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ABSTRACT

During Middle Devonian (Eifelian) times a major
sea-level rise led to the development of an exiensive
siiciclastic-carbonate ramp over the Dinant and
Namur basins. Differential subsidence and sea-
level changes resulted in distinct facies scquences
with various bioconstructions. The evolution of
this continental margin leads to a good under-
standing of shelf evolution from Eifchan to
Frasnian times.

An initial mixed ramp (Eifelian) consisting mainly
of organic buildups and shoal-water complexes
evolved into a carbonate progradational
accretionary platform (Givetian ; Préat & Mamet,
1989). This latter consists of shallowing-upward
subdital to supradital cycles that grade locally into
evaporite-carbonate cycles along an arid coastline
(Préat & Rouchy, 1986). This cyclic sedimentation
was interrupted during a major event of incipient
shelf drowning associated with backstepping of the
rim and development of algal-sponge bioherms on
a low-ramp continental slope environment
(Frasnian ; Préat & Boulvain, 1988).

Microfacies analysis ("MF i” to "MF vi”) of the
Hanonet and Trois-Fontaines formations shows
that the transition from Eifelian to Givetian times
is marked by an entirc regressive progradational
megasequence  partly interrupted by minor
transgressive phases. Three distinct zones can be
recognized : (1) an outer-ramp zone below storm
wave base ("MF 1" and "MF ii"), (2) a mid-ramp
zone below normal wave base and strongly storm-
influenced (“MF #i” and “MF iv”) and (3) a
landward inner-ramp zone within or above normal
wave base ("MF v” and "MF vi"). According to
sequential analysis the different infered water

depths are the following ones : zone (1) up to 60
m, zone (2) between 60 m and 25 m and zone (3)
between 25 m and O m.

RESUME

Suite 2 une élévation du niveau marin au cours du
Dévonien moyen, une rampe siliciclastique-
carbonatée s'étendait a 1'Eifclien dans les bassins
de Dinant ¢t de Namur. Son évolution sera alors
soumise aux variations relatives du niveau marin
et de la subsidence, ct se traduira par la succession
de séquences sedimentaires renfermant de
nombreuses  bioconstructions &  signification
génétique précise. L’évolution de cette marge
continentale 2 partir de l'analyse des séquences
permet déja d’en fixer les grandes lignes dés la fin
de I'Eifelien : on observe en effet la transition d’'un
sysitme de rampe mixte de faible pente, peu
structurée, 2 une plate-forme carbonatée trés stable
sous le controle de rythmes régressifs élémentaires
traduisant au Givétien le passage progressif des
milieux subtidaux aux milicux intertidaux a
supratidaux (Préat & Mamet, 1989) parfois a
tendance évaporitique (Préat & Rouchy, 1986).
Cetie plate-forme est ensuite brutalement inondée
au Frasnien, période pendant laquelle de nombreux
monticules & algues et spongiaires s'installent sur
une rampe plus profonde que celle de I'Eifélien
mais de pente modérée a faible (Préat & Boulvain,
1988).

L’analyse des microfaciés ("MF 1”7 2 "MF vi") des
formations d'Hanonet et de Trois-Fontaines
montre qu'au passage de UEifélien au Givétien
correspond une mégaséquence régressive de pro-
gradation. Cette mégaséquence est interrompue a
plusicurs reprises par de petites évolutions a
caractére transgressif. Trois zones géomor-
phologiques sont présentes : (1) unc zone de rampe
externe sous le niveau de base des tempétes, (2) une
zone médiane sous la zone d’action des vagues et
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fortement influencée par les tempétes et (3) une
zone de rampe interne dans ou au-dessus de la zone
d’action des vagues. L’analyse s¢quentielle permet
de fixer un ordre de grandeur approximatif des
paléoprofondeurs dans chacune des zones : nous
avons ainsi plus de 60 m pour la premicre zone,
entre 60 m et 25 m pour le seconde et enfin entre
25 m et 0 m pour la troisiéme.
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1. INTRODUCTION

The “Assise de Bure” (Lower Eifelian) and the
“Assise de Couvin’ (Upper Eifelian) were firstly
described by Gosselet (1874), and the specific lo-
cality and type of section by Roemer in 1850 and
later by Gosselet (1860) at Couvin (figure 1). Be-
cause this stratigraphic unit is a shallow-basin,
transitional ~ mixed clastic-carbonate  lens
sandwiched by well-established Givetian rocks

ences of opinion have resulied concerning its sys-
ternatic boundaries. It has gradational contacts
(Préat, 1984 ; Préat et al., 1984 ; Mamet & Preat,
1985) with the overlying “Trois-Fontaines Forma-
tion” (Lower Givetian sensu Errcra et al., 1972) and
shows a prominent change from the silty shales of
the underlying “Assise de Hierges” (Upper Emsian).

The “Eifelian” was redefined in 1982 by Bultynck
et al. (at that time the “belgian” Eifelian was called
“Couvinian”), on the basis of its lithology and
contained fauna and subdivided into four forma-
.tions which are from the bottom to the top the
following : “Saint-Joseph Formation”, “Eau Noire
Formation”, “Jemelle Formation” and “Hanonet
Formation”. The Eifelian, although described early
in the "Couvin” history geology, has been little
studied in term of its depositional history. It is
relatively homogeneous in lithology (mainly shales,
argillaceous limestones and “reefal” biostromes and
patch-reefs which generally seem to lack
sedimentological features useful for environmental
reconstruction. Moreover, no previous studies
have rigourously considered the possibility of cyclic
patierns of facies distribution and no comprehen-
sive paleoenvironmental studies exist.

Vertical sequences of litho- and microfacies ob-
served in the Couvin and Wellin areas, both located
in the southern part of Dinant Basin, evidently re-
flect fluctuations in depositional enviromments.
We are starting this study in the Upper Eifelian on
a multidisciplinary approach, including
paleoenvironment analysis in depositional analysis,

above, and clastic sediments of the Lower
Devonian below, considerable interest and differ-
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Figure 1. Location map of studied profile and outcrop belts of Middle Devonian limestones in Belgium.
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paleoecological and stratigraphic studies of algae,
rugosa and tabulate. We hope to involve process-
orientated analysis of sedirmentary sequences and to
develop in the future a dynamic stratigraphy for the
Eifelian.

Meanwhile, we have studied the Upper Eifelian of
several quarries and outcrops in the Couvin and
Wellin areas. As mentionned above, the marine
conditions during this period were established by
an initial transgression which drowned underlying
peritidal, deltaic and continental Lower Devonian
sediments. Its upper part reflects gradual shoaling
and the open-marine ramp depositional setting was
ultimately supplanted by shoreline and peritidal
sedimentation represented by the overlying Trois-
Fontaines Formation (Lower Givetian). Now we
will describe the Eifelian-Givetian transition from
the Haine quarry and propose an environmental
synthesis (fig. 2).

2. MICROFACIES ANALYSIS

The Haine (ancient name)) or “La Couvinoise”
quarry is situated 1 km NNW of Couvin and 200
m from the road Couvin-Philippeville on Km
33,650 (fig. 1). On over more than 80 meters this
quarry exposes the upper part of the Hanonet
Formation (Upper Eifelian) and the lower part of
the Trois-Fontaines Formation (Lower Givetian).
The limit between these two formations has been
established in the quarry by Bultynck (1970) by
conodont analysis. For this author the “Gia” and
“Gib” zones (or “Lower Givetian” pro parte) do not
exhibit any hiatus with the underlying “Co2d” zone
(“or Upper Eifelian” pro parte). The Hanonet
Formation consists of thin calacareous claystones
interbedded with nodular and well-stratified
argillaceous limestones. The sediments were de-
posited in an open-shelf or ramp setting and are
characterized by an abundant and well-diversified
autochtonous and para-autochtonous benthic ma-
rine fauna and algal microflora. These communi-
ties consist of  brachiopods,  mollusks,
pelmatozoans,  ostracods, trilobites, corals,
stromatoporoids, tentaculites, bryozoans, sponges
and algac (porostromats, palacoberesellids,
codiaceans).  The Trois-Fontaines Formation
(lower part) is formed of irregularly thin- to me-
dium bedded bioclastic packstones to floatstones
containing crinoids, brachiopods, corals and
bryozoans and thickly bedded bioclastic grainstones
to rudstones (with massive stromatoporoids)
interbedded with coquina levels of disarticulated
and broken Stringocephalus burtini. Using the no-
menclature of Embiy & Klovan (1971, 1972) six
major microfacies (“MF i” to “MF vi”) are recog-
nized within this profile, their succession from (1)
to (vi) constitutes a standard sequence recording
shallowing upward evolution of sedimentation (fig.
22 & 2b):

(i) : very fine-grained argillaceous mudstones
exhibiting excellent preservation of fossil (very few
mollusks, crinoids, trilobites, brachiopods and
tentaculites). Bioturbation is discrete and the facies

has a pseudo-lenticular aspect. The micritic matrix
has generally recrystallized in the form of a fine
homogeneous calcitic microspar (up to 6p). Fine
pyrite crystals are common,

(i) : moderately of heavily bioclastic
argillaceous wackestones. Same organisms as be-
fore but with a few bryozoans, ostracods, pteropods
and well-preserved trilobites and brachiopods exhib-
iting articulated and closed shells. As for the pre-
ceding microfacies, shell material is excellently
preserved and the degree of post-mortem reworking
is very weak and probably due to bioturbation
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Figure 2b : Explanation of symbols used in figure
2a.
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processes. Such observations suggest that little
particle movement has affected the bioclasts, im-
plying weak currents at the time of deposmon
and-or rapid burial,

(iii) several types of packstones composed of
a few laminated silty packstones and a great variety
of bioclastic packstones displaying mixing of dis-
tinctive taphocoenoses. They were dominated by
bryozoans, mollusks, trilobites, brachiopods,
crinoids with a few solitary corals and lamellar
stromatoporoids.
calcispherids may be also observed.

With these facies appear the algal microflora domi-
nated by Girvanelle and by the palacoberesellids
with a very few encrusting Sphaerocodium.
Encrustations between the large organisms by
trachyporidae corals, lamellar stromatoporoids,
bryozoans and algae are common. Most bioclastic
beds composed of this facies contain a mixture of
articulated and disarticulated unmicritized skeletal
material : fragile fossils are fragmentated but are
rarely abraded or corroded. Size sorting is common
and grading occasional. This facies does not exhibit
strong evidence for erosion of older sediments : a
few mud-filled shells are present but intraclasts have
never been observed. This indicates that the fossils
have not been transported a significant distance and
that lateral transport was rather weak. For exam-
ple, palacoberesellid packstones-bafilestones are
common and could reflect the proximity of algal
banks similar to those described by Mamet (1976)
and by Mamet & Préat (1987). Moreover,
Girvanella generally occur as small millimetric
fragmented bushes composed of thin delicate and
well-preserved tubules. These microfacies represent
both longer term accumulation of skeletal material
during calm-water and slow deposition periods with
episodic reworking and burial during storm events.

The laminated silty packstones-siltstones are com-
posed of fine skeletal and algal (palacobersellids)
fragments and peloids (Girvanella-origin), and dis-
play inframillimetric internal planar laminations.
They occur as isolated beds within the- previous
mudstones and wackestones and could correspond
to distal storm silt layers analogous to those re-
ported by Reineck & Singh (1971) from the North
Sea Basin. The fine- to medium-grained bioclastic
packstones show well-defined internal stratification.
However, these, which are gencrally coarser, are for
the most part destroyed by infaunal organisms.
They have quickly colonized the new sediment
pavement after the storm event suggesting that the
“new” environment was as before i.e characterized
by more nearly continuous sedimentation with a
generally slow sediment accumulation rate,

(iv) : coarse- to
stromatoporoid and coralgal floatstones with a ma-
trix composed of disavticulated, fragmented pieces
of bioclastic debris (“shell hash”) comprising
codiacean-udoteacean algal fragments. Skeletal
material ranges in size between 20 p and several
centimeters. Biological abrasion (mainly due to
boring) is as evident as mechanical abrasion in
most fabrics. The resulting grains are relatively
angular and display little evidence of prolonged
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A few sponge nodules and

very coarse-grained

current battering, indicating more or less in-place -
accumulation. Furthermore, most of grains have
feature characteristic of long term reworking and
minimal deposition including abrasion,
bioencrustation,  oncoidization, and  weak
micritization in intermittently agitated waters. As
for the preceding microfacies these features firstly
record the influence of episodic reworking by storm
processes which have affected an area dominated
by scattered carbonate hioconstructions?

(v) : very fine - io medium-grained peloid-
bioclast grainstones and mediuvm- to coarse-grained
crinoid grainstones {encrinites) with some complex
internal cross-bedding, centimeter-sized intraciasts,
large brachiopods, Ortonella oncoids, superficial
ooids, codiacean-udoteacean  fragments  of
Paralitanaia and Pseudopalaeoporella (Mamet &
Préat, 1985). Size sorting is well developped indi-
cating multiple reworking and persistent
winnowing. Graded bedding associated with coarse
skeletal lag deposits may also be observed. Sparry
laminoid fenestrae (keyvugs?), asymetric cements?
and internal truncated surfaces suggest shallow en-
vironments associated with subaerial events and
vadose diagenesis.

(vi) : coarse- to very coarse-grained
stromatoporoid-coral rudstones constituying
biostromal umits. ' Same diagenetic characteristics
as for the grainstone microfacies. Interbedded with
this facies are thick shell beds (brachiopods) dis-
playing infiltration fabrics.

3. ENVIRONMENTAL SYNTHESIS

Microfacies (1) to (iv) contain remains of a fully
marine biota. Microfacies (i) and (i) lacks any very
shallow orgamisms as algae. Their mud-supported
nature and the presence of well-preserved benthic
fossils with a few hemi-pelagic forms such as
tentaculites suggest an environment of relatively
deep, low energy and probably poorly oxygenated
water in the subphotic zone and at depths below
significant wave or current activity. The excellent
preservation of the organisms imply rapid burial.
Interbeds of laminated silty packstones and
siltstones (“MF iii") are irregularly distributed.
They occur as isolated layers, typically a few centi-
meters thick, within the argillaceous mudstones-
wackestones sequences and may represent distal
storm layers. According to Hayes (1967) and
Reineck & Singh (1971) such “storm layers” are
found as far as 30 km from the land and in water
depths of up to 40 m in the Gulf of Mexico or up
to 300 m in the Mediterranea.

Microfacies (iii) and (iv) have a high faunal diver-
sity with abundant shelly and “reefal” organisms
and different algal taxa. Most part of the grains are
reworked and 1t is difficult to reconstitute the ori-
ginal communities. We can just underline the
presence of at least four biofacics successions, each
of them dominated by (1) shelly material with
abundant Girvanella, (2) pelmatozoan meadows,
(3) reefal organisms (mainly stromatoporoids and
corals) with palaeoberesellid meadows and (4)



codiacean-udoteacean banks. All the grains are
broken, show grading and size sorting indicating
episodic reworking and burial. Wave-formed
structures and micritized grains are absent suggest-
ing deposition at depths below normal wave base
(greater than 25 m), probably in the storm wave
base zone in well aerated waters and in the photic
zone.

Microfacies (v) and (vi), composed of fine to very
coarse sands with a few reworked clasts of the
underlying facies ("MF iii”) represent shoal envi-
ronments. These sediments which contain a rich
and fully marine fauna, record multiple reworking
and presistent winnowing. Their sequences display
a few subaerial exposurc surfaces indicating
nearshore settings. The cross-bedding (encrinites)
suggests that the original sediment was arranged in
dunes and sandwaves, the bottoms being constantly
and rapidly shifting. Coquina beds (winnowed
shell beds of Stringocephalus), composed of whole
fossil valves parallel to bedding and interbedded
with the well-bedded grainstones may correspond
to storm-induced high energy events in shallow
waters (proximal tempestites). They are restricted
to a zone of direct scouring of the sea floor by
storm waves.

The global cyclic succession of the microfacies (fig.
Z) shows evidence of shallowing from deeper set-
tings, unaflected by storm-reworking ("MF i” and
"MF ii"} into “proximal”, above storm wave base
settings near a shoreline coast ("MF v” and "MF
vi”). The megasequence shows gradual transition
from mud-dominated “deep” water o grain-
supported nearshore environments.

These features indicate that deposition could have
occured on a ramp setting without any kind of con-
tinuous rims and-or typical lagoonal facies behind
them. Three different zones can be recognized
which are very similar to those reported by Wright
(1986) from the carbonate ramp of the
Carboniferous of South Wales :

(1) an outer-ramp zone below storm wave basc
("MF i” and "MF 1i") ;

(2) a mid-ramp zone below normal wave base
and strongly storm-influenced (“MF #i” and
“MF ") ;

(3) a landward inner-ramp zone within or
above normal wave base in very shallow wa-
ters ("MF v” and “MF wi).

The fact that these various zones are easily distin-

guishable may indicate low depositional slopes and

that, at time of deposition and before mixing by
storm-induced currents, various “relays” existed be-
tween the different biocoenoses. The general lack
of turbidite slumps or important truncated surfaces
support also the idea of low slope on the ramp
which inhibited gravity flow and favoured storm-
generated sequences over wide areas.

It appears clearly from figure 2 that the upper part
of the Hanonet Formation and the lower part of the
Trois-Fontaines Formation represent an entire re-
gressive progradational megasequence partly inter-
rupted by minor transgressive phases. If the rate of

subsidence was low to moderate during the suc-
cession, the thickness of this sequence corresponds
approximatively to the palcobathymetry of the lat-
est “deep” outer-ramp sediments deposited at the
base of the megasequence ie. approximatively
60-70 meters. According to this point we can infer
the different water depth ranges for each ramp zone
as follows :

(1) most of the floor of the outer-ramp is
deeper than 60 m ;

(2) the mid-ramp zone ranges in depth from
60 mupto25m;

(3) the inner-ramp zone depth varies between
25 m and 0 m.

This general upward-coarsening progradational ev-
olution may correspond to a phase of reduced sea-
level rise or stillstand. We have to extend the study
to other areas within the Dinant Basin in order to
correlate more precisely this shallowing phase and
to verify if there was a differential subsidence across
the ramp.

4. CONCLUSION

The vertical succession of lithologies and commu-
nities within the Hanonet and Trois-Fontaines for-
mations suggests an upward shallowing sequence
underlining the Eifelian-Givetian transition. The
lower regressive cycle, consisting of argillaceous
mudstones-wackestones, begins with a quiet off-
shore, probably dysaerobic seiting, below storm
wave base at depths up to 60 m and was followed
by the deposition of bioclastic wackestones and
stromatoporoid coralgal floatstones within storm
wave base at depths varying between 60 m and 25
m. It culminates with the deposition of high energy
grainstones and rudstones within and above normal
wave base in very. shallow waters (between 25 m
and 0 m). In general terms the succession shows
gradual transitions from mud-dominated deeper
water facies to grain-supported very shallow water
facies across a mixed ramp or open shelf setting
displaying a low depositional slope.

From this study it is difficult to precise the cause
of this general progradational regression. This lat-
ter may correspond to phases of reduced sea level
rise or stillstand or to localized tectonic base-level
changes at the Eifelian-Givetian transition. Future
studies have to determine the details of this regres-
sive sequence on a regional scale in order to
differenciate their causes.
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