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NON-MARINE LAMELLIBRANCHS IN THE
WESTPHALIAN C/D OF THE CAMPINE

COALFIELD

by
Michiel DUSAR !

ABSTRACT

Non-marinc lamellibranchs from the Westphalian
C/D of the Campine coalfield are described for the
first time. The Upper similis-pulchra and the
phillipsii  asscmblage zones, established in the
Pennines (U.K.) are recognized in the Westphalian
C of the Campine as well. The transition between
these assemblage zones ncarly coincides with the
Lower/Upper Westphalian C limit. No faunal
break has been observed between Westphalian C
and D. Nevertheless the faunal succession reflects
major changes in facies rather than phylogenctic
trends © Naiadites-dominated faunas characterizing
the  Upper  similis-puichra  zonc  became
preponderant at the custatic sea level rise marking
the base of the Westphalian C while the succeeding
phillipsii zone reflects a return to more fresh water
conditions with scasonal fluctuations as the result
of a drier climate. The transition between these
zones 1s diachronous in the Campince : Naiadites
faunas which prefer a brackish water environment,
persist in the western Campine coalfield where a
series of marine-influenced bands occur in the
Lower/Upper Westphalian C transition sequence.

RESUME

les lamellibranches non-marins du Westphalien
C/D de Campine sont décrits pour la premiére fois.
Les zones d‘assemblage similis-pulchra supéricur et
phillipsii ¢tabliecs dans le Westphalien C britannique
y ont ¢té reconnues. La transition entre ces zongcs
d’assemblage coincide pratiquement avec la limite
entre le Westphalien C inféricur et supéricur. Le
Westphalien D dc Campine ne se disiingue pas de
la sequence sous-jacente par la composition de scs
faunes. Néanmoins, la succession faunique refléte
des modifications majeures de faciés plutét quune
¢volution phylogénétique. Des faunes dominces
par Naiadites débutent avec la transgression marine
de la base du Westphalien C, tandis que la faune a
phillipsii reflcte un changement climatique vers un
cnvironnement plus scc. la transition cntre ces

zones est diachronique en Campine. Naiadites, qui
est micux adapté aux milicux saumadtres, persiste
dans le bassin houiller occidental, ot plusicurs ho-
rizons a influence marine s'intercalent dans la
séquence de transition entre le Westphalien C
mféricur et supctrieur.
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1. INTRODUCTION

Westphalian C/D sediments represent the terminal
sequence of the Upper Carboniferous in the con-
cealed coal mining basin of the Campine in
Northeast Belgium. They form part of the paralic
coalbearing deposits that once covered most of the
northwest european lowlands. The total preserved
thickness of these sediments attains£ 1425 m as
deduced from seismic exploration and borchole ev-
idence. They are truncated and unconformably
overlain by Upper Permian (Zechstein) to Triassic
(Buntsandstein) andjor Upper Cretaceous to
Quaternary sediments.

The actual basin configuration is dominated by the
Late Cimmeric uplift of the Brabant Massif to the
south and the Late Cimmeric to Recent decpening
of the Roermond Graben to the north. The most
complete sedimentary succession containing the
uppermost Westphalian C/D strata occurs near the
edge of the Roermond Graben, close to the graben
boundary faults with the greatest downthrow, sug-
gesting that the actual graben already functioned as
a regional depocenter during the Paleozoic (Fig. 1).

The north flank of the Brabant Massif containing
the coal mining basin is thus characterized by a
general northward dip of the basin. This structure
has superseded the older (Asturic 7) deformation

! Belgian Geological Survey, Jennerstr, 13, B-1040 Brussels.
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of gently folded structural blocks delimited along
strikc-slip faults which were inherited from the
Caledoman bascment and influcnced alrcady the
subsidence  history during the Carbonifcrous
sedimentation (Bouckacrt & Dusar, 1987).

Differences in subsidence regime and in sediment
supply have governed the relative frequencies of the
different  lithofacies types composing the coal
deositional environmeni. The subsidence ratios
showed in turn osciliating cffects occurring at cer-
tain time intervals, especcially around the
Lower/Upper Westphalian C boundary (Dusar,
1989).

2. EXTENT OF THE
WESTPHALIAN C/D

Because of the gencralized northward dip of the
Upper Palcozoic and Permo-Triassic sequences on
the north flank of the Brabant Massif, Westphalian
C/D deposits only subcrop near the northern mar-
gin of the Campine coalficld. No information is
available on the stratigraphic position of the Upper
Carboniferous in the adjoining Rocrmond Graben.
Lower Westphalian C coal scams have occasionally
been mined or traversed by drifts in the Zwartberg
and Eisden collicrics of the eastern mining district.
+60 corcd cxploratory boreholes have traversed
the Westphalian C/D strata since the discovery of
the concealed coalficld in 1901, The greater part
of these have been drilied in coal exploration cam-
paigns by the Campine Collierics (K.S.) and the

484

g
Bree

eeywen. MOGSQQG

AREA

Westphatian C/D subcrop in the Campinc and location of coal exploration borcholes studied in

Belgian Geological Survey since 1979.  Only
borcholes of the Geological Survey arc dealt with
here. They were drilled as reconnaissance
borcholes for new mincable coalficlds north of the
existing collierics. In this way they traversed the
youngest strata known in thc Campinc basin,
Most of the boreholes were located in the north-
eastern part of the coalficld closc to the Roermond
Graben (KB 146, Necrglabbeck, KB 16},
Opglabbeck-Louwclsbrock, KB 168, Opocteren-
Den Houw, KB 169, Gruitrode-Muisven, KB 172,
Gruitrode-Ophoven ; Fig. 1). In this arca all but
the uppcrmost 200 m of upper Westphalian strata
have been cored.

The Westphalian subcrop has been morc deeply
eroded in the western coalficld. ‘The stratigraphical
sucecession is less complete and the Westphalian C
subcrop area is icss.extensive. As a result only few
borcholes have traverscd Westphalian C strata with
the exception of well KB 186 Lommel-Kerkhoven,
which has been sited preciscly to cxplore these
youngest Westphalian deposits oceurring in the
western Campine coalfield.

The Gruitrode and Donderslag lincaments (Fig. 1)
delimitate structural blocks cach characterized by
its own subsidence history. This has influenced the
number and reliability of correlation lines between
the boreholes (Fig. 2). These corrclations arc
mainly based on geophysical well Jogs completed
by lithofacies comparisons.  The corrclation
scheme thus cstabiishcd has only lithostrati-
graphical meaning. However therc is a good
agrecment between lithological correlations and the
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Tonstein

identification or the palynological
zonation. .

3. STRATIGRAPHY

The basic framework of the stratigraphical subdivi-
sion of the Westphalian in the northwest european
paralic and limnic coal basins was established at the
first International Carboniferous Congress held in
Heerlen, 1927, when the Westphalian A/B and B/C
boundaries were defined as corresponding to the
Quaregnon (Catharina) and Petit Buisson
{Maurage, Acgir) Marine Bands
These marine bands, or at least the Petit Buisson
Marine Band probably represent custatic sca level
rises and thus have chronostratigraphic value.

According to the fifth International Carboniferous
Congress in 1963, the Westphalian C/D boundary
was defined as the basis of the Newropteris ovata
biozone. N. ovata is indeed very characteristic for
Westphalian D megaflora associations in the limnic
Saar basin. Unfortunately no typical examples of
this species have been found in the Campine
coalficld which belongs to the paralic realm. In the
Campine forms showing affinitics io N. ovata occur
within a limited stratigraphical scquence, slighly
preceding the  Torispora  secwris-Vestispora
Jfenestrata (ST - Thymospora obscura-T. thiessenii
{OT) zone limit of the miospore zonation, and the
Setosisporites  pseudotenuispinosus  (MGIID) -
Triletisporites tuberculatus (MGIV) zone hmit of
the megaspore zonation (Paproth et al, 1983).
Furthermore these biozonation limits are recog-
nmized at short intervals (max. 50 m) below the base
of the Neeroetcren Sandsione member of the
Belgian Coal Measures. Since the Westphahan
C/D boundary cannot be established according to
its principal guide but can be approximated by
other fossil groups of known lithostratigraphic po-
sition with reference 1o the base of the Necroeteren
Sandstone, this lithostratigraphical marker has been
used for all local correlations (Fig. 2).

Lithological correlations based on geophysical well
logs enable a comparison with the Munster basin
(Rhine-Ruhr and Ibbenbiiren coalfieldsy®. The
base of the Neerocteren Sandstone (Campine) cor-
responds to the base of the Dickenberg Sandstone
{Ibbenbiiren). 1In the latter area the Westphalian
C/D boundary has been established at the
Dickenberg coal seam overlying the Dickenberg
Sandstone. In comparison with the Campine the
Westphalian C/I> boundary has been shifted £ 100
m upwards. A possible explanation for this diver-
gent stratigraphical interpretation is the scarcity of
vegetal remains in the predominatly sandy sequence
underlying the Dickenberg Sandstone. The
Campine basin  apparently  presents more
favourable lithofacies conditions for the definition
of a biozonation when compared to the Munster
basin. The same also applies for the non-marine

respectively. ©

lamellibranchs in the Upper Westphalian C : the
Campine basin also contains richer and better pre-
served faunas. '

The Lower/Upper Westphalian C boundary is
proposed at the Tonstein Nibelung, a volcanic ash
marker bed with regional chronostratigraphic im-
portance. This marker nearly coincides with the
Top Marine Band of the Pennine Basin (Bless et
al., 1977) which may be represented by a marine-
influenced Geisina (ostracode) Band in the
Campine, corresponding to the Midgard faunal
horizon in the Ruhr (Dusar et al., 1986). The
Geisina Band itself has no firm chronostrati-
graphical expression : it is best explained as the
reponse to a temporary influx of brackish water
conditions progressively . drowning the coal
swamps. This cvent is clearly diachronic when
compared to the overlying Tonstein Nibelung.
Furthermore the western Campine coalficld shows
better developed and repetitive events of this nature
indicating a closer connection to the sali water
supply zone eventually coupled with less sediment
influx.

A subdivision of the Westphalian C at the Tonstein
Nibelung has several advantages : it divides the
Westphalian C strata in two units similar in size
and character to the subdivision of the Westphalian
A and B. Tonstein Nibelung is closely succeeded
by the Punciatosporites  granifer-Triquitrites
sculptilis (GS) - Torispora securis-Vestispora
fenestrata (SF) zone limit of the miospore
zonation. This limit has been recognized in all
Campine boreholes which were carefuly sampled -
systematic sampling of mudstones and silty
mudstones overlying coal seams provides the best
guaraniee for high resolution biozonation, aliowing
excellent corrclation possibilities with the detailed
lithological succession.

4. DEPOSITIONAL
ENVIRONMENT

In the Campine region, the Westphalian C/D Coal
Measures have been deposited in an upper dclta
plain environment, grading into a lower dclta plain
at the base of the sequence and into alluvial
floodplain for the uppermost beds. Coal seams
formed on the abandoned infill surfaces of
interdistributary lakes and bays. Their present
thickness does not exceed 3 m ; their lateral extent
is in the order of kilometers. Mingeable coals seams
occuring throughout the coalfield over differently
subsiding zones arc known only from the
Westphalian A. Repeated episodes of peat forma-
tion in a cyclic patiern of sedimentation were
produced by swiiching distributary channels and
by compaction effects (Elliott, 1968). Coal seams
normally rest on palcosols developed on
interdistributary or overbank siltstones and
mudstones ; they are drowned and covered by

2 Geophysical well log correlations for the Westphalian C/D were worked out with Dr. A. Schuster (Neuenhaus) and
Dr. D. Schmitz (WBK, Bochum). Some examples of remarkable widc-ranging corrclations wiil be published by

these authors,
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lagoonal mudstones or by crevasse splay/lagoonal
dclta/lake margin or overbank deposits. Channel
fill sandstones may quickly succecd to any of thesc
lithofacics and arc predominant in the Neeroctcren
Sandstonc member.

As evidenced by the fossil assemblages, all these
lithofacies were deposited in a fresh water to slightly
brackish watcr cnvironment, intcrrupted by short
fived seawatcr incursions. At least in part these are
relatcd to eustatic sea level riscs (Acgir Marine
Band at the base of the Westphalian C). In the
fresh water environments non-marine  lamelli-
branchs occur in several lithofacies typces.

The occurrence of non-marinc lamcllibranchs in
different lithologics with associated scdimentary
structures and thcir relation to lithofacies has becn
summarized by Guion & Ficlding (1988). They are
most common in black carbonaceous mudstones,
also oftcn bituminous, which were deposited under
suboxic conditions at lake floors. In such an
enviroment thcy are often associatcd with fresh
watcr ostracodes, spirorbis and fish remains. These
beds which dircctly overly the coal seams posscss
thicknesses limitcd to the order of centimcters.

Non-marinc lamellibranchs become progressively
scarcer in the overlying morc siliy lakc-fill deposits
(passive lakc/bay margin, minor dclta/distal
crevasse splay). Near thc base of this scquence
Guilielmites-type ichnofossils arc frequently found.
Non-marine lamellibranchs also frcquently occur in
massive siltstones and silty mudstoncs, character-
istic for overbank deposits with high sedimentation
rates.  Other fossils found in this cnvironment
though gencerally not at the samc levcls, are oricn-
tatcd plant remains (hacckscl), entrapped piant
-stems (mostly Calamites) at oblique angles or in-
situ, pinnules and cven complete fronds of fern-like
plants. More sandy overbank dcposits containing
thinly interbedded sandstones normally do not
yicld mollusc shclls but display vertical escapc
shafts up to 5 cm in length.

Diversificd faunas of non-marine lamcllibranchs
dominated by forms morc adaptcd to brackish wa-
ter arc found interbedded in marine or marine-
influenced bands. Thc prescrvation of the molluscs
is often best in the lake-fill beds which arc less
compacted than the carbonaccous mudstones and
less pronc to weathering and oxidation than the
more pcrmeablc and shallow sandy beds.

Diffcrences in adaptation to high salinities or to
salinity and water lcvel fluctuations were notcd by
Paproth (1978). Among the gencra present in the
Westphalian C/D, Naiadites and Anthraconaia (see
Plate 2) arc favouring more backish water condi-
tions, whercas Anthraconauta (sce Platc 1) may be
more rcsistant to climatc-induced fluctuations :
during thc Upper Westphalian C and the
Westphalian D the climate became gradually drier
with marked scasonality in watcr supply. This is
rcflccted by the strong rcduction in size, numbers
and variability (limited essentially to Anthraconauta
phillipsiiy of the fresh watcr faunas (Paproth, 1987).

5. STRATIGRAPHIC
SIGNIFICANCE

Non-marine lamellibranchs havc been successfully
uscd for a biostratigraphic subdivision of the British
Coal Measures (Dix & Trucman, 1937). The sub-
division now in usc follows the definitions of the
asscmblage zones by Trueman & Weir (1946), fur-
ther rcfined by Calver (1955) who described sub-
zones (Faunas) based on dominant lamellibranch
associations.

An evaluation of the possibilitics and constraints
of the non-marine lamcllibranch biozonation with
rcference to the belgian coalficlds led to the fol-
lowing conclusions (Paproth et al., 1983) :

- the faunal succession established in the
Pennines can be rccognized in the other paralic
coal basins of NW Europe as wcll ; however
thc abundance and faunal diversity is dccrcas-
ing from north and west to south and cast.
Faunas in thc Campine basin arc richcr than
thosc recorded from the Rhine-Ruhr coalficld
butt lcss developed than thosc from the
Pennincs (Paproth, 1962) ;

- faunas from the Belgian Coal Measurcs have
becen dcescribed in great dctail by Pastiels
(1951-1975) whose untimcly dcath prevented
thc complction of his study Belgian
Westphalian C/D faunas havc not been
studicd nor figurcd. Thesc faunas then werc
not so rcadily availablc. The Borinagc coal
mines allowing access to thc Westphalian C in
the Borinage and Masse allochtonous massifs
were all closing down whercas the exploration
of the youngest deposits in thc Campinc had
not yct started ;

- taxonomic investigations and dcterminations
to species level are of limitcd applicability be-
cause of the high morphological diversity,
complicated by thc generally poor state of
prescrvation and the strong deformation of the
shells, excrted by tectonic forces or by vertical
pressurc (compaction and dissolution) ;

- the occurrence of non-marine lamcllibranch
faunas is facics-depcndent ; thcy attain their
greatcst abundance and variability in the upper
part of the Westphalian A and the lower part
of thc Westphalian B, also a section parti-
cularly rich in coal. Faunal brcaks frequently
coincide with marine bands, somctimcs caus-
ing long-lasting changes in salinity of the
interdistributary bays and lakes.

6. BIOZONATION

6.1. Lower Westphatian C

Thc lower part of thc Westphalian C is assigned to
thc Upper similis-pulchra Assemblagc Zone which
is charactcrized by a Ndiadites-Anthraconaia asso-
ciation, also in thc Campinc. Anathraconauta
phillipsii appears in its upper part. The range of
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this zone, as cstablished in the Pennines, corres-
ponds to the Lower Westphalian C (Calver, 1955).
The lower limit coincides with the Mansficld
(= Acgir, Petit Buisson, Maurage) Marine Band ;
the upper limit coincides with the Top Marine
Band, nearly timec-cquivalent to the Tonstcin
Nibelung (Bless et al., 1977).

The dominant form of the Westphalian B,
Anthracosia, disappecars bclow the base of the
Woestphalian C, and is replaced by the long-lasting
form, better adapated to brackish water, Naiadites.
In the Rhinc-Ruhr basin the fauna is scarce and.
poorly preserved. Naiadites is the only form re-
cognized so far in the lower Iorstener Schichten
{scquence between the Acgir Marine Band and the
Hagen-1 Tonstein). Above the latter level, the
fauna is less well defined (Paproth, 1962).

In thc Campinc basin, both Naiadites and
Anthraconaia  occur, the latter exclusively
interbedded in marinc-influenced horizons which
normally pass into non-marine lamellibranch levels
(Plate 2, 1-4). Secctions which are richer in these
horizons such as in borehole KB 186 (Fig. 2) in-
variably contain richer mollusc faunas as well.
Forms showing clear affinities to both guide species
N. daviesi and N. elongatus occur (Platc 1, 1 ; Plate
2, 5-8) (Dusar et al., 1987b).

In the upper part of the Upper similis-pulchra
Asscmblage Zone, Anthraconauta phillipsii appears.
Some boreholes in the Campinc basin (KB 186,
KB 172 ; sec Dusar et al., 1987b} contain a transi-
tional fauna which however is considered as the
lateral equivalent of the phillipsii Zone (cf. infra.).
Because of their facics dependency, Naiadites and
Anthraconauta always occur in separate beds.

0.2. Upper Westphalian C

The upper part of the Westphalian C is assigned to
the phillipsii Zone, starting at the Top Marinc Band
in the Pennines. Naiadites is only known from the
basis of this zonec. Otherwise Aathraconauta
phillipsii is the dominant form (Calver, 1955). The
full palcontological description of this spccies, in-
cluding its transition to A. tenuis is provided by
Weir (19603.

in the Campine, A. phillipsii is also the only form
characterizing this zonc (Pl 1, 2-8). The richest
faunas are generally found toward its basc. At
higher stratigraphic levels 4. phillipsii becomces
scarcer and reduced in size.

The first appearance of A. phillipsii, which cannot
necessarily be used as a definition of the base of this
zone, is diachronous. This can be deduced from
detailed lithological correlation lines between ad-
joining boreholes (Fig. 2). In the western and
central part of the coalficld, A. phillipsii appears
only in the Odin coal scam group, well above
Tonstein Nibelung, at the base of a transitional
zonc still containing Naiadites as well. In the east-
ern part of the coalficld (KB 161, 168 ; Dusar et
al., 1986), A. phillipsii alrcady appcears for the first
time at the Geisina Band, underlying Tonstein
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Nibclung. No Naiadites forms ar known at higher
stratigraphic levels.

It is assumcd that thc first appearance of 4.
phillipsii in the Campinc docs not precede the first
appearance in the Pennincs where the fauna is
much richer. Because of its divagating naturc the
Geisina Band may not present real time cquivalence
to any particular marine band in the Pennines, e.g.
the Shafton or the Top Marinc Bands. Morc im-
portant is the persisting occurrence of the
Naiadites-Anthraconaia association in the western
Campinc which is morc open 10 marine influences
at the same levels. The biozonation limits recorded
from the western Caminc (KB 172, 186) arc cer-
tainly dclaycd in time when compared to the
Pennine region.

The Paleestheria forms mentioned from the Upper
Westphalian C in the northeastern Campine
(Dcimer, 1958 ; Paproth et al, 1983) arc poorly
preserved. They probably represent juvenile forms
of A. phillipsii (Dusar et al., 1986). Notcworthy is
the obscrvation of a Palaeanodonta form (det. E.
Paproth), morc typical for the Westphalian D of
the limnic Saar basin (Paproth, 1966) at levcl
1082.20 m in borchole 146 (Fig. 2 ; Dusar &
Houllcberghs, 1981).

6.3. Westphalian D

In the Pénnines the Westphalian D is assigned to
the tenuis Zonc. This zone is characterized by the
joint occurrence of A. phillipsii and A.  tenuis
(Calver, 1955). In the Campinc basin this hmit is
poorly defined. Non marine lamellibranchs be-
come rarc and arc poorly preserved in high e- nergy
cnvironments with unsteady water levels. Diminu-
tive forms of A. phillipsii persist, sometimes dis-
playing a morphological rescmblance to the more
elongated A. tenuis (Dusar et al, 1987a). Typical
A. tenuis have not been recorded however. Appar-
ently the climatic cvolution of thc northwest
European paralic basin evolved towards less
favourable conditions for molluses. Long dry sea-
sons with temporary floods prevailed in a deposi-
tional environment shifting from upper delta plain
to alluvial floodplain in which the first redbeds ap-
pear (Paproth, 1987). The remaining fauna stiil
provides good biofacics indications.

7. CONCLUSIONS

Westphalian C/D deposits in the Campinc coalficld
form part of the exiensive paralic Coal Measurcs
of northwesten BFurope.  In the concealed
Campine basin Westphalian C/D strata are sub-
cropping to the north and northeast of the coalficld
close to the margin of the Roermond Graben
which could correspond to a local depocenter.
Qutside this arca, Upper Westphalian strata have
becn removed by successive phases of erosion. The
total prescrved thickness of the Westphalian C/D
attains 1425 m.

The straiigraphic subdivision of the Westphalian
C/D is based on limits of diffcrent nature. A ma-



nne horizon probably related to an eustatic sca
level rise marks the base of the Westphalian C
(Mansfield = Aegir= Petit Buisson= Maurage Ma-
rine Band). The Lower/Upper Westphalian C limit
is based on a voleanic ash marker, Tonstein
Nibelung, which is almost time-equivalent to the
Top Marine Band in the Pennine Basin and slightly
precedes the GS/SF miospore subzone limit. The
Westphalian C/D limit is based on the first ap-
pearance of N. ovata, a plant restrieted to limnic
basins. This limit is approximated by megaspore
and miospore zone limits and precedes the onset
of the Neeroeteren Sandstones, Detailed
lithological correlations relying on geophysical well
logs and on faunal bands serve as the basis for local
stratigraphie interpretation.

Coal deposits in rather thin laterally extensive
seams result from repeated episodes of peat forma-
tion in a eyelic pattern of sedimentation. Non-
marine lamellibranchs are representative fossils
from interdistributary bay/lake sediments covering
the eoal seams. The faunal suceession has been
developed in a biozonation based on asscmblage
zones and first described from the Pennine
coalfields. This sueeession (including the
Westphalian C/D interval) is also reeognized in the
Campine which oceupies an intermediate position
between the fossil-rich Pennines and the
impoverished Rhine-Ruhr eoalficld.

However the transition between suceessive
assemblage zones reflects large-scale facies changes
rather than a phylogenetic evolution. The marine
incursion at the base of the Westphalian C marks
the onset of a Naiadites-Anthraconaia association,
characterizing the Upper similis-pulchra Zone but
also more adapted to brackish water conditions.
The transition to the Anthraconauta phillipsii fauna,
characterizing the phillipsii Zone, nearly coineides
with the Lower/Upper Westphalian C limit. De-
tailed correlations indicate its diachronous nature :
marine-influenced bands in the western Campine
coalfield remain colonized by the typiecal Lower
Westphalian C assemblage while A. phillipsii makes
its first appearance in the ecastern Campine
coalfield. Different subsidence regimes seem to be
the eontrolling factor for this lateral biofacies vari-
ation.

The upper part of the Westphalian C/D sequenec
is characterized by the transition from an upper
delta plain to an alluvial floodplain environment in
a changing elimate with marked seasonality. Non-
marine lamellibranch faunas are impoverished and
mostly restricted to one speeies, 4. phillipsii. Under
these circumstances no faunal change was observed
at the Westphalian C/D transition.

It is demonstrated that non-marine lamellibranchs
can be used for a biostratigraphic zonation at an
interregional basin scale. However they are as va-
luable as facies indicators. This was already
eloquently propagated by Eva Paproth (1978) who
elevated these neglected fossils to a higher status as
“Spiegel der Fazies Entwicklung”.

" DELMER, A., 1958 -
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Anthraconaia sp.

1. KB 186, 1298.65 m (2 X)
2. KB 186, 1294.55m (3 X)
3. KB 186, 1298.65 m (3 X)
4. KB 186, 1049.80 m (6 X)

Naiadites sp.

5. KB 186, 1049.60 m (6 X)
6. KB 186, 1049.60 m (12 X)

Ndaiadites with Spirorbis

7. KB 186, 1053.00 m (3 X)
8. KB 186, 1050.30 m (5 X)
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