
Unpublished PhD thesis, Li¢ge University, 165 p.

Maziane N. & Vanguestaine M. (1997). Acritarchs from the Uppermost Famennian at Chanxhe and Tohogne (Eastern
Belgium). Acta Universitatis Carolinae Geologica, 40: 527-530.

Maziane-Serraj N., Hartkopf-Froder C., Streel M. & Thorez J. (2007). Palynomorph distribution and bathymetry in the
Chanxhe section (Eastern Belgium), reference for the neritic Late to Latest Famennian transition (Late Devonian).
Geologica Belgica, 10: 170-175.

Maziane-Serraj N., Higgs K.T. & Streel M. (2002). Biometry and palaeoenvironment of Retispora lepidophyta (Kedo)
Playford 1976 and associated miospores in the Latest Famennian nearshore marine facies, eastern Ardenne
(Belgium). Review of Palaeobotany and Palynology, 118: 211-226.

Melo J.H.G. & Loboziak S. (2003). Devonian-Early Carboniferous miospore biostratigraphy of the Amazon Basin,
Northern Brazil. Review of Palaeobotany and Palynology, 124: 131-202.

Molyneux S., Manger W.L. & Owens B. (1984). Preliminary account of Late Devonian palynomorph assemblages from
the Bedford Shale and Berea Sandstone Formations of central Ohio, U.S.A. Journal of Micropaleontology, 3 (2): 41-
S1.

Richardson J.B., Woodrow D. & Avkhimovitch V. (2006). Palynological evidence for the dating and interpretation of a
Late Devonian sedimentological event in northeast U.S.A.: Extraterrestrial, meteorological or glacial? In: Bek J.,
Brocke R., Daskova J. & Fatka O. (Eds), Palaeozoic palynology in space and time; CIMP General Meeting, Book of
abstracts. Institute of Geology (Academy of Science), Prague, 45-46.

Sandberg C.A., Streel M. & Scott R.A. (1972). Comparison between conodont zonation and spore assemblages at the
Devonian-Carboniferous boundary in the western and central United States anhd in Europe. Compte Rendu du
Septieme Congres International de Stratigraphie et de Géologie du Carbonifere (Krefeld 23-28 August 1971), 1: 179-
203.

Sautois M. (2007). Modalités d’extinction des coraux lors de 1’événement de Hangenberg (limite dévono-carbonifere).
Unpublished Master thesis, Liége University, 50 p.

Streel M. (1966). Critéres palynologiques pour une stratigraphie détaillée du Tnla dans les bassins Ardenno-Rhénans.
Annales de la Société Géologique de Belgique, 89: 65-95.

142



STRATA, 2015, série 1, vol. 16. IGCP596—-SDS Symposium (Brussels, September 2015)

Streel M. (1999). Quantitative Palynology of Famennian Events in the Ardenne-Rhine Regions. Abhandlungen der
Geologischen Bundesanstalt, 54: 201-212.

Streel M. & Hartkopf-Froder C. (2005). Late Famennian correlation by miospores between the Refrath 1 Borehole
(Bergisch Gladbach-Paffrath Syncline,Germany) and the reference section of Chanxhe (Dinant Syncline, Belgium).
Notebooks on Geology, 2005 (2): 10.

Streel M. & Traverse A. (1978). Spores from the Devonian/Mississippian transition near the Horseshoe Curve section,
Altoona, Pennsylvania, USA. Review of Palaeobotany and Palynology, 26: 21-39.

Streel M., Caputo M. V., Melo J.H.G. & Perez-Leyton M. (2013). What do latest Famennian and Viséan diamictites from
Western Gondwana tell us? Palaeobiodiversity and Palaeoenvironments, 93: 299-316.

Tyson R.V. (1995). Sedimentary organic matter, organic facies and palynofacies. Chapman & Hall, London, 615 p.

Walliser O.H. (1984). Pleading for a natural D/C-boundary. Courier Forschungsinstitut Senckenberg, 67: 241-246.

Warren A., di Pasquo M.M., Grader G.W., Isaacson P.E. & Rodriguez A.P. (2014). Latest Famennian Middle Sappington
Shale: lepidophyta-Verrucosisporites nitidus (LN) Zone at the Logan Gulch type section, Montana, USA. GS4
Annual Meeting, Abstracts with Programs, 6 (6): 163.

Wicander R., Clayton G., Marshall J.E.A., Troth I. & Racey A. (2011). Was the latest Devonian glaciation a multiple
event? New palynological evidence from Bolivia. Palaeogeography, Palaeoclimatology, Palaeoecology, 305: 75-83.

Ziegler W. & Sandberg C.A. (1984). Important candidate sections for stratotype of conodont based Devonian-
Carboniferous boundary. Courier Forschungsinstitut Senckenberg, 67: 231-239.

143



