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TAPHONOMY AND SEDIMENTOLOGY OF THE ‘BLACK MARBLE’
OF DENEE, A FOSSIL CONSERVATION DEPOSIT FROM THE VI SEAN
(MISSISSIPPIAN) OF BELGIUM

Bernard MOTTEQUIN

Unité de Paléontologie animale et humaine, Univeésde Liege, Bat. B18, Allée du 6 aodt, B 4000 Lidge
Belgium, bmottequin@ulg.ac.be

1. Introduction

The localities of Tournai and Visé, respectively tigtorical type areas of the Tournaisian and \fiséa
stages (Hancet al. 2006a-b), have contributed to the fame of the Lo@arboniferous of the Namur-Dinant
Basin [southern Belgium and northern France (Aviesshdy the great diversity and the abundance ef th
macrofaunas (see references in Demanet 1958). theless, their study (except rugose corals anobités)
has been neglected for many years. In additionotb these well-known fossiliferous localities, thearries
located around the village of Denée (Namur provir{égure 1) have yielded remarkably preserved rau
fossils (including echinoderms and fishes), whievéibeen collected within the ‘black marble’ of Bena
black coloured limestone of early Viséan age.

N
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Figure 1. General context of Lower Carboniferous sedimentationorth-western Europe showing the
distribution of emergent areas and Waulsortian rdewat the end of the Tournaisian [modified from Heg
(1990) and Devuyst & Dehantschutter (2007)]. B siBaD = Denée.

All the fossils, with few exceptions, were colleti@t the end of the f&entury and at the beginning of
the 2d" century by quarrymen when the ‘black marble’ waterisively and manually quarried. Most of the
quarries were subterranean and, nowadays, moseof are disused and flooded. If it had not beerkadyrthe
‘black marble’ of Denée would have been considgnetbably as azoic due to the rarity of the fosditse bulk
of the material is deposited at the Maredsous alfi@@ntre Grégoire Fournier’), but additional speens are
housed in the University of Liege, the Royal Belgiastitut of Natural Sciences (Brussels), and thes&éum of
Comparative Zoology (Harvard). A modern systemagidsion is urgently needed for most of the inverddd
phyla; the latest comprehensive list of the fau@es back to Fournier and Kaisin (1929). As isegalty the
case with old collections, the origin of the spemi® is usually not known with precision, except $ome
fossils which have a mention of the quarried IéttalVVeine’, ‘les Dris’) on their label. We can qext that most
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of the specimens were collected at Denée, fronetipdoited levels figured by Fournien(Fournier & Pruvost
1928) (Figure 2).
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Figure 2. Distribution of fishes within the ‘black marblef Benée (Molignée Formation) as exposed in the
quarries of the Denée area [modified from Fourmédfournier & Pruvost (1928)].
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Figure 3. Late Tournaisian sedimentation areas in the NamnaiBasin (not palinspastic) (modified from
Potyet al. 2006). 1. Denée; 2. Salet; 3. Sovet. S.A. = sediati®n area.
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Figure 4. Evolution of the Condroz sedimentation area (CS#) the Dinant sedimentation area (DSA) during
the third-order sequencesA)(5 B) and 6 C) (numbered black arrows) [Tournaisian (Ivorian).taer
Viséan (Moliniacian)] (modified from Hana al.2001); see also Figure 3. The Banc d’Or de Baclsaat i

bentonite, locally transformed into a palaeosoli¢Bmbre 1989). The Longpré Formation includes, flase to
top, the Flémalle and the Avins members; the Braibdember corresponds to the top of the Sovet Fioma
(Potyet al.2002). Mbr: Member; MOL*: Molignée Formation (‘blackarble’ of Denée); MOL**: Molignée
Formation (‘black marble’ of Dinant).

2. Geological setting

The Namur-Dinant Basin developed on the SSE margiheoE ondon-Brabant Massif (Figures 1 and 3)
in a back-arc extensional setting (Haetel. 2001), north of the Ligerian Arc (e.g. Leeder 1988)the course
of late Tournaisian and early Viséan time, the rasefting that has prevailed since the early Touraaisi
progressively evolved to a rimmed-shelf and toaalbrflat-topped platform of regional extent durthg middle
and late Viséan (Hanoet al 2006b). On the basis of their lithostratigrapbi@racter, several sedimentation
areas have been defined within the Namur-DinanirBag Poty (1997) and Hancet al. (2001). These are
(Figures 3 and 4): 1) the Hainaut sedimentatiom &ras an area in which subsidence allowed accuiolaf
about 2500 m of Lower Carboniferous rocks, inclgdseveral thick evaporitic intercalations; 2) thanir
sedimentation area (NSA) characterized by the rpoogimal facies and the less complete lithostratpic
succession; 3) the Condroz sedimentation area (@8#) relatively proximal facies and some sedimgnta
breaks — it displays southward and southwestwatdmaition with the Dinant sedimentation areath4) Dinant
sedimentation area (DSA) displaying the deepesemtscies with the development of carbonate mounds
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characterised by microbially mediated muds (= Watilsn mounds; see references in Lees 2006), asawelh
almost complete stratigraphic succession; 5) ththson Avesnois sedimentation area (ASA) showisgralar
situation to that of the CSA, but with a markediffedent lithostratigraphy (shallower water facie8) the Visé-
Maastricht sedimentation area suffered block fagltiuring the Devonian and Mississippian. It wasnexted
with the NSA during the Upper Devonian and Tournaaignd evolved to a graben that was open to theple
Basin during the Viséan (Poty 1997). In Belgiune #ibsence of Lower Carboniferous exposures southeof
DSA, due to post-Variscan erosion, does not allogvfirecise delineation of the eastern extensidheofASA.
However, according to recent investigations of ®@rq2006), it seems, at least, that the ASA bardae
southern margin of the DSA, south of the Waulsartamplex (Figure 5).
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Figure 5. Pirotte’s (2006) modified model of stacking of thérd-order sequences (numbered black arrows) in

the southern part of the Dinant sedimentation arghin the southern Avesnois sedimentation aren) the

Lower Tournaisian to Lower Viséan; see also FigufleBN = ‘black marble’ of Denée; DIN = ‘black marble’
of Dinant; Lef. = Leffe.

The ‘black marble’ of Denée was formerly includedtle ‘black marble’ of Dinant (‘V1a’ of the
Belgian authors), but according to Conil (1967 priécedes this latter unit, strictly speaking, lo@ basis of the
foraminifer associations (Figures 4 and 5). Nowthbmrmer units are included in the diachronic Make
Formation §ensuPoty et al. 2002) of early Viséan age [regional MoliniacianbSiage (e.g. Devuysit al.
2006)]. This formation is developed only in the ttahpart of the DSA between the prograding platf@end the
Waulsortian complex (Hanea al.2001) running along the border between the DSAthad\SA (Figures 3-5).
The Molignée Formation consists of a successiomiofliedded (less than one metre to several mdtiels) t
commonly laminated black limestones which alternaitd thick-bedded, dark-grey limestones (‘thickdb®
(Figure 6). These alternations correspond to tldy§equences’ and ‘monosequences’ of Mamet (1964¢.
contacts between both lithotypes are always clear-c

The range of the ‘black marble’ of Denée, in termblssissippian Foraminifer Zone (MFZ), spans the
interval of the MFZ 9 (upper part) to the MFZ10 acliog to Devuyst and Hance(Poty et al 2006). In the
Salet road section (stratotype of the Molignée Fatiom), the ‘black marble’ of Denée begins at béd and
ends at bed 273 (Figure 6A); 39 m thick (see HgA&88), Devuyset al. (2006) and Pott al. (2006) for
detailed logs of this section). Thus, it does netespond completely to the Molignée Formation (frioed 169
to the top of bed 294;. 58 m thick) as redefined by Patyal. (2002).

3. The ‘black marble’ of Denée, a fossil conservath deposit

Besides numerous ichnofossils (crawling and graniages), the ‘black marble’ of Denée has yielded
the following biota: chondrostean and elasmobrafishes (e.g. Traquaim de Koninck 1878; Pruvosh
Fournier & Pruvost 1922, 1928; Woodward 1924; Dkeyet al. 1995, Maisey 2007) (Figures 2, 7A-B),
echinoids (e.g. Jackson 1929) (Figure 7C-D), oplidsr (Fraipont 1904) (Figure 7E), crinoids (Fraip@804)
(Figure 7F), holothuroids (?), dendroid graptolifesy. Ubaghs 1941) (Figure 7G—H), rugose (Figuyeaiid
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tabulate corals, sponges, conulariids, bryozoamachippods (Delépine 1928) (Figure 7J), phyllocsrid
trilobites, bivalves (Demanet 1929) (Figure 7K)sigapods, goniatites (Delépine 1940), nautiloids] Hoated
plant remains. Most of the fossils belong to thimelthonous epibenthos (Mottequin 2004). The ectifaina,
including the largest and most remarkable Palaecgmécimens, as well as the fishes, have contddatgely
to its fame. Nowadays, it is not possible to sanghllehe fauna anymore because of the poor expssafrthe
Molignée Formation. Palaeoecology and taphonomyewerdied by Mottequin (2004).
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Figure 6. A. Partial log of the Salet road section (stratotypthe Molignée and Salet formations) (modified
from Potyet al. 2006). Bio. = Biostratigraphy; Chrono. = chronasgraphy; Litho. = lithostratigraphy; MFZ =
Mississippian Foraminifer Zones of Devuyst & HaniceRotyet al. 2006).B. Molignée Formation in its
stratotype showing the alternating thicker beddetithinner bedded units. Bed numbers are thosevefl@u
(1966). B = ‘black marble’ facies; T = ‘thick bedaCcies.

During the Moliniacian, the colonization of theaséoor of the central part of the DSA by the basth
and the diversity of the latter were strongly iefieced by oxygen concentration. Only some organigens able
to develop in this particular environment. Mostloé bivalves belong to the ‘paper pecten’ morphet{figure
7K) which is diagnostic of dysaerobic environmesatsording to Allisoret al. (1995). Echinoderms, especially
the echinoids, seem to have been well adaptectéotfas poorly oxygenated environment, as indicatetheir
relative abundance in the collection and their @nestionin situ (complete tests with spines in anatomical
connection). This is not surprising because thegamsms are known in upper dysaerobic facies oflemo
oxygen deficient basins; Savrda al. (1984) reported also ophiuroids, holothuroids,ypbéetes, crabs and
gastropods in their lower dysaerobic facies. Ambrachiopods, representatives of the suborder Ptiolie
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predominate in the collection. Some of them havieespof much greater length than the shell beattiregn
(Delépine 1928) (Figure 7J). These long spines warst probably for support (Brunton & Mundy 1988dan
acted as a stabilizing snowshoe to prevent shrelis sinking in the muddy substrate (Bowetral. 1974). Their
preservation attests to the absence of or only mimmsport. Productidina would indicate better geyated
conditions than those prevailing during the colatian by bivalves and echinoids.
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Figure 7. Fossils of the early Viséan-aged ‘black marbleDehée (Molignée Formationd.. Benedenius
deneensigraquair;B. Denaea fournierPruvost;C. Proterocidaris giganteude Koninck;D. Fournierechinus
deneensidacksonE. Taeniaster? fournieriraipont;F. Graphiocrinus longicaudatu@-raipont);G.
Ptiograptus fournierUbaghs;H. Dictyonema fraipontiUbaghs;). Caninophyllunmsp.;J. unidentified productid
brachiopodsK. ‘Pterinopecten’ dumontianu@e Koninck). Scale bars are 5 cm for A-D and JfantE—K.

122



Darwin-Bernissart meeting, Brussels, February 92089

The ‘black marble’ of Denée is a fossil conservatimposit (‘fossil Lagerstatte’; see discussion in
Shields 1998), i.e. the skeletons and the testwgdnisms are preserved in their entirety. Howeseft, parts
have not really been highlighted with certainthaligh Van Straelen (1926) described an enigmasiilfander
the name oMedusina boulengethat he interpreted as the mould of the exombudlla jellyfish. It has been
assigned to the Medusaeertae sediby Harrington & Moore (1956), but Mottequin (2004)nterpreted it as
a probable burrow. This hypothesis must be confirrbg X-rays analysis. Exceptional burrows have been
recognized within the ‘black marble’ facies suchZza®phycos Rapid burial is considered here as one of the
major factor of preservation [‘obrution depositd Beilacheret al. (1985)]. It is well exemplified by the
excellent preservation of most of the echinodernasv oxygen concentrations prevailing within the dudie
slowed down the disarticulation of the tests anduaed the eventual predators.

Carpentier (1913) and Jackson (1929) have comphecthlack marble’ of Dinant with the lithographic
limestone of Portlandian age from the SolnhoferaaneGermany which is the type of the ‘taphofadiés
dysoxic/anoxic basin’ of Brett al. (1997) based on echinoderm taphonomy. Howevéhgirtase of Denée, the
organisms are essentially benthic and generallgchtihonous, contrary to the lagoon of Solnhofenemnstthe
benthos was imported during storms and only sudviee some days before the re-establishment of isgliae
conditions. The ‘black marble’ is close also to theobrution deposit typified by the Hunsriick SlafeEmsian
age (Brett & Seilacher 1991) and more especiallyth®y locality of Budenbach. Although the faunasthe
‘black marble’ of Denée are not pyritized, the hlunf the organisms in the Belgian conservatiosifateposit
is approximately the same as in the German locéStytcliffe et al. 1999). Nevertheless, the environment in
Denée may have been less oxygenated as indicatin lpyesence of bivalves of the ‘paper pecten’pinotype
and the very rare to absent trilobites.

4. Sedimentation in the central part of the part ofthe Dinant sedimentation during the early Moliniadan
4.1. General context

An important factor that influenced the sedimewotatand the palaeoenvironment of the Molignée
Formation was the topographic context inheritednfrine upper part of the Tournaisian. During theribvo
(Tournaisian), the DSA was characterized by thedbuil of large Waulsortian mounds whose maximal
development gave rise to a discontinuous barriétsisouth-western part (Waulsortian complex) (L&897).

At the same time, the ASA recorded a subsidence loater than the one of the DSA, from which it was
separated by a synsedimentary fault (Pirotte 200&. end of the Tournaisian, i.e. at the end ofthivel-order
sequence 4 of Hanagt al. (2001), is marked by a major sea-level drop whiafuced the emersion of the
shallower areas of the Namur-Dinant Basin (karstifon of the top of the Avins Member) and the bauard
progradation of the shelf during the next sequgseguence 5) (Figure 4B). In the early Viséan (eage 5)
that corresponds to the period of deposition ofMlidignée Formation, the central part of the DSAlged as a
residual intra-platform basin bounded by the prdiomg shelf to the north and the Waulsortian comdeit
against a major synsedimentary fault to the solitle eustatic magnitude of this sequence was probai,
because, in the Namur-Dinant Basin, it is only rded in the DSA. In the ASA, the Terwagne Formation
(sequence 6) lies directly on the Godin Formatseg@ence 4) whereas in the CSA and the NSA, theefor
caps the Avins Member of the Longpré Formation (Haetcal. 2001) that indicates clearly a sedimentary gap
(Figure 3). According to Devuyst (2006), it is patite that the top of the Waulsortian complex enerajeo,
because it was growing in very shallow water atehd of the Tournaisian (Lees 1997), although necetiaf
such emersion has, however, yet been found. Agugrth Devuyst (2006), this may be the result of the
monotonous facies which hinder the recognitionagfds variations.

4.2. Microfacies of the Molignée Formation

Among the thin beds (‘black marble’ facies), themilwant microfacies consists of well-sorted and
laminar packstones to grainstones composed of spdilerids, peloids, moravamminids, plurilocular
foraminifers, algal fragments and other allocherhsimilar size (Figure 8B—C). By their charactadst(flat
parallel laminations, allochems of small dimens)ptisey have been interpreted previously as distélidites
by Overlau (1966), which poured out on the mariteorf and were intercalated with mudstones with
calcispherids and radiolarians (Figure 8A). The ptmhkes-grainstones shift laterally to wackestorazkgtones
due to the progressive decrease of the turbidityeats. Moreover, the rugose and tabulate coraisvered in
the ‘black marble’ are always as reworked fragmemitich are transported into the basin via the tlitpi
currents. Numerous skip marks produced by brokesiissiof gastropods and cephalopods also confirm the
existence of bottom currents. The burrows are elaregit(Zoophycossp.; see also section 3). The ‘thick beds’
are mainly composed of bioturbated wackestoneadkgiones with a high diversity of allochems, amathich
include as major components: bryozoans, echinodegastropods, ostracods, trilobites, and foramigife
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(especiallyTetrataxi§ (Figure 8E). Sponge spicules, alg&mctangulina Globochaete cephalopods, solitary
rugose corals@yathaxoniasp.), brachiopods, and calcispherids have beenratognized (see section 4.3 for
their interpretation). Rudstones (Figure 8D) angingtones occur at the base of some beds. Thefad@s of

the ‘thick beds’ occurring in the Molignée Formatiare reminiscent of those of the underlying Leffenfation
(Noélin Groessens & Noél 1975), though coated clasts andids are less abundant. According to Leteal.
(1977), the carbonate mud of the Leffe Formatioprigbably derived from the Waulsortian mounds dewetb

in the DSA. However, the Leffe facies has never hdentified with certainty in other areas with Weaitian
mounds (Lees 1997). Devuyst (2006) suggested tleage part of the lime mud of the upper part of lteéfe
Formation was exported from the mounds when theghed depths at which the accommodation space for
aggradation was reduced.

Figure 8. Microfacies of the Molignée Formation in the Deréea; the bed numbers are those of Mottequin
(2004). A-C, ‘black marble’ facieé. Alternation of mudstone, wackestone and packstatieradiolarians, En
Gilotia locality in Maredret (bed 8al. Well-sorted, laminated grainstone with peloids eaftispherids,
Debras quarry in Salet (bed 4@). Grainstone with peloids and calcispherids, and gtacie with bioclasts,
Debras quarry in Salet (bed 2e). D-E, ‘thick bedsids.D. Rudstone with lithoclasts, crinoids, bryozoans and
peloids, Debras quarry in Salet (bed 2Ea)Wackestone with peloids, trilobites, crinoids, dwgans and mud
balls, En Gilotia locality in Maredret (bed 24).1 Atale bars are 10 mm.
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4.3. Palaeoenvironmental interpretation of the Moég Formation in the Denée-Salet area

The origin of the alternations of ‘black marble’ attiick beds’ facies has been previously interptete
by Mottequin (2004) as shallowing-upwards parasege® with the ‘thick beds’ at their base and thack
marble’ facies at their top (Figure 6B); their anigvould have been linked to the periodic confinaimef the
DSA due to sea-level fluctuations. Low oxygen canicgions are suggested by the remarkable pregamvat
the fauna and the existence of dysaerobic organgrol as the bivalves of the ‘paper pecten’ morgiet
Because of the required depth conditions for theaegion of anoxia in Recent confined basins (Mugigl.
1989), Mottequin (2004) suggested that the ‘blackbte’ facies would have been developed betweenahdO
150 m water depth, whereas the ‘thick beds’ woaldehbeen deposited between 150 and 200 m depthlabhis
estimation used the presence of the pluriloculaarfonifer Tetrataxiswithin the ‘thick beds’ which would
indicate a depth less than 200 m, according to (£@87), as well as the reconstruction of the NaBimant
Basin by Hancet al. (2001).

The confinement of the central part of the DSA wesbably due to minimal sea-level fluctuations,
partly induced by glacio-eustasy (see discussiokldttequin 2008). ‘Spasmodic’ synsedimentary teict®rof
the basin may have also influenced the palaeoemwient. Indeed, two major synsedimentary faults Heaen
inferred previously on the basis of thickness \ames of some formations, as well as on suddereachanges.
The first one would have been located in the Sonezt éFigure 4B), but it is believed to have bedivaat least
after the sedimentation of the Braibant Member fogrnthe cap beds of the Sovet Formation (Hance ;1988
Hanceet al 2001; Devuyst 2006; Post al. 2006). The second fault delimited the southern gfathe DSA and
the northern part of the ASA (Pirotte 2006; FigGjeit appeared probably at the end of the Hastakiaen the
ASA began to differentiate from the DSA with thepaprance of shallower water facies in the formfeboth
were active during the deposition of the Molignéerration, the DSA would have thus evolved as aidirgp
zone.

Devuyst (2006) recognized three large-scale shallpwpwards cycles in the stratotype of the Sovet
Formation (the lateral equivalent of the Molignéaration) which he interpreted as reflecting thetlkwards
progradation of the platform margin as successiegarclinoforms. So, most of the turbidites occygnmithin
the ‘black marble’ facies would originate from therthern part of the DSA, as previously suggestetiance
et al. (2001), on the basis of the allochems presenhénplackstones-grainstones. The turbidites wouldtresu
from violent storms, earthquakes or clinoform ibdity due to an oversteepened slope.

The persistence within the Molignée Formation ofidacsimilar to those observed in the Leffe
Formation can be partly explained by the fact thatabrasion of the Waulsortian mounds continuést #fieir
decay — they stopped growing in the late Tournaisiaand also by the fact that the topography inderirom
these buildups remained for a while. Waulsortianunts are recognized in the Denée-Salet area (e.g.
Delcambre & Pingot 2004).

Because of the random mode of dispersion of thadities, it is very difficult to correlate the vatis
sections exposing the Molignée Formation in the d@e8alet area. The microfacies recognized in Danéle
Salet are different because Salet occupied a mowénpal position. So the wackestones-packstonesrdog
mainly in Denée have been interpreted as the dispaivalents of the packstones-grainstones thairdded in
Salet.

5. Conclusions

The ‘black marble’ of Denée, included within the Molée Formation of Moliniacian age and
developed in the central part of the Dinant sediai@on area (corresponding to an intra-platformiass a
fossil conservation deposit and belongs more paatly to the ‘obrution deposits’ of Seilacher al. (1985).
The turbiditic sedimentation with smothering effeombined with deficient oxygenation of the bottoraters
favoured the exceptional preservation of the faupas echinoderms, fishes) by inhibiting the depetent of
the necrophagous and saprophagous organisms dherdeposition of the ‘black marble’ facissnsu stricto
The periodic confinement of the central part of bimant sedimentation area was induced by sea-level
fluctuations of low magnitude and took place duraghird-order sequence characterized by a lowesesd;
namely the sequence 5 of Hamteal. (2001).
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