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Quantitative Palynologie famennischer Ereignisse im Ardennen-Rhein-Gebiet

Zusammenfassung

Waéhrend des spaten Famenniums kénnen auf Grund von quantitativer Palynologie vier kontinentale 6kologische Nischen, drei marine
Megamilieus und zwei miteinander kontrastierende Palynofazies-Typen (Sauerstoff-haltig/-frei) erkannt werden. Angewandt auf ein restrikti-
ves back-barrier-Ablagerungsmilieu zur Zeit des Maximums der Regressionskurve (Ourthetal, Ost-Belgien) lasst eine solche Analyse auf zwei
Zyklentypen schlieen:

1) Auftreten von nassen Klimaten, die talaufwérts Pflanzenvergesellschaftungen an Sumpfrandern entwickeln;
2) Auftreten von Meeresspiegelhochstanden, die talwarts Kohlenstimpfe hervorrufen.

Dies sind Zyklen sechster Ordnung, d.h. weniger als 100 ka, die keinen bedeutenden langzeitigen Wandel in der kontinentalen Vegetation
verursachen. Angewandt auf eine Abfolge des spaten Famenniums im Bereich des Hangenberg-Ereignisses im Sauerland, Deutschland, bei
der die Meeresspiegelschwankungen bekannterweise bedeutend gewesen sind, legt dieselbe Art von Untersuchung nahe, dass hier héhere
Sedimentationsraten als im Ourthetal vorliegen sowie kurze Zyklen mit Klima- und Meeresspiegelveranderungen von wahrscheinlich eben-
falls sechster Ordnung. Die kontinentale Vegetation wurde durch das Hangenberg-Ereignis s.str. (die Basis des Hangenberg-Schwarzschie-
fers) nicht sonderlich beeintréchtigt. Im Gegensatz dazu haben jlingere kontinentale Hangenberg-Ereignisse, die mit dem Maximum der
Regression zusammenfallen und wahrscheinlich mit viel nasserem Klima assoziiert waren, die zeitgleichen talaufwartigen und kiistennahen
Pflanzenvergesellschaftungen stark modifiziert. Die kiistennahe Gemeinschaft hatte sich nach diesem Maximum nicht wieder erholt, vermut-
lich als eine Folge kéalteren Klimas (BRAND, 1993).

Die Dauer der Hangenberg-Ereignisse (die mit der Miosporen-Zone LN zusammenféllt) war wahrscheinlich geringer als 100 ka, wie auch
SANDBERG & ZIEGLER (1996) vorgaben. Als Konsequenz hatte auch die in Brasilien bekannte Glazialperiode, die durch dieselbe Miosporen-
Zone charakterisiert ist, eine sehr kurze Dauer. Das Klima im jingsten Famennium war in den hohen Breiten wahrscheinlich schwankend mit
schnell oszillierenden kalten (oder glazialen) und gemaRigten (interglazialen) Phasen.

*) Author’s address: Prof. MAURICE STREEL, University of Liége, Paleontology, Bat. B18 Sart-Tilman, B-4000 Liege 1, Belgium.
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Abstract

During the late Famennian, quantitative palynology allows four continental ecological niches to be recognized, three marine megaenviron-
ments and two kinds of contrasting palynofacies (oxic/anoxic).

Applied to a restricted marine back-barrier setting during a maximum of a regression peak (Ourthe Valley, Eastern Belgium), such analysis
suggests two kinds of cycles:

1) recurrence of wet climates developing upstream swamp margin plant communities,
2) recurrence of high sea-levels developing downstream “coal” swamps.

These are 6th order cycles i.e. of less than 100 ka and do not introduce any significant long-term change in the continental vegetation.

Applied to a latest Famennian sequence around the Hangenberg Event in Sauerland, Germany, where the changes in sea-level are known to
have been severe, the same kind of analysis suggests a higher rate of sedimentation than in the Ourthe Valley and short cycles involving
climatic changes and sea-level changes, probably also of the 6t order. Continental vegetation has not been strongly affected by the Hangen-
berg Event sensu stricto (the base of the Hangenberg Black Shale). On the contrary, younger “continental Hangenberg events”, correspond-
ing to the peak of the regression, probably associated with a much wetter climate, have strongly modified the contemporaneous “upland” and
“coastal” plant communities. The “coastal” one has not recovered after that peak, probably as a consequence of a colder climate (BRAND,
1993).

The duration of the Hangenberg Events (corresponding to the miospore LN Zone) was probably less than 100 ka as also suggested by
SANDBERG & ZIEGLER (1996). The consequence is that the glacial episode known in Brazil, which is characterized by the same miospore Zone,
had also a very short duration.

Latest Famennian climate was probably unstable with quick oscillating cold (or glacial) and temperate (or interglacial) phases in the high
latitudes.

1. Introduction

Neritic shales may contain large amounts of palyno-
morphs but they rarely carry any information on time dura-
tion and, often, do not allow a very accurate correlation
with the pelagic detailed data available for instance from
conodonts and ammonoids. Sediments around the
Hangenberg Event near the Devonian/Carboniferous
boundary — DCB - offer opportunity to search for such
correlation because it corresponds to severe changes in
the sea level (BECKER, 1993b) allowing the occurrence of
palynomorphs and pelagic faunas in one and the same
section and because time-duration has been proposed
for the relevant sequences. The ultimate goal of this paper
is to study the environmental control of organic particles,
including miospores, in sequences in the Sauerland, Ger-
many, with emphasis on the Stockum trench II.

The environmental control on the key marine faunas is
rather well known. See, for instance, the conodont biofa-
cies concept (many papers of SANDBERG and collaborators
cited in SANDBERG et al. [1988, p. 273]) and the effect of
environmental change on Ammonoidea (Housg, 1993). On
the contrary, the environmental interpretation based on
palynomorph quantitative studies is still poorly under-
stood in the Devonian and, therefore, needs here some
preliminary statements and demonstrative applications.
We have selected the late Famennian section of Esneux
railway, in eastern Ardenne, for such preliminary appli-
cation.
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2. Paleoenvironmental Reconstruction
Based on Palynomorphs and Palynodebris

Text-Fig. 1.
Scheme of water distributary system with different continental environ-

We shall consider three groups of organic particles: the [ onts providing miospores in the sea basin.

continentally produced miospores, the marine palyno-
morphs and the, most often non-marine, palynodebris
corresponding to all organic particles of land plant origin,
found in the organic matter residue after dissolution/siev-
ing of the silicates.

environments (see reconstruction based on joint mega-
flora-miospores studies made in Virginia, USA, by STREEL
& SCHECKLER [1990]). They are listed in Table 1 (See also
MAZIANE [1993], STREEL & MAZIANE in DREESEN et al. [1993]
and STREEL [1996]).

In the assemblage recorded so far in the late Famennian
of the Ardenne, Aneurospora greggsii is, most often, the domi-

2.1. Miospores
(Text-Fig. 1)

During the late Famennian, the most abundant mio-
spores originated from at least four distinct continental
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Table 1.

Miospores dominating a specific continental environment during the late and latest Famennian.

After STREEL & SCHECKLER (1990); JARVIS (1992); DREESEN et al. (1993).

Well drained alluvial plains “Coal” swamps

Upstream swamp margins Downstream swamp margins

Aneurospora greggsii
(probably Archaeopteris micro-
spores)

Diducites plicabilis - Auroraspora varia
Complex (Rhacophyton isospores)

Grandispora gracilis
Apiculiretusispora coniferus
(Retusotriletes cf. coniferus)

Vallatisporites hystricosus
(V. pusillites auctorem)
Auroraspora asperella

(A. macra auctorem)
Retispora lepidophyta

vial plains which developed then, at some distance, along
the sea coast. Such an environment should not have been
directly affected by the short-termed variations of the sea
level and therefore remains a constant in the landscape of
that time. Of course, major sea transgressions or regres-
sions might have reduced versus extended the relevant
covered area.

The upstream (upland) “coal” swamp and swamp mar-
gin environments should also not have been affected by
the fluctuation of the sea level. Their reduction or exten-
sion would have been first controlled by dry versus wet
climates (The “voN posT effect” in CHALONER & MUIR
[1964]), wet climate producing flooding episodes which, in
turn, carry more upland miospores into the sea basin (The
“MUIR effect” in STREEL & RICHELOT [1994]).

The downstream (coastal) “coal” swamp and swamp
margin environments, on the contrary, were directly con-
trolled by the short-termed changes in the sea level: any
high sea level will induce a high fresh-water table in these
environments and increase therefore their importance
(their proportion) in the coastal landscape, producing
more of the relevant miospores (The “NEVES effect” in CHA-
LONER & MUIR [1964]).

2.2. Marine Palynomorphs

The continentaly produced miospores were washed, in
rather great amount, into the sea basin by wind and rain-
fall, and water streams. In the marine sediments, mio-
spores (thousands to hundreds of thousands per gram of
sediment) are found together with more autochthonous,
“marine” palynomorphs, the sphaeromorphs and acri-
tarchs. The ratio miospores/sphaeromorphs + acritarchs
provides a good tool to characterize the degree of marine
influence in a sediment but also, using the “marine” paly-
nomorphsalone, itwas demonstrated (BECKER etal., 1974;
MAZIANE & VANGUESTAINE, 1997), in the late Famennian
that:

1) the sphaeromorphs abundance corresponds to some
(here back barrier) restricted marine environment;

2) the abundance of the thin-spinned acritarch Gorgoni-
sphaeridium, corresponds to intermediate marine con-
ditions;

3) more diversified acritarchs characterize more open
marine environments (see Table 2).

Table 2.

“Marine palynomorphs” dominating a specific marine environment du-
ring the late and latest Famennian.

After BECKER et al. (1974); MAZIANE & VANGUESTAINE (1997): THOMALLA et
al. (1997)

Back barrier
restricted marine
environment

Offshore
marine
environment

Intermediate
marine
environment

Abundantand diver-
sified acritarchs

Sphaeromorphs
(Leiospherids)

Gorgonisphaeridium
spp.

“Marine” palynomorphs offer therefore criteria to con-
trol the variability of the marine environments where mio-
spores were trapped. They allow also to define a useful
“distality index” (THOMALLA et al., 1997) measuring the in-
shore versus offshore character of the marine deposits.

2.3. Palynodebris

Palynodebris quantitative analyses offer criteria to
evaluate the conditions of transportation, sedimentation
and diagenesis of the organic particles. Nowadays, their
nomenclature is rather detailed but may be reduced, for
the purpose of the present study, to simple statements
related to the oxic versus anoxic character of the palyno-
facies: permanent anoxic condition and short transport
preserve palynofacies rich in thin, more or less translucid,
heterogeneous debris; primary or subsequent oxic condi-
tions and/or long transport provide palynofacies where
these heterogeneous debris are destroyed and, therefore,
are rich in black homogeneous debris.

A poor oxygenation of the bottom water (anoxic condi-
tion) may result from density stratification of the water
column and sluggish circulation in basinal area (density
stratification occurs after a reduction in surface water sa-
linity, for instance, by river runoff). But palynomorphs are
generally poorly present in deep basinal area because
they originate often from a distant shoreline and, unless
they were produced in very large amount, most are sorted
and oxydised during transport. Relatively anoxic condi-
tion may also be present, in restricted marine environ-
ments with quiet deposits, rich in organic matter, and kept
away from oxygenated waters.

3. The Late Famennian Fontin Event,
at Esneux Railway
(Ourthe Valley, Belgium)

3.1. Generalities

The Fontin Member of the Evieux Formation (North of
the Ourthe valley) is characterized by a short-term trans-
gressive pulse that developed in a restricted marine,
back-barrier, setting, during the maximum of a Famen-
nian regression peak, well below the Strunian transgres-
sion. The deposition of autochthonous carbonates at the
climax of the late Famennian megaregressive sequence
was named the Fontin Event by DREESEN & Jux (1995).

It should not be confused with the two carbonate beds
occurring in the lower part of the Esneux railway section,
where productive samples for conodonts have indicated
the Middle expansa (formerly Lower costatus) Zone (DREESEN
et al.,, 1993). Miospores and locally, “marine” palyno-
morphs, are rather abundant in this section and corre-
spond to the VCo (versabilis-cornuta) Zone (MAZIANE et al., in
press).
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3.2. Quantitative
Palynology
of the Sequences

In the lower part of the
section, a 9 meter-thick se-
quence has given palyno-
morph  assemblages with
abundant “marine” elements
like sphaeromorphs, Gorgoni-
sphaeridium and other acri-
tarchs (MAzIANE, 1993). The
sandy sequence is interbed-
ded by carbonate and shaly
layers and is interpreted as a
succession of 3 groups of dif-
ferent marine environments,
from the base to the top:

Back-barrier

The back-barrier environment
is characterized by high per-
centages of sphaeromorphs
and no acritarchs (samples 17,
17b, 18) which suggest restric-
ted marine conditions. The pa-
lynofacies corresponds to
rather anoxic conditions. The
amount of miospores reaching
such a restricted environment
is rather low (less than
10,000/gr.sed.) and no mio-
spore groups were dominant.

Fore-barrier to offshore
Samples 19 and 20, from the
middle part of the sequence,
correspond to the fore-barrier
to offshore environments.
Sample 19 has abundant Gor-
gonisphaeridium and a few other
acritarchs (like Tornacia). Mio-
spores are more abundant
(25,000/gr.sed.) and domin-
ated by the D. plicabilis-A. varia
Complex. Sample 20, with
sphaeromorphs only, sug-
gests another restricted mar-
ine environment like in the
lower part of the sequence
(samples 17 to 18) but receiv-
ing here, high percentages of
the miospore A. greggsii. Ap-
parently, the two sampled sha-
ly layers suggest a rather quick
succession of
1) a high sea level corres-
ponding to an expanded
downstream “coal” swamp
with their miospores trap-
ped in some intermediate
marine conditions (fore-
barrier ?) and
2) aless high sealevel corres-
ponding to a reduced
downstream “coal” swamp
with miospores from the
well drained alluvial plain
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Sphaeromorphs

Gorgonisphaeridium

Tornacia

Number of
“marine” palynomorphs
per gr. of sediment

Number of miospores
per gr. of sediment

Well drained
alluvial plain

“Coal” swamp

Upstream
swamp margin
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being trapped in a more
restricted marine envi-
ronment. Real offshore
conditions are not de-
monstrated by these
shales which carry a pa-
lynofacies correspond-
ing to rather anoxic con-
ditions.

Restricted marine-
lagoonal and soils
(Text-Fig. 2)

The marine conditions are
less restricted in the upper
part of the sequence where
sample 21 shows sphae-
romorphs, Gorgonisphaeridium
and A. greggsii co-dominant.
Sample 22, with almost no
“marine” palynomorphs and
a more significant amount
of miospores (50,000/gr.sed.)
is nearer the samples of the
4-meter-thick sequence
(Text-Fig. 3) studied furth-
er, particularly nearer sam-
ple 27. Both samples con-
tain abundant miospores of
the D. plicabilis-A. varia Com-
plex (originating  from
“coal” swamps) but few G.
gracilis (originating from up-
stream swamp margin).
Sample 22 might corres-
pond to another high sea
level, here registered in a
short-termed lagoonal epi-
sode. These samples (21
and 22) carry a palynofa-
cies rich in black, homo-
geneous debris, resulting
of oxic condition of trans-
portation and/or deposition.

In the upper part of
the section, atthe Fontin
Event, a 4 meter-thick se-
guence corresponds to a
spectacular estuarine
channel in lateral accretion
bracketted by carbonate
beds and a paleosoil
(Text-Fig. 3) and has given
interesting  palynomorph
assemblages (MAZIANE,
1993). “Marine” palyno-
morphs are poorly repre-
sented (less than 10 %) but
miospores are abundant
(up to 130,000/gr.sed.). The
dominant D. plicabilis-A. varia
Complex in sample 25
might either correspond to
1) an expanding down-

stream “coal” swamp

driven by a short-termed
high in the sea level, or/
and to

Number of miospores
per gr. of sediment

Well drained
alluvial plain

“Coal” swamp

Upstream
swamp margin
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2) an expanding upstream “coal” swamp with miospores
being washed downwards with G. gracilis miospores.
Unfortunately, upstream and downstream “coal” swamps
cannot be discriminated by their miospore production,
being dominated by the same plant type: Rhacophyton
(SCHECKLER, 1986). However, the anoxic character of the
palynofacies of this sample with thin translucid hetero-
geneous debris, excludes a long transport in water of all
the organic particles and suggests therefore that only the
first explanation is valid. This sample indicates the exact
stratigraphic level of the Fontin Event. Shaly layers interca-
lated between the carbonate beds near the base (samples
25, 26) or near the top (sample 30) of the sequence, carry
miospore assemblages characterized by abundant G. gra-
cilis (from upstream swamp margin). This species might
correspond to floods originating upstream. Shaly layers
within the estuarine channel demonstrate miospore as-
semblages dominated by D. plicabilis-A. varia Complex (ori-
ginating from “coal” swamps) in the lower half (sample 27)
and by A. greegsii (originating from well drained alluvial
plain) in the upper half (samples 28, 29). Samples 26 to 30
show a palynofacies rich in black, homogeneous debris,
here probably resulting from oxic condition during trans-

port.

Obviously the shaly layers available for palynological
studies in this section are more present in the regressive
parts of the sequences than in the transgressive parts
(where they might have been destroyed soon after deposi-
tion). They display two kinds of possible cyclicity:

1) recurrence of high sea-levels developing downstream
“coal” swamps as shown by samples 19, 22, 25
(matching the Fontin Event) and 27;

2) recurrence of wet climates developing upstream
swamp margin vegetation as shown by samples 197,
25, 26 and 30.

These potential cycles are shorter (6t order cycle,
THOREZ, personal communication) than the “high frequen-
cy (HF) cycles”, demonstrated in this Esneux railway sec-
tion by LAFLEUR (1991) who considers that her 5 HF cycles
correspond more or less to one conodont zone (500 ka in
SANDBERG and ZIEGLER [1996]) and that, therefore, each HF
cycle had a duration of about 100 ka (5th order cycle, VAIL,
1987). Our cycles are more comparable to the Plio-Pleis-
tocene cycles (6t order cycles, 41 ka) demonstrated by
NAISH & KAmP (1997).

There is no evidence of any major change in the vegeta-
tion which might allow to characterize the Fontin Event by
comparison with other parts of the section of Esneux rail-
way in the same way as it might have allowed “a short-term
come-back of stromatoporoid biostromes in the Franco-
Belgian Basin, possibly as a result of a post-glacial warm-
ing of the ocean waters by the end of a supposed Famen-
nian glaciation” (DREESEN & Jux, 1995, p. 118). We shall
demonstrate later that the Famennian glaciation post-
dated this Event which evidently did not affect the con-
temporaneous “upland” vegetation in the same way as we
shall demonstrate it at the DCB.

4. The Latest Famennian
Hangenberg Event
at the Stockum Trench Il
(Sauerland, Germany)

4.1. Palynomorphs in Sauerland

In the Sauerland area which is characterized by pelagic
facies, the miospore succession starts with the LE (/epido-
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phyta-explanatus) Zone found within the highest part of the
Early praesulcataconodont Zone, i.e. in the upper part of the
Wocklum Limestone, of the Hasselbachtal section*). This
zone is followed by the LN (/epidophyta-nitidus) Zone which
starts with the Hangenberg Black Shales (HBS), on top of
the Wocklum Limestone which uppermost part bears the
poorly defined Middle praesulcata conodont Zone. The LE
Zone at Hasselbachtal and the LN Zone in the HBS of sev-
eral sections in Sauerland are based on rather poor as-
semblages with a small number of miospores of limited
species diversity (HIGGS & STREEL, 1994). Acritarchs are
almost absent but it is not the result of their decline at the
end of the Devonian**) because they are known (WELDON,
1997) with LE-LN miospore Zones in the Riescheid sec-
tion, a section where miospores are abundant, well pre-
served, and displaying particularly abundant Diducites
complex, but where no Wocklum Limestone nor HBS fa-
cies is present.

At Drewer, a more offshore locality, the Drewer Sand-
stone in the upper part of the Wocklum Limestone, and
the HBS, which are time-equivalent of part at least of the
LE-LN Zones, are completely barren. The almost absence
of acritarchs and the small number and bad preservation
of miospores, if any, together with abundant other organic
debris in the HBS of the Sauerland, is striking and will be
discussed later (see 4.3.).

Above the HBS, the miospore assemblages are rich in
both species and specimens (up to 68,000 miospores/
gr.sed. in the Oberrédinghausen railway section, [PA-
PROTH & STREEL, 1982]) and correspond to the successive
LN and VI (verrucosus-incohatus) Zones. But Hangenberg
Shale sequences (not Hangenberg Sandstone!) in the
Oese, Apricke and Oberrédinghausen sections, which
were deposited in a somewhat isolated small basin in the
immediate eastern area near the Seiler deltaic deposits
(BLESS et al., 1993, Text-Fig. 3), are characterized by re-
worked miospores largely outnumbering those produced
by the contemporaneous flora. The Diducites complex of
miospores is here poorly present.

The adverse conditions for the deposition and the pre-
servation of miospores are met again everywhere within
the overlying Hangenberg Limestone.

Compared to the late Famennian miospore assem-
blages studied in the Middle and Late expansa conodont
Zone in Belgium where A. greggsiiis abundant, the assem-
blages from the Middle praesulcata conodont Zone in the
Sauerland have few A. greggsii although the species and its
assumed mother plant (Archaeopteris) are known from the
stratigraphic equivalent, the Kiltorcan Beds, in Ireland
(JARrvis, 1992). A morphologically related miospore, Apicu-
liretusispora coniferus (part of the Retusotriletes incohatus of
HIGGS & STREEL 1984), is abundantinthe LN and VI assem-
blages of the Sauerland but seems to correspond to up-
stream swamp margins environment rather than to well
drained alluvial plains.

*) The base of the LE Zone is known in the Riescheid section in Sauer-
land (HiGGS & STREEL, 1994) and the Chanxhe | and Il sections in
eastern Belgium (DREESEN et al., 1993; MAzIANE et al., in print) but
both localities are poorly dated at that level. An Early praesulcata or a
Late expansa “age” is assumed from the occurrence of a Late expansa
conodont fauna some 18 m below the base of the LE Zone in
Chanxhe I.

**) A dramatic decline of the acritarchs at the end of the Devonian is
consistently supported by all data examined thus far around the
world (STROTHER, 1996). But, during the late Famennian, detailed
data are rather sparse and do not establish whether the change was
relatively sudden or gradual (MARTIN, 1993, p. 521).



4.2. Quantitative Palynology
of the Sequences
at the Stockum Trench Il
The Stockum sections are situated on the northeast
flank of the Ebbe anticline of the Sauerland and are com-
posed of several outcrops and trenches located about 1
km from the village of Stockum. Trench Il was described
by CLAUSEN et al. (1994). It is a 28 m thick Devonian-Car-
boniferous sequence of clay, siltstones and sandstones

with intercalated carbonates. Miospores of typical LN,
transitional LN and VI Zones were recovered (See Text-
Fig. 4) from the almost 17 m of sediments of Hangenberg
Black Shales (HBS), Hangenberg Shales and Sandstones,
and Stockum Limestone (HIGGS et al., 1993).

In the HBS (sample 162), the miospores are scarce but
black homogeneous palynodebris are abundant. In the
lower half of the Hangenberg Shales and Sandstones
(samples 147 to 128), miospores are abundant and rather
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Quantitative palynology in the Stockum trench Il section (Sauerland, Germany).

Miospore zones and lithology after HiGGs et al. (1993); holostratigraphy after BECKER (1996).
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well preserved, palynodebris being more heterogeneous
and translucid than in the HBS. Obviously the deposition
of the Hangenberg Shales was very rapid, preventing the
oxidation. Here, the downstream swamp margin mio-
spores (V. hystricosus, R. lepidophyta) are abundant. Between
samples 145 and 138, sandstones become exceptional
and the R. lepidophytadominance takes over the V. hystricosus
dominance corresponding also to a small increase of the
“coal” swamp miospore D. plicabilis. From these observa-
tions one can deduce that the R. lepidophyta mother plant
should have occupied a wetter margin of the swamp than
the V. hystricosus mother plant and that the “coal” swamp
itself was not very much developed, as noted before in the
Oese, Apricke and Oberrédinghausen sections by the
poor presence there of the Diducites complex.

In the upper half of the Hangenberg Shales and Sand-
stones and in the Stockum Limestone (samples 121 to
94), sandstones are again more and more abundant and
the palynofacies returns to oxic conditions of deposition.
Coarser sediments and oxic conditions result probably
from river runoff after a wetter climatic development. In-
deed the upstream swamp margin miospores (A. coniferus)
become abundant and take over the R. lepidophyta domin-
ance. The strong regression of the downstream swamp
margin miospores (V. hystricosus, R. lepidophyta) and the al-
most complete extinction of the “coal” swamp miospore,
D. plicabilis, suggest that the new wet climatic condition
matched the lowest reached sea-level. These probably
adverse climatic and edaphic environmental changes
strongly reduced the latest Famennian downstream
swamp margin and “coal” swamp vegetation (corres-
ponding to the lepidophyta assemblages).

These plant communities completely disappear imme-
diately below the level 100 of the Stockum Limestone i.e.
very near but below the DCB (See 4.5.).

At the level of sample 94, immediately above the last
sandstone horizon, very abundant acritarchs suddenly
occur, making 70 % of the total of the palynomorphs
(miospores + acritarchs). Surprisingly, the assemblage is
composed of one single “species” of Micrhystridium. This
genus is known to characterize, with other thin-spined
acritarchs, perireefal environments in Frasnian beds (VAN-
GUESTAINE et al., 1997). Here, it seems to represent a first
opportunistic blooming of one single taxon, recovering
after the ”latest Devonian extinction®. It seems to coin-
cide “with the basal Carboniferous eustatic rise which in-
ternationally allowed to return to the deposition of aerobic
cephalopod limestones” (BECKER, 1993b) i.e. to adverse
conditions for the preservation of miospores.

4.3. Holostratigraphy
and Cyclicity of Deposits

It is possible to subdivide, with much detail, the dif-
ferent sections available in the Sauerland using time-units
of sequence stratigraphy (VAN STEENWINKEL, 1993,
Text-Fig. 7), units of T-R cycles (BLESs et al., 1993,
Text-Fig. 4) or holostratigraphic intervals (BECKER, 1996,
Tab. 2). These units (1 to 4 or 2 to 11) or intervals (8 to 15)
are compared (Text-Fig. 5) within the range of the mio-
spore assemblages available in the area. BECKER (1996, p.
27) suggests that these intervals provide an average time
discrimination in the order of 200 ka i.e. 1.6 ma for the in-
tervals 8to 15. Combining data given by CLAUE-LONG et al.
(1993, Text-Fig.3) and SANDBERG & ZIEGLER (1996,
Text-Fig. 1a), a time-range of 1.4 ma can be calculated
but the last authors recommend a much shorter time
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Table 3.
Thicknesses of the LN miospore Zone or holostratigraphic equivalents in
the Sauerland and Southern Ireland.

Sauerland SouthernIreland
(LupPoLD etal., 1994) (CLAYTON et al., 1986)
Mussenberg 0.05 SouthMunsterBasin  >250.00
Effenberg 0.40

Wocklum 1.40

Hasselbachtal 4.75

Apricke 5.25

Ober-Rédinghausen 6.40

railway

Ober-Rédinghausen 13.90

road

Stockum trench i 15.50

Hangenberg 27.00

Oese 29.50

range (100 ka) for intervals 8 to 11 (the Middle praesulcata
conodont Zone), implying a much longer time-range for
intervals 12 to 15 (The late praesulcataand part of the sulcata
conodont Zones) (Text-Fig. 5). The LN miospore Zone
and their stratigraphic most often shaly equivalents cover
very different thicknesses in Sauerland and in Southern
Ireland (Table 3), ranging from a few centimeters to a few
hundreds of meters. Comparing three close sections in
the Wocklum Limestone of the Sauerland, BECKER (1996,
p. 31 and Tab. 3) concludes to surprisingly similar thick-
nesses of individual ammonoid zones but remarks that
differences, where any, are mostly based on the develop-
ment of shaly intervals. We can, in the same way, suppose
that the clastic input in Sauerland and Southern Ireland,
although possibly very different, covers similar time range
and accept, from the conodont evidence, that this time-
range was rather short (100 ka?).

The cyclicity observed above the Hangenberg Event in
the Sauerland is obviously of the same nature as the two
kinds of cycles (change of sea-level and of climate) de-
scribed in the late Famennian of the Esneux railway sec-
tion. They probably also correspond, therefore, to 6t or-
der cycles, adding some substantiation to SANDBERG &
ZIEGLER (1996) opinion of a short time-range (100 ka) for
the intervals 8 to 11 (the Middle praesulcata Zone). Conse-
quently, the rate of sedimentation operating during the
miospore LN Zone in the Sauerland was high compared to
the rate observed during the miospore VCo Zone in the
Ourthe valley (the scales of the logs on Text-Figs. 2, 3 and
4 are almost similar). Of course the rate of sedimentation
might have been even much higher (one magnitude high-
er) in other regions like Southern Ireland (see Table 3).
Higher rate of sedimentation and sandy input should cor-
respond to wetter phases of the climate and increased
river supplies during the Latest Famennian than during
the Late Famennian.

Evidence of wetter climate might have started in the up-
per part of the Wockum Limestone with the Drewer Sand-
stone and this would explain the genesis of the overlying
HBS. Indeed, after VAN STEENWINKEL (1993, p. 678), the
HBS is a condensed unit, created by sediment starvation.
Itwould correspond to a worldwide event*), characterized
in the Sauerland area by basinal condensation during a
maximum rate of eustatic sea-level rise. It most likely re-

*) VAN STEENWINKEL (1993, p. 674) proposed two scenarios: a HBS hav-
ing a worldwide significance and being older than the incision event
at the Seiler locality versus a HBS locally restricted, of the same age
or younger than this incision event. We favor the first scenario be-
cause such major incision fits better the maximum period of regres-
sion which followed the HBS deposition.
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Synthesis of quantitative palynology and comparison with sedimentology and climatology in latest Famennian sections of the Sauerland (Germany.

Lithology: no scale. C/D: Devonian/Carboniferous Boundary.

presents the condensed latest-Devonian Transgressive
and Highstand Systems Tracts (TST + HST) of the previous
sequence, the Wocklum Limestone (including the Drewer
Sandstone) corresponding to the underlying Lowstand
(LST). During the deposition of the upper part of the Wock-
lum Limestone, erosion of organic soils and vegetation
probably started on the continent and rivers discharged a
large amount of sand, mud and organic matter into the
sea. But, except in the Riescheid nearshore area where
pre-LN shaly sediments are several metres thick, this ero-
sional material was transported by marine currents far
offshore, the sand being deposited first, as on the shoal of
the Drewer area (BLESS et al., 1993, Text-Fig. 3), the mud
and organic matter bypassing the shoals and being depo-
sited further into the basin to produce lowstand submari-
ne fans (precursor of the Basin Floor Fan or BFF of VAN
STEENWINKEL [1993, p. 678]). Subsequently, during the
next sea-levelrise (TST + HST), together with ascending of
the anoxic zone, upwelling or overturn (GIRARD, 1994)
might have spread the black mud everywhere in the basin,

except on top of some shoal (Miissenberg) and, of course,
on the nearshore area (Riescheid). The almost absence of
acritarchs demonstrates that the HBS material was never
deposited nearshore before the upwelling or overturn and
the impoverishment of its content of miospores and the
destruction of the thin, more or less translucid, heteroge-
neous debris (See 2.3.) prove its long transport into the
sea before definitive deposition in the anoxic zone.

Heavy precipitation (thunderstorm rains), necessary to
wash out the terrigeneous material, during the end of the
Wocklum Limestone deposition” might have turned into
fine rains depositing mostly clays (MALEY, 1982) during the

*) Despite the fact that most sections in Sauerland and elsewhere con-
tain blind or reduced-eyed in the topmost part of the Wocklum Lime-
stone (R. FEIST, 1992 and personal communication, July 1998), the
presence, at Hasselbachtal, in the arenitic topmost part of the Wock-
lum Limestone, of reduced-eyed trilobites (BECKER, 1996, p. 30) and
the more recent discovery (BECKER, personal communication, August
1998) of poorly preserved tabulate coral debris suggest that this
layer may well equal the Drewer Sandstone.
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HBS formation. Continuous supply of rain water into the
sea would explain the “contamination” of the HBS with
very scarce contemporaneous miospores (like Vallatis-
porites vallatus and Verrucosisporites nitidus) and would con-
tribute (ALGEO & SCHECKLER, 1998) to the stagnation of
bottom water and sedimentation of the black, pelagic
muds, rich in marine organic matter (sapropels), by estab-
lishing a steep vertical salinity gradient in the water col-
umn, a processus well described by ROSSIGNOL-STRICK et
al. (1982) in the Quaternary of the Mediterranean Sea.

4.4. The Hangenberg Continental Events

The Hangenberg Event is defined (WALLISER, 1984,
Text-Fig. 2; 1995, Text-Fig. 6) at the base of the HBS.
Within the pelagic facies realm, this level is thus charac-
terized by an abrupt lithological change which induced a
strong discontinuity in the critical faunal groups.

In contrast to the pelagic environment, neritic shallow
water and continental environments appear to have not
been strongly affected by this event. As far as miospores
are concerned, the LE/LN transition (The Hangenberg
Event of WALLISER [1984, 1995]) shows only very minor
changes (HIGGS & STREEL, 1994). On the contrary signi-
ficant, quantitative changes occur at two higher levels
(Text-Fig. 5): between the Hangenberg Shales and the
Hangenberg Sandstones and also at the Stockum Lime-
stone level i.e. very near, but below, the D/C Boundary.
We name here these levels the “continental Hangenberg
events”. After the HBS deposition, a very quick drop of the
sea-level has suddenly altered the steep vertical salinity
gradientin the water column of the basin, involves the de-
position of the Hangenberg Shales and allows an incision
event at the Seiler locality.

Except in the area of Riescheid, Rhacophyton “coal”
swamps were poorly developed on the continent and loc-
al erosion contributes for a large supply of reworked mio-
spores in the Oese, Apricke and Oberrddinghausen area.
In the Stockum area, local conditions or a short interrup-
tion in the sea-level drop allow the temporary reintroduc-
tion of “coal” swamps in the vicinity. A sharp change oc-
curs then with the deposition of the Hangenberg Sand-
stones and equivalents. Palynofacies returns to oxic
conditions. Coarser sediments and oxic conditions result
probably from river runoff after a much wetter climatic de-
velopment and coincided with the lowest reached sea-
level of the Famennian (the Hangenberg Sandstone Low-
stand).

Onthe contrary of what we observed in the neritic facies
studied at the level of the Fontin Event in the Ourthe val-
ley, the “continental Hangenberg events” in Sauerland
strongly affected the contemporaneous “upland” and
“coastal” vegetations.

4.5. Climatic Implication

Global climatic changes across the Devonian/Carbonif-
erous limit has been investigated by geochemistry of bra-
chiopods (Popp et al., 1986; BRAND, 1989, 1993; BRAND &
LEGRAND-BLAIN, 1993). These authors note that it was not
until the latest Famennian, that water temperatures
started to decline. Detailed conclusions, however, are
hampered by lack of biostratigraphic resolution of studied
horizons. Indeed, no samples were tested which fit, with-
out doubt, the HBS and Hangenberg Shales and Sand-
stones interval (They normally lack brachiopods !). The
Wocklum Limestone (BRAND, 1989, 1993) is older. The
Louisiana Limestone in eastern Missouri, USA (BRAND,
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1993) and the “middle siliciclastic calcarenite” in the
Griotte Formation at La Serre (Montagne Noire, France;
BRAND & LEGRAND-BLAIN [1993]) might be slightly younger
than our sequence as they are considered of Late praesulca-
ta“age” (But see GIRARD, 1994). Only the shaly base of the
“lower oolite” in the Griotte Formation at La Serre might
be an equivalent of the Hangenberg Shales (BLESs et al.,
1993; GIRARD, 1994; BECKER, 1996, p. 29). It is of some
significance to note that temperature decreased signi-
ficantly in the upper part of the “middle siliciclastic calc-
arenite” overlying the “lower oolite” (BRAND & LEGRAND-
BLAIN, 1993, Text-Fig. 8) i.e. near the level where, in the
Hasselbachtal section, the LN Zone definitively ended.

However, possibly the sea-level lowstand of the upper
Wocklum Limestone and certainly the sea-level lowstand
of the Hangenberg Sandstone are contemporaneous of
the cooling episodes in high latitude as documented by
glacial deposits within the Parnaiba and Amazonas ba-
sins, in Brazil (LoBozIAK et al., 1992, 1993, 1996). These
glacial deposits, at least those which seem to reach the
sea-level for the first time during the Famennian, are now
demonstrated to be restricted to the LE?*)-LN Zones and
should correspond to an interval of time even shorter than
100 ka, assuming that the HBS transgression represent a
short interglacial episode (STREeL, 1986; BLESS et al.,
1993, p. 700).

We propose therefore that the change in the continental
vegetation at the extreme end of the Devonian did not cor-
respond to the so-called Hangenberg Event but postd-
ated this event and resulted of an almost coincidence of a
very low sea-level and a climatic wet phase followed by a
still wet but colder phase. The time resolution of our ana-
lysis does not allow to decide between the opinion of MA-
LEY (1976) who, in the Quaternary, has proposed that ice
sheet started to develop in polar region in response to
massive influx of humid tropical air (cooling of the ocean
coming soon after as a consequence of the development
of ice sheetreaching the sea-level) or rather the opinion of
REICHART (1998, p.163) who thinks, on the contrary, that a
wetter tropical climate preceded global warming and
melting of the ice sheets. During the Quaternary, these
contrasting climates have indeed interchanged within a
few thousands years. But there is no doubt that the
change inthe continental vegetation at the extreme end of
the Devonian can obviously be entirely explained by cli-
matic causes.

According to the Milankovitch theory external climatic
forcing results from changes in the orbital parameters of
the Earth’s path around the sun which affect the amount
of solar radiation received at the top of the atmosphere.
But the values of the orbital parameters have changed
significantly in the past, the obliquity (the tilt of the Equa-
tor on Earth’s elliptical orbit around the Sun) which is now
of 41 ka was of 33 ka in the Devonian time (BERGER et al.,
1989). This might well fit the cycles involved in the late and
the latest Famennian.

We do not believe in a moderate latest Famennian re-
gression, continued into the middle “Hangenbergian”
time (WALLISER, 1995, p. 241 and Text-Fig. 6). We prefer
instead the more dramatic deposition scheme of BLESS et
al. (1993) which imply arather unstable climatic system as
the one demonstrated in the high latitude of the middle
Miocene when it oscillated, for perhaps 1 ma, back and
forth between glacial and interglacial modes (WOODRUFF

*) The LE? Zone in Brazil might well correspond to an impoverished LN
Zone (MEeLo et al., in press).



etal., 1981). Such quick oscillating climates might recon-
ciliate the almost coexistence, in South America, of a
latest Famennian glaciation and the presence of ammon-
oids like the Wocklumeria and Gattendorfia faunas mentioned
by BECKER (1993a) and House (1996). Latest Famennian
climate was probably unstable with quick oscillating cold
and temperate phases in the high latitude. Cold phases
were glacial only when snow was abundant.
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