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S U M M A R Y

Over a hundred taxa of foram inifera have been recorded from 54 samples of the cored 
"M ons well 1969" (1 ) in the Mons basin, the upper samples of the analysed sequence (between 12 and 
26 m depth) belonging to the Montian stratotype.

Seven benthonic species were described as new : Discorbis ? lenae. Discorbis ? renemarlierei. 
Rotorbinella pozaryskae. Pararotalia godfriauxi. Pararotalia obourgensis, Eponides robaszynskii and 
Scarificatina szczechurae. Some species and varieties were left in open nomenclature. An earlier nom en 
nudum  of the literature, Scarificatina re inho ld i MARIE, has here been validated, and the species has been 
designated type species for that genus.

The Lower Tertiary calcarenite sequence (here called Obourg calcarenites) of the Mons well 
1969, w hich overlies lowerm ost Maastrichtian sediments at 80 m, is very poor in planktonic foraminifera. 
This is explained by assuming a very shallow  environment during deposition. Benthonics, mainly Rotaliidae 
and Discorbidae, though ill preserved, are abundant and strongly diversified.

The rich benthonic assemblages of the Obourg calcarenites mainly consist of long ranging 
Paleocene taxa. They are thought to be strongly facies bound, but they allow  the recognition o f three 
assemblage zones of importance for correlations in Belgium and in the Maastricht area. The Belgian 
Paleocene stratigraphy is reviewed on the basis of foraminifera! assemblages.

Much of the faunal changes are probably due to gradual shifts of environments. However, there is 
a major break in the m iddle of the Paleocene, w ith  Danian - Montian assemblages below  it and Heersian - 
Landenian associations above. This fauna! break probably corresponds to an im portant gap in the record, 
which is partly represented by non-marine deposits, except in the Mechelen-aan-de-Maas weir where a 
transitional marine assemblage has been recorded, and where the sedimentary gap appears to be much 
smaller.

The benthonic faunas indicate that the typical Tuffeau de Ciply could reach down lower into the 
Lower Tertiary than the Obourg calcarenites. There is practically no doubt that the type Montian is younger 
than the Tuffeau de Ciply in its type section, but that it is older than the typical Heersian.

The benthonic zonation of the Obourg calcarenites does not a llow  correlations beyond the 
Mons - Maastricht area. For correlations to Denmark one has to rely on the planktonics. Globigerina 
triloculinoides, Globorotalia sp. aff. G. varianta, G. sp. cf. G. im ita ta ,.G. pseudobullo ides  and G. sp. cf. G, 
compressa are scarce. Specimens of Globigerina daubjergensis are less rare, yet not suffic iently numerous 
to treat populations statistically, as was done by HANSEN (1 970  a) on Danish Danian material. From the two 
hundred specimens recovered from the Obourg calcarenite sequence of the "M ons w ell 1969" an 
increasing test size from older to younger samples was observed. This is in agreement w ith  the data from 
Denmark.

From the average maximal test size of the G. daubjergensis specimens it again fo llow s that the 
type Calcaire de Mons (=  Montian stratotype) is younger than the Tuffeau de Ciply in its type section and 
also younger than the M iddle Danian of Denmark, which incorporates the Danian stratotype at Faxe.

It is uncertain whether the Montian stratotype is a lateral equivalent of the "U pper Danian"

(1 ) The w e ll has orig inally been called  "Obourg w e ll"  ; la te rth e  colleagues of the Faculté Polytechnique de M ons, how ever, changed its 

nam e to "S on dage de M ons 1 9 6 9 " , because of its exact geograph ic  location.



deposits o f Denmark (e.g. the Danske Kalk at Hvallose), or partly sligh tly younger, However, the Montian 
stratotype is certainly not younger than the extinction level of the Globigerina daub/ergensis-kozlowskii 
lineage, as th is group ranges into the stratotype section. This group does not occur anymore in the Type 
Heersian, which is considerably younger.



RESUME

Dans les 54 échantillons du "Sondage carotté de Mons 1969" (1), effectué dans le Bassm de 
Mons, plus de cent taxons de foram inifères ont été observés. La partie supérieure de nos échantillons (entre 
12 et 26 m de profondeur) appartiennent à la section type du M ontien.

Les espèces suivantes sont considérées comme nouvelles : Discorbis ? lenae. Discorbis ? 
renemarlierei, Rotorbinella pozaryskae, Pararotalia godfriauxi. Pararotalia obourgensis, Eponides 
robaszynskii, Scarificatina szczechurae. Quelques variétés nouvelles sont laissées en nomenclature 
ouverte. Un nomen nudum  de la littérature, Scarificatina re inho ld i MARIE est validé.

La séquence des tuffeaux du Tertiaire basai du "sondage de Mons 1 9 69 " (ici appelée les tuffeaux 
d'Obourg), qui recouvre le Maastrichtien Inférieurà 80 m, est pauvre en foram inifères planctiques, ce qui est 
dû aux conditions marines très peu profondes, pendant la sédimentation. Les benthiques, bien que mal 
conservés, sont abondants et fortem ent diversifiés, surtout les Rotaliidae et les Discorbidae.

La plupart des taxons Paléocènes provenant de ces associations riches en benthiques des 
tuffeaux d'Obourg, appartiennent à des espèces dont la d istribu tion  verticale est longuë. La plupart des 
formes sont probablement liées au facies, mais la com position des associations permet de distinguer trois 
zones qui fac iliten t les corrélations en Belgique et dans la région de Maastricht. Partant des associations de 
foram inifères, la stratigraphie du Paléocène de la Belgique est passée en revue.

La plupart des changements faunistiques sont probablement dûs aux changements graduels 
écologiques. Néanmoins, on peut observer un changement faunistique important dans le Paléocène 
Moyen, les associations Daniennes-Montiennes se trouvant en-dessous et les associations Heersiennes- 
Landéniennes se trouvant au-dessus de la coupure.

Ce grand changement faunistique correspond à une lacune importante dans la sédimentation 
marine, lacune qui est, en partie, remplie par des sédiments non-marins, sauf dans le sondage de 
M echelen/M aas où la série est plus complète, comprenant des sédiments marins avec une faune de 
transition.

Les faunes benthiques indiquent que le Tuffeau de Ciply - dans sa section type - se trouve 
probablement plus bas dans la succession que les tuffeaux du Tertiaire basai du Sondage de Mons 1 969. Il 
est en tous cas certain que la section type du Tuffeau de Ciply est plus âgée que le Montien type, tandis que 
le Heersien type est certainement plus jeune que ce dernier.

La zonation de la séquence des tuffeaux du sondage de Mons 1969, basée sur les associations de 
foram inifères benthiques, ne permet pas de présenter des corrélations plus lointaines que celles 
intéressant les régions de Mons et de Maastricht. Pour suggérer des corrélations avec le Paléocène du 
Danemark, il nous faut considérer les rares foram inifères planctiques. Globigerina triloculinoides, 
Globorotalia sp. aff. G. varianta, G. sp. cf. G. im itata, G. Pseudobulloides et G. sp. cf. G. compressa  sont 
rares.

Les exemplaires de Globigerina daubjergensis sont moins rares que ceux appartenant à d'autres 
foram inifères planctiques, mais ils ne sont pas suffisam m ent fréquents pour permettre une analyse 
statistique, comme celle de HANSEN (1970 a), faite sur du matériel Danien - Sélandien du Danemark.

Pour autant qu'on puisse conclure des deux cents exemplaires trouvés dans la séquence des

(1 ) O rig ina lem ent le sondage avait été appelé "sondage d 'O bo urg”. plus tard, les co llègues de la Faculté po lytechn ique de M ons ont 

changé son nom  en "sondage de M ons, 1 9 6 9 ” . ce qui correspond 'a la réalité  géographique.



tuffeaux du sondage d'Obourg, les dim ensions des tests s’accroissent vers le haut.

Ces résultats concordent donc avec ceux du Danemark.

A nouveau nous pouvons conclure que le Calcaire de Mons dans sa localité type (=  M ontien type) 
est plus jeune que le Tuffeau de Ciply dans sa section type, et que - si nous pouvons u tilise r ces résultats 
pour des corrélations plus lointaines - le Montien type est plus jeune que le Danien moyen du Danemark, qui 
incorpore à son tour le stratotype du Danien à Faxe.

Il n'est pas certain si le stratotype du M ontien est un équivalent latéral du "Danien supérieur" du 
Danemark (p.e. du Danske Kalk à Hvallose) ou s’ il est en partie légèrement plus jeune. Néanmoins, on peut 
dire avec certitude que le M ontien type n’est pas plus jeune que la date de d isparition de la lignée 
Globigerina daubjergensis - koz low sk ii puisqu'on a trouvé des exemplaires de ce groupe jusque dans la 
section type du M ontien. Le Heersien type ne les contient plus ; il est considérablem ent plus jeune.



ZU SA M M EN FA SS U N G

Aus 54 Proben der fortlaufend gekernten "Bohrung Mons 1969" (1 ) (Becken von Mons) konnten 
uber 100 Arten bzw. Unterarten von Foraminiferen nachgewiesen werden. Die oberen Proben der 
untersuchten Schichtfolge (Teufenbereich zwischen 12 und 26 m) entsprechen dem Stratotyp des Mont.

Die folgenden sieben benthonischen Arten wurden neu beschrieben : Discorbis ? ¡enae. 
Discorbis ? renemarlierei, Rotorbinella pozaryskae, Pararotalia godfriauxi. Pararotalia obourgensis, 
Eponides robaszynskii und Scarificatina szczechurae. Einige Arten und Varietäten wurden in offener 
Nomenklatur behandelt. Ein in der Literatur bestehendes nomen nudum, Scarificatina re inho ld i MARIE, 
wurde verfügbar gemacht und die Art zur Typus-Art dieser Gattung bestimmt,

Die alttertiäre Kalkarenit-Folge in der "Bohrung Mons 1969" (hier "Obourg calcarenites" 
genannt), überlagert bei 80 m Teufe Schichten des basalen M aastricht und ist sehr arm an planktonischen 
Foraminiferen, Als Grund hierfür werden sehr flache Ablagerungs-Bedingungen während der 
Sedim entation angenommen. Benthonische Arten, insbesondere der Familien Rotaliidae und Discorbidae, 
sind trotz schlechter Erhaltung individuen- und artenreich.

Die reichen benthonischen Faunen-Vergesellschaftungen der Kalkarenite in der Bohrung Mons 
1969 bestehen überwiegend aus langlebigen paläozänen Formen. Sie werden als stark faziesgebunden 
gedeutet, gestatten jedoch die Erkennung von drei Faunen-Zonen, die von Bedeutung sind für 
Korrelationen in Belgien und im Raum von Maastricht. Die Stratigraphie des Paläozän von Belgien wird 
besprochen aufgrund von Foraminiferen-Vergesellschaftungen.

Viele Faunen-Wechsel haben wahrscheinlich ihre Ursache in allmälich verlaufenden 
Veränderungen der Ablagerungs-Bedingungen. Demgegenüber läßt sich ein starker Schnitt im mittleren 
Teil des Paläozän feststellen m it Dano/Mont-Vergesellschaftungen unterhalb und Heers/Landen-Ver- 
gesellschaftungen oberhalb des Schnittes. Dieser Faunen-Schnitt entspricht wahrscheinlich einer 
w ichtigen Schichtlücke, die te ilw e ise durch nichtmarine Ablagerungen vertreten w ird außer in der Bohrung 
Mechelen-aan-de-Maas, wo eine marine Vergesellschaftung von Übergangs-Charakter nachgewiesen 
worden ist.

Die benthonischen Faunen zeigen an, daß der typische Tuffeau de Ciply tie fer in das Untere 
Tertiär reichen könnte als die Kalkarenite in der Bohrung Mons 1969. Es besteht kein Zweifel, daß das 
Typus-M ont stratigraphisch jünger ist als der Tuffeau de Ciply in seiner Typlokalität jedoch älter als das 
typische Heers.

Die Zonierung der Kalkarenite von Obourg nach bentonischen Foraminiferen gestatte t keine 
Korrelation über das Gebiet von M ons-M aastricht hinaus. Für Korrelationen m it Dänemark müssen 
planktonische Foraminiferen zu Hilfe genommen werden. Globigerina triloculinoides. Globorotalia  sp. aff. 
G. varianta, G. sp. cf. G. im itata, G. pseudobuHoides und G. sp. cf, G. compressa sind selten. Stücke von 
Globigerina daubjergensis sind weniger selten, jedoch nicht zahlreich genug, um die Population statistich 
zu behandeln, w ie HANSEN (1 970 a) es an dänischem Material aus dem Dan durchgeführt hat. An den 200 
in den Kalkareniten von Obourg gefundenen Stücken konnte eine Zunahme der Gehäuse-Größe von den 
stratigraphisch älteren zu jüngeren Proben beobachtet werden. Diese Aussage stim m t überein m it den 
Beobachtungen Dänemark.

|1 j D iese Bohrung hieß ursprünglich "Bohrung Obourg". Zw rschenzietlich  w urde die G em einde von Obourg zur S tadt M ons  

e ingem eindet. D ie Kotlegen der Faculté Polytechnique de M ons nannten d iese Bohrung dann um in "B ohrung M ons 1 9 6 9 " , da 

diese ihrer geo-g raph ischen  Lage entspricht.



Nach der durchschnittlichen maximalen Gehäuse-Große der Stücke von G. daubjergensis zeigt 
sich erneut, daß derTypus Calcaire de Mons (Stratotyp des Mont) jünger als der Tuffeau de Ciply in seinem 
Typus-Profil und ebenfalls jüngera ls das M ittlere  Dan von Dänemark ist, das den Stratotyp des Dan in Faxe 
darstellt.

Es ist unsicher, ob der Stratotyp des M ont eine laterale Vertretung der Ablagerungen des "Oberen 
Dan" in Dänemark (z.B. des Danske Kalk in Hvallpse) oder etwas jünger ist. Jedenfalls ist der Stratotyp des 
Mont gewiß n icht jünger als das zeitliche Verlöschen der Linie Globigerina daubjergensis-kozlowskii, da 
diese Gruppe in das Stratotypus-Profil h ineinreicht. Diese Gruppe ist im Typus Heers nicht mehr anwesend. 
Der letztgenannte Stratotyp ist wesentlich jünger.



ACKNOWLEDGMENTS

The author is deeply indebted to Professor Dr. C.W. DROOGER for help and advice during the 
last seven years w hich  the fo rm er largely spent on the study o f Paleocene foram in ifera öf Belgium.

The author w ishes to express his gra titude to Ir. A. DELMER and Ir. M. GULINCK (Geological 
Survey, Brussels) fo r the perm ission to  study the m aterial of the Mons w e ll 1969.

The author is greatly indebted to  Professor Dr. R. MARLIERE (Faculté Polytechnique de Mons) 
fo r the opportun ity  to  w ork on th is  subject and fo r valuable discussions.

Dr. M. MEIJER (Petrofina, Brussels) and Professor K. POZARYSKA (Warsaw) c ritica lly  read the 
m anuscript and gave the author valuable advice concern ing problem s o f nom enclature and taxonom y.

The best thanks are extended to Prof. Dr. A. LAGASSE (Ghent) fo rp rov id in g  the opportun ity  to 
use the scanning e lectron m icroscope of his departem ent and also to  Mr. A. BIELEN w ho helped us when 
photographing a number of specim ens w ith  the use of that m icroscope. M iss F. BLOK (Utrecht) also 
helped us in photographing  a num ber of foram in ifera.

Kind thanks are extended to  M iss STEINHOFF (Deutsche Texaco, W ietze) w ho undertook the 
task o f im proving the English language of th is  text. Dr. F. PLUMHOFF has translated our summary Into 
German. Kind thanks are extended to  him.

Mr. D. BAVAY, (University of Ghent, Belgium) is thanked fo r w ash ing the studied samples and 
fo r his help in numerous o ther ways.

For photographing a num ber o f specim ens and fo r the com p le tion  of the plates, M iss E. 
LAMMERT and Mr. C.P. HARDER (Deutsche Texaco, W ietze) are k ind ly  thanked.

Some draw ings were made by Mr. J. PETERS (Laatzen) and Mrs. LANGE (W ietze), to  w hom  we 
also extend our sincere thanks.

Mr. J.P. VAN DER LINDEN (Utrecht) m adea num be ro f pencil d raw ings of foram inifera. Sincere 
thanks are extended to him.

V

A special note of thanks is extended to  Dr. P. CEPEK and to Dr. R.R. SCHMIDT w ho made some
additiona l scanning pictures fo r th is  w ork and helped us also w ith  the com ple tion  o f the plates.

\

1. INTRODUCTION.

Since the Puits G o ffin t (1865) was abandoned, on ly a few  samples were available of the 
M ontian stratotype and the ir exact depth was not known in m ost of the cases. This was also the case fo r 
m ost of the samples o f the more recent Puits Coppée drilled  in its neighbourhood.

A recently cored w e ll (1 969) was drilled  in the village  of Obourg, near Mons, at approxim ately 
10 m d istance from  the classical Puits G offin t, to sample the Calcaire de M ons (and the M ontian 
s’ ratotype, characterized by the same type section) at its type loca lity , as w e ll as to  study underlying 
deposits.
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At 1 2 m be low  topograph ic level, th is  w e ll reached the top  o f the  Calcaire de Mons, here 
overlain by a lateral equ iva lent of the Tuffeau d 'Angres (?), g lauconiferous deposits of the Landenian.

From 12 m on, a succession of ca lcarenites was recovered reaching the Cretaceous - Tertiary 
boundary at 80  m local depth.

Below  the depth o f 80  m, chalk was observed, be long ing  to  the litho log ie  unit o f the Craie de 
Spiennes, w hich is o f Early M aastrich tian Age in th is  locality.

53 samples from  th is  w ell were analysed as to  the ir fo ram in ifera! content. 51 ou t o f 53  were 
situated between the local Cretaceous - Tertiary boundary (80 m) and the top o f the Calcaire de M ons (12 
m). One sample of the underlying Craie de Spiennes was analysed (at 83 m local depth) and ano the rone  
of the overlying Paleocene sedim ents (at 1 1.60 m local depth).

The sc ien tific  aims of d rillin g  th is  cored w e ll were the fo llo w in g  :

a) To obtain a series of accurately situated samples o f the M ontian stratotype (=  type section of the 
Calcaire de Mons) fo r pa leonto log ica l and sed im ento log ica l analyses.

b) To a llow  a com parison between the fossils of th is  stratotype and those of the stratotypes of o ther 
Paleocene stages,

c) To study the local geo logy regarding strata underlying the M ontian stratotype. Prior to th is  study, the
local th ickness o f the Calcaire de Mons and the local depth of the Cretaceous-Tertiary boundary were 
unknow n fo r th is  locality.

/

d) To give an answ er to  the question w he ther the Calcaire de M ons (in its type section) is a lateral 
equiva lent of the Tuffeau de Ciply (of Danian Age in its type section), or w he ther it is younger, as 
generally suggested in Belgian stratigraphie literature.

Earlier pub lica tions describ ing  foram in ifera of the Calcaire de M ons are those of P. MARIE 
(1950, 1964) and those of J. HOFKER (1961a, 1962, 1 966e, and o ther papers). They e ithe r give 
schem atic draw ings or no pictures of the m icro fossils. New  genera and species erected by P. MARIE 
(1 964) were no t described by tha t author and hence, have to be considered as nom ina nuda. Some of 
them have here fo rm a lly  been described.

2. VARIOUS LINES OF STRATIGRAPH 1C REASONING.

2.1. GENERAL OUTLINE.

The Danian Stage was fo rm ally  erected by DESOR (1847, p. 181), who considered the 
"Calcaire de Faxoe" (=  Dansk Kalk at Faxe, =  Fakse) and the lim estone at Stevns K lin t to be 
stratigraphical equivalents o f the "Calcaire p iso lith iqu e " in the Paris basin. For DESOR (loc. cit.) these 
chalky sedim ents of Denmark (the Danske Kalk) were de fin ite ly  younge> than the previously erected 
Senonian of d'ORBIGNY. Previously DUMONT (1832) had studied the chalky sedim ents and 
calcarenites o f the M aastrich t area, and he concluded (1849) tha t also at P ietersberg, near M aastricht, 
sedim ents were present, younger than the Senonian of d'ORBIGNY. DUMONT fo rm a lly  erected the term 
M aastrich tian in 1849, after having used the terms "C ra ie”  and "Calcaire de M aastrich t" in his prior
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publ¡cation o f 1832. In 1849, the term  "C ra ie" he altered to  "Systèm e Sénon ien", whereas the term 
"Calcaire de M aastrich t" (Pietersberg) form ed the type of his new ly erected "Systèm e M aastrich tien". 
The study of m egafossils and m icro fossils later provided a series o f b iostra tig raph ic argum ents to 
consider the type loca lities  of the M aastrich tian and Danian Stages to  be of d e fin ite ly  d iffe ren t age. 
A lthough the litho logy  o f both stratotypes is som ewhat sim ilar, indeed, th e ir pa leonto log ica l con ten t is 
quite  d ifferen t. For instance, an im portant extinc tion  wave, m ainly a ffecting the p lankton ic and pelagic 
organisms, occurred after the depos ition  of the Tuffaceous Chalk of M aastricht, i.e. the M aastrichtian 
type section, and before the deposition  of the Danske Kalk o f the Danian stratotype.

This, however, has not been observed im m ediately. Authors have considered fo ra  long tim e 
both M aastrichtian and Danian to be Upper Cretaceous stages, till GROSSOUVRE (1897) observed that 
the greatest pa leonto log ica l change occurred before the Danian, and not fo llo w in g  it. This observation 
has later been corroborated by many o ther pa leonto log ists .

It may explain why, in the Mons basin, the "Calcaire grossier de M ons", a sequence of 
calcarenites, observed and o rig ina lly  described from  the Puits G o ffin t at Obourg by CORNET &  BRIART 
(1865), has long been considered the low erm ost Tertiary deposit.

The M ontian Stage (DEWALQUE 1868, p. 125 ),-defined on the same w e ll section (Puits 
G offint) as the type section of the Calcaire de Mons, was placed in the low erm ost Tertiary, due to the 
Tertiary aspect of its m ollusc content.

A t th is  tim e, the Tuffeau de Ciply, another sequence of calcarenites in the centra l part of the 
M ons basin, was s till considered to belong to the M aastrich tian Stage by d'ARCHIAC (1 851 ), VAN DEN 
BINCKHORST (1859), CORNET & BRIART (1 866  a, b, 1877), BRIART &  CORNET (1870, 1873, 1880). 
This in terpre ta tion  o f a M aastrichtian Age was m ain ly based on the (reworked) Late Cretaceous foss ils  in 
the basal conglom erate bed of the Tuffeau de Ciply, the Poudingue de la M alogne.

The study of the m olluscs of th is  Tuffeau de Ciply and the accurate fie ld  observations of 
RUTOT & VAN DEN BROECK (1 885  a, b, 1886 a, b, c, d, e) led to the present day in terpre ta tion  that the 
Tuffeau de C iply is younger than M aastrich tian, i.e. o f Danian Age, w h ile  the M ontian w ou ld  be s till 
younger.

The vo lum inous literature on the M aastrichtian, Danian and M ontian stratig raphy in the 
regions of th e ir stratotypes was extensively reviewed by BERGGREN (1964).

2.2. PLANKTONIC MICROFOSSILS.

In earli er tim es, larger invertebrates (M olluscs, Brachiopods, Echinoderm s) were used fo r long 
d istance corre la tions. Recently, b iozonations of p lankton ic m icro fossils have proved to  be more reliable 
and more practical. W e shall therefore restric t our b iostra tig raph ica l d iscussion to  the zonations 
elaborated to  these groups of m icro fossils. First, the b iozonation of the p lankton ic foram in ifera was 
established. M ore recently, the value of the calcareous nannoplankton b iozonation was recognized by 
several authors.

2.2.1. PLANKTONIC FORAMINIFERA.

LOEBLICH Et TAPPAN (1957 b, c) were the firs t to  d iscover Globigerina daubjergensis, 
Globigerina tr ilo cu lino ides  and Globorotalia pseudobuHoides  in the Tuffeau de Ciply. Later MEIJER 
(1 969) added the guide fossil G loborotalia compressa  to th is  list, arguing that the Tuffeau de Ciply is of



- 1 2 -

Late Danian Age and tha t Lower Danian deposits are at least partly absent at Ciply.
From the enumerated pub lica tions (* in lis t of references), the ranges o f the fo llo w in g  species 

seem to be im portant fo r the subd iv is ion of the Danian and fo r its upper boundary.
- Globigerina  (vel Globoconusa) daubjergensis  and G. ko z lo w sk ii (these tw o  species in th is  order form  

successive evolutionary stages of w ha t w ill be ca lled the G. daubjergensis  lineage in th is  text).

G loborotalia pseudobu llo ides  and G.quadrata. G lobigerina  (?) varianta  and G lobigerina  (vel 
S ubbo tina ) tr ilo cu lino ides  (the ir firs t appearance).

- Globigerina sp ira lis  (its firs t appearance).

- G loborotalia inconstans, G. praecursoria  and G. unc ina ta  (the ir firs t appearance).

- Globorotalia angulata  (its firs t appearance).

- Globorotalia im ita ta , G loborotalia compressa, G loborotalia e m ile i and G loborota lia  ehrenberg i (the ir 
firs t appearance and extinc tion  level).

- Globorotalia danica, (nom en nudum , BANG, 1 969) (its com ple te  range is s till uncerta in but it may 
have some stratigraphie value).

The Danian of Denmark is characterized by the presence of G lobigerina  (vel G loboconusa ) 
daubjergensis  s.I. The range o f th is  group covers the w ho le  stage and (when inc lud ing  G. ko z lo w s k ii) 
extends even in to  the younger (overlying) deposits of the so-ca lled Selandian.

The range o f Globorotalia compressa  covers on ly the upper part of the Danian in Denmark 
according to TROELSEN (1957) and to BERGGREN (1960  b, 1962,e). Accord ing  to BANG (1969) it 
w ou ld  cover the larger part o f the Danian in the S tprebaelt region of Denmark, but possib ly the Lower 
Danian is m issing in th is  region. This could not be checked by means of the Tyloc idaris  Zonation of the 
typ ical Danian (cf. also HANSEN, 1970  b).

The Tuffeau de Ciply in the M ons basin and the Tuffeau de Houthem  (=  Tuffeau de 
Vroenhoven) of eastern Belgium  and the SE Netherlands (the M aastrich t area) are characterized by the 
same p lankton ic foram in ifera! assemblage as the Danian of Denmark, but inc lud ing  Globorotalia  
compressa, w h ich  suggests tha t these deposits are of Late Danian Age, and tha t Lower Danian 
sedim ents may be com p le te ly  lacking in these regions.

Some of the p lankton ic foram in ifera listed by HOFKER (1961 a, 1962, 1966 e and several 
o ther notes, c ited  in the b ib liography of the la tter pub lica tion) w h ich  w ou ld  cause a d iffe ren t age 
assignm ent of various deposits, are considered to be based on erroneous determ inations. This applies 
m ainly to his G loborotalia  spp. c ited from  the type M aastrich tian and those from  the M ontian  stratotype 
and the Tuffeau de Ciply. Probably, the form s considered, belong to  ben thon ic  foram in ifera, as w ill be 
discussed in the system atic descrip tions. This applies to the G loborotalia uncina ta  specim ens, w hich 
HOFKER c ited  from  the Calcaire de Mons (Puits Coppée).

This is also true of some determ ina tions of EL-NAGGAR (1 967 c. 1 969  a), w h ich  unfortunate ly 
are not accom panied by descrip tions or figures. G loborotalia inconstans  SUBBOTINA, w h ich  that author 
claim s to  be abundant in the type Heersian, is m ost probably an erroneously identified  benthon ic 
form ,possib ly  G yroid inoides voluptus, described by HAYNES, from  the type Thanetian.
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Globorotalia angulata  was cited by EL-NAGGAR (1 969 a) from  the Calcaire de Mons of the 
Givry w ell 318. W e had no opportun ity  to  study material from  that w ell, but from  none of the fifty-one 
samples from  the Calcaire de M ons at its type loca lity  or from  subjacent layers was th is  species 
recovered. Possibly EL-NAGGAR m istook an Eponides species of the group Eponides tou lm in i- 
robaszynskii fo r Globorotalia angulata.

A th ird  form  lis ted  by EL-NAGGAR (1967 c) as "G lobigerina eocaenica  TERQUEM" 
SUBBOTINA and given as an ind ica tion  fo rth e  Late Paleocene Age of the m arine Landenian in Belgium, 
is probably an A llom orph ina  (recte Q uadrim orph ina ) h a lli JENNINGS, a benthon ic species w hich  occurs 
frequently in the Swedish Paleocene (cf. BROTZEN, 1 948) and in the Belgian Lower Landen Formation 
and more rarely in the Heers Formation of Belgium.

2.2.2. CALCAREOUS NANNOPLANKTON.

The study of th is  group of m icro fossils has been carried out later than tha t of the p lankton ic 
foram inifera.

The great change of the calcareous nannoplankton assemblage at the M aastrich tian - Danian 
boundary was emphasized by BRAMLETTE & MARTINI (1 964). They showed that th is  boundary w ith  a 
profound change in the calcareous nannoplankton assemblage is more valuable as a Cretaceous-Tertiary 
boundary than any zonal boundary higher up in the succession.

Moreover, they proved that th is  great change in the calcareous nannoplankton occurred 
between the base of the type Danian in D e n m a rk a n d th e to p o fth e ty p e  M aastrich tian in Limburg, the SE 
Netherlands. This fact fu rther substantiates the conclusions based on p lankton ic foram in ifera, and it 
proves that the paralle lism  of the type M aastrichtian and type Danian suggested by HOFKER (1 961 a, 
1962, 1966  e) is erroneous.

Recently a more deta iled study of the M aastrich tian, the Danian, and the Lower Selandian of 
Denmark by PERCH-NIELSEN (1969) y ie lded the fo llo w in g  nannoplankton zonation fo r th e  Danian in 
Denmark from  top  to bottom  :

(2) - C rucip laco lithus tenuis  Zone (NP2 Zone).

(1)- M arka lius astroporus  Zone (NP1, Zone) or B ian to lithus sparsus Zone.

Samples from  the Lower Selandian only y ielded (reworked) Upper Cretaceous and (reworked 
?) Danian species ; no new  species appeared in these deposits according to  PERCH-NIELSEN (1969) 
w hich  lack o f change is aston ish ing compared to the new ly introduced p lankton ic foram in ifera 
(G loborotalia angulata, G. em ile i) c ited by HANSEN (1968).

The calcareous nannoplankton assemblage of the type Heersian has no t yet been studied in deta il. In 
add ition  to  abundant reworked Campanian - M aastrichtian form s, we observed some Paleocene species 
w h ich  w ill probably a llow  a more accurate age determ ina tion  in the near future. This w ork is being 
carried ou t in co llabora tion  w ith  P. CEPEK.

Accord ing  to BRAMLETTE &  SULLIVAN (1961) and HAY & MOHLER (1967), the type 
Thanetian y ie lds a calcareous nannoplankton assemblage belonging to the H e lio lithus  r ie d e li Zone.

The Lower Landen Formation ("m arine Landenian") in the M echelen-aan-de-M aas w ell, 
w h 'uh  overlies sedim ents of the Heers Form ation (M iddle  Paleocene, Heersian), also conta ins an 
assemblage be long ing  to the H. r ie de li Zone (MARTINI, personal com m unication). The Tuffeau de
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Lincent sampled at W ansin (WA) y ie lds a s im ila r association of calcareous nannoplankton, be long ing  to 
the H. r ie de li Zone. (CEPEK, personal com m unication).

The type Landenian based on the Upper Landen Form ation ("con tinen ta l Landenian") cannot 
be situated in the p lankton ic zonations because of the type o f sediments.

The Lower part of the Ypresian in the reference section Kortem ark (quarry de Sim pel) yields 
calcareous nannoplankton belonging to the D iscoaster b inodosus  Zone, w,hereas the upper part belongs 
to the M arthasterites trib rach ia tus  Zone according to  HAY &  MOHLER, 1967.

Data on the Belgian "M id d le  Paleocene" part o f the succession (M ontian, Heersian) are s till
lacking.

The calcareous nannoplankton o f the M ontian stratotype as w e ll as that of the Tuffeau de C iply 
in its type loca lity  is presently under study (M iss D. NOEL). Unfortunately, the litho logy is rather 
unfavourable fo r calcareous nannoplankton (1).

Between the stratotype o f the Danian (Lower Paleocene), the top  of w hich belongs to the 
C rucip laco lithus tenu is  Zone according to PERCH-NIELSEN (1 969) (or, perhaps to the C. danicus  Zone 
in MARTINI'S (1 971 ) zonation of the Paleocene), and the stratotype of the Thanetian (Upper Paleocene), 
and the stratotype o f the Thanetian)r w h ich  belongs to the H elio lithus  r ie de li Zone accord ing to 
BRAMLETTE & SULLIVAN, 1961, the M idd le  Paleocene should cover the fo llo w in g  nannoplankton 
zones of MARTINI (1971) :

(4) - D iscoaster gem m eus  Zone (NP 7 Zone)
(3) - H elio lithus  k le in p e lli Zone (NP 6 Zone)
(2) - Fascicu lithus tym pan ifo rm is  Zone (NP 5 Zone)
(1) - E llipso lithus m ace llus  Zone (NP 4 Zone)

It is probable tha t the type Heersian corresponds to the h igher zone(s), the M ontian  stratotype 
to the low er zone(s).

2.3. REVIEW OF CHRONOSTRATIGRAPHIC UNITS.

Before starting the discussion of stages, some remarks have to be given on the term
Paleocene.

2.3.1. PALEOCENE.

To the four-fo ld  d iv is ion of the Tertiary given by LYELL in 1 833, SCHIMPER (1 874) added the 
term  Paleocene, a concept w hich  was supposed to cover the tim e interval of the low er part of LYELL's 
Eocene, whereas the rem ain ing younger part of the LYELL's Eocene (s.I.) was redefined as Eocene (s.s.).

The term Paleocene has been defined as the tim e period in w hich  the fresh w ater sedim ents of 
Sezanne were deposited in the Paris basin.

Unfortunately, con trad ic tions already occurred in the orig ina l d e fin itio n  o f the term  (cf. 
POMEROL, 1 968, p. 447) and d iffe ren t op in ions exist today regarding the pos ition  o f the Paleocene - 
Eocene boundary. In th is  work, we consider the base of the Ypresian (=  base of the Clay-of leper (=  Ypres)

(1 ) It appears that m ost sam ples are devoid  ot calcareous nannoplankton, bur P. CEDEK (pers. com m .) de term in ed  a specim en of 
C. danicus in the Calcaird de M ons.
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in its type region) to be the base of the Eocene. Hence, the Thanetian (and its Belgian equivalent, the 
marine Landenian) are considered to  be of Late Paleocene Age, whereas the Danian is considered to  be 
Early Paleocene ; the part in between, youngerthan  the top  o f the Danian in Denmark and o lde rthan  the 
base o f the Lower Landenian (Tuffeau de Lincent) is considered to  represent the M idd le  Paleocene.

2.3.2. MAASTRICHTIAN.

This stage has been erected by DUMONT (1849 -1850 ) on sedim ents of the Pietersberg near 
M aastricht. Critical reviews of DUMONT's de fin itio n  were given by VAN DER HEIDE (1954) and by 
MARLIERE (1957b, in Lex. strat. int.).

- Type loca lity  :

The type section is in the ENCI quarry o f the St, Pietersberg, (in the neighbourhood of 
M aastricht) w h ich  is presently c lassified as a m onum ent. It shows the Tuffaceous Chalk o f M aastrich t in 
its various calcarenites (Ma, Mb, Me, Md of the Dutch literature). VISSER (1951 ) listed the foram in ifera of 
the type M aastrich tian ; a more extensive study was published by HOFKER (1 966  e, and many earlier 
pub lications).

Upper Cretaceous p lankton ic foram in ifera! index species have been recovered from be low  the 
base of the type-section , but the type-section itse lf is such a sha llow  w ater deposit tha t p lankton ic 
foram in ifera are very scarce.

- P lanktonic m icro fossils  :

The p lankton ic foram in ifera lis ted by HOFKER (1 962, 1 966 e) as Globigerina daubjergensis, 
o ther Globigerina  spp. and Globorotalia  spp. are probably small Rugoglobigerina  spp. and partly 
benthon ic foram in ifera (cf. also BERGGREN, 1960).

In the Tuffaceous Chalk of M aastrich t, not from  the type loca lity, bu t from  the M echelen-aan- 
de-Maas w ell (at 330  m depth) at some 20  km north of the type locality, we found the same benthon ic 
association as in the type loca lity, but here it was accom panied by the fo llo w in g  p lankton ic genera and 
subgenera : Globotruncana, Rugoglobigerina (Trin ite lla), Gublerina  (?), H eterohelix  and G lobige
rine llo ides, all ind icating  a Late Cretaceous Age (MOORKENS, 1 971 ). It shows that the Tuffaceous Chalk 
of M aastrich t is o lder than the base o f the Danian in Denmark (Stevns Klint).

Typical Danian p lankton ic foram in ifera were discovered in the M aastrich t area, in the 
litho log ica l un it overlying the Tuffaceous Chalk of M aastricht. The top of the Tuffaceous Chalk of 
M aastricht is characterized by a hardground. The more or less g laucon itic  sedim ent overlying this 
hardground and fillin g  its ' ’perfora tions” be longs to the litho log ica l un it of the Calcarenite (=  Tuffaceous 
Chalk) of Houthem. It has been designated w ith  the  sym bol Me by HOFKER (1962, 1966 e and other 
publications). HOFKER (1956  f, 1966 e and MEIJER (1 959) observed the fo llo w in g  Danian p lankton ic 
foram inifera in the sections o f Geul hem near Houthem (Curfs quarry) and of Vroen hoven (A lbert Canal at 
km pole 23 .800) ; Globigerina  (vel Globoconusa) daubjergensis. G lobigerina  (vel Subbotina) 
trilocu lino ides. G loborotalia pseudobuHoides and G loborotalia compressa.

The la tter species ind icates a Late Danian Age according to TROELSEN (1 957), BERGGREN 
(1960) and HANSEN (1970 a, b).

In the M echelen-aan-de-M aas w ell, we observed that the Calcarenites (=  Tuffaceous Chalk) of 
M aastrich t is also overlain by the Calcarenite (=  Tuffaceous Chalk) of Houthem, w hich  y ie lded G.
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daubjergensis. H igher up in the w eil, th is  species is accom panied by G. varianta, G. pseudobuHoides, G. 
compressa, G. trilocu lino ides , whereas the specim ens of G. daubjergensis  have larger d im ensions than 
in the underlying deposits (MOORKENS, 1971).

2.3.3. DANIAN.

W hen erecting the Danian Stage, DESOR (1847) considered it to  be the topm ost Cretaceous. 
At the m om ent, m ost pa leonto log is ts  place the Danian at the base of the Tertiary and Paleogene. The 
first author to  pub lish  th is opin ion  was A. de GROSSOUVRE (1897), He had noticed  that im portant 
groups of m esozoic fossils, e.g. the A m m on itesand  the Belem nites, became ex tinc t before deposition  of 
the sedim ents of the type Danian. The same break was la te rfo u n d to  occu rin  o the rpe lag ic  g roups; many 
genera and species o f the p lankton ic foram in ifera and o f the calcareous nannoplankton flora also 
disappeared before Danian tim es. DESOR (loc. cit.) o rig ina lly  designated the deposits of Faxoe (also 
spelled Faks(e) or Fax(e) in the literature) as type fo rth e  Danian. He ten ta tive ly  corre la ted them  w ith  the 
sections observed in the classical loca lities of Laversines and Vigny o f the Paris basin.

- Type loca lity  :

In the literature, Faxoe is generally considered the type section fo rth e  M idd le  Danian, and fo r 
the Danian in general, whereas Stevns K lin t is generally referred to as the reference section fo rth e  Lower 
Danian.
- P lanktonic m icro fossils  :

TROELSEN (1 957} and BERGGREN (1960  b, 1962 a) studied the d is tribu tio n  of p lankton ic 
foram in ifera in the Danian deposits o f Denmark. In 1955 TROELSEN had recognized the Late 
M aastrichtian Age of the deposits underlying the Danian in its type region, as he had recovered 
Globotruncana contusa  be low  the low er boundary. ,

BANG (1 962, 1969) also studied p lankton ic foram in ifera o f Danian deposits in Denmark and 
she gave the stratig raphie  d is tribu tion  of some p lankton ic  species in the Stprebaelt.
The fact that G loborotalia compressa  occurs in the larger part o f the succession, suggests tha t Lower (to 
M idd le  ?) Danian is m issing in the S tprebaelt sections. The local absence of G. daubjergensis  (and /o r G. 
koz low skii) and G. "d a n ica "  BANG (a form  w h ich  has s till to  be described by its author) in parts of the 
succession may be due to ecolog ica l cond itions, or could ind icate  tha t the upper part of the carbonate 
sedim ents is of Post Danian Age.

HANSEN (1970  b) remarked tha t the species d is tribu tion  o f BANG is no t readily to be 
compared w ith  tha t of the more typ ica l Danian, because corre la tion w ith  the Tylocidaris Zonation is 
lacking. TROELSEN's zonation is therefore more valuable.

By means of b iom etric  study, HANSEN (1970  a) furtherm ore investigated the idea expressed 
by HOFKER (1 962, 1 966) and confirm ed by BERGGREN (1 962  a, 1964) that evolutionary trends occur in 
the successive popula tions of Globigerina daubjergensis  leading to the final "la rge stage” , here ca lled G. 
ko z lo w sk ii stage. The sta tis tica l investiga tions of HANSEN corroborated the existence of part of 
HOFKER's ideas, i.e. tha t a general trend o f size increase occurs in successive popula tion  o f G. 
daubjergensis  during Danian and Post-Danian (Lower Selandian, M ontian ?) times.

This trend enables an approxim ate corre la tion between the Danian and Lower Selandian of 
Denmark and the succession in the "M ons w e ll 1 96 9 " o f the M ons basin.
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The calcareous nannoplankton o f the main classical outcrops o f the Danian in Denmark was 
analysed by PERCH-NIELSEN (1969) wt-m confirm ed the conclusions of BRAMLETTE Et MARTINI 
(1964), that the Danian conta ins assemblages of the M arka lius astroporus Zone and the Cruci
p laco lithus  tenu is  Zone.

2.3.4. MONTIAN.

The Tertiary age o f the Calcaire de Mons, discovered and described by CORNET Et BRIART 
(1 865) had been know n for some years when th e te rm  M ontian was introduced by DEWALQUE (1 868, p. 
185). The Tertiary Age o f these deposits had m ainly been deduced from  the m ollusc assemblage.

A lthough the type loca lity  and type stratum were unam biguously designated when the 
M ontian concept was erected, its in terpre ta tion  (m ainly its upperand low er lim it) varied w ide ly  amongst 
authors, as was reviewed by BERGGREN (1964).

Already in 1 880, CORNET Et BRIART expanded the orig inal lim its  of the M ontian by adding at 
the upper side the freshw ater deposit, w hich is overlying the Calcaire de Mons in the centra l part of the 
Mons Basin, ("Calcaire lacustre à Physa" d iscribed in 1 877 a), and below , the litho log ie  unit underlying 
the Calcaire de Mons, w h ich  was called the "Calcaire de Cuesmes à grands Cérithes "by  CORNET & 
BRIART, (1877 b).

A t that tim e, the Tuffeau de Ciply was s till considered to belong to the M aastrich tian ; th is 
erroneous idea was m ainly based on reworked Upper Cretaceous fossils found at the base of the Tuffeau 
de Ciply in the so-called "P oudingue de la M alogne", w h ich  is the basal conglom erate of the Tuffeau de 
Ciply,

The Tertiary age of the latter deposit was firs t recognized by RUTOT & VAN DEN BROECK 
(1885 a, b, 1 886  a, c) w ho had carefully studied the litho logy  and the m olluscs o f the outcrop sections in 
C iply and Cuesmes. These authors also included the Tuffeau de C iply in the M ontian. However, the 
Danian Age o f the Tuffeau de Ciply has been proved several years later ; RASMUSSEN (1 962, 1 9 6 5 ) 
c laim ed the Tuffeau de Ciply to be of Danian age because of certain index species in the megafossil 
content. LOEBLICH Et TAPPAN (1957 b) recovered Globigerinoides daubjergensis. G loborotalia  
pseudobuHoides and Globigerina trilocu lino ides  from  the type section of the Tuffeau de Ciply, thus 
confirm ing the Danian Age.

The m ost accurate age determ ina tion  of the Tuffeau de Ciply in its type loca lity, is that of 
MEIJER ( 1969) w ho recovered, in add ition  to the above-cited p lankton ic foram inifera, also Globorotalia  
compressa  (PLUMMER) w h ich  ind icates a Late Danian Age, as th is  species seems to  be restricted to the 
Tylocidaris vexilifera  Zone of the Upper. Danian o f Denmark, according to TROELSEN (1957), 
BERGGREN (1960  b, 1962a) and HANSEN (1970  b, p. 25).

MARLIERE (1 957 a, 1 958) was the firs t to present a paleonto logica l zonation of the M ontian 
in the sense of that tim e, i.e. inc lud ing  the Tuffeau de Ciply, based on ostracod assemblages. At Mons, in 
the w ell of the Ecole des M ines, three zones were found superposed :

(3) - Upper Zone w ith  Trig inglym us  ; th is faunal assemblage was also recorded from  the Calcaire de 
M ons in the stratotype o f the M ontian of the Puits Goffint.

(2) - M iddle  Zone w ith  Cytheretta.

(1 ) - Lower Zone w ith  Cytherelloidea ; the latter faunal assemblage has also been found in the Tuffeau de 
Ciply, sampled at its locality where we know the sediments to be of Late Danian Age (see above).
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There is a p oss ib ility  that th is  succession has no chronostra tig raph ic value (except w ith in  the 
Mons basin). Because the ostracod assemblages are probably environm ent-bound, the ir areal and 
vertical d is tribu tion  may have been influenced by local changes in ecolog ica l cond itions. For instance a 
partial transgression and /or regression may have caused the m igration of these assemblages.

The foram in ifera of the Tuffeau de Ciply, and o f some scattered samples of the Calcaire de 
Mons (from the Puits Goffint, and from the ne ighbouring Puits Coppée) have partly been determ ined 
and /or p ictured by MARIE (1 964). He gave good figures 'o f a num be ro f characteris tic  ben thon ic  species 
from  the Puits Coppée. Unfortunately, he gave no descrip tion  o f his "n e w  species" am ong the fossils. 
A lthough his figures are very clear the new  names are to be considered nom ina nuda. For one o f them  a 
descrip tion is given in our system atic d iscussion.

HOFKER (1 959  a, 1961 a, 1962, 1966 e) described foram in ifera from  the Tuffeau de C iply and 
the Calcaire de Mons (from samples o f the Puits Coppée) w ith  some schem atic p ictures. The fact tha t the 
m icro fossils are generally strongly recrystallized, probably explains w hy some ben thon ic  forms 
belonging to Pararotalia g lob igerin ifo rm is  (several keeled and non keeled, truncate and non truncate 
varieties) and to  Eponides to u lm in i - robaszynskii (some varieties) were erroneously determ ined as 
species of Globorotalia.

POZARYSKA (1 965, 1 966) lis ted some species from  the Calcaire de M ons and of the Tuffeau 
de Ciply in her descrip tions of the analogous faunal assemblages of the Post-Danian ( "M ontian") of 
Poland, w h ich  was m ainly derived from  the Pam ietowo well.

POZARYSKA & SZCZECHURA (1968) d iscussed the d is tribu tion  of Paleocene faunal 
com m unities of NW  and W  Europe. The m igration o f "W arm er w ater foram inifera! faunas" and the 
probable c lim a tic  changes (on w orld  scale) w h ich  possib ly caused those m igrations, were discussed by 
these authors. S im ilar m igrations had been suggested before by VAN' BELLEN (1 946 a) on the base of 
assemblages th is  author recovered in the Bunde wells.

VAN BELLEN (1 946  a) had erroneously determ ined the Bunde fauna to be of M idd le  Eocene 
Age ; his m istake is to be explained by the fact tha t foram in ifera of the M ontian  stratotype had not yet 
been described at tha t tim e. D escription of Paleocene faunas from  Poland and Germany, as w e ll as from 
Ukraine and Crimea are all o f a later date.

MARIE (1 947) im m ediately recognized the Paleocene ("M on tian ") Age of the fauna from  the 
Bunde w ells. Later HOFKER (1966e) reviewed and corrected VAN BELLEN s dete rm ina tions and 
descrip tions and equated the Bunde fauna w ith  that of the Calcaire de Mons, sampled in the Puits 
Coppée, and w ith  another fauna o f the M aurits III m ine shaft of the N etherlands Limburg, p lacing all 
these assemblages in the R-Zone of his le tter zonation.

For local corre lations, we th ink  that the foram in ifera! assemblage, characte ris tic  of HOFKER's 
R-Zone is certa in ly practical, but the absence of that peculiar fauna in the Danish Paleocene does not 
prove tha t sedim ents of the same age are m issing in the la tte r succession. This fauna of the Calcaire de 
Mons probably depended on special environm enta l cond itions, possib ly those of warm  sha llow  water, 
rich in calcareous material, suggested by the rich calcareous foram in ifera! con ten t and the ca lcaren itic  
sediment.

- Type loca lity  :

In his de fin ition  of the stage, DEWALQUE (1 868) referred to the Calcaire de M ons described 
by CORNET & BRIART (1865) from the Puits G offin t (=  Goffin), a p it at Obourg, near Mons, in the central 
part of the Mons basin.
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The M ontian  is unam biguously based on the upperm ost interval o f the  Calcaire de Mons in the 
Puits G offin t. Accord ing to  MARLIERE (personal com m unication) the  Calcaire de M ons had been 
observed in the puits G o ffin t between 6,85 m depth and the base o f the pit. Some 14,5 m of ca lcarenitic 
sedim ents had there been penetrated.

Unfortunately, the m aterial has been accessible during a very short tim e only and a few  
samples, w itho u t exact depth ind ication  were afterwards available at the "Faculté  Polytechnique de 
M ons". From the neighbouring p it (the Puits Coppée) some more material was available, but th is  material 
was not su ffic ien t to  study the macrofauna and m icrofauna o f the  Calcaire de M ons in th is reference 
section.

The recent "M o ns  well 1 9 6 9 ”  (o rig ina lly  called "O bourg w e ll"  was drilled  to obta in new and 
better material.

This w ell, d rilled  at a d istance o f 14 m approxim ately at the south o f the Puits Goffint, w ent 
deeper than the orig ina l pit, in order to observe the strata underlying the Calcaire de Mons. The well 
reached the top of the Cretaceous (Lowerm ost M aastrichtian) at a depth  of 80 m be low  the topograph ic , 
level. Hence, Lower Tertiary calcarenites - here ca lled "O bourg ca lcaren ites" (partly be long ing  to a 
probably not yet named litho log ie  unit) (1 ) were found beneath the M ontian stratotype, and overlying the 
low erm ost M aastrichtian chalk.

- P lanktonic foram in ifera :

The only group of p lankton ic m icro fossils m entionned so far in the literature from  the M ontian 
stratotype and from  the type section of the Tuffeau de Ciply, is that o f the p lankton ic foram inifera. 
Unfortunately, some of the form s probably refer to  incorrectly  determ ined benthon ic species.

HOFKER11961 a) listed, at firs t w ith o u t pictures, later (1 962, 1 966  e) w ith  some schem atic 
drawings, a num ber of p lankton ic foram in ifera of stratigraphie value. His G loboro ta liapseudom enard ii is 
probably a fla t, keeled Pararotalia  species. From the upperm ost samples o f the Tuffeau de Ciply (CA 25), 
we recovered s im ilar specim ens easily to be m istaken fo r G. pseudom enard ii, but d istingu ishab le  from 
G loborotalia  by the calcareous plug in the um bilicus, ind icating  more a ffin ity  to  Pararotalia  and related 
form s than to the G lobigerinacea.

MEIJER (1969) came to  the conclusion tha t HOFKER ( 1 962, 1966 e) had most like ly m istaken 
another benthon ic species be long ing  to  Ep istom ine lla  (Pseudoparrella) fo r Globorotalia pus illa  
laevigata.

If is probable that also EL-NAGGAR (1 969 a) m istook benthon ic species fo r p lankton ic ones, 
as we found  none of the species he listed, in our material from  the same localities,

2.3.5. HEERSIAN.

In 1 8 5 1 , DUMONT divided the Landenian Stage (which was created in 1 839) in to  tw o parts. 
The low er part was the new Heersian Stage, whereas the upper part was referred to as Landenian s.s.

(1 1 After com ple tio n  of this text. Prof. M ARLIERE kindly in form ed m e that it is now  called  the  "C ouches de Ghlin" (G O D FR IA U X  & 

M ARLIERE, in press). Our te rm  "Obourg calcarenites" had not been in tended as a form al nam e of a rock unit.
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- Type loca lity  :

The author of the Heersian Stage did no t ind icate a precise section in the fie ld  w h ich  should be 
considered the type section.

As was usual in DUMONT's notes, the new concept was characterized by a litho log ica l unit. 
The Heersian was thus characterized by the M arls of Gelinden. The village  Gelinden is s ituated close to 
Heers, and the classical, abandoned quarry of Mr. Thew is in the ham let o f Overbroek is now  generally 
considered to be the type loca lity  of the Marls of Gelinden and at the same tim e the stratotype of the 
Heersian Stage (cf. de HEINZELIN & GLIBERT, 1957 in Lex. Strat. Int.).

- Paleontology :

Accord ing  to  LERICHE (1912) the Heersian is characterized by the presence o f Cyprina  
m orris i, and the absence of Pholadomya ob litte ra ta  (=  P. kon inck i) and Cyprina Scutellaria, w h ich  
pelecypods are ind icative  fo r the younger, Landenian (s.s.) deposits.

Furthermore, rich paleobotam cal remains, were described by SAPORTA & MARION in 1 878, 
from  the Marls o f Gelinden.

- P lanktonic m icro fossils  :

EL-NAGGAR (1967 c, 1969 a) lis ted some p lankton ic foram in ifera! species from  Overbroek. 
He cla im ed tha t the 'flood ing  o f Globorotalia inconstans  (SUBBOTINA)" showed the M idd le  Paleocene 
Age of the Heersian stratotype. In terms of p lankton ic foram inifera!, zonations he iden tifies  the type 
Heersian w ith  the G. inconstans  Zone, w hich he th inks to be a lateral equ iva lent of the G. angulata  Zone. 
However, his G loborotalia inconstans  is very probably a m is iden tified  Gyroid inoides vo luptus  HAYNES, a 
benthon ic species w ith  granular ca lc itic  w all, o rig ina lly  described from the type Thanetian. At firs t s ight 
some specim ens o f th is species resemble p lankton ic foram in ifera, as the cham bers are generally 
globose.

The calcareous nannoplankton of the type Heersian has not been investigated, but in some 
preparations we observed a nannoplankton flora, in w hich reworked Upper Cretaceous (Campanian - 
M aastrichtian) species are prevailing (work in co llabora tion  w ith  P. CEPEK). Yet, some rare Tertiary forms 
w ill provide, in future, an accurate means fo r corre la ting  the type Heersian w ith  the nannoplankton 
zonation.

2.3.6. LANDENIAN.

DUMONT erected the Landenian Stage in 1 839, defin ing  it by the con tinen ta l deposits  of the 
Lignites (or Sands) of Landen.

Later, th is  Landenian (s.I.) was subdivided in to  Ypresian (DUMONT, 1 849), Landenian s.s. and 
Heersian (DUMONT, 1851).

The firs t stage corresponds to the upper part of the earlier Landenian concept, wheras the th ird  
chronostra tig raph ic concept equals the low erm ost part of the earlier Landenian (s.I.) Stage.

The rem aining m iddle part of the Landenian (s.I.) was defined again as Landenian s.s;
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- Type loca lity  :

DUMONT did not ind icate a type section for the Landenian.

The continenta l L ignites (or Sands) of Landen were cited as a characteristic litho log ie  un it and 
the type section of th is  litho log ie  unit is s till to be seen in Landen. It is the section of the abandoned 
quarry Frisson (C F), close to the s ta tion  of Landen. This stratotype unfortunate ly refers to  continen ta l 
deposits only, w h ich  did not yield any useful fossils to  localize th is  section in the b iozonations of 
p lankton ic m icro fossils.

In th is  loca lity  of Landen, the Lower Landenian (=  so-called "m arine Landenian") was reached 
by some shallow  w e lls  of less than 10 m.

These underlying marine deposits were studied from  some outcrops in the neighbourhood of 
Landen and they yie lded a foram inifera! assemblage w hich  shows strong a ffin ities w ith  the m icrofauna 
of the Thanetian of Kent, in Great Britain.

- P lanktonic m icro fossils  :

P lanktonic foram in ifera occur in some samples of the marine (=  Lower) Landenian of eastern 
Belgium, a lthough they are rare ; the recovered form s are generally small nonkeeled G loborotalia  
species. Keeled G loborota lia 's, w hich are ind icative for the p lankton ic foram in ifera! zonations in tropic, 
subtrop ic arid warm tem perate regions, are lacking. EL-NAGGAR (1967 c, 1969 a) lis ted some 
p lankton ic  foram inifera! species, and cla im ed that the occurrence of "G loborota lia  eocaenica  
TERQUEM", as figured by SUBBOTINA (1953), is characteristic. (1).

The calcareous nannoplankton of the marine (=  Lower) Landenian has no t yet been studied 
from  outcrops of the neighbourhood of Landen. From the M echelen-aan-de-M aas w e ll MARTINI studied 
some samples, and he found (personal com m unication) an assemblage of the H elio lithus  r ie de li Zone 
from  a sample near the base of the Lower Landen Form ation at 220  m depth. Assem blages of the same 
zone had earlier been recorded from  the type Thanetian by BRAMLETTE & SULLIVAN ( 1 961 ), and later 
by HAY & MOHLER (1 967). Thus it is like ly  that the m arine Lower Landenian may be correlated w ith  the 
Thanetian P. CEPEK (personal com m unication) recovered an analoguous assemblage in the Lower 
Landenian neostratotype at W ansin (WA).

2.3.7. THANETIAN.
I

This ch ronostra tig raph ic un it has been defined by RENEVIER (1873). The de fin ition  was 
based on tha t of the litho log ie  un it of the Thanet Sands (PRESTWICH, 1 852, cf. Lex. Strat. Int. 1 9 5 8 ,1 , 3 
a XII).

- Type loca lity  :

The Thanet Sands are outcropp ing  along the coast of Kent, at Ramsgate. At the m om ent th is 
loca lity  is generally considered to  be the stratotype of the Thanetian Stage.

- Paleontology :

The foram in ifera o f the Thanet Sands, the Pegwell Marls, and the Reculver S ilts  have been
des nbed from Pegwell Bay and from  Reculver by BURROWS & HOLLAND, 1897 ; HAYNES. 1954,
1 955, 1956, 1958 a, b. c ; WOOD & HAYNES, 1957.

|1 | Probably the m isidentifieci benthonic, A llornorphina h a lli BROTZEN.
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- P lanktonic m icro fossils  ;

P lanktonic foram in ifera have been described fo r the firs t tim e by HAYNES (1 955 , 1 956). The 
fact, however, that part o f the form s is reworked, was observed later. LUTERBACHER & PREMOU-SILVA 
(1964) were the firs t to  cla im  that the specimen, determ ined as G loborotalia velascoensis  by HAYNES, 
actually was a reworked, probably s ing le  keeled, Globotruncana. The fact tha t several p lankton ic 
foram in ifera recovered from  the type Thanetian, actually were reworked Upper Cretaceous forms, was 
also stated by HAYNES & EL-NAGGAR (1964) and by BARR & BERGGREN (1965).

Some Tertiary form s, however, do occur, but it is d ifficu lt to make out w h ich  of these form s are 
in place and w hich  of them  have been reworked, as was stated by EL-NAGGAR (1967  b, 1969 a).

The calcareous nannoplankton, however, a llow s to correlate the type Thanetian more 
precisely w ith  its zonation. BRAMLETTE & SULLIVAN (1961) and later HAY & MOHLER (1967) 
recovered an assemblage o f the H elio lithus  r ie de li Zone from  the type Thanetian.

2.3.8. EYSDENIAN.

For the sake o f com pleteness, we also m ention the abandoned chronostra tig raph ic  concept 
Eysdeman, w hich  once was used to  designate some Belgian Paleocene deposits.

This term was used fo r the firs t tim e by STAINIER ( 1 931 ), but it was refuted by HALET (1 932),
because he considered, it to be a lateral equ iva lent of the "c o n tin e n ta l"  (=  Upper) M ontian.

- Type loca lity  :
/

In the mine shaft n° 2 of Eisden (=  Eysden), in eastern Belgium, the interval between 210 m and
231 m depth below  topographic level was given as type of the stage.

This stratotype overlies sedim ents of (Upper ?) Danian Age and it is overla in by sedim ents of 
Heersian Age.

- Paleontology :

The author o f the Eysdeman Stage d id  not give any pa leonto log ica l argum ents to prove that it 
was of d iffe ren t age than Danian, Heersian or M ontian.

The study of the m olluscs of the Eysdenian in its type section by VINCENT (1930  a), p rio r to 
STAINIER's (1 931 ) note, lead VINCENT to the conclusion that these sedim ents (his Couches à Cyrènes 
du Paléocène du Limbourg) should be regarded as of Heersian Age, no tw iths tand ing  the fact that they 
are underlying sedim ents, w hich  lithostratigraphicaM y may be correlated w ith  the basal layers of the 
Heers Formation in the type area, i.e. the Sands o f Orp-le-Grand.

HALET prefers to fo llo w  STAINIER in his corre la tion of the sedim ents between 2 10 m and 231 
m in the Eisden M ine shaft n° 2 w ith  the "con tinen ta l M on tian " of the Mons basin, but he disagrees w ith  
that author in tha t they deserve a new chronostra tig raph ica l term . A ccord ing  to HALET, the 
paleonto logica l argum ents are not su ffic ien t, and in his op in ion  the type loca lity  of a new stage should at 
least yield fu lly  m arine fossils, the geographical d is tribu tion  of w hich  w ou ld  a llow  corre la tions over long 
distances. Hence, fresh watfer to brackish deposits y ie ld ing  am ongst o thers abundant Cyrena specim ens 
are inadequate fo r a new stage.
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3. LOCALITY DETAILS

Only those Paleocene loca lities  are described, w h ich  e ither may be compared w ith  parts o f the 
"M o ns  well 1 9 6 9 ", w h ich  have been correlated earlier w ith  the 1 uffeau de Ciply o rth e  Calcaire de Mons, 
or w h ich  are being considered in the stratigraphie d iscussion. The tw o  main regions to  be reviewed, are 
the Mons basin and NË Belgium  (together w ith  the adjacent area in the SE Netherlands), (fig. 1 ,2 ,7 ,  8).

3.1, THE MONS BASIN.

The type section o f the Tuffeau de Ciply and tha t of the Calcaire de Mons are to be found in the 
so-called Cuve de M ons (fig. 2} (cf. also MARLIERE, 1964  a, 1969). The only exis ting  outcrop of the 
Calcaire de Mons farther west, the socalled Tranchée de Hainin, at 1 3 km w est of Mons, is to  be found in 
the Cuve de St. Ghislain, the m iddle  synclina l structure.

The succession of stratigraphie units of the Lower Tertiary and Upper Cretaceous of M ons and 
its neighbourhood is given in an approxim ately S-N oriented cross section (fig. 3 a-b). It show s the type 
sections of the Tuffeau de Ciply, SW  o f Mons, and the classical sections of the Calcaire de Mons in w e lls  
NE of Mons. In some w e lls  in the tow n o f Mons, e.g. the w ell of the Ecole des M ines (E.M.), both 
litho log ie  units have been observed superposed w ith  possibly a transitiona l layer in between.

The cross section of the M ons basin, across the tow n o f Mons, has been pub lished several 
tim es w ith  m inor consecutive corrections because of the sections observed in new  w e lls  in the Mons 
basin (e.g. CORNET & BRIART. 1 866  a, f. 1 ; F.L. CORNET, 1 886, f. 1 : J. CORNET, 1 927, p. 86, f. 1 7 ; 
MARLIERE e.g. in  GULINCK & VAN VOORTHUYSEN, 1 961 ). The earlie rco rre la tions  of th is  section were 
based on a com bina tion  o f litho log ica l and some pa leonto log ica l data ; the la te rones were m ainly based 
on m olluscs and ostracods.

The figures of MARLIERE (1958, 1961) are given in our fig . 3 a, b ; the stratigraphie 
in te rpre ta tion  based on the foram in ifera! assemblages o f the Mons w ell 1969  has been added. 
Accord ing  to  MARLIERE (1957, 1962, 1 964  a) the Calcaire de M ons has been recorded as overlying the 
Tuffeau de Ciply.

L itho log ica l corre la tions and those based on ostracod faunas have suggested a superposition  
of these units w ith  a gradual transition  in litho logy  in between, e.g. in the w e ll o f the Ecole des M ines. 
These transitional strata may possib ly be equated w ith  the Calcaire (à grands Cérithes) de Cuesmes.

However, it  is theore tica lly  possible that at least the upper part.o f the Tuffeau de Ciply is a 
lateral equ iva lent of the  low er part of the Calcarenite sequence in the "M o ns  well 1 9 6 9 " at Obourg. Such 
a conclusion w ou ld  be perm issable from  the d is tribu tion  o f the p lankton ic foram in ifera.

The difference of litho logy  is no doubt the result o f d iffe ren t cond itions  o f deposition . Provided 
that the sha llow er Calcaire de Mons environm ent gradually spread from north to  south, th is  caused the 
Tuffeau de C iply to be overlain by the Calcaire de Mons, e.g. in the Ecole des M ines w ell (cf, fig . 3b).

It is im portant to  rem ind tha t the fact, that some benthon ic foram in ifera are restricted to  the 
Calcaire de M ons everywhere in the Mons Basin, never having been recovered from  theTuffeau de Ciply, 
does not give them  a de fin ite  chronostra trig raph ic value. The ir restric tion  to the Calcaire de M ons may be 
linked to  special ecolog ica l cond itions  w hich possib ly did no t o ccu rin  the environm ent of depos ition  of 
the Tuffeau de Ciply. Such environm ent-bound occurrence may also be true fo r o ther benthonic 
organisms, such as molluscs, ostracods, and bryozoans. Therefore, it is preferable to  base ch rono 
stratig raphic corre la tions prim arily on p lankton ic m icro fossils from  w h ich  we may be able to conclude
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w hether the stratigraphie d is tribu tion  of some o ther groups, such as the ben thon ic foram in ifera  has a 
tim e value or not.

3.3.1. CIPLY, CARRIÈRE ANDRÉ (CA).

The location of the abandoned quarries in Hyon-C iply (called Carrière Caillaux, or Carrière 
Bernard, or Carrière des Gaillies, a.s.o.), presently belonging to Dr. VAN DAMME, are shown in fig. 2. The 
Carrière André shows the type section of the Tuffeau de Ciply. (A type section fo r tha t rock un it had not 
been form ally suggested before, but is here considered m ost logic).

We sampled tw o  sections in these quarries during the autumn of 1964 and spring o f 1966  and 
of 1970. The section in the northern part of the quarry has since then been covered w ith  rubble.

The section CA is located in the  northern part o f the quarries (w hich has since been filled ). The 
ostracods of th is  section were previously studied by MARLIERE (1 958) and the p lankton ic  foram in ifera 

were lis ted  by MEIJER (1969). The upper part of the Tuffeau de Ciply (about 1 8 m) was sampled in 1 966. 
It shows the basal part of the Tuffeau de Ciply, w h ich  d isconform ably overlies various units of the 
upperm ost Cretaceous (M aastrichtian).

The base of the Tuffeau de C iply is form ed by a cong lom erate , the Poudingue de la M alogne, 
resting transgressive ly on the hardground at the top  of various Cretaceous deposits.

As a small augerboring showed th is hardground to lie some 5 to 6 m be low  the base o f section 
CA a, it fo llow s  tha t the sections CA a and CA b approxim ate ly supp lem ent each other, so tha t probably 
the fu ll th ickness o f the Tuffeau de C iply was sampled in th is  locality. The section was sampled nearly 
every 50 cm (cf. fig . 4), w ith  some samples taken in between.
The various lithostra tig raph ic  units of the Carrière André are from  top to bottom  :

- Tuffeau de Ciply : A rather coarse grained, white, locally yellow ish, caicarense ; m icrofossils are 
strongly recrystallized ; local thickness of th is unit may reach some 24 m.

- Poudingue de la Malogne : Thin basal conglomerate (20 to 50 cm thick) o f the Tuffeau de Ciply, y ie ld ing 
phosphate nodules and reworked Upper Cretaceous megafossils and m icrofossils.

- Hardground : Hardened layer of maximally 40 cm thickness (sometimes w ith  holes of dissolved 
particles of 1-2 cm diameter) form ing the truncated top of several tilted  Upper Cretaceous litho log ie  
units, some of w hich wedge out from north to south.

- Tuffeau de St. Symphorien : Brown, coarse-grained calcarenite, conta in ing some phosphate 
concretions ; a lo t of megafossils occur. This unit overlies the Craie de Ciply ; il wedges out in the 
quarries. The rock unit is less than 1 m th ick in the sampled section CA c.

- Craie (phosphatée) de Ciply : Grey to sometimes brownish chalk, w ith  m inute phosphatic concretions 
of brown colour. The contact of this member w ith  the underlying unit, the Craie de Spiennes is 
accompanied by brown, "roo tlike  perforations" (French : "racines"), w hich extend into the top of the 
underlying unit.

- Craie de Spiennes : W hite  to yellowish medium grained chalk, not very coherent ; the base of th is unit 
was not observed in th is quarry.

- Craie de Nouvelles : Fine, pure, w hite  chalk, locally hardened to a m icritic  fine-grained limestone. This 
unit is only to be seen in the most southern part of the quarry, where its high occurrence is due to a fault
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directed NW  - SE.
The m egafossii M agas pum ilus  has been recorded here from  th is  layer.

3.1.2. CIPLY, CARRIÈRE LIÉNARD (LI).

The location of th is  abandoned quarry, lying in the neighbourhood o f the previous one, is given 
in fig. 2. Some sections were sampled in December, 1 963  and January, 1 964. From these sections only 
the one show ing 8 m o f the Tuffeau de C iply is o f im portance fo r the present investiga tion  (LI a). The base 
of the Tuffeau de C iply is form ed by the Poudingue de la M alogne, w hich  overlies a hardground at the top 
of the Craie (phosphatée) de Ciply, w h ich  is sim ilar to  the one observed in Carrière André (CA b). The 
section was sampled every 50  cm (cf. fig . 5).

L itho logy : The litho logy  o f the units is about the same as tha t in the neignbouring  CA quarry.

- Tuffeau de C iply : A ye llow  coarse ca icarense ; m icro fossils and m egafossils genera lly s trongly 
recrystallized.

- Poudingue de la M alogne : Thin conglom erate  (20 to  30 cm thickness) in hardened lim estone, 
con ta in ing  frequent reworked Upper Cretaceous m egafossils ; it overlies the local hardground w hich 
form s the top o f Upper Cretaceous deposits.

- Hardground : Hardened layer w ith  large holes, local th ickness 30  to 50 cm.

- Craie (phosphatée) de Ciply : Grey to ye llow ish , rather coarse-grained chalk w ith  re la tive ly high 
phosphate content.
Belem nites and o ther Upper Cretaceous m egafossils are quite  frequent.

3.1.3. OBOURG, PUITS GOFFINT (GOF) AND PUITS C0PPÉE (COP).

CORNET &  BRIART (1865, 1866 a) described the sedim ents and lis ted  some fossils o f the 
Calcaire de Mons from  both pits. The Puits G offin t showed some fourteen metres approxim ately of 
Calcaire de M ons be low  the younger Paleocene and Quaternary sedim ents. The abrupt litho log ica l 
change between the Calcaire de Mons, and the g laucon itic  Sands (possib ly a lateral equ iva lent o f the 
Tuffeau d 'Angres, considered Upper Paleocene, marine Landenian) points out tha t the top  of the Calcaire 
de M ons and possib ly con tinen ta l deposits overlying it (as observed in w e lls  in the centra l part of the 
M ons basin) were eroded here before the Landenian transgression.

In the Puits Coppée, ly ing some 50  m east o f the Puits G offin t, the top  of the Calcaire de Mons 
was reached at a depth of 3 .50  m ; 21 .5 0  m o f Calcaire de M ons were observed.

A t tha t tim e  the th ickness o f the Calcaire de M ons was unknown, as the base had no t been 
reached in any outcrop or w e ll.

The location o f both p its is g iven in fig . 2. The 14.50  m of Calcaire de M ons observed in the 
Puits G offin t form  the type section o f the Calcaire de Mons. DEWALQUE (1 868) designated the same 
section as stratotype o f the M ontian Stage.

L itho logy : The Paleocene deposits consist of :

- G lauconiferous deca lc ified  sands, possibly a lateral equiva lent o f the Tuffeau d 'Angres (MARLIERE, 
personal com m unication).
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- Calcaire de Mons : Coarse-grained ("ca lca ire  grossier"), ye llow  to  reddish calcarenite, in some places 
indurated. Very foss ilife rous in foram in ifera and loca lly  in m olluscs, bryozoans and ostracods. The 
porosity o f the rock may be quite  large due to  the coarse sedim entary grains and abundant shell 
m aterial. S tudied samples come from  the co llec tion  of the Faculté Polytechnique de Mons. They are 
from  the Calcaire de Mons, w itho u t depth ind ications.

3.1.4. OBOURG, "SONDAGE DE MONS, 1969" (=  SONDAGE D'OBOURG, =  MONS WELL 1969, =  
OBOURG WELL) (OB).

The recently  d rilled  w e ll, en tire ly  cored ("M ons w e ll 1 9 6 9 ", previously ca lled "O bourg w e ll"), 
provided samples of the Calcaire de Mons very n ea rto  its type section (distance approxim ate ly 14 m) and 
thus undoubted ly from  the M ontian stratotype. Furthermore, material o f underlying strata o f the Tertiary 
and low er dow n from  the Upper Cretaceous was sampled.

Foraminifera were studied from 53 samples o f th is  well.

L itho logy : The litho logy  of the section may be summ arized as fo llow s, (depths are given be low  
topographic level). The samples are located on the d is tribu tion  chart, table 1.

(3) Interval between 0  level and 11.60  m : Quaternary and Upper Paleocene sedim ent, the la tte r are 
clayey g laucon itic  sands, fo rm ing  possib ly a lateral equ iva lent of the Tuffeau d 'Angres (?).

Only the low erm ost sample of th is  interval, OB 11.60  m was analysed ; the foram in ifera are
strong ly corroded and are considered to  be reworked from  the (underlying) Calcaire de Mons.

/

(2) Interval between 12 m and 80  m : In the  upper part of th is  interval, the Calcaire de M ons is 
recognizable as a coarse grained caicarense of ye llow  colour, y ie ld ing  abundant benthom c 
foram in ifera w ith  th ick  calcareous recrysta llized tests. Low erdow n in th is  succession, the sedim ent 
gradually changes to  a more fine-gra ined w h itish -b lu ish  calcarenite.
Some very hard calcareous concretions occur, as w e ll as flin t. The foram in ifera! fauna is som ew hat 
poorer both in num ber o f specim ens and o f species. A ll tests are very strong ly  recrysta llized.

The low erm ost sample (80 m) y ie lds a Tertiary foram in ifera! assem blage identica l to  tha t of the 
overlying samples, but Upper Cretaceous (Lower M aastrichtian) reworked (greyish) foram in ifera  are 
quite  frequent, (see Table 1).

(1 ) Below  80 m depth : W h ite  chalk was recovered be long ing  to  the Craie de Spiennes. Only one sample 
was analysed from  83 m. The foram in ifera  ind icate  an Early M aastrich tian Age.

3.1.5. MONS, SONDAGE DE L’ECO LE DES MINES (EM).

This w e ll was drilled  in 1 903. Its litho logy was described by CORNET in 1 907. Its location is 
g iven in fig . 2.

The ostracods have been described in deta il by MARLIERF: (1958), w ho estab lished a 
zonation fo r the Daman - M ontian interval of th is  w ell.

This w ell is im portant as it shows a superposition  of the Calcaire de M ons overlying the 
Tuffeau de Ciply. The base of the Tertiary is fo rm ed by a fine  calcarenite  show ing close ressemblance in 
litho log ica l characteristics w ith  the Tuffeau de Ciply. M oreover, the ostracods of th is  interval, analysed
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by M AR LI ERE, show  a good re la tionsh ip  w itn  the assemblage found in the type section of the Tuffeau de 
C iply (Cytherello idea  Zone). Upwards in the succession, the litho logy gradually changes, and 
calcarenites become som ewhat coarser. The ostracod fauna is characterized by the abundance of 
another genus, Cytheretta. These sedim ents seem to  be transitiona l to  those o f the Calcaire de Mons ; 
they may possib ly be equated w ith  the Calcaire (à grands Cérithes) de Cuesmes and w ith  the low er part of 
the calcarenite sequence in the "M o ns  w e ll 1 96 9 ” .

H igher up in the succession, the sed im ent gradually changes in to  a coarser ca lcarenite  w hich 
rem inds of the Calcaire de M ons in its type section. A lso the ostracod assemblage changes gradually 
go ing  upward in the succession. In th is  h igher interval, the assemblage is characterized by the 
abundance of the genus Triginglymus. A s im ila r ostracod association has been found in some samples 
from  the Calcaire de Mons at its type loca lity  (Puits Goffint).

Referring to  the w ell of the Ecole des M ines, POZARYSKA (1966) gave a chart of the 
foram inifera! d is tribu tion  in nine samples, w h ich  she compared w ith  the foram in ifera! assemblage of the 
Tuffeau de C iply in its type section. M ost of the foram in ifera! species seem to range through the d iffe ren t 
ostracod zones of th is  w ell.

L itho logy : Accord ing  to  the orig inal descrip tion  of CORNET (1907).

0  to 4 m : Rubble.
4 to 6 .5 m : Sands of M ons-en-Pévèle : upper part of Formation of leper (=  Ypres).
6.5 m to 26 .70  m : Clay o f leper (=  Y p res), low er part of fo rm ation  of leper, the la tter tw o  rock units are of 

Early Eocene Age (Ypresian).
2 6 .7 0  m to  61 .6 0  m : (Possibly Tuffeau d 'Angres ?) ; g lauconiferous marine calcareous clayey sands, 

deca lc ified  in the upper part o f th is  interval (Landenian).

61 .60  m to 69 m : M arls o f the Paternostre w e ll ; the  d e fin ition  of th is  rock un it is given in a foo tno te  on 
page 28 (Upper M iddle or Lower Upper Paleocene).

69 m to  151.25 m : lim estones and calcarenites.
The upper part (69 m to 73 .50  m) corresponds probably to the Calcaire de M ons (a lateral 
equ iva lent of tha t rock unit) in the Puits Goffint.
The low er part (73 .50  m to 1 51 .25  m) is m ainly grey - b lu ish and fine ly  ca lcaren itic  (=  "tu ffeau" 
in the orig inal sense). Hence, it resembles the sedim ent of the interval between 50 m and 80 m 
depth in the "M o ns  w ell 1969".

1 51.25  m to  1 57 m : Tuffeau de St. Sym phorien ; calcarenite w ith  M aastrich tian macrofauna and some
sm all phosphatic accretions.

157 m to  160 m : Craie phosphatée de C iply : ca lcarenite  w ith  some small accretions.
160 m to 170 m (T.D.) : Craie de Spiennes ; w h ite  chalk. (Lower M aastrichtian).

3.1.6. MONS, THE LABOR WELL (LA).

This w ell was d rilled  fo r the brewery Labor in 1950  ; its location is ind icated in fig. 2. The 
litho logy was described by R. Legrand (notes of 1951, in the archives o f the Geol. Survey of Belgium, 
Brussels).

Eleven out o f 24 samples studied from  the Paleocene part of th is  w ell, were found to conta in 
foram inifera.
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Litho logy : (depths are given be low  topograph ic level).
0  m to  5 m : fluvia l Quaternary deposits.
5 m to  20  m : Sands of M ons-en-Pévèle ; upper part of the leper Form ation (Lower Eocene, Vpresian).
20  m to 35 m : Clays of leper ; Lower part o f the leper Formation (Lower Eocene, Ypresian).
35 m to  55 m : L ign itic  Sands of Erquelinnes ; (probably a lateral equ iva lent of the L ignites of Landen), 

upper part of the Landen Formation, con tinen ta l deposits (Upp. Paleocene).
55 m to 82 m : Tuffeau d 'Angres (?) or a lateral equ iva lent ; low er part o f the Landen Form ation, marine 

g lauconiferous sands.
82 m to 90 m : Marls of the Paternostre well ; the sediments of th is interval consist of dark glauconiferous 

marls, yie ld ing quartz grains, pyrite, particles of flin t, and reworked calcarenite fragments. 
This litho log ie  unit has no name in the literature. Generally it has been referred to as 
"H eersian" or "in fra  - Landenian", names which suggest an age but w hich do not define a rock 
unit. Here we shall call these sediments the "M aris  of the Paternostre w e ll"  (1), because they
were fo r the first tim e observed and extensively described from that well.

The interval between 90 m and 110 m has not been sampled and it is unknown to w hich rock
unit these sediments belong.

1 10 m to  1 50  m : Calcareous deposits of con tinen ta l orig in , probably be long ing  to the Calcaire lacustre à
Physa, the rock un it w h ich  has its type section in theTranchée de Hainin (see TH). Charophytes 
and fresh w ater m olluscs belonging to the genus Physa ind icate the con tinen ta l character of 
th is  deposit.

1 50 m to  1 70 m : Calcaire (grossier) de M ons; ca lcarenites w ith  abundant th ick-she lled  foram in ifera  ; the 
foram inifera are badly preserved and strong ly  recrystallized.

170 m to 186 m : Tuffeau de St. Sym phorien ; a coarse fossilife rous calcarenite.

3.1.7. HAININ. TRANCHÉE DE HAININ (TH).

This outcrop is to be found in the Cuve de St. Ghislain, at the sta tion  of Hainin (Railway line 
M ons-Quiévrain), some 13 km w est of Mons. The location is ind icated  in fig . 1.

The firs t to figure th is  section was DUMONT in his unpublished notes of 1 848. In a schem atic 
draw ing the succession of the layers was shown. The only error of th is  draw ing is the age given to the 
calcarenite w h ich  DUMONT though t to be o f M aastrichtian Age, but w h ich  was later proved to  be of 
younger age (Paleocen^).

A quite  d iffe ren t draw ing was given later by CORNET Et BRIART (1 866), but it was found to be 
erroneous by RUTOT (1 886) w ho gave an accurate account of the measured section (op. c it. p. 1 28) and 
a corre la tion w ith  a sha llow  w ell in the neighbourhood.

(1) Type section of th is new  rock unit : In terval b e tw een  5 7  m and 7 0  m b e lo w  totpographic  level in the  Paternostre w e ll at M ons. 
Descriptions of the sed im ents  in this w e ll were given by C 0R N E T (1  9 0 7 ) , and by M A R U E R E  (1 9 5 8 , 1 9 6 9 ). The location w as given  

by M ARLIERE (1 9 6 9 . p. 5 5  and fig. 2 , po in t 1 ). Sam ples of this rock unit in its type section w ere stored and partly analysed in the  

geolog ical co llec tion  of the 'Ecole des M in es  ' (Fac. Polytechn. de M ons, Belgium ). The age of th is rock unit is not know n w ith  

certain ty. Its foram inifera! assem blage m ain ly consists o f benthon ic  form s w h ich  are know n from  the Heers Form ation (e.g. the type  

H eersian) and the Landen Form ation (e.g. the Tuffeau de L in c en ta t W ans in ) in Eastern Belgium . O ther groups of fossils are needed, 

to decide w h eth er the age is Heersian or Landenian s.s. | =  Thanetian ). According to M ARLIERE the m olluscs of the section in the  

Paternostre w e ll de term in ed  by R U TO T and V IN C E N T, w ould  indicate  a H eersian Age.
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As during the last years, the outcrop has been covered by vegetation, we needed RUTOT's 
data to sample the section in deta il. Samples were taken in a series o f augerborings ali o f approx. 1 m 
depth, d irected horizon ta lly  in the outcrop section. A ll borings were placed 1.70 m above the level of the 
rails in the southern side of the ra ilway cut. These samples were taken on April 29 ,1  967. The section is 
p ictured in fig . 6 .

L itho logy : The layers are all d ipp ing  to  the east. The fo llo w in g  litho log ie  units were encountered :

(5) Tuffeau d 'Angres (?) or a lateral equ iva lent : G lauconiferous, dark, clayey sands, at least partly 
deca lc ified. Some reworked Upper Cretaceous p lankton ic  foram in ifera occur,

(4) A grey-brown to black clay, probably of continental origin. This litho log ie  unit has not yet been 
named separately in the literature as these sediments are generally included together w ith  the 
underlying continenta l limestone in the so-called "M on tien  continen ta l". The latter name 
however, is m isleading as it indicates an age instead of a rock unit.

(3) Calcaire lacustre a Physa : This rock un it was named by le HARDY de BEAULIEU, in 1 8 6 1 . The type 
loca lity  of th is  unit is possib ly the here described outcrop, or an outcrop in the im m ediate 
neighbourhood. A so ft fresh-w ater lim estone (Physa) probably of M iddle  Paleocene Age, 
conta in ing  Charophytes.

(2) Calcaire de Mons : ye llow  to w hitish , coarse-grained calcarenite to soft limestone, very rich in 
strongly recrystallized foraminifera. The facies as w ell as the foram inifera! assemblage (e.g. 
Scarificatina reinholdi) show much more a ffin ity w ith  the Calcaire de Mons in its type section than 
w ith  the Tuffeau de Ciply in its type locality, but the lower part of the section' is according to 
foram inifera, probably older than the Calcaire de Mons. This last statement is in agreement w ith  
ostracod results. (MARLIERE, personal communication).

(1 ) F ine-grained w h ite  chalk, be longing to  the  Craie de Trivières (or Craie de St. Vaast). The age o f th is 
deposits is M iddle  to Early Senonian (approxim ately Early Campanian or possib ly Late Santonian) 
according to  MOORKENS (1 969, pp. 443 , 444 , 457). We now  believe tha t an Early Campanian Age 
of th is  m icrofauna is m ost probable.

3.2. NE BELGIUM AND SE NETHERLANDS.

The location of the outcrops and w ells , d iscussed hereafter, is shown in fig . 7, 8.

This area has to  be taken in to  consideration too, fo r the stratigraphie d iscussion concern ing  
the "M ons w e ll 1 9 6 9 ", as it is possible  tha t the succession o f Paleocene sedim ents in th is  area is more 
com plete than tha t observed in the Mons basin.

There is, however, no continuous marine succession o f the Paleocene in th is  region. Between 
the Tuffaceous Chalk of M aastrich t (typical fo r the M aastrich tian in its stratotype) and the Formation of 
Heers (which typ ifies the Heersian in its stratotype), there are layers w h ich  may be correlated w ith  the 
Tuffeau de C iply or w ith  the Calcaire de Mons of the M ons basin.

Unfortunately, only in one locality both m icrofaunal assemblages occur clearly in superposition, 
i.e. in the Maurits III mine shaft. In part of the other localities it appears that the younger assemblage, which 
shows affin ities w ith  that of the Calcaire de Mons, is missing, possibly due to erosion, or to the lack of 
samples (Mechelen-aan-de-Maas well).
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Other outcrops or wells do not reach deep enough to show the o lder assemblage w ith  a ffin ities to 
that of the Tuffeau de Ciply (Bunde wells, Vroenhoven outcrop).

3.2.1. BUNDE, THE BUNDE WELLS.

VAN BELLEN (1946 a) described the foram in ifera! fauna o f the Bunde Kalk in four w ells  in the 
neighbourhood o f Bunde, a v illage in Dutch Limburg. M ost of his species had at tha t tim e not yet been 
recovered from  w estern European Paleocene deposits. Some of the species show ed a ffin itie s  to 
Paleocene foram in ifera o f Cuba, and some others had been observed from  the Lutetian of the Paris basin 
only.

As VAN BELLEN did not know  w hich  sedim ents were underlying the Bunde Lim estone, and as 
th is  litho log ica l unit was overlain by Lower O ligocene deposits, it was d iffic u lt to date these sedim ents. 
Regarding VAN BELLEN's text, it seems tha t he hesita ted between Paleocene and M idd le  Eocene. 
Finally, he though t tha t a M iddle  Eocene Age was m ost probable. MARIE (1949), w ho studied the 
foram in ifera of Lower to  M idd le  Paleocene sedim ents in the Paris basin and in the M ons basin, 
recognized the Paleocene Age of the Bunde m icrofauna, w h ich , indeed, show s a very great a ffin ity  w ith  
the foram in ifera! assemblage of the Calcaire de M ons in its type section.

As several species, typ ical of the Calcaire de M ons in its type section were o rig ina lly  described 
by VAN BELLEN (1964 a) from  these Bunde w ells, we studied the part of his co llec tion  stored in the Geol. 
Inst., of the Univ. of U trecht.

Recently, HOFKER (1 966  e) studied foram in ifera from  samples of the same Bunde w ells . The 
benthon ic foram in ifera a llow ed him  to  record his le tte r Zones Q (cf. Tuffeau de Ciply) and R (cf. Calcaire 
de Mons).

Unfortunately, the p lankton ic foram in ifera seem to be quite  rare in th is  m aterial, as VAN 
BELLEN only found three specim ens of Globigerina  sp. (probably be long ing  to the lineage G. 
daub/ergensis - G. koz low skii).

3.2.2. GELEEN, THE MAURITS II! MINE SHAFT.

The location and the descrip tion  o f the section of th is  m ine shaft in the neighbourhood of 
Geleen, Netherlands Limburg, is given by HOFKER (1966  e, p. 276, f. 1 36, 1 37, table 56). He recorded 
the presence of his Zones Q and R.

W e had the opportun ity  to  see some m aterial from  the la tter interval. The benthon ic 
foram in ifera! assemblage is identica l w ith  the one from  the type section of the Calcaire de Mons. 
Unfortunately, no p lankton ic foram in ifera were recorded from  the interval. From 1 78 and 1 80  m depth 
we analysed some samples kindly provided by Dr. Hofker and Dr. Plumhoff. The species recorded are 
all present in the type section of the Calcaire de Mons : a lis t is g iven on p. 5 1 .

3.2.3. VROENHOVEN, CUTTING (OR TRENCH) OF THE ALBERT CANAL (VR).

The Calcarenite o f Houthem, the base of w hich  is s ligh tly  g lauconiferous, overlies a 
d iscontinuous hardground fo rm ing  the top  o f the Tuffaceous Chalk of M aastrich t (M aastrichtian).

The ca lcaren itic  rock units o f Paleocene and Upper Cretaceous Age are d isturbed by a fault 
(probably the fau lt of Hees) occurring at "km p o le " 2 3 .8 00  of the east side of the A lbert Canal, w hich 
does not a ffect the O ligocene. Hence, the fau lt was form ed in Eocene or Late Paleocene Time.
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The location of the series o f outcrops is given in fig. 8 and the pos ition  of the sampled sections 
is g iven in fig . 9. The northern part of the section (North o f the fau lt of Hees) was sampled at 23 .887  
(section VR c). The section VR g was sampled at "km  po le" 23 .575 .

L itho logy : The Tertiary and Upperm ost Cretaceous sedim ents observed are from  top  to bottom  the 
fo llo w in g  :

(4) Sands of G rim m ertingen and/or Neerrepen (Lower Tongeren Formation) : It was no t possible  to 
d is tingu ish  both litho log ie  units in th is  outcrop. The g lauconiferous loca lly  clayey sands o f these 
units overlie  d isconform ably a series o f ca lcaren ites w h ich  are d ipp ing  s ligh tly  to the north.

(3) Bunde Kalk (=  Bunde Limestone) : Coarse ye llow ish  to w h ite  calcarenite (3 m), rich in foram in ifera 
w h ich  are strong ly  recrystallized. Some fine brown layers occur w h ich  do no t fo llo w  the 
s tra tifica tion  accurately but w h ich  are probably due to  (recent ?) in filtra tio n  of iron oxyde, a 
pedolog ica l phenom enon.

The litho logy  and the foram inifera! assemblage ind icate  tha t these deposits resemble the 
Calcaire de Mons as observed in its type section and also the upperm ost layers of the Bunde Kalk in 
the four w e lls  studied by VAN BELLEN (1 946 a).

The sedim ents considered are d e fin ite ly  younger than the Calcarenite of Houthem  as 
observed fo r instance in th is  outcrop to  the south of the fau lt o f Hees.

The Bunde Kalk is found at the eastern side of the A lbert Canal in outcrop VR c in a section of 3 
meters th ickness between the "km  po les" 2 4 .0 00  and 23 .825 , at the north o f the fau lt o f Hees.

(2) Calcarenite of Houthem ROMEIN, 1962, p.77 ; 1963 ; (=  Tuffeau de Vroenhoven, MARLIERE, 1 968, 
table 1 ).
This term  was given as Chalk of Geulhem by MEIJER (1 965), who had, in an earlier pub lica tion 
(1959), proved the Late Danian Age o f the deposits in the Vroenhoven outcrops.

The sedim ent consists of rather coarse, w h ite  to  ye llow  ca lcarenite, w h ich  y ie lds a lo t of 
g lauconite  at its base and w h ich  may show  a greenish co lour in the low erm ost part o f th is  unit. It 
overlies the hardground w h ich  form s the top of the underlying (Upperm ost Cretaceous) rock unit, 
the Tuffaceous Chalk of M aastricht. S ince th is  hardground has obviously been perforated by boring 
organisms before the deposition  of the Calcarenite o f Houthem, sed im ent o f the la tter penetrated 
into these perforations and the Calcarenite of Houthem  shows roo t-like  appendages w hich  extend 
into the  top  of the Tuffaceous Chalk o f M aastricht.

(1) Tuffaceous Chalk o f M aastrich t (=  Calcaire de M aestrich t =  Tuffeau de M aestrich t =  T u fk rijt van 
M aastricht) :
W h ite  ca lcaren itic  chalk of a som ewhat fine r texture than the overlying Tertiary calcarenites. The 
top  is form ed by a hardground of some 20  cm. The type section of th is rock un it is the same section 
as that of the M aastrichtian stratotype, the section o f the St. P ietersberg, to  be observed in the 
E.N.C.I. quarry, south o f M aastricht.

3.2.4. ORP, THE QUARRY DUPONT (ORP) (RUE DU CHAUFOUR, ORP-LE-GRAND).

The abandoned quarry of M iss J. Dupont (against n° 1 7, rue du Chauffour, Orp-le-Grand) is the
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classical loca lity  where the Sands o f Orp (low er mem ber of the  Heers Formation) are vis ib le . W e suggest 
that the lower tw o  meters above the road level in th is  section are considered the type section of the 
Sands of Orp. The section is p ictured in fig . 10.

The loca tion  of th is  outcrop is given in fig. 8 (see also GULINCK & VAN VOORTHUYSEN 1 9 6 1 , 
Chapter "Landenian of Hesbaye" fig . 3).

L itho logy :
(2) Tuffeau de L incent (?) : W h ite  to ye llow ish  hardened marls, to very fine ly  granulated calcarenite 

sedim ents w hich  som ewhat resemble the M arls o f Gelinden, but better the Tuffeau de L incent in 
the outcrop o f Overbroek, Gelinden (OV, see below).

(1) Sands of Orp : A lte rna ting  th in  clayey to marly layers and fine clayey brown sands w ith  some 
g lauconite. This rock un it is though t to  form  the low er m em ber o f the Form ation of Heers, the upper 
member, the Marls of Gelinden are not d is tin c tly  present in th is  locality.

3.2.5. GELINDEN, THE QUARRY THEWIS, AT OVERBROEK (OV).

The abandoned quarry of Mr. A lbert Thew is is s ituated in the ham let of Overbroek, v illage  of 
Gelinden. The location is given in fig . 8 . It lies at some 3 km of the village  o f Heers.

In its low er part, the section shows the M arls o f Gelinden, here considered type section of th is  
lithostra tig raph ic  unit, and also the stratotype of the Heersian Stage. It is dep icted  in fig . 1 1.

In the upper part of the section the Tuffeau de Lincent (Lower Landen Formation) crops out. 

L itho logy :

(2) Tuffeau de L incent ; A grey to w h itish , fine-gra ined ca lcarenite  w h ich  conta ins a lo t of g lauconite  at
its base. The concentra tion  of th is  m ineral d im in ishes strong ly  50  cm  above the base of the Tuffeau 
de Lincent.

(1 ) Marls of Gelinden : Grey to w hite  marls, very rich in small th in walled hyaline autochtonous benthonic 
foraminifera and very small recrystallized reworked Upper Cretaceous planktonic foram inifera. 
According to P. CEPEK (personal comm unication) the calcareous nannoplankton assemblage of these 
sediments consists mainly of Campanian to  M aastrichtian reworked elements, but some younger 
Paleocene forms are also present.

3.2.6. EISDEN, (=  EYSDEN) THE MINE SHAFT OF EISDEN, N° 2.

Although continous marine successions covering the whole Paleocene are probably not existent 
in Belgium, the section observed in the mine shaft of Eisden seems to be somewhat more com plete than 
those of other outcrops and wells.

A litho log ie  unit, h ithe rto  unknown from  outcrops, was observed overly ing the Calcarenite of 
Houthem  and underlying the Sands o f Orp.

This un it has generally been referred to  in the literature  as "In fra -H eers ian" or "Couche à 
Cyrènes du Paléocène du L im bourg". In a pub lica tion  of VINCENT (1 930  a), th is  un it was attached to  the 
Heersian. This in terpre ta tion  was m ainly based on the molluscs. However, STAINIER (1931 ) corre la ting  
it w ith  the continen ta l deposits o f the Mons basin (M ontien  C ontinental) designated it as the stratotype
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of a new stage, the Eysdenian.The va lid ity  o f th is  new stage was doubted by HALET (1 932) w ho claim ed 
that a stratotype should at least be chosen in foss ilife rous marine deposits, in o rd e rto  a llow  correla tions 
over longer d istances. A fterw ards the term has not been used any more. From o ther w e lls  and mine
shafts o f the region, the litho log ie  un it has been reported several tim es, and it was then generally
recorded as ''In fra-H eers ian '' or "M o n tia n " in the Belgian literature.

No sedim ent samples were available from  the section of the m ine shafts at Eisden, but 
material was analysed from  acored w e ll at M echeien-aan-de-M aas (MM ), w h ich  is in the neighbourhood 
o f Eisden. The location of the m ine shaft is g iven on fig . 8 .
The litho logy  is described by M. GULINCK and J. VAN VOORTHUYSEN,(1961, chapter 8 , pi. 3).

3.2.7. MECHELEN-AAN-DE-MAAS, THE MECHELEN-AAN-DE-MAAS WELL (MM)

This w e ll was en tire ly  cored in the here considered interval.

Some 60 samples from  the Upper M aastrichtian-Paleocene succession in th is  w ell were
analysed, as it was though t that fo r th is  area th is  w e ll showed the sm allest gaps in the record.

Unfortunately, some 10 m of sedim ent, between 297 m and 307 m, have not been sampled 
due to d ifficu lties  in the course of d rilling . The pecu la irfo ram in ife ra l assemblage of the Calcaire de Mons 
has not been recovered from  th is  succession, but it cannot be excluded tha t th is  is due to th is  gap in the 
sam pling. However, the litto ra l fauna of the Calcaire de Mons may be absent from  th is  w ell fo r ecological 
reasons or due to  a sedim entary gap.

The location of th is  w e ll (according to  Ir. M. GULINCK personal com m unication) is given in fig. 
8 . The section is p ictured in fig . 12.

L itho logy : (Partly according to an unpublished descrip tion by GULINCK, 1957, Archives of the 
Geological Survey of Belgium).

Above 213 m depth. Lower Tongeren Formation (Lower O ligocene) and younger deposits.

Interval between 21 3 m and 225 m : Form ation of Landen (low er part only) (unnamed clay unit). Compact 
grey to greenish clay of marine orig in , con ta in ing  phosphatic nodules. It is possible  tha t th is  clay 
member is a lateral equivalent of the Clay of Louvil in the Hainaut province (SW Belgium) and the 
adjacent part o f northern France ; however, because of the large d istance (more than 120 km) and 
the absence of ana logoussed im ents of the Lower Landen Formation in the area in between, a d irect 
corre la tion is not warranted. These clays w ill probably have to  be described and named as a 
separate un it fo r eastern Belgium and SE Netherlands. A t the base, it is rich in sponge spicules 
according to  GULINCK and A. HACQUAERT (1954).

Interval 225 m to 253 m (Formation of Heers) Marls o f Gelinden.
Grey to w h ite  marls, hardened and fissured. Some s ilic ified  w ood fragm ents occur. At the ir base the 
marls become rich in g lauconite .

Interval 253  m to 272 m. (Formation of Heers) Sands of Orp.
G lauconiferous hom ogeneous clayey sands conta in ing  some ca lcaren itic  fragm ents w ith  sponge 
spicules ; b io tu rbation. A t the base, a hardened shell bed yielded num erous oysters. These fossils  
toge ther w ith  a quartz itic  pebble bed ind icate  very sha llow  cond itions, and possib ly a 
transgression, above the sedim entary gap at 272  m.

The upper part of th is interval (253 m - 266 m) is decalcified and does not contain foram inifera.
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Interval 272 m to  297 m. Calcarenite of M echelen-aan-de-M aas. This interval is considered to be the 
type section o f th is  rock unit, the name of w h ich  is introduced here.
Hardened, grey sandy calcaren ite  w ith  abundant m olluscs, loca lly  w ith  lign ite  fragm ents. A t the 
base the sedim ents become more clayey and they are fine ly  s tra tified . The foram in ifera! fauna, 
however, ind icates fu lly  m arine neritic  cond itions : the benthon ic assem blage is transitiona l 
between typ ical "D an ian-M ontian" and "H eers ian-Landen ian" m icrofaunas of Belgium.

Interval 297 m to 307 m. : no samples.
W ith in  th is  interval the underlying Calcarenite of Geulhem may gradually change upwards in to  
deposits of the Bunde Kalk, as it was also observed in the four Bunde w e lls  in N etherlands l.imburg 
studied by VAN BELLEN (1946 a).

Interval 307 m to 320  m. Calcarenite o f Houthem. W h ite  to ye llow  calcarenite, rather coarse grained, not 
strong ly coherent. Accord ing to the descrip tion  of GULINCK a dark hardened layer occurs at 
approxim ately 315  m, the o rig in  of w h ich  m igh t be accre tion ing  as in a hardground. Deeper in the 
samples studied (a t3 2 0 m  depth approxim ately) such a hardground layeroccurs. W e th in k th e  la tter 
may be a lateral equiva lent o f the hardground observed at Vroenhoven (VR) at the top  of the 
Calcarenite (=  Tuffaceous Chalk) o f M aastricht.

Interval 320  m to 357 m (and possib ly low e r down) Tuffaceous Chalk o f M aastricht. L ight ye llow  
calcarenite som etim es glauconiferous, and y ie ld ing  loca lly ech ino id  fragm ents as w e ll as Turritella. 
Lower down in the section (be low  347 m) a hardened chalk was observed.

3.2.8. QUARRY OF WANSIN, WANSIN (WA),

The loca tion  is given on fig . 7. The section is depicted in fig. 13.

This section, showing the Tuffeau de Lincent, is still to be seen in the abandoned quarry.

It is here defined as new type section fo r the Tuffeau de Lincent, since th is  un it is not to be 
seen any more at Lincent. Furthermore th is  section is here ind icated  to represent the neostratotype of 
the Lower (=  Marine) Landenian s.s. (here Landenian is used as U pper Paleocene, excluding the 
Heersian).

L itho logy :

Tuffeau de L incent : A section of approxim ately 4  m o f ligh t brown calcarenites ; horizon ta lly  stra tified  
hard layers (s ilic ified  7), w ith  in between th in  marly (clayey) deposits, and loose ca lcaren ites may be 
d istingu ished.

The foram in ifera! assemblage is very s im ilar to tha t o f the Thanetian o f Kent (cf. HAYNES 1954 
- 1 958 c) and d iffers on ly very s ligh tly  from  tha t o f the type Heersian.

The calcareous nannoplankton assemblage conta ins a d is tin c t Upper Paleocene assemblage, 
probably belong ing  to  the H. r ie de li Zone (CEPEK, personal com m unication).

The underlying deposits are no t know n in th is  locality.
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4. REVIEW OF FORAMINIFERA!. ASSEMBLAGES IN THE "MONS WELL 1969".

The stratigraphie d istribution of foraminifera in the "M ons well 1 9 69 " is given in a d istribution 
chart (Table 1 ). A lthough the material is rich in species, it is evident from th is chart that there are no clear cut 
boundaries fo r b iostratigraphic subdivision of the Lower Tertiary calcarenites o f th is  w ell. At the 
Cretaceous-Tertiary boundary there is a clear cut lim it w ith  a lowerm ost Maastrichtian assemblage below, 
and a M iddle Danian assemblage above. W ith in  the sequence of the Lower Tertiary calcarenites of the 
"M ons well 1969", there seems to  be a gradual sh ift in the benthonic faunal com position, corresponding to 
a s ligh t change in the lithology. In the upper part of th is calcarenite sequence, calcarenites are coarser than 
in the lower part, whereas in the m iddle part a gradual change occurs in the lithology. In the higher part of 
th is sequence the calcarenites are yellow ish, whereas in the lower part, which comprises some flints, they 
are w hitish  to bluish.

The foram in ifera are strong ly  recrysta llized th roughou t th is  sequence, and generally have the 
same co lour as the calcarenites. Some rare ye llow  form s o f foram in ifera, recovered from  the lo w e r ’ 
samples, were therefore considered to  be due to  caving, (as ind icated on Table 1 ) a lthough th is  w ell has 
been cored throughout.

Some very rare typ ica l Cretaceous species were recovered in the Low erTertia ry  calcarenites. 
These reworked form s, m ainly occurring in the basal part o f the sequence are generally darker grey 
(probably pyritised  at the ir surface) but some Early Tertiary species show  som etim es darker tests too.

W e d istingu ished the three local Zones A, 8 , C, in the calcarenite succession ; the  lim its 
between these zones are rather a rb itrary as changes in the foram in ifera assemblages are gradual, and as 
no typ ica l faunal breaks occur. O ther lim its  m igh t have been chosen, and the entire  sequence m igh t have 
been taken as a single Zone. Although HOFKER, (1966 e) established his letter zonation mainly for the 
Limburg area (SE Netherlands and the adjacent part o f NE Belgium) it  stands very w e ll a com parison to 
our benthonic foraminifera zonation for the Mons Basin, Our Zone A corresponds probably to a part of 
HOFKER's (1 966  e) Zone Q and our Zone C covers a part o f h is Zone R. The here considered Zone B is 
though t to be transitiona l between h is Zones Q and R.

This suggested th reefo ld  subd iv is ion of the Low erTertia ry  ca lcaren ite  sequence of the "M ons  
w ell 1 96 9 ”  may be applied when corre la ting in the M ons basin, and the succession of foram in ifera! 
assemblages in E Belgium and dutch Limburg seems to  be analogous also, as fa r as we could see from  
our samples of that region.

4.1, ASSEMBLAGE ZONES IN THE "M ONS WELL 1969" (SEE TABLE 1).

The low est sample analysed, OB 83, y ie lds a typ ical Upper Cretaceous assemblage belonging 
to the low erm ost M aastrich tian (or possib ly to  the upperm ost Campanian).

The presence of Bolivina incrassata g igantea  is though t to ind icate a M aastrichtian Age, 
whereas the occurrence of Gavelinella c lem entiana  and N eoflabe llina  rugosa  w ou ld  rather po in t to a 
very Late Campanian Age ; the la tter tw o  species were though t by HILTERMANN & KOCH (1962) to be 
restricted to the Campanian. Taken toge ther th is  assemblage w ith  numerous G lobotruncana cretacea  
(s ligh tly  keeled as w e ll as non-keeled specimens) is though t to  ind icate layers trans itiona l between 
Campanian and M aastrich tian.

Follow ing  assemblages were d istingu ished in the L ow erT e rtia ry  ca lcaren ite  sequence
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Zone A

The low erm ost benthon ic foram in ifera! assemblage zone, named Zone A, co inc ides w ith  the 
interval between OB 80  and OB 56.20. Globigerina daubjergensis  is the only p lankton ic form  recovered 
in th is  interval. The benthon ic taxa w h ich  appear at the base or in the course o f th is  interval have nearly 
all been recovered from  the h igher levels as w e ll. Hence, there are no d is tin c t guide fossils  fo r th is  zone. 
The species C ibic ides  sp. 1, S iphonina prim a, Pararotalia p raepseudom enard ii and Coleites reticu losus  
are restricted to this interval or nearly so (of the latter species a single large specimen was found in OB 
1 2) ; however, Siphonina p rim a  and Coleites re ticu losus  are know n to range h igher in o ther loca lities, 
and Pararotalia p raepseudom enard ii is a rare species. Baggatella ? aen igm atica  and Eponides  
robaszynskii are more frequent than h igher up.

Zone B

This assemblage zone corresponds to the interval between OB 56.20 and OB 32.40. A number of 
benthonic foram inifera make their first appearance in the course o f th is interval.

D iscorbis bundensis  VAN BELLEN 
Thalm annita m adrugaensis  (CUSHMAN & BERMUDEZ)
Nonion ornatum  VAN BELLEN
Rotalia bundensis  VAN BELLEN
Boldia sp. cf. B. cubensis CUSHMAN & BERMUDEZ
Pararotalia obourgensis  n. sp.
Glabratella  sp. cf. G. po lon ica  POZARYSKA & SZCZECHURA 
D iscorb is  ? renem arlie re i n. sp.
Valvulina lim bata  TERQUEM 
Clavulina pseudoparis iensis  HOFKER 
Valvulam m ina  sp. cf. V. g lobu la ris  (d'ORBIGNY)

The p lankton ic foram in ifera  appearing in th is  zone are G loborotalia  sp. cf. G. im ita ta . 
Globorotalia  sp. aff. G. varianta. G loborotalia pseudobu llo ides  and Globigerina tr ilo cu lino ides  occur also 
in th is interval but only a fe w  specim ens were recovered. Some rare specim ens of the lineage G. 
daub jergens is-koz low sk ii occur in some samples.

The only benthon ic species the range of w h ich  is nearly restricted to th is  interval, are 
Discorbis ? renem arlie re i and Glabratella  sp. cf. G. polonica, whereas all o thers c ited range h igher in to  
Zone C.

In Zone B some species start to become more frequent : Rotalia m arginata. Pararotalia  
g lob igerin ifo rm is  and R otorbinella  m ontiana  w ith  th e ir respective variants.

As in Zone A, Scarifica tina  szczechurae  occurs, but it is not yet accom panied by its 
descendent S. re inh o ld i except fo r the upperm ost few  samples.

Zone C

This assemblage zone w hich covers the M ontian stratotype and some subjacent samples, 
ranges from  OB 32 .20  to OB 1 2.

Apart from  a num ber of sing le occurrences of species, only Pararotalia godfriauxi. Lam arckina  
naheolensis  and L. lim ba ta  appear to be restricted to  th is  zone. Pararotalia saxorum  and S carifica tina



-  37  -

re inho ld i reach the ir acme, whereas Cibicides  sp. cf. C. um b ilica tus  and Pararotalia praepseudom enard ii 
are am ongst the species tha t are absent from  the zone.

Some rare specim ens o f the Globigerina daubjergensis - ko z lo w sk ii group occuras high as OB 
20. A single specimen o f Globorotalia  sp. cf. G. compressa  occurs at the base of the zone.

Upper Paleocene (?)

Some azoic g laucon itic  sands (possib ly a lateral equivalent of the Tuffeau d'Angres) were 
recovered overlying the Calcaire de M ons in th is  w ell. A num ber o f ye llow  corroded foram in ifera was 
found at the base of th is  rock unit (OB 1 1.60) all o f them  occurring also in the underlying Calcaire de 
Mons. They are considered to  be reworked from  the upper layers o f the Calcaire de Mons.

4.2. BIOSTRATIGRAPHIC CORRELATIONS IN THE MONS BASIN AND WITH THE MAASTRICHT AREA.

The fauna recoverd in OB 83  (Craie de Spiennes) is of very Early M aastrich tian (Or Late 
Campanian) Age, w h ich  is ind icated by the presence of Gavelinella c lem entiana  and N eoflabe llina  
rugosa, species w hich  are generally supposed to  range to  the top o f the Campanian, toge ther w ith  
Bolivina incrassata g igantea  w h ich  is though t to appear in Early M aastrichtian tim e  (HILTERMANN £f 
KOCH, 1962).

P lanktonic foram in ifera m ainly belong to  non-keeled or vaguely keeled Globotruncana  ? 
cretacea  (d'ORBIGNY).
A s im ilar p lankton ic and benthon ic foram inifera! assemblage has been recovered from  the Craie de 
Spiennes at CA.

In the "M o ns  w e ll 1969" these low erm ost M aastrichtian deposits are d irec tly  overlain by 
Danian deposits  ; hence, younger M aastrich tian deposits  like the Craie phosphatée de Ciply and the 
Tuffeau de Saint Sym phorien, w ith  d iffe ren t foram inifera! assemblages (as recovered at CA) are not 
represented in the "M o ns  w ell, 1969").

Lower Danian deposits, com parable to the Lower Danian at Stevns K lin t in Denmark, are 
equally m issing, and the Lower Tertiary ca lcaren ites in the "M o ns  w ell, 1 96 9 " start w ith  the M idd le  
Danian according to the p lankton ic foram in ifera! assemblage ; m ainly the G. daubjergensis  test size has 
here been considered.

The faunal com position of the Tuffeau de Ciply (at CA, LI cf. Table 1, below) does not closely 
resemble that o f any part o f the "M o ns  w e ll 1969", a lthough all its species occur at the base of the 
Tertiary ca lcarenites o f the "M ons w ell 1 9 6 9 ” . In the low er part of th is  calcarenite  sequence, however, a 
number of species was found w h ich  were no t recovered from  our samples of the Tuffeau de Ciply (see 
basal part o f Table 1 ). These species were found to  range th roughou t the calcarenite sequence in Obourg 
; they com prise R otorbinella  m ontiana  (only very rare in the upper part of the Tuffeau de Ciply), 
Scarifica tina  szczechurae. S p irillina  striatogranulosa. Pararotalia  sp. cf. P. tubercu lifera, Ep istom ine lla  
sp. cf. E. lim burgensis. Triloculina natch itochensis. Hence, it is possible that the typ ica l Tuffeau de Ciply 
is o lder than the basal part o f the Obourg calcarenites, but the absence of these species in Ciply may as 
w ell be explained by d iffe ren t ecolog ica l cond itions  during deposition . Indeed, the average tes t size of 
Globigerina daubjergensis  in the Tuffeau de Ciply at CA is s im ila r to tha t in the low er part o f the 
calcarenite sequence in the "M ons  w ell 1 96 9 " at Obourg.



-  38  -

Our assemblage Zones A en B have not been recognized in any ou tcrop  section of the M ons 
basin, but they may be present in the low er part o f the Lower Tertiary ca lcaren ites in the {as yet 
insu ffic ien tly  analysed fo r its foram inifera) Ecole des M ines w elt (EM) and in the Calcaire (à grands 
Cérithes) de Cuesmes, not yet analysed in its type section.

The assemblages Zone C, typ ica l fo r the Calcaire de M ons in its  type section, could  be 
recognized in the upper part o f the calcarenite  sequence in the Tranchée de Hainin (cf. TH in Table 1, 
below). It has also been recovered from  the upper part o f the Calcaire de M ons in the Puits Coppée (COP) 
and in the upper part o f the calcarenite  sequence in the Ecole des M ines w e ll (EM).

In the M aastrich t area (SE N etherlands and NE Belgium) Upper Cretaceous and Lower Tertiary 
deposits can be correlated w ith  those o f the M ons area as fo llo w s  :

The Upper Gulpen Chalk, know n from  several outcrops and w e lls  is o f Early M aastrich tian Age 
and it is generally considered to be a lateral equ iva lent o f the Craie de Spiennes and the Craie 
phosphatée de Ciply.

The Tuffaceous Chalk o f M aastrich t in the E.N.C.I. quarry (M aastrichtian stratotype) i s 'o f Late 
M aastrich tian Age, and it is younger than m ost of the U pper Cretaceous deposits of the M ons area, 
a lthough the Tuffeau de Saint Sym phorien may possibly be correlated w ith  the low er part of the Upper 
M aastrich tian in the type area.

In the M aastrich t area Lower Danian deposits have not been recovered so far and the 
Calcarenite o f Houthem is though t to be a lateral equ iva lent of the Tuffeau de Ciply in the  Mons basin. 
The foram in ifera! assemblages of the Calcarenite o f Houthem  in its type section (CU) and in th e tre nch  of 
the A lbert-canal at Vroenhoven (VR, south of the fau lt of Hees) y ie ld  m ainly the same species as the 
Tuffeau de Ciply. This is true also fo r the interval M M  307 - 3 2 0  in the M echelen-aan-de-M aas w e ll, and 
the interval called Zone G by HOFKER (1966  e) e.g. in the M aurits III m ine shaft.

The successive appearance of a num ber of characteris tic  species in our Zone B of the Obourg 
w e ll has also been observed in a h igher part of the M aurits III m ine shaft by HOFKER (1 966  e) close to the 
transition  of his Zones Q and R.

From the M aurits III m ine shaft we were able to analyse tw o  samples from  the h igher part of 
■the ca lcarenite  sequence localized at 180 m and 178 m depth (courtesy of Dr. HOFKER and Dr. 
PLUMHOFF respectively). W e observed the fo llo w in g  species :

Textularia bundensis  VAN BELLEN.
Valvulam m ina  sp. cf. V. g lobu la ris  (d'ORBIGNY).
Discorbis bundensis  VAN BELLEN.
Vacuovalvulina ke ijze ri (VAN BELLEN).
R otorbinella  m ontiana  POZARYSKA Et SZCZECHURA.
R otorbinella  sp. cf. R. m arie i (VAN BELLEN).
Rotalia  sp. cf. R. troch id ifo rm is  (LAMARCK).
Rotalia m arginata  d'ORBIGNY (and its var. 1).
Pararotalia saxorum  (d'ORBIGNY).
Pararotalia  sp. cf. P. tubercu life ra  (REUSS).
Eponides robaszynskii n. sp.
G avelinella danica  ( B ROTZEN).
C ibic ides succedens  ( B ROTZEN).
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This assemblage shows very much s im ila rity  to  tha t o f the  Calcaire de M ons in the M ons basin.

Several o f the species o f our Zones B and C appear approxim ately halfway the intervals o f the 
Bunde Kalk (Bunde Limestone) analysed by VAN BELLEN (1 946 a) in the Bunde w e lls  1 954, 1 955  and 
1957.

A t Vroenhoven (VR) in the section o f the A lbe rt Canal a m icrofauna belonging to  our Zones B or 
C was recovered north of the Fault of Hees, in the ca lcarenite  o f the A lbert Canal, w h ich  we th ink  to be a 
lateral equ iva lent of the upper part of the Bunde Kalk.

The Calcarenite of M echelen-aan-de-M aas in the w e ll of the same name (M M  297  to M M  272) 
yields a foram in ifera! assemblage w h ich  shows some s im ila rities  w ith  tha t of the type M ontian (Calcaire 
de Mons) w ith  the occurrence of Pararotalia saxorum, G lobulina  sp. cf. G. tubercu lata, Pararotalia  
g lob igerin ifo rm is  and Globorotalia  sp. cf. G. com pressa  (strongly compressed form s) but it y ie lds also 
some species w hich  are characteristic fo r the overlying Heersian (Marls o f Gelinden and Sands of Orp). 
Stratigraph ¡cal ly it may thus be transitiona l between the type M ontian and the type Heersian, or it may 
represent a deeper w ater assemblage o f the same age as the Calcaire de M ons in its type section.

The Heersian stratotype conta ins a foram in ifera! assemblage w hich  is en tire ly  d iffe ren t (see 
next chapter) from  tha t of the type M ontian ; the type Heersian is d e fin ite ly  younger, also according to its 
p lankton ic m icro fossil assemblage.

5. SUCCESSIVE FORAMINIFERAL ASSEMBLAGES IN THE MAASTRICHTIAN AND
PALEOCENE OF BELGIUM.

Before reviewing the Paleocene assemblages of Belgium we shall briefly enumerate some 
species which are characteristic fo r the Upper Cretaceous and some of w hich do not cross the Cretaceous- 
Tertiary boundary.

5.1. MAASTRICHTIAN ASSEMBLAGES IN THE MONS BASIN.

The Craie de Spiennes, here considered to  be m ainly of Early M aastrich tian Age, yields 
fo llo w in g  species at CA :

Stensioeina pom m erana  BROTZEN.
N eoflabe llina  rugosa  (d'ORBIGNY).
Boliv ino ides decoratus (JONES).
Boliv inoides de lica tu lus  CUSHMAN.
C ibicides voltz ianus  (d'ORBIGNY).
G yroid inoides p on ton i (BROTZEN).
B u lim ine lla  sp.
Karreria fa llax  RZEHAK.
Gavelinella danica  (BROTZEN).
Reussella c im brica  (TROELSEN).
Bulim ina  pseudoacuta  MARIE.
Globotruncana g lob igerino ides  BROTZEN.
Globotruncana  ? cretacea  (d'ORBIGNY).
A nom alino ides  spp.

Some species recovered in the Craie de Spiennes of the Mons well 1 969 are given in Table 1, 
below (OB 83). Bolivina incrassata gigantea  WICHER indicates a very Early Maastrichtian Age.
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The Craie phosphatée de Ciply (=  "Craie grise") contains fo llow ing  species at CA, LI, ML : 
(ML =  Malplaquets, see f. 2.)

Boliv ino ides decoratus g iganteus  HILTERMANN & KOCH,
Cibicides vo ltz ianus  (d'ORBIGNY).
Karreria fa llax  RZEHAK.
Pararotalia saxorum  (d'ORBIGNY).
A labam ina  sp. cf. A. obtusa  (BURROWS & HOLLAND).
Rotalia  sp. cf. R. troch id ifo rm is  (LAMARCK).
Siphonina p rim a  PLUMMER.
Gavelinella danica  (BROTZEN).
Eponides robaszynskii n. sp.
Stom atorb ina b inkhorsti  (REUSS).
Coleites re ticu losus  (PLUMMER).
Pararotalia g lob igerin ifo rm is  (VAN BELLEN).
Reussella c im brica  (TROELSEN).

A single specimen o f Goupillaudina  ? fleuriausi (d'ORBIGNY) has been recovered from 
M alplaquets ML 4, 5, uppermost samples of the Maastrichtian deposits in th is section (50 cm below  the 
base o f the Tuffeau de Ciply).

The Tuffeau de Saint Sym phorien, sampled at CA c y ie lds fo llo w in g  species :

Stensioeina pom m erana  (BROTZEN).
Cibicides vo ltz ianus  (d'ORBIGNY).
Boliv inoides  sp. cf. B. decoratus g iganteus  HILTERMANN & KOCH.
Heterohelix  sp.
Globotruncana  ? cretacea  (d'ORBIGNY).
Rotalia  sp. cf. R. troch id ifo rm is  (LAMARCK).
Tappanina se lm ensis  (CUSHMAN)
Eponides robaszynskii n. sp.

5.2. MAASTRICHTIAN ASSEMBLAGES IN E BELGIUM AND DUTCH LIMBURG.

The Gulpen Chalk underlying the Tuffaceous Chalk o f M aastrich t is of Early M aastrich tian Age, 
and yields an assemblage w hich  is s im ilar to  tha t of the Lower M aastrichtian o f the M ons area.

In the area of M aastrich t some o ther typ ical Cretaceous ben thon ic  foram in ifera, such as 
Sidero lites ca lc itrapo ides  LAMARCK, H ellenocyclina visserae  (HOFKER), O m phalocyclus m acroporus  
(LAMARCK), Lep idorb ito ides m in o r  (SCHLULMBERGER), O rbito ides ap icu la ta  SCHLUMBERGER, 
G oupillaud ina? fleu riaus i (d'ORBIGNY), and G. ? labanae  (VISSER) are restricted to the Tuffaceous Chalk 
of M aastricht.

The absence of these form s in the M ons area ind icates tha t m osi o f the Upper M aastrich tian is 
lacking in that area. A re lative ly large num ber of benthon ic species crosses the M aastrich tian-Danian 
boundary. But w ith  p lankton ic foram in ifera, it is easy to d is tingu ish  M aastrich tian from  Danian deposits  
in the M aastrich t area (cf. MOORKENS, 1971).

An extensive lis t o f species of the M aastrich tian stratotype was given by VISSER (1 951 ) and it 
was later com ple ted by HOFKER (1966 e).
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5.3. THE CRETACEOUS-TERTIARY BOUNDARY.

In all studied sections there is a sedim entary gap at the M aastrichtian-Danian boundary in 
Belgium and in the SE Netherlands, but the gap is larger in nortnern and central Belgium than in the 
M aastricht area and in the M ons area.

In the M ons basin one observes a d isconform ity  between the M aastrichtian and the M idd le
Danian.

A t CA the Tuffeau de Ciply overlies the Craie phosphatée de Ciply in the southern part of the 
quarry and the Tuffeau de Saint Sym phorien in the northern part. In the Obourg w ell the Lower Tertiary 
ca lcarenites overly d irec tly  the low erm ost M aastrichtian Craie de Spiennes. In the Tranchée de Hainin 
(TH) Lower Tertiary calcarenites d irec tly  cover the  Campanian chalk. In north centra l Belgium the 
Formation o f Heers overlies the M aastrichtian to Campanian chalks. Equivalents of the Tuffeau de Ciply 
and the Calcaire de M ons are m issing in the Kai lo w e ll and in the Turnhout w e ll (both w e lls  are localized 
on f. 1 ). The same is true fo r the Landen area.

In the M aastrich t area the U pperM aastrich tian  sedim ents (Tuffaceous Chalk o f M aastricht) are 
overlain by Danian sedim ents (the Calcarenite of Houthem) w hich  are lateral equivalents of the Tuffeau 
de Ciply.

In all analysed sections the top of the Upper Cretaceous (Maastrichtian or older) is formed by a 
hardground which probably originated from (a) partial d issolution of the carbonatic sediments and (b) a 
reprecipitation of carbonates afterwards (after the "CC ^-catastrophe’'). The chem ical’ analysis of some 
samples of a hardground in the Maastricht area has shown that the hardground is richer in Ca CO3 than 
under- and overlying chalks and calcarenites (GILARD, 1926, p. 48).

5.4. ASSEMBLAGE OF THE TUFFEAU DE CIPLY.

The Tuffeau de C iply (CA, LI) and the Calcarenite of Houthem  (CU, VR, MM) are though t to  be of 
M idd le  Danian Age, a lthough the (rare) occurrence of G loborotalia compressa  (PLUMMER) in both 
w ou ld  po in t to a s ligh tly  younger age according to  some authors (TROELSEN, 1957 ; BERGGREN, 1 960  
b ; HANSEN, 1 970  b). The Globigerina daubjergensis  BRÖNNIMANN population w ith  an average test 
size of 160 ¡X  would suggest a correlation w ith  the M iddle Danian of Denmark.

Follow ing  benthon ic species w hich were rare in the  M aastrich tian become frequent in the 
Tuffeau de C iply (CA, LI) :

R otorbinella  pozaryskae  n. sp.
Pararotalia praepseudom enard ii (HOFKER)
Vacuovalvulina ke ijze ri (VAN BELLEN)
Rotalia  sp. cf. R. troch id ifo rm is  (LAMARCK)
Pararotalia saxorum  (d'ORBIGNY) (m ainly small form s, cf. Rotalia henson i SMOUT) 
Pararotalia g lob igerin ifo rm is  (VAN BELLEN)
S iphonina p rim a  PLUMMER 
Gavelinella danica  (BROTZEN)
Textularia bundensis  VAN BELLEN 
Coleites re ticu losus  (PLUMMER)
Eponides robaszynskii n. sp.
Baggatella  ? aen igm atica  POZARYSKA & SZCZECHURA 
Cibicides um b ilica tus  BROTZEN
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C ibicides  sp. 1
C ibicides succedens  BROTZEN

Follow ing  species are not known from  the Upper Cretaceous but they appear in the Tuffeau de 
C iply (Danian).

Rotalia m arginata  d'ORBIGNY (and its variants)
Rotorbinella  m ontiana  POZARYSKA Et SZCZECHURA (and its variants).

P lanktonic foram in ifera  w hich do no t occur in the Upper Cretaceous bu t w h ich  appear in the 
Tuffeau de C iply are :

Globigerina daubjergensis  BRÖNNIMANN 
Globigerina trilocu lino ides  PLUMMER 
G loborotalia pseudobu llo ides  (PLUMMER)
G loborotalia compressa  (PLUMMER) (very rare)

5.5. ASSEMBLAGES OFTHE LOWER PART OFTHE OBOURG CALCARENITES ; THE CALCAIRE (A GRANDS 
CERITHES) DE CUESMES.

A lthough possib ly s ligh tly  younger than the Tuffeau de Ciply, our Zone A in the "M o ns  w e ll 
1969 ”  and possib ly an indefin ite  part of our Zone B conta in  assemblages fittin g  in best w ith  the 
com bina tion  o f the Tuffeau de Ciply.

The benthon ic foram in ifera! assemblage yie lds the fo llo w in g  com bina tion  o f species :

Baggatella  ? aenigm atica  POZARYSKA & SZCZECHURA 
Rotalia  sp. cf. R. troch id ifo rm is  (LAMARCK).
Pararotalia saxorum  (d'ORBIGNY)
Vacuovalvulina ke ijze ri (VAN BELLEN)
R otorbinella  pozaryskae  n. sp.
R otorbinella  sp. cf. R. m arie i (VAN BELLEN)
Pararotalia g lob igerin ifo rm is  (VAN BELLEN)
Rotalia m arginata  d'ORBIGNY
R otorbinella  m ontiana  POZARYSKA & SZCZECHURA 
Pararotalia p raepseudom enard ii (HOFKER)
Eponides robaszynskii n, sp.
Karreria fa llax  RZEHAK 
Gavelinella danica  (BROTZEN)
Gavelinella m in o r  POZARYSKA Et SZCZECHURA 
C ibic ides  sp. 1
Cibicides succedens  BROTZEN 
Siphonina p rim a  PLUMMER 
Scarifica tina  szczechurae  n. sp.
Coleites re ticu losus  (PLUMMER)
Angu logerina  europaea  CUSHMAN & EDWARDS 
Textularia bundensis  VAN BELLEN 
S igm om orph ina so lu ta  BROTZEN

Am ong those species Pararotalia p raepseudom enard ii (HOFKER) and C ibic ides  sp. 1 are 
typ ica l fo r the Tuffeau de Ciply and the Zones A and B in the Obourg w ell, as they do not range h igher up.
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Scarifica tina  szczechurae  n. sp. occurs in Zone A of the  "M o ns  well 1 96 9 ", bu t does no t occur in the 
Tuffeau de Ciply.

P lanktonic foram in ifera o f the Zones A and B and of tne  Tuffeau de C iply are :

Globigerina daubjergensis  BRÖNNIMANN 
Globigerina trilocu lino ides  PLUMMER 
Globorotalia pseudobu llo ides  (PLUMMER)

Two species occur in the Mons w ell 1969 in Zone B, but were not found in the Tuffeau de Ciply or 
in Zone A of the Obourg calcarenites :

Globorotalia  sp. cf. G. im ita ta  SUBBOTINA 
Globorotalia  sp. aff. G. varianta  (SUBBOTINA)

It is possible  tha t Zones A and B correspond to the  Calcaire (à grands Cérithes) de Cuesmes, a 
litho log ica l un it s ituated between the Tuffeau de Ciply and the Calcaire de Mons, but we had no outcrop 
m aterial at hand to check th is  possib ility .

5.6. THE ASSEMBLAGE OF THE CALCAIRE DE MONS.

No clear cut boundary can be drawn betw een Danian assemblages, i.e. assemblages of the 
low er part of the Obourg calcarenites and those of the Calcaire de M ons (M ontian stratotype) in tha t well. 
However the presence of a num ber of add itiona l species a llow s fo r corre la tions w ith  the latter 
assemblage. This assemblage, characteriz ing Zone C, can be equated w ith  tha t of HOFKER's (1966 e) 
Zone R.

Several characteristic additional species which appear in the course of Zone B, persist in
Zone C :

D iscorbis bundensis  VAN BELLEN 
N onion ornatum  VAN BELLEN 
Globulina  sp. cf. G. tubercu la ta  d'ORBIGNY 
Pararotalia obourgensis  n. sp.
Rotalia bundensis  VAN BELLEN
Valvulina lim ba ta  TERQUEM
Clavulina pseudoparis iensis  HOFKER
Boldia  sp. cf. B. cubensis  CUSHMAN & BERMUDEZ

In the upper part of Zone B fo llo w in g  species are added :

D iscorbis renem arlie re i n. sp.
Epistom aria bundensis  (VAN BELLEN)

They hardly range in to  Zone C.

In Zone C the fo llo w in g  species are added :

Scarifica tina  re inho td i MARIE 
Pararotalia god friaux i n. sp.
Lam arckina naheolensis  CUSHMAN & TODD
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Lam arckina lim ba ta  CUSHMAN 6- TODD 
R otorbinella  p ap illa ta  POZARYSKA & SZCZECHURA

The p lankton ic foram in ifera are very rare in the assemblage of Zone C, but we observe that 
fo llo w in g  species occur :

Globorotalia  sp. cf. G. compressa (PLUMMER) (very rare, strongly compressed)
Globigerina  ex. gr. daubjergensis  BRÖNNIMANN - koz low sk ii BROTZEN & POZARYSKA 

(some very rare specimens, most of them large).

5.7. ASSEMBLAGE OF THE CALCARENITE OF HOUTHEM (= TUFFEAU DE VROENHOVEN).

Some ben thon ic  species w hich  occur already in Upper M aastrichtian deposits persist in the 
Danian Calcarenite of Houthem  :

Coleites re ticu losus  (PLUMMER)
Gavelinella danica  (BROTZEN)

Rotalia  sp. cf. R. troch id ifo rm is  (LAMARCK) (becom ing frequent)
G uttu lina  sp.
Textularia bundensis  VAN BELLEN 
Vacuovalvulina ke ijze ri (VAN BELLEN)
Cibicides vo ltz ianus  (d'ORBIGNY)
Stom atorb ina b inkho rs ti (REUSS)
Pararotalia  sp. cf. P. tubercu life ra  (REUSS)
Pararotalia saxorum  (d’ORBIGNY)
Cibicides succedens  BROTZEN 
Eponides robaszynskii n. sp.
Karreria fa llax  RZEHAK 
Siphonina p rim a  PLUMMER

Follow ing  species appear in the Calcarenite of Houthem and were no t recovered in o lder 
deposits of the M aastrich t area :

Rotalia m arginata  d'ORBIGNY 
S igm om orph ina so luta  BROTZEN 
Paralabam ina lunata  (BROTZEN)
G yroid inoides p o n to n i BROTZEN
Pararotalia g lob igerin iform is  (VAN BELLEN) frequent)
R otorbinella  m ontiana  POZARYSKA & SZCZECHURA 
C ibic ides  sp. t
A nom alino ides  sp. cf. A. um b ilica tus  (BROTZEN)

This com bina tion  shows m ost a ffin ities  w ith  tha t o f the Tuffeau de C iply in the M ons basin.

5.8. ASSEMBLAGE OF THE BUNDE KALK (=  BUNDE LIMESTONE)

The Bunde Kalk has been analysed by VAN BELLEN (1 946 a) from  four Bunde W ells, and by 
HOFKER (1960  e) in the M aurits III m ine shaft.

Follow ing  benthon ic species appear approxim ate ly halfway in the course of the analysed 
intervals of the Bunde w e lls  :
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R otorbinella  sp. cf. R. m arie i (VAN BELLEN)
Globulina  sp. cf. G. tubercu la ta  d'ORBIGNY 
Discorbis bundensis  VAN BELLEN 
Nonion ornatum  VAN BELLEN
Pararotalia obourgensis  n. sp. (given as Rotalia arm ata  by VAN BELLEN, 1946 a)
Rotalia bundensis  VAN BELLEN
Clavulina pseudoparis iensis  HOFKER
Valvulam m ina  sp. cf. V. g lobu la ris  d'ORBIGNY
Valvulina lim ba ta  TERQUEM
Boldia  sp. cf. B. cubensis  CUSHMAN Et BERMUDEZ 
Epistom aria bundensis  (VAN BELLEN)
Scarifica tina  re inho ld i MARIE (given as Terquemia lobata  by VAN BELLEN, 1946 a. 

and as Boldia m adrugaensis  by HOFKER, 1966 e).

Some species of th is  com bina tion  occur also in the Calcarenite o f the A lbert Canai north o f the 
fau lt of Hees (at VR).

This com b ina tion  shows m ost a ffin ities  to the assemblage o f Zone C, w h ich  characterizes the 
Calcaire de M ons in the M ons basin.

5.9. ASSEMBLAGE OF THE CALCARENITE OF MECHELEN-AAN-DE-MAAS.

The Calcarenite of M echelen-aan-de-M aas (=  Infra Heersian of GULINCK, in his in terpretation 
of th is welt) conta ins a foram in ifera! assemblage w h ich  consists partly of com ponen ts  o f the Calcarenite 
of Houthem, partly of species w hich  are characteristic of the overlying Form ation o f Heers ; hence, th is 
assemblage is transitiona l between tha t of the Daman and tha t of the Heersian.

Follow ing species, w h ich  do not occur any more in the Sands of Orp or in the Marls of 
Gelinden (Heersian) are s till present in the Calcarenite o f M echelen-aan-de-M aas :

Globulina  sp. cf. G. tubercu la ta  d'ORBIGNY 
Eponides robaszynskii n. sp.
Pararotalia saxorum  (d'ORBIGNY) (small form s only)
Pararotalia g lob igerin ifo rm is  VAN BELLEN (smooth w alled  variants)

These are all species w h ich  occur already in the  Calcaire de M ons and /o r in the Tuffeau de
Ciply.

Follow ing  species occur in the Calcarenite o f M echelen-aan-de-M aas and persist in the 
overlying deposits o f the Formation of Heers (Sands of Orp, Marls of Gelinden) :

Astaco lus p la typ leurus  (JONES)
Gyroid inoides danv illens is  (HOWE Et WALLACE)
Eponides to u lm in i BROTZEN
Bulim ina trigonalis  TEN DAM (slender forms only)
Gyroid inoides vo luptus  HAYNES
Nonion gran ife rum  (TERQUEM) (=  Pro te lph id ium  ho fke ri HAYNES)
Rosalina ystadiensis  BROTZEN
Siphonina p rim a  PLUMMER
Nonion  sp. cf. N. scaphum  (d'ORBIGNY)
Karreria fa llax  RZEHAK 
Cibicides succedens  BROTZEN
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Some of these species appear in the Calcarenite of Mechelen-aan-de-Maas (e.g. Bulim ina  
trigonalis  TEN DAM, Gyroidinoides voluptus HAYNES, Gyroidinoides danvillensisHQVJE  &  WALLACE)and 
range higher in Heersian and Lower Landenian strata.

The p lankton ic foram in ifera are rare, but fo llo w in g  species were recognized :

Globigerina  ex. gr. daubjergensis  BRÖNNIMANN - koz low sk ii BROTZEN Et 
POZARYSKA (m ainly large specimens)

Globigerina trilocu lino ides  PLUMMER 
Globorotalia pseudobu llo ides  (PLUMMER)
Globorotalia  sp. aff. G. varianta  (SUBBOTINA) (spinose forms)
G loborotalia  sp. cf. G. com pressa  (PLUMMER) (s trong ly com pressed form s)

The p lankton ic foram in ifera are m ainly those of our Zones B and C.

The benthon ic assemblage is transitiona l between that of the Calcaire de Mons and tha t of the 
Formation of Heers. Hence, these marine deposits, w h ich  we call Calcarenite o f M echelen-aan-de- 
Maas, are possib ly lateral equivalents o f the continen ta l deposits o f the M ons basin, w h ich  overlie 
conform ably the Calcaire de M ons and w hich  yie ld  Charophytes and Physa shells. The Calcarenite of 
M echelen-aan-de-M aas is also overla in by some azoic sedim ents w ith  carbonized w ood  fragm ents, 
w hich suggest that also in th is  place a regression occurred before the depos ition  o f the Form ation of 
Heers.

5.10 ASSEMBLAGE OF THE FORMATION OF HEERS IN NE BELGIUM.

The Sands of Orp and Marls of G elinden were analysed in the ir type sections (ORP and OV 
respectively) and they were found overlying each o ther in the M echelen-aan-de-M aas w ell. Their 
foram inifera! assemblages are practica lly the same and consist of fo llo w in g  species :

Heterolepa scanica  (BROTZEN) (=  Pninaella scanica  BROTZEN, =  H ollandina  
pegw e/lens is  HAYNES). This species w h ich  is no t present in the Calcarenite of 
M echelen-aan-de-M aas appears abruptly in the overlying Form ation o f Heers, where 
it is frequent to abundant in all analyzed samples.
A labam ina  obtusa  (BURROWS & HOLLAND)
Bulim ina  trigona lis  TEN DAM (=  B. thanetensis  CUSHMAN)
Praeglobobulim ina ovata  (d'ORBIGNY)
Gyroid inoides danvillensis  HOWE Et WALLACE 
G yroidinoides vo luptus  HAYNES 
Gavelinella  sp. cf. G. m idw ayensis  (PLUMMER)
Gavelinella nob ilis  (BROTZEN)
Q uadrim orphina h a lli (JENNINGS)
Ceratobulim ina  sp.
H oeglund ina scalaris  (FRANKE)

A num ber of these species already occur in the underlying Calcarenite of M echelen-aan-de- 
Maas but m ost of them are absent in the Calcaire de Mons and its lateral equiva lent, the Bunde Kalk. This 
assemblage of the Heersian ranges h igher in the Lower Landenian. M ost o f its species were also 
recovered in the Thanetian of Kent (type region of the Thanetian) by HAYNES (1 954-1 958), and in the 
"S w ed ish  Paleocene" (Selandian deposits overlying the Danian in southern Sweden) by BROTZEN 
(1948).
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The foram in ifera of the Formation of Heers are re la tive ly w e ll preserved (not recrysta llized like 
those of the Tuffeau de C iply and those o f the Calcaire de Mons) ; generally th e ir tests are transparent 
hyaline. Some reworked p lankton ic  foram in ifera of the Upper Cretaceous are recrysta llized (Heterohelix  
and Rugoglob igerina ). The benthon ic assemblage ind icates tha t the Formation of Heers was probably 
deposited in m iddle neritic  cond itions. The Rotaliidae and D iscorbidae w h ich  were abundant in the 
litto ra l deposits o f the Calcaire de M ons and the Bunde Kalk have all d isappeared from  these 
assemblages.

The abrupt appearance o f frequent Heterolepa scanica  (BROTZEN) is considered 
characteristic fo r the onset o f the Heersian in Belgium. The species was recovered from  the type section 
of the Sands of Orp and tha t of the Marls o f Gelinden, and it occurs abundantly in the same rock units in 
the M echelen-aan-de-M aas well.

Some rare specim ens of Q uadrim orphina h a lli (JENNINGS) were only recovered from  the 
Sands o f Orp in ORP. This species is know n to become frequent in the sedim ents o f the overlying Lower 
Landen Formation.

5.11 ASSEMBLAGE OF THE LOWER LANDEN FORMATION IN E BELGIUM.

M ost species o f the Heersian range h igher up in to  the Lower Landenian e.g. in the Tuffeau de 
Lincent at W ansm (WA), and in the unnamed clay unit of the Lower Landenian in the M echelen-aan-de- 
Maas w ell (M M  21 3 to  MM  225). Some species become more frequent, such as Q uadrim orphina h a lli 
(JENNINGS). As a whole, the benthonic foram inifera! fauna of the Lower Landenian (as well as that of the 
Heersian) is very sim ilar to the one of the type Thanetian as described by HAYNES (1954-1958) and by 
WOOD & HAYNES (1957).

Follow ing species occur in the Lower Landenian, and do not range higher in the Ypresian :

Eponides to u lm in i BROTZEN 
Heterolepa scanica  (BROTZEN)
B u lim ina  trigona lis  TEN DAM (m ainly short obtuse form s resem bling HAYNES' var. 
hengisti)
C ibicides um b ilica tus  BROTZEN 
Q uadrim orphina h a lli (JENNINGS)
Angulogerina europaea  CUSHMAN & EDWARDS 
Angulogerina cuneata  BROTZEN 
Gyroid inoides vo luptus  HAYNES 
Gyroid inoides danvillensis  HOWE & WALLACE 
Baggatella  ? aenigm atica  POZARYSKA & SZCZECHURA 
Praeglobobulim ina ovata  (d'ORBIGNY)
C eratobulim ina  sp.
S igm om orph ina so luta  BROTZEN 
Pullen ia quaternaria  (REUSS)
Gavelinella nob ilis  (BROTZEN)
Gavelinella m idw ayensis  (PLUMMER)
Globigerina trilocu lino ides  PLUMMER

Follow ing  long ranging species are also present :

N onion a ffine  (REUSS)
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Fissurina orbignyana  SEGUENZA 
Siphonina p rim a  PLUMMER 
G lobulina g ibba  d'ORBIGNY 
H oeglundina sca laris  (FRANKE)
G uttu lina  problem a  d'ORBIGNY 
D enta lina  sp.

The h igher levels of the Lower Landenian cons is t o f g laucon itic  sands w h ich  y ie ld  some rare 
foram in ifera o f the enumerated species, and some reworked foss ils  o f the Upper Cretaceous. The Upper 
Landen Formation is continenta l and contains no foraminifera.

5.12 ASSEMBLAGE OF THE FORMATION OF THE PATERNOSTRE WELL.

This Form ation (Heersian or Landenian) overlies con tinen ta l deposits in the central part o f the 
M ons basin.

From the Labor w e ll (LA) we analysed some samples between 80  m and 1 92 m depth. The 
assemblage o f the samples LA 175 to LA 190 conta ins a rather badly preserved m icrofauna, 
characteristic fo r our assemblage Zones B and C. The Calcaire de M ons is here overlain by a brackish to 
lim n ic  interval where foram in ifera become rare and disappear entire ly  h igher up ; in LA 11 1 we recovered 
charophytes and Physa shells ind icating  tha t fresh w ater deposits occur. These continen ta l sedim ents 
are overlain by g laucon itic  clayey deposits be longing to  the "Heersian of Hainaut" (cf. MARLIERE 1 969), 
deposits w h ich  we consider to belong to the Form ation of the Paternostre w ell. In the interval LA 86 to 
LA 81 m a  relatively rich assemblage was observed yie ld ing among others fo llow ing  species :

Gavelinella nob ilis  BROTZEN 
Gavelinella m idw ayensis  (PLUMMER)
C ibicides um b ilica tus  BROTZEN 
C ibic ides succedens  BROTZEN 
Q uinque locu lina  sp.
G uttu lina  sp. cf. G. h an tken i CUSHMAN & OZAW A 
G lobulina  sp.
Sigm om orph ina soluta  BROTZEN 
Nonion gran ife rum  (TERQUEM)
Karreria fa lax  RZEHAK 
Siphonina prim a  PLUMMER 
A staco lus p la typ leu rus  (JONES)
Gyroid inoides danvillensis  HOWE & WALLACE 
A labam ina  obtusa  (BURROWS & HOLLAND)
Angulogerina cuneata  BROTZEN
Bulim ina trigonalis  TEN DAM (and its var. hengisti HAYNES)

A ll species recovered occur in the Formation of Heers of E Belgium, but m ost o f them  range 
also h igher in the Lower Landenian and hence, it cannot be ascertainea from  the foram in ifera  tha t these 
deposits are of Heersian Age or younger.
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5.13. ASSEMBLAGE OF THE LOWER LANDEN FORMATION IN W  BELGIUM.

The Lower Landenian deposits of th is  region are treated very briefly. A num ber o f outcrops 
near Tournai (cf. f.1 ) have not been lis ted in our loca lity  descrip tions as nearly all samples were found to 
be barren. The Clay o f Louvil, the Tuffeau d 'Angres and the Sands of Grandglise do not conta in any 
foram in ifera in th e ir typ e  sections. Only in the type section of the Tuffeau de Chercq (quarry Le Cornet, at 
Chercq near Tournai) a re lative ly rich foram in ifera! fauna was observed y ie ld ing  among others fo llo w in g  
species :

G uttu lina problem a  d'ORBIGNY 
C ibicides succedens  BROTZEN 
Siphonina p rim a  PLUMMER
Bulim ina  trigona lis  TEN DAM (and its var. h eng is ti HAYNES)
Pullenia quinque loba  (REUSS)
A labam ina  obtusa  (BURROWS & HOLLAND)
G yroidinoides danvillensis  HOWE & WALLACE 
Textularia  sp.
Karreria fa llax  RZEHAK 
Gyroidinoides vo luptus  HAYNES 
S igm om orph ina soluta  BROTZEN 
Gavelinella m idw ayensis  (PLUMMER)
G uttu lina lactea  (WALKER & JACOB)
Praeglobobulim ina ovata (d'ORBIGNY)
Angulogerina cuneata  BROTZEN 
Heterolepa scanica  (BROTZEN)
Nonion graniferum  (TERQUEM)
Gavelinella nob ilis  (BROTZEN)
A staco lus  sp.
Bolivina  ex. gr. anglica  CUSHMAN
Q uadrim orphina h a lli (JENNINGS) (in the h ighest sample only) and numerous 
reworked Upper Cretaceous species.

This com bina tion  fits  in best w ith  that of the Lower Landen Form ation of E Belgium, a lthough 
most species also occur in the Heers Formation.

5.14. ASSEMBLAGE OF THE LOWER EOCENE (YPRESIAN).

According to  the species lis ts of KAASSCHIETER (1 961 ) the fo llo w in g  ben thon ic taxa make 
the ir appearance in the Clay of Ypres (Lower Eocene) w h ich  have no t been recovered from  any Paleocene 
sample :

Textularia sm ithv illens is  CUSHMAN Er ELLISOR 
Sp irop lectam m ina  m exiaensis  LALICKER 
Trocham mina  sp. cf. T. in fla ta  (MONTAGU)
Eponides p lum m erae  CUSHMAN



- 5 0 -

Anom alina  ? acuta  PLUMMER var. ypresiensis (TEN DAM)
H anzaw aia  7 p roducta  (TERQUEM)
Asterigerina  w ilcoxensis  CUSHMAN & GARRET 
Uvigerina ba tje s i KAASSCHIETER 
C ibicides proprius  BROTZEN var. acutim argo  TEN DAM 
Angulogerina abbreviata  (TERQUEM)
Turrilina brevisp ira  TEN DAM 
Asterigerina  sp. cf. A. guerra i (BERMUDEZ)
Planulina burling tonensis  (JENNINGS) var. n ee li (JENNINGS)
A nom alina  auris  Y. LE CALVEZ 
E lph id ium  la tidorsa tum  (REUSS)
Bu lim ina  paris iens is  KAASSCHIETER 
G uttu lina  pu lche lla  d ’ORBIGNY 
N onionella  spissa  CUSHMAN 
Cancris subconicus  (TERQUEM)
Bolivina crenula ta  CUSHMAN 
Reussella e longata  (TERQUEM)

P lanktonic foram in ifera occurring in the Ypresian deposits are (M 00R KE N S, 1968) :

Globigerina aqu iensis  LOEBLICH &  TAPPAN (1)
Globigerina  sp. cf. G. quadritrilocu lino ides  CHALILOV (1)
Globigerina  ex. gr. soldadoensis  BRÖNNIMANN 
Globigerina ex. gr. m ckannai WHITE - gravelii BRÖNNIMANN 
Globigerina stone i WEISS vel G. sim plex  SUBBOTINA
Globorotalia "esnaensis" LOEBLICH & TAPPAN (non LEROY), small specimens 
Globorotalia strabocella  LOEBLICH & TAPPAN and G. irrorata  LOEBLICH Et TAPPAN 
Globorotalia sp. cf. G. w h ite i WEISS given by us (1968) as 
Globigerina sp. cf. G. tribulosa  LOEBLICH & TAPPAN

The base of the Ypresian in Belgium forms the base of the Eocene.

(1) Som e specim ens have secundary "g lob igerino ida l"  apertures at the spiral side.
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6. CONCLUSIONS AND STRATIGRAPHIC DISCUSSION

A fte r the review  of the foram in ifera! assemblages recovered from  the samples o f the "M ons 
w ell 1969 ” , and those o f o ther classical loca lities and w e lls  of the Belgian Paleocene, it is possible  to 
draw some conclusions concerning stratigraphy and paleoecology.

6.1. PLANKTONIC FORAMINIFERA.

Specim ens of th is  group are rare in all our samples o f the Tertiary in the 'M ons w e ll 1 969 ", 
except in OB 72 .10  in w hich  148 specim ens of Globigerina daubjergensis  were recovered. At the 
m om ent it seems tha t th is  group provides the best p oss ib ility  fo r corre lation w ith  Denmark and Poland.

A lthough the group of G. daubjergensis  - G. ko z lo w sk ii is scarce in m ost samples of the Mons 
w ell 1969", the recovered specim ens confirm  the genera! trend of increasing test size, observed by 
FIOFKER and BERGGREN, and substantia ted by an accurate b iom etric analysis o f HANSEN (1970 a).

The arbitrary " l im it”  between the tw o chronospecies was situated at the value of the average, 
maximal diameter of 185 fx (MOORKENS, 1971).

In the lower part of the Tertiary calcaremtes of the "M ons w ell 1969" (OB 80 to OB 62) the 148 
specimens of sample OB 72.10 w ith  an average diameter of 148 fX indicate the presence of G. 
daubjergensis, as do the 23 specimens found between OB 70 and OB 62, w ith  an average maximal diameter 
of 138 ju. In the higher part (between OB 56.20 and OB 20) 54 specimens have an average maximal 
diameter of 189 /x, which rather points to Globigerina koz low sk ii. (see Fig. 15).
The type locality of the Calcaire de Mons, w hich is also the stratotype of the Montian Stage corresponds to 
this upper part of the latter interval (as well as some higher samples w hich do not yield any planktonic 
foraminifera) the original Puits G offint containing a sequence of 14 m of the Calcaire de Mons, occurring 
below Upper Paleocene decalcified glauconiferous sands. Hence, the Montian stratotype is approximately 
represented by our samples OB 12 to 26.

HANSEN (1970  a) observed tha t the G. daubjergensis  - ko z lo w sk ii lineage ranges above the 
top  of the Daman Stage in Denmark, covering part of the younger Paleocene, Lower Selandian Stage.

On the base of this lineage the M ontian stratotype would be younger than the M iddle Daman 
of Denmark (Zone III o f HANSEN). Accord ing  to TROELSEN (1 957, p. 1 26), SORGENFREI (1 957, p. 11 ) 
and HANSEN (1970, a) the M idd le  Daman of Denmark incorporates the Daman stratotype (Fakse),

It is, however, not sure w he ther the M ontian stratotype is a lateral equ iva lent of the Upper 
Danian of Denmark, as represented by the highest calcareous sediments of the Danske Kalk at Hvallpse 
(Daman, Zone IV o f HANSEN) or w he ther it is s ligh tly  younger.

Globorotalia angulata, a typ ica l M idd le  Paleocene species, w h ich  was observed by HANSEN 
(1968) in "Low er Selandian" deposits of Denmark, has not been recovered by us from  any sample of the 
Calcaire de Mons. (1 )

(1 1 EL-NAGGAR (1 9 6 7  c ; 1 9 6 9  a) w ho studied one sam ple , of unknow n depth  of the Givry w e ll 3 1 8  in the  neighbourhood of M ons, 

c la im ed to have recovered Globorotalia  angu la ta . As w e did not find this species in any of our sam ples of the  'M o n s  w ell 1 9 6 9 " , we  

th ink that his argum ent is of m inor im portance. M oreover, it is thought possib le that he m istook a benthon ic  species for 

Globorotalia angu la ta , possibly an Eponides  of the group E tou lm in i-robastynskn .
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However, the M ontian stratotype cannot be younger than the ex tinc tion  level o f the G. 
daubjergensis - ko z lo w sk ii lineage as specim ens o f th is  group range in to  the type section.

6.2. BENTHONIC FORAMINIFERA.

A lthough benthon ic foram in ifera form  the larger part of the m icro fossil con ten t of the Lower 
Tertiary calcarem tes o f the "M o ns  w e ll 1 96 9 " and a lthough the assemblages are very rich in species, we 
th ink  tha t th is  group provides on ly  few  p oss ib ilities  fo r long distance core la tions. Indeed, m ost of the 
species recovered seem to be strong ly facies-bound.

Several species viz Baggatella  ? aen igm atica , S carifica tina  (vel B o ld ia ) re inh o ld i s.l.. 
Epistom ine lla  sp. cf. E. lim burgensis, some species o f R otorb inella , and others, w h ich  had previously 
been though t to have stratig raphie  value to d is tingu ish  Daman (Lower Paleocene) from  "M o n tia n " 
deposits (POZARYSKA, 1965 ; POZARYSKA & SZCZECHURA, 1968, 1970) have now  been found in 
de fin ite ly  o lder (Daman) deposits, as they appear already in the low er part of the caicarense sequence of 
the "M ons  w e ll 1 9 6 9 ". It is possible  tha t these species appear later in Poland than in Belgium, but th is 
fact w ou ld  only emphasize tha t they are s trong ly facies bound or that th e ir m igra tion  w en t s low ly  ! (1 )

W hen considering  the range chart o f the "M o ns  w e ll 1 9 6 9 " (Table 1 ) we observe tha t some 
benthon ic species have now been found in the Calcaire de Mons or tha t the ir range is restricted to  our 
assemblage Zones B and C, e. g. Glavulina pseudoparis iensis, Boldia  sp. cf. B. cubensis  or Valvulina  
in fla ta. Again such d is tribu tion  may be environm ent contro lled , the species being restricted to the very 
sha llow  w ater environm ent though t to correspond to the upper part o f the Caicarense section  of th is 
well.

W hen considering  the occurrence o f these species in o ther,w e lls and outcrops in Belgium  and 
in the SE Netherlands one observes, however, tha t w ith in  the considered area they probably provide 
good corre la tion tools.

The occurrence of some w e ll preserved specim ens of Lam arckina naheolensis  and L. lim bata  
in strong ly recrysta llized assemblages of o the r ben thon ic  foram in ifera, in the low er samples of the 
Calcaire de Mons, is puzzling. Indeed, TROELSEN (1 954) and HANSEN (1 970  b) have stated that these 
aragonitic tests are generally absent in calcareous sedim ents, like the Danske Kalk due to  the fact that 
aragonite  is genera lly less w ell preserved when so lu tion  and-or recrysta llization occurs. BROTZEN 
(1948) and POZARYSKA (1965) had cla im ed that Lam arckina naheolensis  is a valuable guide fossii, 
appearing after Daman tim es in Sweden and Poland respectively, but th is  late appearance is (in our 
opin ion) more probably bound to  the d iffe ren t so lu tion  characteristics of aragonite  and calcite.
Thus, a lthough the occurrence of w ell preserved aragonitic  tests in the Calcaire de Mons is puzzling, we 
prefer not to consider these Lam arckina  species as guide fossils fo r the "M id d le  Paleocene" or 
"M o n tia n " of authors.

6.3. PALEOECOLOGY.

P lanktonic foram inifera, already scarce in m ost samples o f the basal part of the Tertiary 
calcarem tes of the "M o ns  w ell 1969", (1 % or less except fo r the sample at OB 72.10) p ractica lly  
d isappear in the Calcaire de M ons h igher up. Evidently the environm ent of depos ition  became gradually 
shallower.

(1 ) A slow , "clim ate-bound" m igration of som e benthon ic  "w a rm -w ate r"  foram inifera has been suggested previously by W . & K. 
PO ZAR YSK I, 1 9 5 9 . PO ZAR YSK A, 1 9 6 5  ; PO ZAR YSK A  & SZC ZEC H U R A , 1 9 6 8 . 1 9 7 0 ;  SZC ZE C H U R A  6  PO ZAR YSK A, 1 9 7 1 . 

A ppearance of these species therefo re  does not have a stratigraphie value for correlations over longer d istances, but m ay provide  

in teresting pa leoeco log ica l and paleogeograph ical indications.
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Pa ra I lel w ith  the disappearance of p lankton ic foram in ifera, changes occur in the benthon ic 
foram inifera! association. A num ber of genera and species occur fo r the firs t tim e in sample OB 56 or 
h igher up. The increase in abundance o f Rotalia  species and of some M ilio lid s , and the firs t occurrence 
of some Valvulina  and Clavulina  species r,nd affilia tes, suggect tha t the environm ent of deposition  
changed from  inner neritic , fo r the low er part of the ca lcarenites, to litto ra l, fo r the h igher part (inc lud ing  
the Calcaire de Mons). A sing le oogonium  o f a Charophyte was recovered from  OB 13.90, but it is 
probably not/'/? s itu  as the foram in ifera! assemblage is s till fu lly  marine in th is  sample, (and not brackish 
as w ou ld  suggest an assemblage o f charophytes w ith o u t foram inifera).

The gradual change in the benthon ic foram in ifera! association goes toge ther w ith  the 
appearance of new and abundant bryozoan and ostracodal assemblages, w h ile  the h ighest part o f the 
Calcaire de Mons, previously sampled in the Puits G o ffin t and Coppée, y ie lded numerous m olluscs. Yet 
the environm ent remained fu lly  marine. During the deposition  of these re lative ly coarse calcarem tes 
w ith  a large am ount of organic calcareous debris, it is probable tha t the w ater was approxim ately 
saturated w ith  calcium  carbonate.

In the "M o ns  w ell 196 9 " and in the Puits Coppée the top  of the Calcaire de Mons has 
obviously been eroded. However, in the central part o f the M ons basin, a gradual change from  litto ra l 
marine, into brackish and even freshwater deposits, (w ith numerous Charophytes and Physa shells) has 
been observed, e. g. in the Labor w ell (LA). In the whole area considered, marine deposits were fo llow ed by 
d is tinc tly  regressive sediments.

The Tuffeau de C iply was deposited in a sha llow  environm ent w h ich , however, was s ligh tly  
deeper than of the Calcaire de Mons, according to  P/B ratio and to  the benthon ic assemblage.

The environm ent o f deposition  o f Heersian and Lower Landeman sedim ents was considerably 
deeper than that o f the Tuffeau de Ciply, and tha t of the Calcaire de Mons, but benthon ic foram in ifera are 
still dom inating. The c lim ate  became colder.

6.4. CORRELATIONS IN THE MONS BASIN AND BETWEEN MONS AND THE SE NETHERLANDS.

Correlations suggested partly by the litho logy, partly by the foram in ifera! assemblages have 
been summ arized in Table 2.

The main correlations are here briefly reviewed :

The Caicarense of Houthem  (CU) and its equ iva lent at Vroenhoven (VR, south o f the Fault of 
Hees) may be correlated w ith  the Tuffeau de C iply of the M ons basin.

The Bunde Kalk o f the Bunde w e lls  and of the M aurits III m ineshaft may be correlated w ith  the 
Calcaire de Mons in the Puits G offin t and Coppée and in the Ecole des M ines and M ons 1 969 wells. A 
lateral equiva lent is also found in the Tranchée de Hainm (TH).

Some deposits w h ich  are transitiona l between the Tuffeau de C iply and the Calcaire de Mons 
were found in the "M ons w ell 1969 ”  and in the Ecole des M ines w e ll (EM).

The caicarense w h ich  crops out in the A lbert canal section at Vroenhoven (VR) at the north o f 
tiie  Fault of Hees is younger than tha t at the south of tha t fau lt and it may be correlated w ith  the Bunde 
Kalk and w ith  the Calcaire de Mons.
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The Calcarenite of M echelen-aan-de-M aas is a subsurface form ation , the m icrofaunal content 
o f w h ich  is tran tition a l between tha t o f the Calcaire de Mons, a nd tha t of the Heers Formation. Itm a y  w ell 
be a lateral equ iva lent of the continen ta l deposits w h ich  overlie the Calcaire de M ons in the central part 
of the M ons basin.

The rock units o f the Form ation o f Heers as observed in outcrops viz. the Sands o f Orp (at ORP) 
and the Marls of Gelinden (at OV) were found superposed in the M echelen-aan-de-M aas w ell. In tha t 
w e ll the Heers Form ation is d irectly  overlam by the Lower Landen Form ation, deposits w h ich  may be 
correlated w ith  the Tuffeau de Lincent at W ansm  (WA) and the Tuffeau de Chercq (LC).

The stratigraphie position  of the Form ation of the Paternostre w e ll remains uncerta in as its 
foram in ifera! assemblage shows s im ila rities  w ith  tha t of the Formation of Heers as w e ll as w ith  that of 
the Lower Landen Form ation of NE Belgium.

6.5. SOME REMARKS ON THE PALEOCENE PALEOGEOGRAPHY OF W EUROPA.

All over the Paris basin, northern France, southeastern England, Belgium  and the SE 
N etherlands a break in the sedim entation  has been observed between the U pper Cretaceous 
(Campanian or M aastrichtian) and Paleocene (Daman and younger).

In the M ons basin M idd le  to  U pper Daman strata overlie  d isconform ably layers o f Early to 
M idd le  M aastrich tian Age. In the neighbourhood o f M aastrich t the Daman transgression probably 
started at approxim ate ly the same tim e, its sedim ents covering here Upper M aastrich tian deposits. A lso 
in the Paris basin the Daman transgression probably took place at about the same tim e. This Early 
Tertiary transgressive period lasted until the early part of the M idd le  Paleocene, both in the M ons basin, 
where the Calcaire de M ons was deposited, and in the area of M aastricht, w here the Lim estone of Bunde 
was form ed. It is no t sure, w hether M idd le  Paleocene layers (i.e. younger than the Danian) have been 
deposited in the Paris basin, because p lankton ic foram in ifera  are too rare to  check the age of the 
deposits.

In the Mons basin the Danian-Montian transgression was fo llow ed by a period of slow  regression 
giving rise to gradually changing environments : at firs t shallow  marine, littora l, then brackish to freshwater.

A fter the deposition  of these regressive sedim ents there has obviously been a period of non- 
sedim entation  and erosion. Marine deposits o f M idd le  Danian to Early M idd le  Paleocene Age once 
covered re lative ly w ide  areas in NW Europe. Today's d is tribu tion  of such deposits is very restric ted  : this 
is true in the Paris basin, as w ell as in the M ons basin, w ith  a d is tribu tion  in tw o  sm aller areas, the 
syncline of Mons and farther east the syncline of St. Ghisla in, Small rem nants o f such deposits  are le ft 
also m NE Belgium, in the SE Netherlands, and in the adjacent area of Germany, in the region of Krefeld.

The present patchy d istribu tion of Danian to Lower M iddle Paleocene deposits is clearly 
illustrated by the fact that the sediments of Laversinnes and Vigny in the Paris basin are at 1 50 km from the 
nearest s e d im e n ts o fth a ta g e in th e M o n s  basin. The la tter are again separated from those in the v ic in ity  of 
Maastricht by an area of approximately 120 km length, in w hich deposits of th is age are unknown. Because 
of th is patchy d istribution it is not possible to deduce how the transgression and regression during th is 
period took place. A lthough the remnants of Lower Paleocene deposits in the Paris basin, in the Mons 
basin, in the Maastricht area in the Krefeld region are few  and small, it ran now be ascertained that the 
transgression during Danian (to M iddle Paleocene ?) times must have been much more extensive than what 
is seen from today's occurrence of its deposits. Indeed, all these sediments were deposited under fu lly 
marine conditions (some planktonic foram inifera I). The removal of all the sediments in the areas between 
the small remnants obviously took place during the M iddle Paleocene, as both the remaining Danian- 
Montian deposits and the areas in between, are generally covered by Upper M iddle Paleocene deposits
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(Heersian) or Upper Paleocene sediments (Lower Landenien). Hence, the M iddle Paleocene break in the 
record probably corresponds to  a relatively long time interval in the Mons basin as a substantial erosion has 
taken place during th is period. In NE Belgium and the adjacent part of the Netherlands th is regression 
period was probably somewhat shorter. This is shown by the succession observed in the Mechelen-aan-de- 
Maas well. The Uppermost Cretaceous in this w ell is represented by the Tuffaceous Chalk of M aastricht in a 
facies very sim ilar to that of the Maastrichtian type section and w ith  the same m icrofaunistic assemblage. 
The Calcarenite of Houthem of M iddle to Late Danian Age overlies w ith  a paraconformity th is Late 
Maastrichtian calcarenite. The Bunde Kalk has not been observed but it possibly corresponds to the interval 
between MM 307 and 297, from which no samples were available. The overlying Calcarenite of Mechelen- 
aan-de-Maas (interval 297 m to 272 m) is a glauconiferous sedim ent which is possibly in part 
contemporaneous but probably partly younger than the Bunde Kalk and the Calcaire de Mons. Above it, 
some 6 meters of azoic glauconiferous sediments w ith  lign itic  fragments suggest more regressive 
conditions. The latter deposit is in turn overlain by the Formation of Heers, w hich yields foram inifera! and 
nannofossil assemblages very sim ilar to those of the Heersian stratotype. The Formation of Heers is here 
overlain by the Lower Landen Formation, which is represented by an unnamed clayey deposit (comparable 
to the Clay of Louvil) w ith  a foram inifera! fauna and nannofossil assemblage (Helio lithus riede li association) 
sim ilar to those of the Tuffeau de Lincent at W ansin (WA) and the Type Thanetian.

The transgression in NE Belgium  to w h ich  corresponds the Form ation o f Heers is though t to 
have come from  northern d irection . It arrived considerably later in the M ons basin w here the Form ation 
of the Paternostre w e ll (a g lauconiferous clayey deposit) was deposited during e ither the Late M iddle  
Paleocene (Heersian) o rth e  Early Late Paleocene (Early Landeman). This transgression probably reached 
the Paris basin farther south, not before the Late Paleocene. During the Late Paleocene a large 
regression occurred in the Paris basin, Belgium and the SE Netherlands. Upper Lândenian continental 
deposits occur in the Paris basin, in the M ons basin (Sands o f Erquelinnes and /or of Jeum ont) in NE 
Belgium (Sands and Lignites of Landen). A fte rth is  regression the Lower Eocene (Ypresian) transgression 
com ing from  the North, covered a large part of northern Belgium and the Netherlands.

6 .6 . CORRELATIONS WITH DENMARK AND POLAND.

Equivalents contem poraneous w ith  the Lower Danian in Denmark (e.g. the layers to  be 
observed d irectly  above the " ju n c tio n " in Stevns K lint) were not found in the M ons basin nor in the area 
of M aastricht. It seems tha t the Daman transgression occurred later in these regions than in Denmark.

The Tuffeau de C iply in its type section (CA) and in o ther sections (LI, CB, ML) as w ell as its 
lateral equivalents in NE Belgium and the SE Netherlands, the Calcarenite of Houthem, are all of M iddle 
to Late Danian Age as can be deduced from  the occurrence of the populations of Globigerina  
daubjergensis. The associations o f benthon ic foram in ifera are thorough ly  d iffe ren t from  those of the 
Danish Danian, probably due to strong ly d iffe ren t environm enta l cond itions  during deposition . The 
h igher frequency of p lankton ic foram in ifera in m ost of the Danian deposits o f Denmark ind icates 
re lative ly deeper, open marine cond itions. Only fo r the type locality, Faxe, abundant bryozoans and other 
organisms living in shallow  water, indicate an inner neritic environm ent not deeper than 20 m.

BANG (1 969) described the Danian to  basal Selandian succession from  several cored w e lls  in 
the Storebaelt region. She cla im ed to have recovered a continuous sequence from Lower to  M iddle  
Paleocene, i. e. from  Danian to  Selandian. Accord ing to  HANSEN (personal com m unication) continuous 
sedim entation  has not been observed in outcrops in Seland or Ju tland, but there is a gap between the 
Danske Kalk (Lim estone or Chalk facies) and the overlying g lauconiferous sandy to clayey deposits.

The Lower Selandian was found by HANSEN (1968) to conta in Globorotalia angulata  and G. 
em ile i, and he deduced from  the occurrence o f the form er species tha t the Lower Selandian is of M iddle
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Paleocene Age. The same author (1 970, a) stated also that the final stage o f the G. daubjergensis  lineage 
crosses the Danian - Selandian boundary, ranging upwards into Lower M idd le  Paleocene strata. The 
average maximal d iam eter of a large popula tion  of these form s was found to  be (1 ) larger than tha t of 
Upper Danian populations, (2) s im ila r to  that o f the topo types o f G. ko z lo w sk ii o f Polandi ; (3) probably 
com parable to the  youngest form s from  the Calcaire de Mons in the "M o ns  w e ll 1 96 9 ” .

In Poland POZARYSKA (1965} and later POZARYSKA & SZCZECHURA (1968, 1970) 
investigated the  Pam ietowo w e ll and they decided tha t M ontian  layers were present in th is  and in o ther 
wells.

Correlations over such w ide  distances preferably should not be based on benthon ic 
foram in ifera w hich  are known to be strong ly facies-bound, but the p lankton ic  foram in ifera  apparently 
support th e ir corre la tion, if one accepts the HANSEN lineage (increasing size) to be val id fo r a large area. 
G. ko z lo w sk ii described from  the "M o n tia n " part of the Pam ietowo w e ll is very probably younger than the 
(ancestran) G. daubjergensis  populations from  the type Danian.

6.7. SUBDIVISION OF THE PALEOCENE IN BELGIUM.

In the stratigraphie literature the Paleocene has been d iffe ren tly  subd iv ided, e ither tw o fo ld  or
threefold.

W hen fo llo w in g  a tw o fo ld  subdivision it w ou ld  be best to incorporate  the M ontian  w ith in  the 
Lower Paleocene, and the Heersian w ith in  the Upper Paleocene in Belgium. The subd iv is ion  w ou ld  then 
be re lative ly easy in the Belgian stratigraphy, as there occurs a considerab ly long regression period 
between Early and Late Paleocene transgressions. Sedim ents and foram in ifera! assemblages are 
com ple te ly  d iffe ren t be low  and above th is  break in the record. Only in one loca lity  (the M echelen-aan- 
de-Maas w ell) a trans itiona l ca lcarenite  unit occurs w hich  y ie lds a fo fam im fera l assem blage transitiona l 
between that of the Low erTertia ry calcarem tes and that of Heersian deposits. Its p lankton ic  foram in ifera 
w ou ld  rather po in t to the Lower Paleocene side o f the balance.

However, in several papers on p lankton ic m icro fossil zonations of the Paleocene a threefo ld  
subdiv is ion of th is  subepoch has been chosen by a num ber of authors. If we adapt th is  threefo ld  
subd iv is ion to  the Belgian stratigraphy, we w ou ld  equate the typ ical Lower Paleocene w ith  the Danian, 
and the Upper Paleocene w ith  the Landeman (or the type Thanetian, w h ich  may be approxim ate ly 
corre lated w ith  it). The rem aining part in between w ou ld  be considered to  belong to the M idd le  
Paleocene.

The M ontian stratotype probably corresponds to  the low erm ost part of the M idd le  Paleocene 
as here considered, whereas the Heersian stratotype probably only covers the upperm ost part of th is 
M idd le  Paleocene. A re la tive ly large part of the M idd le  Paleocene, in between these tw o  stratotypes, 
w ou ld  be m issing in the marine succession of m ost o f the Belgian sections ; it is represented in some 
places by con tinen ta l deposits, or in m ost by a considerable sedim entary gap.

6.8 . THE RELATIVE POSITION OF SOME EUROPEAN STRATYPES IN PLANKTONIC ZONATIONS.

In Table 3 we tenta tive ly  correlate some W estern European s ira to types w ith  the in tegrated 
zonation of p lankton ic foram inifera and calcareous nannoplankton. Since the p lankton ic  foram in ifera! 
zonation, e laborated in trop ica l to warm tem perate regions, is not readily app licable  to  W estern  Europe - 
many im portant taxa are m issing in th is  co lder area - we have given some local p lankton ic  foram in ifera! 
datum planes w hich  give a basis to apply the p lankton ic foram inifera! zonation to  our area. Some 
pa leonto logie  argum ents m ainly com piled  from  literature  fo r th is  in te rpre ta tion  have been dealt w ith  in 
Chapter 2, except for the M ontian w hich  has been discussed in the previous alinea.
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7. SYSTEMATIC DESCRIPTIONS.

General remarks :

First benthonic foraminifera are dealt w ith  (7.1), afterwards the planktonics (7.2). Genera are 
lis ted according to the c lassifica tion  of LOEBLICH & TAPPAN 1 964, as far as possible. Nodosariidae and 
Polym orphinidae have generally been determ ined to the generic level only. It is possib le  tha t w ith in  the 
genera Gavelinella. A nom alino ides  and C ibicides  a fu rther sp littin g  w ou ld  be possible, but then 
determ ina tions become too  uncerta in (due to the strong va riab ility  in th is  group) to  be of value fo r 
stratigraphie purposes.

The genus Scarifica tina  MARIE, w hich  was a nom en nudum  un til now, has here been 
validated, as w ell as its -here ind icated- type species S. reinholdi.

Species be long ing  to the genera Rotalia  and Pararotalia  have so far on ly been determ ined 
according to the ir external features ; however a deta iled study o f the ir internal structures is though t to be 
of great taxonom ic value. The material of the "M ons well 1969" is rich in Rotalia individuals but 
unfortunately m ost specim ens are strongly recrystallized.

Pictures have only been given of new taxa and of re lative ly w e ll preserved specimens.

The numbers fo llo w in g  the "occurrence in the M ons w e ll 1969" in the descrip tions, ind icate 
the number of the species on Table 1.

7.1. BENTHONIC FORAMINIFERA.

Genus TEXTULARIA DEFRANCE, 1824 

Textularia bundensis VAN BELLEN 

PI. 4, f. 1

1946 Textularia bundensis VAN BELLEN, Meded. Geol. Sticht. C, 5, 4, p. 26. pi. 1, f. 4-7.
1 965 Spiroplectam m ina baudouiniana  (d'ORBIGNY), POZARYSKA Palaeont. Polon, 14, p. 48, pi. 2, f.

5 a-b (non Textularia baudouiniana  d'ORBIGNY, Mémoires sur les Foraminifères ,.„ p. 46, pi. 4, f. 
29, 30).

Remarks : The in itia l part of the test could not be studied in our material because of the bad state of 
preservation. Hence, it cannot be ascertained whether the species has to be assigned to
Textularia or to Spiroplectam m ina. Our material, as w ell as POZARYSKA's figure of S.
baudouiniana, differs from Textularia baudouiniana  d'ORBIGNY by the more blunt sides ; 
d'ORBIGNY's species has sharp edges and keels.

Occurrence :

1) "M ons well 1969" (57) : between OB 76 and OB 12.
2) Other localities : Maastrichtian deposits in CA at Ciply and in the ENCI quarry, type

M aastrichtian. Calcaire de Mons at COP, Calcarenite of Houthem at VR, Tuffeau de Ciply at CA. 
HOFKER (1 966 e) recovered the species under the name T. faujasi REUSS from his Zones Q 
and R.
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Known Range :

Maastrichtian, Danian, reaching the top o f the Montian stratotype.

Genus VACUOVALVULINA HOFKER, 1966 

Vacuovalvulina ke ijzeri (VAN BELLEN)

PI. 1, f. 1 ; PI. 4, f. 2 (both var, 1)

1946 M arssonella ke ijzeri VAN BELLEN, Meded. Geol. Sticht. C. 5, 4, p. 30, pi. 2, f. 3-5.
1964 Conicovalvulina ke ijzeri (VAN BELLEN) P. MARIE, Mém. B.R.G.M., 28, 2, p. 1083, pi. 1, f. 3 a-c.

(genusname is nomen nudum )
1966 Vacuovalvulina ke ijzeri (VAN BELLEN) ; J. HOFKER, Palaeontographica, Suppl. 10, p. 250, pi. 49,

f. 1-7.
1 968 Vacuovalvulina ke ijzeri (VAN BELLEN) ; K. POZARYSKA & J. SZCZECHURA, Palaeont. Polon. 20

(1968), p. 36, pi. 3.

Remarks : MARIE (1 964) was the firs t to observe that th is species did not belong to M arssonella  and he 
close the name Conicovalvulina. However, as he did not give a description of th is genus and did 
not indicate a type species, it is the name erected later by HOFKER (1966 e, p. 249) that is valid. 
The specimens figured by POZARYSKA & SZCZECHURA (1 968) are less conical and smaller. 
They m ight represent a d ifferent variety or subspecies. They have been entered separately as V. 
ke ijzeri var. 1 (50) in the range chart. (PI. 1, f. 1 ; PI. 4, f. 2).'

Occurrence : . . .
/

1) "M ons w ell 1969" (49,50) : the range covers nearly the whole interval between the 
Cretaceous-Tertiary boundary (78 m) and the top of the Calcaire de Mons (12 m).

2) Other localities : the species occurs frequently in the Tuffeau de Ciply (CA, LI) and in the 
Calcarenite of Houthem (VR, MM). It was found in the Calcaire de Mons (LA, TH) and in the 
Calcarenite of Mechelen-aan-de-Maas (type section of this newly defined unit) of the MM well 
(MM 272 to 297). The species was not observed in sediments younger than the top of that rock 
unit ; it has not been found in the Formations of Heers and of Landen.

Some sim ilar specimens occur in Maastrichtian sediments (Tuffaceous Chalk of 
M aastricht in MM  well, Craie phosphatée de Ciply, LI outcrops, and in the Tuffeau de St. 
Symphorien, CA), but it w ill have to checked whether the latter belong to the same taxonom ic 
unit, as we did not study the ir inner structure (cf. HOFKER, 1966 e, p. 249). In the studied 
region, the species occurs w ith  certainty in the Tuffeau de Ciply and lateral equivalents (Upper 
Danian) and it is abundant in the s ligh tly  younger deposits of the Calcaire de Mons and the 
Bunde Kalk, where the specimens are generally somewhat larger. The occurrence in sediments 
older than the Danian is s till uncertain.

Known range :

According to MARIE (1964) on the Paris Basin, HOFKER (1966 e) on the M aastricht area, and 
POZARYSKA & SZCZECHURA (1 968) on the Pamietowo well in Poland, the species is only found 

in Lower to M iddle Paleocene strata.

Genus VALVULINA d'ORBIGNY, 1826



-  59  -

Valvulina lim bata  TERQUEM 

PI. 4. f. 3

1882 Valvulina lim bata  TERQUEM, Mém. Soc. Géol. France, 3, (2), p. 102, pi. 11, f. 7.
1946 Valvulina triangularis  VAN BELLEN (non d'ORBIGNY) Meded. Geol. Sticht. C, 5, 5, p. 28, pi. 1, f.

20 - 22 .

1 952 Valvulina lim bata  TERQUEM, Y. LE CALVEZ, Mém. Expl. Carte Géol. France, IV, p. 1 0, pi. 1, f. 4.
1964 Pyramidovalvulina lim bata  (TERQUEM) ; P. MARIE, Mém. B.R.G.M., 28, 2, p. 1083, pi, 1, f. 1.

(generic name is a nomen nudum  as no description was given nor a type species indicated).
1966 Valvulammina lim bata  (TERQUEM) ; J. HOFKER, Palaeontographica, Suppl. 10, p. 2 5 1 , pi. 50, f.

8 - 10 .

Remarks : According to the classification of LOEBLICH Er TAPPAN (1964) Valvulina differs from
Valvulammina  by the number of chambers in the last whorl : three and more than three
respectively. HOFKER (1966 e, p. 250) claims that the inner structure (tooth plates) of both
genera forms a better feature to separate them.

Occurrence

1) "Mons w ell 1969" (104) : the species was recovered from the Calcaire de Mons in its type 
section and some samples lower down (OB 46.30  to OB 12). In th is w ell it appears to be 
restricted to the youngest deposits, but th is  may be due to environmental conditions.

2) Other localities : This species has only been recovered from sediments which are here 
considered to be lateral equivalents of the Calcaire de Mons and which, moreover, were 
deposited under cond itions nearly identical to those during the deposition of the Calcaire de 
Mons in its type section ; a shallow, littora l, warm marine, Calcium-saturated environment.

Known range :

The species is known from Paleocene and M iddle Eocene deposits (Lutetian of Paris basin). Its
range probably covers a much longer time interval.

Valvulina triangularis  d'ORBIGNY 

PI. 4, f. 7.

1 826 Valvulina triangularis d'ORBIGNY, Ann. Sc. Nat. 7, p. 270  ; Prodrome 1 850, 2, p. 408 , nvs 1 331.
1 882 Valvulina triangularis  d'ORBIGNY ; TERQUEM, Mém. Soc. Géol. France, 3, 2, p. 1 0 1 , pi. 1 1, f. 4.

Remarks : Our forms resemble well TERQUEM's figured type.

Occurrence :

1 ) "M ons w ell 1969" : These rare forms have not been entered in the range chart ; tw o specimens 
were recovered in OB 26.

2) Other localities : Not observed.

Known range :

Upper Danian, to M iddle Eocene.
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Genus CLAVULINA  d'ORBIGNY, 1826 

Clavulina pseudoparis iensis  HOFKER 

PI. 4, f. 4

1946 Clavulina parisiensis  d'ORBIGNY ; R.C. VAN BELLEN, Meded. Geol. S ticht. C, 5, 4, p. 29, pi. 2, f. 2.
(non 1826, Clavulina parisiensis  d'ORBIGNY, Ann, Sei. Nat. 7, p. 268, n° 3, mod. 66).

1964 Helicovalvulina  aff. pupa  (d'ORBIGNY) ; P. MARIE, Mém. B.R.G.M. 28, 2, p. 1083, pi. 1. f. 5
indicate a type species fo r the new genus).

1966 Clavulina pseudoparisiensis  HOFKER ; Palaeontographica, Suppl. 10 p. 248, pi. 51, f. 19.

Remarks : It is possible  tha t some o ther Clavulina  species c ited  by VAN BELLEN and by HOFKER are 
conspecific  w ith  th is  species. A lso the sing le  specim en determ ined by VAN BELLEN (1946) as 
C lavu linoides szabo i (HANTKEN) the last chamber(s) of w hich  were obviously broken off, 
m igh t belong to th is  species. The same may apply to  VAN BELLEN's Pseudogaudryina  
jacksonensis. According to VAN BELLEN's figures (pi. 1, f. 14-17) the apertural features of 
holo- and paratype of Gaudryina bundensis  VAN BELLEN are quite  d iffe ren t from  those of the 
species discussed here.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 ” (107) : This species iss tra tig raph ica lly  restricted to  the Calcaire de M ons 
in the "M o ns  w ell 1969 ” (type section and some samples be low  it) ranging from  OB 44 .3 0  
to OB 12.
As fo r several o ther re lative ly large and th ick  shelled foram in ifera, th is  restric tion  may 
so le ly  be due to  environm enta l cond itions  during deposition  of these calcarem tes, w h ich  
are considered to  have been form ed in sha llow  inner neritic  to  litto ra l environm ents.

2) O ther loca lities  : We did not observe the species in any o ther loca lity. It was recorded 
however, from  the upper part of the calcarem tes in the Bunde w e lls  by VAN BELLEN i.e. 
from  layers we th ink to be lateral equiva lents of the Calcaire de Mons. Furthermore, 
HOFKER (1966  e) recovered the species from  his "Zone R" (assemblage com parable to 
tha t of the Calcaire de Mons) in the M aurits III m ine shaft.

Known range :

For the tim e  being the species has only been recorded from  the Calcaire de M ons and deposits  
w hich  are though t to  be lateral equivalents. However, considering  the possible  environm enta l 
linkage, th is  species may at the m om ent not be considered a stratigraphie marker.

Genus VALVULAMMINA  CUSHMAN 1933 

Valvulam m ina g lobu la ris  (d'ORBIGNY)

PI. 4, f. 6

1826 Valvulina g lobu la ris  d'ORBIGNY ; Ann. Sei. Nat. 7 ,p. 270, f. 6 .

Remarks : Resembles the orig ina l p icture fa irly  w e ll. This form  is much more e longate than those, more 
frequent, given by us as V. sp. cf. V. globularis.
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Occurrence :

1) "M o ns  w ell 1 96 9 " : the rare specim ens have not been entered in the range chart. The 
species occurs in OB 32.40.

2) O ther loca lities  : N ot observed.

Known range :

Previous to  th is  study the species was m ainly known from  Eocene (Lutetian) deposits.

Valvulam m ina  sp. cf. V. g lobu laris  (d ’ORBIGNY)

PI. 4 ,f. 5 ; PI. 13, f. 1, 2

cf. 1826 Valvulina globularis  d'ORBIGNY ; Ann. Sei. Nat. 7, p. 270, f. 6 .
? cf. 1 946 Valvulammina globularis  (d'ORBIGNY) ; R.C. VAN BELLEN, Meded. Geol. Sticht. C. 5, 4, p,

30, pi. 2, f. 6-9.
cf. 1964 Valvulina in fla ta  MARIE ; P. MARIE, Mém. B.R.G.M. 28, 2, p. 1096, pi. 1, f. 2 (nomen

nudum , no description).
pars 1966 Valvulammina globularis (d'ORBIGNY) ; J. HOFKER, Palaeontographica, Suppl. 10, p. 251,

pi. 50, f. 11, 12 (non pi. 50, f. 1 3-16).

Remarks : The characteristic feature of th is  species is the broad eone w ith  an apex larger than 9 0 c. In the 
early part of the eone, the section is triangular. The chambers in the fina l w horl are more 
infla ted. As they are more than three in the last w horl (genus Valvulam m ina) the triangu larfo rm  
is no longer found in the later part o f the test. Possibly th is  form  is a new species, because 
these features are not characteristic fo r V. g lobu la ris  (d'ORBIGNY). However, our material did 
not y ie ld  enough specim ens to decide. Accord ing  to th e irfig u re s  the specim ens recovered by 
MARIE, VAN BELLEN and HOFKER are s ligh tly  more slender w ith  a conica l angle sm aller than 
90°. We do no t th ink  tha t th is  form  represents another generation of e longated triseria l forms 
as it is c la im ed by HOFKER (1966 e, p. 251). Possibly our specim ens form  the transition  
between the genus Valvulina  and the genus Valvulam m ina  w h ich  is though t to  have occurred 
during the Paleocene.

Occurrence :

1 ) "M ons well 1969 ” (88 ) : Specimens of th is species were recovered only from the upper part of 
the calcarenite series in the "M ons w ell 1969” ; hence, the species is restricted to the interval 
of the Calcaire de Mons in its type section and just below (OB 46.30  to OB 12).

2) O ther loca lities  : This species was also recovered from  the only samples o f the M aurits III 
m ine shaft we studied (depth 1 78, 1 80 m).

Known range :

Valvulina g lobularis  was described from the Eocene of the Paris basin ; the specimens we 
encountered in the Calcaire de Mons have a triangular section in the ir early part. Such forms are 
probably restricted to the Paleocene. In our sections, the (cf.) species was only recovered from 
the Montian stratotype, but th is restriction may result from the fact that the occurrence of this
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species is linked to special environmental cond itions (shallow, littora l, warm conditions). Very 
sim ilar forms have been reported from the Bunde w ells at comparable stratigraphie levels ( VAN 
BELLEN, 1946 a, MARIE 1964).

Genus TRILOCULINA d ’ORBIGNY, 1826

Triloculina  ? natch itochensis  HOWE

PI. 4, f. 9

1939 Triloculina na tch itochens is  HOWE, Louisiana Dept. Cons. Geol. Bull. 14, p. 38, pi. 3, f. 3-5.

1 951 Triloculina natch itochensis  HOWE ; J.A. CUSHMAN, Geol. Surv. Prof. Pap. 232, p. 1 2, pi. 3, f. 3.

1966 M ilio la  na tch itochens is  (HOWE) ; J. HOFKER, Palaeontographica. Suppl. 10, p. 240, pi. 49, 
f. 55 ; p. 252 , pi. 51, f. 24 -27 , pi. 52. f. 30.

Remarks : It is d ifficu lt to  assess the genus to  w hich  th is  species belongs. A lthough typ ical tr ilo cu line  
tests were observed, some specim ens show  a tendency to a qu inque locu lina  test. The latter 
resemble Q uinque locu lina  crassicosta  TERQUEM (1882, Mém. Soc. Géol. France, 3, 2, 
p. 1 85, pi. 20, f. 14 not 1 5, 16, 1 7) from  the M idd le  Eocene of the Paris basin. The la tte r's  type, 
refigured by Y. LE CALVEZ (1 947, pi. 1, f. 10-1 2) show s a transitiona l stage betw een tr ilo cu line  
and quinque locu lina . Hence, it could be conspecific  w ith  part o f our material. As it has been 
described as being a typ ical Q uinque locu lina  and as our specim ens show  more a ffin ity  to 
Triloculina, we preferred the name of HOWE’s species.
The cribrate aperture w hich  HOFKER (1 966  e, p. 252) cla im ed to be w e ll preserved in part of 
his material from  the Netherlands (M aurits III m ine shaft) wa,s not observed in our m aterial. The 
litt le  holes near the aperture in our scanned specim en are though t to  be due to the bad 
preservation o f the material. Small holes occur in o ther parts of the test as w ell. The too th  of 
our figured specimen is probably broken out.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (61 ) : This species has been observed m ainly in the upper part of the 
Tertiary calcarem tes in the "M o ns  w e ll 1 96 9 " w ith  scattered specim ens low er dow n : 
OB 62 to OB 18.

2) O ther loca lities  : W e did not observe th is  species at o ther loca lities  in Belgium.

Known range :

HOFKER (1966 e) stated that this species already appeared in his Me (=  layers directly 
overlying the top  o f the Tuffaceous Chalk of M aastricht), in his Zone N.
CUSHMAN (1 951 ) only observed it in one Paleocene loca lity  of the Gulf Coast Region (W ilcox 
County, Ala.) occurring toge ther w ith  Globorotalia acuta  TOULMIN, w h ich  probably ind icates a 
Late Paleocene Age.
The range of th is  species covers at least part o f the Paleocene, and possib ly part of the Eocene, 
if we consider the material o f Y. LE CALVEZ (1947) to  belong to  the same species.

Genus SPIROLOCULINA  d'ORBIGNY, 1826

Spiro locu lina  a labam ensis  CUSHMAN
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PI. 4, f. 8

1 944 Spiro locu lina  a labam ensis  CUSHMAN, Cushm. Lab. Foram. Res. Contrib. 20, p. 31, pi. 5, f. 8 .
1 951 Spiro locu lina  a labam ensis  CUSHMAN ; CUSHMAN, Geol. Surv. Prof. Pap. 232, p. 11, pi. 3, f. 1

a-b.
1966 S piro locu lina  a labam ensis  CUSHMAN ; HOFKER, Palaeontographica, Suppl. 10, p. 252,

pi. 51, f. 25.

Remarks : Our specimens resemble HOFKER's (1966 e) pictures very well. They are somewhat slenderer 
than CUSHMAN's holotype. The latter is approximately tw ice as long as broad, whereas our 
specimens, and HOFKER's according to his description, are approximately 3 tim es as long as 
broad. CUSHMAN, however, said the L/B ratio varied between 2 a n d 2 1 /2 in h is o r ig in a l material, 
and some of our specimens therefore are w ith in  the range of variation of CUSHMAN's material.

Occurrence :

1) "Mons w ell 1 96 9 " (112) : Rare specim ens between OB 40 .2 0  and 27.80.

2) Other loca lities  : W e did not recover th is species from  o the r loca lities, but it has been cited 
by HOFKER (1966 e) from  the Bunde Kalk in the Bunde wells.

Known range :

Paleocene o f the Gulf Coastal Region (U.S.A.)

Genus QUINQUELOCULINA  d'ORBIGNY, 1826

Q uinquelocu lina  sp.

Remarks : Sm ooth form s of Q uinquelocu lina  were especia lly found in the h igher part o f the Obourg 
calcaremtes. The ir preservation does not a llow  a good specific  determ ination. S im ilar 
specim ens described and figured by POZARYSKA (1965), occur in the Polish Paleocene.

Occurrence :

"M o ns  w e ll 1 96 9 ”  (98) : between OB 48 and OB 12.

Genus GLOBULINA d'ORBIGNY, 1839 

Globulina  sp. cf. G. tubercu la ta  d'ORBIGNY 

PI. 5, f. 1 ; PI. 13, f. 3, 4

cf. 1 846 Globulina gibba  d'ORBIGNY var. tuberculata  d'ORBIGNY ; Foraminifères fossiles du Bassin 
de Vienne, p. 230, pi. 13, f. 21, 22.

1946 Globulina gibba  d'ORBIGNY var. tuberculata  d'ORBIGNY ; VAN BELLEN, Meded. Geol. 
Sticht. C. 5, 4, p. 38, pi. 3, f. 7.

? 1964 Globulina tuberculata  d'ORBIGNY ; J. HOFKER, Foraminifera from the Cretaceous ... LXXX,
Natuurhist. Maandbl. 54, p. 117, text. fig. 13 a-c, probably not 14 a-c.

1966 Globulina tuberculata  d'ORBIGNY ; J. HOFKER, Palaeontographica Suppl. 10, p. 255, pi. 53,
f. 66.

1968 Globulina  cf. tuberculata  d'ORBIGNY ; POZARYSKA & SZCZECHURA, Palaeont. Polon. 20, 
(1968), p. 42, pi. 3, f. 6 .
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Remarks : In our material sutures could never be d is tin c tly  iden tified  and hence, it is no t certa in th a tth e  
specim ens belong to  Globulina.
POZARYSKA & SZCZECHURA (1968) observed tha t the  specim ens recovered from  the 
'M o n tia n " part of the Pam ietowo w e ll d iffe r from  HOFKER's (1964) figures by the more 
irregular f illin g  o f the surface w ith  more numerous, b lunt spines.

This applies to our material too, and hence the species was given w ith  a cf. no ta tion . The fact, 
however, tha t HOFKER's (loc. cit.) figures could be schem atic m igh t possib ly account fo r th is  
d ifference. It is not to be excluded that some forms p ictured by VISSER (1 951 ) determ ined by 
her as Globulina lacrim a  REUSS var. 1 (1951 , p. 242, pi. 1, f. 12) are equally identica l.

Occurrence :

1 ) "M o ns  w e ll 19 6 9 " (84) : This species was recovered from  OB 56 ,2 0  upwards to  the top  of 
the Calcaire de Mons (OB 1 3.90). Hence, it is known from  UpperDam an strata and from  the 
M ontian stratotype.

2) O ther loca lities  : In the M echelen-aan-de-M aas w ell th is  species (w ith  sm aller and b lunter 
spines) was recovered from  the Calcarenite of M echelen-aan-de-M aas (M M  273). The 
''sm a lle r" spines may be explained by the fact tha t the specim ens are worn. However, the 
la tter form  may be closer to  G lobulina g ibba  d'ORBIGNY var. puncta ta  d'ORBIGNY.

Known range :

Accord ing to  HOFKER (1966 e), th is  species occurs from  his Zone N upwards (Me, probably 
corresponding to  the Upper Danian) to the end of Zone R (Calcaire de M ons and its lateral 
equivalents). S im ilar specim ens were p ictured from  the Eocene (CUSHMAN, 1 930, U.S.N.M. 
Proc. 77, 6 , p. 68 , pi. 1 7, f. 6 , 7 ; CUSHMAN, 1935, U.S.G.S. Prof. paper, 181 , p. 26) and the 
M iocene (d'ORBIGNY, 1846, orig inal descrip tion  of G. gibba  var. tubercu lata).

G lobulina m u ltis tr ia ta  POZARYSKA &■ SZCZECHURA

1 968 G lobulina gibba m u ltis tr ia ta  POZARYSKA & SZCZECHURA, Palaeont. Polon. 20, p. 4 1 , pi. 3, 
f. 8 .

Remarks : Only a few  re lative ly w e ll preserved specimens.

Occurrence :

1 ) Mons w e ll 1 969  " (72) : Between O B 4 8 .1 0 a n d 7 2 .tO ; not observed in the h igher part of 
the ca lcarenite  sequence,

2) Other loca lities  : N ot recovered in o ther samples, but m entioned from the Paleocene of 
Belgium  and Dutch SE Limburg by POZARYSKA Et SZCZECHURA (1968).

Known range :

Upper Danian, M ontian.

Globulina  sp.
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Remarks : Our smooth specimens are rather large ; they are not transparent and as the sutures are not 
depressed they are not visible. Specific determ ination is impossible. Globulina prisca  (REUSS) as 
pictured by VISSER (1 959) resembles some of ourform s, as does Globulina ampulla  (JONES) of 
VAN BELLEN (1946 a, pi. 3, f. 2).

Occurrence :

"M o ns  w ell 196 9 " (64) : W e ll represented between OB 74.30  and OB 12.

Genus GUTTULINA d'ORBIGNY, 1839 

G uttu lina  s pp.

Remarks : M ost o f our ill-preserved specim ens are rather large. Some resemble G uttu lina adhaerens 
OLSZEWSKI, whereas others are s im ilar to G uttu lina  com m unis  d'ORBIGNY, though being 
more e longate.

Occurrence :

"M o ns  w ell 1969" (53) : From OB /8  to OB 12.

Genus SIGMOMORPHINA  CUSHMAN & OZAWA, 1928

Sigm om orphina so luta  BROTZEN

PI. 6 , f. 5

1948 Sigmomorphina soluta BROTZEN, Sver. Geol. Unders. C., 42, 2, p. 53, pi. 8 , f. 6 -10  ; text-f. 10, 
n° 16.

1965 Sigmomorphina soluta  BROTZEN ; POZARYSKA Palaeont. Polon. 14, p. 90, pi. 12, f. 7.
1966 Sigmomorphina soluta  BROTZEN ; HOFKER, Palaeontographica Suppl. 10, p. 71, pi. 12, f. 1 9 ;

p. 90, pi. 1 5. f. 33. 34 ; p. 11 9, pi. 1 9, f. 39 ; p. 1 37, pi. 20. f. 32 ; p. 1 53, pi. 23. f. 1 27 ; p. 1 81, pi.
31, f. 40  ; p. 195, pi. 36, f. 28 ; p. 221, pi. 42, f. 54, 55 ; p. 242, pi. 47, f. 11.

Remarks : Our specim ens are w ith in  the range of variation given by BROTZEN (1 948) in the original 
descrip tion  of the species.

Occurrence :

1 ) "M o ns  w ell 1 96 9 " (71 ) : Between OB 70  and OB 21 .80  ; some scattered specim ens have 
been observed.

2) Other localities : The species was recovered from the Maastrichtian (Ghlin well 49 m, Kai lo well 
near Antwerp 490 m) from the Tuffeau de Ciply (ML, CA 6 , LA 1 75), from the Calcaire de Mons 
(TH 1 8 , COP 1 ), from the Calcarenite of Houthem (VR 1, MM 310), and from the Calcarenite of 
Mechelen-aan-de-Maas (MM 278). It was also found in younger Paleocene deposits : from the 
Paternostre w ell Formation (at LA 84). OV 1 (Heers Formation) and from WA 1 and Le Cornet 
Quarry, near Tournai, 14 (Lower Landen Formation),

Kn„'Wn range :

M aastrichtian, Danian, and younger Paleocene deposits.
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Genus BAGGATELLA HOWE, 1939 

Baggatella  ? aenigm atica  POZARYSKA & SZCZECHURA 

PI. 13, f. 5, 6

1970 Baggatella aenigm atica  POZARYSKA & SZCZECHURA ; Acta Palaeont. Polon. 1 5, 1, p. 103, pi.
1, f. 1 -2 .

Remarks : The aperture is high but no t always loop-shaped as in the type species o f the genus 
Baggatella. The apertures o f the holotype and paratype p ictured by the  Polish authors are 
s im ila r to those observed in our m aterial. Hence, it is not sure tha t the holotype of the species 
belongs to  Baggatella.

Possibly Globigerina com pacta  HOFKER, described by its author from  the Tuffaceous 
Chalk o f M aastrich t in the SE Netherlands is conspecific  w ith  th is  species. (HOFKER, 1956, 
XIX, Nat. Hist. M aandblad 45, p. 53, f. 16, 17, 21). Pending a better descrip tion  and more 
accurate figures th is  iden tity  cannot be established.

Occurrence :

1) "M o ns  w e ll 1 96 9 ”  (17) : The range of th is  species covers the interval betw een the 
Cretaceous-Tertiary boundary at 80  m and a level close to  the top  o f the Calcaire de M ons 
(OB 16.10).

2) Other localities : The species occurs in the Tuffeau de Ciply (CA).

Known range :

POZARYSKA & SZCZECHURA mention the species from the "M o n tia n " interval of Pamietowo 
w e ll and the Calcaire de M ons in "an Artesian w e ll o f the central part of the M ons basin", 
p robably the Ecole des m ines w ell (EM) in the c ity  of Mons. They claim  it to be a good guide 
fossii fo r the "M o n tia n ", but probably they rather w an t to emphasize tha t it is a good 
paleoeco log ic ind icator, typ ical fo r the sha llow  warm w ater deposits like  the Calcaire de Mons 
of the Mons basin.

The fact we observed it in the Tuffeau de Ciply indicates that its range covers at least the 
M iddle Danian as w ell ; possibly it already occurs in the Maastrichtian.

Genus VALVOBIFARINA HOFKER, 1951

Valvobifarina paleocen ica  HOFKER 
PI. 6 , f. 3

1966 Valvobifarina paleocen ica  HOFKER ; Palaeontographica, Suppl. 10, p. 250, pi. 57, f. 120.

Remarks : As far as can be seen the test has a ca lc itic , non-agg lu tinated  w all w ith  coarse pores, 
resem bling tha t o f Bolivina  and especia lly Bolivina eocenica  TERQUEM, 1 882  of the Lutetian 
of the Paris basin. The la tter species has a sharp to keeled margin. Some specim ens w ith  a 
sharper m argin have been entered separately in the chart (11 7) as Bolivina  ? cf. B. eocenica  
TERQUEM. Our V. paleocen ica  d iffers from  Bolivina oedum i BROTZEN (1948), by the more 
in fla ted chambers and the less slender form  of the test. As stated by LOEBLICH Et TAPPAN
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(1964), Valvobifarina  is not an arenaceous genus.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (75) : Some rare specim ens in the low er part o f the Obourg calcarem tes : 
OB 70 and OB 60. B ? sp. cf. B. eocenica  (117) occurs in the h igher part between OB 36 .10  
and OB 32.40.

2) O ther loca lities  : None.

Known range :

HOFKER (1 966 e) recorded the species m ainly from  his Zone R, but he also found some rare 
specim ens in his Zone P ; hence, the species occurs in the M iddle  to  Upper Danian and 
M ontian deposits.

Genus "BIGENEROPLIS" MARIE, 1951 

"B igeneroplis van ri/s inge i" MARIE 

PI. 6 , f. 6

1 964 Bigeneroplis vanrijs inge i MARIE, Mém. B.R.G.M., 28, pi. 2, f. 1, 2. (genus and species names 
are nom ina nuda), . 4

Remarks : The genus name Bigeneroplis  has been pub lished in 1 950  by MARIE as a nom en nudum  ; the 
figure pub lished in 1 964  is clear and i.t a llow s a certa in determ ination  o f our specimens, but as 
a descrip tion is s till lacking both genus and species are to  be considered nom ina nuda  at the 
m om ent. These form s are biseria l in the ir early part, la ter umserial, costate th roughout. As we 
recovered only a few  specim ens w hich  are not too w e ll preserved we prefer not to validate 
these taxonom ic units in th is paper, a lthough they are believed to belong to MARIE'S species. 
The material is calcareous, probably not agg lu tinated, but th is  cannot be ascertained as the 
material is sirongly recrystallized. Bigeneroplis would differ from Bigenerina  by its stellate 
aperture and probably by the w all structure, w h ich  is agg lu tinated in Bigenerina. In our material 
the aperture was round, areal term inal.

Occurrence :

1 ) "M o ns  w e ll 1 96 9 " (11 1 ) : A couple of specim ens recovered at OB 30 and OB 40.20 .

2) Other loca lities  : The species has not been recovered from  other loca lities  so far, except fo r 
the figured specim en of MARIE (1964) found in the Calcaire de M ons (COP).

Known range :

Upper Danian and M ontian

Genus ANGULOGERINA  CUSHMAN, 1927

Angulogerina europaea  CUSHMAN & EDWARDS
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PI. 14. f. 7, 8

1937 Angulogerina europaea CUSHMAN & EDWARDS ; Contr. Cushman Lab. Foram. Res. 13, 2,
p. 61, pi. 8 , f. 17 a-b, 18.

1948 Angulogerina europaea CUSHMAN Et EDWARDS ; BROTZEN, Sver. Geol. Unders. C, 493,
Arsb. 42, 2, p. 64, pi. 6 , f. 9.

1958 Uvigerinella europaea (CUSHMAN & EDWARDS) ; HAYNES, Contr. Cushman Found. Foram.
Res.,9, 3, p. 74, pi. 16, f. 16.

non 1 966 Reussella europaea (CUSHMAN £t EDWARDS) ; HOFKER, Palaeontographica, Suppl. 10,p.
242, pi. 49, f. 58.

1968 Angulogerina europaea CUSHMAN Et EDWARDS ; POZARYSKA & SZCZECHURA, Palaeont.
Polon., 20, (1968), p. 48, pi. 1, f. 1-7.

Remarks : Only occasional small specim ens were found and the variation of the species in our material 
could therefore not be evaluated.

Occurrence :

1 ) "M ons w ell 1969" (55) : Scattered occurrences throughout the calcarenite sequence (OB 78 - 
OB 12).

2)O ther loca lities  : M echelen-aan-de-M aas w e ll (M M ) between 273 m and 290  m in the 
Calcarenite of M echelen-aan-de-M aas.

Known range :

Rare from  the Lower Paleocene (Danian) to the Upper Paleocene (Thanetian).

Angu logerina  sp. cf. A. cuneata  BROTZEN

cf. 1948 Angulogerina cuneata  BROTZEN, Sver. Geol. Unders. C, 42, 2, p. 64, pi. 6 . f. 10.
cf. 1965 Angulogerina cuneata BROTZEN ; POZARYSKA, Palaeont. Polon. 14, p. 99, pi. 1 5, f. 7 a-b.

Remarks : Our m aterial is given a cf. nota tion  because the few , small, a typical specim ens have b lunt 
edges w ith o u t keels.

Occurrence :

1) "M o ns  w e ll 1969" (68 ) : Rare specim ens from  OB 72.10  to OB 32.40 .

2) O ther loca lities  : none.

Known range :

Danian to  M ontian o f Poland ; rare in the Post-Danian Paleocene of Sweden.

Genus DISCORBIS  LAMARCK, 1 804 

Discorbis bundensis  VAN BELLEN 

PI. 14, f. 1, 2

1946 Discorbis bundensis  VAN BELLEN ; Meded. Geol. S tich t.'C , 5, 4, p. 47 , pi. 4, f. 19-24.
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Remarks : As our specim ens are generally s trong ly recrysta llized it was not possible  to observe the 
aperture and the um bilica l structure accurately. In some specim ens the  aperture was observed 
at the base of the final chamber, c lose to  the  um bilicus o r in the um b ilicus itself. The specific  
dete rm ina tion  of our material is m ainly based on the lim bate and strong ly  curved sutures o f the 
fina l w horl at the spiral side. HOFKER's figured specim ens (1 966  e, p. 258, pi. 54, f, 88 - 90) 
are much less conica l than the holotype and paratype, figured by VAN BELLEN. They probably 
belong to another taxon.

Occurrence :

1 ) "M o ns  w ell 1 96 9 " (92) : This species was found in the type section of the Calcaire de M ons 
and in some samples be low  it (56 .20  m to 12 m depth).

2) O ther loca lities  : The species has not been observed by us from  o ther loca lities  in Belgium. 

Known range :

VAN BELLEN described th is  species from the upper layers of the Bunde Kalk, a sediment which is 
a latera! equivalent of the Calcaire de Mons (Montian).

The fact that it has not been encountered in o ther Paleocene sedim ents o f Belgium, may 
result o f peculiar ecolog ica l cond itions  during deposition  o f both the Calcaire de M ons and the 
Bunde Kalk.

D iscorbis quadrata  (TERQUEM)

1882 Rosalina quadrata  TERQUEM, Mém. Soc. Géol. France, 1882, 3, 2, p. 98, pi. 10, f. 12.
1 949 Discorbis quadrata  (TERQUEM) ; Y. LE CALVEZ, Mém. Carte Géol. France, 1 949, p. 25, pi. 2, f.

21-23 .
1961 Discorbis quadrata  (TERQUEM) ; KAASSCHIETER, Verh. Kon. Belg. Inst. Nat. 147, p.

208, pi. 10, 17 a-c.
1 968 Discorbis quadrata  (TERQUEM) ; POZARYSKA & SZCZECHURA, Paleont. Polon. 20, p. 49,

pi. 2, f. 3.

Remarks : The strongly recrystallized specim ens are poorly preserved. Some o f them  are less flat, and 
the ir general shape is close to that o f Rosalina b ro tzen i HOFKER, 1961 and to  that o f the forms 
ascribed to the la tter taxon by POZARYSKA Et SZCZECHURA (1 968, p. 51, pi. 2, f. 1 ). The 
apertura! and um bilica l features could not be observed in our specimens.

Occurrence :

1) "M o ns  w e ll 1969" (93) : Ranging from OB 56 .2 0  to OB 24.

2) O ther loca lities  : Except fo r some dubious specim ens in the  Tuffeau de C iply (CA) the 
species has no t been observed.

Known range :

Paleocene to M idd le  Eocene. (Paris Basin)

Discorbis  ? lenae  n. sp.
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Pl. 1, f. 2 ; PI. 14, f. 3, 4, 5, 6

Holotype : ND 1 o f co llection  of the Faculté Polytechnique de Mons. Specimen figured pi. 1, f. 2.

Paratypoids : N° 2, 3 in the same co llection of Mons.

Type level : Calcarenite m em ber underlying the Calcaire de M ons in its type section. M idd le  to  Upper 
Danian.

Type loca lity  : "M o ns  w e ll 1 96 9 " (approxim ately 14 m south o f the classical G o ffin t Pit) at Obourg, 
sample OB 74, near Mons, Belgium.

Name : Named in honour o f Mrs. Lena M oorkens-Lepee w ho gave considerab le  help in the routine 
analysis of the material.

Deposition of specim ens : C ollection o f Geol. Inst., Faculté Polytechnique, Mons, Belgium.

D iagnosis : T rocho id  form  w ith  a strongly convex spiral side, w hich  show s a h igh ly raised spiral suture, 
concave cham ber w alls  and five cham bers in the last w horl ; periphery lobate.

Description : The calcareous test is s trongly trocho id , the high, convex spiral side is com p le te ly  evolute 
w ith  c learly lim bate sutures, the spiral suture strong ly  pro trud ing. There are approxim ate ly five 
chambers in the last w horl. The um bilica l side is nearly fla t, the um bilicus is vaguely 
depressed, the h igh ly  arched aperture lies close to the um bilicus. A t the spiral side the sutures 
are a lm ost radial ; the periphery w h ich  is bordered by a strong keel, is lobate the cham ber form  
at the spiral side is not e longate or crescent-shaped but has approxim ate ly the form  of a c irc le  
segment. The sutures at the um biliba l side are s ligh tly  depressed and probably radial. The w all 
is sm ooth.

Remarks : As the aperture is not a typ ical D iscorb is -aperture the generic dete rm ina tion  remains 
uncertain. This species has only 5 chambers in the last w horl, whereas D iscorb is bundensis  
VAN BELLEN has 7 to  10 chambers in the last w horl. The sutures are nearly radial in D. lenae, 
whereas they are strongly curved backward in D. bundensis. In the la tte r species the cham ber 
form  at the spiral side is crescent-shaped, whereas it is not crescent-shaped in D. lenae. The 
periphery is lobate in the new  species ; in D. bundensis  the periphery is not lobate at all.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (74) : This species was recovered from  nearly the w ho le  interval between 
the local M aastrichtian-Danian boundary (OB 74) and the top  of the Calcaire de M ons 
(12 m).

2) O ther loca lities  : This species has not yet been encountered in o the r loca litie s  in Belgium . 

Known range :

A t the m oment the species is known only from M iddle - Upper Danian and from the type section of 
the Calcaire de Mons in the 'M ons well 1969" (Montian).
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Measurements :

in : mm. Holotype Pa.atypoids
1 2

Max. diam. 0.23 0.25 0.24
min. diam. 0.20 0.20 0.21
thickness 0.16 0.15 0.13

Discorbis  ? renem arlie re i n. sp.

PI. 1, f. 3 ; PI. 15, f. 5. 6

Holotype : NT 4 of co llection o f the Faculté Polytechnique de Mons, Belgium. Specimen figured pi. 1, f. 3.

Paratypoids : Nc 5, 6 tn the same collection of Mons.

Type level : Calcaire de Mons in its type section (=  M ontian Stratotype), sample OB 32 .40  in the Obourg 
w ell.

Type loca lity  : "M o ns  w e ll 1969", 14 m south from  the classical Puits G offin t, Obourg, Belgium.

Name : Named in_ honour of Prof. Dr. R. MARLIERE, Geol. Institu te  Faculté Polytechnique, Mons, 
Belgium.

Deposition of specim ens : C ollection of Geol. Inst., Faculté Polytechnique, Mons, Belgium,

D iagnosis : A trochoid  form  w ith  peculiar ornam entation at the spiral side : each cham ber is ornam ented 
by a c ircu lar rib w h ich  surrounds a fie ld  w ith  coarse pores ; the "c ircu la r ribs" o f the d iffe ren t 
chambers do not touch each other.

D escription :

Calcareous test, trochosp ira l, rather conical, evolute at spiral side w ith  typ ica l ornam entation : 
each cham ber (at least those of the last w horl) show s a c ircu lar to  oval rib w h ich  fo llo w s  the 
sutures and the keel of that cham ber at the inner side and w hich  leaves a depressed central 
part of the cham ber w ith  few, but coarse pores. The ornam ents of the d iffe ren t chambers o f the 
last w horl do no t touch each o ther ; they are less clear in previous whorls.
The um bilica l side is flat, w ith  radial flush sutures. The aperture lies very close to the shallow  
umbulicus, at the base of the apertural face fo llo w in g  th is base to  half-way the radius of the 
um bilica l side. The fina! w horl counts approxim ately e igh t chambers. The periphery is only 
vaguely lobate, and bordered by a keel. E xce p tfo rth e  Ornamentation and the large pores at the 
spiral side, the wall is sm ooth.
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Measurements :

in : mm. Holotype Paratypoids
1 2

max. diam. 0.26 0.26 0.23
min. diam. 0.23 0.24 0.21
thickness 0.15 0.15 0.12

Remarks : The generic de te rm ination  is uncerta in as the aperture is not a typ ica l D iscorb is  aperture. This 
species d iffers fu rthe r from  o ther D iscorb is  species by its ornam entation o f the  spiral side.

Occurrence :

1) "M o ns  w e ll 1 96 9 " (100) : This species was only recovered from  4 6 .4 0  m - 32 m.

2) O ther loca lities  : The species has not been recognized e lsewhere in Belgium.

Known range :

From its range in the "M ons w ell 1 969 ', it seems tha t th is  species is restricted to the Upper 
Danian. However th is  restricted d is tribu tion  may be due to  ecology.

Genus ROTORBINELLA BANDY, 1944

Several species have here been assigned w ith  some doubt to Rotorbinella. It is thought that they 
all may belong to another genus not yet described. Characteristic for aII these forms is the central part of the 
umbilical side, filled  w ith  numerous knobs, and the place of the aperture near th is centre.

At the spiral side chambers are often inflated, hem ispherical, but forms w ith  fla tte r chambers 
occur as well. Earlier workers have assigned most of these species to Discorbis (e.g. Discorbis corrugata of 
VAN BELLEN, non CUSHMAN). Our material is too poorly preserved to describe a new genus.

It is thought tha t in addition to our Paleocene species given as Rotorbinella, also the M iddle 
Eocene Rosalina parisiensis  d'ORBIGNY (given as Rosalina by Y. LE CALVEZ, 1970 ; as Discorbis by 
KAASSCHIETER, 1961) belongs to th is group.

The genus d iffers from Discorbis  and from  Rosalina  described in LOEBLICH 8-TAPPAN, (1964) 
by the numerous knobs fillin g  the central part o f the um bilica l side.

Rotorbinella  m ontiana  POZARYSKA &  SZCZECHURA

PI. 1, f. 4 ; PI. 2. f. 1 ; PI. 5, f. 4, 5, 6 , 7

1946 Discorbis corrugata  (CUSHMAN & BERMUDEZ) ; VAN BELLEN, Meded. Geol. S ticht. C., 5, 4, 
p. 49, pi. 5, f. 7-13 (non Anom alina corrugata CUSHMAN & BERMUDEZ 1937, Contr. 
Cushman Lab. Foram. Res. 13, p. 27 ; pi. 2, f. 57-59).

? 1960 Boldia carinata  var. 1, DROOGER, Proceed. Kon. Ned. Akad. Wet. Ser., B, 6 3 ,4 , p. 454, pi. 1, 
f. 11 a-c.

1966 Rotorbinella corrugata (CUSHMAN & BERMUDEZ) ; HOFKER (non A  corrugata  CUSHMAN &
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BERMUDEZ) Palaeontographica Suppl. 10, p. 258, pi. 54, f. 85-87.
1968 Rotorbinella m ontiana  POZARYSKA & SZCZECHURA, Palaeont. Polon. 20, (1 968), p. 55, pi. 

6 , f. 5-6.

Remarks : In add ition  to  a large number o f typ ical form s a lm ost identica l w ith  the figured holotype, we 
recovered a num ber of specim ens w ith  the cham bers less in fla ted  at the spiral side (var. 1). 
In others the chambers are not g lobulous, but elevated as cones ; the  sum m it o f the "cones”  is 
generally broken o ff (var. 2). This feature is to be seen on ourfigu red  specim en, PI. 2, f. 1. These 
variants could no t be found in the literature.

Occurrence :

1 ) "M o ns  w ell 1 9 6 9 " (34 ,60  63) : The typica! form and both variants occur th roughou t the 
Paleocene calcarem tes of th is  well.

2) O ther loca lities  : This species was recovered from  the Tuffeau de C iply (CA) and from its 
lateral equivalent, the Calcarenite of Houthem  (M M , VR) w here only the typ ical form  was 
m et w ith  (in flated chambers at spiral side).

Known range : M iddle ? to Upper Danian, Montian.

This species has no t been found in M aastrichtian or o lder sedim ents. It was no t found e ithe rm  
the low er part o f the type section of the Tuffeau de Ciply, or in sedim ents younger than the top 
o f the Calcaire de M ons m OB.
The fact tha t th is  species is already found from 80 m upwards in the "M o n s  w e ll 19 6 9 " (i. e., 
from  the local M aastrich tian - Danian boundary onward) toge ther w ith  "p r im itiv e " G. 
daubjergensis  popula tions of M idd le  (?) Daman Age, ind icates that th is  species cannot be 
considered a stratigraphie "gu ide foss il" for the "M o n tia n " but as has been claimed by 
POZARYSKA & SZCZECHURA (1968) it is a good paleoeco log ical ind icator. IN D AN S(196b, p. 
13) cites th is  species as Discorbis corrugata  from  the Paleocene of the  Krefeld region 
(N iederrhein ische Bucht) toge ther w ith  the characteristic Rotalia  species of the Calcaire de 
Mons (Montian)

R otorbinella  sp. cf. R. m arie i (VAN BELLEN)

cf. 1946 Parrella m ariei VAN BELLEN, Meded. Geol. S ticht. C., 5, 4, p. 70. pi. 10, f. 1-6.
cf. 1 957 Rotorbinella m ariei (VAN BELLEN) ; HOFKER, Natuurhist. Maandbl. 46, 9-1 0, p. 1 23, text. - f.

2 (not text - f, 1 ),
cf. 1964 Pozaryskaia m arie i (VAN BELLEN), MARIE, Mém. B.R.G.M., 28, 2, p. 1098, pi. 2, f. 5 a-c 

(genus name is nomen nudum). 
cf. 1966 Rotorbinella m arie i (VAN BELLEN) ; HOFKER. Palaeontographica Suppl., 10, p. 257, pi. 54, f. 

91-93.
cf. 1968 Rotorbinella m arie i (VAN BELLEN) ; POZARYSKA & SZCZECHURA, Palaeont. Polon. 20, 

(1968), p. 54, pi. 4, f. 1-3, pi. 17, f. 1-4.

Remarks : This species possib ly is another variant of R. m ontiana. The m ajority o f our specim ens d iffe r 
from  the described and figured ones by the absence of knobs or spines, and of limba te sutures 
on the spiral side. Only some of our specim ens show  these features clearly, whereas the 
numerous o ther specim ens have a nearly sm ooth side. The sm ooth surface, may be due to 
corrosion ; th is would explain why the spiral side is rough and badly preserved. However, the 
characteristic knobs in the central part of the um bilica l side, are present and they fill the central
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part o f the um bilica l side w h ich  ind icates tha t there is more a ffin ity  w ith  P. m a rie i than w ith  
o ther R otorbinella  species. This feature was figured fo r holotype and paratype by VAN BELLEN 
(1946) and it was also p ictured by MARIE (1964) fo r his hypotype of the  Bunde Kalk.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (70) : The range of R. sp. cf. R. m a rie i covers the interval o f the Calcaire de 
M ons and a large part of the  underlying Tertiary sedim ents ; the low est occurrence in the 
'M ons w ell 1969" is at 72 .10  m.

2) O ther loca lities  : The species had not been recovered from  o ther loca lities  studied in 
Belgium  before, except fo r samples of the Calcaire de M ons in the neighbourhood of 
0 bourg (COP).

Known range : M iddle ? to Upper Danian, Montian.

This species is only known from  the Low erTertia ry  calcarem tes of the "M o ns  w e ll 1 9 6 9 " and 
the Bunde Kalk in the SE Netherlands.

Rotorbinella  pap illa ta  POZARYSKA & SZCZECHURA

PI. 5, f. 3

1968 R otorb inella  p ap illa ta  POZARYSKA & SZCZECHURA ; Paiaeont. Polon., 20, (1968), p. 56, 
pi. 6, f. 11.

Remarks : This species shows great a ffin ity  w ith  R otorb inella  m ontiana  POZARYSKA &  SZCZECHURA, 
from  w hich  it d iffers only in the rough, p itted  surface. Perhaps it is only an ecolog ica l variety of 
tha t species.

Occurrence :

1) "M o ns  w ell 1969 ' (130) : Found only in one sample (13.90) of the Calcaire de Mons.

2) O ther loca lities : Some rare specim ens were recovered from the upper part of the 
Caicarense of Houthem (VR).

Known range : Upper Danian to Montian.

The species had been recognized by POZARYSKA & SZCZECHURA from  the Calcaire de M ons 
and from the Bunde Kalk (Montian). As we recovered some specimens from the Calcarenite of 
Houthem  (VR) w h ich  is of Danian Age, it seems that th is  species cannot be used as a guide- 
fossiI to d is tingu ish  sedim ents of Post-Daman Age from  Danian deposits, as had been c la im ed 
by POZARYSKA Et SZCZECHURA (1968).

R otorbinella  pozaryskae  n. sp.

PI. 2. f. 2

Holotype : N° 7 of co llection Faculté Polytechnique de Mons.
Specimen figured PI. 2, f. 2.

Paratypoids : N° 8 , 9 of same collection.
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Type stratum  : Lower part o f the Lower te rtia ry  calcarem te sequence in the "M o ns  w e ll 1 9 69 ", sample 
OB 64.20.

Type level : Danian, probably M idd le  Danian.

Type loca lity  : "M o ns  w ell 1 9 6 9 " at Obourg, approxim ately 14 m south o f the classical Puits Goffm t, near 
Mons, Belgium.

D iagnosis : A planoconvex R otorbinella  species w ith  some six chambers in the last w horl, a lobate 
periphery, cham bers s ligh tly  in fla ted at the spiral side.

Description : Test p lanoconvex, occasionally som ewhat concave at the um bilica l side ; six chambers in 
the last whorl. At the umbilical side the sutures s ligh tly  depressed, especially those between 
the last chambers.
The chambers at the spiral side are sm ooth, s ligh tly  infla ted, but less so than in typ ical forms of 
R m ontiana. The periphery is keeled and lobate, m ainly in the last chambers ; the aperture is a 
s lit at the um b ilica l side at the base of tha final chamber, not extending to  the periphery. 
The w all is probably sm ooth, but recrystalhceti.

M easurem ents .

in : mm. Holotype Paratypoids
1 2

max. diam. 0.45 0.43 0.34
min. diam. 0.35 0.33 0.28
thickness 0.20 0.18 0.15

Remarks : The chambers increase more rapid ly in size in the last convo lu tion  than in R. m ontiana  ; a 
fu rther d is tin c tion  w ith  th is species is possib le  by the lobate periphery in R. pozaryskae.

Name : The name has been given in honour of Professor Dr. Krystyna POZARYSKA, Warszawa.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (43) : Only present in the low er part of the calcarem te sequence ; OB 79 
to  OB 64 .2 0  and a sing le  specim en in OB 40.

2) O ther loca lities  : This species occurs already in the deeper samples of the Tuffeau de Ciply, 
where it is the only R otorbinella  species recovered ; in the h igher samples it is replaced by R. 
m ontiana  w itho u t lobate periphery and w ith  more in fla ted chambers.

Known range :

M idd le  Danian in to  part of the Upper Danian, not extending in to  tue Calcaire de M ons 
(M ontian).

Genus cr'ibTO M IN ELLA  HUSEZiM A & MARUHASI, 1944

Epistom ine lla  sp. cf. E. Iim burgensis  (VISSER)
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PI. 15. f. 3, 4

cf. 1951 Pseudoparrella lim burgensis  VISSER ; Leidse Geol. Meded. 16, p. 278. pi. 7, f. 10.
cf. 1961 Pseudoparrella lim burgensis  VISSER ; HOFKER, Foraminifera from the Cretaceous ...

LIII.Natuurhist. Maandbl. 50, p. 67, text - f. 9-10. 
cf. 1 965 Pseudoparrella limburgensis  VISSER ; POZARYSKA, Palaeont. Polon. 14, (1 965), p. 113, pi. 

1 6 , f. a-c.
pars 1966 Pseudoparrella lim burgensis  VISSER ; HOFKER, Palaeontographica, Suppl. 10, p. 231, pi.

46. f. 143, 144 ; p. 245, pi. 47. f. 18. 
non 1 966 Pseudoparrella limburgensis  VISSER ; HOFKER, Palaeontographica, Suppl. 10, p. 95, pi. 16,

f. 46 ; p. 141, pi. 20, f. 36 ; p. 169, pi. 29, f. 66 ; p. 187. pi. 34, f. 109.
1968 Epistom inella  cf. lim burgensis  (VISSER) ; POZARYSKA 8- SZCZECHURA, Palaeont. Polon., 

20, (1 968), p. 50, text - f. 11, 1-5.

Remarks : Our abundant material has only tenta tive ly  been determ ined as £. lim burgens is , because it is 
d ifficu lt to judge from VISSER's ( 1951 ) figures w he ther our specim ens resemble the holotype 
of the species. Our specim ens w ou ld  d iffe r from the p ictured specim ens of HOFKER (1 961 ) 
and from  part of the specim ens figured in his 1966  e paper, in the um bilicus, w h ich  is closed 
and w itho u t a plug. Our specim ens resemble POZARYSKA & SZCZECHURA's schem atica lly 
p ictured forms (1 968, text-fig . 11, 1-5) better ; from  POZARYSKA s (1 965) figured specim en 
they d iffe r in the ir s tronger keel, that borders the entire periphery.
It is possib le that the Paleocene form s p ictured by POZARYSKA 8 SZCZECHURA (1 968) and 
our specim ens w h ich  are a lm ost identica l, be long to  a new Species.
As we did not see the types se lected by VISSER for Pseudoparrella lim burgens is  and P. 
m eeterenae, w h ich  according to her figures show  some a ffin ity  w itb o u r  m aterial, we prefer to 
leave these specim ens provis iona lly  in open nom enclature.

Occurrence :

1) "M o ns  w e ll 1 96 9" (31) : The range covers the w ho le  interval betw een the local 
M aastrich tian-Danian boundary and the top of the Calcaire de Mons.

2) Other loca lities : The species was observed in the Tuffeau de C iply (CA). It also occurs in NE 
Belgium and the SE Netherlands in the Calcaremte of Houthem  (M idd le  to Upper Danian) ; 
it is not sure w hether the specimen figured by VAN BELLEN ( 1 946) as Eponides m in im us  
(CUSHMAN) belongs to E cf. lim burgensis  as cla im ed by POZARYSKA 8  SZCZECHURA 
(1968, p. 50), as the aperture is not said to be loop-shaped.

Known range :

As we do not know  w hether our material is identica l w ith  the M aastrichtian species described 
by VISSER, it is not sure that the range of th is  form  starts in the Upper M aastrich tian, or 
w hether it is restricted to the Tertiary. This form is present in the Danian of Denmark and 
Belgium, the Tuffeau de Ciply (CA) and the Calcaremte of Houthem  (in the quarry Curfs, CU) 
according to hofker (1961, 1966 e). It has now been found in fhe type Montian.
Accord ing  to POZARYSKA & SZCZECHURA it even ranges h igher up in the Paleocene 
(Thanetian).

Genus ROSALINA  d'ORBIGNY, 1826
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Rosalina se landiana  POZARYSKA & SZCZECHURA

1968 Rosalina se land iana  POZARYSKA 8  SZCZECHURA, Palaeont. Polon. 20, p. 52, pi. 2, f. 4.

Remarks : Our specim ens are generally more evolute than the holotype, and the chambers are generally 
less e longate at the spiral side.

Occurrence :

1) "M o ns  w ell 1 9 6 9 " (96) : Some rare specim ens in the m iddle part o f the Obourg calcarem te 
sequence (OB 4 8 .1 0  to 46.40).

2) O ther loca lities  : W e did not recover the species from  any o ther loca lity, but HOFKER 
(1966  e) recovered it in the Curfs quarry (CU) in his Zone P.

Known range :

POZARYSKA & SZCZECHURA (1968) m ention a range from  the M ontian  o f Poland to  the 
Thanetian in W  Europe. If HOFKER's (1 966  e) N eoconorbina (Rosalina) paris iensis  is included 
in the species, as suggested by the Polish authors, its range w ou ld  also cover the Daman.

Rosalina elegans HANSEN 
1970 Rosalina elegans HANSEN, Meded. Grpnl. 193,2. p. 77, pi. 8 , f. 9-11, pi. 20, f. 1-6.

Remarks : In add ition  to specim ens resem bling the holotype some more in fla ted form s and some w ith  a 
more rounded periphery were found.

Occurrence :

1 ) "M o ns  w e ll 1 96 9 " (80) : This species ranges from  OB 63.80  to OB 36 .10  (Upper Danian).

2) Other loca lities  : Some dubious, poorly preserved specim ens in the Tuffeau de Ciply (CA).

Known range :

Upper Danian of W est Greenland and of Belgium.

Genus SIPHONINA REUSS, 1850 

Siphonina prim a  PLUMMER 

PI. 6 , f. 1

1926 Siphonina prim a  PLUMMER, Texas Univ. Bull. 2644, p. 148, pi. 12, f. 4.
1948 Pulsiphonina elegans BROTZEN, Sver. Geol. Unders., 42, 2, p. 107, pi. 1 7, f. 5 a-c.
1951 Siphonina prim a  PLUMMER ; CUSHMAN, Geol. Surv. Prof. Pap. 232, p. 55, pi. 15, f. 7-9.
1 956 Pulsiphonina prim a  (PLUMMER) ; HAYNES, Contr. Cushman Found. Foram. res. 7, 3, p. 96,

pi. 17, f. 9.
1 960 Siphonina prim a  PLUMMER ; DROOGER, Proceed. Kon. Ned. Akad. W et. B, 63, 4, p. 452, pi.

pi. 1, f. 4.
1961 Siphonina prim a  PLUMMER ; KAASSCHIETER, Verh. Kon. Belg. Inst. Nat., 147, p. 230, pi.

15, f. 2 .
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1965 Siphonina prim a  PLUMMER ; POZARYSKA, Palaeont. Polon. 14, (1965), p. 111, pi. 1 6 , f. 3,
6 .

1 966 Siphonina prim a  PLUMMER ; HOFKER, Palaeontographica. Suppl. 10, p. 209, pi. 40, f. 71 ; p,
230, pi. 42, f. 77-78 ; p. 314 aiso pi. 83, f. 207-208.

Occurrence :

1 ) "M ons w ell 1969" (40) : The species has only been recovered from  the basal samples (OB 79) 
and OB 76) of the Lower Tertiary calcarenites, but its absence in h igher layers is probably 
due to unfavourable ecolog ica l circum stances. It was also only recovered from  the low er 
samples of the LowerTertiary calcarenites in the EM w ell (POZARYSKA, 1 965). The species is 
probably linked to deeper neritic conditions as it was not recovered from litto ra l deposits like 
the Calcaire de Mons and the Bunde Kalk (VAN BELLEN, 1946).

2) O ther loca lities  : Craie phosphatée de C iply (CA) ; Lower M aastrich tian deposits of the Ghlin 
w ell at 61,5 m depth ; Tuffeau de Ciply (CA, CB, ML 5, uppermost sample, LI upper samples) ; 
Calcarenite of Houtem (VR) ; Heers Formation, Sands of Orp (ORP) ; Tuffeau de Chercq (LC) ; 
Lower Landen Formation (WA) ; Formation o f the Paternostre w ell (LA) ; Mechelen-aan-de- 
Maas, well (MM 289,5-219) covering Calcarenite of Mechelen-aan-de-Maas, Heers Formation 
and Lower Landen Formation.

Known range :

Rare in the M aastrich tian ; frequent in the w ho le  Paleocene and Lower Eocene. S im ila r form s 
occur in the M idd le  Eocene of Belgium  and the Paris basin.

Genus EPISTOMARIA  GALLOWAY, 1 933 

Epistom aria bondensis  (VAN BELLEN)

PI. 6 , f. 2
1946 C eratobulim ina bundensis  VAN BELLEN, Meded. Geol. S tich t. C. 5, 4, p. 68 , pi. 9, f. 13-18.
1966 Epistom aria bundensis  (VAN BELLEN) ; HOFKER, Palaeontographica, Suppl. 10, p. 261,

pi. 53, f. 7 4 -76  ; pi. 54, f. 77-79 .

Remarks : This Epistomaria  species somewhat resembles the Eocene Epistomaria rimosa  (PARKER 8 
JONES, 1 865) (= Epistomaria sem im arginata  (d'ORBIGNY, 1 882) ). However, tests a reh ighe ra t 
the umbilical side, and they are th icker in E. bundensis.

Occurrence :

1 ) "M ons w ell 1 9 69 " (95) : Rare specimens between OB 30 and OB 38.20  ; a single specimen 
recovered in OB 48.10  is possibly due to caving as it is ye llow  in w hite  to gray sediment.

2) Other localities : We did not recover the species from other localities, but HOFKER (1 966 e) 
recorded it in his Zone R from the Bunde Limestone in seveial Bunde w ells  and also in the 
Geleen mineshaft. VAN BELLEN had observed it in the higher part of the Bunde Limestone in 
tw o Bunde wells.

Known range :

Upper Danian to Montian.
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Genus SPIRILLINA EHRENBERG, 1843 

Spirillina striatogranulosa  TERQUEM

PI. 6 , f. 4
1882 S p irillina  striato-granu/osa  TERQUEM . Mém. Soc. Géol. France, 3, 2, p. 33, pi. 1, f. 30.
1882 Sp irillina  nod ifera  TERQUEM ; Mém. Soc. Géol. France, 3, 2, p. 33, pi. 1, f. 32 a-b.
1909 Sp irillina  selseyensis  HERON-ALLEN 8  EARLAND ; Journ. Roy. M icr. Soc., pi. 18, f. 6-7.
1948 Sp irillina  nod ifera  TERQUEM ; BROTZEN, Sver. Geol Unders. C, 42, 2, p. 67, pi. 10, f. 12.
1 949  Sp irillina  stria to-granulosa  TERQUEM ; Y. LE CALVEZ, Mém. Carte Géol. France, Révision des

Foram. Lutétiens II, p. 11, pi. 1, f. 3-4.
1951 S p irillina  selseyensis  HERON-ALLEN 8  EARLAND ; CUSHMAN, Geol. Surv. Prof. Pap. 232,

p. 47 , pi. 13, f. 13, 14.
1968 S p irillina  cf. nodifera  TERQUEM ; POZARYSKA 8  SZCZECHURA, Palaeont. Polon. 20, p. 58,

pi. 3, f. 1-3.
1970 Spirillina  striatogranulosa  TERQUEM ; HANSEN, Meddel. Grpnl. 193, 2, p. 81, pi. 19, f. 5-6.

Remarks :

The synonymy of S. stria togranu losa  TERQUEM, S. nod ifera  TERQUEM and S. selseyensis 
HERON-ALLEN 8  EARLAND has been discussed by Y. LE CALVEZ (1 949). W ith  the exception 
of the figured specim en of OB 1 6 4  0  the state of preservation o f our material is poor and the 
ornam entation is in m ost cases obscure.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (45) : Scattered specim ens from  nearly the entire calcarenite sequence 
between OB 79 and OB 16.10.

2) Other localities : Some dubious recrystallized specimens in the Tuffeau de Ciply (CA).

Known range :

This cosm opolitan species ranges from  at least the Upper Daman to the M iddle  Eocene.

Genus PATELLINA W ILLIAM SON, 1858 

Patellina paleocen ica  (HOFKER)

PI. 15, f. 1, 2

1948 Pate llina  sp. ; BROTZEN, Sver. Geol. Unders. C, 193, Arsb. 42, 2. p. 71, pi. 9, f. 6 .
1962 D iscoboliv ina  paleocen ica  HOFKER ; Foraminifera of the Cretaceous .... LVII, Natuurh.

Maandbl. 51, 1, p. 11 , f. 9 a-c.
1966 D iscoboliv ina pa leocenica  HOFKER ; HOFKER, Palaeontographica Suppl. 10, p. 224, pi. 45,

f. 134.
1968 Pate llina  sp. ; POZARYSKA 8  SZCZECHURA. Palaeont. Polon., 20  (1968), p. 57, pi. 3,

f. 4, 5.

Remarks : LOEBLICH 8  TAPPAN (1964, p. c. 603) consider the genus D iscoboliv ina  HOFKER to be a 
jun io r synonym o f the genus Pate llina  W ILLIAM SON. In the few  specim ens recovered from  the
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"M o ns  w ell 1969", the in itia l part o f the hyaline transparent tes t consists of the spherical 
pro locu lus and an em bracing second cham ber w h ich  fo llo w s  the outside o f the prol oculus over 
approxim ately half Its circum ference.
This feature is typ ical fo r the genus Pate llina, whereas HOFKER's genus D iscoboliv ina  was 
described fo r species w itho u t such an em bracing second chamber. A ll the o ther features of 
th is specimen, however, po in t to  HOFKER s (1962) species D iscoboliv ina  paleocenica.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (113) : S ingle specim ens from  38 .2 0  to 1 6 .10  m depth.

2) O ther loca lities  : We did not recover th is  species from  o ther Belgian or Dutch loca lities. 

Known range :

Rare in the Swedish and the North Am erican M idd le  to  Upper Paleocene (=  younger than 
Danian). Rare in the Polish M idd le  Paleocene ("M on tian ") according to  the specim en of 
Pate llina  sp. figured by POZARYSKA & SZCZECHURA.

Genus ROTALIA LAMARCK, 1840

Only external features have been considered in our analysis of the R otalia-Pararota lia  group, 
the state of preservation of our m aterial being too poor to analyse the specim ens in th in  sections. For the 
external features we used as much as possib le  the te rm ino logy summarized by PARVATI (1971).

Rotalia  sp. cf. R. troch id ifo rm is  (LAMARCK)

PI. 7, f. 1 ; PI. 16, f. 1 ,2

cf. 1804 Rotalites troch id iform is  LAMARCK, Ann. Mus. 5, p. 184.
cf. 1806 Rotalites troch id iform is  LAMARCK ; LAMARCK, Ibid. 8 , pi. 14, f. 8 , a-b.

1946 Rotalia troch id ifo rm is  (LAMARCK) ; VAN BELLEN, Meded. Geol. Sticht. C, 5, 4, p. 82, pi. 9,
f. 4-9.

? 1951 Eponides hem isphaericus  (REUSS) ; A.M. VISSER, Leidse Geol. Meded. 16, p. 273, pi. 6, 
f. 1 a-c.

1955 Rotalia troch id iform is  (LAMARCK) ; HOFKER. Foram. of the Cretaceous ... XI, Natuurhist.
Maandbl. 44, (11-12) pp. 119-120, text - f. a-c. 

cf. 1963 Rotalia troch id ifo rm is  (LAMARCK) ; VAN HINTE, Jb. Geol. Bundesanst. Sond. 8 , p. 122, pi. 
20 , f. 1 a-b.

1966 Rotalia troch id iform is  (LAMARCK), HOFKER, Palaeontographica, Suppl. 10,pp. 170, 190,
199, 262, 292, pi. 28, f. 42 a-c ; pi. 34, f. 96 a-b ; pi. 35, f. 20 ; pi. 42, f. 71 , pi. 47, f. 19 ; pi. 55, 
f. 98-100.

? 1968 Rotalia troch id ifo rm is  (LAMARCK) ; POZARYSKA & SZCZECHURA, Palaeont. Polon. 20, 
(1968), p. 62, pi. 5, f. 10 a-b.

1968 Rotalia troch id ifo rm is  (LAMARCK) ; POZARYSKA & SZCZECHURA, Palaeont. Polon. 20,
(1968), p. 62, pi. 17, f. 5-8.

Remarks :

W e compared our material w ith  a few  topotype specim ens o f R. troch id ifo rm is  from  the 
Lutetian at G rignon in the Paris basin. It seems that our specim ens are probably fla tte r than 
those from Grignon. However, a large variation occurs fo r th is  feature in the popula tions of the
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Calcaire de M ons (in OB, LA).
It seems tha t the specim ens of the Calcaremte of Houthem  (in VR, MM) are som ewhat fla tte r 
than those of the Bunde Kalk (co llec tion  VAN BELLEN, Utrecht).
Our m ateria l has not been analysed fo r the internal structures and fo r the structure of w alls  and 
septa.
In the Belgian Paleocene specim ens, the feathered grooves o f the sutures persist to the 
v ic in ity  o f the centre, whereas in the M idd le  Eocene specimens, the sutural grooves o ccuron ly  
near the periphery, and the central area is filled  w ith  an am ount o f irregular plugs, in w h ich  the 
pattern of the sutures cannot be d iscerned anymore. Again, th is  may be due to  environm ent or 
age of the  respective individuals.

Occurrence :

1) "M o ns  w e ll 1 96 9 " (19) : The range of th is  species covers the w ho le  interval from  the 
M aastrichtian-Dam an boundary (80 m) to the top o f the Calcaire de M ons (12 m).

2) O ther loca lities  : (CA) Tuffeau de C iply (M idd le  to Upper Danian), frequent, (LA) Calcaire de 
Mons, frequent, (VR, MM) Calcaremte o f Houthem (M idd le  to Upper Danian) frequent, 
(MM ) Tuffaceous Chalk of M aastrich t (Upper M aastrichtian) (be low  3 20  m in th is  well) rare.

Known range :

R. cf. troch id ifo rm is  is rare in the Upper M aastrichtian (Tuffaceous Chalk of M aastrich t in the 
type-loca lity  of the stage) accord ing to  VISSER (who recorded the species as Eponides 
hem isphaericus), becom ing more frequent in the upper part (Me, Md) according to HOFKER 
(1966  e). HOFKER (1966  e) claim s tha t th is  species appears in the Santoman of France.
In the Paleocene o f Belgium and SE Netherlands, it is no t known to occur h igher than the top of 
the Calcaire de M ons and its equ iva lent the Bunde Kalk , it is not known from  the Belgian 
Heersian or Landeman deposits, but th is  may be due to ecolog ica l cond itions, as the species is 
know n to reappear in the northern regions during M idd le  Eocene tim es (Paris basin).

Rotalia bundensis  VAN BELLEN

PI. 1 6 , f. 3, 4

1946 Rotalia bundensis VAN BELLEN ; Meded. Geol. S ticht. C, 5, 4, p. 61, pi. 8 , f. 1-4. 
non 1966 Gavelinopsis bundensis (VAN BELLEN) ; HOFKER, Palaeontographica, Suppl. 10, p. 259, 

pi. 56, f. 112, 119 ; pi. 57, f. 133.

Remarks : VAN BELLEN figured a clearly conical form  ; in our material, however, m ost specim ens are 
len ticu la r and nearly biconvex. The spiral side is generally s ligh tly  more convex than the 
umbilical side ; when studying the specimens more accurately one observes the pillars or fissured 
plug at the um bilical side.

The aperture could not be detected w ith  ce rta in ty  in our material due to recrysta llization. 
Probably the intercam eral foram en extends along the base o f the apertural face from 
approxim ately halfway the radius tow ards the periphery or even s ligh tly  over the periphery, 
thus reaching the outer margin of the spiral side.

Rotalia septife ra  (TERQUEM) o f the M iddle  Eocene of the Paris basin resembles Rotalia  
bundensis  qu ite  w ell. This possible  descendant d iffers from  the la tte r species by the series of



protruding knobs along the sutures of the spiral side. The fissured um bilica l plug, clearly to be 
seen in several of our specimens, po in t to  Rotalia  and a ffilia ted  genera, and not to Gavelinopsis 
as it was cla im ed by HOFKER. The specim ens he figured probably do not belong to R. 
bundensis.

Occurrence :

1) "M o ns  w e ll 1 96 9 " (79) : The range o f th is  species covers a large part of the Tertiary 
ca lcaren ite  up to the top  o f the Calcaire de M ons (from OB 4 8 .3 0  to OB 12), Zone B and C.

2) O ther loca lities  : This, speeies has not ye t been recovered from  o ther loca lities  in Belgium, 
a lthough it is present in the lateral equ iva lent o f the Calcaire de M ons in the Bunde wells.

Known range :

Based on the occurrences in the "M ons w ell 1969” and in the Bunde wells, the range of th is 
species is restricted to Upper Danian and Montian,
This restricted occurrence may be due to ecological conditions.

Rotalia m arg in ita  d ’ORBlGNY.

PI. 2, f. 3 ; pi. 7, f. 2, 3

1826 Rotalia m arginata  d'ORBIGNY ; Ann. Sei. Nat., p. 106- (272). N° 9.
1946 Rotalia marginata  d'ORBIGNY ; VAN BELLEN, Meded. Geol. Sticht. C., 5, 4, p. 63, pi. 8 ,

f. 11-13.
? 1 946 D iscorbispseudodiscoideus  VAN BELLEN ; Meded. Geol. Sticht. C., 5 ,4 , p. 53, pi. 6 , f. 10-1 5.
? 1 966 Discorbis pseudodiscoideus  VAN BELLEN ; HOFKER, Palaeontographica, Suppl. 10, p. 244,

pi. 47, f. 1 7 a-c, pi. 55. f. 95, 96 (cited as Gavelinopsis pseudodiscoideus in legend of plates). 
1968 Rotalia marginata  d'ORBIGNY ; POZARYSKA & SZCZECHURA, Palaeont. Polon. 20  (1 968), 

p. 60, pi. 5, f. 2, 5-9 ; pi. 18, f. 1-4.

Remarks : A lthough the state of preservation of the specim ens in the co llec tion  VAN BELLEN (Geol. Inst.
Utrecht) is bad, we th ink  tha t D. pseudodisco ideus  VAN BELLEN is conspec ific  w ith  R. 
m arginata . This seems also to be the case fo r HOFKER's (1966 e) specim ens recorded as 
Discorbis pseudodisco ideus  or Gavelinopsis pseudodisco ideus.

Occurrence :

1) "M ons w ell 1969 ” (38) : The range of th is species covers the whole interval between the 
M aastrichtian-Danian boundary (80 m) and the top of the Calcaire de Mons (12 m).
This species is especially frequent in the higher part of the section, Variants w ith  a protruding 
um bilical plug (PI. 2, f. 3) have been recorded separately (65).

2) Other localities : Rare in the Tuffeau de Ciply (CA) and its lateral equivalent the Calcarenite of 
Houthem (VR),
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Known range :

Rare in the Upper Daman ; it has not been found h igher than the top  of the Calcaire de Mons. 
To our know ledge, it has not been recorded from  M aastrich tian or o lder strata in Belgium  and 
the SË Netherlands. The specim en figured by d'ORBIGNY was probably recovered from  
Eocene deposits of the Paris basin.

Genus PARAROTALIA Y. LE CALVEZ, 1949

N.B. : See remarks on the  genus Rotalia  LAMARCK

Pararotalia saxorum  (d'ORBIGNY)

PI. 7, f. 5

1826  Rotalia saxorum  d'ORBIGNY ; Ann. Sei. Nat. p. 106 (272). (nomen nudum ).
1850  Rotalia saxorum  d'ORBIGNY ; A, ORBIGNY, Prodrome de Paléont ... p. 407 , f. 5.
1882 Rotalia perovalis  TERQUEM ; Mém. Soc. Géol. France, Ser. 3, 2, p. 70, pi. 6 , f. 5.
1946 Rotalia saxorum  d'ORBIGNY ; VAN BELLEN, Meded. Geol. S tich t. C., 5, (4), p. 64, pi. 8 , f, 1 7-

19.
1952 Rotalia perova lis  (TERQUEM); Y. LE CALVEZ, Mém. expl. Carte Géol. France, (1952), p. 49, 

pi. 4, f. 47, 48.
1 966 Rotalia saxorum  d'ORBIGNY ; HOFKER, Palaeontographica, Suppl,, 10, p. 263, pi. 55, f. 94,

p. 246 , pi. 47, f. 20  a-c.
1966 Rotalia perova lis  d'ORBIGNY ; HOFKER, Palaeontographica, Suppl., 10, p. 263, pi. 55, f. 97.
1 968 Rotalia saxorum  d'ORBIGNY .POZARYSKA & SZCZECHURA, Palaeont. Polon,, 20, (1 968),

p. 61 , pi. 5, f. 1, 3, 4 ; p|. 18, f. 5-9.

Remarks : Small specimens, considered to  be juvenile  form s, were found abundantly in all samples, in 
w hich  larger P. saxorum  specim ens were recovered too.
The Paleocene forms recorded as P. perovalis  are considered to be equally juvenile specimens 
of th is  species. Some D iscorbis  species figured by VAN BELLEN such as Discorbis d iscoides  
(d'ORBIGNY) may also be conspecific  w ith  P. saxorum , but the bad state o f preservation of his 
material prevents th is  sta tem ent to  be ascertained. Possibly oursm a ll specim ens had be tte rbe  
referred to Rotalia hensoni SMOUT. That species could also be synonymous w ith  P. saxorum

Occurrence :

1) "M o ns  w e ll 1 96 9 " (21) : The range o f P. saxorum  covers the w ho le  interval from  the 
M aastrichtian - Danian boundary (80 m) to the top o f the Calcaire de Mons (12 m).

2) O ther loca lities  : (CA) Tuffeau de C iply (Upper to  M iddle  Danian) ; fu rtherm ore in the Craie de 
Spiennes and the Craie phosphatée de Ciply (M aastrichtian). (M M , VR) Calcarenite of 
Houthem (M idd le  to  Upper Danian), (LA) Calcaire de Mons.

Known range ;

In contrast w ith  HOFKER's statem ent, P. saxorum  occurs, though rarely, in M aastrich tian 
sed im ents ; we observed some specim ens in the U pperm ost Cretaceous (M aastrichtian) of 
the Kallo w e ll ; fu rtherm ore, it was observed in the Craie phosphatée de Ciply and in the Craie 
de Spiennes (both sampled in CA). The fact that it was not recovered from  the type 
M aastrich tian may probably be expla ined by ecolog ica l cond itions.
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The species is com m on in (Upper) Danian sedim ents o f our region and its h ighest occurrence 
in Belgium  is at the top  of the Calcaire de M ons and its lateral equivalent, the Bunde Kalk. 
The species was no t found in Belgian Eocene sedim ents by KAASSCHIETER (1961) but it 
occurs in the Eocene o f the Pans basin, recorded as R. perova lis  (TERQUEM) (cf. Y. LE CALVEZ, 
1952), a species though t to  be conspecific  w ith  P. saxorum .

Pararotalia g od friaux i n. sp.

PI. 2, f. 4  ; PI. 3, f. 1 ; PI. 7, f. 4

Holotype : N° 10 of co llection of the Faculté Polytechnique de Mons, Belgium, specimen figured PI. 2, f. 4.

Paratypoids : N° 11, 12 in the same co llection  of Mons, PI. 3, f, 1,

Type level : Calcaire de M ons in its type section (=  M ontian  stratotype), sample OB 1 3 .90  in the M ons 
w e ll 1969.

Type loca lity  : "M o ns  w e ll 1 969  ', approxim ately 14 m south of the classical P u itsG o ffin t at Obourg, near 
Mons, Belgium,

Name : Named in honour o f Dr. Y. GODFRIAUX, Géol. Institu te, Faculté Polytechnique, Mons, Belgium.

Deposition of specimens : Collection o f Geol. Inst., Faculté Polytechnique, Mons, Belgium.

Diagnosis : A th ick biconvex Pararotalia  species w ith  broadly rounded, not lobate periphery, a fissured plug 
surrounded by a deep spiral fissure, sutures fissured at the umbilical side as far as the periphery ; 
aperture a basal s lit at the periphery extending to the umbilical side.

Description : Test a lm ost equally b iconvex, th ickness approxim ate ly half the maximal d iam eter. A 
fissured plug fills  the um bilicus and it  is surrounded by a deep spiral depression ; sutures are 
en tire ly  fissured to  the periphery, w ith  a s ligh t fish-bone pattern along the sutures between the 
o lder chambers. The w a ll is generally covered w ith  pustules or beads over the w ho le  surface. 
At the spiral side the evolute sutures are fissured only close to  the periphery, the cham bers are 
e ithe rcovered  w ith  small beads, o rsm oo th  w ith  coarse pores; the e a rlie rw h o rlsa re  n o tc lea rly  
v isib le.
The periphery is rounded, not lobate. The aperture is probably a s lit at the base of the apeitural 
face from  the periphery extending in um bilica l d irection.

M easurem ents :

in : mm. Holotype Paratypoids
1 2

max. diam. 0.49 0.69 0.41
mín, diam. 0.44 0.58 0.33
thickness 0.28 0.37 0.21

Remarks : This species som ewhat resembles R. choctaw ensis  CUSHMAN & Me GLAMERY described 
from  the O ligocene of America ; it is sm aller, som ewhat th icker, and its periphery is more 
rounded.
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Occurrence :

1 ) "M ons well 1969 ” (129) : The species occurs only in the uppermost samples of the calcarenite 
sequence (Calcaire de Mons, type section) between OB 20 and OB 13.90.

2) O ther loca lities  : Not observed.

Known range :

Montian.

Pararotalia obourgensis  n. sp.

PI. 6 , f. 7

1946 Rotalia arm ata  d 'O RBIG NY; VAN BELLEN, Meded. Geo! S tich t. C., 5, 4, p. 60, pi. 7, f. 16-18 
(non Rotalia arm ata  d'ORBIGNY, (1826), Ann. Sei. Nat.. 7, p. 273, 22, mod. 70).

1946 Rotalia choctaw ensis  CUSHMAN & Mc GLAMERY; VAN BELLEN, Med. Geol. S ticht. C., 5, 4, 
p. 62, pi. 8 , f. 5 -7 . (non Rotalia choctaw ensis  CUSHMAN & Me GLAMERY, 1938, U.S. Geol. 
Surv. Prof. Pap. 189 d, p. 110, pi. 27, f. 4).

Holotype : N° 13 of co llection  of the Faculté Polytechnique de Mons, Belgium, figured PI. 6, f. 7. 

Paratypoids ; N° 14, 1 5 in the same co llection  of Mons.

Type level : Calcaire de M ons in its type section. Obourg w e ll sample OB 27.80 .

Type loca lity  : "M o ns  w ell 1 96 9 ”  at approxim ate ly 14 m south o f the  classical Puits G o ffin t at Obourg, 
near Mons, Belgium.

Name : Named after the loca lity  o f the studied w ell, at Obourg near Mons, Belgium.

Deposition of specimens ; Collection of Geo!. Inst., Faculté Polytechnique, Mons, Belgium.

Diagnosis : A fla t Pararotalia  species w ith  a sharp, keeled, lobate periphery, the  keel fo llo w in g  the 
arcuate sutures of the spiral side ; cham bers ornam ented at both sides w ith  pustules or beads, 
especia lly at the spiral side on the o lder w ho rls  ; a fissured plug surrounded by a deep spiral 
depression.

Description : T es tfla t, a lm ost equally biconvex, th ickness approxim ately 1 /3  o f maximal diameter. A tth e  
um bilicus side only the last w horl is v is ib le  and the um bilicus is filled  w ith  a large, beaded plug, 
surrounded by a deep spiral fissure ; the sutures are depressed and stra ight at the um bilica l 
side and some scattered pustules occur w ith  larger beads around the spirai depression.

A t the spiral side the sutures are raised and lim bate because the  keel of the ind iv idua l 
chambers continues inward to  the spiral suture.

Only some chambers o f the last w horl can be discerned, a li earlier chambers are obscure, 
due to the ornam entation w hich is s trongest in the central part of the spiral side.
The periphery is sharp, keeled, lobate in most specimens.
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The aperture is a s lit at the base of the apertural face, halfway between the  periphery and 
the um bilica l plug, reaching ne ither of them .

Measurements :

in : mm. Holotype Paratypoids
1 2

max. diam. 1.06 0 .60  0.98
mín. diam. 0.88 0.50 0.85
thickness 0.35 0.28 0.35

Remarks : P. obourgensis  d iffers from  R. arm ata  d 'ORBIGNY by the evenly rounded periphery of the 
ind iv idua l chambers. The holotype o f Rotalia  arm ata  was p ictured very schem atica lly  by its 
author, but one observes d is tin c t angles at the periphery o f each cham ber ; th is  feature was 
be tte r p ictured by TERQUÊM (1882, Rotalina arm ata, p. 67, pi. 5, f. 14-15) w ho observed 
tubu losp ina te  cham ber edges in M idd le  Eocene specim en of the Paris basin. The la tte rfea tu re  
has not been observed in our m aterial. The sing le  specim en assigned by VAN BELLEN (1946) 
to  R. choctaw ensis  CUSHMAN 8- Me GLAMERY has a sharper periphery than the ho lo type  of 
tha t species. Its periphery is less lobate than it is in the m ajority  o f specim ens of P. 
obourgensis, but variation in the la tter includes specim ens like tha t of VAN BELLEN.

Occurrence :

1) "M o ns  w e ll 1 96 9 " (82) : OB 50 to OB 13.90.

2) O ther loca lities : e x c e p tfo rth e  specim ens recorded by VAN BELLEN (1 946) from  the Upper 
half o f the analyzed intervals in the Bunde wells, the species has not been observed in the 
studied area.

Known range :

Upper Danian and M ontian.

Pararotalia g lob igerin ifo rm is  (VAN BELLEN)

PI. 3, f. 2, 3 ; PI. 7, f. 7.

1946 Globorotalia g lob igerin ifo rm is  VAN BELLEN, Meded. Geol. S ticht. C., 5, 4, p. 71, pi. 10, 
f. 10- 12.

1961 Pararotalia g lobigerin iform is  (VAN BELLEN) ; HOFKER, Natuurhist. Maandbl., 50, (7-8), p. 68 ,
text - f. 2 a-c.

1962 Pararotalia g lob igerin ifo rm is  (VAN BELLEN) ; MOORKENS, Licentiate thesis. Univ. of Ghent,
(MS) p. 83, pi. 2, f. 14 a-c, 15 a-c.

1966 Pararotalia g lobigerin iform is  (VAN BELLEN) ; HOFKER, Palaecn'ographica, Suppl. 10, p. 233,
pi. 44, f. 123 a-c.

1968 Globorotalia g lob igerin ifo rm is  VAN BELLEN ; POZARYSKA & SZCZECHURA, Palaeont. Polon.,
20, (1968), p. 65, pi. 7, f. 11-19.
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V ariab ility  :

As the species is abundant in m ost samples of the Tuffeau de Ciply and its equivalent, the 
Calcarenite of Houthem as w e ll as in the Calcaire de M ons and its equivalent, the Bunde Kalk 
(VAN BELLEN co llec tion ), it has been possible  to study the variation, w h ich  is qu ite  large in th is 
group. Varia tion has been observed fo r the fo llo w in g  features :

- tes t form  : T rochoid  test w ith  fla t dorsal side ; som etim es the  cham bers o f the last w horl are 
more g lobu lar than the previous ones, som etim es they are fla ttened or truncated w ith  
angular periphery.

- um bilicus : Generally deep, in m osteases filled  w ith  one or several small p lugs (when these 
are broken out, specim ens w ith  g lobu lous chambers may be m istaken for G lobigerina  or 
A ca rin ina ).

- aperture : Norm ally a s lit of comma shape along (or reaching) the base of the apertural face. 
As the last cham ber is broken o ff in m ost specim ens, it is not the aperture w h ich  is seen, but 
an intercam eral foram en ; the la tter's pos ition  is areal in many specimens, not reaching the 
base of the apertural face.

- cham berform  and periphery : The cham berform  may be very s trong ly  variable in one sample ; 
the chambers may be g lobulous (pi. 3, f. 3), truncated (var. 2, pi. 3, f. 2) keeled and drawn out 
in radial d irection  (var. 1 ), as if leading to a  tubo lospm ate cham berform , som etim es show ing 
an angular protrusion on the spiral side (cf. pi. 3, f. 2) ; the periphery varies toge ther w ith  the ■ 
cham berform , lobate or nonlobate, w ith  pointed pro trusions or w ithou t, keeled or not 
keeled.

- spiral side : Generally fla t ; in some specim ens w ith  g lobulous chambers, it may be s ligh tly  
inflated.

- um bilica l side : Generally a rather deep um bilicus ; at the um bilica l side the chambers are 
generally more infla ted (w ith  deeply depressed sutures) than at the spiral side.

- w a ll : The w a ll is sm ooth, spinose or nodose.

Remarks : Some specim ens of th is  species resemble Globigerina  and Globorotalia (Acarinina  of 
authors).
Pararotalia  specim ens may generally be d istingu ished from  these genera of the Glo- 
bigerinacea, by the presence o f one or more um bilica l plugs, w h ich  are a characteristic feature 
fo r some Rotaliidae, whereas a plug has, to our know ledge, never been observed in the 
superfam ily of the p lankton ic G lobigerinacea. Our specim ens thus belong to  the benthon ic 
genus Pararotalia, w h ich  we consider to  d iffe r from  Rotalia  by the d iffe ren t um bilica l 
structures, the areal intercameral foramen and also by the g lobu lous cham berform , w hich 
generally causes a strong ly  lobate periphery.
VAN BELLEN figures the presence of one or more plugs and m entions th is feature in his 
descrip tion. Also, POZARYSKA & SZCZECHURA (1 970) m ention and figure  the plugs in the ir 
material. The ir specim ens therefore certa in ly belong to Pararotalia  and not to Globorotalia. 
M ost o f the varieties d is tingu ished by d ifferences in the above m entioned features range 
th roughout the Tuffeau de C iply and the Calcaire de Mons.
However, sm ooth w alled  tests (w ith  or w itho u t g lobulous chambers and lobate periphery) are 
rare in the Obourg calcarenites, but they are the only variety present in the calcarenite  of
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M echelen-aan-de-M aas (M M  interval betw een 272 m and 297 m). A t the base o f the Heers 
Formation the species disappears a lm ost com ple te ly. The ind iv idua ls found in the Tuffeau de 
C iply (CA) and those of the Calcarenite of Houthem  (M M  and VR) are generally s trong ly  spinose 
to  nodose, but re lative ly sm ooth tests were observed as w ell. As the specim ens o f these 
calcarenites are generally strong ly recrystallized, it is not certa in w he ther sm ooth-w a lled  
form s were more com m on in these sedim ents before recrysta llization.

Occurrence :

1 ) "M o ns  w e ll 1 96 9 " (28, 42, 66) : The Pararotalia g lob ige rin ifo rm is  g roup ranges th roughou t 
the interval between the M aastrich tian-Danian boundary (80 m) and the top  of the Calcaire 
de M ons (12 m). The truncate variant (var. 2) is much less frequent or absent (above OB 30) 
in the h igher part o f the sequence.

2) O ther loca lities  : P. g lob igerin ifo rm is  is abundant in the Tuffeau de Ciply (CA), the 
Calcarenite o f Houthem  (VR, M M), the Calcaire de M ons (LA, COP) and the Bunde Kalk 
(VAN BELLEN co llec tion ), and frequent in the Calcarenite o f M echelen-aan-de-M aas(M M ).

Known range :

We only observed one specim en be low  the M aastrich tian - Danian boundary w h ich  was found 
in the Craie phosphatée de Ciply (LI) at some 13 m be low  the Poudingue de la M alogne : it 
seems that th is  group is already present in the M aastrichtian. a lthough being very rare. 
Pararotalia g lob igerin ifo rm is  ranges th roughou t the Lower Paleocene (Daman) and the 
Calcaire de Mons (Montian). Its absence in younger Paleocene deposits of Belgium may be 
due to ecolog ica l cond itions. Pararotalia canu i (CUSHMAN) observed by KAASSCHIETER 
(1961 ) in the Belgian Eocene and in the O ligocene by BATJES (1957) is probably a descendant 
of th is  species.

Pararotalia p raepseudom enard ii (HOFKER)

PI. 7, f. 6

1961 Globorotalia p raepseudom enard ii HOFKER ; Natuurhist. M aandbl. 50, (7-8) p. 85, text-f. 1, 
a-d.

1 962 G loborotalia praepseudom enard ii HOFKER ; HOFKER, Journ. Paleont., 36, 5, p. 1082, text-f.
26 A.

1 966 Globorotalia p raepseudom enard ii HOFKER ; HOFKER, Palaeontographica, Suppl. 10, p. 233,
pi. 43, f. 105 ; pi. 46, f. 140.

1 968 G loborotalia praepseudom enard ii HOFKER ; POZARYSKA &  SZCZECHURA, Palaeont. Polon.,
20  (1968), p. 66 , pi. 6 , f. 7-10.

Remarks : HOFKER (1 961 ) m entions and pictures "h ig h ly  developed tena" at the um b ilica l side, near the 
um bilicus, w h ich  feature w ou ld  suggest a re la tionsh ip  w ith  some G loborotalia  species [G. 
lehneri, G. velascoensis). In our op in ion  th is  feature is qu ite  com m on in the genus Pararotalia  
in w hich  the um bilica l plug is often surrounded by sm aller knobs o f calcareous matter. In the 
Tuffeau de C iply (CA) we recovered specim ens w ith  and w ith o u t um bilica l plugs. This species 
may be another variant of P. g lob igerin ifo rm is . In the ir descrip tion  and figures of Globorotalia  
praepseudom enard ii. POZARYSKA & SZCZECHURA clearly dem onstrate the presence o f an



- 8 9 -

um bilica l plug.

Occurrence :

1 ) "M o ns  w ell 1 9 6 9 " (47) : Some specim ens were observed resem bling HOFKER’s original 
figure, but they are generally som ewhat h igher ; these form s range betw een 79 m and 
36  m.

2) O ther loca lities : Some specimens, practica lly  identica l w ith  HOFKER's figures were found 
in the Tuffeau de C iply (CA).

Known range :

Upper Danian.

Pararotalia  sp. cf. P. tubercu life ra  (REUSS)

PI. 8 , f. 1

cf. 1 862 Rotalia tuberculifera  REUSS ; Die Foraminiferen des Kreidetuffes von M aastricht ; Sitzber. K. 
Akad. W iss., 44, p. 313, pi. 2, f. 2.

1946 Rotalia armata  VAN BELLEN (non d'ORBIGNY), Meded. Geol. Sticht. C., 5, 4, p. 60, pi. 7, 
f. 16-18.

cf. 1951 Rotalia tuberculifera  REUSS ; VISSER, Leidse Geol. Meded., 16, p. 274, pi. 5, f. 14 ; pi. 10, f. 
9-1 cr.

cf. 1957 Pararotalia tuberculifera  (REUSS) ; HOFKER, Natuurhlst. Maandbl., 46, (3-4), p. 32, text ■ f. 
2-13.

1957 Pararotalia tuberculifera  (REUSS) ; HOFKER, Natuurhist. Maandbl., 46, (3-4), p. 32, text -  f.
14-16.

non 1957 Pararotalia tuberculifera  (REUSS) ; HOFKER, Natuurhist. Maandbl. 46, (3-4), p. 32, text - f. 
17-18.

1 965 Pararotalia tuberculifera  (REUSS) ; POZARYSKA, Palaeont. Polon., 14, (1 965), p. 1 1 8, pi. 20,
f. 3 a-c.

cf. 1966 Pararotalia tuberculifera  (REUSS) ; HOFKER, Palaeontographica, Suppl. 10, p. 157, pi. 24,
f. 1 37, 149 ; p. 1 70, pi. 28, f. 40, 41 ; p. 1 90, pi. 33, f. 70-73 ; p. 262, pi. 56, f. 11 4, 11 6 ; (non 
f. 113 =  R. bundensis) ; p. 292, pi. 62, f. 76, pi. 63, f. 106.

1968 Pararotalia tuberculifera  (REUSS) ; POZARYSKA & SZCZECHURA, Palaeont. Polon., 20
(1968) p. 59. pi. 7, f. 1-10 ; text - f. 13.

Remarks : There is a rather w ide  variation in th is  species. The species was o rig ina lly  described from  
M aastrich tian strata. Some variants seem to  be restricted in tim e. In some specim ens of P. 
tubercu life ra  of the M aastrichtian population coste llae -like  ridges near the periphery are 
characteristic (cf. PI. 8 , fig . 2, 3). The larger and stronger tubu losp ina te  cham berform  at the 
periphery (cf. PI. 8 , f. 1) appears w ith  the Paleocene specimens. N otw iths tand ing  these 
d ifferences between M aastrichtian and Paleocene populations, a large num ber o f specim ens 
in both show  none o f these described features. Furthermore, the Paleocene form s may be 
som ewhat fla tte r than the M aastrichtian ones. HOFKER (1957 b) c la im s tha t the average size 
o f the specim ens increased w ith  tim e ; our m ateria l is insu ffic ien t fo r such observations.

Occurrence :
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1) "M o ns  w e ll 1 96 9 " (32) : Rare specim ens were found covering the interval between the 
M aastrich tian - Danian boundary (80 m) to the top  of the Calcaire de M ons (12 m).

2) O ther loca lities  : The species occurs frequently  in the Tuffaceous Chalk of M aastrich t (in the
M M  w ell ; in the E.N.C.I. Quarry) ; in the Calcaire de M ons (LA, OB) and in the Bunde Kalk 
(VAN BELLEN co llec tion ) s im ila r form s are rare.

Known range :

In Belgium and the SE Netherlands the species ranges th roughou t the Tuffaceous Chalk o f 
M aastrich t from  M b to near its top. Hence, its range covers a large part o f the Upper 
M aastrichtian. The species has neither been recovered from  the Tuffeau de C iply nor from  its 
lateral equiva lent, the Calcaremte of Houthem (Danian). It is present again in the Calcairé de 
Mons and its equ iva lent in NE Belgium and the SE Netherlands, the Bunde Kalk. Presence or 
absence o f the species is apparently linked to  ecolog ica l cond itions. The local depth  o f the sea 
may have been im portant. In add ition, changes in c lim a tic  cond itions  (w h ich  possib ly made 
the species m igrate to the south at the close o f M aastrichtian tim es, and w h ich  made it 
reappearin  Late Danian tim es) m igh t be responsible. In the studied region, the species has not 
been recovered from  sedim ents younger than the top o f the Calcaire de M ons or its eastern 
equivalent, the Bunde Kalk (M ontian).

Pararotalia m in im a /is  HOFKER

PI. 8 , f. 4. 5

1966 Pararotalia m in im a lis  HOFKER, Palaeontographica, Suppl. 10, p .-26, pi. 49, f. 60  a-c.
/

Remarks : Only some rare and badly preserved recrystallized specimens were found. Their outline 
resembles that o f HOFKER's figured type.

Occurrence :

1) "M o ns  w e ll 1 96 9" (120) : some rare specim ens at OB 30 and OB 32.40.

2) O ther loca lities  : Vroenhoven (VR), Calcaremte o f Houthem. HOFKER (1966  e) c ites th is 
species from  his Zone P (rare) and his Zone Q (abundant).

Known range :

M iddle  to Upper Danian.

Genus THALMANNITA  BERMUDEZ, 1952

Thalm annita m adrugaensis  (CUSHMAN & BERMUDEZ)

PI. 8 , f. 10

1947 Rotalia m adrugaensis  CUSHMAN & BERMUDEZ ; Contr. Cushman Lab. Foram. Res. 13, 1,
p. 24, pi. 5, f. 4 a-c (fide J.A. CUSHMAN, 1951).

1951 Rotalia m adrugaensis  CUSHMAN & BERMUDEZ ; CUSHMAN, U.S. Geol. Surv. Prof. Pap.,
232 , p. 55, pi. 15. f. 12 a-c.
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1961 Thalmannita madrugaensis (CUSHMAN & BERMUDEZ) ; HOFKER, Foraminifera from the
Cretaceous ... LVI, Natuurhist. Maandbl. 50, (11-12), p. 124, text - f. 4 a-c.

1966 Thalmannita madrugaensis  (CUSHMAN & BERMUDEZ) ; HOFKER, Palaeontographica, Suppl.
10, p. 234, pi. 46, f. 146 a-b ; pi. 53, f. 55-60.

Remarks : Our specim ens are sm aller than the ho lo type described from  Cuba.
Considerable variation was observed in the ornam entation o f our specim ens. The long itud ina l 
costae vary from  qu ite  strong to  rather vague. M ost specim ens are s ligh tly  trocho id , some may 
be a lm ost p lanispira l. Larger, d is tin c tly  costate specim ens clearly belong to  T. m adrugaensis  
(N° 85 in the chart. Table 1 ). Sm aller and less d is tin c tly  costate form s have been given a cf. 
nota tion  (N° 54 in chart).
The genera Thalm annita  BERMUDEZ, 1952 and C uvillie rina  DEBOURLE, 1955, were both 
erected fo r form s w ith  s ligh tly  asym m etrical tests ; the form er was said to  be s ligh tly  trochoid , 
whereas the la tter was described as "p lan isp ira l, but s ligh tly  asym m etrica l" (cf. descrip tion  of 
the genera, according to  A.R. LOEBLICH & H. TAPPAN, 1964).
The ornam entation, cons is ting  of p illars in the um bilica l region(s) and long itud ina l costae 
covering the lateral sides and the periphery are also more or less sim ilar.
However, in C uvillie rina  the ornam enta tion  show s a chevron pattern along the sutures, 
whereas th is  feature does not occur in the type species o f Thalm annita. Our material strongly 
resembles T. m adrugaensis  w h ich  is the type species of the genus Thalm annita, so we 
consider our specim ens to belong to Thalm annita.
C. ? pom eran iana  of POZARYSKA & SZCZECHURA (1968) show s better resemblance w ith  
C uvillie rina  as stated by its authors. Indeed, the  chevron shaped pattern of ornam entations is 
clearly ter be seen in th e ir figures.
The state of preservation of the m aterial, both Polish and Belgian, may play an im portan t role in 
the appearance o f the ornam entation. In general, the specim ens recovered from  the 
upperm ost samples of the Calcaire de M ons (OB 1 2) on ly show  a vague pattern o f costae : th is 
m igh t be due to  the fact tha t these foram in ifera  have been ro lled by the surf, or to corrosion of 
the surface.
It is possible that the specimen figured by MARIE (1964, pi. 2, f. 3 a-b) as Nonion ornatum  VAN 
BELLEN also is a T. m adrugaensis, the costae of w h ich  were very vague. W e did not study the 
inner structure of our specimens, m ost of them  being recrystallized.

Occurrence :

1 ) "M o ns  w e ll 1 96 9 " (54, 85) : This species was recorded from  a large part of the section ; the 
low est occurrence o f resem bling formp (54), w h ich  are more asym m etric, is at 78 m, 2 m 
above the local Maastrichtian - Danian boundary ; and the species occurs as high as the 
h ighest sample (1 2 m) o f the Calcaire de Mons. Typical form s (85) were found only trom 
OB 56 to  OB 12.

2) Other loca lities  : In the Vroenhoven section (VR), the species occurs in the section north of 
the fau lt o f Hees, in the calcarenite  of the A lbert Canal.
As stated by HOFKER (1966  e and o ther pub lica tions) th is  northern part o f the section 
represents a lateral equ iva lent of the Bunde Kalk and o f the Calcaire de Mons.

Known range :

Upper Danian to Montian.
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CUSHMAN (1951) recorded the species from  Paleocene deposits in Cuba. Accord ing  to 
p lankton ic foram in ifera observed in the same sample, the age o f the type level is Late 
Paleocene. In Belgium  and in the SE Netherlands, the species is known from  (Upper) Danian 
deposits as it appears in the h igher layers o f the Calcarenite of Houthem . It is not know n to 
range h igher than the top  of the Calcaire de Mons in these countries. HOFKER (1961 g) 
recovered the species from  the Curfs quarry (CU) in the type section of the Calcarenite of 
Houthem  in Dutch Limburg, The sedim ents of th is  section are considered to be o f (Late) Danian 
Age, because of the p lankton ic  foram in ifera recovered by MEIJER (1959).

In Madagascar the firs t Thalm annita  ex. gr. m adrugaensis  appear toge ther w ith  the firs t 
G loborotalia angulata  and hence, they only occur in sedim ents younger than the Danian 
deposits o f tha t country (cf. M. LYS, 1960).
HOFKER (1966  e) recorded it from  his zone R in the Bunde w ells  and in the M aurits III m ine 
shaft.

Genus ELPHIDIUM  de MONTFORT, 1808 

E lph id ium  ? sp. cf. E. lam arck i (d'ORBIGNY)

PI. 8 , f. 6

cf. 1826 Nonionina lam arckii d'ORBIGNY, Ann. Sei. Nat., p. 128, (294) (nomen nudum).
cf. 1904 Nonionina lam arckii d'ORBIGNY ; C.R. FORNASINI, Mém. R. Acad. Sei. Bologna, pi. 3, f. 1.

1968 Elphidium  cf. lam arcki (d'ORBIGNY) ; POZARYSKA B  SZCZECHURA, Palaeont. Polon. 20.
p. 63, pi. 9, f. 1-5.

Remarks : Our specim ens agree w e ll w ith  POZARYSKA & SZCZECHURA's ( 1 968) figured specim ens 
except tha t the papillae were also found along the sutures in our material. Practically no sutural 
pores have been noticed. The generic pos ition  of these form s is obscure. N onion geleenense  
VAN BELLEN (1946, p. 42 , pi. 3, f. 22-25) may be a related form.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (56) : Some rare specim ens in the low er part o f the Tertiary calcarenites 
(Danian), a single occurrence in OB 12.

2) O ther loca lities : S im ilar specim ens were found in the M echelen-aan-de-M aas w ell, 
(calcarenite  of M echelen-aan-de-M aas).

Known range :

M idd le  to Upper Danian and M ontian  and in Belgium, the SE N etherlands and Poland. 

Genus ELPHIDIELLA  CUSHMAN, 1936 

E lph id ie lla  ? sp. cf. E. p rim a  (TEN DAM)

PI. 8 , f. 7
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cf. 1944 EUphidium prim um  TEN DAM ; Meded. Geol. Sticht., C, 5, 3, p. 109, pi. 3, f. 15.
cf. 1948 Elphidie lla prim a  (TEN DAM) ; BROTZEN, Sver. Geol. Unders. C, 42, 2, p. 70, pi. 8 , f. 2, 

text - f. 18.
cf. 1965 Elphidie lla prim a  (TEN DAM) ; IN DANS, Forsch. Land. Nordrhein-W estf. 1484, p. 12, pi. 1, f. 

6 .
cf. 1968 Elphid ie lla  prim a  (TEN DAM) ; POZARYSKA Et SZCZECHURA, (1968), Palaeont. Polon. 20, 

p. 64, p|. 9, f. 16-19.

Remarks : The state of preservation of our specimens is bad. Instead of tw o clear rows of sutural 
openings typ ical fo r the genus E lph id ie lla , one observes an irregular pattern of sutural 
openings possibly be longing to  tw o  rows, as has been described by TEN DAM fo rth is  species. 
The generic pos ition  is therefore s ituated between Elph id ium  and E lph id ie lla . The pattern is 
even more irregular in our form s than in TEN DAM 's figure. Polish specim ens of th is  species 
(and our specimens) are no t synonym ous w ith  N. m u ltisu tu ra tum  VAN BELLEN as suggested 
by POZARYSKA Et SZCZECHURA (1 968) as the la tter species has s ligh tly  depressed sutures 
instead of flush sutures, and it has no sutural openings at all.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (115) : A couple of specim ens in OB 38.20.

2) O ther loca lities  : Not observed so far in Belgium.

Known range :

Danian to  M idd le  Paleocene, possib ly also Upper Paleocene o f Sweden (BROTZEN, 1 948) ; 
Upper Paleocene of the Netherlands (TEN DAM, 1944).

Genus EPONIDES MONTFORT, 1 808 

Eponides robaszynskii n. sp 

PI. 3, f. 4

1946 Eponides gra tus  (REUSS) ; VAN BELLEN, Meded. Geol. S tich t. C., 5, 4, p. 57, pi. 7, f. 4 -9
(non Rotalia grata  REUSS, 1865, p. 47, pi. 4, f. 1 7.)

1965 Eponides to u lm in i BROTZEN ; POZARYSKA, Palaeont. Polon., 14, (1965), p. 110, pi. 1 7, f. 4 
a-c. (non Eponides to u lm in i BROTZEN. , 1948 Sver. Geol. Unders. C, (493), Arsb., 42, 2, p. 78, 
pi. 10. f. 1 6).

1966 Eponides to u lm in i BROTZEN ; HOFKER, Palaeontographica, Suppl. 10, p. 261, pi. 54, 
f. 83-84 .

1968 Eponides to u lm in i BROTZEN ; POZARYSKA Et SZCZECHURA, Palaeont. Polon., 20, (1968),
p. 72, pi. 15, f. 1-4.

Holotype : N° 16 of co llection  of the Faculté Polytechnique de Mons. Specimen figured pi. 3, f. 4.
Paratypoids : N° 17, 18 in the same co llection of Mons,

Type level : Basal part o f the calcarenite sequence at Obourg.

Type loca lity  : "M o ns  w e ll 1 96 9 " at Obourg. Sample at 78 m be low  topograph ic level.

Name : The species was named in honour of Dr. F. Robaszynski, Faculté Polytechnique, Mons, Belgium.
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Deposition o f specim ens : C ollection of Geol. Inst., Faculté Polytechnique, Mons, Belgium .

D iagnosis : A robust p lano-convex Eponides form  w ith  approxim ate ly five  chambers in the last whorl, 
and flush or s ligh tly  depressed sutures.

D escription :

Test s ligh tly  oval in ventra l v iew  ; ou tline  not or only s ligh tly  lobate at the  last cham ber ; 
um bilica l side high ; um bilicus no t depressed or on ly very s ligh tly  so ; spirai side nearly fla t ; 
sutures at spira! side not depressed ; sutures at um b ilica l side no t or s ligh tly  depressed 
between the last chambers. Sutures radial or s ligh tly  curved at um bilica l side ; cham bers in 
crescent form  at spiral side. Earlier w horls  generally not vis ib le , w h ich  is due to 
recrysta llization. Aperture a narrow s lit along the base o f apertural face at the um bilica l side, 
neither reaching the periphery nor the um bilicus ; wall smooth to coarsely perforated.

M easurem ents :

in : mm. Holotype Paratypoids
1 2

max. diam. 0.45 0 .50  0.53
min. diam. 0.40 0.43 0.43
thickness 0.33 0.31 0.31

Remarks : The d ifference between th is  form  and Eponides to u lm in i BROTZEN is the fo llo w in g  :

The average test size is larger in E. robaszynskii ; range from 0 .40  to 0 .55 mm, whereas the 
E. tou lm in i figured holotype is approximately 0 .24  mm. BROTZEN gives the diameter to be no 
more than 0 .3 mm. The new species has a h igher and more robust fo rm  ; the he igh t/d iam ete r 
ratio  is probably h igher than in the popula tions o f typ ica l E. tou lm in i. The spiral side is always 
fia t or nearly so, whereas the figured type of E. to u lm in i is equally b iconvex, though BROTZEN 
m entioned some variation of th is  feature.

The new  species generally has 5 chambers in the last w horl, whereas the figured type o f E. 
to u lm in i shows 6 or 7 chambers in the last w horl. BROTZEN m entions 6 to 8 chambers. 
Eponides dorsoplana  BROTZEN, 1940 d iffers by the rounded, no t lobate periphery.

In our m aterial, the form is more oval and the .periphery s ligh tly  lobate. at the last 
chambers.

Eponides polygonus  Y. LE CALVEZ, 1949 from  the Lutetian of G rignon, shows a ffin ity  w ith  
our material, but the periphery is m ore lobate, also at the o lder chambers of the last w horl. It is 
also much larger (d iam eter ho lotype 1 mm), but apart from  these differences, there is a s trik ing  
resemblance. The a ffin ity  of the m icrofauna of the Calcaire de M ons w ith  tha t of the Calcaire 
grossier o f the Paris basin (type Lutetian) has already been em phasized by several authors. 
Ecological (inc lud ing  clim atic) cond itions  probably have been qu ite  sim ilar.

Eponides lunata  BROTZEN, 1948, belongs to the genus Paralabam ina  according to  
HANSEN (1970  b) ; it is a sm aller form  (up to 0 .25  mm), it has a sharper periphery and more 
curved sutures.
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Occurrence :

1) "M o ns  w ell 196 9 " (23) : This species ranges from  the local M aastrichtian - Danian 
boundary up to the top  o f the Calcaire de Mons.

2) O ther loca lities  : Apart from  its occurrence in the Calcaire de Mons (LA) th is  species is quite 
frequent in the Tuffeau de Ciply (CA, LA, TH) and the Calcarenite of Houthem (VR, MM). The 
species occurs (although more rarely) in the M aastrichtian (LI, CA, E.N.C.I. quarry in Md 
layers). It was not found in sedim ents younger than the top  of the Calcaire de Mons ; in the 
Form ations o f Heers and o f Landen, it is replaced by the typ ical form s of £  tou lm in i, w hich 
are quite  small and better preserved (transparent). The la tte r species was found in the 
Eocene of Belgium  by KAASSCHIETER (1961).

Known range :

M idd le  to  Upper Danian and M ontian. Rare in the Upper M aastrich tian strata.

Eponides to u lm in i BROTZEN

1948 Eponides to u lm in i BROTZEN, Sver. Geol. Unders. C. 42 , 2, p. 78, pi. 10, f. 16.

Remarks : These biconvex Eponides  specim ens w h ich  resemble BROTZEN's figured type, possibly 
intergrade w ith  the p lanoconvex and more robust form  we named E. robaszynsk ii, and w hich is 
much more frequent in the Obourg calcarenites.

Occurrence :

1 ) "M o ns  w e ll 1 96 9 " (22) : The range covers nearly the com ple te  calcarenite  series from  OB 
80  to OB 20.

2) O ther loca lities : Typical specim ens were m ainly found in younger Paleocene deposits of 
the Heers (OV, ORP) and Landen Form ations (WA). Some were found in the Calcarenite of 
M echelen-aan-de-M aas (MM).

Known range :

Danian to Eocene.
Accord ing  to  BROTZEN (1948) the species occurs in numerous Post-Daman Paleocene 
deposits of Sweden. KAASSCHIETER (1961 ) recorded the species from  the Belgian Eocene.

Genus CIBICIDES MONTFORT, 1808 

Cibicides  sp. cf. C. um b ilica tus  BROTZEN

cf. 1948 Cibicides um bilica ta  BROTZEN, Sver. Geol. Unders. C, 42, 2, p. 84, pi. 13, f. 6 .
? 1966 Gavelinella um bilicata  (BROTZEN) HOFKER, Palaeontographica, Suppl. 10, p. 227, pi. 42, 

f. 83-84.
1968 Anom alina um bilica ta  um bilica ta  (BROTZEN) ; POZARYSKA & SZCZECHURA, Palaeont. 

Polon. 20, (1968), p. 89, pi. 13, f. 5-7.

Remarks : Our specim ens d iffe r from  BROTZEN's figured type by the less deep um bilicus, but th is  depth 
is variable in our material. BROTZEN's specim ens may also be som ewhat fla tte r than ours.
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Some of our ind iv idua ls resemble A nom alina  um b ilica ta  costata  POZARYSKA 8- 
SZCZECHURA, 1968 (Paleont. Polon. 20, p. 89, pi. 13, f. 8 -10), but they are though t to be 
w ith in  the range of variation o f the group.

HOFKER's (1966  e) figured specim ens have a less acute periphery than ours.

Occurrence :

1) "M o ns  w e ll 1 96 9 " (29) : In several samples between OB 80  and OB 42.30 .

2) O ther loca lities : Calcaire de M ons (COP) ; Tuffeau de C iply (LA 1 90, 1 75 ; LI ; CA 1 7 -23  
upper layers) ; Form ation of the Paternostre w e ll (LA 86 ) ; M arls o f Gelinden, Heers 
Form ation (0V) and Tuffeau de Lincent (WA) ; M echelen-aan-de-M aas w ell between MM  
290 .5  and 221 covering the Calcarenite of M echelen-aan-de-M aas, the Heers Form ation 
and the Lower Landen Formation.

Known range :

Lower to M idd le  Paleocene, and at least part o f the Upper Paleocene (Lower Landenian).

Cibicides succedens BROTZEN 

PI. 8 , f. 8 , 9

? 1 944 Cibicides cryptom phalus  (REUSS) var. h e rce g o v in e n s is ,^  WITT-PUYT ; TEN DAM, Meded. 
Geol. Sticht. C. 5, 3, p. 132, pi. 5, f. 9.

1948 Cibicides succedens BROTZEN, Sver. Geol. Unders. C, 42, 2, p. 80, pi. 12, f. 1,2.
1957 Cibicides f C ibicidina) succedens BROTZEN; WOOD & HAYNES, Contr. Cushman Found.

Foram. Res. 8 , 2, p. 50, pi. 5, f. 6-7.
1960 Cibicides (Cibicidina) succedens BROTZEN ; ROUVILLOIS, Mém. Mus. Nat. Hist. Nat., C, 8 , 

p. 76, pi. 4, f. 59.
1965 Cibicides succedens BROTZEN ; POZARYSKA, Palaeont. Polon. 14, p. 136, pi. 28, f. 1-5.
1966 Cibicides succedens BROTZEN ; HOFKER, Palaeontographica, Suppl. 10, p. 228, 244, 259 ; 

pi. 43, f. 93 ; pi. 56, f. 118 ; pi. 47, f. 29 ; pi. 85, f. 230-239.
1968 Cibicides succedens BROTZEN ; POZARYSKA & SZCZECHURA, Palaeont. Polon. 20, (1 968), 

p. 79, f. 18.
1970 Cibicides succedens BROTZEN ; HANSEN, Meddel. G r0n l. 193, 2, p. 91, pi. 23, f. 4-6.

Remarks : Relatively fla t specim ens may belong to C. ekb lom i BROTZEN, 1 948, but they have no curved 
sutures typ ical fo r tha t species (here given w ith  a cf. no ta tion  in the plates).

Small specim ens w hich  show  re lative ly high cones but w h ich  possib ly intergrade w ith  
those o f C. succedens  have been entered separately in the chart (27) as C ibic ides  sp. cf. C. 
vo ltz ianus. Only the less high form s, resem bling the holotype of C. succedens, were here 
assigned to  tha t species. C ibic ides  sp. 1 (26) is larger and has a h igher eone.

Occurrence :

1) "M o ns  w e ll 1 9 6 9 " (30) : The species was recorded from  nearly all samples of the 
calcarenite sequence (OB 80  to OB 12).
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2) Other loca lities : Generally toge ther w ith  fla tte r specim ens (resem bling C. ekblom i) the 
species was recovered from  numerous samples : Tuffeau de C iply (LA 190, ML, LI, CA), 
Calcaire de M ons (TH), Tuffeau de Chercq (LC), Sands of Orp (ORP) and M arls of Gelinden 
(OV), Tuffeau de Lincent (WA), M echelen-aan-de-M aas w ell (M M  290 .5  - 219) in the 
Calcarenite of M echelen-aan-de-M aas, the Heers Formation and the Lower Landen 
Formation.

Known range :

Lower, M idd le  and at least part of the Upper Paleocene.
The occurrence of th is  species in the Danian of Denmark and Greenland has been reported by 
HANSEN (1970 b, p. 26,91), but according to his remarks, these forms resemble BROTZEN's 
paratype, not the holotype.

Cibicides  sp. 1.

D escription :

A C ibicides  form  w ith  rounded periphery, a fla t spiral side and high conical um bilica l side : the 
he igh t o f the specim ens is generally som ewhat more than half the maximal diameter.
Our materia! is too  strongly recrysta llized to  trace the sutures of the last w horl and hence the 
num ber of chambers in the last convo lu tion  cannot be given.

Remarks : A lthough we d id  n o tfin d  th is  species in the literature, we leave it  in open nom enclature as our 
material is too poorly preserved to  describe a new species. It resembles C ibic ides cu v illie ri 
POZARYSKA & SZCZECHURA, 1968 (non ROUVILLOIS) by its high conica l shape, but the 
eone is generally h igher than in the Polish specimen. ROUVILLOIS' (1960) ho lo type  of C. 
c u v illie r i is fla tte r than the Polish specimen and much fla tte r than ours.

Occurrence :

1 ) "M o n s  w e ll 1 9 6 9 " (26) : This taxon was only observed in the low er samples o f the Obourg 
calcarenites from  OB 80 to OB 72.10.

2) O ther loca lities  : The species is frequent in the Tuffeau de Ciply CA, LI.

Known range :

As far as can be concluded from  our samples, the species only occurs in the M idd le  to Upper 
Danian o f Belgium.

Genus PALLAIMORPHINA  TAPPAN, 1957 

Palla im orphina m inu ta  HANSEN 

1970 Pallaimorphina m inuta  HANSEN. Meddel. Gronl, 193, 2, p. 95, pi. 10, f. 10-12, pi. 25, f. 2-5.

Remarks : Only some strong ly recrysta llized specim ens were observed, assigned to th is  taxon because 
of the ir general shape.

Occurrence
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1) "M o ns  w e ll 1 96 9 " (86 ) : Ranging from  OB 63 .8 0  to 44.30.

2) Other loca lities  ; not observed.

Known range ;

Only recorded so fa rfrom  the Upper Danian of W est Greenland and from  the M idd le  and Upper 
Danian o f Belgium.

Genus NONION  MONTFORT, 1808

Nonion gran ife rum  (TERQUEM)

, PI. 16, f. 5, 6 (from M M  287)

1882 Nonionina granifera  TERQUEM ; Mém, Soc. Géol. France, 3, 2, p. 42, pi. 2, f. 8-9.
1 948 N onion  cf. gran ife rum  (TERQUEM) ; BROTZEN, Sver. Geol. Unders. C. 42, 2, p. 69, pi. 8 , f. 1.
1950 Nonion graniferum  (TERQUEM) ; Y. LE CALVEZ, Mém. Carte Géol. France, 1950, p. 53, pi. 4,

f. 58-59 .
1965 Nonion graniferum  (TERQUEM) ; POZARYSKA, Palaeont. Polon. 14, p. 93, pi. 21, f. 5 a-b.
1966 Nonion gran ife rum  (TERQUEM) ; HOFKER, Palaeontographica, Suppl. 10, p. 224 , pi. 42, 

f. 57-58.
1968 Nonion g ran ife rum  (TERQUEM) ; POZARYSKA & SZCZECHURA, Palaeont. Polon. 20, (1 968),

p. 81 , pi. 9, f. 10-12, f. 19 (1-7).

Remarks : The genus Prote lph id ium  HAYNES is though t to  d iffe r,from  Nonion  by its radial hyaline 
instead of granular test, and by its aperture cons is ting  of m u ltip le  foram ina, whereas Nonion  

has a s lit at the base of the apertural face.
The strongly recrysta llized Obourg specim ens could  not be checked as to  the wall featu

res ; the ir aperture is slit-1 ike, a lthough th is  cannot be ascertained fo r all forms. In our better 
preserved material o f the M echelen-aan-de-M aas w ell (M M  287) some hyaline specim ens are 
bu ilt of radial calcite  and some show  a series of foram ina instead o f a s lit in the penultim ate  
chamber. Some form s w ith  a s lit-like  aperture occur in the same population .

In HAYNES' co llec tion  (British Museum Natural H istory) some of the specim ens of the 
Thanetian (in its type region) show  a m ultip le  aperture in the last cham ber ; the la tte r feature 
may be the best characteristic to  d is tingu ish  Pro te lph id ium  from  Nonion. As th is  could  not be 
ascertained in the Obourg m aterial, the specim ens are assigned w ith  some doubt to Nonion  
gran ife rum .

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (37) : Scattered specim ens in the entire  ca lcarenite  sequence (OB 80  - 
OB T2).

2) O ther loca lities  : Numerous samples from  the Paleocene : Tuffeau de Ciply (LA 175) ; 
Calcarenite of Mechelen-aan-de-Máas (MM 290.5  - 273), Tuffeau de Chercq (LC 19) ; 
Calcarenite of Houthem  (HOFKER, 1 966 e Curfs quarry, CU) ; Formation of Paternostre w e ll 
(LA 84).

Known range :

Grossly covering the Paleogene, starting in the M idd le  Danian.
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N onion m u ltisu tu ra tum  VAN BELLEN 

PI. 9, f. 1

1946 Nonion m ultisu tura tum  VAN BELLEN. Meded. Geo!. Sticht. C. 5, 4, p. 44, pi, 4, f. 3-6.
1966 Nonion m ultisu tura tum  VAN BELLEN ; HOFKER, Palaeontographica, Suppl. 10, p. 256, pi. 52, f.

52, pi. 57, f. 130 a-b.

Remarks : There is a re la tive ly w ide  variation in the  size o f the specimens.

Occurrence :

1 ) "M ons w ell 1 969 " (76) : Covering a large part of the LowerTertiary calcarenites from OB 70 to 
OB 12.

2) O ther loca lities : Not recovered from  any o ther sample in Belgium.

Known range :

HOFKER (1966 e) reports the species from  his zone Q and R, w hich is in agreem ent w ith  the 
occurrences in the "M o ns  w e ll 1 9 69 ". Hence the range probably covers M idd le  Daman to the 
top of the Calcaire de M ons (M ontian).

N onion  ? ornatum  VAN BELLEN

PI. 9, f. 2

1946 Nonion ornatum  VAN BELLEN, Meded. Geol. S ticht. C, 5, 4, p. 44, pi. 4, f. 7-10.
1964 N onion ornatum  VAN BELLEN ; MARIE, Mém. B.R.G.M. 28, pi. 2, f. 3, a-b.
1 966 N onion ornatum  VAN BELLEN ; HOFKER, Palaeontographica, Suppl. 10, p. 256 , pi. 52, f. 53.

Remarks : This species d iffers from  all o ther N onion  species by its ornam entation all over the chambers
and its sharp periphery. Its assignm ent to  Nonion  is considered doubtfu l. The figures of
HOFKER and MARIE show  a less sharp periphery than m ost o f the specim ens in our material.

Occurrence :

1 ) "M ons w ell 1969" (87) : Occurring only in the higher part of the LowerTertiary calcarenites 
0B  48 to  OB 16.10, some deeper occurrences are thought to be due to caving.

2) O ther loca lities : Except fo r some specim ens in the Calcaire de M ons of the Puits Coppee, 
the species has not been recovered by us from  Belgian samples.

Known range :

HOFKER m entions th is  species only from  his zone R and VAN BELLEN found it in the upper 
part of the Bunde Kalk. Hence, its range is upperm ost Daman, ranging in to  the Calcaire de 
M ons typesection  (M ontian).

N onion  ? sp.

PI. 9, f. 3
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D escription : Relatively large len ticu la r fo rm s tha t are planispira!. The radial sutures are s ligh tly  
depressed between the younger cham bers and flush between o lder chambers. The periphery 
is rounded to  subacute, not lobate. The num ber of cham bers in the last w horl could not be 
counted. The aperture probably is a s lit at the base of the apertural face. As far as could  be seen 
the um bilicus is sm ooth and not depressed.

Remarks : This Nonion  sp. differs from N. m ultisu tura tum  VAN BELLEN by its larger size (approximately 
300 max. diameter) and the generally more rounded periphery.

N onion geleenense  VAN BELLEN som ew hat resembles our form s bu t th is  species has a more 
acute periphery and less depressed sutures. Preservation of our material is such tha t even the 
generic designation  is doubtful.

Occurrence :

1) "M o ns  w e ll 1 96 9" (58) : From OB 76 to OB 12.

2) O ther loca lities  : Tuffeau de Ciply at CA, M Land  some o ther loca lities. It is possib le  tha t the 
species occurs also in M aastrich tian deposits (MM) in samples be low  3 2 0  m.

Known range :

Daman, reaching the top  o f the Calcaire de M ons (M ontian).

Genus GLOBOROTALITES BROTZEN, 1942

G loborota lites  sp. cf. G. g ranu la tus  POZARYSK^ & SZCZHCHURA

cf. 1968 Globorotalites granulatus  POZARYSKA & SZCZECHURA, Palaeont. Polon. 20, p. 67, pi. 8 , 
f. 1-7.

Remarks : The few  specim ens of Globorota lites  recovered from  the Tertiary ca lcaren ites of the "M o ns  
w e ll 1 9 6 9 " cannot be referred w ith  ce rta in ty  to  G. granulatus. The specim ens are recrysta llized 
and it is not certa in w he ther papillae (or granules) are present around the um bilicus, as the 
la tte r is filled  w ith  calcareous matrix.

t

Occurrence :

1) "M o ns  w e ll 1 96 9 " (18) : S ingle specim ens between OB 80 and OB 20.

2) O ther loca lities  : No specim ens were recovered so far in Belgium.

Known range :

M iddle  Danian to M ontian.
POZARYSKA Et SZCZECHURA recovered the ir species from  "M o n tia n " sedim ents. Its 
presence in the (probably Daman) Bruderndorfer Feinsande o f Austria was also ascertained by 
these authors.

Genus GYROIDINOIDES  BROTZEN, 1942

Gyroid inoides subangula tus  (PLUMMER)
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1 926  Rotalia so ld an ii (d'ORBIGNY) var. subangula ta, PLUMMER, Bull. Texas Univ. 2644, p. 1 54,
pi. 12 , f. 1.

1 951 Gyroidina subangula ta  (PLUMMER) ; CUSHMAN, U.S. Geol. Surv. Prof. Pap. 232, p. 51, pi. 14,
f. 14-15.

1958 G yroid inoides subangula ta  (PLUMMER) ; HOFKER, Foraminifera from  the Cretaceous ...
XXXIII, Natuurhist. Maandbl., 47, (3-4), p. 43, text-f. 7-8.

1965 G yroidinoides subangula ta  (PLUMMER) ; POZARYSKA, Palaeont. Polon., 1 4, (1 965), p. 108, 
pi. 18, f. 1.

1966 Gyroidinoides subangulata  (PLUMMER) ; HOFKER, Palaeontographica, Suppl. 10, p. 139, 
pi. 21. f. 55 ; p. 207, pi. 39. f. 43, pi. 40, f. 72 ; p. 289, pi. 61, f. 64  ; p. 336, pi. 83, f. 203.

Remarks : This species has a h igher ventral (=  um bilica l) side than G. p on ton i BROTZEN. Furthermore, it 
has a larger and more d is tin c t um bilicus than the G yroidinoides form  determ ined as Gyroidina  ? 
danvillensis  HOWE & WALLACE by HAYNES (1 956 , p. 93, pi. 1 7, f. 2) from  the type Thane- 
tian ; the spiral suture o f our specim ens is also som ewhat more depressed.

Occurrence :

1) "M ons w ell 1969" (52) : It is rare in the lower part of the Lower Tertiary calcarenites.

2) Other localities : In the Mechelen-aan-de-Maas w ell th is species ranges from 290.5 m to 
219 m depth.

Known range : Maastrichtian to Paleocene.

Accord ing to POZARYSKA (1965) and to  HOFKER (1958  b, 1 966 e) the species’ range covers 
the w ho le  M aastrichtian. Furthermore, it covers the entire Paleocene.
HOFKER (1966  e) recovered th is  species also from  the Daman of Denmark.

G yroidinoides p o n to n i BROTZEN

1948 G yroid inoides p on ton i BROTZEN ; Sver. Geol. Unders. C., 42, 2, p. 76, pi. 11, f. 4, 5.
1 965 G yroid inoides p on ton i BROTZEN ; POZARYSKA, Palaeont. Polon., 14, (1 965), p. 108, pi. 1 8 ,

f. 4.
1966 G yroid inoides p on ton i BROTZEN ; HOFKER, Palaeontographica, Suppl., 10, p. 75, pi. 13,

f. 61 ; p. 93, pi. 1 6 , f. 50 ; p. 139, pi. 20, f. 42 ; p. 148, pi. 2 3 ,f. 110 ; p. 227, pi. 42, f. 73 ; p. 243,
pi. 47, f. 26. (non p. 289, pi. 64, f. 124, =  G. subangula tus ; non p. 336, pi. 83,
f. 201, =  G. subangu la tus ).

Remarks : This re lative ly fla t G yroidinoides species resembles Gyroidina  ? danvillensis  HOWE & 
WALLACE from  the type Thanetian (HAYNES, 1 956, p. 63, pi. 1 7, f. 2). The la tter species has a 
sm aller and narrower um bilicus.

Occurrence ;

1 ) "M o ns  w e ll 1 9 6 9 " (51 ) : The species is rare ; its range covers the interval between the local 
Cretaceous - Tertiary boundary and 34 .3 0  m.

2) Other localities : In the Mechelen-aan-de-Maas well th is species is scarce in a number of 
samples between 290 .5  m and 219  m. Moreover, it was recorded from  the Tuffeau de Ciply 
(at quarry CA) and from  the Caicarense of Houthem (at quarry CU).
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Known range :

M aastrich tian to M idd le  Paleocene.
HOFKER (1966 e) figured several specim ens of th is  fla t species from  the Upper M aastrich tian 
and from  Lower and M idd le  Paleocene deposits of eastern Belgium and the SE Netherlands.

Genus BOLDIA  VAN BELLEN, 1946

Boldia  sp. cf. B. cubensis  CUSHMAN & BERMUDEZ

PI. 9, f. 4

cf. 1 948 Boldia cubensis CUSHMAN Et BERMUDEZ ; Contr. Cushman Lab. Foram. Res., 24, 4, p. 74, 
pi. 11, f. 15-16.

cf. 1951 Boldia cubensis CUSHMAN Et BERMUDEZ ; CUSHMAN, U.S. Geol. Surv. Prof. Pap., 232, 
p. 65. pi. 22, f. 13-14.

1 966 Boldia cubensis  CUSHMAN Et BERMUDEZ ;HOFKER, Palaeontographica, Suppl., 10, p. 260, 
pi. 56, f. 104, 105.

Remarks : Our material d iffers from  the figured type of th is species in the fo llo w in g  features :
1) The sutures are not depressed, and on ly vaguely to be seen ; when vis ib le , they are not

curved as was stated fo r the type material.

2) The periphery is not lobate.

3) The he igh t of the chambers in the last w horl increases strong ly  from  cham ber to  cham ber; 
the increase in size and in he igh t o f the chambers m the last w horl was stated to be small 
in the type material.

4) The ste lla te  th icken ing  observed in the um bilica l region o f the type material has not been 
observed in our specimens. In th is  very part o f the test, HOFKER observed some small 
pustules in his m ateria l of the SE N etherlands and from  the Puits G offin t, instead of the 
radial, ste lla te th icken ing. We did not observe pustules in our m ateria l, but it is rather 
recrysta llized and the tests o f the specim ens found in the upperm ost samples o f the 
Calcaire de M ons are strong ly worn.

Occurrence :

1) "M o n s  w e ll 1 96 9 " (62) : The range o f the species is restricted to  the upper part of the 
calcarenites, it is frequent in the Calcaire de Mons and s ligh tly  deeper : to  OB 4 2 .3 0  m.

2) O ther loca lities : The species has not yet been recovered from  o ther outcrops or w e lls  in the
M ons basin. In the SE N etherlands and NE Belgium  it was recovered from  a few  loca lities  
by HOFKER (1 966  e). These deposits are considered lateral equiva lents o f the Calcaire de 
Mons.

Known range :

M ain ly M ontian, extending in the upperm ost Daman.

The species was not recovered from  the Tuffeau de C iply or its lateral equivalents, ne ither 
was it found in the younger Paleocene deposits o f Belgium (Heers Form ation, Landen
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Formation}, but th is  may be due to  ecolog ica l reasons.

Genus SCARIFICATINA MARIE, 1964 (here validated)

Type species S carifica tina  re inho ld i MARIE 
(here validated as type species)

Remarks on the genus :

The term  Scarifica tina  re inho ld i was firs t used by MARIE in 1950 w ith o u t descrip tion  or 
pictures fo r e ither genus or species. Later, MARIE (1 964) gave a schem atic but clear p icture, m aking it 
possible to recognize th is  taxon. S ince th is  author om itted  to  give a descrip tion  and to ind icate  a type 
species fo r the new  genus, both genus and species remained nom ina nuda.

POZARYSKA Et SZCZECHURA (1 970) gave a fu ll descrip tion  of Boldia re inh o ld i (MARIE) and 
thus va lidated the species re inho ld i. However, they fa iled to  observe tha t the species belongs to a genus 
d iffe ring  from Boldia  VAN BELLEN, 1946 (type species Rotalina lobata  TERQUEM, 1882).
A h is toric  review  is given of various a ffilia ted  taxa in th is  group, as nom enclature has become rather 
confused.

M oreover a d iagnostic descrip tion  is given here to  validate the genus Scarifica tina , and 
differences w ith  Boldia  are pointed out.

H istorical review  of nom enclature details

1882 TERQUEM (1882) describes the species Rotalina lobata  TERQUEM from  the Eocene of the 
Paris basin ; w hen later review ing his co llec tion  Y. LE CALVEZ (1952, p. 50, pi. 4 ,f. 40-41 ) gave 
a more accurate p icture of the holotype specimen ; th is  specimen was also figured from  three 
sides by LOEBLICH Et TAPPAN (1964).

1 946 VAN BELLEN (1 946  a) erects the genus Terquemia  w ith  Rotalina lobata  TERQUEM as the type
species according to  his de fin ition  o f the new  genus ; however, in the legend of his plates, he 
erroneously c ited  the (single) specim en he recovered from  the Bunde w e lls , and w hich  is 
figured (pi. 1 3, f. 13-1 5) as the "ho lo type  of the new genus and new  species". As stated by 
LOEBLICH Et TAPPAN (1 964), the holotype of the type species must be considered typ ical for 
the genus.
In the same year VAN BELLEN (1 946 b) found out tha t there were tw o  senior hom onym sfo rthe  
genus Terquemia  and he chose a new name, Boldia, fo r his earlie r erected genus Terquemia . 
Again he cla im ed the type species ("genotype") to  be Boldia lobata  (TERQUEM).

1 946 VAN DEN BOLD (1 946, Thesis, U trecht) describ ing B. vanderslu is i VAN DEN BOLD is like ly to
have been the firs t to d iscover another species of the genus Boldia.

1948 CUSHMAN Et BERMUDEZ described tw o species from Cuba w hich they placed in the genus
believe that both TERQUEM's type of Rotalina lobata  TERQUEM and VAN BELLEN s "type " of 

1950  MARIE (1950) published a name fo r a new  Paleocene form  Scarifica tina  re inho ld i n. gen., 
n. sp., but as th is  taxon was not described, th is  generic name has to be considered a nom en  
nudum .

1 960  HOFKER (1960  e, 1961 g) w h ile  review ing the genus Boldia  c la im s the specim en of VAN
BELLEN to  belong to  another species than R. lobata  TERQUEM (a fact w ith  w h ich  we agree)
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and he determ ines the form s o f the Bunde Kalk as Boldia  m adrugaensis  (we do no t accept th is 
dete rm ination , see below).

1 961 BROTZEN & POZARYSKA (1961 ) studying Paleocene foram in ifera of Poland, also remarked
that the specim en described by VAN BELLEN from the Bunde Kalk, Terquemia lobata  
(TERQUEM), did not belong to  the same species as the holotype of R otalina lobata  TERQUEM, 
and they erected a new species name fo r VAN BELLEN'stype : Boldia boldia. They appeared to 
believe that both TERQUEM's type o f Rotalina lobata  TERQUEM and VAN BELLEN's "type " of 
Terquemia  /oôafabe longed to  the genus Boldia. Unfortunately, they chose a w rong name : 
according to the international Code of Zoological Nomenclature, 1964 (adopted by the 15 th 
In ternational Congress o f Zoology, London 1958) tautonym y (=  same name fo r the genus and 
fo r the species) is only to  be used in case the erected species is also the type species of the 
genus ("type  by Linnean tautonym y").
BROTZEN & POZARYSKA used a tautonym  for a species, w h ich  was supposed to be d iffe ren t 
from  the type species o f the genus (R. LOBATA TERQUEM). They c ited  Boldia lobata  VAN 
BELLEN (non TERQUEM) as type fo r Boldia bolo ia.
They were probably m islead by the fact tha t VAN BELLEN had m entioned "h o lo ty p e ” in the 
legend o f h is plate, figuring  his specimen.

1 964  MARIE (1 964, pi. 2, f. 4 a-c) figured one specim en of his new genus and species (Scarificatina
re inh o ld i) he erected earlier, probably to  be considered as the type species o f the new genus, 
but not stated so by the author. This " in d ic a tio n " w ou ld  have been su ffic ien t to  va lidate the 
previously c ited nom ina nuda, if it had happened before 1930, but, according to  the Int. Code 
of Zoo log ica l Nom enclature, the new names S carifica tina  re inho ld i of MARIE (1950, 1964) 
are s till to be considered nom ina nuda, a lthough his figures are deta iled and clear enough to 
determ ine th is  new taxon. '

1 964 LOEBLICH & TAPPAN (in MOORE, 1964) described the genus Boldia  in deta il, based on the
holotype o f its species (=  holotype o f R otalina lobata  TERQUEM), and stated that VAN 
BELLEN's (1946  a) specim en probably belonged to  another species, a fact w ith  w h ich  we 
agree.

1 970  POZARYSKA & SZCZECHURA (1 970  b) com pared m ateria l of the Bunde Kalk from  the w ells
previously studied by VAN BELLEN (1946  a) and later by HOFKER (1966 e, and other 
pub lica tions), w ith  material o f the Calcaire de M ohs, from  a w ell in the tow n  o f M ons ("Pu its 
artésien") and w ith  s im ilar form s recovered from  the Paleocene of the Pam ietowo w e ll in 
Poland. They determ ined all th is  m aterial to  belong to  the species Boldia re in h o ld i. S ince they 
gave a fu ll descrip tion  o f the species (re inholdi), w h ich  had previously been a nom en nudum , 
they va lidated MARIE’s (1950, 1964) species.

Description of the genus Scarifica tina

Test trochoid, w ith  five to six chambers in the last w horl ; the spiral side is evolute and may bear a 
keel (which is the continuation of the limbate spiral suture, rem inding of the spiral side of 
Stensioeina) or it may have a rounded periphery. In the latter specimens only the early w horls bear 
a raised spiral suture. At the umbilical side the periphery is always rounded, not lobate, and costae 
(3 to 6 on each chamber) parallel to the (radial) sutures cover the chambers of the last whorl. The 
central part of the umbilical side is covered by stra ight parallel costae, w hich in some cases may 
reach the periphery. The aperture is cribrate : small rounded openings bordered by circular lips 
cover a large part of the apertural face.
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Differences between Scarifica tina  MAR'E and Boldia  VAN BELLEN

The main d ifferences are :

1) Parallel costae in the central part of the um bilica l side occur only in S ca rifica tina , no t in Boldia.

2) A cribrate m ultip le aperture occurs only in Scarificatina, whereas Boldia  has a s lit-like  aperture.

Further possible  d ifferences (not occurring in all specimens) are :
1 ) The raised sutures (of Stensioeina  type) at the spiral side w hich may form  a keel in the last whorl.

2) Radial costae oblique to  the periphery covering the last whorl.

Our conclusions concerning Scarificatina  and Boldia.

1 ) We co ns ide rthe  genus Boldia, typ ified  by the holotype o f TERQUEM's species R otalina lobata  to be 
a va lid  genus, observed in M iddle  Eocene (Lutetian) sedim ents of the Paris basin.

2) The genus Scarifica tina  MARIE (1 950, 1 964) has until now been a nom en nudum . It is validated by 
our descrip tion  and the ind ica tion  o f the type species Scarifica tina  re inho ld i, the species w hich was 
va lidated by POZARYSKA & SZCZECHURA (1970) under the name of Boldia re inho ld i.

3) W e consider Boldia lobata  (TERQUEM) (=  Rotalina lobata  TERQUEM) and Scarifica tina  re inho ld i 
MARIE, as validated by us (=  Boldia lobata  VAN BELLEN, non TERQUEM) to  be tw o  d iffe ren t species, 
belonging to tw o  d iffe ren t genera.

Scarifica tina  re inho ld i MARIE 

PI. 9, f. 5, 6 , 7

1946 Terquemia lobata (TERQUEM) ; VAN BELLEN, Meded. Geo!. Sticht. C., 5, 4, p. 86, pi. 13,
f. 13-15. (non Rotalina lobata  TERQUEM, 1882, Mém. Soc. Géol. France, 3, 2, p. 63, pi. 4, 
f. 10).

1946 Boldia lobata  (TERQUEM) ; VAN BELLEN, Contr. Cushman Lab., 22, 4, p. -121.
1950 Scarificatina re inho ld i MARIE ; Int. Géol. Congress, 18th Session, (1948) Great Britian

report, 15, p. 50, (nomen nudum). 
non 1946 Boldia madrugaensis CUSHMAN f t  BERMUDEZ, Contr. Cushman. Lab. Foram. Res. 24, p. 75, 

pi. 12, f. 4-6.
non 1951 Boldia madrugaensis CUSHMAN & BERMUDEZ ; CUSHMAN, Geol. Surv. Prof. Pap. 232,

p. 65, pi. 22, f. 10-12.
1960 Boldia madrugaensis  CUSHMAN & BERMUDEZ ; HOFKER, Contr. Cushm. Found. Foram. 

Res. 11, 2, p. 47, text - f. 1, 2, 3, 5, 6, 7. (non 4 =  5. szczechurae).
1961 Boldia boldia  BROTZEN & POZARYSKA, Rev. de M icropal., 4, 3, p. 157.
1962 Boldia madrugaensis  CUSHMAN & BERMUDEZ ; HOFKER, Journ. Paleont. 36, 5, p. 1083, 

text - f. 27 B.
1964 Scarifica tina re inho ld i MARIE ; MARIE, Mém. B.R.G.M., 28, 2, pi. 2, f. 4 a-c (nomen nudum).
1966 Boldia madrugaensis CUSHMAN & BERMUDEZ ; HOFKER, Palaeontographica, Suppl. 10,

p. 229, pi. 46, f. 142 ; p. 260, pi. 55, f. 101-103, pi. 57, f. 134-137.
1970 Boldia re inho ld i (MARIE) ; POZARYSKA & SZCZECHURA, Acta Palaeont. Polon., 15 ,1 , p. 99,

pi. 3, f. 3-4 (non fig. 1, 2).



-  106  -

Remarks : Am ong the variants of S carifica tina  re in h o ld i one observes form s w h ich  show  fa in t costae 
that cover the w ho le  surface of the um bilica l side (pi. 9, f. 6 ). It is possib le  tha t the specim en 
figured and described by VAN BELLEN (1946) as Rotalia obesa  (TERQUEM) (VAN BELLEN 
1946, p. 78, pi. 8 , f. 14-16) is such a variant.
Scarifica tina  re inho ld i MARIE d iffers from  Boldia m adrugaensis, by the parallel costae on its 
um bilica l side. The la tter species shows only radial costae-like  ornam ents, no parallel ribs. 
HOFKER's Boldia m adrugaensis  specim ens o f his R Zone in Limburg, are here considered to 
belong to S carifica tina  re inho ld i MARIE.
D ifferences betw een the typ ica l fo rm s of S carifica tina  re inh o ld i and the new  species 
Scarificatina szczechurae  are given below, w ith  the description of that new species.

Occurrence :

1 ) "M ons well 1 969 " (119) : Typical specimens o f th is species were only observed in the higher 
part of the Tertiary calcarenites (type section of the Calcaire de Mons and samples just 
underneath).
Its range covers the interval OB 36.10  - OB 13.90.

2) Other localities : (TH) Tranchée de Hainin, Calcaire de Mons ; (COP) Puits Coppée, Calcaire de 
Mons.

Known range :

Montian.
HOFKER (1962, 1 966 e and other publications) recovered this form from  his "Zone R" (=  lateral 
equivalents of the Calcaire de Mons) in the Bunde wells, in the Maurits III m ine shaft, in the Quarry 
Curfs and in the Calcaire de Mons of the Mons basin.
MARIE (1964) claims to have recovered specimens of th is spécies in the Tuffeau de Ciply ; we did 
not observe th is species in that rock unit ; probably MARIE's specimens belong to the ancestral 
form Scarificatina szczechurae  n. sp. w hich occurs in o lder strata.

S carifica tina  szczechurae  n. sp.

PI. 10. f. 1 ; pi. 10, f. 2 (var. 1)

? 1960 Boldia carinata  var. 2, DROOGER, Proceed. Kon. Ned. Akad. Wet. Ser. B., 63, 4, p. 454, 
pi. 1, f. 12 a-c, 13 a-c.

1970 Boldia re inh o ld ii M ARIE); POZARYSKA & SZCZECHURA, Palaeont. Polon. 1 5 ,1 , p. 99, pi. 3,
f. 1, 2. (non fig. 3, 4).

Holotype : N° 19 of co llection of the Faculté Polytechnique de Mons. Specimen figured PI. 10, f. 1.

Paratypoids : N° 20, 21, (22 is the type of var. 1), co llec tion  of Mons.

Type level ; Lower Tertiary caicarense of "M o ns  w e ll 1 96 9 ", basal part ; Daman Age.

Type loca lity  : "M o ns  w ell 1 96 9 " (approxim ately 14 m south of the classical G o ffin t Pit) at Obourg,
OB 76, near Mons, Belgium.

Name : The name was given in honour of Dr. J. Szczechura, Polish Academy o f Sciences, W arszawa.

Deposition  of specim ens : C ollection of Geol. Inst., Faculté Polytechnique, Mons, Belgium.

M ateria l : Some 30  specim ens were found, scattered over the interval between the local M aastrich tian-
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Daman boundary (80 m) and the top  of the Calcaire de Mons in the "M o ns  w ell, 1969 ’.

D iagnosis : A species o f Scarifica tina  d iffe ren t from  5. re inh o ld i in the fo llo w in g  features :
1) the periphery is bordered by a strong keel,
2) the size is smaller, 280  p. against approx. 500 p..
3) there are only tw o  or three ribs in the um bilicus, whereas S. re inh o ld i MARIE has four to six 

costae at the um bilica l side.

Description : Calcareous troc hospita l tes t ; six to  e igh t chambers in the last w horl ; um bilica l side nearly 
fla t, som ewhat concave ; its central part covered by tw o  or three acute parallel costae ; around 
th is  ornam ented central part radial costae are to  be observed w h ich  generally reach the 
periphery. The spiral side is nearly fla t, the  sutures are strongly lim bate, ma in ly the  spiral suture 
and the  sutures between the chambers of the last w horl (as in Stensioeina exsculpta). The 
d iam eter of the test is w ider at the spiral side than at the um bilica l side, w here the chambers 
are generally rounded. A t the spiral side the periphery is sharp, generally keeled. The aperture 
of the last cham ber was not observed ; in specim ens the last cham ber of w h ich  was broken off, 
there are cribrate, intercameral foram ina ; each small areal opening is surrounded by a d is tinct 
lip. A t the spiral side coarse pores occur m ain ly in the chambers o f the last w horl. A long the 
periphery the costate pattern may be irregular ; instead o f continuous costae, anastom osing 
and d iscontinuous costae may occur (cf. pi. 10, f, 2 ; S. szczechurae  var. 1).

M easurem ents :

in : mm Holotype Paratypoids
1 2

max. diam. 0.28 0.26 0.26
min. diam. 0.24 0.21 0.23
thickness 0.15 0.15 0.13

Remarks : The d iagnostic  features o f th is  species were also observed in juvenile  form s of S carifica tina  
re inho ld i. This may ind icate tha t the species here described as Scarifica tina  szczechurae  is a 
predecessor o f 5. re inho ld i. Actually, the species occurs th roughou t the studied interval 
whereas S. re inho ld i was recovered only in the h igher part of the calcarenites of the "M ons 
well 1 969 ". Possibly ourS. szczechurae  var. 1 (PI. 10, f. 2) found only in the topm ost sample of 
the "M o ns  w e ll 1 96 9 ” , represent a fu rthe r deve lopm ent o f the group.

Occurrence :

11 "M ons w e ll 1 9 6 9 " (69) : The range o f th is  species covers nearly the w ho le  interval between 
the local M aastrichtian-Dam an boundary and the top o f the Calcaire de Mons ; its low est 
occurrence is situated at 76 m and its h ighest occurrence was observed at 12 m, 5. 
szczechurae  var, 1 was only observed in OB 12, uppermost sample of the Calcaire de Mons 
(M ontian).

2} O ther loca lities  : A lthough the material was rather badly preserved the species seems to be 
present in the trench o f the A lbert Cana! (VR), north o f the fau lt of Hees.
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Known range :

M idd le  Danian to M ontian.
In Poland th is  species (recorded as Boldia re inho ld i (MARIE) by POZARYSKA Et 
SZCZECHURA, 1970) occurs in post Danian "M o n tia n " sedim ents.
In the "M o ns  w e ll .1969" it was found in M idd le  to Upper Danian deposits. It has no t yet been 
recorded from  the Tuffeau de C iply nor from  deposits younger than the Calcaire de Mons.

Genus GAVELINELLA BROTZEN, 1942

Gavelinella danica  (BROTZEN)

PI. 11, f. 1

1927 Anom alina grosserugosa’ GÜMBEL ; FRANKE, Dan. Geol. Und., 2, 46, p. 37, pi. 4, f. 3.
(non Truncatu lina grosserugosa  GÜMBEL, 1868, Abh. K. Bayer. Akad. W iss. (m. ph. cl.), 10, 
p. 660 , pi. 2, f. 1 04.

1931 A nom alina  grosserugosa  (GÜMBEL) ; PLUMMER, Univ. Tex. Bull. 3101, p. 201, pi. 14,
f. 9, a-c.

1940 Cibicides danica  BROTZEN ; Sver. Geol. Unders. Arsb., 34, 5, p. 31, pi. 7, f. 2.
1946 Anom alina granosa (HANTKEN) ; VAN BELLEN, Meded. Geol. Sticht. C., 5, 4, p. 74, pi. 11.

f. 4 -6  (non Truncatu lina granosa  HANTKEN).
1948 A nom a lino ides danica  (BROTZEN) ; BROTZEN, Sver. Geol. Unders. C. 42, 2. p. 87, pi. 14,

f. 1, text-f. 22 .
1965 A nom alina  danica  (BROTZEN) ; POZARYSKA, Palaeont. Polon,, 14, (1965), p. 128, f. 1-3.
1966 G avelinella danica  (BROTZEN) ; HOFKER, Palaeontographica Suppl. 10, p. 227 , pi. 43,

f. 86 a-c.
1968 Anom alina danica BROTZEN ; POZARYSKA Et SZCZECHURA, Palaeont. Polon., 20. (1968),

p. 86. pi. 14, f. 6-11.
1970 Gavelinella danica (BROTZEN) ; HANSEN, Meddel. G r0n l. 193, 2, p. 108, text - f. 38 ; pi. 13,

f. 4-6 ; pi. 28, f. 2-5.

Remarks : Forms recovered from chalky or calcarenitic sediments (e.g. Tuffaceous Chalk of Maastricht,
Tuffeau de Ciply), show a rugose surface w ith  protuberances near the um bilicus on the older
chambers of the last whorl. In transparent (hyaline) forms derived from clayey or marly deposits 
(e.g. Marls of Gelinden) th is part near the um bilicus is smooth as it is in the rest of the test. The 
pores of the specimens we observed in the "M ons w ell 1 969 " were quite large and the wall was 
coarse, thus resembling BROTZEN's specimens of the Swedish Paleocene. Very large specimens 
occur in Maastrichtian and Danian sediments as w ell as in the Calcaire de Mons ; no large 
specimens were recovered from younger (Heersian) sediments in Belgium.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (25) : The species was recovered from  nearly all samples. Generally it is 
quite  abundant.

2) O ther loca lities : The species is abundant in a large num ber of samples, from  upperm ost 
Cretaceous and from  Lower to M idd le  Paleocene.

- LA ; (Calcaire de Mons. Tuffeau d'Angres (?) ).
- Kallo w ell (Tuffaceous Chalk of Maastricht).
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- Quarry Le Cornet (near Tournai) (Tuffeau de Chercq).
- CA ; Craie phosphatée de Ciply (Maastrichtian) and Tuffeau de Ciply (Danian).
- E.N.C.I. quarry, St. Pietersberg (type Maastrichtia''.), from all layers.
- VR ; Calcarenite o f Houthem (Danian).
- Ghlin w ell : Chalk member of Spiennes (Maastrichtian).
- LI ; Craie phosphatée de Ciply (Maastrichtian) and Tuffeau de Ciply (Danian).
- TH ; Calcaire de Mons and underlying Tuffeau ; not from  the Campanian chalk underneath.
- MM  ; in th is w ell the species is abundant in the Tuffaceous Chalk of Maastricht, the 

Calcarenite of Houthem, the Calcarenite of Mechelen-aan-de-Maas (297 m to 272 m).
It is rare in the overlying Heers Formation, and it was not found in the marine Lower 
Landenian.

Known range :

This species is known to  occur abundantly in M aastrichtian (m ainly Upper M aastrichtian) 
deposits in add ition  to  its characteristic occurrence in Low er-M idd le  Paleocene (Danian and 
Selandian) deposits in Denmark and southern Sweden.
It occurs less frequently  in the Heers Form ation in Belgium. It was neither recorded from the 
type Thanetian (HAYNES, 1958, D istribution table) nor from the marine (=  Lower) Landenian of 
Belgium.

Gavelinella m in o r  (POZARYSKA & SZCZECHURA)

PI. 17, f. 3, 4

1 968 A nom alina  m in o r  POZARYSKA & SZCZECHURA ; Palaeont. Polon., 20, (1 968), p. 87, pi. 14, 
f. 1 -5, text-f. 2 1 .

Remarks : The specim ens are sm alle rthan  those of G. danica  (BROTZEN). The periphery is less lobulate, 
as the cham bers are less infla ted than in BROTZEN's species.
As the aperture de fin ite ly  lies at the um b ilica l side o f our specim ens we transferred th is  species 
to the genus Gavelinella  BROTZEN. Such an aperture is also figured by POZARYSKA & 
SZCZECHURA (f. 3 c).

Occurrence :

1) "M ons well 1969" (41) : The range covers nearly the whole interval between the local 
Maastricht Ian-Danian boundary (it appears at 79 m depth) and the upper part of the Calcaire de 
Mons (16.10 m depth).

2) O ther loca lities  : In the M echelen-aan-de-M aas w ell (M M ) th is  species occurs in U D o e r  

Maastrichtian, Danian and s ligh tly  younger deposits ; it disappears at the base of the Heers 
Form ation (272 m).
From outcrops an analogous stratig raphica l d is tribu tion  was observed.

Known range :

POZARYSKA & SZCZECHURA (1968) recorded the species only from  M idd le  Paleocene 
deposits  (M ontian  o f Poland and of the M ons basin). Accord ing to ouranalysis, its range w ou ld  
cover nearly the same interval as tha t of Gavelinella danica  (cf. tha t species).
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Gavelinella sp. cf. G. acuta  (PLUMMER)

1926 Anom alina ammonoides REUSS var. acuta  PLUMMER, Univ. Tex. Bull. 2644, p. 149, pi, 10, 
f. 2 .

1948 A nom alino ides acuta  (PLUMMER) ; BROTZEN, Sver. Geol. Unders. C., 42, 2, p. 87, pi. 14, 
f. 2 a-c.

Remarks : The specim ens o f our material are rather badly preserved. Therefore they cannot be 
determ ined w ith  certa inty. The num ber o f chambers in the last w horl is no t know n but 
according to  the vague lobula tion  of the periphery it m igh t be 10. The figure  of the holotype of 
th is  species, however, shows 15 chambers.

Occurrence :

1 ) "M ons well 1969" (33) : A typical specimen was found at 42 .30  m depth ; s im ilar specimens 
were found in several samples from the local M aastrichtian-Danian boundary up to OB 40.

2) O ther loca lities  : M M , Formation o f Heers, and "In fra -H eers ian" (272 -297  m), and also in 
Danian and M aastrich tian deposits, but there it is rare.

Known range :

In Upper Maastrichtian, Danian and M iddle Paleocene deposits in Sweden, Poland, and Russia, 
(if. G. praeacuta  VASILENKO is included in th is species).

Gavelinella  ? sp. cf. G. m idw ayensis  (PLUMMER)

PI. 11, f. 2

1926 Truncatulina m idwayensis  PLUMMER, Texas Univ. Bull. 2644, p. 141, pi. 9, f. 7, pi. 15,
f. 3 a-b.

1948  Anom a lino ides m idw ayensis  (PLUMMER) ; BROTZEN, Sver. Geol. Unders. C., 42, 2, p. 88 ,
pi. 14, f. 3-4.

1951 Anom alinoides m idwayensis  (PLUMMER) ; CUSHMAN, Geol. Surv. Prof. Pap. 232, p. 62
pi. 17, f. 17-19 .

1 966 A nom alino ides m idw ayensis  (PLUMMER) ; HOFKER, Palaeontographica, Suppl. 10, p. 289,
pi. 64, f. 109.

Remarks : Our form s and those of o ther European occurrences have flush to  s ligh tly  depressed sutures 
w h ich  are not lim bate as p ictured by PLUMMER and CUSHMAN for the early cham bers of the 
last w horl in Am erican specimens. Our material therefore resembles BROTZEN's (1948 ; pi.
14, f. 94) figured specim ens better. This is true fo r the m ateria l of the "M o ns  w e ll 1 9 6 9 " and 
also fo r th a t of younger deposits, e.g. in the M echelen-aan-de-M aas w ell. Some specim ens of 
the "M o ns  w e ll 1 9 6 9 " (e.g. pi. 11, f. 2) show  the d is tin c t um bilica l lips, m entioned by 
BROTZEN.

Occurrence :

1) "M o ns  w e ll 1 96 9 " (39) : Some rare specim ens were found betw een 0 B  79 and 
0B  36.10.

2) Other localities : Calcaire de Mons (COP), Tuffeau de Ciply (LA 1 90 and LA 1 75) (CA 6 and 
CA 23), Formation of the Paternostre well (LA 81 - LA 86), Tuffeau de Chercq (LC 7.5 - LC 26) ;
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Heers Formation : Sands of Grp (ORP) and Maris o f Gelinden (OV) ; Lower Landen Formation : 
Tuffeau de Lincent (WA).
Mechelen-aan-de-Maas w ell (MM) : Calcarenite of Mechelen-aan-de-Maas. Heers Formation 
and Lower Landen Formation, ranging between MM 290.5 and MM 220.

•Known range :

The species ranges throughout the Paleocene ; probably it occurs only rarely in Uppe 
Maastrichtian deposits (HOFKER, 1966 e, in his Zone 0).

Genus COLEITES PLUMMER, 1934 

Coleites re ticu losus  (PLUMMER)

PI. 11 , f. 3 ; PI. 1 7, f. 1, 2

1926 Pulvinulina reticulosa  PLUMMER ; Univ. Texas Bull., 2644, p. 152, pi. 12, f. 5 a-b.
1948 Coleites re ticu losus  (PLUMMER) ; BROTZEN, Sver. Geol. Unders. C., 42, 2, p. 109, pi. 18,

f. 1 a-c.
1951 Coleites re ticu losus  (PLUMMER) ; CUSHMAN, U.S. Geol. Surv. Prof. Pap., 232, p. 54, pi. 15,

f. 1-5.
1956 Coleites re ticu losus  (PLUMMER) ; HOFKER, Foraminifera from  the Cretaceous of Southern

Limburg ... XX. Natuurhist. M aandbl., 45, (7-8) p. 75, text-f. 1-8.
1960 Coleites-reticulosus  (PLUMMER) ; HILTERMAN Et KOCH, Int. Geol. Kon’gr. 21 Sess. Norden, 

p. 73, text-f. 4.
1962 Coleites re ticu losus  (PLUMMER) ; HOFKER, Journ. Paleont., 36, 5, p. 1073, text-f. 17 a-g,
1965 Coleites reticu losus  (PLUMMER) ; POZARYSKA, Palaeont. Polon. 14 (1965) p. 1 1 7, pi. 2JD,

f. 1 a-c, 2 a-b.
1 966 Coleites reticulosus  (PLUMMER) ; HOFKER, Palaeontographica, Suppl. 10, p. 94, pi. 1 6 , f. 49 ;

p. 123, pi. 18. f. 21 ; p. 140. pi. 20, f. 43 ; p. 149, pi. 22, f. 105, pi. 23, f. 107 ; p. 208, pi. 39, 
f. 45 ; p. 230, pi. 42, f. 76, 79 ; pi. 44, f. 121 ; p. 245, pi. 47, f. 23 ; p. 313, pi. 70, f. 119.

Remarks : Some specimens recovered are large (800 p. max. diameter), whereas some small "p rim itive " 
specimens occur(370  p  max. diameter) w hich are less ornamented. S im ila rform s were found in 
the Tuffeau de Ciply (CA).

"P rim itive " specim ens w ith  an apertural s lit at the base o f the apertura! face reaching the 
periphery have been found in several samples. A sing le larger specim en (figured PI. 11, f. 3) 
w ith  areal aperture, looking more "evo lved" according to  the phylogenetic  lineage suggested 
by HOFKER (1956  g), occurred in a Danian sample near the base of the ca lcarenite  succession 
(OB 70) and suggests that "p rim itive " and "evo lved" specimens may occur together,

Occurrence :

1 ) "M o ns  w e ll 1 96 9" (48) : Some specim ens were recovered from  the low er part o f the Tertiary 
ca lcarenites not h igher than OB 60 m, in add ition  to  a s ing le  specim en in OB 12.

2) Other localities : The species was neither found by VAN BELLEN (1946 a) nor by HOFKER 
( 1 966 e) in the  Bunde Kalk. Its near-absence in the Calcaire de M ons and Bunde Kalkm ight_ 
be the result of environm enta l cond itions, as the species is equally absent from  the higher
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part of the Tuffaceous Chalk of M aastrich t possib ly because eco log ica l cond itions  were 
s im ilar to those during deposition  at OB. The species is quite  com m on in the Tuffeau de 
C iply (CA, TH, LI) and in the Calcarenite of Houthem  (M M , VR).
Furthermore, it was found in the Calcarenite o f M echelen-aan-de-M aas in the MM  well 
(h ighest occurrence at 273 m) ; it was not recorded from  the Form ations of Heers and 
Landen.

Known range :

Accord ing  to  the literature, the species appears in M idd le  M aastrich tian tim es. In NW  Europe 
its frequence d im in ishes at the end of Early Paleocene (Danian) or s ligh tly  later. In Poland, 
however, it was recorded from  sedim ents of the Pam ietowo w ell, corre lated w ith  the M ontian 
stratotype by POZARYSKA Et SZCZECHURA (1968).

Genus KARRERIA RZEHAK, 1891

Karreria fa llax  RZEHAK

PI. 11, f. 4  ; PI. 17, f. 5, 6

1891 Karreria fallax RZEHAK ; Ann. K. k. Natuurhist. Hofmuseum, 6 , p. 4, pi. 7, f. 7 a-c, 8 a-b.
1948 Karreria fa llax  RZEHAK ; BROTZEN, Sver. Geol. Unders., C. 42, 2, p. 114, pi. 18. f. 3,

text-f. 34, 35 (1-14), 36, 37.
1957 Karreria fa llax  RZEHAK ; HOFKER, Foraminifera from  the Cretaceous ... XXVII, Natuurhist.

Maandbl. 46, (7-8), p. 98 , f. 1, 2.
1965 Karreria fa llax  RZEHAK ; POZARYSKA, Palaeont. Polon. 14, (1965), p. 138, pi. 19, F. 3, 4.
1966 Karreria fa llax  RZEHAK ; HOFKER, Palaeontographica, Suppl. 10, p. 193, pi. 37, f. 46  ;

p. 202, pi. 38, f. 38, 39 ; p. 217 , pi. 44, f. 113, 114, 115, pi. 45, f. 127 ; p. 240 , pi. 48.
f, 40 , 41, 44 ; p. 334 , pi. 84, f. 213, 214, 215.

1 968 Karreria fa llax  ; RZEHAK ; POZARYSKA £r SZCZECHURA, Palaeont. Polon., 20, (1 9 6 8 ), p. 91,
text-f. 22 .

1970 Karreria  sp. HANSEN, Meddel. Gr0nl., 193, 2, p. 112, pi. 13, f. 7-9 ; pi. 28, f. 6 .

Remarks : M ost specim ens do not show  an unco iled stage ; the aperture always touches the base of the
fina l chamber, it is not areal.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (24) : This species has been found from  80  m to 20  m in the calcarenite 
series at Obourg.

2) Other loca lities  :
- M aastrich tian deposits in the Mons basin (CA, LI)
- Tuffeau de Ciply (CA, LI)
- Calcarenite of Houthem (VR)
- "In fra  Heersian" in the MM  w e ll (in terva l 297  to 272  rr,/
- abundant in some younger Paleocene Landenian (Thanetian) deposits  of the M ons basin 

(LA) and quarry "Le Cornet" at Chercq, near Tournai.

Known range :

The range of the species covers at least part of the M aastrich tian (HOFKER, 1966  e), Danian
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and younger Paleocene (BROTZEN, 1948), Lower Eocene and part of the M iddle  Eocene 
(KAASSCHIETER, 1961).

Genus LAMARCKINA  BERTHELIN, 1881

Lam arckina naheolensis  CUSHMAN & TODD

PI. 11, f. 5

1942 Lam arckina naheolensis  CUSHMAN & TODD ; C.C.L.F.R. 18, p. 39, pi. 7, f. 5-7.
1 948 Lam arckina naheolensis  CUSHMAN & T O D D ; BROTZEN, Sver. Geol. Unders. C. 42, 2, p. 122,

pi. 1 7, f. 6 a-c.
1 951 Lam arckina naheolensis  CUSHMAN Et TODD ; CUSHMAN, U. S. Geol. Surv. Prof. Pap., 232,

p. 49 , pi. 14, f. 4-6.
1965 Lamarckina naheolensis  CUSHMAN £r TODD ; POZARYSKA, Palaeont. Polon. 14, (1965),

p. 115, pi. 20, f. 5 a-c.

Remarks : Some small re lative ly w ell preserved specim ens have been observed in tw o  samples in w hich 
the o ther foram in ifera w ith  ca lc itic  tests are generally strong ly recrystallized.

Occurrence :

1 ) "M o ns  w e ll 1 9 6 9 " (122) : Two specim ens recovered in OB 30  and a single one in OB 32.20  
(M ontian).

2) O ther loca lities  : We did not recover the species in any o ther Paleocene sample of Belgium. 

Known range :

This species has been recorded from  post-Danian Paleocene deposits of the U.S.A., Sweden, 
Denmark and Poland.
The fact tha t Lam arckina  species and o ther taxa w ith  aragonite tests have so far not been 
recovered from  the Danian o f Denmark or of o the r regions, has been explained by TROELSEN 
(1 954) and H A N S E N (1 9 7 0 b )a s th e  result o f so lu tion  of aragonitic  tests in ca lc itic  sediments. 
It has to  be noted that w e ll preserved specim ens have now  been found in the calcarenites of 
the "M o ns  w e ll 1969", toge ther w ith  o ther foram in ifera tha t show  relative ly strong 
recrysta llization. Hence, th is  occurrence in ca lc itic  sedim ents is considered to be one of 
inc identa l preservation.

Lam arckina lim ba ta  CUSHMAN Et TODD

PI. 5 ; f. 9

1 942 Lam arckina lim bata  CUSHMAN £r TODD ; Contr. Cushman Lab. Foram. Res. 1 8 , p. 39, pi. 7,
f. 8 - 10.

1 951 Lam arckina lim bata  CUSHMAN Et TODD ; CUSHMAN, Geol. Surv. Prof. Pap. 232 , p. 49, pi. 14,
f. 1-3.

Remarks : This species is c lose io  Lam arckina rugulosa  but d iffers by the lim bate sutures at the (spinose) 
spiral side.

Occurrence
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1) "M o ns  w e ll 1 96 9 " (124) : A s ing le  w e ll preserved specim en was recorded from  OB 30 
(M ontian).

2) Other loca lities  : Not recovered from  any o the r sample.

Known range :

A ll Am erican occurrences are though t to  be Paleocene Age, younger than Danian. Its absence 
as a fossii in most Danian lim estones may be explained, however, by easy so lu tion  o f the 
aragonitic  tests (cf. remarks on Lam arckina naheolensis).

Benthonic Foraminiferida (species diversa).

In the range chart a num ber o f species have been entered w h ich  are extrem ely rare or atypical, 
and the determ ina tion  o f w h ich  is uncertain due to  the poor state of preservation :

Valvulina g u illa um e i Y. LE CALVEZ (125)
Valvulina te rquem i Y. LE CALVEZ (127)
Clavulina  sp. (101)
Triloculina  sp. (90)
M arg inu lina  costu la ta  HOFKER (123)
Len ticu lina  spp. (46)
A staco lus  sp. (103)
Nodosaria  spp. (73 and 109)
Pseudopolym orphina g e ije ri var. angusta  BROTZEN (81) (PI. 5, f. 2 \
Dyofrondicularia  sp. (110)
Lagena spp. (67 and 105)
S igm om orph ina pseudoregularis  CUSHMAN & THOMAS (89)
G uttu lina  han tken i CUSHMAN & OZAW A (91)
Bulirrjirlti sp. cf. B. pseudoacuta  MARIE (36)
Bolivina  sp. cf. B. eocenica  (TERQUEM) (117)
Reussella  sp. (94)
Fissurina  sp. (11 8 )
Tappanina sp. cf. T. se lm ensis  (CUSHMAN) (114) (small specimens)
Conorbina  ? sp. (59)
Discorbis  sp. (77)
D iscorbis lim ba ta  (TERQUEM) (128)
Rosalina crenula ta  HOFKER (121)
A labam ina  sp. cf. A. obtusa  (BURROWS Et HOLLAND) (35)
Alabam ina  sp. cf. A. w ilcoxensis TOULMIN (99)
Glabratella  sp. cf. G. po lon ica  POZARYSKA Et SZCZECHURA (97)
Lam arckina  ? sp. (102)
Paralabam ina lunata  (BROTZEN) (116)
A nom alino ides  sp. (20)
C ibicides  sp. cf. C. vo ltz ianus  (d'ORBIGNY) (27)
Cibicides asteroides  POZARYSKA Et SZCZECHURA (44)
Cibicides e longatus  var. lim burgens is  VAN BELLEN (83)
Nonion  sp. cf. N. scaphum  (d'ORBIGNY) (106)
Planulina  sp. ( 108)
Anom alinoides m ississippiensis (CUSHMAN) (126)
A nom alino ides bundensis  VAN BELLEN (78)
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Moreover, some very poorly preserved specim ens have been recovered w hich  were not 
entered in the chart :

A specim en of Stom atorb ina  sp. was recovered in OB 13.90
Of Frondicularia b iform is  a single specimen was recovered at OB 72.10 and a specimen of Loxostomum  
in OB 72.10  no t show ing  the sutural pattern of L  app linae  (PLUMMER).

7.2. PLANKTONIC FORAMINIFERA

The description and stratigraphie d is tribu tion  of p lankton ic foram in ifera in the interval from 
Upperm ost Cretaceous to  Lower Eocene have been dealt w ith  by a great number of authors, A ll 
pub lica tions w h ich  were o f special im portance fo r our de te rm inations and /o r fo r our zonation of the 
Paleocene, are accom panied by an asterisk in the b ib liography at the end.
References to  each o f the p lankton ic  species only conta in  literature  data pertinen t to the correct concept 
of the species.

Genus GLOBIGERINA d'ORBIGNY, 1826 

Globigerina daubjergensis  BRÖNNIMANN

PI. 12, f. 3 ; PI. 18, f. 1, 2

1 953 Globigerina daubjergensis  BRÖNNIMANN, Eclog. Geol. Helv. 45, (1 952), 2, p. 340, text-f. 1.

Remarks : As was explained in an earlier paper (M 00R KEN S, 1971) G. ko z lo w sk ii BROTZEN & 
POZARYSKA (as em ended by us) is considered to be a species d iffe ren t from  G. daubjergensis.

For the d is tin c tion  o f both species, populations o f 50 or more specim ens have to be 
measured. W hen the average maximal test size (maximal diameter) is smaller than 185 p  the 
popula tion  is considered to  belong to  G. daubjergensis, whereas a population w ith  3n average 
test size larger than 185 p  is considered to belong to G. kozlow skii. The latter species is 
believed to be post-Danian in age and restricted to  the low er part of the M idd le  Paleocene. 
Hence, G. daubjergensis  and G. ko z lo w sk ii represent tw o  d iffe ren t chronospecies of the 
lineage G. daubjergensis - G. koz low sk ii. The increase o f average maximal te s t size w ith  time, 
and its explanation as an evolutionary lineage were put fo rw ard by HOFKER (1960 b, 1962,
1966 e) and by BERGGREN (1962 a). The firs t to investigate th is  lineage on a b iom etrica l basis 
was HANSEN (1 970  a), w ho  discovered tha t a population of to to types of G. ko z lo w sk ii (from 
the "M o n tia n " of the Pam ietowo w e ll in Poland) showed a s ign ifican tly  larger average maximal 
d iam eter than the popula tions he investigated from  the Danian of Denmark. An analogous 
larger size population was found in the Selandian strata overlying the Danian in Denmark. The 
population of topotypes of G. ko z lo w sk ii is also fo r th is  reason considered to  be younger than 
those of the Danian.

M easurem ents on Belgian material

The material in Belgium is no t as rich in p lankton ic  foram in ifera as were the samples of the 
Danian of Denmark, investigated by HANSEN (1970  a).

1 ) Tuffeau de Ciply, sampled in CA (=  type locality). MEIJER (1 969) analysed the p lankton ic 
foram in ifera  of th is  locality. In m ost of his samples he recovered some fifty  specim ens o f G. 
daubjergensis. The average maximal d iam eter of his populations is said to be 
approximately 160 p  (MEIJER, 1969, p. 415).
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2) "M o ns  w e ll 1969", on ly  in a s ing le  sample in the low er part of the Tertiary calcarenite 
section  (OB 72.10), a re lative ly large popula tion  o f p lankton ic  foram in ifera could be 
recovered. One hundred and fo rty -e igh t specim ens of the Globigerina daubjergensis  group 
have been measured. The measurements o f the specim ens of th is  sample are given in the 
histogram  of figure 1 5. The average of the maximal d iam eter of these specim ens am ounts 
to 148 p. According to HANSEN (1979 a) populations w ith  an analogous average test 
size would occur in the M iddle Danian of Denmark (Danian III).

In the o ther samples we generally observed only tw o  or three specim ens o f th is 
group of p lankton ic  foram in ifera. M easurem ents o f the maximal d iam eter o f these 
specim ens are given in figure  15.

The average test size of 54 specimens recovered from the interval OB 20 - OB 56.20  is 
189 p . According to HANSEN (1 970  a) the population of topotypes of Globigerina kozlow skii 
(Pamietowo well 263 .80  m) averages 198 p , whereas the one from the Upper Danian of 
Denmark (Danian IV at Hvall0se) averages 172 p.

It seems that the "p o p u la tio n " recovered from  the "M o n s  w e ll 1 96 9 " in the interval 
betw een OB 20  and OB 56.20  is in term edia te  betw een both these popula tions of 
HANSEN. U nfortunate ly p lankton ic foram in ifera  are very rare in the M ontian stratotype (OB 
12 - OB 26), so tha t no accurate value can be given fo r the average test size o f the G. 
daubjergensis - G. ko z lo w sk ii g roup in th is  interval. In the interval OB 62 - OB 70 only 
twenty-three specimens could be recovered. Their test sizes average 138 p  ; th is 
"p o p u la tio n ” may again be com pared w ith  the G. daubjergensis  popu la tion  of the M idd le  
Danian of Denmark (Daman III) o f HANSEN's (1970  a) material.

In terpre ta tion  of the measurements.

A lthough the number of recovered specimens in every single sample is too small to compare 
populations d irectly w ith  HANSEN’s data from the Danian of Denmark, the general trend of increasing 
average test size seems to be applicable to the material of our section.

The sample at 72.10 m w ith  its 148 specimens shows an average test size of 148 p . From the 
M iddle Danian of Denmark (Danian III) populations have been recorded by HANSEN (1970 a, p. 349) 
ranging from 131 p  to 1 50 p  ; hence, the Obourg sample OB 72.10 is probably of M iddle Danian Age. The 
same may be said fo r the small number of specimens from the samples of the low er part of the section 
(OB 62 to OB 70).

In the h igher part o f the section (OB 20 to 0B  56.20) the average test size of 54 specim ens is 
larger (189 p) and th is group of specimens shows more a ffin ities w ith  Late Danian to post-Danian 
(Early M idd le  Paleocene) popula tions studied by HANSEN (1970  a). U nfortunate ly the num ber of our 
specim ens is small. However, if we assume that the hypothesis of a general trend of increasing test size, 
going from  the Danian to  Lower M idd le  Paleocene is correct, and that b iom etrica l results in Denmark and 
in Belgium  are com parable, then, it may be accepted tha t th is  "p o p u la tio n " is younger than tha t of the 
type Danian (Faxe), w h ich  is of M idd le  Danian Age, accord ing to  Danish literature (TROELSEN, 1957, 
SORGENFREI, 1957).

Occurrence :

1 ) "M o ns  w e ll 1 96 9 " (140) : Globigerina daubjergensis  occurs in sample OB 72 .10  and in the 
low er part of the Tertiary ca lcarenite  section  be low  OB 56.20.
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Possibly it extends higher, but the num ber of specim ens recovered is too sm all to  evaluate 
the average test size fo r sing le samples.

2) Other loca lities  : In the Tuffeau de Ciply, sampled at its type loca lity  (MEIJER, 1 969) as w ell 
as in the Calcarenite o f Houthem  in the A lbert Canal section (VR) and in the quarry Curfs 

, (MEIJER, 1959). Furthermore the species occurs in the Calcarenite o f Houthem in the 
M echelen-aan-de-M aas w e ll (M M ) interval between 3 2 0  m and 300  m (M 00RKENS, 
1 971), and possib ly in some o f the h igher strata o f th is  well.

Known range :

The daubjergensis-kozlowskii lineage ranges apparently higher than the Danian in Europe and N. 
Africa : L. Selandian in Denmark according to HANSEIM ; M iddle Paleocene ("M on tian") of Poland 
according to POZARYSKA, 1965 and POZARYSKA & SZCZECHURA, 1968 ; M iddle Paleocene 
(G. uncinata  Zone) of Spain according to HILLEBRANDT, 1965 ; M iddle Paleocene (G. angulata 
Zone) of Egypt according to F.L-NAGGAR, 1969 a. in America it has so far only been recorded 
below the appearance of G. uncinata  and G. angulata  according to BOLLI, 1957; below the 
appearance of keeled G loborotalia 's according to LOEBLICH & TAPPAN, 1964.

Globigerina ko z lo w sk ii BROTZEN & POZARYSKA 

PI. 12, f. 4 ; PI. 18, f. 3, 4.

1 961 "G lo b ig e rina ''koz lo w sk ii BROTZEN & POZARYSKA ; Rev. M icropal., 4, 3, p. 1 62, pi. 1, f. 1 -14
pi. 2, f. 1-17 ; pi. 3.

Remarks : G. ko z lo w sk ii represents the  final stage of the daubjergensis  lineage. It w ou ld  occur after the 
close of Danian tim e. A lthough the num ber of recovered specim ens in the "M o ns  w e ll 19 6 9 " is 
rather low, the trend of increasing test size may be concluded from  the data on the samples OB 
20  - OB 56 .20  (cf. figure  15, and remarks on G. daubjergensis). In th is  lineage evolution is 
though t to have occurred gradually, so tha t the lim it between both chronospecies G. 
daubjergensis  and G. ko z lo w sk ii is arbitrary. In an earlier paper (MOORKENS, 1971) we 
considered populations w ith  an average test size smaller than 185 p  to  belong to G. 
daub je rgens is , whereas populations w ith  an average test size larger than th is  value were 
determ ined as G. koz low sk ii.

The value of 185 /x as a "m orpho log ica l lim it" between both chronospecies has been chosen 
because it is halfway between the average test size of the population of G. daubjergensis from the 
Upper Danian of Denmark (1 72.1 0 p . HANSEN, 1 970 a, p. 349, Table II) and that of a population 
of topotypes of G. koz low sk ii (197.50 p, HANSEN, loc. cit. p. 349, Table II).

Occurrence :

1) "M o n s  w ell 1 96 9 " (141) : Only a re la tive ly small num ber of specim ens o f the G. 
daub jergens is-koz low sk ii group could be recovered from  the m ateria l we had at hand. 
U nfortunate ly the M ontian stratotype between OB 12 and OB 26, yielded practica lly  no 
p lankton ic foram in ifera. The 54 specim ens occurring in the h ighest part of the calcarenite 
section have an average test size of 1 89 p, w hich value is very close to the arbitrary lim it 
between the chronospecies G. daubjergensis  and G. koz low sk ii. However, it is probable 
tha t th is group of specim ens is more advanced, than populations recovered from  the Upper 
Danian o f Denmark ; hence, we determ ined th is  "p o p u la tio n " to  belong to G. ko z lo w sk ii.
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2) Other loca lities  ; The num ber o f specim ens recovered from  o ther loca lities  (M M  w ell ; 
M aurits III m ine shaft, VAN BELLEN's co llec tion  of the Bunde w ells) has been too  sm all to  
d is tingu ish  between populations of G. daubjergensis  and G. koz low skii.

Known range : Montian,

In Denmark Globigerina koz low sk ii (as emended by MOORKENS, 1971 ) is restricted to Selandian 
strata, younger than the Danian, In Poland Globigerina koz low skii was orig inally described by 
BROTZEN & POZARYSKA from "M o n tia n " strata, thought to be younger than the Danian by 
Pozaryska (1965) and by HANSEN (1970 a). A von HILLEBRANDT (1 965, p. 1 6) recovered "very 
large G. daubjergensis specimens, equal to  G. koz low sk ii"  together w ith  G. inconstans  and G. 
uncinata  in his Zone B in N Spain. He equals his Zone B w ith  the G. inconstans  Zone of 
ALIMARINA(1 963) and the G. uncinata  Zone of BOLLI (1957) and these zones are th u s th o u g h tto  
correspond to the Montian stratotype.

Globigerina tr ilo cu lino ides  PLUMMER 
PI. 12, f. 2, 5 ; PI. 18, f. 9, 10

1926 Globigerina trilocu lino ides  PLUMMER, Univ. Texas Bull. 2644 , p. 134, pi. 8 , f. 10 a-c.

Remarks : The reticu la te  surface of th is  species enables the d iffe ren tia tion  from  the h isp id  to spinose 
Globigerina daubjergensis.
The form figured bu BROTZEN (1948, pi. 17, f. 2) is s ligh tly  more trocho id  and probably 
belongs to another species or subspecies. Further deta ils concern ing  the d is tin c tion  of th is 
species and of Globigerina trilocu lino ides  parva  EL-NAQGAR, have been d iscussed in an 
earlier paper (MOORKENS, 1971).

Occurrence :

1 ) "M ons w e ll 1 9 6 9 " (142) : In OB 30 and OB 48, some rare specim ens have been observed, 
w h ich  resemble the figured holotype of the species very w ell.

2) Other loca lities  : The species has been recovered from  the Tuffeau de C iply (CA) at C iply in 
strata of Upper (to M iddle ?) Danian Age ; furtherm ore it was observed in the Danian deposits 
of the Calcarenite of Houthem.
In the M echelen-aan-de-M aas w ell it occurs in the same litho log ie  unit (MM  3 0 0  - 320) as 
w e ll as in younger layers (M M  2 90 .50  - M M  277) in the Calcarenite of M echelen-aan-de- 
Maas.

Known range :

This species appears in the Danian. In Denmark it starts its range in M idd le  Danian deposits 
according to  TR0ELSEN (1957), and to  BERGGREN (1960  b). Accord ing  to most authors it 
ranges th roughou t the Paleocene.
Some specia lis ts  (e.g. SUBBOTINA, 1953) believe tha t it rangas in to  the Lower Eocene or 
possibly even higher. KAASSCHIETER (1 961 , pi. 1 6 , f. 7) c ited  th is  species from  the Ypresian 
of Belgium ; however, his figured specim en probably belongs to  another reticu la te  species. 
Globigerina patagonica  TODD Et KNIKER. This m ight also apply to the Lower to M iddle Eocene 
specimens, SUBBOTINA ascribed to th is species. Probably the range of G. trilocu lino ides  is 
restricted to the Paleocene.
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Genus GLOBOROTALIA CUSHMAN, 1927

Globorotalia pseudobuHoides  (PLUMMER)
PI. 12, f. 1 ,6 .

1926 Globigerina pseudobu llo ides  PLUMMER, Univ. Texas Bull., 2644, p. 133, pi. 8 , f. 9 a-c.

Remarks : Our rare specim ens resemble the holotype quite  w ell. The surface of the test is fine ly  
reticu late, whereas re ticu la tion  of the  test is coarser in G. triloculino ides.

Occurrence :

1) "M o ns  w ell 1 96 9" (145) : A couple of specim ens occur in OB 32.40.

2) O ther loca lities  : The species was recorded from  the Calcarenite of M echelen-aan-de-
Maas. in the M M  w ell (M M  287). MEIJER (1 959, 1 969) recorded the species from  the
Tuffeau de Ciply (CA) and from  the Calcarenite of Houthem  (Vr),

Known range :

Lower Paleocene (Danian) to  M idd le  Paleocene, possibly part of the Upper Paleocene.

Globorotalia  sp. aff. G. varianta  (SUBBOTINA)

PI. 12, f. 7, 8 ; PI. 18, f. 5, 6 .

pars 1953 Globigerina varianta SUBBOTINA ; Foraminifères fossiles d'U.R.S.S., Globigerinidae, 
Globorotaliidae, Hantkeninidae. Trudy V.N.I.G.R.I., S.S.S.R., 76, (fide translation SIGAL, 
B.R.G.M. n° 2239), p. 75-77. pi. 3. f. 8 a-c, 9 a-c, 12 a-c.

non 1953 Globigerina varianta SUBBOTINA, loc. cit., pi. 3, f. 5 a-c, (holotype of G. varianta).

Remarks : G. varianta  d iffers from  G. daubjergensis  and G. ko z lo w sk ii by its fla t spiral side. W hen 
describ ing Globigerina varianta , SUBBOTINA (1953) gave no deta ils about the w all structure, 
but she p ictured several form s that d iffe r from  each o ther in the surface of the ir tes t wall. As far 
as can be seen from  the picture, the holotype has a reticulate w all, whereas some paratypes, 
e.g. the one figured pi. 3, f. 8 , have a spinose test. A ccord ing  to the ind ications given by 
SUBBOTINA, the latter specimen was recovered from  a stratig raphica l level youngerthan  that 
of the holotype. We share the op in ion  of BERGGREN (1962 a, p. 93) that the specimen 
p ictured by SUBBOTINA in her pi. 3, f. 8 a-c belongs to  a species, d iffering  from  G. varianta  by 
its spinose test wall. This species probably was never g iven a separate name nor was it 
described and p ictured properly, it is possible tha t part or all of the specim ens p ictured by 
BANG (1969) as G loborotalia danica  BANG, belong to th is  species, but as yet the name G. 
danica  is a nom en nudum , since BANG did not describe her new species. BANG (1971 ) again 
p ictured a num ber o f specim ens under the name Globigerina danica  BANG, probably referring 
to G loborotalia danica  BANG 1969. These figures show  sm ooth to  reticu la te , as w ell as 
spinose o rh is p id w a il structures. Possibly the specimen p ictured by S A M U E L&S ALAJ (1 968, 
pi. 1, f. 4) as G. varianta  belongs to  our spinose species as w ell. Our material consists of but a 
few  specim ens from  the "M ons w e ll 1 96 9 ”  and therefore we prefer to leave our species in 
open nom enclature.
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Occurrence :

1 ) "M o n s  w ell 1 9 6 9 " (143) ; Two w e ll preserved specim ens were recovered in OB 36.10 . In 
OB 32 .20  and OB 38.20  tw o  add itiona l specim ens were found. One dubious specimen was 
recovered in OB 48.

2) Other loca lities  : This species has not been observed in o ther samples o f our material. 

Known range :

It is d ifficu lt to assess the range of th is  species. Forthe  range of Globigerina varianta  (inc lud ing  
spinose types) SUBBOTINA (1 953) gives Danian to  Lower Eocene. The paratype (pi. 3, f. 8 a-c) 
is e ithe r of Paleocene (no t inc lud ing  Danian) or Early Eocene Age, whereas the reticu late 
holotype is of Danian Age. SAMUEL & SALAJ (1968) recovered th e ir fo rm s in Paleocene 
sedim ents younger than Danian.
BANG (1 969) gives a d iffe ren t range fo r Globorotalia danica  (p. 63, f. 4) as she recovered he. 
species in Lowerm ost Danian (Danian I) and U pperm ost Danian to Selandian.
The species was not recovered from the M iddle Danian (Danian II and III) and part o f the Upper 
Danian (low er part of Daniân IV).

Globorotalia  sp. cf. G. com pressa  (PLUMMER)

PI. 12, f. 9 ; PI. 18, f. 7-8

cf. 1926 Globigerina compressa PLUMMER, Univ. Texas Bull, 2644, p. 135-136, pi. 8 , f. 11.

pars 1 957 G loborotalia pseudom enard ii LOEBLICH & TAPPAN (non BOLLI) U.S. Nat. Mus. Bull. 21 5, 
p. 193, pi. 45 , f. 10 a-c.

Remarks : The specim en recovered in OB 32.40  seems to be trans itiona l to G loborotalia ehrenberg i 
BOLLI, 1957, (U.S. Nat. Mus. Bull. 215, p. 77, pi. 20, f. 18-20).
The last chambers o f our specimen pictured, show  a subacute periphery, w ith  a vague keel 
(only to be seen when the specimen is w etted) and w ith  a sharper edge than it is found in the 
holotype of Globorotalia compressa. However, th is  subacute periphery is probably som ewhat 
less sharp-edged than it is in G loborotalia ehrenberg i BOLLI, and hence, our m aterial may be 
considered transitional between both species. Globorotalia com pressa  (PLUMMER) has been 
recovered from  the Tuffeau de C iply (M idd le  to  Upper Daman) and its lateral equ iva lent in 
eastern Belgium  and Dutch Limburg, the Calcarenite of Houthem. The last cham ber o f the la tter 
specim ens is less acute than tha t of the specim en figured from  the "M o n s  w ell 1969".

A num ber of p ictured form s of the literature resemble our m ateria l qu ite  w e ll, such as 
SUBBOTINA's (1 953) specim ens o f "G. m em branacea  (EHRENBERG)”  (pi. 16, f. 8 a-c, 9 a-c,
10 a-c), whereas o ther specim ens o f that author are referable to  e ithe r G. com pressa  (pi. 1 6 , f. 
7 a-c) or G. pseudom enard ii (pi. 16, f. 11 a-c, 12 a-c, 13 a-c).

A lso the specimen given by SAMUEL & SALAJ (1968, pi. 9, f. 4 a-c) as G. c'f. chapm ani 
resembles ours quite  w ell. It is possible  tha t our material belongs to  G. haunsbergensis  
GOHRBANDT (1963, p. 53, pi. 6 , f. 10-1 2) but according to  the figure  o f the holotype o f tha t 
species its periphery is s ligh tly  more acute.
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Von HILLEBRANDT (1964) p ictured a s im ila r form  (p. 196, f. 2) as G. cf. ehrenbergi, also 
considered to be transitiona l between G loborotalia compressa  and G. ehrenberg i, and liv ing 
during his Zone C (probably Early M idd le  Paleocene).

However, we analysed a population o f topotypes of Globorotalia compressa  (PLUMMER) 
kind ly loaned by Dr. R. SCHMIDT (Utrecht) and observed some specim ens w h ich  are quite 
s im ilar to the one discussed, but no keel or poreless margin was to be seen. Unless larger 
populations can be analysed, it seems im possib le to d istingu ish  G. ehrenberg i c learly from  G. 
compressa  in our material.

Occurrence :

1) "M o ns  w ell 1 96 9" (146) : A sing le specimen in OB 32.40.

2) Other loca lities : a comparable specimen was observed in the M echelen-aan-de-M aas w ell 
(M M  290.50).

Known range :

This transitiona l form  between G. compressa  (PLUMMER) and G. ehrenberg i BOLLI probably 
occurs in upperm ost Danian and Lower M iddle  Paleocene layers, as Von HILLEBRANDT 
(1 964) recorded it from  his Zone C. BANG (1969, p. 63) recorded probably s im ila rfo rm s  as G. 
ehrenbergi from  the basal layers of the Seland Beds (Kertem ipde Clay, Lellinge greensand) 
overlying the Danske Kalk in the Stjïrebaelt region.

Globorotalia  sp, cf. G. im ita ta  SUBBOTINA

cf. 1953 Globorotalia im ita ta  SUBBOTINA ; Foraminifères fossiles d'U.R.S.S., G lobigerinidae, 
Globorotaliidae, Hantkeninidae. Trudy V.N.I.G.R.I. - S.S.S.R., 76, (fide translation SIGAL, 
B.R.G.M. n° 2239), p. 239, pi. XVI, f. 14 a-c, 15 a-c, 16 a-c.

1965 Globorotalia im ita ta  SUBBOTINA ; BERGGREN. Some problems of Paleocene-Lower Eocene 
planktonic foram inifera! correlations, M icropaleontology. 11, 3, p. 291, text-f, 8 , a-f.

1968 Globigerina im ita ta  (SUBBOTINA) ; SAMUEL & SALAJ, M icrobiostratigraphy and 
Foraminifera of the Slovak Carpathian Paleogene, p. 117, pi. 1, f. 5 a-c.

Remarks : The specimen recovered from  the sample OB 40 resembles the p ictured specim ens of 
BERGGREN and SAMUEL & SALAJ better than the holotype and paratypes figured by 
SUBBOTINA, because its last cham ber is less compressed and the h igher arched aperture is 
situated more um bilica lly.

Occurrence :

1) "M o ns  w e ll 1 96 9 " (144) : Only one specimen in sample OB 40.

2) Other loca lities  : The species has not been found in any o ther loca lity  in Belgium.
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Known range :

SUBBOTINA (1953) reported thia species from  the Danian (G. tr iv ia lis  Zone) and from  the 
M idd le  Paleocene (G. incons tans  Zone). BERGGREN (1965) th inks  tha t th is  species is 
restricted to  strata younger than the Danian (G. uncina ta  Zone, G. pus illa  Zone, and G. 
pseudom enard ii Zone), SAMUEL &■ SALAJ (1968) observed the species only in layers of the G. 
inconstans praecursoria  Zone.



- 123 -

BIBLIOGRAPHY

References marked bv an asterisk (*) indicate papers discussing planktonic foraminifera.

(*) ALIMARINA, V.P., 1963. Some observations on the evolution of p lankton ic foram in ifera of the low er 
Paleogene of the Northern Caucasus (in Russian) : BMOIP, ord. Geol., 37, 6 , p. 128-129 . 

ARCHIAC, A. d \,  1 850-1 851. H istoire des progrès de la Géologie de 1834 à 1845 ; II, 2 part, 441 - 
1 100, Terrain Tertia ire  III, (1849 -1850 ) Soc. Géol. (Paris).

(*) BANDY, O.L., 1960. P lanktonic Foraminifera! Criteria fo r Paleoclim atic Zonation. Science Reports, 
Tohoku University, Sendai, Japan, 2nd Ser. (Geol.) Spec. 4, pp. 1-8, 2 text-figs. (Sendai).

(*) BANDY, O.L., 1964. Cenozoic Planktonic Foraminifera! Zonation. M icropal., 10, 1, pp. 1-17. (New 
York).

(*) BANG, I., 1 962. Prelim inary note on the occurrence of G loborotalia  cf. re iss i LOEBLICH &  TAPPAN in 
the Danian deposits of Denmark. Dansk. Geol. Foren., 15, 1, pp. 104 -105 . (Copenhagen). 

(*) BANG, I., 1 969. P lanktonic Foraminifera and B iostratig raphy of the Type Danian. Proc. First Internat.
Conf. Plankt. M icro fossils, 1, pp. 58-65 , text-figs. 1-2, pis. 1-4. (Leiden).

(*) BANNER, F.T, & BLOW, W.H., 1959. The classification and stratigraphical d istribu tion of the 
G lobigerinacea. Palaeontology, 2, 1, pp. 1-27, text-figs. 1-4, pis. 1-3. (London).

(*) BANNER, F.T. Et BLOW, W.H., 1960. Some primary types of species be long ing  to the Superfam ily 
G lobigermaceae. Contr. Cushm. Found. Foram. Res., 1 1 ,1 , pp. 1-41, text-figs. 1-2, pis. 1-8. 
(Bridgewater, Massachusetts).

(*) BARR, F.T. &  BERGGREN, W .A., 1965. P lanktonic Foraminifera from the Thanet Formation 
(Paleocene) of Kent, England. (Acta Univ. Stockh.) Stockh. Contr. Geol., 8 , 2, pp. 9 -26, Text- 
figs. 1 -6 .(Stockholm).

BAYET, L., 1 897. Première note sur quelques Dépots Tertia ires de I'Entre-Sam bre-et-M euse. Bull. 
Soc. Belge Géol., Paléont., Hydrol., 10, (1896) (Mém.), pp. 133-160, text-figs. 1-6, pi. 2. 
(Brussels).

BECKMANN, J.P., 1953. Die Foram iniferen der Oceanic Form ation (Eocaen-Oligocaen) von 
Barbados, KI. A n tillen . Eclog. Geol. Helvet., 46 , pp. 3 01 -412 , 29 text-figs , 1 table, 14 pis. 
(Basel).

(*) BECKMANN, J.P., 1957. C hiloguem belina  LOEBLICH Et TAPPAN and related Foraminifera from  the 
Lower Tertiary of Trinidad, B.W.I. U.S. Nat. Mus. Bull. 21 5, pp. 83-96, text-figs. 14-16, pi. 21. 
(W ashington, D.C.).

BECKMANN, J.P., 1958. Correlation o f Pelagic and Reefal Faunas from  the Eocene and Paleocene of 
Cuba. Eclog. geol. Helv. (Bericht der Schweizerischen Paleontologischen Gesellschaft, 37. 
Jahresversam mlung), 51, 2, pp. 416 -4 22 , 2 text-figs. (Basel).

BECKMANN, J.P., 1 960. D istribution  o f Benthom c Foraminifera at the Cretaceous-Tertiary Boundary 

of Trin idad (W est Indies). Int. Geol. Congress, 21 Session, Norden, 5, pp. 57-69 . 
(Copenhagen).

BECKMANN, J.P. Et- KOCH, W., 1964. Vergle iche von Bolivinoides, A ragonia  und Tappanina 
(Foraminifera) aus Trin idad (W est indien) und M itte leuropa. Geol. Jb., 83, pp. 31 -64, 2 text- 
figs., pis. 5-7 (Hannover).

BELLEN, R.C. Van., 1946 a. Foraminifera from the M idd ie  Eocene in the Southern Part o f the 
Netherlands Province o f Limburg. Meded. geol. S tich t. (Serie C) 5, 4, pp. 1-144, pis. 1-13. 
(Maastricht).

BELLEN, R.C. Van., 1 946 b. (286). Some Homonyms in "Foram in ifera  from  the M idd le  Eocene in the 
Southern Part of the Netherlands Province of L im burg”  Contr. from  Cushman Laboratory, 2 2 .4 , 
pp. 120-123 , text-fig . 1. (Bridgewater, Massachusetts).



-  124  -

(*) BERGGREN, W .A., 1 960  a. Paleogene B iostratigraphy and P lanktonic Foraminifera o f the SW Soviet 
Union. An analysis of Recent Investigations. (Acta Univ. S tockholm ) Stockh. Contr. Geol., 6 , 5, 
pp. 63 -12 5 , tables 1-7, (Stockholm ).

(*) BERGGREN, W .A., 1960 b. B iostratigraphy, P lanktonic Foraminifera and the Cretaceous-Tertiary 
Boundary in Denmark and Southern Sweden. 21 Int. Geol. Congress, Proc., Sect. 5, pp. 181 - 
1 92. (Copenhagen).

(*) BERGGREN, W .A., 1 962  a. Some P lanktonic Foraminifera from  the M aestrich tian  and Type Danian 
Stages o f Denmark and Southern Scandinavia. (Act. Geol. Stockh.) Stockh. Contr. Geol. 9, 1, 
pp. 1 -106, pis. 1 -14  (Stockholm ).

(*) BERGGREN, W .A., 1 962 b. Stratigraphie and Taxonom ic - Phylogenetic Studies o f Upper Cretaceous 
and Paleogene Foraminifera. (Acta Univ. Stockholm ). Stockh. Contr. Geol. 9, 2, pp. 107-129 . 
(S tockholm ).

(*) BERGGREN, W .A., 1963. Problems of Paleocene Stratigraphie Correlation, .Revue Inst. Français 
Pétrole, 18, 10, pp. 1448-1457 , 2 text-figs. (Paris).

(*) BERGGREN, W .A., 1964. The M aestrich tian, Danian and M ontian  Stages and the Cretaceous- 
Tertiary Boundary. Acta Univ. Stockholm . 1 1 ,5 , pp. 104-176 . (S tockholm ).

(*) BERGGREN, W.A., 1965 a. Some Problems of Paleocene-Lower Eocene Planktonic Foraminifera! 
Correlations. M icropal. 1 1 ,3 , pp. 278 -300  (New-York)

(*) BERGGREN, W .A., 1965 b. The recogn ition  o f the G loborotalia uncina ta  Zone (Lower Paleocene) in 
the Gulf Coast. M icropal. 1 1 ,1  pp. 111 -11 3. (New York).

(*) BERGGREN, W .A., 1968. Phylogenetic and Taxonom ic Problems o f some Tertiary Foraminifera! 
Lineages. Tulane Studies in Geology, 6, 1, pp. 1-22. (New Orleans). ‘

(*) BERGGREN, W .A., 1969, Paleogene B iostratigraphy and P lanktonic Foraminifera o f Northern 
Europe. Proc. First Internat. Conf. Plankt. M icro fossils , 1, pp. 121-1 60, pis. 1 -8 , tables 3, text- 
figs. 7. (Leiden).

(*) BERGGREN, W.A., 1971 a. M ultip le  Phylogenetic Zonations of the C enoïo ic based on Planktonic 
Foraminifera. Proc. II Plankt. Conf. Roma, 1970 ; 1, pp. 41 -56, text-figs. 1 -21 , tables 1 -8 (and 1 in 
appendix). (Rome).

(*) BERGGREN, W .A., 1971 b. Tertiary Boundaries and Correlations. In : FUNNELL, B.M. &  RIEDEL, W.R. 
(Editors). The M icropa leon to logy of Oceans, 1. pp. 693 -8 09 , 4 0  tables. (Cambridge).

BERTELS, A. 1969. Estratigraphia del lim ite  Cretacico-Terciario en Patagonia septentrional. Revista de 
la Ass. Geol. Argentina, 24, 1, pp. 41-54 , 2 text-figs. (Buenos Aires).

{*) BERTELS, A., 1970. Los Foraminiferos Planktonicos de la Cuenca Cretacico-terciaria en Patagonia 
septentrional (Argentina). Consideraciones sobre la estratigraphica Fortin General Roca 
(Provincia de Rio Negro). Ameghiniana, Revista de la Ass. Paleont. Argentina, 7, 1, pp. 2-27. 
(Buenos Aires).

BETTENSTAEDT, F., FAHRION, H., HILTERMANN, H. & WICK, W „ 1962. Tertiär Norddeutschlands, 
(in : A rbeitskre is  Deutscher M ikropa läonto logen, (editors) : Le itfoss ilien  der M ikropa
läonto log ie, pp. 3 39 -378 , tables 20-21 , pis. 52 -55 . (N ikolassee, Borntraeger, Berlin).

(*) BIGNOT, G., 1962. Etude m icropa léonto log ique de la Formation de Varengeville  du g isem ent 
Eocène du Cap d 'A illy  (Seine-M aritim e). Rev. de M icropal., 5,3, pp. 161-1 84, pis. 1 -4. (Paris).

(*) BIGNOT, G. 1963. Foraminifères p lancton iques et fo ram in ifères remaniés dans la fo rm ation  de 
Varengeville . Bull. Soc. Géol. Normandie, 53, pp. 1-12, 1 pl., 3 tables. (Coutance).

(*) BIGNOT, G., 1 965. Le g isem ent Eocène du Cap d ’A illy  (Près de Dieppe, Se ine-M aritim e) Bull. Soc. 
Géol. France (7e série) 7, pp. 273 -2 83 , text-figs. 1-7, 1 table (Paris).

(*) BIGNOT, G. Et LE CALVEZ, Y., 1969. C ontribu tion  à l'é tude des foram in ifères p lancton iques de 
l'Eocène du Bassin de Paris. Proc. First Internat. Conf. Plankt. M icro fossils , 1, pp. 1 61 -166, pis. 
1 -2 . (leiden).

BIGNOT, G. &  LEZAUD, L., 1969. Sur la présence de M arthaste rites trib rach ia tus  dans l'Yprésien du 
Bassin ang lo-franco-be lge. Rev. de M icropa l., 12, 2, pp. 119-122 . (Paris).



- 125 -

BINCKHORST VAN DEN BINCKHORST, J.T., 1859. Esquisse G éologique et Paléontologique des 
couches crétacées du Limbourg et plus spécia lem ent de la Craie Tuffeau. (M aastricht).

(*) BOLLI, H.M., 1 952. Note on the Cretaceous-Tertiary Boundary in Trin idad, B.W.I. Journ. Pai. 26, pp. 
6 69 -675 , (Tulsa, Okla).

(*) BOLLI, H.M., 1957. The genera Globigerina  and Globorotalia  in the Paleocene-Lower Eocene Lizard 
Springs Foramation of Trinidad, B.W.I. U.S. Nat. Mus. Bull. 215, pp. 61 -81, text-figs, 11-13, pis. 
15-20. (W ashington, D.C.).

(*) BOLLI, H.M., 1966. Zonation of Cretaceous to Pliocene marine sediments based on Planktonic 
Foraminifera. Bol. Inf. Assoc. Vener. Geol. min. petr. 9, 1, pp. 3-32, tables 1-4. (Enero).

(*) BOLLI, H.M., LOEBLICH, A.R. Jr., TAPPAN, H., 1957. Planktonic foram inifera! fam ilies Hant
keninidae, O rbulinidae, G loborota liidae and G lobotruncanidae. U.S. Nat. Mus., Bull. 215 , pp. 
3 -50, tex t-figs . 1-9, pis. 1-11. (W ashington, D.C.).

(*) BOLLI, H.M. &  CITA, M.B., 1960  a. G lobigerine e G loborota lie  del Paleocene di Paderno d'Adda 
(Italia). Riv. Ital. Paleont. 66 , 3, pp. 1-42, pis. 31-33 , tex t-figs . 1-2. (M ilano).

(*) BOLLI, H.M. &  CITA, M.B., 1960  b. Upper Cretaceous and Lower Tertiary P lanktonic Foraminifera 
from  the Paderno d'Adda section, northern Italy. In ternational Geol. Congress, Reports of the 
21st. Session, Norden 1960, Part 5, Proceedings of Section 5, pp. 1-12, text-figs. 1-3. 
(Copenhagen).

BRAMLETTE, M.N., 1 965. Massive extinc tions in Biota at the end o f M esozoic Time. Science, 148, 
pp. 1696 -1699 .

BRAMLETTE, M.N. &  MARTINI, E., 196.4. The great change in calcareous nannoplankton fossils  
between the M aastrichtian and the  Danian. M icropa leont. 10, pp. 291 -3 22 . (New York).

BRAMLETTE, M.N. &  RIEDEL, W.R., 1954. S tratigraphie Value of D iscoaster and Some Other 
M icrofosS ils related to Recent C occolithophores. Journ. Paleont. 28, 4, pp. 385 -4 03 , pis. 38, 
39.(M enasha).

BRAMLETTE, M.N. &  SULLIVAN, F.R., 1961. C occo lithophorids and related N annoplankton of the 
Early Tertiary in California. M icropal. 7, 2, pp. 129 -188 , pis. 1-14. (New York).

BRIART, A., 1880. C om m unication sur la carte géo logique de la partie centra le de la province de 
Hainaut. Ann. Soc. Géol. Belg. 7, pp. 134-144 . (Liège).

BRIART, A., 1888. Notice descrip tive  des terra ins Tertia ires et Crétacés de l'Entre-Sam bre-et- 
Meuse. Ann. Soc. Géol. Belg. 15, (Mémoires) pp. 3 -58. (Liège).

BRIART, A. &  CORNET, F.L., 1870. D escription des fossiles du Calcaire grossier de Mons. Première 
partie : Gastéropodes (pro parte). Mémoire présenté le 11 mai 1869. Mémoires couronnés et 
M ém oires des savants étrangers de l'Académ ie royale de Belgique, 36. (Brussels).

BRIART, A. &  CORNET, F.L., 1 873. D escription des fossiles du Calcaire g ross ie rde  Mons. Deuxième 
partie : Gastéropodes (pro parte). M ém oires couronnés et M ém oires des savants étrangers de 
l'Académ ie royale de Belgique, 37. (Brussels).

BRIART, A. & CORNET, F.L., 1 880. Note sur la carte géo logique de la partie centrale de la Province de 
Hainaut, exposée à Bruxelles en 1880. Ann. Soc. Géol. Belg. (Séance du 20  ju in  1880), 7, 
pp. 1 39 -148 . (Liège).

BRIQUET, A., 1904. Remarques sur la com position  de l'é tage Thanétien In férieur dans le Nord de la 
France. Ann. Soc. Géol. Nord, 33, pp. 116 -123 . (Lille).

(*) BRONNI MANN, P., 1952 a. G lobigerin idae from  the Upper Cretaceous (Cenomanian - M aestrichtian) 
of Trin idad. B.W.I. Bull. Amer. Pai. 3 4 ,1 4 0 , pp. 1 -70, text-figs. 1 -30, tables 1-11. (Ithaca, N.Y.).

(*) BRÖNNIMANN, P., 1952 b. T rin idad Paleocene and Lower Eocene G lobigerin idae. Bull. Amer. Pai. 
34, 143, pp. 5 -28, 1 table, pis. 1-3. (Ithaca, N.Y.).

(*) BRÖNNIMANN, P., 1953. Note on P lanktonic Foraminifera from  Danian loca lities  o f Jutland, 
Denmark. Eclog. Geol. Helv. (1952) 45, 2, pp. 3 39 -341 . tex t-fig . 1. (Basel).

(*) BRÖNNIMANN, P. & BROWN, N.K. Jr. 1 956. Taxonom y o f the G lobotruncanidae. Eclog. Geol. Helv. 
48. pp. 503 -5 61 . (Basel).



- 126 -

(*) BRÖNNIMANN, P., CURRY, D„ POMEROL, Ch., SZÖTS, E., 1968. C on tribu tion  à la connaissance des 
fo ram in ifères p lancton iques de l'Eocène (inc luant le Paléocène) du Bassin Anglo-Franco- 
Belge. Colloque sur t'Eocene, 1968. Mém. B.R.G.M., 58, 1, pp. 101 -108 , 1 table. (Paris).

BROTZEN, F., 1936. Foram iniferen aus dem Schw edischen U ntersten Senon von Eriksdal in 
Schonen. Sver. Geol. Unders. (ser. C., n° 396) 30, (1 936), 3, pp. 1 -206  text-figs . 1 -69 , pis. 1 - 
14. (S tockholm ). .

BROTZEN, F., 1 940. Flintrännans och Trindelrännans Geologi (Öresund). Sver. Geol. Undersök. (ser. C., 
n° 435) 34, 5, pp. 1-33. (Stockholm).

BROTZEN, F., 1942. Die Foram iniferengattung Gavelinella  nov. gen. und die System atik der 
Rotaliiform es. Sver. Geo!. Unders. (ser. C., n° 451 ) 36, (1942), 8 , pp. 1 -60, tex t-figs . 1 -1 8 , pi. 1. 
(Stockholm ).

(*) BROTZEN, F., 1 948. The Swedish Paleocene and its Foraminifera! Fauna. Sver. Geol. Unders. (ser, C, 
n° 493) 42, 2, pp. 1-140, pis. 1-19. (S tockholm ).

(*) BROTZEN, F., 1960. On Tylocidaris species (Echinoidea) and the Stratigraphy of the Danian of Sweden 
w ith  a Bibliography of the Danian and the Paleocene. Sver, Geol, Unders. (ser. C., n° 571) 54, 
(1959), 2, pp. 1-81, table 1, pis. 1-3. (Stockholm),

(*) BROTZEN, F. &  POZARYSKA, K „ 1957. The Paleocene in central Poland. Acta Geol. Polonica. 7, 3, 
pp. 273 -2 77 . (Warszawa).

(*) BROTZEN, F. & POZARYSKA, K., 1961. Foraminifères du Paléocène et de l'Eocène In férieuren Pologne 
septentrionale ; remarques paléogéographiques. Revue de Micropal. 4, 3, pp. 1 55-166, pis. 1 -2 1 . 
(Paris).

BURROWS, H. Er HOLLAND, R., 1897. The Foraminifera of theT hane t Beds o f Pegwell Bay. Proceed. 
Geol. Assoc. 15, 1 /2 , pp. 19-52, 5 pis. (London).

Cl FELLI, R., 1962, The m orphology and structure of Am m onia beccarri (Linné). Contr, Cushman Found. 
Foram. Res. 13, pp. 119-126. (Bridgewater, Massach.).

(*) CITA, M.B., 1955. The Cretaceous-Eocene Boundary in Italy. Prcfc. of the Fourth W orld  Petroleum  
Congress (Rome) Section I/D, Reprint 2, pp. 4 1 7 -4 5 2 , 9 text-figs. (Rome).

(*) CITA, M.B. Er BOLLI, H.M., 1 961. Nuovi dati su ll'e tà  paleocenica de llo  Sp ilecc iano di Spilecco. Riv. 
Ital. Paleont. 67, 4, pp. 3 69 -392 , pis. 29-30 . (M ilano).

(*) CITA, M.B. Er BOLLI, H.M., 1966. B iostratigrafia  della serie paleocenico-eocem ca di Possagno, 
Treviso (Nota prelim inare). Bull. Soc. Geol. It. 85, pp. 231 -239 , figs. 1-2. (Rome).

CITA, M.B. Er PICCOLI, G., 1964. Les stratotypes du Paléogène d 'Ita lie . Mém. B.R.G.M. 28, (Colloque 
sur le Paléogène, Bordeaux, Sept. 1962) pp. 653 -684 , text-figs. 1-8 (Paris).

(*) CITA, M.B., PREMOLI-SILVA, I., TOUMARKINE, M., BOLLI, H.M., LUTERBACHER, H.-P., MOHLER, H.P., 
SCHAUB, H., 1968. Le Paléocène et l'Eocène de Paderno d'Adda (Italie septentrionale) Mém. 
B.R.G.M. (Coll. Eoc. Paris, mai, 1968) 58, pp. 611-627, text-figs. 1-6 (Paris).

CORNET, F.L., 1886. On the Upper Cretaceous Series and the Phosphatic Beds" in the 
Neighbourhood of Mons. (Belgium) Quarterly. Journal Geol. Soc., August 1886, pp. 325-340, 
text-figs. 1-6. (London).

CORNET, F.L. Er BRIANT, A. 1865. Note sur la découverte dans le Hainaut, en dessous des 
sables rapportés par Dum ont au système Landémen, d'un calcaire grossier avec faune tertia ire . 
Bull. Acad. roy. Belgique 2, 20, pp. 7 57 -776 , 1 pi. (Brussels).

CORNET, F.L. Et BRIART, A., 1866 a. N otice  sur l'extension du Calcaire grossier de M ons dans la 
vallée de la Haine. Bull. Acad. roy. sciences, lettres, beaux-arts de Belg. 12, pp. 523 -5 38 , text- 
figs. 1 -2. (Brussels).

CORNET, F.L. Et BRIART, A., 1 866 b. Note sur l'existence, dans l'Entre-Sam bre e t Meuse, d 'un dépôt 
contem porain du système du Tuffeau de Maestricht, et sur l’âge des autres couches crétacées 
de cette partie du pays. Bull. Acad. roy. Belg. (2), 22, 11, pp. 1-19. (Brussels).

CORNET, F.L. Et BRIART, A., 1 873. Compte rendu de l'excursion fa ite aux environs de Ciply, par la 
Société m alacologique de Belgique, fa it le 20  avril 1873. Ann. Soc. M alacol. Belg. 8 , pp, 21 - 
35. (Brussels).



- 127 -

CORNET, F.L. &  BRIART, A., 1874. Société géo logique de France; Réunion extraordinaire à Mons (du 
30  août au 4 sept. 1874). Lecture d 'ouverture, pp. 29. (Mons).

CORNET, F.L. &■ BRIART, A. 1877 a. Note sur l'existence d'un calcaire d'eau douce dans le terrain
te rtia ire  du Hainaut. Bull. Acad. roy. Belg. (2) 43, 1, pp. 1-14. (Brussels).

CORNET, F.L. &  BRIART, A., 1877 b. Notes sur quelques massifs tertia ires de la province de
Hainaut. Bull. Acad. roy. Belg. (2) 43, 6 , pp. 1-12. (Brussels).

CORNET, J., 1900. Documents sur l’exten tion  souterraine du M aestrich tien  et du M ontien  dans la 
vallée de la Haine. Bull. Soc. Belge Géol. Paléont. Hydrol. 14, pp. 2 49 -257 . (Brussels). 

CORNET, J., 1 902. Note su rla  présence du Calcaire de Mons, du Tuffeau de Saint-Sym phorien et de 
la Craie phosphatée de Ciply au sondage des Herbières (Commune de Tertre). Bull. Soc. Belge 
Géol,, Paléont., Hydrol., 16, pp. 39 -42 . (Brussels).

CORNET, J., 1 903. Documents sur l'extension souterraine du M aestrich tien et du M ontien dans la 
vallée de la Haine (Deuxième note). Bull. Soc. Belge Géol. Paléont., Hydrol., 1 7, pp. 184-1 88 . 
(Brussels).

CORNET, J., 1905. Le sondage de l'E ribut à Cuesmes. Ann. Soc. Géol. Belg. 33, (M ém oires). (Liège). 
CORNET, J., 1 906. Documents sur l'extension  souterra ine du M aestrich tien  et du M ontien  dans la 

vallée de la Haine (Troisième note). Bull. Soc. Belg., Géol., Paléont., Hydrol., 20, pp. 81-86 . 
(Brussels).

CORNET, J., 1907. Le sondage de Bertaim ont, à Mons. Ann. Soc. Géol. Belg. 34, (M ém oires), pp. 
141-147, pi. 14. (Liège).

CORNET, J. 1908. Le deuxième sondage de l'Eribut, à Cuesmes. Ann. Soc. Géol. Belg. (Bull.) 35, pp. 
317 -3 22 . (Liège).

CORNET, J., 1 909. Le sondage d 'Hyon-C ip ly. Ann. Soc. Géol. Belg. (Bull.) 35, pp. 3 47 -349 . (Liège). 
CORNET, J., 1 9-10. Le sondage du Marais à Cuesmes. Ann. Soc. Géol. Belg. (Bull.) 37, pp. 253 -256 . 

(Liège).
CORNET, J., 1913 a. Le sondage d 'Hyon avec coupe Est-Ouest de Cuesmes à Saint-Sym phorien.

Ann. Soc. Géol. Belg. (Bull.) 40, pp. 91-97 . (Liège).
CORNET, J., 1 91 3 b. Les terra ins tertia ires et crétaciques traversés par les puits du siège d'Hautrage 

des charbonnages du Hainaut. Ann. Soc. Géol. Belg. (Bull.) 40, pp. 250 -2 58 . (Liège). 
CORNET, J., 191 9. Le puits artésien de la Chaussée de Binche, à Mons. Le M aestrich tien  de Boussu.

Ann. Soc. Géol. Belg. (Bull.) 42, pp. 70-72 . (Liège).
CORNET, J., 1924. Les Failles de la Carrière Caillaux à Ciply. Ann. Soc. Géol. Belg. (Bull.) 47, pp. 204- 

2 1 1 ,1  text-fig . (Liège).
CORNET, J., 1 925. Compte rendu de l'excursion de la Société belge de Géologie, de Paléontologie 

et d 'H ydro log ie  à Ciply et à Cuesmes, le 20  ju ille t 1924. Bull, Soc. Géol. Paléont., Hydrol. 34, 
pp. 102-107 . (Brussels).

CORNET, J., 1927. Leçons de Géologie, pp. 1-674, text-figs. 1-119. (Lamertin, Brussels). 
CORNET, J., 1 928  a. Faille à deux rejets successifs dans le Crétacique de Ciply. Ann. Soc. Géol. Belg.

(Bull.) 51, pp. 3-5, 1 text-fig . (Liège).
CORNET, J., 1 928  b. Les m ouvem ents saxoniens dans le Hainaut. Bull. Acad. roy. Belg, (Classe des 

sciences, 5e série) 14, 3, pp. 109-126 . (Brussels).
COSSMANN, M., 1908. Pélécypodes du M ontien  de Belgique. Mém. Mus. Roy. Hist. Nat. Belg. 5, pp.

1-76, pis. 1-8. (Brussels).
CURRY, D., 1 966. Problems o f Correlation in the Anglo-Paris-Belg ian Basin. Proc. Geol. Assoc., 77, 

4, pp. 437 -4 67 . (London).
CURRY, D., GULINCK, M. &  POMEROL, C., 1969. Le Paléocène et l'Eocène dans les Bassins de Paris, 

de Belgique et d 'Angleterre. Mém. B.R.G.M. 69, pp. 361 -369 , table 1. (Paris).
CUSHMAN, J.A., 1946. Upper Cretaceous Foraminifera of the Gulf Coast Region of the U nited States 

and Ad jacent Areas. Geol. Surv. U.S.A., Special Publ. 206, pp. 1 -241, Pis. 1 -66 . (W ashington, 
D.C.).



- 128 -

CUSHMAN, J.A., 1951. Paleocene Foraminifera o f the Gulf Coastal Region o f the U nited States and 
Ad jacent Areas, Geol. Surv. Prof. Pap. 232 , pp. 1-175, pis. 1-24, tables 1-4. (W ashington, 
D.C.).

(*) CUVILLIER, J., DALBIEZ, F., GLINTZBOECKEL, C., LYS, M., MAGNE, J „  PEREBASKINE, V., REY, M., 
1955 ; Etudes m icropa léonto log iques de la lim ite  Crétacé-Tertiaire dans les mers méso- 
géennes. Proc. o f the Fourth W orld  Petr. Congr. Rome. Sect. Il/D ., Reprint 6 , pp. 51 7-544, 6 
tables, 5 text-figs.-, 2 pis. (Rome).

DAM, A. ten., 1 944. Die stratig raphische G liederung des N iederländischen Paläozäns und Eozäns 
nach Foram iniferen (m it Ausnahme von Süd-Limburg) Meded. Geol. S tich t, (serie C) 5, 3, pp. 1 - 
142, pis. 1-6. (M aastricht).

DAMOTTE, R., 1964. C ontribu tion  à l'é tude des "Calca ires m on tiens" du Bassin de Paris : La faune 
d'Ostracodes. Bull. Soc. Géol. France (7e série), 6 , pp. 3 49 -356 . (Paris).

DEROO, G., 1959. R épartition stratigraphique de quelques Ostracodes des "cra ies - tu ffeaux" des 
tranchées du Canal A lbert (Belgique). Ann. Soc. Géol. Belg. 82, pp. 2 81 -2 92 . (Liège).

DESOR, E,, 1 847. Sur le terra in Damen, nouvel étage de la craie. Bull. Soc. Géol. France, 2e série, 3, 
4. (Paris).

DEWALQUE, G., 1 868 . Prodrome d'une descrip tion  géo logique de la Belgique. (Brussels and Liège).
DROOGER, C.W. 1960 a. M icrofauna and Age o f the Basses Plaines Formation of French Guyana, 

Proc. Kon. Ned. Akad. W etensch. B. 63, 4, pp. 450 -4 68 , pis. 1-4. (Amsterdam).
DROOGER, C.W., 1960  b. Some Early Rotaliid  Foraminifera. Proc. Kon. Ned. Akad. W etensch. B, 63, 

3, pp. 287 -3 34 , 3 text-figs., pis. 1-5. (Amsterdam).
DROOGER, C.W. Et VOUTE, C., 1951. Sur la présence d 'Inocéram es dans un niveau Post- 

M aastrich tien près d 'A in-Fakroun (Algérie). Bull. Soc. Géol. France, série 6 , 1, 4 /6 . (Paris).
DUMON, P., 1952. La surface de la base du Landénien Marin, sur la p lanchette topographique Mons au 

1 /40 .000. Assoc. Ing. Fac. Polytechn. Mons. 3, pp. 1-7, 1 map. (Mons).
DUMONT, A .,1832. M ém oire sur la constitu tion  géo logique de la province de Liège. Mém. 

couronnés en 1829 et 1830 par l'Acad. Roy. des Sciences et Belles-Lettres de Bruxelles. 
(Brussels).

DUMONT, A., 1839. Rapport sur les travaux de la carte géo logique en 1839, avec une carte 
géo logique des environs de Bruxelles. Bull. Acad. Roy. Belg. 6 , 2, pp. 4 64 -4 85 . (Brussels).

DUMONT, A., 1850(1 849). Rapport sur la carte géo logique du Royaume, Bull. Acad. Roy. Belg. 16, 2, 
pp. 3 51 -373 . (Brussels).

DUMONT, A., 1851. Note sur la position géologique de l’argile rupélienne et sur le synchronisme des 
form ations tertia ires de la Belgique, de l'Angleterre et du nord de la France. Bull. Acad. Roy. 
Sciences Belgique, 18, 2, pp. 179-195. (Brussels).

ELLIS, B. Et MESSINA, A., 1 940  (and Supplem ents). Catalogue of Foraminifera. (W ashington, D.C.).
(*) EL-NAGGAR, Z.R., 1966. Stratigraphy and planktonic foram inifera of the Upper-Cretaceous-Lower 

Tertiary succession in the Esna-ldfu region, N ile Valley, Egypt, U.A.R. Bull. British Museum 
(Nat. Hist.), Geology Suppl. 2, pp. 291, 23 pis. 18 text-figs. (London).

EL-NAGGAR, Z.R., 1967 a. On the so-called Danian s.I. or D ano-M ontian of authors. Meded. Fra- 
Dansk. Geol. Forening, 17, pp. 103 -111 . (Copenhagen).

(*) EL-NAGGAR, Z.R., 1967 b. Planktonic Foraminifera in the Thanet Sands of England, and the Position of 
the Thanetian in Paleocene stratigraphy. Journ. Paleont., 41, 3, pp. 575-586 , 1 text-fig . (Tulsa- 
Okla.).

(*) EL-NAGGAR, Z.R., 1967 c. The occurrence of Globorotalia inconstans  (SUBBOTINA) in the type 
Heersian of Belgium, and the pos ition  of the Heersian in Paleocene Stratigraphy. Revue de 
M icropal., 10, 2, pp. 97 -106 . (Paris).

(*) EL-NAGGAR, Z.R., 1 967 d. Remarques sur les d iv is ions du Paléocène. Résultats d 'é tudes dans les 
loca lités types en Europe occidenta le . Revue de M icropal. 10, 3, pp. 215 -2 16 . (Paris).



- 129 -

(*) EL-NAGGAR, Z.R., 1 969  a. New suggestions for the D ivision and Correlation of Paleocene Strata by 
the use of P lanktonic Foramimfóia. Proc. First Internat. Conf. Plankt. M icro fossils , 2, pp. 1 82- 
201, chart 1. (Leiden).

(*) EL-NAGGAR, Z.R., 1969 b. Correlation o f the various P lanktonic Foraminifera! Zonations of the 
Paleocene. Proc. First. Internat. Conf. Plankt. M icro fossils, 2, pp. 202 -2 23 . (Leiden).

ESKER, G.C. III., 1968. Daman Ostracods from  Tunisia. M icropa leont. 14, 3, pp. 3 19 -333 . (New 
York).

(*) FAHMY, S .E., KRAS HEN I NNI KOV, V „ M IKHAILOV, L. &  SAMODUROV, V., 1 9 6 9 .3 3 . B iostratigraphy 
of Paleogene Deposits in Egypt. Proc. Third Afric. M icropal. Coli. Cairo 1 968, pp. 4 77 -484 , 1 
table. (Cairo).

FORNASINI, C., 1904-1905 . Illustrazione di specie orbignyane di Foramim feri istute nel 1826. R. 
Acad. Sc. 1st. Bologna mem. Sc. Nat. ser. 6 , 1 /2 , pp. 1-17 ; 1-14, 8 pis. (Bologna).

(*) FOX, S.K. Jr. &  OLSSON, R.K., 1 969. Danian P lanktonic Foraminifera from  the Cannonball Formation 
in North Dakota. Journ. Paleont. 43, 6 , pp. 1 3 97 -1 40 4 , pis. 1 68 -169 , 5 text-figs. (Menasha).

FRANKE, A., 1927. Die Foram iniferen und Ostracoden des Paläozäns von Rugaard in Jü tland  und 
Sundkrogen bei Kopenhagen. Danmarks Geol. Unders., 2, 46, pp. 5 -49, 4  pis. (Copenhagen).

GILARD, P., 1926. Recherche sur la constitu tion  des craies du Limbourg. Mém. Classe Sei. Acad. 
Roy. Belg, (in 4°) (deuxième série), 8 , pp. 1-73, text-figs. 1-7, pis. 1-4. (Brussels).

GLAESSNER, M.F., 1 948. Princip les of M icropa leonto logy. 2, pp. 1 -296, text-figs. 1 -64, tables 1 -8 , 
pis. 1-14. (Melbourne).

(*) GOHRBANDT, K., 1963. Zur Gliederung des Paläogen im Helvetikum nördlich Salzburg nach 
Planktom schen Foraminiferen. 1. Teil : Paleozän und tie fs tes Untereozän. M itte ilungen  der 
G eologischen Gesellschaft in W ien. 56, 1, pp. 1-116, 7 text-figs., 1 table, pis. 1-11 (m it 
Beiträgen von PAPP, A. (Grossforaminiferen) und STRADNER, H. (Nannof.loren ) ). (Wien).

(*) GRIMSDALE, I.T. &  VAN MORCKHOVEN, F.P.C.M., 1955. The ratio between pelagic and benthon ic 
foram in ifera as a means of estim ating depth of deposition  o f sedim entary rocks. Proc. 4th. 
W orld  Petrol. Congr., Rome, 1955, pp. 4 7 3 -4 9 1 . (Rome).

GROSSOUVRE, A. de, 1897, Sur la lim ite  du Crétacé et du Tertia ire. Bull. Soc. Géol. France. 3e série, 
25. pp. 57-81 . (Pans).

GROSSOUVRE, A. de, 1 902. Sur les étages Damen et M ontien. Bull. Soc. Géol. France. 4e série, 2. 
(Paris).

GULINCK, M „ 1 965. Le Landemen ligm teux de la région de Tertre. Bull. Soc. Belge Géol., Paléont., 
Hydrol. 74, pp. 411 -413 , text-fig . 1. (Brussels).

GULINCK, M. & HACQUAERT, A. 1 954. L'Eocène. In : Prodrome d'une descrip tion  géo logique de la 
Belgique, pp. 451 -4 93 . Soc. Géol. Belg. (Liège).

GULINCK, M. &  VAN VOORTHUYSEN, J., 1961. Septièm e Colloque Européen de M icro- 
paléonto logie. (Pays-Bas et Belgique) Guide d'excursions. (The Hague).

HALET, F., 1932. Les form ations infraheersiennes du Limbourg belge. Bull. Soc. Belge Géol., 
Paléont., Hydrol. 42, pp. 23-34 , 1 text-figs. (Brussels).

HANSEN, H.J., 1967. Description o f seven type specim ens of foram in ifera designated by d'Orbigny, 
1826. Biol. Medd. Dan. Vid. Selsk., 23, 16, pp. 1-12, pis. 1-3. (Copenhagen).

(*) HANSEN, H.J., 1968. On the B iostratig raph ical Age of the Lower Selandian of Denmark. Meddel. 
Dank. Geol. Foren. 18, 3-4, pp. 277 -2 84 , text-figs. 1-6 (Copenhagen).

(*) HANSEN, H.J., 1970 a. B iom etric studies on the stratigraphie evolution  o f Globoconusa  
daubjergensis (BRÖNNIMANN) from the Danian of Denmark. Bull. Geol. Soc. Denmark, 19, 
pp.341-360, text-figs. 1-19, pis. 1-6 (Copenhagen).

(*) HANSEN, H.J., 1970  b. Daman Foraminifera from  Nugssuaq, W est Greenland, Meciaei. om 
G r0nland, 193, 2, pp. 1-132, text-figs. 1-40, pis. 1-33. (Copenhagen).

HANSEN, H.J. &  ANDERSEN, B.B., 1 969. The occurrence o f c lin o p tilo lite  - replaced foram in ifera in 
the Danish Upper Selandian non - calcareous greensand. Meddel. Dansk Geol. Foren. 19, 2 
pp. 197 -203 , tex t-fig . 1, pis. 1-4. (Copenhagen).



- 130 -

HANSEN, H.J., REISS, Z. &  SCHNEIDERMANN, N „ 1969. U ltram icrostructure  of B ilam ellar W alls  in 
Foraminifera. Revista Espanola de M icropa leon to log ia , 1, 3, pp. 2 93 -3 16 , pis. 1 -8 . (Madrid). 

HAY, W. &  MOHLER, H.P., 1 967. Calcareous N annoplankton from Early Tertiary Rocks at Pont Labau, 
France, and Paleocene-Early Eocene correlations. Journ. Paleont. 41, 6 , pp. 1505-1 541, pis. 
196-206 , 5 text-figs. (Tulsa, Oklahoma).

HAYNES, J., 1954, (122). Taxonom ic Position of Some British Paleocene Bulim inidae. Contr. 
Cushm. Found. Foram. Res. 5, 4, pp. 1 85-1 91, pi. 35, text-figs. 1 -20. (Bridgewater, Massach.). 

(*) HAYNES, J „  1955. Pelagic Foraminifera in the Thanet beds, and the use o f Thanetian as a stage 
name. M icropa leonto logy, 1, 2, p. 189. (New York).

(*) HAYNES, J., 1956. (156) Certain sm aller British Paleocene Foraminifera. Part. 1. N onionidae, 
C hilostom ellidae, Epistom inidae, D iscorbidae, Am phistegin idae, G loboro ta liidae  and 
G üm belinidae. Contr. Cushm. Found. Foram. Res. 7, 3, pp. 7 9 -1 0 1 , pis. 16-18, tex t-figs . 1 -2. 
(Bridgewater, Massach.).

HAYNES, J., 1 958  a. (1 77) Certain sm aller British Paleocene Foraminifera ; Part 3, Polym orphin idae.
Contr. Cushm. Found. Foram. Res., 9, 1, pp. 4 -1 6 , pis. 3-5. (Bridgewater, Massach.). 

HAYNES, J., 1958 b. (185) Certain sm aller British Paleocene Foraminifera ; Part 4. Arenacea, 
Lagenidea, Bulim inidea, and Chilostom ellidae C ortr. Cushm. Found. Foram. Res. 9., 3, pp. 58-77, 
pis. 15-17, 2 text-figs. (Bridgewater, Massach.).

HAYNES, J., 1 958  c. (1 86) Certain sm aller British Paleocene Foraminifera, Part 5. D is tribution. Contr.
Cushm. Found. Foram. Res. 9. n° 4, pp. 83 -92 , 1 text-fig . (Bridgewater, Massach.). 

HAYNES, J., 1962. (249) O perculina  and associated foram in ifera from  the Paleocene of the N.E. 
Fezzan, Libya. Contr. Cushm. Found. Foram. Res. 8 , 3, pp. 90-97 , text-figs. 1-3, pis. 17-18 . 
(Bridgewater, Massach.).

(*) HAYNES, J. &  EL-NAGGAR, Z.R., 1964. Reworked Upper Cretaceous and Danian P lanktonic 
Foraminifera in the type Thanetian. M icropa leonto logy, 10, 3, pp. 3 54 -3 56 . (New York). 

HEBERT, M., 1873 a. Comparaison de l'Eocène in férieur de la Belgique et de l'A ng le te rre  avec celui 
du bassin de Paris. Bibi. Ecol. Hautes Etudes (section sciences naturelles) 8 , 3, pp. 1-33, 1 
table. (Paris).

HEBERT, M., 1873 b. Lettre à d'Omalius d’ Halloy. Bulletins, 20, le partie ; "Heersien et Tertia ire” . Bull.
Acad. Roy. Belg. 20, 3 /4 , (Brussels).

HEIDE, S. VAN DER, 1954. The O riginal M eaning of the Term M aastrich tian (DUMONT, 1849), 
Geologie en M ijnbouw  (N.S.), 16, pp. 5 09 -551 . (The Hague).

HEINZELIN, J. de & GLIBERT, M., 1957. in : PRUVOST, P. Lexique stratig raphique in terna tiona l, 1, 
(Europe) 4  a VII, Tertia ire  : France, Belgique, Pays-bas, Luxembourg. (Centre national de la 
Recherche scien tifique, Paris).

HENNEQUIN, (Capitaine d'Etat-m ajor) 1876. Exposé somm aire de la Géologie de la Belgique pour 
servir de notice  explicative  au nouveau tirage de la Carte G éologique de la Belgique et des 
contrées vo is ines par André Dumont, pp. I-X, pp. 1-76. (F. Hayez, Brussels).

HILTERMANN, H., 1941. Ein litora les Paläozän in N ordw est-deutsch land. Zeitschr. dt. Geol. Ges., 
93, 6 , pp. 2 59 -269 , pis. 8-9 . (Berlin).

HILTERMANN, H. & KOCH, W., 1962. Oberkreide des nördlichen M ittel-europa. (In : W. SIMON & H. 
BARTENSTEIN, Arbeitskreis Deutscher M ikropaläontologen. Leitfossilien der M ikropaläonto- 
logie B 8) pp. 299-338, tabel 19, pis. 42-51, text-fig. 25 (Borntraeger, Berlin).

(*) HINTE, J.E. VAN, 1 963. Zur S tra tigraph ie  und M ikropa läon to log ie  der Oberkreide und des Eozäns 
des Krappfeldes. (Kärnten). Jahrb. Geol. Bundesanst. 8 , pp. 1-147, tables 1-69, tex t-figs . 1- 
14. pis. 1-22, Beil. 1. (W ien)

(*) HILLEBRANDT, A. von, 1962 a. Das Paläozän und seine Foraminiferen-Fauna im Becken von 
Reichenhall und Salzburg. Abh. Bayr. Akad. W iss. Math. Naturwiss. K 1 . N.F., 108, pp. 1 -182, 
12 text-figs., pis. 1-15. (München).



- 1 3 1 -

(*) HILLEBRANDT, A. von, 1962 b. Das A lite rtiä r im Becken von Reichenhall und Salzburg (Nördliche 
Kalkalpen) Zeitschr. dt. Geol. Ges. 1961 (1962), 113, 2 /3 , pp. 339 -3 57 , 7 text-figs. 
(München).

HILLEBRANDT, A. von, 1 962 c. N um m ulites  (?)pa leocen icus  n. sp., eine neue N um m uliten-art aus 
dem Paleozän des Beckens von Reichenhall und Salzburg. M itt. Bayer. Staatssamml. Paläont. 
Hist. Geol., 2, pp. 1-7, 1 text-fig . 1 table, 2 pis. (München).

(*) HILLEBRANDT, A. von, 1964. Zur Entw icklung der p lankton ischen Foram iniferen im A ltte rtiä r und 
ihre stratig raphische Bedeutung. Paläont. Z. 38, 3 /4 , pp. 189 -206 , 4 text-figs. (Stuttgart). 

(*) HILLEBRANDT, A. von, 1965. Foraminiferen-Stratigraphie im A ltte rtiä r von Zumaya (Provinz 
Guipúzcoa, NW  Spanien) und ein Verg le ich  m it anderen Tethys-G ebieten. Bayer. Akad. der 
W issensch. Math. Naturw iss. Kl. N.F., 123, pp. 1-62, 6 text-figs., 5 tables. (München). 

HOFKER, J., 1955  a. Foraminifera from the Cretaceous of Southern Limburg, Netherlands. I. 
Lockhartia  roestae  (Visser). Natuurhist. Maandbl. 44, 1-2, pp. 4 -5  (M aastricht).

1955 b. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. II. 
Pseudoparella a lata  (Marsson). Natuurhist. Maandbl. 44, 3-4, pp. 25-27 .

1955 c. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. II!. 
G avelinella danica  (Brotzen). Natuurhist. Maandbl. 44, 5-6 , pp. 49-53 .

HOFKER, J „  1 955 d. Foraminifera from the Cretaceous of Southern Limburg, Netherlands. IV, The 
genus Boliv ino ides  in the Cretaceous of South Limburg. Natuurhist. M aandbl. 44, 7-8, pp. 68- 
71.

1 955 e. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. V. Bolivina  
firm a, nov. sp. Natuurhist. Maandbl. 44, 7-8, pp. 72-73.

1955 f. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands, VI. 
Globorotalia (Truncorotalia) mosae, nov. sp. Natuurhist. Maandbl. 44, 9 -10 , pp 99-101.

1955 g. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. VII. 
N onionella  cretacea  (Reuss) (non Cushman) Natuurhist. Maandbl. 44, 9 -10, pp. 99-102.

1955 h. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. VIII. The 
genus A llom orph ina  in the Dutch Cretaceous. Natuurhist. Maandbl. 44 , 9 -10, pp. 103-106.

1955 i. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. IX. 
D ictyoconus mosae, nov. sp. Natuurhist. Maandbl. 44, 11-12 , p. 115-117 .

1955 j. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. X. Eponides 
invo lu ta , nov. sp. Natuurhist. Maandbl. 44, 11-12, pp. 115, 118.

1 955 k. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XI. Rotalia  
troch id ifo rm is  (Lamarck), Natuurhist. Maandbl. 44. 11-12, pp. 119-121.

1955 I. Foraminifera from the Cretaceous of Southern Limburg. Netherlands. XII. 
Gavelinella um b ilica tifo rm is  nov. sp. Natuurhist. Maandbl. 44, 11-12, pp. 120-( 1 22).

1955 m. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XIII. 
Cibicides bosque ti (Reuss). Natuurhist. Maandbl. 44, 11-12 , pp. 123-125 .

1956 a. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XIV. The 
genus Orbignyna. Natuurhist. Maandbl. 45, 1-2, pp. 16-19.

1956 b. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XV. 
D ictyopsella  tenu iss im a  (Reuss). Natuurhist. Maandbl. 45, 3-4, p. 28, (31).

HOFKER, J,, 1956 c. Foraminifera from the Cretaceous of Southern Limburg, Netherlands. XVI. 
Boliv ino ides po lon ica  Pozaryska. Natuurhist. Maandbl. 45, 3-4 , pp. 28-29 , (32).

1956 d. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XVII. 
Lagena acuticosta  Reuss. Natuurhist. Maandbl. 45, 3-4 , p. 29, (32).

1956 e. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XVIII. 
Eponides to u lm in i (Brotzen). Natuurhist. Maandbl. 45 , 3-4  pp. 29-30 , (33).

(*) 1956 f. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XIX.



- 132 -

Planktonic Foraminifera of the Chalk Tuff of M aestricht and environments. Natuurhist. 
M aandbl. 45, 5-6, pp. 51-57 .

1956 g. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XX. The 
deve lopm ent o f Coleites re ticu losus  (Plummer). Natuurhist. Maandbl. 45, 7-8, pp. 75-78 .

1956 h. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXI. The 
species of the genera Gavelinella  and Gavelinopsis in the Cretaceous above the Hervian in 
Germany, Holland and Belgium, and the increase o f the diam eters of the ir pores as ind ication 
for stratigraphie levels (Includ ing the developm ent o f the pores o f some S tens io ina -species) 
Natuurhist. Maandbl. 45 , 9 -10, pp. 99-110.

1956 i. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXII. The 
deve lopm ent of Eponides be isse li Schijfsma. Natuurhist. M aandbl. 45, 11-12, pp. 1 31 -132.

1 957  a. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXIII. The 
deve lopm ent of S igm om orph ina so lu ta  Brotzen and o f S igm om orph ina b ro tzen i nov. sp. 
Natuurhist. Maandbl. 46, 1-2, pp. 16-19.

1957 b. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XXIV. The 
deve lopm ent of Pararotalia tubercu life ra  (Reuss). Natuurhist. Maandbl. 46 , 3-4, pp. 32-39 .

(*) 1 957 c. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XXV. Some
more P lanktonic foram in ifera  from  the low er Md in the Quarry Curfs Houthem . Natuurhist. 
Maandbl. 46, 5-6, pp. 57-58 .

(*) 1957 d. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXVI.
G loborotalia p rae tubercu life ra  nov. sp. Natuurhist. Maandbl. 46, 5-6 , pp. 59-60 .

HOFKER, J.; 1957 e. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands, XXVII. On 
Karreria fa llax  Rzehak. Natuurhist. M aandbl. 46, 7-8, pp. 98 -100 .

1957 f. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXVIII. 
S iphogenerinoides eleganta  Plummer. Natuurhist. Maandbl. 46, 7-8, p. 101.

1957 g. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXIX. 
Praebulim ina quadrata  Plummer. Natuurhist. Maandbl. 46,' 7-8, pp. 101-103 .

1957 h. Foraminifera from the Cretaceous of Southern Limburg, Netherlands. XXX. The 
deve lopm ent of R otorbinella m arie i (Man Bellen). Natuurhist. M aandbl. 46. 9 -10 , pp. 1 23-1 24.

1957 i. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXXI. 
Textularia agg lu tiss im a  nov. sp. Natuurhist. Maandbl. 46 , 11-12 , p. 149.

1958 a. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XXXII. On 
some agglu tinated Foraminifera. The Textularia fau jas i series in the M aestrich tian  Tuff Chalk 
and Paleocene o f Holland. Natuurhist. Maandbl. 47, 1-2, pp. 22-26 .

1958 b. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXXIII. On 
some o ther Foraminifera from  the M aestrich tian Tuff Chalk show ing evidence of Tertiary Age 
of that sedim ent. Natuurhist. M aandblad. 47. 3-4, pp. 42-44 .

1 958  c. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXXIV. On 
some Lagenidae occurring in the Kunrade Chalk, suggesting a Dano-Paleocene Age o f th a t 
chalk. Natuurhist. Maandbl. 47, 5-6, pp. 64 -66 .

1958 d. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XXXV. On 
the in itia l stages of O m phalocyclus m acroporus  (Lamarck). Natuurhist. M aandbl. 47, 7-8, pp. 
98 -100 .

1 958  e. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XXXVI. The 
evolution  of M ississ ipp ina  b inkho rs ti (Reuss) Natuurhist. Maandbl. 47, 7-8, pp. 101-103 .

HOFKER, J., 1958 f. Foraminifera from  the Cretaceous of Southern Limburg. Netherlands. XXXVII. 
Linderina visserae nov. sp. Natuurhist. M aandbl. 47, 9 -10, pp. 125 -127 .

1958 g. Foraminifera from the Cretaceous of Southern Limburg, Netherlands. XXXVIII. 
The g lid ing  change in Boliv inoides  during tim e. Natuurhist. Maandbl. 47, 11-12 , pp. 145 -159 .



- 133 -

1959 a. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XXXIX. 
Argum ents fo r a Lower Paleocene Age o f the Sedim ent above the Upper Md in the Quarry of 
Curfs, near Houthem . Natuurhist. Maandbl. 48, 1-2, pp. 18-30.

1 959  b. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XL. The Age 
of the Cr. 4, Craie tu ffo ide. Natuurhist. Maandbl. 48 , 3-4, pp. 46-50 .

1959 c. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XLI. The 
Danian Age o f the M aestrich tian Chalk Tuff proved by the O rthogenesis o f Gavelinopsis 
invo lu ta  (Reuss). Natuurhist. Maandbl. 48, 3-4 , pp. 51-53 .

(*) 1 959 d.Foram inifera from  the Cretaceous of Southern Limburg, Netherlands. XLI I. On the
deve lopm ent stage o f Globigerina pseudobuHoides Plummer in the M aestrich tian Chalk Tuff. 
Natuurhist. Maandbl. 48, 5-6, pp. 80-83 .

1959 e. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XLI 11. 
Globigerines  and related form s in the Cretaceous and Lower-Paleocene of South Limburg. 
Natuurhist. M aandbl. 48, 7-8, pp. 89-95 .

1959 f. Foraminifera from  the Cretaceous of Southern Limburg, N etherlands XLIV. The 
Age of the Kunrade Chalk. Natuurhist. Maandbl. 48, 9 -10, pp. 121-124.

1959  g. Foraminifera from  the  Cretaceous of Southern Limburg, Netherlands.XLV. 
D yocib ic ides kunradensis  nov. sp. Natuurhist. Maandbl. 48, 9 -10, pp. 125-126 .

1959 h. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XLVI. 
Analysis o f the Ma in the type-loca lity  behind the b icycle barn at E.N.C.I. Quarry. Natuurhist. 
Maandbl. 48, 11-12 , pp. 145-148 .

HOFKER, J., 1960  a. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. XLVII. 
Bu lim inae  of the M aestrich tian Tuff Chalk. Natuurhist. Maandbl. 49, 1-2, pp. 15-19.

(*) 1960  b. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XLVI 11.
Globigerina daub/ergensis Brönnim ann and the age of Me and Lower Paleocene above the 
Upper Md in the Quarry Curfs, near Houthem and the age o f Cr4 be low  the Ma. Natuurhist. 
Maandbl. 49, 3 -4 , pp. 34-41 .

1960  c. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. XLIX. On 
another Foram im ferfrom  the M aestrich tian Tuff Chalk show ing evidence of Daman Age o fth a t 
sedim ent. Natuurhist. Maandbl. 49 , 5-6, pp. 58-60 .

1960 d. Foraminifera from  the Cretaceous o f Southern Limburg, Netherlands. L. The 
aperture of Pararotalia tubercu life ra  (Reuss). Natuurhist. M aandbl. 49, 7-8, pp. 79-83.

1960  e. The taxonom ic positions o f the genera Boldia  Van Bellen, 1946, and 
A nom a line lla  Cushman, 1927. Contr. Cushm. Found. Foram. Res. 1 1 ,2 , pp. 47 -52 . (Tulsa, 
Okla).

1960  f. Le problèm e du Dano-Paléocène et le passage Crétacé-Tertiaire, Rev. 
M icropa léont. 3, 2, pp. 119-130, text-fig . 1, pi. 3. (Paris).

(*) 1960 g. P lanktonic Foraminifera in the Danian o f Denmark. Cushm. Found. Foram. Res.
Contr. 1 1 ,3 , pp. 73-86 , text-figs. 1-38. (Ithaca, N.V.).

(*) 1961 a. Les Foraminifères p lancton iques du M ontien  de la loca lité -type. Rev. M icropa l. 4,
pp. 53-57 . (Paris).

1 961 b. Foraminifera from  the Cretaceous of Southern Limburg, Netherlands. LI. Bolivina  
(Loxostoma) se lm aensis  Cushman. Natuurhist. Maandbl. 50, 1-2, pp. 20-22 .

1961 c. Foraminifera from  the Cretaceous of South Limburg, Netherlands, LII. 
S tratigraphy o f the Gulpen Chalk in South Limburg, estab lished by means of the orthogenesis 
of Bolivinoides. Natuurhist. Maandbl. 50, 3-4, pp. 37-40 .

1961 d. Foraminifera from  the Cretaceous of South Limburg, Netherlands. L ili. Some 
sm aller Rotalnd species from  the holes in the hardground over the Md in the Quarry Curfs, near 
Houthem, W est side. Natuurhist. Maandbl. 50, 5-6, pp. 63-67 .

HOFKER, J., 1 961 e. Foraminifera from  the Cretaceous o f South Limburg, Netherlands. LIV. Some



- 134 -

small Rotaliids in the Lower Paleocene above the Md in the Quarry Curfs, near Houthem , South 
Limburg. Natuurhist. Maandbl. 50, 7-8, pp. 85-87 .

1961 f. Foraminifera from  the Cretaceous of South Limburg, Netherlands. LV. The pore 
increase of Gavelinella danica  (Brotzen) in Danian, Lower Paleocene and M ontian in Denmark 
and in H olland-Belgium , show ing  the M aestrich tian o f D um ont's being of Danian Age. 
Natuurhist. Maandbl. 50, 9 -10, pp. 100-102.

1961 g. Foraminifera from  the Cretaceous of South Limburg, Netherlands. LVI. 
Foraminifera of the h ighest "P ost-M aestrich tian ”  outcropp ing  above the Md in South Limburg 
and the Canal A lbert region in North-Eastern Belgium. Natuurhist. Maandbl. 50, 11-12 , pp. 
124-126.

(*) 1 962 a. Correlation of the Tuff Chalk of M aestrich t (type M aestrich tian) w ith  the Danske
Kalk of Denmark (type Danian), the stratigraphie pos ition  of the type M ontian, and the 
p lankton ic foram inifera! faunal break. Journ. Pai. 36, 5, pp. 1051 -1089 , f. 1 -28. (Tulsa, Okla).

1962 b. Foraminifera from the Cretaceous of South Limburg, Netherlands, LVI I. Some 
foram inifera from  the Lower Paleocene above the Md in the quarry Curfs, near Houthem . 
Natuurhist. Maandbl. 51, 1, pp. 8 -11.

1962 c. Foraminifera ... LVIII. Gaudryina supracretacea  HOFKER, Natuurhist. Maandbl.
51, 2, pp. 26-27 .

1 962 d. Foraminifera ... LIX. The genus Nonionella  in the Upper Cretaceous of Holland. 
Natuurhist. Maandbl. 51, 3, pp. 35-37 .

1962 e. Foraminifera ... LX. The evolution of Daviesina fleu riaus i (d'ORBIGNY) in the 
M aestrich tian Tuff Chalk. Natuurhist. Maandbl. 51, 6 , pp. 79-82 .

(*) 1962 f. Foraminifera ... LXI. Globigerina kozlow skii BROTZEN Et POZARYSKA in the "Post-
M aestrichtian" of the quarry Curfs near Houthem and of the Canal A lbert in Belgium. 
Natuurhist. M aandbl. 51, 9, pp. 129-130 .

(*) 1 962 g. Foraminifera ... LXII. Once again p lankton ic foram in ifera from  the Tuff Chalk of
M aestricht. Natuurhist. Maandbl. 51, 10, pp. 146-147 . '

HOFKER, J., 1963 a. Foraminifera ... LXI 11. Some Rotalnd Foraminifera from  the Lower Paleocene 
above the M aestrich tian Tuff Chalk. Natuurhist. Maandbl. 52, 1, pp. 6-9.

1963 b. Foraminifera ... LXIV. The in itia l stages of O rbito ides ap icu la ta  (SCHLUM
BERGERI and Lepidorb ito ides m in o r  SCHLUMBERGER and the d ifference betw een the lateral 
chambers of these tw o  species. Natuurhist. M aandbl. 52, 3, pp. 40-43 .

1 963  c. Foraminifera ... LXV. Some Polym orphinidae. Natuurhist. Maandbl. 52, 4, pp. 55-
56.

1963 d. Foraminifera ... LXVI. Once again Pararotalia tubercu life ra  (REUSS). Natuurhist. 
Maandbl. 52, 6 , pp. 80-82 .

1963 e. Foraminifera ... LXVI I. The taxonom ic pos ition  of S idero lites ca lc itrapo ides  
(LAMARCK). Natuurhist. Maandbl. 52. 7-8, pp. 109-114.

1 963  f. Foraminifera ... LXVI 11. P lanorbu line lla  cretae  (MARSSON). Natuurhist. Maandbl.
52, 9, pp. 129-131 .

1963 g. Foraminifera ... LXIX. The M ilio lidae  of the M aestrich t Tuff Chalk. Natuurhist. 
Maandbl. 52, 10, pp. 143-144 .

1963 h. Foraminifera ... LXX. The fine r structure of the test of M iss iss ipp ina  b inkho rs ti 
(REUSS, 1862) and its bearing on the taxonom ic position of Mississipina. Natuurhist. Maandbl. 
52, 11, pp. 157-160.

1963 i. Foraminifera ... LXXI. The increase of pore-diameters in Gavelinopsis involuta  
(REUSS, 1 862) during the later Cr4 and the M aestrich t Tuff Chalk in the Canal A lbert region. 
Natuurhist. Maandbl. 52, 12 pp. 173-176 .

1964 a. Foraminifera ... LXXII. On the w a ll-s tructu re  of some Upper Cretaceous and



- 135 -

Paleocene agg lu tinated Foram.mfera, Natuurhist. Maandbl. 53, 1, pp. 8 -11.
1 964  b. Foraminifera ... LXXIII. The genus Cymbalopora. Natuurhist. Maandbl. 53, 3, pp. 

40-43 .
1 964  c. Foraminifera ... LXXIV. The evolution of the test w all o f Gyroidinoides. Natuurhist. 

M aandbl. 53, 5, pp. 72-74,
1964 d. Foraminifera ... LXXV. The Tuffeau de C iply in the quarry Curfs, Houthem, the 

Canal A lbert near Vroenhoven, Belgium, and the m ine shaft M aurits III, near Geleen. 
Natuurhist. M aandbl. 53, 7-8, pp. 114-118.

HOFKER, J., 1965 a. Foraminifera ... LXXV!. Some Foraminifera from  the holes in the hardground on 
top  o f the Md, Tuff Chalk, quarry Curfs, near Houthem. Natuurhist. Maandbl. 54, 1, pp. 6-7.

1 965  b. Foram in ife ra ... LXXVII. Arenaceous Foraminifera attached to  the w a lls  of holes in 
the hardgrounds of the Lower Md in the  quarry Curfs : Coscinophragm a cribrosum  (REUSS), 
Placopsilina  cenomana  d'ORBIGNY, Bdello id ina  v incentow nensis  HOFKER. Natuurhist. 
M aandbl. 54, 2, pp. 29-32 .

1965 c. Foraminifera ... LXXVIII. The occurrence of Siphogenerinoides eleganta  
(PLUMMER) as a tim e-m arker in Holland and Belgium. Natuurhist. M aandbl. 54, 3, pp. 40-41 ,

(*) 1 965 d. Foraminifera ... LXXIX. P lanktonic foram inifera in a sample taken from  the holes
in the hardground on top of the Md in the quarry Curfs, near Houthem, South Limburg, 
Netherlands. Natuurhist. Maandbl. 54, 4-5, pp. 66 -68 .

1965 e. Foraminifera ... LXXX. Polym orphinidae from  the holes in the hardground 
covering the Md in the quarry Curfs near Houthem, South Limburg. Natuurhist. Maandbl. 54, 9, 
pp. 111-117 .

1 965  f. Foram inife ra ... LXXXI. Coleites re ticu losus (PLUMMER), Natuurhist. Maandbl. 54,
10, pp. 136-138 .

1966 a. Foraminifera ... LXXXH. Once again Linderina visserae HOFKER. Natuurhist. 
M aandbl. 55, 1, pp. 13-15.

1966 b. Foraminifera ... LXXXIII. Tremastegina roestae  (VISSER). Natuurhist. Maandbl. 
55. 2. pp. 24-26 .

1966 c. Foraminifera ... LXXXIV. The structure of Karreria fa llax  RZEHAK. Natuurhist. 
M aandbl. 55, 4, pp. 58-60 .

1966 d. Foraminifera ... LXXXV. Sidero lites ca lc itrapo ides  (LAMARCK) and Siderolites  
laevigata  (REUSS) in the Tuff Chalk o f M aestrich t, especia lly in the  type-section . Section I. 
Natuurhist. M aandbl. 55, 9, pp. 140-142.

(*) 1 966  e. M aestrichtian, Danian and Paleocene Foraminifera (The Foraminifera of the type
M aestrichtian in South Limburg, Netherlands, toge ther w ith  the Foraminifera of the  underlying 
Gulpen Chalk and the overlying calcareous sedim ents ; the  Foraminifera o f the Danske Kalk 
and the overlying Greensands and clays as found in Denmark.) Paleontographica Suppl. 1 0 ,1 -
11, pp. 1-376, f. 1-178, tb l. 1-69, 1-44, pis. 1-86. (Stuttgart).

INDANS, J., 1 965. M ikro faun istisches Norm alpro fil durch das marine Tertiär der N iederrhein ischen 
Bucht. Forsch. Land. Nqrdrhem -W estfa len. 1484, pp. 1-85, text-figs. 1-9, pis. 1-10, (Köln). 

KAASSCHIETER, J.P.H., 1961. Foraminifera of the Eocene of Belgium. Mém. Inst. roy. Sei. Nat. Belg., 
147, pp. 1-271, tables 1-8, pis. 1-16. (Brussels).

KRASHENINNIKOV, V.A. Et ABD EL RAZIK., T.M . 1 969 (1 9) Zonal stratigraphy of the Paleocene in 
Qusseir, "R ed sea coast". Proceedings of the th ird  African M icropal. co lloq. Cairo, 1 968. pp. 
2 99 -3 09 , 1 text-fig . 1 table. (Cairo).

LE CALVEZ, Y., 1947. Révision des Foraminifères Lutétiens du Bassin de Paris. I. M ilio lidae . Mém.
Carte Geo!, dét. France, pp. 1-45, pis. 1-4. (Paris).

LE CALVEZ, Y., 1949. Révision des Foraminifères Lutétiens du Bassin de Paris, II. Rotaliidae et 
fam illes affines. Mém. Carte Géol. dét. France, pp. 1-54, pis. 1-6. (Paris).

LE CALVEZ, Y., 1950. Révision des Foraminifères Lutétiens du Bassin de Paris. III. Polym orphinidae,



- 136 -

Bulim inidae, Nonionidae. Mém. Carte Géol. dét. France, pp. 1-64, pis. 1-4. (Paris).
LE CALVEZ, Y., 1952, Révision des Foram inifères Lutétiens du Bassin de Paris. IV. Valvulin idae, 

Peneroplidae, O phtalm idndae, Lagenidae. Mém. Carte Géol. dét. France, pp. 1-64, pis. 1-4. 
(Paris).

(*) LE CALVEZ, Y., 1970. C ontribu tions à l'é tude des fo ram in ifères paléogènes du Bassin de Paris.
Cahiers de Paléontologie. Ed. C.N.R.S., pp. 1 -326, text-figs. 1 -75, pis. 1 -48, tables 1 -5. (Paris). 

LERICHE, M., 1912. Extrait du com pte-rendu de la Réunion extraordinaire de la Soc. Géol. France à 
Laon, Reims, Mons, Bruxelles, Anvers, du 27 août au 6 septembre 1 912. - L’Eocène des Bassins 
Parisien et Belge. - Les Terrains Néogènes des environs d'Anvers. - Compte - rendu des 
excursions. Bull. Soc. Géol. France, (3è série) 12, (1912) pp. 675-789 , pis. 23-29 . (Paris), 

LOEBLICH, A.R. Et TAPPAN, H., 1957 a. M orphology and taxonom y of the foram in ifera! genus 
Pararotalia  Le Calvez, 1949. Sm iths. M isc. Coli. 153, 2, pi. 1-24. (W ashington, D.C.).

(*) LOEBLICH, A.R. Jr. Et TAPPAN, H., 1957 b. Correlation of the Gulf and A tlantic Coastal plain Paleocene 
and Lower Eocene form ations by means of planktonic Foraminifera. Journ. Pai. 31, 
pp. 1109-1137. (Tulsa, Okla).

(*) LOEBLICH, A.R. Jr. Et TAPPAN, H., 1 957 c. P lanktonic Foraminifera of Paleocene and Early Eocene 
Age from  the Gulf and A tlan tic  Coastal Plains. U.S. Nat. Mus. Bull. 21 5. pp. 1 73-1 98, text-figs. 
27-28 , pis. 40 -46 . (W ashington, D.C.).

(*) LOEBLICH, A.R., Jr. Et TAPPAN, H., 1964. In : R.C.MOORE (Editor). Treatise on Invertebrate 
Paleontology. C : Protista, 2 vol. pp. 1-900, Univ. Kansas Press. (Lawrence, Kansas).

(*) LUTERBACHER, H.-P., 1 964., Studies in some Globorotalia  from  the Paleocene and Lower Eocene of 
the Central Appennm es. (Inaugurald issertation). Eclog. Geol. Helv. 57, 2, pp. 6 31 -730 , text- 
figs. 1-1 34. (Basel).

(*) LUTERBACHER, H.-P., 1969. Remarques sur la position  stratig raphique de la Form ation d ’Ager 
(Pyrénées M éridionales). (Coll. sur l'Eocène, Paris, 1968 vol. 3) B.R.G.M. 69, pp. 2 25 -232 . 
(Paris),

(*) LUTERBACHER, H.-P. & PREMOLI-SILVA, I., 1964. B iostratigrafia  del lim ite  Cretaceo-Terziario 
nell'appenm ne centrale. Riv. Ital. Paleont. 70, 1, pp. 67 -128 , pis. 2-7. (M ilano).

LYELL, 1833. P rincip les of Geology (1 rst. Edn), 3 vol., 398  pp. (John Murray, London).
LYS, M., 1960. La lim ite  Crétacé - Tertia ire et l'Eocène in férieur dans le Bassin de Majunga 

(Madagascar). Int. Geol. Congr., 21 Session Norden, 5, pp. 120-130 . (Copenhagen). 
MARIE, P., 1 937. Sur la Faune de Foram inifères du Calcaire p iso lith ique  du Bassin de Paris. Bull. Soc.

Géol. France, 5, 7, pp. 289 -294 . (Paris).
MARIE, P., 1 941. Les Foraminifères de la Craie à Be lem nite lla  m ucronata  du Bassin de Paris. Mém.

Mus. Roy. Hist. Nat., (nouv. série), 12, 1, pp. 1-296, pis. 1-37. (Paris).
MARIE, P., 1947. Sur l age m ontien du Calcaire de Bunde (Lim bourg hollandais). C.R. somm. Soc.

Géol. France, 7, pp. 145-147 . (Paris).
MARIE, P., 1949. A propos du so i-d isant faciès d 'a ltéra tion  du Calcaire p iso lith ique  de la région 

parisienne. C.R. Somm. Soc. Géol. France, 5, 7, pp. 220-222. (Paris).
MARIE, P., 1 950. Sur l'évo lu tion  de la faune de Foram inifères des Couches de Passage du Crétacé au 

Tertia ire. Abstracts 1 8 th Internat. Geol. Cong. London, 1 948, Rept. 1 ,1 5 , (Internat. Palaeont. 
Union) p. 50.

MARIE P., 1 956. Sur quelques Foraminifères nouveaux du Crétacé supérieur belge. Ann. Soc. Géol.
Belg., 80, pp. 2 35 -257 . (Liège).

MARIE P., 1 964. Les Facies du M ontien, (France, Belgique, Hollande). Mém. B.R.G.M. 28, (Coll. sur 
le Paléogène, Bordeaux, sept. 1962) 2, pp. 1077 -1101 , pis. 1-2. (Pans).

MARLIERE, R., 1 929. Le M ontien existe au sondage des Jonquois, à Mons. Ann. Soc. Géol. Belg., 
52, (Bull.) p. 1 83. (Liège).



- 1 3 7 -

MARLIERE, R., 1 939. Contribution à l'étude des form ations crétacées et tertia ires du Bassin de Mons, 
(deuxième fascicule). Ann. Soc. Géol. Belg., 63, (Bull.) pp. 50-76. (Liège).

MARLIERE, R., 1954  a. Le Crétacé (Ch. XII). In : Prodrome d'une descrip tion  géo logique de la 
Belgique, Soc. Géol. Belg., pp. 417 -4 44 . (Liège).

MARLIERE, R., 1954 b. Le Paléocène. In : Prodrome d'une descrip tion géo logique de la Belgique, 
Soc. Géol. Belg., pp. 445 -4 49 . (Liège).

MARLIERE, R., 1955. D éfin ition  actuelle et g isem ent du M ontien dans le Bassin de Mons. Ann. Soc.
Géol. Belg. 78, pp. 2 97 -316 , 2 tables, 3 text-figs. 1 map. (Liège).

MARLIERE, R., 1957 a. Sur le "M o n tie n " de Mons et de Ciply. Bull. Soc. Belg. Géol., Paléont.,
Hydrol., 66 , 1, pp. 153-166, 2 text-figs. (Brussels).

MARLIERE, R., 1957 b. In : PRUVOST, P. : Lexique stratigraphique in ternational, 1, (Europe) fasc. 4 a 
VI (Crétacé de France, Belgique, Pays-bas et Luxembourg). (Centre national de la Recherche 
Scientifique, Paris).

MARLIERE, R., 1958. Ostracodes du M ontien de M ons et résultats de leur étude. Mém. Soc. Belg.
Géol., Paléont., Hydrol. (8°), 5, pp. 1-53, pis. 1-6, table 1. (Brussels).

MARLIERE, R., 1961. Le Paléocène e t le Crétacé supérieur de la région de Mons. 7e Coll. Europ.
M icropal., Guide d'Excursions, pp. 1-9. (The Hague).

MARLIERE, R., 1962. Damen et M ontien. Colloque du Paléogène, Bordeaux, 1962, 12 pp., 1 pi. 
(preprint, Bordeaux).

MARLIERE, R., 1 964 a. Le M ontien  de M ons : état de la question. (Coll. sur le Paléogène, Bordeaux, 
1962) Mém. B.R.G.M. 28, 2, pp. 875 -883 . (Paris).

MARLIERE, R., 1964  b. Texte exp lica tif de la feu ille  Jurb ise-Obourg. (Carte G éologique de la 
Belgique à l'éche lle  1 /25 .000 ) 140. (Hayez, Brussels).

MARLIERE, R., 1968. Projet de légende stratigraphique du Crétacé supérieur. Service Géol. de Belg.
Prof. Paper, 14, pp. 1-4, 1 table. (Brussels).

MARLIERE, R., 1 969. Les faciès et l ’extension du Heersien dans le Bassin de Mons. Ann. Soc. Géol.
Belg., 92 (1969), pp. 51-77 . (Liège).

MARTINI, E., 1 971. Standard Tertiary and Quaternary Calcareous N annoplankton Zonation. In : A. 
FARINACCI (Editor) Proc. Il, Plankt. Conf. (Roma, 1970), 2, pp. 739-785, pis. 1-4, tables 1-6, 
(Rome).

(*) MEIJER, M., 1 959. Sur la lim ite  supérieure de l'étage M aastrich tien dans la région-type. Bull. Acad. 
Roy. Belg. (Classe des Sciences) sér. 5, 45, 3, pp. 316 -338 . (Brussels).

MEIJER, M., 1 965. The stratigrapfucal d is tribu tion  of Echinoids in the chalk and tuffaceous chalk in 
the neighbourhood of M aastricht (Netherlands). Meded. Geol. S tich t. (N ieuwe serie), 1 7, pp. 
21-25 , 1 text-fig . (Haarlem).

(*) MEIJER, M., 1969. Les Foraminifères p lanctiques du Tuffeau de Ciply (stratotype) ; leur s ign ifica tion  
bio- et chronostratig raph ique. Proc. First. Int. Conf. Plankt. M icro fossils. 2, pp. 4 14 -4 19 , pi. 1. 
(Brill, Leiden).

(*) MOORKENS, T. (Ms., 1 963). Enkele Foram iniferen uit het belgisch Paleoceen, pp. 92, pis. 1 -2, text- 
figs. 1-7. (M anuscrip t L icentiate Thesis, Univ. Ghent).

(*) MOORKENS, T., 1968. Quelques Foram inifères p lancton iques de l'Yprésien de la Belgique et du 
Nord de la France. Mém. B.R.G.M. 58, pp. 109-129 , table 1, pi. 1. (Paris).

(*) MOORKENS, T.L., 1 969. Quelques G lobotruncanidae et Rotaliporidae du Cenomanien, Turonien et 
Comacien de la Belgique. Proc. First Int. Conf. Plankt. M icro fossils. 2, pp. 4 3 5 -4 5 9 , pis. 1-3. 
(Leiden).

(*) MOORKENS, T.L., 1 971. Some Late Cretaceous and Early Tertiary P lanktonic Foraminifera from  the 
Maastrichtian Type Area. In : A. FARINACCI (Editor). Proc. II, Plankt. Conf. (Roma, 1970), 2, 
pp. 8 47 -877 , fig. 1, pis. 1-5. (Rome).



- 1 3 8 -

{*) MOROZOVA, V.G., 1 959. The S tratigraphy o f the D anian-M onti an Deposits of the Crimea, according 
to Foraminifera. Doklady of the Akademy of Sciences of the USSR (Translated from : 
S tratigrafija  D atsko-M ontskikh Otlozhenn Kryma Foramimferam, Doklady Akad. Nauk 
S.S.S .R., 124, n° 5, (1959), pp. 1113-1116). (English translation by Consultants Bureau : 
published by Am erican G eological Institu te , 1960, W ashington, D.C.).

(*) MOROZOVA, V.G., 1 960  a. S tratigraphica l Zonation of Dam an-M ontian Deposits in the U.S.S.R. and 
the Cretaceous-Tertiary Boundary. Int. Geol. Congr. 21 session. Problem 5. (The Cretaceous- 
Tertiary Boundary), pp. 83 -100 , 1 table ; (w ith  English summary). (M oscow).

(*) MOROZOVA, V.G., 1960  b. The Paleocenoses of Dam an-M ontian Foraminifera and the ir 
Stratigraphie and Paleogeographic im portance. Reports of S ov ie tG eo log is ts . Int. Geol. Congr. 
21 session, Problem 6 . pp. 85-97 , 2 text-figs . (W ith  English abstract). (M oscow).

MOSKVIN, M .M . Et NAJDIN, D.P., 1960. Danian and A d jo in ing  Deposits of Crimea. Caucasus, the 
Transcaspian Region and the South-Eastern Part of the Russian Platform. Int. Geol. Congr. 21 
session, Dokl. Sov. Geol., 5, 37, pp. 15-40. (M oscow).

NAJDIN, D.P., 1960  a. Concerning the Boundary between the M aestrich tian and the Danian stages. 
Int. geol. Congr., 21 session, Problem 5, (Creteceous-Tertiary boundary) Reports o f Soviet 
Geologists., pp. 41 -46 . (w ith  English summary). (M oscow).

NAJDIN, D.P., 1960  b. Über die Stratotypen der Dänischen und M ons - Stufen. Bulletenj, 
M oskovskogo obscestva ispytate le j prirody, 35, 5, pp. 97 -106 , text-figs. 1-3, table 1. (The 
m anuscript translation o f th is  pub lica tion, in German, by Dr. Heinrickson on 11 /9 /1  962 is to 
be found in the Library of the Bundesanstalt für Bodenforschung, Gross Buchholz, near 
Hannover, under n° 1 962 K 11 63).

NAJDIN, D.P., 1 969. B iostratigraphie und Paläogeographie der Oberen Kreide der Russischen Tafel. 
Geol. Jb. 87, pp. 157-186 , text-figs. 1-4, tables 1-3. (Hannover).

NAKKADY, S.E., 1 950. A New Foraminifera! Fauna from Esna Shales and Upper Cretaceous Chalk of 
Egypt. Journ. Paleont., 24, 6 , pp. 645 -6 92 , 4 text-figs., pis. 89-90 . (Tulsa, Okla.)

(*) NOGAN, D.S., 1964. Foraminifera, Stratigraphy, and Paleoecology o f the Aquia Form ation of 
Maryland and V irg in ia . Cushman Found. Foram. Res., Special Public. 7. pp. 1 -50, tables 1 -3, 
pis. 1-7. (Bridgewater, Massach.).

(*) OLSSON, R.K., 1960. Foraminifera o f Cretaceous and Earliest Tertiary Age in the New Jersey Coastal 
plain. Journ. Paleont., 34, 1, pp. 1-58, pis, 1-12, (Tulsa, Okla).

(*) OLSSON, R.K., 1963. Latest Cretaceous and earliest Tertiary S tratigraphy of New Jersey coastal 
Plain. Bull. Am. Ass. Petr. Geol. 47, 4, pp. 643 -6 65 , 6 text-figs., 3 tables. (Tulsa, Okla.).

(*) OLSSON, R.K., 1964. Late Cretaceous Planktonic Foraminifera from New Jersey and Delaware. 
M icropa leont. 10, 2, pp. 157-188 , pis. 1-7. (New York).

(*) OLSSON, R.K., 1969. Early Tertiary P lanktonic Foraminifera! Zonation of New Jersey. Proc. First. 
Internat. Conf. Plankt. M icro fossils . 2, pp. 493 -5 04 , fig. 1, 2, pis. 1-2. (Leiden).

(*) OLSSON, R.K., 1970. Paleocene Planktonic Foraminifera! Biostratigraphy and Paleozoogeography 
of New Jersey. Journ. Paleont., 44, 4, pp. 5 89 -597 , text-figs. 1-7. (Tulsa, Okla.).

ORBIGNY, A. d'., 1826. Tableau m éthodique de la classe des Céphalopodes, li le  ordre :
Foraminifères. Ann. Sei. Nat. Paris, 7, pp. 96-132 ; 245-317, Atlas pis. 10-17. (Paris).

ORBIGNY, A. d'., 1 839, (1840). Mémoire sur les Foraminifères de la craie blanche du Bassin de Paris.
Mém. Soc. Géol. France, 4, 1, pp. 1-51, pis. 1-4. (Paris).

ORBIGNY, A. d'., 1846. Foraminifères fossiles du bassin te rtia ire  de Vienne, pp. 1 -312, 21 pis. 
(Paris).

ORBIGNY, A. d'., 1850-1852. Prodrome de Paléontologie stratigraphique universelle des Animaux 
M ollusques et Rayonnés faisant suite au cours élémentaire de Paléontologie et de Géologie 
stratigraphiques, 3 vols. (Masson, Paris).

PAPP, A. Et THENIUS, E., 1959. Tertiär (Teil 1, 2). In : LOTZE, F. (Editor) Handbuch der 
stratigraphischen Geologie, 3. (Enke Verslag, S tuttgart).



- 139 -

PARVATI, Sharma, 1971. A study o í Some Rotalnd Foraminifera. Proceed. Komnkl. Nederl. Akad.
W et. (series B), 74, 1, pp. 1-26, text-figs. 1-4, pis. 1-5, 1 table. (Amsterdam). 

PERCH-NIELSEN, K., 1969. Die Cocco lithen e in iger Dänischer M aastrich tien - und Danien- 
loka litä ten. M edded. Dansk. Geol. Foren. 19, 1, pp. 51-67 , pis. 1-7. (Copenhagen), 

PESSAGNO, E.A., 1960 a. Stratigraphy and m icropaleonto logy of the Cretaceous and Lower 
Tertiary of Puerto Rico. M icropa leont. 6 , 1, pp. 87 -110 . (Ithaca, N.Y.).

PESSAGNO, E.A., 1960  b. Thin - section ing  and photograph ing  sm aller Foraminifera. M icropaleont.
6 , 4, pp. 419 -4 23 , pis. 1-2, text-figs. 1-3. (Ithaca, N.Y.).

PESSAGNO, E.A., 1964. Form analysis of sectioned specimens of Globorotalia  s.s. M icropaleont.,
10, 2, pp. 2 17 -230 , pis. 1-6. (Ithaca, N.Y.).

(*) PESSAGNO, E.A., 1 967. Upper Cretaceous P lanktonic Foraminifera from  the W estern Gulf coastal 
Plain. Paleontografica americana, 5, 37, pp. 441, pis. 101 (Ithaca, N.Y.).

(*) PLUMMER, H.J., 1 926. Foraminifera of the M idway Formation in Texas. Univ. Texas Bull., 2644, pp.
9 -198 , pis. 2 -15, (Austin, Texas).

(*) PLUMMER. H.J., 1931. Some Cretaceous Foraminifera in Texas. Austin Bull. Univ. Texas, 3101, pp. 
109 -203 , pis. 8 -15. (Austin, Texas).

POKORNY, V., 1 958. Grundzüge der zoologischen M ikropa läonto log ie . 1, pp. 1 -582, 549 text-figs.,
1 table. (Verlag der W issenschaften, Berlin).

POMEROL, Ch., 1 969. Rapport sur la lim ite  Paléocène - Eocène. Colloque sur l'Eocène, Paris 1 968, 
3, Mém. B.R.G.M., 69, pp. 447-449 . (Paris).

(*) POSTUMA, J.A., 1962. Manual of P lanktonic Foraminifera, Part I : Cretaceous (Albian 
M aastrichtian). (Ed. Bataafse In ternationa le  Petroleum M aatschappij n.v.. Exploration and 
Production). (The Hague).

(*) POSTUMA, J.A., 1964. Manual of P lanktonic Foraminifera. Part II : Lower-Tertiary (Paleocene-Eocene).
(Bataafse Internationale Petroleum Maatschappij, n.v., Exploration and Production). (The Hague). 

POZARYSKA, K., 1952. The sedim entological problems of Upper M aestrichtian and Danian of the 
Pulawy environm ent - M iddle  Vistula. Biul. Panstw. Inst. Geol. 81, pp. 1 -104 , text-figs. 1 -7, 4 
pis., 1 table. (Warszawa) (Polish, English summary).

POZARYSKA, K., 1 957. Lagenidae du Crétacé supérieurde  Pologne. Paleont. Polonica, 8 . pp. 1 -1 90, 
pis. 1-27. (Warszawa).

(*) POZARYSKA. K., 1965. Foraminifera and B iostratigraphy o f the Daman and M ontian in Poland.
(O tworm ce i B iostratygrafia Danu i M ontu Polski) Palaeont. Polonica (Polska Akadem ia Nauk).
14, pp. 1-156, pis. 1-28, text-p l. 1-9, table 1-6. (Warszawa).

POZARYSKA, K., 1 966. The Cretaceous-Tertiary Boundary in Poland and adjacent areas (in the ligh t 
of the Foraminifera). Ann. Soc. Géol. Belg. 89, (1 965-1 966) 3, pp. 4 7 — 64, 1 table. (Liège). 

POZARYSKA, K., 1 967. (II). The U pperC retaceous and the Lower Paleogene in Central Poland. Biul. 
Ins titu t G eologiczny - B iuletyn 211 . Zbadan m ikropa leonto log icznyck, 5, pp. 41 -67, text-figs. 
3-9, (10th  European C olloquium  of M icropa leont.). (Warszawa).

(*) POZARYSKA. K. Et SZCZECHURA, J., 1968. Foraminifera from  the Paleocene of Poland, the ir 
Ecological and B iostratig raph ical Meaning. (O tworm ce Z Paleocenu Polski, ich Ekologiczne i 
B iostratigraficzne Znaczenie) Paleontología Polonica. (Polska Akadem ia Nauk ; Zaklad 
Paleozoologu), 20, pp. 1-107, text-figs. 1-22, tables 1-3, pis. 1-18. (Warszawa). 

POZARYSKA, K. & SZCZECHURA, J., 1970. On some warm -water Foraminifers from the Polish 
M ontian. (0  kilku ciep o lubnyck o tw orn icach  z M ontu Polski) Acta Palaeontologies Polonica,
15, 1, pp. 95 -113 , pis. 1-4. (Warszawa).

POZARYSKI, W ladyslaw  &  Krystyna, 1959. Comparaison entre le Crétacé de la Belgique et de la 
Pologne. Ann. Soc. Geol. Belg. 82, (1959), pp. 293 -306 . (Liège).

(* PREMOLI-SILVA, I. & LUTERBACHER, H., 1 966. The Cretaceous-Tertiary boundary in the Southern 
Alps (Italy). Riv. I tai. Paleont. 72, 4, pp. 1183-1266 , pis. 91-99 . (M ilano).

PRESTWICH, J., 1852. On the structure of the strata between the London Clay and the Chalk. Quart. 
Journ. Geol. Soc. London, 8 , pp. 2 35 -268 . (London).



- 140 •

PRESTWICH, J., 1 855. On the corre la tion o f the Eocene Tertiaries of England, France and Belgium. 
Quart. Journ. Geol. Soc. London, 1 1, pp. 206 -2 46 . (London).

RASMUSSEN, W .H., 1 962. The Danian a ffin ities  of the Tuffeau de Ciply in Belgium  and the "pos t- 
M aastrich tian M e" in the Netherlands. Coli. Paleogene. (Bordeaux, prétirage).

RASMUSSEN, W .H., 1 965. The Danian a ffin ities  of the Tuffeau de Ciply in Belgium  and the "pos t- 
M aastrich tian" irt the Netherlands. Meded. Geol, S ticht, n.s. 17, pp. 33 -38 . (Haarlem).

RAVN, J.P.J., 1925. Sur le placement géologique du Damen. Danmarks geologiske Unders0gelse. 
H. Raeke, 43, pp. 5 -46, 2 tables. (Copenhagen).

(*) REICHEL, M., 1 952. Remarques sur les G lobigérines du Damen de Faxe (Danemark) et su rce lles  des 
couches de passage du Crétacé au Tertia ire  dans la Scaglia de l'Appennin . Eclog. géol. Helv., 
45. 2. (Basel).

RENEVIER, E., 1873. Tableau des terra ins sédim enta ires (in 4°) p lus un texte explicatif., Tab. III, 
(1897) Chrono, géol. (G. Bridel, Lausanne).

ROMEIN, B.J., 1 962. On the type loca lity  of the M aastrich tian (DUMONT, 1849), the upper boundary 
of that stage and on the regressions of a M aastrich tian s.I. in Southern Limburg. Meded. Geol. 
S tich t, n.s., 15, pp. 77-84 , 6 text-figs. (Haarlem).

ROMEIN, B.J., 1 963. Present know ledge of the stratig raphy of the Upper Cretaceous (Campaman- 
M aastrichtian) and the Lower Tertiary (Dam an-M ontian) calcareous sedim ents in southern 
Limburg. Verh. Kon. Ned. Geol, M ijnb. Gen. Geol. ser. 21, 2, pp. 93 -104 , 6 text-figs. 
(Transactions of the Jub ilee  Convention).

ROUVILLOIS, A., 1960. Le Thanétien du Bassin de Paris. (Etude hydrogéo log ique et m icro- 
paléonto logique) Mém. Mus. Nat. Hist. Nat. (Série C), 8 , pp. 1-151, tables and maps 1-17, pis. 
1 -8 . (Paris).

RUTOT, A., 1 886 . La Tranchée de Hainm. Ann. Soc. Géol. Belg. 1 3, pp. 1 26-1 32, 1 text-fig . (Liège).
RUTOT, A., 1895. Essai de synchronism e des couches M aastnch tiennes et Senom ennes de 

Belgique, du Limbourg hollandais et des environs d 'A ix-La-Chapelle. Bull. Soc. Belg. Géol., 
Paléont., Hydrol., 8 , (1894) (Mém). pp. 145-194 . (+  Annexe : "M o n tie n  et M aastrich tien"). 
(Brussels).

RUTOT, A. & VAN DEN BROECK, E., 1885 a. Note sur la d iv is ion  du Tufeau de C iply en deux termes 
stratigraphiques d istincts. Ann. Soc. Géol. Belg., 12, (1884 -1885 ), (Bull.), pp. 2 01 -207 . 
(Liège).

RUTOT, A. &  VAN DEN BROECK, E., 1885 b. Résumé de nouvelles recherches dans la Craie blanche 
du Hainaut. Ann. Soc. Géol. Belg., 12, (1884 -1885 ), (Bull.), pp. 207 -2 11 . (Liège).

RUTOT, A. & VAN DEN BROECK, E., 1 886 a. Sur l'Age te rtia ire  de la masse principa le  du Tufeau de 
Ciply. Ann. Soc. Géol. Belg., 13, (1885 -1886 ), (Mémoires), pp. 3 -13. (Liège).

RUTOT, A. & VAN DEN BROECK, E., 1886 b. Résultats de nouvelles recherches relatives à la fixa tion  
de l'age de la masse principale du Tufeau de Ciply. Ann. Soc. Géol. Belg., 1 3, (1 885-1 886), 
(M ém oires) pp. 94-98 . (Liège).

RUTOT, A. & VAN DEN BROECK, E,, 1886 c. Sur les re lations stratig raphiques du Tufeau de Ciply 
avec le Calcaire de Cuesmes à Grands Cérithes. Ann. Soc. Géol. Belg., 13, (1885 -1886 ), 
(Mém oires), pp. 99 -124 . (Liège).

RUTOT, A. Et VAN DEN BROECK, E., 1 886 d. La géo log ie  de Mesvm - C iply Ann. Soc. Géol. Belg., 13, 
(1885 -1886 ), (Mémoires), pp. 197 -259  (Liège).

RUTOT, A. & VAN DEN BROECK, E., 1886 e. La Géologie des tn n to ire s  de Spiennes, Saint- 
Sym phorien et Havré. Ann. Soc. Géol. Belg., 13, (1885 -1886 ) (M ém oires), pp. 3 06 -335 . 
(Liège).

(*) SALAJ, J. &  SAMUEL, 0 ., 1966. Foraminifera der W estkarpaten - Kreide. Ed : W la d im ir Pokorny, 
(Bratislava).

SAID, R. & KENAWY, A., 1956. Upper Cretaceous and Lower Tertiary foram in ifera from  northern 
Sinai, Egypt. M icropa leont., 2, 2, pp. 105-173 , text-figs. 1-8, pis. 1-7. (New York).



- 141 -

SAID, R. & SABRY, H., 1964. P lanktonic Foraminifera from  the type loca lity  of the Esna Shale in 
Egypt. M icropa leont., 10, 3, pp. 3 75 -395 , pis. 1-3. (New York).

(*) SAMUEL, 0 . & SALAJ, J., 1968. M icrob iostra tig raphy and Foraminifera of the Slovak Carpathian 
Paleogene, pp. 1-232, tables 1-30, text-figs. 1-51, pis. 1-31. (Geologicky ústav Diríyza stúra,
Bratislava).

SCHICKOR, A., 1968. B iostratigraphische Untersuchungen im Paleozän und Eozän N.W. 
Deutschlands m it K le inforam m iferen. M ünster. Forsch. Geol. Paläont., 7, pp. 1-253, text-figs. 
1-17, tables 1-3, pis. 1-5. (Münster).

SCHIMPER, W.P., 1874. Traité de Paléontologie végétale, 3 vol. (Paris).
SMOUT, A. H., 1 954. Lower Tertiary Foraminifera of the Qatar Peninsula. Publ. Brit. Mus. (Nat. Fl ist.), 

pp. 1-96, pis. 1-15. (London),
SORGENFREI. Th., 1957. In : PRUVOST. P. Lexique stratigraphique in ternational vol. 1, (Europe) 2 d 

(Danemark) (C.N.R.S., Paris).
STAESCHE, K. & HILTERMANN, H., 1940. M ikrofaunen aus dem Tertiär Nordw estdeutschlands.

Abh. Reichsarist. Bodenforsch, n. F., 201 , pp. 1-26, 2 tables, pis. 1— 53. (Berlin). 
STAINIER, X., 1931 . Le M ontien et le Heersien du Hainaut de la Campine et de la Hollande. Bull. Soc.

Belg. Geol., Paléont., Hydrol., 41 (1931), 1, pp. 10-35. (Brussels).
STILLE, H., 1924 Grundfragen der verg le ichenden Tekton ik (Berlin).

(*) SUBBOTINA, N.N., 1947. Les Foram inifères des dépots du Damen et du Paléogène du Caucase 
septentrional. V.N.I.G.R.I. M ikrofauna neftjanykh m estorozhdenij Kavkaza, Emby i Srednej Azii, 
Leningrad, lengostoptekhizdat, pp. 36-1 60, 9 pis. 8 tables (Translation of Mrs. STRETOVITCH, 
B.R.G.M., N° 2503). (Paris).

(") SUBBOTINA, N.N., 1953. Foraminifères fossiles d'U.R.S.S., G lobigerinidae, G loborotaliidae, 
H antkeninidae. Trudy - V.N.I.G.R.I., S.S.S.R., 76, pp. 1-296, 8 text-figs., pis. 1-41 (French 
translation of B.R.G.M., Service d 'in fo rm a tion  géo logique, n 2239 , of M. SIGAL, Paris).

( ')  SUBBOTINA, N.N., 1971. Fossii Foraminifera of the U.S.S.R., G lobigerin idae, Hantkeninidae and 
G loborota liidae, pp. 1 -320, pis. 1 -25. 3 ta llies. (English translation by E. LEES of SUBBOTINA, 
1953). (London and W e llingborough).

SZCZECHURA, J. h  POZARVSKA. K., 1971. The M ontian  W arn,-W ater Foramimfers in the 
M erid ional Province of Europe. Acta Palaeontologica Polonica, 1 6, 4, pp. 345 -3 88 , pis. 1 -1 5. 
(Warszaw a).

TAPPAN, H., 1968. Primary p roduction, isotopes, extinc tions and the atmosphere. Paleogeography, 
Palaeoclimatol., Palaeoecol., 4, pp. 187-210 , text-fig . 1, table 1. (Elsevier, Amsterdam), 

TEN DAM (see DAM, A. ten).
TERQUEM, 0 ., 1 882. Les foram in ifères de l'Eocène des environs de Paris. Mém. Soc. Géol. France, 

3, 2, pp. 1-193, pis. 1-20. (Paris).
TROELSEN, J.C., 1954  Studies on C eratobulim in idae (Foram inifera) M edde le lser fra Dansk 

G eologisk Forenmg, 12, (january, 1954) pp. 448 -4 71 , pis. 10-11 . (Copenhagen).
(*) TROELSEN, J.C., 1 955 a. Globotruncana contusa  in the W h ite  Chalk of Denmark. M icropa leont., 1, 

1, pp. 76-82 . (New York).
TROELSEN, J.C., 1 955 b. On the value o f aragonite  tests in the c lassifica tion  of the Rotaliidae. Contr. 

Cushman Found. Foram. Res., 6 , 1, pp. 50 -51 . (W ashington, D.C.).
(*) TROELSEN, J.C., 1957. Some Planktonic Foraminifera of the type Danian and th e ir stratigraphie 

im portance. U.S. Nat. Mus. Bull. 215, pp. 125-132 , text-figs. 22 -24 , pi. 30. (W ashington, 
D.C.).

TOWE, K.M. &  CIFELLI. R., 1 967. W all u ltrastructure in the Calcareous Foraminifera : crysta llographic 
aspects and a m odel fo r ca lc ifica tion . Journ. Pai., 4 1 ,3 , pp. 742 -762 , pis. 8 7 -99  (Tulsa, Okla.). 

Van HINTE (see HINTE, J.E. Van).
VAN BELLEN (see BELLEN, R.C. Van).
VANDER HEIDE (see HEIDE, Vander).
VAN DEN BINCKHORST (see BINCKHORST, Van den).



-  142  -

VINCENT, E., 1928. Observation sur les couches m ontiennes traversées au puits n° 2 du 
charbonnage d'Eysden, près de Maeseyck. Bull. Cl. science. Acad. roy. Belg., sér. 5, 13, pp. 
554 -568 . (Brussels).

VINCENT, E., 1 930  a. M ollusques des couches à Cyrènes du Paléocène du Lim bourg. Mém. Mus. roy.
Hist. Nat. Belg. 48. (Brussels).

VINCENT, E., 1930 b. Etudes sur les m ollusques m ontiens du Poudingue et du Tuffeau de Ciply.
Mém. Mus. roy. Hist. Nat. Belg. 46 , pp. 115 (Brussels).

VISSER, A.M., 1 951. M onograph on the Foraminifera o f the Type-loca lity  of the M aestrich tian  (South 
Limburg, Netherlands). Leidse Geol. Meded. 16, pp. 196-359 , pis. 1-15, 1 map. (Leiden). 

VOIGT, E., 1 959. Die Ö kologische Bedeutung der Hartgründe ("H ardgrounds") in der Oberen Kreide.
Paläont. Zeitschr. 33. pp. 129-147 , 1 text-fig ., pis. 14-17. (Stuttgart).

VOIGT, E., 1 960. Zur Frage der s tratig rah ischen S e lbständ igke it der Danienstufe. Int. Geol. Congr. 
21 Session, Norden. 1960, part 5, (The Cretaceous-Tertiary Boundary) pp. 199-209 . 
(Copenhagen).

VOIGT, E., 1 964. A Bryozoan Fauna of D ano-M ontian Age from  Boryszew and Sochaczew in Central 
Poland. 9, 4, pp. 419 -4 98 , pis. 1-16. (Warszawa).

VOIGT, E., 1970. Foraminifera und (?) Phoronidea als Kom mensalen auf den Hartgründen der 
M aastrichter Tuffkreide. Paläont. Zeitschr. 4 4 ,1 /2 , pp. 86-92, 2 text-figs., pis. 10-11. (Stuttgart). 
(Stuttgart).

WICK, W., 1 950(1 943). M ikro faun istische Untersuchung des tie feren Tertiärs übere inem  Salzstock 
in der Nähe von Hamburg. Abh. senckenberg. naturf. Ges. 468, pp. 1 -40, pis. 1-11, table 1. 
(Frankfurt).

WOOD, A., 1 949. The structure of the w all o f the test in the Foraminifera ; its value in c lassifica tion .
Quart. Journ. Geol. Soc., 104, 2, 414 , pp. 2 29 -255 , pis. 1-13. (London).

WOOD, A. Et HAYNES, J.. 1957. Certain sm aller British Paleocene Foraminifera. Contr. Cushm.
Found. Foram. Res., 8 , 2, pp. 45 -53 , pis. 5-6. (Ithaca, N.Y.).

YANSHIN, A .L., 1 960. S tratigraphie Position of the Danian Stage and the Problem of the Cretaceous- 
Paleogene Boundary. Int. Geol. Congr. 21 Session, Reports Sov. Geol., Problem 5, (Cret.-Tert. 
bound.) pp. 1-14. (M oscow). (W ith  English Summary).

YOSHIDA, S., 1967. P lanktonic Foraminifera from  the Paleocene K iritappu Form ation and its 
B iostratig raph ic s ign ificance. C ontribu tions to  Celebrate Prof. Ich iro Hayasaka's 76th  
Birthday, 1967, 12, pp. 85-90 , text-figs. 1-2. (Yamagata University, Japan).

(ANONYMOUS) 1964. In ternationa l Code of Zoo log ica l Nom enclature, adopted by the XV 
In ternationa l Congress of Zoology. (Published fo r the In ternationa l C om m ission of Zoo logy 
N om enclature by the In ternationa l Trust fo r Zoo log ica l Nom enclature). (London).



- 143 -

INDEX OF GENERA, SPECIES A N D  VARIETY NAMES.

Species or Genera names in ita lics have haen discussed in th r systematic descriptions ; the others 
have only been mentioned in the text.

abbreviata, Angulogerina 50.
Acarinina 87.
acuta. Gavelinella, Anomalinoides, Anom alina  50, 109, 1 1 0 . 
acutimargo, Cibicides proprius var. 50. 
adhaerens. Guttulina 65.
aenigmatica, Baggatella 36, 41, 42, 47, 52, 66  ; PI. 13, f. 5, 6. 
affine. Nonion 47.
alabamensis, Spiro loculina 62, 63 ; PI. 4, f. 8, 
ammonoides, Anomalina 110- 
ampulla, Globulina 65. 
anglica. Bolivina ex. gr. 49.
angulata, G loborotalia 12, 13, 20, 51, 55, 92, 1 17.
Angulogerina 67.
angusta, Pseudopolymorphina geijeri var. 114 ; PI. 5, f. 2.
Anom alinoides 39, 57, 114. 
apiculata, Orbitoides 40. 
applinae, Loxostomum 11 5. 
aquiensis, G lobigerina 50. 
armata, Rotalia 45. 85, 86. 89.
Astacolus 49, 114. 
asteroides, Cibicides 114. 
auris. Anomalina 50.

Baggatella 66. 
batjesi. Uvigerina 50.
baudouiniana, Spiroplectammina (vel Textularia) 57. 
biform is. Frondicularia 115.
Bigenerina 67.
BigeneropHs 67.
binkhorsti. Stomatorbina 40, 44.
Boldia 102, 103, 104. 105. 
boldia, Boldia 104, 105.
Bolivina 66. 
brevispira. Turrilina 50. 
brotzeni, Rosalina 69.
Bulim inella 39.
bundensis, Anom alinoides 114.
bundensis. Discorbis 36, 38, 43, 45, 68, 69, 70 ; Pi 14, f. 1, 2 . 
bundensis. Epistomaria, Ceratobulim ina  43, 45, 78 ; PI. 6, f. 2. 
bundensis, Gaudryina 60.
bundensis. Rotalia, Gavelinopsis 36, 43, 45, 81. 82, 89 ; PI. 16, f. 3, 4. 
bundensis. Textularia 38, 41, 42, 44, 57  ; PI. 4, f. 1. 
burlingtonensis, Planulina 50.
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calcitrapoides, S iderolites 40. 
canui, Pararotalia 88. 
carinata, Boldia 72, 106.
Ceratobulimina 46, 47. 
chapmani, G loborotalia 120. 
choctawensis, Rotalia 84, 85, 86 .
Cibicides 36, 42, 44, 95, 96, 97. 
cimbrica, Reussella 39, 40.
Clavulina 53, 60, 114. 
clementiana, Gavelinella 35, 37.
Coleites 111. 
communis, Guttulina 65. 
compacta, Globigerina 66 .
compressa, Globorotalia. Globigerina 11. 12, 1 5, 1 6 , 37. 39, 41, 42, 44, 46, 120, 121 ; PI. 12. f  9.

PI. 18, f. 7, 8.
Conicovalvulina 58.
Conorbina 114. 
contusa. Globotruncana 16.
corrugata, Discorbis, Anomalina, Rotorbinella 72, 73.
costata, Anomalina umbilicata 96.
costulata, Marginulina 114.
crassicosta, Quinqueloculina 62.
crenulata, Bolivina 50.
crenulata, Rosalina 114.
cretacea, Globotruncana 35, 37, 39.
cryptomphalus, Cibicides 96.
cubensis, Boldia 36, 43, 45, 52, 102 ; PI. 9. f. 4.
cuneata, Angulogerina  47, 48, 49, 68.
cuvillieri, C ibicides 97.
Cuvillierina 9 1 .

danica. Gavelinella, Cibicides, Anomalinoides, Anom alina  40, 41, 42, 44, 108, 109 ; PI. 11, f. 1. 
danica, G loborotalia, Globigerina 12, 16, 38, 39, 1 19, 120. 
danvillensis, Gyroidinoides, Gyroidina 45, 46, 47, 48, 49, 101.
daubjergensis. Globigerina, Globoconusa, Globigerinoides 1 1, 1 2, 1 5, 16, 1 7, 30, 36, 37, 41, 42, 43, 44, 

46, 51, 52, 55, 56, 115. 116, 11 7, 118, 119 ; PI. 12. f. 3  ; PI. 18, f. 1. 2. 
decoratus, Bolivinoides 39, 40. 
delicatulus, Bolivinoides 39.
Dentalina 48.
Discobolivina 79, 80. 
discoides, Discorbis 83.
Discorbis 68, 72, 114.
Dyofrondicularia 114. 
dorsoplana, Eponides 94.

ehrenbergi. G loborotalia 12, 120, 121. 
ekblom i. Cibicides 96, 97. 
elegans. Rosalina 77. 
elegans. Pulsiphonina 77.
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elongata, Reussella 50. 
elongatus, Cibicides 114,
Elphid ie lla  92, 93.
Elphid ium  92.
emilei, G loborotalia 12, 13, 55. 
eocaenica, Globigerina, G loborotalia 13, 20. 
eocenica, Bolivina 66 , 67, 114.
Epistom aria 78.
Epistom inella  19, 75.
Eponides 93, 94. 
esnaensis. G loborotalia 50.
europaea. Angulogerina, Reussella, Uvigerinella  42, 47, 67, 68, 107 ; PI. 14, f. 7, 8. 
exsculpta. Stensioeina 107.

fallax. Karreria  39, 40, 42, 44, 45, 48, 49, 112 ; PI. 11, f. 4  ; PI. 17, f. 5, 6. 
faujasi. Textularia 57. 
fleuriausi, Goupillaudina 40.
Fissurina 114.

Gavelinella  57, 108.
Gavelinopsis 82,
geijeri. Pseudopolymorphina 1 1 4 ; PI. 5, f. 2. 
geleenense, Nonion 92, 100. 
gibba. Globulina 48, 63. 
gigantea, Bolivina incrassata 35, 37, 39. 
giganteus. Bolivinoides decoratus, 40.
Glogigerina  30, 87, 115.
G lobigerine llo ides 15.
globigerin iform is. Pararotalia, G loborotalia 1 8, 36, 39, 40, 41, 42, 44, 4 5 ,86, 87, 88 ; PI. 3, f. 2. 3  ; PI. 7, f. 7. 
g lobigerino ides, Globotruncana 39.
Globoconusa 15.
Globorotalia  18, 21. 87, 88 , 119.
G loborotalites 100.
Globotruncana 15, 22,
globularis. Valvulina. Valvulammina  36, 38, 45, 60, 61 ; PI. 4, f. 5, 6 ; PI. 13, t. 1. 2.
Globulina  48, 63.
godfriauxi. Pararotalia  36, 43, 84  ; P i 2, f. 4 ; PI. 3, f. 1 ; PI. 7, f. 4.
graniferum(-a), Nonion. Nonionina  45, 48, 49, 9 8  ; PI. 16, f. 5, 6.
granosa, Anomalina, Truncatulina 108.
granulatus. G loborotalites 100.
gratus(-a). Eponides. Rotalia 93.
gravelii. G lobigerina 50.
grosserugosa. Anomalina, Truncatulina 108.
Gublerina 15.
guerrai, Asterigerina 50.
guillaum ei. Valvulina 114.
Guttulina 44, 65.
Gyroidinoides 100, 101.
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halli. A llom orphina, Quadrimorphina 13, 21, 46, 47, 49,
hantkeni, Guttulina 48, 114.
haunsbergensis, G loborotalia 120.
hemisphaericus, Eponides 80, 81.
hengisti, Bulimina thanetensis var. 47, 48, 49.
hensoni, Rotalia 41, 83.
hercegovinensis, C ibicides cryptom phalus  var. 96.
Heterohelix 15, 40, 47. 
hofkeri, Protelphidium  45.

im ita ta. G loborotalia  12, 36, 43, 127. 
inconstans. G loborotalia 12, 21, 118, 122. 
incrassata, Bolivina 35, 37. 
inflata, Trochammina 49. 
inflata, Valvulina 52, 61. 
irrorata, G loborotalia 50.

jacksonensis, Pseudogaudryina 60.

Karreria 112.
keijzeri, Vacuovalvulina, Conicovalvulina, Marssonella  38, 41, 42, 44, 58 ; PI. 1, f. 1 ; PI. 4. f. 2. 
kozlowskii, Globigerina, Globoconusa 12, 16, 30, 36, 37, 44, 46, 51, 52, 56, 115, 116, 117, 118, 1 1 9 ;  

PI. 12, f. 4  ; PI. 18, f. 3, 4.

labanae, Goupillaudina 40. 
lacrima, G lobulina 63. 
lactea, Guttulina 49, 
laevigata, G loborotalia pusilla 19.
Lagena 114.
lam arckii, lamarcki. E lphidium, Nonionina 92  ; PI. 8, f. 6.
Lam arckina  52, 113, 114. 
latidorsatum . Elphidium 50. 
lehneri. G loborotalia 88 .
lenae. D iscorbis 69. 70 ; PI. 1. f. 2 ; PI. 5, f. 8  ; PI. 14. f. 3. 4. 5, 6.
Lenticulina 114. 
limbata, Discorbis 114.
limbata. Lamarckina  36, 43, 52, 58, 113 ; PI. 5. f. 9.
limbata. Valvulina. Valvulammina, Pyramidovalvulina  36, 44, 45, 58, 59 ; PI. 4, f. 3. 
limburgensis. Epistom inella, Pseudoparrella 37, 52, 75, 76 ; PI. 15. f. 3, 4. 
limburgensis, C ibicides elongatus var. 114.
Loxostomum 115.
lobata, Terquemia, Rotalina, Boldia 45, 103, 104, 105. 
lunata. Paralabamina, Eponides 44, 94, 114.

macroporus, Omphalocyclus 40. 
madrugaensis, Boldia 45, 104, 105, 106.
madrugaensis. Thalmannita, Rotalia  36, 90, 91, 92 ; PI. 8, f. 10. 
marginata, Rotalia  36, 38, 42, 44, 82 ; PI. 2, f. 3  ; PI. 7, f. 2. 3. 
mariei. Rotorbinella, Parrella. Pozaryskaia 38, 42, 45, 73, 74. 
meeterenae, Pseudoparrella 76. 
membranacea G loborotalia 120.
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mexiaensis. Spiroplectam m ina 49.
midwayensis. Gavelinella, Truncatulina, Anom alinoides  46, 47, 48, 49, 110 ; PI. 11, f. 2. 
m inim alis. Pararotalia 90  ; PI. 8, f. 4, 5. 
m inimus. Eponides 76.
minor. Gavelinella, Anom alina  40, 42, 109 ; PI. 17, f. 3, 4. 
m inor. Lepidorbitoides 40. 
minuta. Pallaimorphina 97, 
m ississippiensis. Anom alinoides 114.
montiana. Rotorbinella  36, 37, 38, 42, 44, 72. 73, 74, 75 ; PI. 1. f  4  ; PL 2. f. 1 ; PL 5, f. 4, 5, 6. 7. 
m ultistria ta . G lobulina gibba 64. 
m ultisuturatum . Nonion  93, 99, 100 ; PI. 9, f. 1.

naheolensis. Lamarckina  36, 43, 52, 113, 114 ; PI. 11, f. 5. 
natchitochensis. M iliola, Triloculina 37, 62 ; PL 4, f. 9. 
neeli, Planulina burlingtonensis var. 50. 
nobilis. Gavelinella 46, 47, 48, 49. 
nodifera, Spirillina 79.
Nodosaria 114.
Nonion 98, 99, 100.

obesa, Rotalia 106.
obourgensis. Pararotalia  36, 43. 45, 85, 86 ; PL 6, f. 7.
obtusa. Alabamina 40, 46, 48, 49, 1 14.
oedumi, Bolivina 66.
orbignyana, Fissurina 48.
ornatum. Nonion  36, 43, 45, 91, 99 ; PI. 9, t. 2.
ovata. G lobobulim ina, Praeglobobulim ina 46, 47, 49.

paleocenica. Patellina, D iscobolivina 79, 80 ; PI. 15, f. 1, 2. 
paleocenica. Valvobifarina 66 : PI. 6, f. 3.
Palla im orphina 97.
pap illa ta. Rotorbinella  44, 74 ; PL 5, f. 3.
Pararotalia  19. 80, 83, 87, 88 .
Paralabamina 94. 
parisiensis, Bulim ina 50. 
parisiensis, Clavulina 60.
parisiensis, Rosalina, Neoconorbina, Discorbis 72, 77. 
parva, G lobigerina trilocu lino ides 118.
Patellina 79, 80. 
patagonica, G lobigerina 118. 
pegwellensis. Hollandina, Heterolepa 46. 
perovalis, Rotalia 83, 84.
Planulina 114.
platypleurus, Astocolus 45, 48. 
plummerae. Eponides 49. 
polonica, Glabratella 36, 114. 
polygonus, Eponides 94. 
pomeraniana. Cuvillierina 91. 
pommerana, Stensioeina 39. 
pontoni. Gyroidinoides 39, 44, 101.
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pozaryskae. Rotorbinella  41, 42, 74, 75 ; Pf. 2. f. 2. 
praeacuta. Gavelinella 110. 
praecursoria. G loborotalia 12, 122.
praepseudom enardii. Pararotalia, Globorotalia 36, 37, 41, 42, 88  ; PI. 7, f. 6.
prima, Siphonina, Pulsiphonina  36, 41, 42, 44, 45, 48, 49, 77, 78 ; P i 6, f. 1.
prima, prim um . E lphidiella, E lphid ium  40, 92, 93 ; P i 8, f. 7.
prisca. Globulina 65.
problema, Guttulina 48, 49.
producta, Hanzawaia 50.
proprius. Cibicides 50.
Protelphidium  98. 
pseudoacuta, Bulim ina 39, 114.
pseudobulloides. G loborotalia  11, 12, 1 5, 16, 17, 36, 42, 43, 46, 119 ; P i 12, f. I, 6. 
pseudodiscoideus. Discorbis, Gavelinopsis 82. 
pseudomenardii, G loborotalia 19, 120, 122. 
pseudoparisiensis. C lavulina  36, 43, 45. 52, 60  ; P i 4, f. 4.
Pseudoparrella 1 9.
pseudoregularis. S igmomorphina 114. 
pulchella. Guttulina 50. 
punctata. G lobulina gibba 64. 
pupa, Helicovalvulina 60. 
pusilla laevigata. G loborotalia 19, 122.

quadrata, D iscorbis Rosalina 69. 
quadrata, G loborotalia 12. 
quadritrilocu lino ides, G lobigerina 50. 
quaternaria, Pullenia 47. 
quinqueloba, Pullenia 49.
Q uinqueloculina  48, 62, 63.

reinholdi, Scarificatina, Boldia  29, 36, 37, 43, 45, 52, 103, 104, 105, 106, 107, 108 ; PI. 9. f. 5, 6. 7. 
renem arlierei. D iscorbis 36, 43, 44, 71 ; P i 1, f. 3  ; P i 15, f. 5, 6.
reticulosus, reticulosa. Coleites, Pulvinulina  36, 40, 41, 42, 111 ; PI. 11, f. 3  ; P i 17, f. 1, 2.
Reussella 114. 
rimosa, Epistomaria 78.
robaszynskii. Eponides 13, 18, 36, 38, 40, 41, 42, 44, 45, 51, 93, 94 ; P i 3, f. 4.
Rosalina  72, 76.
Rotalia 52, 53, 73, 80.
Rotorbinella  52, 72, 74, 75.
Rugoglobigerina 15.
rugosa, Neoflabellina 35, 37, 39.
rugulosa, Lamarckina 113.

saxorum, Pararotalia, Rotalia  36, 38, 39, 40, 41, 42, 44, 45, 83, 84 ; P i 7, f. 5.
scalaris, Hoeglundina 46, 48.
scanica, Heterolepa, Pninaella 46, 47, 49.
scaphum, Nonion 45, 114.
Scarifica tina  29, 103, 104. 
selandiana. Rosalina 77. 
selmensis. Tappanina 114. 
selseyensis. Sp irillina  79.
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semimarginata, Epistomaria 78. 
septifera. Rotalia 81.
Sigmomorphina 65. 
simplex. Globigerina 50.
Siphonina  77.
sm ithvillensis, Textularia 49. 
soldadoensis. G lobigerina 50. 
soldanii, Rotalia 101.
soluta. S igmomorphina  42, 44, 47, 48, 49, 65 ; PI. 6, f. 5. 
spiralis, G lobigerina 12.
Spirillina  79.
Spiro loculina 62.
Spiroplectam m ina 57. 
spissa, Nonionella 50.
Stensioeina 104, 105.
Stomatorbina 115. 
stonei. G lobigerina 50. 
strabocella, G loborotalia 50. 
striatogranulosa. Sp irillina  37, 79 ; PI. 6 , f. 4. 
subangulatus, Gyroidinoides, Gyroidina 100, 101.
Subbotina 15. 
subconicus, Cancris 50.
succedens. Cibicides, C ibicidina  38, 42, 44, 45, 48, 49, 96  ; PI. 8, f. 8, 9. 
szaboi. C lavulinoides 60.
szczechurae. Scarificatina  36, 37, 42, 43, 106, 107 ; PI. 10, f. 1, 2.

Terquemia 103. 
terquem i. Valvulina 114.
Textularia  49, 57.
Thalmannita 90, 91. 
thanetensis, Bulimina 46.
toulm in i, Eponides 13, 18, 45, 47, 51, 93, 94, 95. 
triangularis. Valvulina 59  ;  PI. 4, f. 7. 
tribulosa, G lobigerina 50. 
trigona lis. Bulim ina, 45, 46, 47, 48, 49.
Triloculina 62, 114.
triloculinoides. Globigerina, Subbotina  11, 12, 15, 16, 17, 36, 42, 43, 46, 47, 118, 119 : PI. 12, f. 2. 5 ; 

PI. 18, f. 9, 10.
triloculinoides, Globigerina. Subbotina  11, 12, 15, 16, 17, 36, 42, 43, 46, 47, 118, 11 9 ; PI. 12, f. 2, 5.
Trin ite lla  1 5.
triv ia lis. G lobigerina 122.
trochid iform is, Rotalia, Rotalites  38, 40, 41, 42, 44, 80, 81 ; PI. 16, f. 1, 2. 
tuberculata. G lobulina  39, 43, 45, 63. 64 ; PI. 5. f. 1 ; PI. 13. f. 3, 4. 
tuberculifera. Pararotalia. Rotalia 37, 38, 44, 89 ; PI. 8, f. 1. 2. 3.

um bilicatus(-a). Cibicides, Anom alinoides, Anom alina, Gavelinella 37, 41, 44, 47, 48, 95, 96. 
uncinata. G loborotalia 12, 117, 118, 122.

Vacuovalvulina 58.
Valvobifarina 66. 67,
Valvulammina 60.
Valvulina 53, 58.
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vandersluisi, Boldia 103. 
vanrijsingei, B igeneroplis 67  ; PI. 6, t  6.
variants. Globorotalia, G lobigerina 12, 16. 36, 43, 46, ! 19, 120 ; PI. 12, f. 7, 8  ;  P i 18, f. 5. 6.
velascoensis, G loborotalia 22, 88 .
visserae. Hellenocyclina 40.
voltzianus, C ibicides 39, 40, 44, 96, 1 14.
voluptus. Gyroidinoides 12, 20, 45, 46, 47, 49.

w hite i. G loborotalia 50. 
w ilcoxensis, Alabamina 114. 
w ilcoxensis. Asterigerina 50.

ypresiensis, Anomalina acuta var. 50. 
ystadiensis. Rosalina 45.
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PLATE 1

Pencil drawings

1. Vacuovalvulina ke ijze ri (VAN BELLEN) var. 1. (OB 21.80) type, x 85.
a. apertural face
b. side view
c. conical side, apex

remark : broader eone than in typical Vacuovalvulina keijzeri.

2. D iscorbis ? lenae  n. sp. (OB 74) holotype, x 200.
a. um bilica l side
b. side view
c. spiral side

remark : spiral suture is strongly limbate.

3. Discorbis ? renem arliere i n. sp. (OB 32.40), x 200, holotype.
a. spiral side
b. side v iew
c. um bilical side

remark : observe circu lar ridges around chambers at spiral side and large pores w ith in  the areas surrounded 
by the ridges.

4. Rotorbinella m ontiana  POZARYSKA & SZCZECHURA var. 1 (OB 21.80), x 80, type.
a. spiral side
b. side view
c. um bilical side
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PLATE 2

Pencil drawings

1. Rotorbinella  ? m ontiana  POZARYSKA & SZCZECHURA var. 2 (OB 32.40), x 130, type
a. spiral side
b. side view
c. um bilica l side

remark : the variety d iffers from  typ ical R. m ontiana  by the "co n ica l" form s of the chambers at spiral side.

2. Rotorbinella pozaryskae  n. sp. (OB 64.20), x 85, holotype
a. spiral side
b. side view
c. um bilica l side

3. Rotalia m arginata  d'ORBIGNY var. 1 (OB 42.30), x 65, type
a. um bilica l side
b. side view
c. spiral side

remark : th is  variety differs from typical R. m arginata  by the protruding mass in the umbilicus.

4. Pararotalia god friaux i n. sp. (OB 13.90), x 85, holotype.
a. um bilica l side
b. side view
c. spiral side
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PLATE 3

Pencil drawings

1. Pararotalia god friauxi n. sp. (OB 16.10), x 65, paratypoid
a. um bilical side
b. side view
c. spiral side

2. Pararotalia g lob igerin ifo rm is  (VAN BELLEN) var. 1 (OB 36.10), x 130, type.
a. um bilical side
b. side view
c. spiral side

remark : observe truncate periphery near spiral side.

3. Pararotalia g lob igerin ifo rm is  (VAN BELLEN) var. 2 (OB 48), x 200, type.
a. spiral side
b. side view
c. um bilical side

remark : observe umbilical plug.

4. Eponides robaszynskii n. sp. (OB 78), x 85, holotype.
a. spiral side
b. side view
c. um bilical side

remark : observe plano-convex test form.
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PLATE 4

Scanning Electrom icrographs

1. Textularia bundensis VAN BELLEN (OB 74.30), x 65, side view.

2. Vacuovalvulina ke ijze ri (VAN BELLEN) var. 1 (M M  273), x 208, side view.

3. Valvulina lim bata  TERQUEM (OB 32.40), x 33.
a. side view
b. apertural face

4. Clavulina pseudoparisiensis  HOFKER (OB 12), x 60, side view.

5. Valvulammina  sp. cf. V. g lobularis  (d'ORBIGNY) (OB 30), x 130, side view

6 . Valvulammina g lobularis  (d'ORBIGNY) (OB 32.40), x 33, side view

7. Valvulina triangularis  d’ORBIGNY (OB 26), x 35
a. apertural face
b. side view
c. apex : early chambers broken off

8 . Spiro locu lina alabam ensis CUSHMAN (OB 30)
a. apertural view, x 130
b. side view, x 65

9. Triloculina natch itochensis  HOWE (OB 29.80)
a. apertural view, x 95
b. side view, x 84
c. side view , x 60
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PLATE 5

Scanning Electrom icrographs

1. Globulina  sp. cf. G. tuberculata  d'ORBIGNY (MM  273), x 160 side view

2. Pseudopolymorphina ge ije ri var. angusta  BROTZEN (OB 42.30)
a. side view, x 33
b. apertural view, x 75

remark : our form  is slenderer and nearly symmetrical like a Frondicularia.

3. Rotorbinella pap illa ta  POZARYSKA Et SZCZECHURA (VR f 5), x 170, spiral side

4. Rotorbinella m ontiana  POZARYSKA & SZCZECHURA (OB 12), x 100, spiral side

5. Rotorbinella m ontiana  POZARYSKA & SZCZECHURA var. 2 (COP 2), x 80, um bilica l side.

6 . Rotorbinella m ontiana  POZARYSKA & SZCZECHURA (OB 12), x 100, spiral side

7. Rotorbinella m ontiana  POZARYSKA & SZCZECHURA (COP 2), x 120, um bilical side

8. Discorbis ? lenae  n. sp. (OB 20), x 155, paratypoid spiral side

9. Lam arckina lim bata  CUSHMAN (OB 30), x 140
a. spiral side
b. side view
c. um bilical side
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PLATE 6

Scanning Electrom icrographs

1. Siphonina prim a  PLUMMER (OB 79), x 140
a. spiral side
b. side view
c. um bilical side

2. Epistomaria bundensis  (VAN BELLEN) (OB 32,40), x 65
a. um bilical side, observe slits near the periphery
b. side view, w ith  aperture
c. spiral side

remark : the form  o f the s lits is d ifferent from those of E  rimosa  (PARKER Et JONES)

3. Valvobifarina paleocenica  HOFKER (OB 32.40), x 130
a. side view
b. apertural view

4. Sp irillina  striatogranulosa  TER QUE M (OB 16.10)
a. concave side, x 130
b. convex side, x 130
c. side view, w ith  aperture, x 325

5. Sigm om orphina soluta  BROTZEN (OB 30), x 65, side view

6 . "B igeneroplis vanrijs inge i" MARIE (OB 40.20), x 65
a. apertural view
b. side view

7. Pararotalia obourgensis n. sp. (OB 27.80), holotype, x 33
a. um bilical side
b. side view
c. spiral side

remark : th is species differs from  P. tubercu lifera  by the absence of tubulospinate chamberform, by its fla tte r 
form, and by the lim bate sutures at the spiral side. (cf. PI. 8 , f. 1, 2, 3)
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PLATE 7

Scanning Electrom icrographs

1. Rotalia  sp. cf. R. troch id ifo rm is  (LAMARCK) (LA 175), x 40
a. um bilica l side
b. spiral side

2. Rotalia m arginata  d'ORBIGNY (OB 12), x 65, um bilical side

3. Rotalia m arginata  d'ORBIGNY (OB 42.30), x 85
a. spiral side
b. side view
c. um bilical side

4. Pararotalia god friauxi n. sp. (OB 12), paratypoid, x 130, um bilical side

5. Pararotalia saxorum  (d’ORBIGNY) (OB 12), x 65
a. side view
b. um bilical side

6 . Pararotalia praepseudom enardii (HOFKER) (MM  290.50), x 65, um bilical side

7. Pararotalia g lob igerin ifo rm is  (VAN BELLEN) (OB 21.80), x 130.
a. um bilica l side
b. side view
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PLATE 8

Scanning Electrom icrographs

1. Pararotalia sp. cf. P. tubercu lifera  (REUSS) (OB 12), x 75, um bilical side

2. Pararotalia tuberculifera  (REUSS) (E.N.C.I., Me), x 80, spiral side (type M aastrichtian)

3. Pararotalia tuberculifera  (REUSS) (E.N.C.I., Me), x 80, um bilical side (type Maastrichtian)

4. Pararotalia m in im a/is  HOFKER (VR f 5), x 1 75, spiral side

5. Pararotalia m in im a lis  HOFKER (OB 16.10), x 130
a. um bilica l side
b. spiral side

6 . Elphid ium  ? sp. cf. £  lam arcki (d'ORBIGNY) (0 8  70), x 130
a. apertural view
b. side view

7. Elphid ie lla  ? sp. cf. £  prim a  (TEN DAM) (OB 38.20), x 130
a. apertural view
b. side view

8 . Cibicides succedens BR0T2EN (0B  12), x 200, um bilical side

9. Cibicides sp. cf. C. succedens BROTZEN (OB 12), x 160, spiral side

10. Thalmannita m adrugaensis CUSHMAN & BERMUDEZ (OB 12), x 100, side view
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PLATE 9

Scanning Electrom icrographs

1. Nonion m ultisu tu ra tum  VAN BELLEN (OB 30), x 130
a. apertural view
b. side view

2. Nonion  ? ornatum  VAN BELLEN (OB 30), x 67
a. apertural view
b. side view

3. Nonion  sp. (OB 12), x 200, side view

4. Boldia  sp. cf. B. cubensis  CUSHMAN & BERMUDEZ (OB 12)
a. side view, x 100
b. apertural face, x 65
c. spiral side, x 80

5. Scarifica tina re inho ld i MARIE (OB 12)
a. um bilica l side, x 100
b. oblique view, x 100

6 . Scarifica tina re inho ld i MARIE (OB 12), x 130, um bilica l side

7. Scarifica tina re inho ld i MARIE (TH 19)
a. um bilica l side, x 125
b. detail of umbilicus, x 385
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PLATE 10

Scanning Electrom icrographs

1. Scarificatina szczechurae  n. sp. (OB 76), holotype
a. spiral side, x 240

remark : observe Stensioe ina- like limbate sutures and spire
b. oblique view, x 180
c. side view, w ith  last chamber, x 180
d. side view, x 165
e. um bilical side, w ith  3 parallel costae in the umbilicus, x 160
f. apertural face, x 180

2. Scarificatina szczechurae  var. 1 (OB 12), type
a. oblique view, show ing umbilicus, x 165
b. side view, w ith  last chamber, x 140
c. side view, w ith  anastomosing costae, x 165
d. spiral side, w ith  Stensioeina-\\V.e sutures and spire, x 160
e. side view, show ing cribrate foramina of penultim ate chamber, x 155
f. um bilica l side, show ing 3 parallel costae in the umbilicus, x 165.
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PLATE 11

Scanning Electrom icrographs

1. Gavelinella danica  (BROTZEN) (OB 42.30), x 83
a. spiral side
b. apertural v iew
c. um bilical side

2. Gavelinella  sp. cf. G. m idw ayensis  (PLUMMER) (OB 72.10), x 160
a. spiral side
b. side view, w ith  apertural face
c. um bilica l side

3. Coleites reticu losus  (PLUMMER) (OB 70), x 160
a. um bilica l side
b. side view, w ith  term inal aperture
c. spiral side

4. Karreria fa llax  RZEHAK (LI 8), x 98, um bilical side

5. Lam arckina naheolensis  CUSHMAN & TODD (OB 30), x 160
a. um bilica l side
b. side view
c. spiral side
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PLATE 12

Pencil drawings

1. Globorotalia pseudobuHoides (PLUMMER) (MM  287), x 120
a. spiral side
b. side view
c. um bilical side

2. Globigerina trilocu lino ides  PLUMMER (MM  287), x 120
a. spiral side
b. side view
c. um bilica l side

3. Globigerina daubjergensis  BRÖNNIMANN (OB 72.10), x 270
a. um bilica l side
b. side view
c. spiral side

4. Globigerina koz low sk ii BROTZEN & POZARYSKA (OB 42.30), x 1 75
a. um bilica l side
b. side view
c. spiral side

remark : a large specimen of the G. daubjergensis - G. koz low sk ii lineage.

5. Globigerina trilocu lino ides  PLUMMER (OB 48), x 180
a. spiral side
b. side view
c. um bilica l side

6 . Globorotalia pseudobuHoides (PLUMMER) (OB 32.40), x 180
a. um bilical side
b. side view
c. spiral side

7. Globorotalia  sp. aff. G. Mariania (SUBBOTINA) (OB 38.20), x 180
a. spiral side
b. side view
c. um bilica l side

8 . Globorotalia  sp. aff. G. Mariania (SUBBOTINA) (OB 36.10), x 120
a. spiral side
b. side view
c. um bilica l side

9. Globorotalia  sp. cf. G. compressa  (PLUMMER) (OB 32.20), x 180
a. um bilica l side
b. side view
c. spiral side.
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PLATE 13

Photographs and ink-draw ings

1. Valvulammina  sp. cf. V. g lobu laris  (d'ORBIGNY) (OB 30), x 55
a. um bilical side
b. side view
c. spiral side

2. a - c. same specimen, ink-drawings, x 55

3. Globulina  sp. cf. G. tuberculata  d'ORBIGNY (OB 30), x 60
a, b. side views

4. a, b. same specimen, ink-draw ings, x 60.

5. Baggatella  ? aenigm atica  POZARYSKA & SZCZECHURA (OB 65.90), x 53.
a. spiral side
b. side view
c. um bilica l side

6 . a - c. same specimen, ink-drawings, x 53.
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PLATE 14

Photographs and ink-draw ings

1. Discorbis bundensis  VAN BELLEN (OB 30), x 90
a. spiral side
b. side view
c. um bilical side

2. a - c. same specimen, ink-drawings, x 90

3. Discorbis ? /enae n. sp. (OB 74), x 90, holotype.
a. um bilica l side
b. side v iew
c. spiral side

4. a - c. same specimen, ink-draw ings, x 90

5. Discorbis ? lenae  n. sp. (OB 20) paratypoid, x 88
a. um bilical side
b. spiral side

6 . a, b. same specimen, photographs, x 88

7. Angulogerina europaea CUSHMAN & EDWARDS (OB 32.40), x 90
a. side view
b. apertural view
c. o ther side view

8 . a - c. same specimen, ink-draw ings, x 90.
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PLATE 15

Photographs and ink-draw ings

1. Patellina paleocenica  (HOFKER) (OB 12), x 100
a. spiral side
b. side view
c. um bilical side

2 . a - c. same specimen, ink-draw ings, x 100

3. Epistom inella  sp. cf. £  lim burgensis  (VISSER) (OB 32.20), x 96
a. um bilical side
b. side v iew
c. spiral side

4. a - c. same specimen, ink-drawings, x 96

5. Discorbis  ? renem arliere i n. sp. (OB 32.40), x 100, holotype
a. spiral side
b. side view
c. um bilical side

6 . a - c. same specimen, ink-draw ings, x 100.
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PLATE 16

Photographs, ink-draw ings and pencil drawings

1. Rotalia sp. cf. R. troch id ifo rm is  (LAMARCK) (OB 30), x 33
a. um bilical side
b. side view
c. spirai side

2. a - c. same specimen, ink-drawings, x 33

3. Rotalia bundensis  VAN BELLEN (OB 30), x 100
a. um bilica l side
b. side view
c. spiral side
d. side view, o ther orientation

4. a - d. same specimen, ink-drawings, x 100

5. Nonion graniferum  (TERQUEM) (M M  287), x 200, pencil drawing
a. side view
b. apertural view

6 . Nonion graniferum  (TERQUEM) (MM  287), x 200, pencil drawing
a. apertural view
b. side v iew

remark : specimen w ith  an intercameral foramen of the penultim ate cham ber consisting of a series of 
sem icircu lar apertures instead of a slit.
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PLATE 17

Photographs and ink-draw ings

1. Coleites reticulosus  (PLUMMER) (OB 64.20). x 54
a. um bilical side
b. side view
c. spiral side

2. a - c. same specimen, ink-drawings, x 54

3. Gavelinella m inor  (POZARYSKA & SZCZECHURA) (OB 32.40), x 100
a. um bilical side
b. side view
c. spiral side

4. a - c. same specimen, ink-drawings, x 100

5. Karreria fa llax  RZEHAK (OB 42.30), x 100
a. um bilical side
b. side view
c. spiral side

6 . a - c. same specimen, ink-drawings, x 100
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PLATE 18

Photographs and ink-draw ings

1. Globigerina daubjergensis  BRÖNNIMANN (OB 72.10), x 120
a. spiral side
b. side view
c. um bilical side

2 . a - c. same specimen, ink-drawings, x 120

3. Globigerina koz low sk ii BROTZEN & POZARYSKA (OB 32.40), x 85
a. um bilical side (w ith  bulla-like last chamber)
b. side view
c. spiral side

4. a - c. same specimen, ink-drawings, x 85

5. Globorotalia  sp. aff. G. varianta  (SUBBOTINA) (OB 36.10), x 85
a. spiral side
b. side view
c. um bilica l side

remark : observe the spinose test.

6 . a - c. same specimen, ink-draw ings, x 85

7. Globorotalia  sp. cf. G. compressa (PLUMMER) (OB 32.20), x 95
a. um bilica l side
b. side view  (w ith  pinched last chamber)
c. spiral side

8 . a - c. same specimen, ink-drawings, x 95

9. Globigerina trilocu lino ides  PLUMMER (OB 48), x 95
a. spiral side
b. side view
c. um bilical side

10. a - c. same specimen, ink-drawings, x 95.

f
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C H R O N  O S T R A T I G R A P H Y
( Suggested Subdivision of the  

Poleocene: threefo ld  )
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(compiled from  
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mainly H. M. BOLLI,
1951, 1957, 1966 )
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T a b l e  3
♦ a p p e a r a n c e  of species  
-  extinction of species
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Rg. 6 TH. "Tranchée de Hainin" Railway station of Hainin. Southern side of the outcrop
a )  Section to be seen at present (with vegetation) sampled 29. April 1967, T MOORKENS

38 m above sea level (Ostend 00)
ESE (■* Boussu)

(Thulm •■) WNW

/ V

Jäp '
O  th  20 TH 19 O ƒTH 21

TH* 15

120m 110 100 100 m

b) Section according to A. RUT0T (1886)

120m 110 100 90 60 70 60 50 AO 30 20 10 0 20 30 6010 40 50 70 80 90 100 m

I I I I I 
I 1 I 1 I Loam (Q uaternary) Glauconiferous Sands

(TTuffeau d' Angre 
Upper Paleocene )

—  Grey Clay

( Continental deposits 
of the Formation of Mons, 

Middle Paleocene)

yH-pihj Calcarenites —  I White Chalk, marly in pari

(including the (probably Craie de Trivieres,
occurrence of the local Calcaire Senonian )
de Mons, shallow marinSjOnd Calcaire de Hainin 
lacustre à Physa, continental deposit (TH 20))
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Fig.  13 -  W a n s i n ,  Quarry of W a n s i n  ( WA ). Suggested New  
Type Section of Tuffeau de Lincent and  

Neostrato type of the Lower Landenian  Stage
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