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Some of the species of this li t may be index-fossils of lhe Oligocene. Th may al 
least be index-fossil for lhe rock-slraligraphic unit of Boom cla a11d 'ep tariu-clay . The 
occurrences of lhese species are given below. 

Karreriella siphonella ha been recorded from lhe eplaria-clay and from pper 
Oligocene and i\liocene depo it of northwe tern Europe. It occur' also in severa l members 
of lhe Oligocene of lhe Mainz-Alsace region (Pcchelbronn bed , 'ep taria -cla) , Forami11ifcra­
marl, Corbicula-marl) and in lhc Oligoccne l\lolas 'e of Bavaria. 

Turrilina alsatica is only known from lhc Boom clay , the S ptariu-cla) of norllrn ' ·tern 
Germany and from the Septaria-clay, .i\lclella- and Amphis le-bed-, Foraminiferu-marl and 
Corbicula-marl of the l\lainz basin and Al ace. All the -c depo. il arc u ually r gard d a 
Middle Oligocene. 

]\"onion bu:rovillanu1n is a mall pecie' on l) kno\\ 11 from th e Boom cla~, th<' \lrlella­
beds of Alsace and lhe CorLicula-marl of lhe i\Iainz ba in. 

Eponilles pyymeus is knmYn from Oligoccnc depo ·iL · in Hungar), Ba\ aria, \l.;aCl', 
Belgium and ·wighl. Possibly it occurs al -o in the -pper Eocene \ " C cla) of Belgium. 

Rotaliatina bulimoicles is only known from the Boom clay and Lhc ~q>Laria-cla~ of 
norlhwestern Germany, Lul not from the l\lainz basin and Ahtcc. 

Alabaniina perlata occurs in the Boom clay, in lhc ~cplaria-cla of norllrn •st 'I'll 
Germany and Al ace and in the Foraminif era-marl of Al acc. 

Cassidulina carapitana and Pseudoparrella oveyi are as yet unkno\\ n from the G rman 
Sep laria-clay . Cassidulina carapitana ha ' a \\ide geographic di · tribulion in the T'rtiar~ of 
the Caribbean-Antillean area (RE:\Z, 194 ), Lul thi ' i the fir ' t Lime that it i · rcconled from 
Europe. It is a rather big, remarkable specie . 

Pseudoparrella oveyi on lhe contrary i a minute pecic , that miaht ha\ e been over­
looked easily by RE s and BoRNEMA ' . Ai\DREAE (1 4), who figured eYeral mall :-;pecics 
did not find the species in the Oligoeene depo it of Al ace. Pseudoparrella oveyi i · onl 
known from the Oligocene Hamstead Corbula-bed of \i ight and from the Belaian Boom la). 

The other enumerated species arc either Loo carce in our material, or th ir sp cific 
dislinction may Le considered dubious. 

There is no doubt concerning the correlation of Lhe Boom clay with lhc 1( rman 
Septaria-clay. Fauna and sediment of these memLers show perfect reseml..Jlancc. The di. Ln­
bution of the Foraminifera distinctly points to a free connection of the north we ·t-Europcan 
basin and the l\Iainz-Alsace region during Oligocene time. 

Further oulhward relations are le - clear. lIAG:\ (1952) found that the furaminiferal 
fauna of the Middle Oligocene .i\folas e of Barnria ho\Yed more re ·emblancr Y\ilh Lhr a:sociation · 
of contemporaneou deposits in Hungary than with lhal of the Middle Oligocene of \lsac<'. 

Among the Oligocene Foraminifera of Wight, recently <le ·cribcd by Bu n1 \ 1955), 
there are some characteristic species, viz Buliirvinella carteri, Bolivina fastiyia, 111uulouerirw 
gracilis, Pseudoparrella oveyi and Rotalia kiliani, that occur also in our Oligocene material 
(Henis, rucula- and Boom clays). Thet ugge l marine connection between lhe Hampshire 
basin and Belgium during considerable parts of Oligocene time. 

The few Foraminifera in the Oligocene of lhe Paris basin, de crihed by C ' JL\1,\N (192 ), 
do not allow for a correlation with the Oligocene of the northwesl European and Hamp ·hire 
basins. 

Nor do the assemblages of other Oligocene depo ils, in llaly, pain and oulhcrn France 
show distinct affinities to the Oligocene associations of northwe lern Europe and the :\Iainz­
Alsace region. 



D. A . .J . BAT.IE ·. - FORAMll\JFERA OF THE OLIGOCE TE OF BELGI i\l 77 

THE GERMAN UPPER OLIGOCENE 
(Table 4) 

Our sample of Lhe has eler Meeressand (Kassel 11315, 12667) and from a marly and 
of A Lrup near 0 nnhri.lck (17538) yielded some fifly species. 

11 nguloge,.ina. uracil is, Cibicides dulemplei and Cibicides tenellus are very common. 

Less commu11 specie · are : Bulimina lrnsselensis, 1\'oniun affine, J\onion granoswn, 
Cibicides /11/rnlulus, llan::awaia buueana, A lrnaena osnabrugensis, Elphidiwn subnodosuni, 
Hotalia fJl'UJJi11y1w and Hotalia canui. 

The ·c ·pecies and big ·pecimens of lhe Lagenidea, e pecially of F!'o11dicularia oblonga, 
Lenliculi1ta ( I aginuli1wpsis) gladia, everal 1odosaria, Guttulina problerna, Pseudopolymor­
phina obscura a11d Signwmorphina regularis, are characleri Lie consliluenl of Lhe Ka ·sel and 

lrup depo ils . 

Be au e of the mall number of ampl we have no ufficienl ba i for compari on of 
Lhc forarninif ral conlenl of thi pper Oligocene wilh tho e of Boom and eptaria-clay . 
Nev rlhel a fe\ remarL may b gi en. 

om -peci ' which arc ab ent from the Boom clay and the eptaria-cla of Herm dorf, 
occur holh in th sample- of Ka el and lrup and in Lhe :Xucula-cla . Two of them are rare 
in Lhe !;amp! of 'ep taria- la from Pielzpuhl. The e pecie are : Bolivina ja.stigia, !\'onion 
u1wwswn (a lso al Pietzpuhl), Discorbis globulari (also al Pietzpuhl), Hotalia propingua and 
Hotalia canui. 

Three oth r .:pccie of the German "Gpper Olio-occne are ab ent from Boom and eptaria­
la. , bul th ~ "ere found in the Lower Tongeren bed- : Cancris turgidus, Elphidiurn subnodosum 

and lfotalia canui. 

Th<':-;c :-;pcci<'::. t•,·itlenll) pref erred a more near- -hore em ironmenl with depo-ition of 
sandy material matt•rial rather than the tlepo:itional cm ironment of the Boom clay. 

THE SAND OF VOORT 
(Table 4) 

The ample from two of the cla ical ection in the and of Voort (Lambroek, Lillo) 
antl from the ncarb miu --haft at llouthalen, contain ome twenty pecie , which are 
ah\a) rare. 

i\'onion roemeri, Cibicides dutemplei, Asterigerina giirichi and Elphidium subnodosum 
ar the mo L fr quenl among them. Rare bul characteri -tic are the big indiYidual of 
Lenticulina (l'aginulinopsi ) gladia, Frondicularia oblonga and Guttulina problema. 

ome ~pecimen - of Elphidiu1n 
Foraminifera-bearing -ample from th 
o' erlying ~Iioccne depo its. 

inflatmn were found only in the two uppermo t 
boring Lillo. The r were possibly deriYed from the 

Although it i much le diYer ified, the Foraminifera-a~ emblage of the Yoort and 
fairl~ well resembles that of the German Tpper Oligocene. difference i the grealer frequency 
of Asterigerina giiriclii in the Voorl sand. 

Thi' pecies has a remarkable tratigraphic di tribution. It i characteristic for the 
~o-called \ lerigerina-zone, which occur in the upper part of the Boom or eptaria-clay of 
northern German (STAESCIIE and HILTER:\IANN, 1940) and the 1 etherland (TEN DA:-.r and 
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REINUOLD, 1942, TEN DAM, 1945) . The sediments of the Asterigcrina-zonc are often andy, 
while the microfauna is said to have till the features of our Boom cla a ocialion . 
Asterigerina giirichi was not found in our material of the Belgian Boom clay and the Germa n 
Scplaria-clay. 

Julija l1 DAN recently (1956) recorded the pre ence of man Asterigerina indiYidual , 
which ver probably belong to Asterigerina giirichi, in the sancl depo it in bcl"\Yecn 273 and 
385 m of the boring Kilhlerhof (near Erkelenz) in we tern German . In the c dcpo ·its 
Asterigerina i accompanied b a di Linet Voort and a ociation \ ilh Frondicularia oblonga, 
Non.ion roemeri, Elphidium subnodosurn and other pecie . 

The Oligocene representatives of Asteirigerina giirichi (8
), arc cvidcntl mo t ommonl 

found in sandy deposits of the later Oligocene. In the e ediment the pccie' i either 
accompanied by a Boom clay or by a oort and a emblage, \\ hich ph nom non may b mer I · 
due to different environments. 

The lower part of the I\':uhlerhof sediment between 273 and 3 5 were interpreted l>y ~lis J';o.\-; 
as 1iddle Oligocene; those above 340 m a Upper Oligocene. Recognition of rock- tratigraphic un1l s 
would be preferable. The deposits between 273 and 385 m have to be correlated with the sand of Voorl. 
Those between 385 and ± 425 m are considered more or less sandy equivalents of the Boom clay, while 
the Numrnuliles specimens at 450-470 m probably indicate the presence of an equivalent of lhe Lower 
Tongeren beds. 

Some of the pecies of the Voort and and of the German pp r Oli()'ocen w re al o 
found in the horizon of Houthalen. Their occurrence in that member i di ·cu ' ·ccl belo\\. 

THE HORIZON OF HOUTHALEN 
(Table ~ ) 

One sample of the type locality of the horizon of Ilouthalen could b irnc ligated. 
The given depth range of the ample ( 0,25- 0, 79 m) cover the "hole 'crtical e. tent of th' 
horizon, from the lop of the Voorl an cl up\\ an.I · to the ha c of the O\ crl~ ing dark ·and · with 
lignite and fish teeth, which were interpreted l> GLIBERT (1945) as po· ·iblc Am ersian . 

A reliable evaluation of the microfauna of this horizon i ' therefore impossible. The 
ba al layer may conlribute Foraminifcra thal hacl l>een re\"ork.cd from the ::;and of Voorl. 

Thirteen species were found, all of \\hich were rare. Three of them arc characlcri ·ti 
Voort and species : Lenticubina (Vaginulinopsis) gladia, Ji'rondicularia oblonga and Elpltidium 
subnodosum. 

Most of the other ten species are known either from the Voort and (Lenticulina pp., 
Guttulina problema, Pyrulina jusijormis, Nonion boueanum, Cibicides dutemplei, tsterigerirw 
giirichi) or they have been found in the German Upper Oligocene (Pseudopolyrnorphina 
soldan.ii (CusmrAN and OzAwA, 1930), Sigmomorphina regularis, Virgulina schreiber iana 
(CuSHi\1Al\", 1937). 

Only one of the species, Rotalia beccarii, has not been found in the Voorl ~and or in 
the German Upper Oligocene (except for one, probably reworked, Rotalia beccarii pecimcn 
in the boring Lillo). 

(
8

) In Bavaria Asterigerina gi.lrichi was found in sandy and marly deposits referred to as Chatlian 
(HAGN, 1955). These Chattian sediments overlie the zone of Aslerigerina praeplanorbis HAGN, which zone 
was interpreted by HAGN as Upper Rupelian. 
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GLIBERT (1945, 1952), on the basis of the mollusc contents of the horizon of Houthalen, 
considered the deposit to be of Middle Miocene age . If the Foraminifera are not reworked we 
would consider the horizon of Ilouthalen to represent the upper part of the sand of Voort, 
which probably is of Late Oligocene age . 

THE MIOCENE OF ANTWERP AND DINGDEN 
(Table 4) 

The microfaunal assemblages of the sand of Antwerp [Burcht, Heist 26 m and Antwerp 
(poor microfauna)] and of the Dingden beds show very close resemblance, which fact had 
already been noted by REuss in 1861. Both the Antwerp sand and the Dingden beds are 
usu ally regarded as of Middle Miocene age, on the basis of the mollusc associations . 

Some sixty species were encountered, more than twenty of which were not found in 
our material of old er depo its. In the fo llowing list of most frequent species, those appearing 
for the first time in our column are marked with an asterisk • . 

Spiroplertammina carinata, • fltartinottiella comrnunis, Bulimina elongata, * Bolivina 
dilatata, Nonion affine, 'Nonion perfossum, Nonion boueanum, Cibicides ungerianus, Hama­
waia boueana, Aste,.igerina giirichi and Elphidiwn inflatum. 

Less frequent but nevertheless important are : 

• Bigenerina nodosar'ia, · Siphotextularia labiata, Globulina gibba, * Bulimina dingde­
nensis, • Virgulina (Virgulinella) pertusa, * Bulim.ina floridana var. imporcata, ·• Uvigerina 
rugulosa, Trif arina bradyi, ,. Nonion pompilioides, • Nonionella limb a, Cancris auriculus, 
Cibicides dutemplei, Cibicides lobatulus, Ceratobuliniina contraria var. , Globigerina spp., 
Elphidiurn hiltennanni. 

As a whole the assemblages are rich in Textulariidae, Buliminidae, Nonionidae, Anoma­
linidae, Asterigerina and Elphidiidae. 

There arc no distinct relations between these assemblages and the associations described 
from European Miocene deposits farther southward . 

The peculiar Virgulina (Virgulinella) p~rtusa as yet is only known from the Antwerp 
and Dingden beds and from Iiocene deposits of North Africa. Other species of the subgenus 
Virgulinella have been recorded from several north-American Miocene formations [Choctawat­
chee, Shoal River formations and Oak Grove sand of Florida, Choptank, St. -Mary's and Calvert 
formations, Maryland (Cusn.i\IA , 1937)] and from the Pliocene « Formation VI » of ·west-Java 
[Virgulinella lunata, YABE and ASANO, 1937, Tokohu Imp. Univ. Sci. Repts., Sendai, Japan, 
ser. 2 (geol.), vol. 19, no. 1, p. 121] . 

Asterigerina giirichi (commonly A. giirichi var. staeschei) that is frequent in the Antwerp 
and Dingden samples, has been reported from the so-called Redonian deposits of northwestern 
France (ROGER and FRENEIX, 1946), 'vhich are usually considered of Late Miocene or Early 
Pliocene age. 

The other enumerated species do not allow for any correlation toward the south. Some 
of them are as yet only known from the northwest-European basin. The others have either 
a longer vertical range or their specific relations are indistinct. 

6 
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TABLE 1. - Distribution chart of Foraminifera 
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TABLE 2. - Distribution chart of Foraminifera in the 
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TABLE 2. - Distribution chart of Foraminifera in the Upper 
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Middle Miocene . . . . .. 
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T ABLE 4. - Distribution chart of Foraminifera in the German Upper Oligocene, 
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TABLE 1. - Distribution chart of Foraminifera in the German Upper Oligocene, sand of 
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CHAPTER V 

TIME~STRA TI GRAPHIC INTERPRET A TI ON 

After the detailed discussion of Lhe rock-unit , field ob ervalion and rnicrofaunal 
associations, some time-stratigraphic interpretation of the e dala might be e. pc Led. 

The sharp distinction in the preceding paragraphs belw en rock-:;LratiO'raphic and 
time-stratigraphic units ·was introduced during the earl tages of our ime'ligalion, nol merely 
on theoretical grounds, but especially because some errors in the generall accepted slratigraph) 
\Yere suspected. 

When reviewing now the available data, we unfortunate! cannot gel much farther 
than our early suspicion . Although the older time-slratigraph i doubtful in cvcral point , 
no changes can be proposed with definite proof. A a re ull our interpretati n mu t a t 
be tentative. 

The main difficulties which cause that neither the older interpretation can b <li prO\ <l 
nor the new one substantiated, are of two categorie . Primaril we lac! a ufficient numb r 
of reliable lithologic data from the sub oil of northern Belgium. nd further, th fauna! 
differences between major rock-units are entirely ba ed on differ nee bet\\een a. ociation ~ . 

which are in turn no doubt clo el connected with en ironmental change . :\o r liabl' 
evolutionary series within some pecie or pecie group, independent of the dim ntar~ 
environment, have as yet been thorouo-hly de cribed. r\o uch group ' a apparent in ll1L' 

microfauna, but future detailed research of ingle pecie throughout the column, ma. ) i ld 
a better basis for correlation of Lime- Lraligraphic unil ' . 

In the commonly accepted time-stratigraphic interpretation the type dcpo. it~ of thl' 
various Tongeren member are united in the Tongrian stage, Lho e of the Rupel formation in 
the Rupelian, while Lhe sand of Voort is placed in the Challian, which Lage \\a IJa~ d on 
the Kasseler Meeressand in Germany. Parallel with this Tongrian-Rupclian-Challian eri · ar 
u ed the terms Early (Lower), l\Iiddle and Late (Upper) Oligocene. 

With minor fluctuations and occasional critici m thi interpretation ha ' be n adher d 
lo since the day of D · i\ro ' T and BE'.l.'Rccu. In the ucce ion of Lage lhe up rpo ilion of lh 
strata in the type areas has been fully taken into account, but difficultie aro c in other ar a. 
where the sequence appeared different. The usual confu ion of rock- and Lime-unit hamp r cl 
the distinction of lithologic boundarie and time-level a different thing . 

Richly fossiliferous deposits of each of the three unit could be recoO'nized by their 
faunal contents, their distinctness being in our opinion mainly ba cd on nvironmenlal 
differences . This is true of the Mollusca as well a of lhe Foraminifera and Oslracoda. 
Actually the Rupel fauna belonged mainly to an open-sea environment with mud depo·ition, 
whereas those of the Tongeren and Challian depo it point to near- hore condition with for 
the former distinct brackish influences . 

Reviewing the available data, the following details may be pul forward. 
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There is considerable. difference between the sequence of Oligocene rock-units in western 
Belgium and those in the eastern part of the country (see fig. 1). 

Ea L of the Hageland, which is taken as boundary area between west and east, they 
show the classical equence. The marine sand of Grimmertingen and the sand of Ieerrepen, 
a shore deposit, constitute the Lower Tongeren beds, which in general have a thickness of 30 m. 
They are covered by about 10 m of the brackish and fluviatile Upper Tongeren beds with at 
ome places a freshwater deposit, the horizon of Hoogbutsel, in between. As to the Rupel 

formation the typical Berg sand wilh Glycyme11is obovatus (LAMARCK) and in many places with 
the Rupel ba al gravel, rests unconformably on the Tongeren formation . To the east the Berg 
and is covered by about 5 m of Nucula-clay (Rlc). Up to 10 m of sand (Rld-R2b) locally 

separa te the Nucula-clay from the overlying Boom clay, which is fairly sandy in eastern 
Belgium. To the we t the Iucula-clay joins the Boom clay. The thickness of the Boom clay 
climini he from 0 Lo 10 m in soulheas tern direction. This clay in turn is covered by up 
Lo 50 m of Voort and. ln most places there is a gradual transition between both members, 
but locally the Voorl and is separated from the Boom clay by a basal gravel. 

In western Belgium there are only a few very doubtful records of Lower Tongeren beds; 
mo Lly they were found lo be ab en t. Upper Tongeren deposits are completely wanting in 
this area, "here in mo L places about 20 m of uncharacteristic sand are considered to represent 
the Berg sand. Thi . and coYers the Late Eocene A se sand. The contact Asse sand - Berg 
and i yery Yague. In many borings no definite boundary could be drawn in the unfossili-­

ferou andy complex in between di tincl As e clay and equally distinct Boom clay, in which 
complex both the A e and Berg sands might be theoretically present. The Rupel basal gravel 
i mo Lly ab ent. 

The characleri tic Boom clay of we tern Belgium is not or slightly sandy . It reaches 
91 m thickne in the decpboring Woensdrecht and it is unconformably overlain by the Miocene 
Antwerp sand, ''bile the \'oort sand is lacking. 

Towards the north, into the elherlands (mainly in the provinces of Utrecht, Gelderland 
and Limburg and in the eastern part of Ioordbrabant), Upper Oligocene sandy deposits were 
found on top of the Boom clay and underl ing the Miocene, but no Tongeren deposits have 
be n recorded. In Dutch outh-Limburg the Oligocene again has a stratigraphy closely 
re embling that in ea Lem Belgium. 

The grea test difference between both parts of Belgium are in the beds under the Boom 
clay . For rock- Lratigraphic correlation, "\Yhich often wa considered identical with the 
Lime- tratigraphic one, the ba e of the Rupel formation (and Rupelian) was put on the level 
of the ba al graYel. If thi s gravel was ab ent, the base either was iden'tified with a vague 
boundary in the e - Berg and complex or it was put in some relation with the base of the 
Room clay and the top of the As e clay. If present the gravel was taken as formation and 
lime-slralio-raphic boundary. As to the correctness of the latter usage some doubt may be 
exprc ' ed . Il mu t be a\ O\\ ed that the origin of the gravel is ob cure, but it is difficult to 
see il a a synchronou deposit ·in all the Belgian area, when the accompanying deposits are 
o much different from ea t lo west. 

A fund amen !al point in the time-stratigraphic correlation is the conception of the 
Belgian eclimentation area . The geographically restricted occurrences of the fluviatile, 
I racl i h and , hallow "\vater deposits of the Tongeren beds in eastern Belgium and Dutch 

oulh-Limburg, make it clear that the coa t-line at that time was not far away, probably 
running a direction approximately ENE-WSV\T. The oblique cutting out of these depo its to 
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the west by later erosion, indicates that this coast-line continued at leas t some way farther in 
this direction, so that the present most south ern Oligocene sediments in western Belgium were 
deposited further off-shore . This general trend of the coast-line also follows from Lhe decreasing 
sandyness of the Boom clay in western and northwestern direction . Probably the Oligoccnc 
depositional basin was open to the north and northwest and bordered by the eleva tions of 
Weald-Artois and the Ardennes region in the south and southeast. 

Two different lines of thought are possible now. Either the absence of the Tongercn 
beds in western Belgium is considered due to pre-Rupelian erosion (FouRMAlUER, 1934) or 
non-deposition, or their time-stratigraphic equivalents are present, di guiscd among other 
units. .Most earlier authors adhered to the first explanation . This would need differential 
vertical movements of the area for which there are no obvious indications in the sediment or 
in the fauna . The second supposition would fit in beller with our idea of the cc.limenlalion 
area, though it must be admitted that definite proof is lacking . In our opinion there "\rnuld 
have been fewer gaps in the sedimentation in western Belgium than there were in the coa Lal 
area of the Tongeren region . 

So if the time-stratigraphic equivalents of the Tongcren beds arc represented in the 
western area, where must we look for them ? In our opinion the sand (and possiuly part of 
the clay) of Asse is likely to be of the same age as the Lower Tongeren bed . Their geo()'raphic 
areas more or less join, their lithologic differences are slight and ofl n obscure and finall it 
has been pointed out in a previous chapter that the microfauna of the cquival nt of the Grim­
mertingen sand in the shaft Hendrik IV very closely resemble that of the As e depo it , much 
closer than it does that of the other Oligocene units. 

Although it can of course not be asserted that the Lo' er Tongcrcn bed and the e 
sand (? and clay) are of exactly the same age, the time-stratigraphic overlap of Lower Tongeren 
beds and Asse sand (? and clay) is very probable. 

The same opinion has been repeatedly defended by VELGE toward the end f Lhe 
nineteenth century (G. VELGE, 1880, 1882, 1895, 1896, cited in Fonrn, 1901) . VELGE ba ed lfr 
view on field observations. As early as 1839, 1849 and 1851, DuMo T in hi de riplion of lhe 
Tongrian also regarded the sand of Asse as belonging to thi stratigraphic unit. 

Since the Asse deposits are probably fairly well correlated with the Barton bed , type 
deposits of the Bartonian, it has become a delicate que lion lo draw a boundary belween 
Bartonian and Tongrian or between Eocene and Oligocene. 

It was mentioned already that the microfauna of the typical Lallorf bed al o ~ ho" 

good resemblance with those of the Lower Tongeren beds and the As e clay. A a con equenc 
the Lattorfian as a time-stratigraphic unit may have the same dubious value a the Ton()'rian. 

Dealing with deposits in Germany the Neuengammer Gassand in the norLhwestern part of that 
country, which is usually interpreted as Early Oligocene, needs some consideration. It contains a poor 
microfauna, which consists of a few Middle Oligocene (i.e . Septaria-clay) Foraminifera species together 
with scarce small specimens of Nummuliles germa.nicus (STAESCHE and HILTERMANN, i940, SCHAD, i947). 
These Nummulites caused the Early Oligocene determination of the sand. The Neuengammer Gassand 
overlies Upper Eocene sandy deposits with a rich microfauna, of which Nummuliles germanicus is a 
characteristic species. It is covered by Septaria-clay. 

In our opinion the Neuengammer Gassand is more likely an equivalent of the Berg sand of western 
Belgium, than it is of the Lower Tongeren and Lattorf beds. The existence of a few N. germanicus 
specimens in the Neuengammer Gassand might well have lasted some time after the deposition of the 
Lower Tongeren and Lattorf beds, or the individuals may have been re-deposited. 

Of course there is no reason to suppose that a sharp faunal break occurred al the Eocene­
Oligocene boundary. The confusing resemblance of variously as Late Eocene and Early 
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OJi goccnc classil'ied deposits, and even Lypr cleposils, cou lJ be expected . Although we wish 
lo mainlain Lhal in Belgium lhc Assc Jcposils a11d LmYcr Tongeren beds are al least partly of 
lhc same age, we have to awail more field dala and a thorough analysis of some single species 
(gro ups) for a more del"inilc sclll ing of the eh ronological q ueslion around the Eocene-Oligocene 
boundary. 

The Upper Tongercn beds have on ly local imporlance. Both their stratigraphic and 
geographic positio11 under, and al lhe land" arcl side of the sand of Berg, as ·well as their 
microfauna, show that these lagoonal-brackish deposits are best considered as lateral equivalents 
of some parl of lhc lo\\ er Hupel formation in western Belgium. 

It is most likely that their Lime-equivalents in that area are incorporated in the so-called 
Berg sand Lhat underlies the Boom clay. The maximally 8 m of Berg sand of the type area are 
probably con temporary with no more than part of Lhe 20 m of the western Belgian sand. 

Among other a imilar opinion was already held by B1w1ucrr (1854, 1856) and by 
OnTLIEB and DoLFL s (1 73, ciled in Fonm, 1901). OrrTLIEB and DoLFuss considered the Upper 
Tongeren bed , the Berg and and the · ucula-clay in Limburg as probable equivalents of the 
Boom clay in wcslem Belgium. 

:Mo t Dutch author , among \\·hich rccen Lly ALBRECIIT and VALK (1943) and 1IuLLER 
(1943) also regarded the Cerilhium-clay, which i the Netherlands' equivalent of the Upper 
Tongeren bed , a part of lhe Rupel formation. 

These idea never became common opinion in Belgium. Most Belgian authors strongly 
emphasized lhe superpo ition of strata in different areas and the differences in mollu c contents . 

As '' c remarked alreatl), lhe basal gravel of the Berg sand is usually interpreted as a 
Lime- lralio-raphic marker, 'Yhich corresponds lo a transgression. This may be correct in 
ea Lem Belgium. In the western part of the country the gravel has only little importance, 
and f urthermorc it i n either certain that there is but a single layer nor that it was continuous 
throughout Belg ium. Its rarity in that area would be selfevident, since the source of pebbles 
probably ,n- m ore remote than in the eastern region, '"here the characteristic Rupel basal 
gravel wa deposited. In our opinion thi eastern gravel is younger than the western gravel 
occurrence , \\ hcthcr it corre ponds to a lran gresc:;ion or not. 

Durinci- lhe greater parl of Oligocene lime 
in the 'ye l, ' hiLt more andy deposits, uch as 
were laid dmYn in Belgian and Dutch Limburg. 
arc the 1Ucl-R2b , and and the Linlforl member. 

the characteri lie Boom clay 'yas deposited 
andy clays and clayey or even pure sand, 
Characteristic sandy members in the east 

:\o doubt the ::'\ucula-clay in Limburg is another near- bore equivalent of the lower 
part of the Boom cla of western Belgium. The differences in the faunas of Berg sand and 
Nucula-clay "ilh lho e of the Boom clay are clearly due to the different depositional 
environments. 

To\ artl the end of Oligocene lime the sand upply from the outheast and east gradually 
increased. ll resulted in the depo it ion of the Yoort sand, which reaches far northwards over 
the Boom clay. In western Belgium relations are unknown because of later erosion, but it is 
thought probable that the Boom clay sedimentation in this region lasted somewhat after the 
slart of the \ oorl ancl depo.ition in the ea, t. The microfaunal resemblance of the Voort sand 
and the Chattian l~ pe depo, ils of Germany has already been pointed out. 

Bolh "e tern Belgian Boom clay and eastern Belgian Yoort sand are said to be uncon­
formably o' crlain by Middle i\Iiocene deposits, 'iz Antwerp sand and Houthalen beds 
rcspcclivPly. According to current opinion Lower .Jfiocene deposit arc wanting in Belgium. 

7 
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~o dislincl sandy cquivalcnl of lh e sand of Voorl has been observed under the Antwerp sand 
in we Lem Belgium, but Upper Oligocene sands are found farther north in the "'etherlands 
( roordbrabanl, trecht, Geldcrland, Limburg). The Antwerp sand contain fragmented 
·eplaria al the ba e, which have been derived from the Boom clay (TAVERNIER, 1954). 

Summarizing, it i con idered unlikely thal the equencc Tongrian-Rupelian-Challian, 
a ba eel on lhe re pectiYe t pc deposit , is a clear-cut subdivision of Oligocene time. On the 
ba i of the uppo ilion that the off- hare edimentalion wa more continuou than it was in 
the marginal areas, time overlaps of the various type deposits must be admilled. The Rupelian 
Boom la which con titutes the bulk of the Oligocene off- hare sediment is evidently 
ynchronou not onl with the marginal Rupelian depo it , but al o with part of tho e of the 

Tongrian and po ibl al o with part of tho e of the Cbattian. In our opinion the Tongrian 
overlap the late Bartonian and the early Rupelian, while the Chattian may have imilar 
relation lo the late Rupelian. 

ur ideas are once more confron led with the current opinion in lhe small sketche below 
(fiO'. 11), in' hich the litholoO'ic unit in both Belgian area are given at succes ive time-levels 
of the Oligocene. 

CHAPTER VJ 

SYSTEMATIC DESCRIPTION OF THE FORAMINIFERA 

Altogether ome 140 pecie ''ere recognized in our material. Variant have been 
treated under the corre ponding peci s . Dala on the tratigraphic di Lribution are given 
und r a h p cie ancl al o in a number of chart (~ee introduction of chapter IV). 

The cited reference are onl tho e which ha e been u ed for the determinations. For 
compari on "ere arnilable the collection of l\IARK (Yienna-ba in) and KAA CHIETER (Aquitaine 
ha ·in), both Lor <l in -lrecht, and tho e of TEX DA:-.r and REI rnoLD (Eocene-~Iiocene of the 
_ elhcrlancl ) · tor d in the Geologi ·che tichlina at Haarlem. Furthermore many data were 
ob tained from lh con lemporaneou inve ligation of the Belgian Eocene Foraminifera by 
:Mr. Ku "CHJETEB. 

The ta."\.onomi unit,; ha' e been arranaecl according lo the recent classification of IGAL 
(1952 in Pn ETE.n, Traite de Paleontologie ' ol. 1), which i con_idered more up to date than 
that of Cu m1AN (1950, Foraminifera, their cla ification and economic use, 4th reYi ed edition). 

The arealer part of the material i stored in the collection of the ~Iineralogical-Geological 
In titute of the ' tale LniHr it of Utrecht. Only the Herm dorf and Pietzpuhl pecimen are 
depo iled in the collection of the Arnt for Bodenfor chung, HannoYer. The Geological un ey 
at llaarlem obtained ome ~pecimens of mo l of the Hendrik IV pecie . 
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::; l, l' ER FAMJ Ly Ll'l1 LJ OLIDE A 

FAMILY HAPLOPlIUAGlUIIDAE 

Genus HAPLOPHRAGMOIDES CuSIIMAN, 1910 

Haplophragmoides latidorsatus (Bon 'EMANN) 

Pl. I, fig. 1 

Nonionina Latidorsala BORNEMANN, 1855, Zschr. Deu. Geol. Ges., vol. 7, p. 339, pl. 16, fig. Li. 

Haplophragmiitm deforme ANDREAE, 1884, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 197, pl. 8, fig. i. 

Rem arks . - The species was found only in a few Boom cla~ samples, in \\ hich il 
is rare to rather common. 

Allhough our material is scarce and of bad presenalion, lloplophraumiwn llefonne is 
considered conspecifie wilh l\'011ioni11a latidorsata. Our material co11~isls of coar::>('ly arena­
ceous incfrriduals and pyrite moulds. As slalecl by ANDHEAE, Lhe specimens arc ofleu 
irregularly coiled . The grca ler part of our specimens has a more rounded pcriphcr. lhan lhe 
specimen figured by Bommi\IANN. 

The generic placement of this species is lentaliYc. c Lions of omc of our bcllcr 
specimens made the presence of simple '\Yall a more likely characlcrislic lhan lhal of a 
labyrinlhic interior. 

Distribution. 

Boom clay : JK 628, JL 630, JN 653. 

FAi'IIILY TEXTULARIJDAE 

Genus SPIROPLECTA~J::\1IKA CuSrL\L\N, 1927 

Spiroplectamm ina carinata (n' On AICX\ ) 

Pl. I , figs. 2, :J 

Textularia carinata o'ORBIGi'\Y, 1846, For. Foss . Vienn e, p. 2111 , pl. 14, figs. 32-34. 
Textilaria carinata (n'ORBIGi'\Y), Rwss, 1866, Dcmkschr. K. Ak. Wiss. \Vien, vol. 25, p. 157. 
Textularia lacera REUSS, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 84, pl. G, figs. 52, 53. 
Textitlaria attenuata REUSS, 1851, id., vol. 3, p. 8L1, pl. G, fig. 54. 
Spiroplectammina carinata (o'ORBIGNY), TEN DA:-.1 and HEDiHOLD, 1942, .\feel. Geol. Sl., ser. C-V, no. 2, 

p. 42, pl. 1, figs. 2, 3. 

Rem arks. - Characleristic S . carinata is rhomboid i1t ap<'rlural >ie\\ and ha a 
median ridge, more or less inflated chambers '\Yith broad, depressed sulures in IJcL\\Ccn, and 
a wide carina that is more or less dentate to spinose. In our ahunclanl material of lhe pccic~ 

there is complete gradation to a type (pl. I, Jig. 3) "l\ilhoul carina ancl with Jc s limbal<' to 
not-limbate, straight sutures . This type is identical ·with Textulcu·ia depe1'dita n'ORBIG 'Y 

(1846, For. Foss. Vienne, p. 224, pl. 14, figs. 23-25) or Textilaria pectinata REUS (1866, 
Denkschr. I\. Ak. Wiss. Wien, vol. 25, p. 157, pl. 4, figs. 12, 13). 
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S. carinala. oc ur throughout o ur Oli go-\liocenc colu mn . JL i: \ Cry frequent in the 
Boom c la~ , com n1 011 in some ru ula-clay ·ample and frequent in ome sample from the 
\fioccnr. In g ucral tl1 c carinata-typc predominates ; on ly in the Anl\\ crp ancl al Burcht and 
al Hei ·L-op-den-Berrr S . carinata var. lleperdita i · dominant. In _\ lrup 1753 ancl Ka el 
12667 th pccim cn Jack th e rhomboid nd 'ic,y an cl the distinct median ricl rre; they arc 
clo. est to th 'arict~· . 

Di · Lril>ulion . 

. \Iidcll c \liocc rw : \nt\\ erp, Burch!, JI isl 26 rn , Dingden 456. 
Yoorl ·and : Lillo 1, 3, 4, 91. 
German ppcr Olirroccne : trup 1753 , Ka · scl 11315, 126667. 
Boom cla : \ .\ , .\ E, JIB J -.TE , .J G-J.\', jl_\ , JIE , 0 , YA , Kuiperbcrg, \Vinters \\ijk. 
~eptaria-cl a~ : )J rm dorf 10445, 1343 , Pielzpuhl 10447 . 
.\ ucula-cla ~ : TE, TK, BZ ( cc Labl 2) . 
Berg and : TE 427, BZ 505, 507. 
Lem er Tongcr n heels : llrnclrik 1 Y, 194-202 m , 203-204 m , 205-206 m. 

Genus TEXT "LAHL\ DEFRA:\CE, 1 24 

Textularia cf. T. ~ramen n'OnB1G:w 
l'J. l , fig. 11 

H rn a r k. s . - \ few spcc ime11s from the Lo" er Tongercn bed , of Dutch ou th­
Limburrr arc trntathrly a..;signcd to thi · ~pecic - , \\hich \\as ori o-inally described from the 
\fioccnc of the \ ienna Jia..;in (n'OnBIG:'.\ \. 1 46, For. Fo-s . Yienne, p . 24 . pl. 15, fio-s. 4 6) . 
In the litteralur<' T. yra111cn is recorded from Tertiary to recent. 

Di:-triuulion. 

Lem er Tongcr n Letb : ll cnclr ik. I\ . Hl3-196 rn. 

Textulal'ia . pe~· eri (lh:u•s) 

P/f'ra11 i11111 .-wyeri, HEl s., i cG5, 'ilz.her . K .. \ k. \Yi · . \Vien, yoJ. 50, p. HO. pl. i, fig. 3. 

H <'mark . - ::--omc frao-menl.- in \~trup 1753 which ha'c Liserial chamber', 
coarse!~ arcnaceou" "all and ' er incli~linct suture- may belong to this specie . The upper 
encl i lrun cal d "ilh a long narnrn aperture in a sl i!:rh L recntrant a l lhc inner margin of the 
chamber. 

Tht' sp cics '"\-. originall~ tlcscril>t'd from the German L ppcr Oligocenc. 

J) i o.; t r i 11 U [ i 0 II . 

(;erman l pprr Oliirocenc \ strup 1733 . 
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Genus BIGENERI A o'ORBIGNY, 1826 

Bigenerina nodosaria n'ORBrGNY 
Pl. T. fig. 12 

Bigenerina nodosaria o'ORBIGNY, 1826, Ann. Sci. Nat., vol. 7, p. 261, pl. 11, figs. 9-12; MARKS, 1951, 
Cushm. Found. For. Res. Contr., vol. 2, p. 37. 

Bigenerina agglutinans o'ORBIGNY, 1846, For. Foss. Vienne, p. 238, pl. 14., figs. 8-10; Hosrus, 1 93, Verb. 
aturh . Ver. Rheinl.-Westf., vol. 50, p. 115. 

Rem a r k s . - Altogether we had omc ten pecimen from Dingtlen and Hei t-op-den­
Berg. Only part of them reach a uniserial stage of maximally two chambers. Ho 1 

recorded from Dingden this specie as very variable in lhe relative proportion of bi crial and 
uniserial parts. 

Distribution. 

1iddle Miocene : Heist 26 m, Dingden 456. 

Genus SIPHOTEXTULARIA FINLAY, 1939 

Siphotextularia labiata (REu s) 
Pl. I , fig. 5 

Textilaria labiata R.Euss, 1861, Sitz.ber. K. Ak. Wiss. Wien, vol. 42, p. 362, pl. 2, fig. 17. 
Plecanium labiatum (R.Euss), REUSS, 1863, Bull. Ac. Roy. Sci., etc., Belgique, ser. 2, vol. 15, p. 130. 

Rem arks. - The type of thi pecie came from the Iiocenc and of \nb' crp. 
Our specimens agree well with the original de cription and figure. 

Distribution. 

fiddle }Iiocene : Burcht, Hei t 26 m, Dingden 456. 

FA\IILY YERXEUILI~IDAE 

SuBFA,ITLY EGGEREJ,,LINAE 

Genus KARRERIELLA Cusm1AN, 1933 

Karreriella si phonella (RE ) 
Pl. I, figs . 6-8 

Gaudryina siphonella R.Euss, 1851, Zschr. Deu . Geol. Ges., vol. 3, p. 7 , pl. 5, figs. 40-4.2. 
Karreriella siphonella (R.Euss), CUSHMAN, 1937, Cushm. Lab. For. Res .. spec. publ. 8, p. 125, pl. g, 

figs. 17-32. 
Textularia chilostoma R.Euss, 1852, Zschr. Deu . Geol. Ges., vol. 4, p. 18, lexlfigs. a, b. 
Gaudryina chilostoma (REuss), R.Euss, 1866, Denkschr. K. Ak. Wiss. Wien, vol. 25, p. 120, pl. 1, fig. 5. 
Karreriella chilostoma (REuss), CUSHMAN, 1937, Cushm. Lab. Fo1·. Res., spec. publ. 8, p. 126, pl. 15, 

figs . 1-8. 
Gaudryina globuli/era R.Euss, 1852, Zschr. Deu. Geol. Ges., vol. 4, p. 18, textfigs. a, b. 
Gaudryina chilostoma (REuss) var. globuli/era REuss, ANDREAE, 18811, Abh. Geol. Speckrt. Els.-Lolh., 

vol. 2, pt. 3, p. 200, pl. 7, figs. 8, 9. 
Gaudryina siphonella (REuss) var. asiphonia ANDREAE, 1884, Abh. Geol. Speckrl. Els.-Loth., vol. 2, pt. 3, 

p. 200, pl. 7, fig. 7. 
Dor<Ythia asiphonia (ANDREAE), CUSHMAN, 1937, Cushm. Lab. For. Res., spec. publ. 8, p. 90, pl. 9, fig . 22, 23. 
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Rem ark · . - The ·pecie i rare Lo abundant in many Boom clay sample . It ho" · 
a wide variation, that cover all three ·pecies de criLed by RE s from the German 'eptaria-clay 
(!(. siphonella, K. chilostoma, K. globulif era) . Cu mrA:x (1937) already remarked that the 
record of both /< • siphonella and K. chilostoma arc almost the ame and that the relation hip 
of the l\ o may be« even more clo ·e than has been thought ». J(. globuLijeil'a wa. already made 
a ynon ' Dl of K. chilostoma b RE him elf in one of hi later papers (1866). 

In our opinion Cu. m1A •' figure clearl ' how lhe intergradation between K. siphonella 
and I<. chilostoma. In lh latter variant the bi erial , lextularian part make~ up nearly the 
cnlir le. l; in haracteri . lie siphonella-forms the mulli-Lri erial part i more prominent, while 
the bi erial hamber are in a loo er arrangement. pecimen of the siphonella-type, in ·which 
thr aperture lack neck and lip, and moreover, i iluated at the ba e of the final chamber, 
ar identical with /(. siphonella ar. asiphonia ( l\DREAE) . 

The o-rral r part of the Belgian T<arrel'iella individual ar of lhe chilostonia-t pc. 

i.::Lribution. 

Boom cla~ : A E, IIB JA-.lD, .JG-.TJ, JL, JM, JI , )IE, 0 , YA Kuipcrberg, 
Wi11ler wijk. 

eplaria-cla~ : II rm. dorf 1044; , 1343 , Pietzpuhl 10447. 

Genu MARTll'\OTTIELLA CUSHMAN , 1933 

)lartinottiella communi (n'OnBIG rY) 
Pl. I, fig. ; 

lavuli11a communis n'ORBIGNY, 1 26, Ann. Sci. Nat., vol. 7, p. 26 ; n'ORBIGXY, i 46, For. Fo . Yienne , 
p. 196, pl. 12, fi"' . 1, 2. 

Li lerelln communis (n'ORBIGW), Cc mtA , 1937, Cu hm. Lab. For. Re ., pee. publ. , p. 148, pl. 17 
figs. 4-9: TE.· D:rn and RwmoLD, 1942, Med. Geol. t., er. C-V, no. 2, p. 45, pl. 1, fia. 9. 

H cm ark 1' . - Di Linet pecim n of JI. communis "ere found in mo~ t of our ·ample.:: 
from the \Iioc n . 

n B m la. pit (Lok b ro- n, IIB 665) rielded a number of stout Jlartinottiella 
inclhiduals. Th ar much thicker than our :\Iio ene ~pecimew and ha'e bul few uni erial 
chamh<' r:s (p l. l, fio-. 10) . 

Oi:slril> u lion. 

\fiddle \lioc nr : Burch!, lki l 26 m, Dingden 456. 
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FAMILY LI'l'UOLIDAE 

SuBFAi\ULY LITUOLINAE 

Genus CYCLAMMINA BRADY, 1876 

CJclammina placenta (REuss) 
Pl. I , fig. 9 

Nonionina placenta R.Euss, 1851, Zschr. Deu . Geol. Ges ., vol. 3, p. 72, pl. 5, fig . 33. 
Haplophragmium placenta (REuss), ANDREAE, 1884, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 197, 

pl. 7, fig. 6. 
Cyclammina placenta (REUSS), WEBER, 1939, Bad. Geol. Abh., vol. 10, pt. 1-2, p. 11, textfig. 1; TEN DAM 

and REINHOLD, 1942, Med . Geol. St., ser. C-V, no. 2, p. 41, pl. 1, fig. 1, textfig. 1. 

Rem arks . - Specimens of this species, orginally descril Jc tl from llcrm ·dorf anti 
Freienwalde, were found ralher common lo rare in SC \ cral Boom cla~· sample:>. Some are 
pyrite-moulds thal agree very well with the original description of lhe ~pecie , which is ha, ed 
on cc aus Brauneisen slcin oder gclb lichen Kall mergel bcslehenden ' lcinkerne n. Thr olhrr 
specimens are roughly arenaceous. In mosl individuals the sulurcs are incli linguishabl e. 
Some thin seclious were made, which sh owed the inlernal lab yrinlic s lruclurc very vao-u l~ . 

Consequently, ''e had to rely mainly upon the evidence prescnled by VVEBEH and by TEN D\'l 
and REINHOLD for our generic determination. 

Distribution . 

Boom clay : AE, JA, JB, JE, JJ , JL , JX, .JIA, YA , ·winter wijk. 

SuPERFAi\IILY lUILIOLIDEA 

FA..\ULY MILIOLIDAE 

Genus QUINQUELOCULINA n'ORBIG~Y 1826 

Quinqueloculina seminula (L1:--:\1t) 
Pl. I , fig. 13 

Serpula seminulum LINNE, 1758, Syst. Nat., ed . 10, vol. 1, p. 786. 
Quinqueloculina seminula (LINNE), BHATIA, 1955, Journ. Pal., vol. 29, p. 674, pl. 67, fig. 8; KAASSCHIETER, 

1955, Verh. Kon. Ned. Ak. Wet., Nat., ser. 1, vol. 21, no. 2, p. 56, pl. 2, fig. 3; Gl'LLE'\TOPS, 
1956, Mem. Inst. Geol. Univ. Louvain, vol. 20, p. 9, pl. 1, fig. 1. 

Rem arks . - ,~ number of specimcos "ilhoul special cliaruclcrislics arc a· ·igHec.l lo 
this ubiquitous species . They occur in several of our lithologic uni ls. A rather "ide varialio11 
is shown, which includes quinqueloculine and triloculine specimens. The laller, "hich rnakr 
up the minor part of our material, resemble Triloculina consobrina (o'OnBIG ') ) a described 
by KAAsscmETER (1955, op. cit., p . 60, pl. 4, fig . 6) from the Aq uilainc basin and 'l'. tonurie11sis 
GuLLENTOPS (1956, op. cit., p. 15, pl. 1, fig . 12), originally de cribecl from sa nd of Ouclc-Birzen 
near Borg loon. 

The aperture is provided wilh n simple or bifid loo lh , which, h owc \ f' r , is lacl ing in 
part of the individ uals . 
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Di lribulion. 

German ppcr Oligocc11c : \slrup 1753 , l\as ·cl 11315, 12667. 
Nucula-clay : TI 522-524, BZ 552. 
Oudc-Biezcn member : TA 579, BZ 540, 544. 

Quinqueloculina ludwigi REt.ss 
Pl. I, fig. H 

Quinqueloculina ludwigi REc s, 1866, Denkschr. K. Ak. Wiss. \Vien, vol. 25, p. 126, pl. 1, fig. 12. 

R cm ark . - _\.11 Quinqueloculina se1ninula-likc indi' ic.luals from the Boom clay have 
a more or le s cxlenc.lcc.l aperlural neck. Aparl from the le s depressed sutures they resemble 
f'nirly \\ell HEu. ·~ Q. lHdwio i, originally de cribcd from the cplaria-clay of Alsfeld (Germany). 

Di lribulion. 

Boom cla~ : .I B 364, .f\I 642, 643, ~\Yinter "ijk l\"LD 465. 

Quinqueloculina juleana n'ORBIGXY 
Pl. I, fig. 16 

Quinqueloculina julrana o'ORBIGNY, 1846, For. Foss. \ ienne. p. 298, pl. 20, figs. 1-3: BHATIA, 1955, Journ. 
Pal., vol. 29, p. 67:2, pl. 00, fio-. 9, lexlfio-. 3. 

Rem a r h.". - For a :::.mall 11umlJcr of angular Quinqueloculina specimens, a wealth 
of pecific name appeared a\ailahle. The name Q. fuleana wa ' cho en in conformance with 
Il11 \TI \

1 detcrminalion. Onl~ i11 the Boom cla~ a single smooth pccimen \\a found which 
ag rees \\ ith lhe t~ pc'. All other indi' iclua]::; ha\ e a more or less roughened exterior of indi tincl 
charac ter. They might hr cla ' ified a · Q. rugosa n'Onmc:w (l 52, Prodr. Pal. lral., ml. 3, 
p. 195, Fon' \SI'\f 1905, )fem. R. Acc. ~ci. L l. Bologna, er. 6, rnl. 2, p. 66, pl. 3, fig. 13). 
Thi ' roug-hened character ma~ he an original feature of the specimen-. \iYe ob en-ed lhat the 
same i true of \LrnK~' indi,iduals of Q. ruyo a from the Yienna basin. Hence, )Lrnr may 
be rio-hl in considering n. rugo a and Q. fuleana con pecific but Bn \TIA' remark then i 
correct thal Q. J11lcana (or n. contol'ia n'OnR1G::\1) i the older name. 

D i , t r i h u t i o 11 . 

German T..;pper lig-o 'en 
Boom clay : JK 62 . 
Tucula-cla~ : BZ 552. 

Kassel 12667. 

Oude-Biezen mrmhrr : TA 579. 

Quinqueloculina impres a RErs~ 
Pl. I , fig. 13 

Quinqw•loculina impre. a H.Erss , 1851, Zschr. Deu. Geol. Ges., vol. 3, p . 87, pl. 7, fi<T. 59: RE{;S , 1866, 
Denkschr. K. Ak. \Yi$S. Wien, YO!. 25, p. 12!1. 

Quinqueloculina cognata BORl'\El\IANN, 1855, Zschr. Deu. Geol. Ges., vol. 7, p. 349, pl. 19, fig. 7. 
Quinqueloculina impressa HEl ' SS var. cognata BOR:\"E:\L\:\":\" 1 BH.\TIA, 1955. Journ. Pal., yol. ?9, p. 671, 

111. 67, fig. 10. 
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Rem arks . - A number of distinct specimens was found at Pietzpuhl and also in 
the Boom clay, in which the species is rare in several samples. A few 'indislinct specimens 
were met with in one sample from Kassel and in the Oude-Biezen member. The species, 
originally described from the Seplaria-clay of Hermsdorf, is characlerized by the depressed 
sutures and the more or less subangular shape of the chambers. As was recognized by REuss 
(1866) and BnATIA, Q. cognata BORNEMANN is merely a variant of Lhis species. 

Distribution. 

German Upper Oligocene : Kassel 12667. 
Boom clay : AA, AE, JA, JB, JJ, JL , JN, MA, VA, Kuiperberg, Winterswijk. 
Septaria-clay : Hermsdorf 13438, Pietzpuhl 10447. 
Oude-Biezen member : BZ 518. 

Quinqueloculina parisiensis n'ORBJGNY 
Pl. II, fig. 1, 

Quinqueloculina parisiensis n' ORBIG Y, 1850, Prod. Pal. Strat. , vol. 2, p. 409; TERQUEI\I, 1882, lem. Soc. 
Geol. France, ser. 3, vol. 2, p. 181, pl. 19, fig. 21; FORNASrnI, 1905, Mem. R. Acc. Sci. Isl. Bologna, 
ser. 6, vol. 2, p . 7, pl. 2, fig. 9; YOLANDE LE GALVEZ , 1947, For. Lut. Paris, pt. 1, p. 12 . 

Rem arks . - Quinqueloculina parisiensis, originally cl -crib cl from Lhc « Pari i 11 

( = Luletian) inf erieur » of Grignon in the Paris basin, wa found in veral ampl ~ of the 
Upper Tongeren beds. It is common in BZ 521. 

Especially in this sample the assemblage shows a '' idc 'ariatiou. Siynwilina-likc 
specimens are connected by intermediates with characleri Lie intli\'ic.luals of Q. parisiensis, 
which agree with those found by Mr. KAASSCHIETER in topol~ pc malcrial of Gri()'non and in 
the Upper Eocene of Belgium (personal communication) . The ornamentalion of l> th the 
quinqueloculine and the sigmoiline specimen consist of longiludinal slriur with si11gl row· 
of small pits in between. 

Specimens with two or even more rows of pits in bet\\ ccn the Lriac and pccimcns 
without striae and with scattered pits were found as well. The former resemble Q. disticha 
(TERQuEl\I, 1882, op . cit., p. 183, pl. 20, fig. 7), the latter are identical with Q. pel'iusa TERQUE:'lt 
(1882, op. cit., p. 183, pl. 20, fig. 5) both from lhe Eocene of the Paris ba in. 

Our specimens eilher have a simple aperture with or without a tooth, or their up rlure 
is cribrate. 

The individuals with cribrate aperture resemble Miliola saxora (L u1 \HCh ) (i\liliolites 
saa:ora LAMARCK, 1804, Ann . Mus. Hist. Nat., Paris, vol. 5, p. 352; 1 07, id., \Ol. 9, pl. 17, 
fig. 2) from the Eocene of the Paris basin and Jliliola pseulloprisca GuLLEYfOP from the 
Oude-Biezen member of Borgloon (1956, Mem. Inst. Geol. Univ. Louvain, Yol. 20, p. 13, pl. 1, 
fig. 8). Our material does not allow for a certain statement on the relation of the e pecie · 
with Q. parisiensis. 

BHATIA (1955) recorded Q. pertusa from the Oligocene Brockcnhur l becJ s of I -le of 
Wight, which is the only other record of this species group from the Oligocenc of norllrn e tern 
Europe. 

Q. gregaria ANDREAE (1884, Abh. Geol. Speckrt. Els.-Loth., 'ol. 2, pl. 3, p. 278, pl. 12, 
fig. 10) from Oligocene « Cyrenenmergel » of .\.lsace may be a related species. IL differs from 
our specimens in the absence of pits in between the longitudinal costac. 
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Dis l ribution . 

Oude-Biezen member : BZ 518-521 , 541, 546. 
Henis clay : TB 216 . 

Quinqueloculina spp. 

Rem arks . - ~everal Quinqneloculina specimens with different features could not 
be determined with sufficient certainty. Most of them are from the Boom clay. They are 
short and rather big, parlly with strongly inflated chambers; some specimens are more or less 
triloculine . Well-preserved specimens show a broad apertural lip . The specimens might be 
determined as Triloculina valvularis REuss, T. enoplostoma REuss (1851, Zschr. Deu. Geol. 
Ges., vol. 3, p. 85, pl. 7, fig . 56; p. 86, pl. 7, fig . 57 respectively) and T. circularis BoRNEMAN ' 
(1855, id. , vol. 7, p. 349, pl. 19, fig. 4), alle three from lhe Septaria-clay of Hermsdorf. 
Q. lamellidens from the eptaria-clay of Offenbach (REuss, 1863, Sitz .her . K. Ak. Wiss. Wien, 
vol. 48, p. 41 , pl. 1, fig. 7) is anolher Oligocene type, which is more elongate than our specimens. 

Two short, damaged triloculine specimens from Bilzen (TK) and Lillo are somewhat 
remini cent of our Boom clay pecimens. 

ample Herm. dorf 10445 contained two big specimens, which resemble Q. ermani 
Bon Ei\1A1' (1855, Zschr. Deu. Geol. Ges., vol. 7, p. 351, pl. 19, fig. 6), originally described 
from Herrnsdorf. 

D i t r i IJ u l i o n . 

VoorL sand : Lillo 104. 
Boom clay : AE 664, .TK 628, Winterswijk NLD 459, 460. 
Septaria-clay : Hermsdorf 10445. 
Nucula-clay : TK 523. 

Genus SCUTULORIS LOEBLICH and TAPPAN, i953 

Scutuloris oblongus (MoNTAGu) 
Pl. II, fig. 1 

T'ermiculum oblongum MOf\'TAGU, 1803, Test. Brit., p. 522, pl. 14, fig. 9. 
Miliolinella oblonga (MONTAGU), BHATIA , 1955, Journ. Pal., vol. 29, p. 671, pl. 67, fig . 17. 

Hem ark . - _\. number of small specimens agree well with M. oblonga as interpreted 
by BrrATI \. The pecie · occur in the Upper Tongeren beds and in the Nucula-clay. 

All individual are quinqueloculine. Most of them show a more or lesg broad plate 
in the aperture. lndi' iduals lacking such a plate occur as well. They resemble Quinquelo­
culina siniplex TEnQUE\r as figured by GuLLENTOPs (1956, Mem. Inst. Geol. Univ. Louvain, 
vol. 20, p. 11, pl. 1, fig. 5) from the Oude-Biezen member near Borgloon. 

Some of the Oude-Biezen specimens and one Nucula-clay individual are ornamented 
with lono-itudinal costac or striae. 

Very oblique individuals resemble Quinqueloculina obliqua REuss (1867, Sitz.her. K. 
Ak. Wiss. Wien, vol. 55, p. 75, pl. 2, figs. 6, 7) from the Miocene of Poland and the Vienna 
basin, which species is evidently very close to S. oblongus. 
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DistriLution. 

Nucula-clay : TK 522, 524, BZ 487, 492, 493, 552. 
Oude-Biezen .member : TA 579, BZ 518, 520, 541, 544, 545, 546. 
Henis clay : TB 216. 

Genus SPIROLOCULIN.\ o'OHBIGNY, i82G 

Spiroloculina canaliculata n ' ORBTG 'Y 

Pl. H , fig. 3 

S'[J'iroloeitlina canaliculata o'ORBIGNY, i846, For. Foss. Vienne, p. 269, pl. iG, figs. i0-i2; CUSIL\IAN and 
Toon, i94.4, Cushm. Lab. For. H.es., spec. publ. ii, p. 22, pl. 4, figs . i-ii. 

S'[J'iroloculina limbata, BOR NEMANN, i855, Zschr. Deu. Geol. Ges., vol. 7, p. 348, pl. i9, fiO'. i. 

Rem arks . - A few clislinct spccimcus " ·ere found in the arnplcs from Pictzpuhl 
and Hermsdorf. The Boom clay samples yielded a single damaged specime n al \iel and 
another one in Lhc boring Heist-op-den-Berg . 

Distribution. 

Boom clay : J B 362, Heist 36 ni. 
Septaria-clay : Hcrmsclorf 13438, Piclzpuhl 10447. 

Genus SIG:.lOILINA ScHLt;MBERGER, i 87 

Sigmoilina tenuis (CzJZEK) 

Quinqueloculina tenuis CZJZEK, i847, Haid. Natunv. Abh., vol. 2, pl. i, p. 149, pl. i3, fig . 31-3!1: H.Et; , 
i85i , Zschr. Deu. Geol. Ges., vol. 3, p. 87, pl. 7, fig . 60; H.Euss, i8G4, Denk chr. I . ,\k. \ i s. 

Wien, vol. 25, p. i26. 
Sigmoilina tenuis (CZJZEK )',CuSHMAN, i929, Cushm. Lab. For. He . Conlr., vol. 22, p. 32, pl. 5, fig . 13-15: 

MAll'.KS, i95i, Cushm. Found. For. H.es. Conlr., vol. 2, p. 39, pl. 5, fig. 7. 

Remarks. -The specimens of S. tcnuis arc often damao-rd in uch a \\a~ that lhc 
final chambers are lacking. Only in Hcrrnsclorf 13438 do "'' e lun c rnorr than 01H' :'prcimrn: 
the other samples yielded only one individual per sample. The llcrmsdorf specimen · !'ho\\ 
some variation; quinqueloculinc small specimen . ancl indi,idual::; that lune ::;igmoi linr latrr 
chambers occur together. 

In the Boom clay of Herselt (AE) a number of different Siunwilina specimen · "a found. 
These specimens, one of which is figurecl (pl. II , fig. 5), re-emblr Sigmoilina miocenica 
CusmIAi\" (1946, Cu hrn. Lab. For. Hes. Coulr., vol. 22, p. 33, pl. 5, figs. 19-22) from liH' \liocr11r 
Choctawatchee marl of Florida. The smaller Herselt in di, id ual shm"\ n re la Li' cly thick 
quinqueloculine portion as compared "'"'ilh lhe entire tesl. The biggrr f'pccimens ar more 
flattened. 

Distrihulion. 

Middle Miocene : Dingden 456. 
German Upper Oligocene : Astrup 17538. 
Boom clay : AE 664. 
Septaria-clay : IIermsdorf 10445, 13438, Pielzpuhl 10447. 
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Genus TH.ILOCULINA o'ORBIGNY, 1826 

'l'r il oculiua tricarinata n 'OHBrc Y 

Pl. II, fig. 2 

Triloculina lricarinala o'Ons1cw, 1826, Ann. Sci. Nat., ser . 1, vol. 7, p. 299, no. 7, Modele no. 94; CUSHMAN, 
1929, U.S. NaL. Mus., Bull. 104, pL. 6, p. 56, pl. 13, fig. 3; KAASSCHIETER, 1955, Verh . Kon. Ned. 
Ak. Wet., NaL., ser. 1, vol. 21, no. 2, p . 59, pl. 3, fig. 2. 

H. cm a r 1 s . - Two complete specimens and a fragment are referred to this species. 
The angle of Lhe chamber are rather bluntly rounded, just as in the specimens figured by 
KHsscmETER. The aperture has a distinct bifid tooth. The sutures are depressed. 

Di lribulion . 

i\ucula-clay : TK 524, BZ 487. 

Genus PYRGO DE~'BANCE, 1824 

Pyrgo bulloides (o'OnB1c 'Y) 

Biloculina bulloides o'ORBIGNY, 1826, Ann. Sci. Nat., vol. 7, p. 297, pl. 16, figs. 1-4. 
Pyr,qo bulloide (o'ORBIGNY), MARKS, 1951, Cushm. Found. For. Res. Contr., YOL 2, p. 4i. 

Hem ark.' . - T" o pecimcn referable lo Lhis specie-, \Yerc found in the Boom clay 
uf 1\ruil>eke. 

Di·trihulion. 

Boom clay : JK 62 

F .\\ULY PEXEROPLJDAE 

UBF.\'.\rILY SPIROLI1'IXAE 

Genus SPlROLINA L.nlARCK, 1804 

Spirolina p. 
Pl. lI , fig. 6 

H. cm ark.~ . - Becau e of the -imple aperture in the cen tre of the apertural face our 
fc\\ minute indi' iduals arc considered to represent the coiled parl of some Spirolina species. 
\Vilh Lhc e::-..ception of one of Lhem, the pecimens are striated. 

Possibly 1hc~ arc ju' eniles of Spirolina cylindracea LA?.I.ARCK (1804, Ann. ~Ius. Hist. 
J\at. Pari , \Ol. 5, p. 244; 1 06, id., YOL , pl. 62, fig. 15), originally described from the 
Eocene of Gri()'non and recorded by GuLLENTOPs (1956, l\Iem. Inst. Geol. UniY. Lom-ain, Yol. 20, 
p. 16, pl. 1, fig. 13) from the Oudc-Biezen member at Borgloon. 

Dislrihulion. 

X ucula-cla~ : TK 522, 324. 
Hcnis-clay : TB 216. 
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SuPERFAi\IILY LAGENIDEA 

FAMILY LAGENIDAE 

SuBFAi\IILY LENTICULININAE 

Genus LENTICULINA LAMARCK, 1804 

Lenticulina spp. 
Pl. II , figs. 'i, !J-11, l:l-l::i 

Lenticulina is used as generic name for all coiled lagenid forms (see also BARTEN TE1N, 
1948, Senckenbergiana, vol. 29, pp. 41-65) in a similar way as several author u e the name 
Cristellaria. Robulus, Lenticulina, Planularia, Yaginulinopsis, Darbyella and Saracenaria are 
treated as subgenera. 

A great number of Lenticulina (Hobulus ) specimens, together ·with a fc" individual ' 
of Lenticulina (Lenticulina), Lenticulina (Planularia) and Lenticulina (Darbyella) wa found 
in samples from most stratigraphic units. Among them we encountered many of the form 
which had been described by earlier authors a di tinct pecie and vnrieli -, either from the 
same deposits or from equivalent strata elsewhere. There is wide variation conncctina man 
of these types, which variation severely hampers the separation of p cie in our mal rial. 
Because of this intergradation, our Lenticulina material will be treated per stratigraphic unit 
and not in species order . It ·will not be tried to give Linnean mm1c · . 

Samples from the Lower Tongeren beds of shaft Hendrik ff , and of Grimmertino- n and 
Hoeselt, yielded a number of thick Lenticulina (Robulus) specimen , that reach up lo 2,2 mm 
in diameter (pl. II, fig. 7). Their sutures are strongly curved backward and often lighlly 
raised. The individuals are never uncoilin g. The umbilical region in nearl - all pecimew 
is provided with a flat glassy area. Smaller indiYiduals ha' c lhe ame fcalure . 

No Lenticulina individuals were obsened in the sample from the bracki h pper 
Tongeren beds. 

The Berg sand yielded only very few small Lenticulina specimen:> . The) re emule tho e 
found in the Nucula-clay. 

Samples from the Nucula-clay are poor in Lenticulina. The maximum numb r of 
specimens per sample is fifteen. Most of them are small. They show le s variation than the 
individuals in the Boom clay. 

Among the larger individuals the type shm.Yn in pl. II, fig. 10 and fig. 14 i - Lhe mo t 
common. Varietal forms of this figured type connect it with a few Lenticulina (Planularia) 
specimens, " ·ith a single Lenticulina (Darbyella) ·individual and with a few olher L) pc , lhe 
latter of which were also found in the Boom clay. Ornamentation is alway ah~ nl or faint, 
some individuals are uncoiling . 

The few Planularia specimens (up to 2,5 mm) are somewhat larger and le rapidly 
uncoiling than the specimen figured from the Boom clay (pl. II , fig . 11) . In one specimen 
some of the sutures are raised. 

Among the smaller Nucula-clay individuals of Lenticulina some resemble lhc bigger 
specimen from the Boom clay figured in pl. II, fig. 9. 
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Numerous Lenticulina individuals have been found in the Boom clay . Most samples 
from Lhal clay contain on ly lwo or three specimens, but few of them contain each as many 
as sixly specimens, which are mostly small ones, however . up lo ten fairly big individuals 
may be present in one sample. Most of lhem are Lenticulina (Hobulus) but Lenticulina 
(Lenticulina) was also encountered. Especially the cc rich n samples show very wide variation . 
This variation covers mo. l of the 58 species and varieties of cc Cristellaria n described by IlEuss 
(1866) from the German Septaria-clay. 

The Boom clay Lenticulina individuals are usually not ornamented or slightly so. 
A small part of them has raised, thick sutures, a peripheral carina or a thick peripheral margin . 
Neither knobs nor peripheral spines were observed. Many individuals resemble the types 
figured from the Nucula-clay (pl. II, figs . 10,14) . Variants of this type have depressed sutures 
between the last formed, more inflated chambers . Such specimens are intermediate to the 
type of a few Lenticulina individual s with inflated chambers and correspondingly depressed 
su tures . These individual may be uncoiling . 

Another characterislic, rather frequently encountered Boom clay Lenticulina has a 
prolruoing aperlure, thickened often raised sutures in the depressions in between the inflated 
chambers, and a rounded to carinate periphery along the dorsal margin of the elongate test 
(pl. II, figs. 13, 15). Inlermediales between these specimens and the type of Lenticulina figured 
from the l\ ucula-clay occur in several samples. 

Other form uch as that figured in pl. II, fig. 9, and les- common specimens similar 
lo the one figured from the Lower Tongeren beds, occur as well . 

A few rather big specimens with raised, thickened sutures resemble the Lenticulina 
specimen that accompany Lenticulina (Vaginulinopsis) gladia in the Upper Oligocene of Kassel. 

di tincl Planularia type from the Boom clay is figured in pl. II, fig. 11. Other, less 
elongate ·pecimen were equally met with. They occasionally han a slight carina. 

Finally a number of more or less uncoiling Lenticulina specimens, which are more 
triangular in transverse section occur scattered in some Boom clay samples. 

In the Hermsdorf and Pietzpuhl Seplaria-clay few Lenticulina specimens were found . 
The re emble the Boom clay ones . 

In the ample of the deposits on lop of Lhe Boom clay, Lenticulina becomes relatively 
carce. The and of Voort yielded only few Lenticulina specimens, chiefly in the deepboring 

Lillo and in the ample from Houthalen . Most of them are very small or damaged. The few 
larger pecimen are more or less differen l from one another. They usually show raised, 
thickened ulure but moolh specimens occur as well. vVhen preserved, the radiate aperture 
sho\\ an enlarged median lit. One Lenticulina (Darbyella) was observed in sample 
Lambroek 23. 

In the Gpper Oligocene of Kassel and Astrup most coiled lagenids belong to distinct 
pecie , such a Lenticulina (Vaginulinopsis) gladia, Lenticulina (Planularia) auricula and 

Frondicularia oblonga, which will be treated separately . Young individuals of these species 
are indislingui hable from Lenticulina (Lenticulina) and Lenticulina (Robulus) types. 

The horizon of Houthalen yielded only one well-preserved Lenticulina (Lenticulina) 
specimen. _\part from the thickened sutures and the apertural features it resembles the 
Lenticu.lina (Robulus) form in our pl. JI, fig. 10, from the Nucula-clay . 

In the Miocene of Dingden, of Antwerp and of Burcht, but few Lenticulina specimens 
were found. For the greater part they resemble the not-elongate, smooth Lenticulina 
(Robulus) specimens of the Nucula-clay and Boom clay. Some of them have straight sutures, 
a glassy area in the umbilical region and a carina. 
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Subgenus PLANULARIA DEFRANCE, i824 

IJenticulina (Planularia) auricuJa (RoEm:n) 
Pl. Ir, fig. 12 

Planularia auricula ROEMER, i 838, N. Jhrb., Min., etc., p. 383, pl. 3, fig. i:2. 
Cristellaria auricula (ROEMEJ!.), REUSS, i856, Si.tz.ber. K. Ak. 'Niss. Wien, YO!. i8, p. 235, pl. 3, fig. 38; 

REUSS, i865 , id., vol. 50, p. 464. 

Rem arks . - Two specimens referable to this species ·were found aL Ka sel, where 
they occur together with other big Lagenidae such as J1 rondicula.ria oblonga and Lenticulina 
(Vaginulinopsis) gladia. 

Some carinale L en ticulina specimens in lhe Boom clay may be immature indi idual of 
the present species. 

Dislribulion. 

German Upper Oligocene : Kassel 12667. 

Boom clay : ?.TM 642. 

Subgenus VAGINULINOPSIS SILVESTRI, i904 

Lenticulina (Vaginulinopsis) gladia (Pm c1 PP1) 

Pl. lI, fig. 

1Vlarginulina gladius PHILIPPI, i843, Beitr. Kenntn. Tert.ver l. 'ordwesll. Deulschl., pp. '10, 4 pl. i , 
fig. 37 ; Hosrus, i894, Jahresber. Natunv. Ver . Osnabriick, no. iO, p. ii3. 

Cristellaria gladius (PHILIPPI), REuss, i856, Sitz.ber. K. Ak. ·wiss . Wien, vol. 18, p . .232, pl. 2, ficr. 3i, 
pl. 3, figs. 32, 33; REUSS, i865, id., YOl. 50, p. 462, pl. 2, fig . i4-17. 

Rem arks . - The species was originally de cribed from the pper OliO'occne of 
Freden, north of Kassel (Germany). H.Euss and Hos1 found il at scYeral other pper 
Oligocene localities in north western Germany. 

In our material it occurs at Kassel, at Astrup, in the sand of Yoorl and in lhe horizon 
of Houthalen. The specimens are often accompanied by olhcr big Lageniclac ·uch a 
Frondicularia oblonga and Lenticulina auricula. Togelher with L. gladia '' c found in ample 
Kassel 12667 several individuals of the subgenera Lenticulina and Robulus, among which there 
are types such as described by H.EliSS (1856, 1863) as Cristellaria arnuata. The relation- of 
L. gladia to these smaller forms are uncertain. 

At Houthalen two big straight Vaginulina individuals were found Logclher wilh L. yladia. 
They resemble Vaginulina ligata REuss from the Upper Oligocene of Harle hau en in NW 
Germany (H.Euss, 1865, op. cit., p. 457, pl. 1, fig. 1) . 

Distribution. 

Horizon of Houthalen : Houthalen I, 80,23-80,79 m. 

Sand of Voort : Lillo 88, 89, Houthalen I, 81-84 m, 98-100,50 m, II, 84-88 m. 

German Upper Oligocene : Astrup 17538, Kassel 12667. 
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Genus FHONDICULARIA DEFRANCE, 1824 

},rondicularia oblonga (RoEMER) 
Pl. Ill, figs. 1-:J 

Frondiculina oblonga ROEMER, 1838, N. Jhl'h. Min., etc., p. 382, pl. 3, figs. 4, 6. 
Flabellina oblonga (ROEMER), RE ·ss, 1856, Silz.hel'. K. Ak. Wiss. Wien, vol. 18, p. 226, pl. 1, figs. 11-16, 

pl. 2, figs. 17-19; REuss, 1865, id., vol. 50, p. 458, pl. 2, figs. 1-4, pl. 5, fig. 1; Hosrus, 1894, 
Jahresher. Naturw. Ver. Osnahruck, no. 10, p. 108. 

Frondiculina ovata ROEMER, 1838, N. Jhrh. Min., etc., p. 382, pl. 3, fig. 5. 
Frondiculina obliqua ROEMER, 1838, id., p. 382, pl. 3, fig. 7. 
Frondiculina cuneata ROEMER, 1838, id., p. 383, pl. 3, fig. 10. 
Flabellina cuneata (ROEMER), REUSS, 1856, Sitz.her. K. Ak. Wiss. Wien, vol. 18, p. 231, pl. 2, fig. 29; 

REUSS, 1865, id., vol. 50, p. 460, pl. 2, fig. 8. 
Frondiculina striata ROEMER, 1838, N. Jhrh. Min., etc., p. 382, pl. 3, fig. 9. 
Flabellina striata (ROEMER), R.Euss, 1856, Sitz.her. K. Ak. Wiss. Wien, vol. 18, p. 230, pl. 2, figs. 25-28. 

H. em ark . - Frondicularia oblonga and the other species in lhe above list of 
ynonym were all originally described by RoE.MEH. from the upper Oligocene of northwestern 

Germany. Later on RE ss (l 56, 1865) and Ho Tl:;S (1894) reported them again from the same 
drpo il . 

We foun<l di Linet pecimens of F. oblunga in the German Upper Oligocene, in the sand 
of Voorl and in the horizon of Ilouthalen. Some juvenile individuals of Frondicularia from 
the Boom cla) po ·ibly also belong to lhe present species . 

In our material the pecies shows wide 'arialion. Similar nrialion in big Lagenidae, 
among which F. oblonya, from l.Jpper Oligocene deposits in northwestern Germany, ha& 
recentl) Leen illuslrale<l Ly BAnTENSTEJ:\' (1950, ~enckenbergiana, Yol. 31, pp. 339-345, pl. 1-3) . 

pecimen identical wilh the type figure of F. oblonga are considered to represent the 
micro pheric genera lion of the specie'. They shmY a coiled Lenticulina-like early portion of 
the le t, in which the "ulure ni.ay be raised and ornamented. The broad and flattened later 
portion, '' hich form the greater part of the te t of big individuals (up to 6 mm) is usually 
mooth. In ome pecimen it shows Yery faint longitudinal triae. The peripheral borders 

are rounded or truncated. The wiulh of the later-formed portion of the test is variable. 
F. oblonga and F. ovata are broader t ·pe and /<. obliqua a narrower type of the same species . 

F. cuneata ancl F. striata are con idered lo represent the macrospheric generation of 
F. oblonga. F. triata i a broader rnriant with les costae . Both F. cuneata and F. striata are 
noL coiled in the earl~ portion of the lest. The number of costae nries from 12 tot 30. In some 
pecimen onl r the fir l chamber i CO!;tale, the remainder of the test being smooth. A single 

completely moolh, macro pheric specimen was found as well. Macrospheric indiYiduals are 
usually not a broad as the micro pheric ones. 

/.'. speyeri REL::;S (1 65, op. cit., p. 45 , pl. 4, fig. 8) from the Upper Oligocene of 
Nied rkauf ungen near Kassel, which posses ' CS a ba al spine, is possibly another rnacrospheric 
variant of F. oblonga. It "as nol mel \Yilh in our material. 

Frondicularia hosiusi REuss (1861, Sitz.her . K. Ak. Wiss. Wien, vol. 42, p. 365, pl. 1, 
fig . 8, 9) from the :Miocene of Dingden, may be yel another macrospher.ic type of F. oblonga. 
It re embles rather well some of our macrospheric F. oblonga pecimens from the horizon of 
Ilouthalen, which ha' e but f c" coslae. 
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In Kassel and Aslrup microspheric specirncus are clorninanl , whilsl in lhe horizon of 
Hou lhalen relalions are reversed. l n the samples from Kasse l, Aslrup a11d from lhc h orizo 11 
of Houthalen seven to fiJleen specimens per sample \Vere mcl with. ln lhe sand of Voorl 
maximally two specimens per sample were found, rnicrosperic as well as macrosphcric. 

Although some intergradation was found lo exist in lhe ornamenlalion of microspheric 
and macrospheric individuals, the possibility that F. oblonga and F. cuneata are dislincl species 
cannot be entirely ruled out from our too poor material. 

The possibility that Lenticulina (Vaginulinopsis) gladia and F'. oblonga are in a varietal 
relation to one another can neither be excluded. Flabellina ensijormis (ROEMER) as figured 
by REuss (1856, op . dt., p . 229, pl. 2, figs . 23, 24), though not found in our material, and 
F. obliqua may be intermediate types in between distinct F. oblonga and L . gladia. 

A small number of Lenticulina specimens in the sample Kas el 12667 arc con idered 
juvenile microspheric specimens of F. oblonga. 

Distribution. 

Horizon of Houthalen : Houthalen I, 80,25-80,79 m. 
Voort sand : Lillo 113, Houlhalen I, 81-84 m, II, 84-88 m. 
German Upper Oligocene : Aslrup 17538, Kassel 11315, 12667. 
Boom clay : ?JC, ?JG, ?DI, ?\'A. 

}~rondicular in nysti HE ss 
Pl. llI, fig. -~ 

Frondicularia nysti REuss, 1863, Bull . Ac. Roy. Sci., etc., Belgique, ser. 2, vol. 15, p. 148, pl. 2, fig. 20. 

Rem arks. - Two specimens from lhe and of Anl\"rnrp, from " ·hich the specie- wa 
originally described, are in good agreement " ·ith the type de cripLion and figur . Both 
individuals are macrospheric. They some·what re cmble elonga te micro ·ph ri pccimen of 
F. oblonga. 

DistriLution. 

l\Iicld l c l\Iioccue : An l wcrp . 

. Frondicularia seminuda REuss 
Pl. lll, fig. 8 

Frondicularia serninuda REUSS, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 65, pl. 3, figs. 15, 16; TE. DA:-.1 
and REINHOLD, 1942, Med. Geol. St., ser. C-V, no. 2, p. 66, pl. 4, fig. 8, pl. 9, fio-. ii. 

Rem arks . - Distinct specimens 'Yere found in our material from Jlcrm clorf, from 
which locality the species was originally described by REuss. ome more pecimcn "ere 
encountered in Boom clay sample HB 665 from Loksbergen. Two broad, fan- haped pecimen 
with few longitudinal costae from the Boom clay at Schriek (AA) arc LhoughL Lo be ' arianl of 
F. seminuda. A single elongate smooth specimen from St. -Niklaas (JC) may be yet another 
rnriant of this species. 

Distribution. 

Boom clay : AA 657, HB 665, JC 584. 
Septaria-clay : Hermsdorf 10445, 13438. 
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Genus VAGINULINA n'ORBIGNY, i826 

Vaginulina obtusicosta TEN DAM and REINHOLD 
Pl. III, fig. 10 

Vaginulina slrialula TEN DAM and REINHOLD (not ROEMER), 1942, Med. Geol. St., ser. C-V, no . 2, p. 65, 
pl. 4, fig. iO, pl. 9, fig. i2. 

Vaginulina oblusicosla TEN DAM and REINHOLD, i947, Journ. Pal., vol. 2i, p . i86. 

H. em arks . - Three j uvenile specimens of Vaginulina obtusicosta were found in the 
sand of Anh\ erp. They were compared with the type of the species that was originally 
described from the Middle Miocene of the Netherlands. The largest of our ind'ividuals consists 
of four chambers. 

D i l r i b u t i o 11 . 

\fiddle Miocene : Burcht. 

Genus MARGINULINA n'ORBIGNY, i826 

Marginulina hirsuta D
1
0RBIGNY 

J\larginulina hirsula D'ORBIGNY, i82G, Ann. Sci. Nat., vol. 7, p. 259; D'ORBIGNY, i846, For. Foss. Vienne, 
p. 69, pl. 3, figs. i7, i8; MARKS, i95i, Cushm. Found. For. Res. Contr., vol. 2, p. 44, pl. 5, fig. i3. 

1 em ark ~ . - A ingle distinct specimen was found in the Miocene of Bmcht. It has 
an eccentric aperture on a omewhat inflated last chamber. 

It i ' con idered questionable whether ,)farginulina dingdeni TEN DAl\I and REINHOLD 
(1942, Med. Geol. St., ser. C-V, no. 2, p. 56, pl. 3, fig. 7, pl. 9, fig. 3) is sufficiently different 
from Marginulina hirsuta lo warrant specific separation. 

Di triLuli o 11. 

\liddl \Iio rnc : Burchl. 

Genus SARACENELLA FRANKE, i936 

Saraeenella botteheri (REuss) 
Pl. Ill, fig. H 

Crislellaria bottcheri REu s, i863, Sitz.her. K. Ak. Wiss. Wien, vol. 48, p. 49, pl. 3, figs. 38-42; i866, 
Denkschr. id., vol. 25, p. i39. 

Cristellaria bottgeri ANDREA.El, i884, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 223, pl. 9, fig. 26. 

Rem a r h.. s . - Single or hut \ ery few Saracenella- and Saracenaria-like specimens 
were found in , c,eral ·amples of bolh Boom and Nucula-clay. Their wide morphologic 
variation makes a distin c tion of sen~ral specie ' illusionary. Part of Lhe individuals, especially 
the mialler one , ma) be assigned to Saracenella bottcheri, originally described from the 
Seplaria-clay of Offenbach. 1h:css's original description is accompanied by figures of five 
specimens, \Yhich gi' e a greater certainty lo our determination. .J u:st as REuss' specimen , 
ours are often hardly triangular, approaching uch L~·pes as are found in the genera Marginulina, 
l'aginulina and Astacolus. 
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Several stouter specimens are closer to Saracenaria italica DEFHANCE (1824, Diclion11. 
Soi. 0at., vol. 32, p. 176, Atlas pl. 13, fig. 6) than to Saracenella bottchel'i. 

Distribution . 

Boom clay : AA, JB, JH, JJ , MA, ME, Winlcrswijk. 
Septaria-clay : Pietzpuhl 10447 . 
Nucula-clay : TE, TK, BZ (sec table 2). 
Berg sand : TE427. 

Genus NODOSARIA LAMARCI{, 1812 

For our material Dentalina was considerccl congeneric wilh Nodosal'ia, as 'Na al-o done 
by REuss in his later papers on the fauna of the Septaria-clay. Actually Lhe boundary bel\ een 
both genera is not a natural one in mosl of our species . 

No(losaria soluta (REuss) 
Pl. Ill, figs. 17, 18 

Dcntalina solitta REUSS, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 60, pl. 3, fig. 4; BORNEMA , 1855, id., 
vol. 7, p. 322. 

Nodosaria soluta (REuss), REUSS, 1866, Denkschr. K. Ak. Wiss. Wien, vol. 25, p. 131, pl. 2, fi 00
' . '1-8; 

B:RADY , 1884, Rep. Voy. " Challenger'» Zool., vol. 9, p. 503, pl. 62, figs. 13-16 . 
Nodosaria soluta BORNEMANN, 1855, Zschr. Deu. Geol. Ges., vol. 7, p. 322, pl. 12, fig. 12. 

R em arks . - This is the most common Nodosaria ' pecies in Lhc Nucula- ancl Boom 
clays; mostly it is encountered as fragment . In Lhe Boom clay il is commonly accompanied 
by N. intermittens. 

The species was originally described from the Scplaria-clay of llerrnsclorf. 
A few specimens are very finely rugosc at the base of Lhc cham bcr ; omc olh r ar 

more completely so. 

Distribution. 

Boom clay : AA, AE, HB, JA-JC, JE, JF, .TG-J.J, JL-J~, :\J.\., :\lE, 0 \, V.\, \\"inler."ijk, 
Kuiperberg. 

Septaria-clay : Hermsclorf 10445, 13438. 
Nucula-clay : TE 224, TK 526, BZ 488, 535, 553, 559. 
Berg sand : TE 427. 

Nodosaria intermittens Rommn 
Pl. IIl , fig. 22 

Nodosaria intermittens ROEMER, 1838, N. Jhrb. Min., etc., p. 382, pl. 3, fig. 2. 
Dentalina intermittens (ROEMER), REuss, 1856, Sitz.ber. K. Ak. Wiss. Wien, vol. 18, p. 224, pl. 1, fig. 7; 

REUSS, 1865, id., vol. 50, p. 455. 
Dentalina capitata (BOLL.) in REUSS, 1856, id., vol. 18, p. 223, pl. 1, fig. 4. 
Nodosaria capitata BOLL., REUSS, 1866, Denkschr. K. Ak. Wiss. Wien, vol. 25, p. 134. 

Rem arks. - The species is rare in many of Lhe Boom clay samples. 
In our opinion Nodosaria intennittens and Nodosaria capitata belong lo a single specie 

REuss (1866) already put several more of his earlier species in the synonymy of N. capitata. 
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ln our material lh e species is ver y vari able. The individuals are for Lhe greater parl 
arc uaLc, som e are Lraight. The few specimens from the German Upper Oligocenc, from 
\Yhich th e species was origin ally described, are gener ally som ewhat m ore heavily striated than 
I he Boom clay specimens. The striae on the sutures are absent in som e individuals. These 
are id entical with th e pecim ens fig ured as IV. grandis by REuss (1866, op. cit ., p. 131 , pl. 1, 
figs . 26-28). 

Di s t r i b uti o n. 

c;c rman Upper Oli goccnc : Astrup 17538, Kassel 11315, 12667. 

Boom clay : AA, AE, .T A-JC, .TE , JF , .TH , .TJ , Jl\I , MA, ME, 0 .\ , KuipcrLcrg . 

Noflosaria wrtebmli s (BATscn) 
Pl. 11 I, fig. 1() 

Nautilus (Orthoceras) verlebralis BATSCH, 1781, Conchylien des Seesandes, pp . 2, 5, pl. 2, fig . 6. 
Dentalina vertebralis (BATSCH), Ccsn:-.1AN, 1931, Cushm. Lab. For. Re . Conlr., vol. 7, p. 66, pl. 8, 

figs. 20, 21. 
Nodosaria elegans ROEMER, 1838, N. Jhrb. Min., etc., p. 382, pl. 3, fig. 1. 
Dentalina munsteri REUSS, 1856, Sitz.her. K . Ak . vVis . Wien , vol. 18, p . 225, pl. 1, fig . 8. 

Rem ark . - The "idcly recorded 1\odosaria vertebral is was found only in the 
(;c rrnan ·ppcr Oligocenc. Two obviou synonyms, originally described from the sam e deposits, 
arc .Y. eleyans and D. niiinsleri . 

Di · Lrihulio11. 

German 'pper Oligocene Astrup 1753, Kasel 12667. 

~odosaria konincki (REuss) 
Pl. III, fig. 5 

Dentalina konincki REu , 1861, Sitz .her. K . Ak . Wiss. W ien, vol. 42, p . 356, pl. 1, fig. 3: REuss, 1863, 
Bull. Ac. Roy. Sci., etc., Belgique, ser. 2, YOL 15, p . 146, pl. 1, fig . 19. 

Dentalina microptycha RE , 1 G1, Sitz.her. K . Ak. W iss. Wien, vol. 42, p . 365, pl. i , fig . 4. 
J)entalina arcuata RE , 1861, id., vol. 42, p. 3M, pl. 1, fig. 5: Hosms, i 892, Verh . Naturh . Ver. Rheinl. -

We tf., vol. 49, p. 163: TEN DA:-.1 and REI:\HOLD, 1942, Med . Geol. St., er . C-V, no. 2, p. 58 pl. 4. 
fig. 6, pl. 9, firr. 7. 

H cm ark ~ . - The pccies was originally described from the :\Iiocene of Antwerp . 
I L differ · from N. vertebral is (B \TScrr) in the more den taline arrangement of the chambers an d 
lhe mor obliqu co, lae in some of our fc \Y specimen . 

HE , ~s (1863) and Ho~ 1 s already described the wide rnriation of this species . REl.:ss 
(1 63) con iclerecl D. arcuata and D. microptycha a nriants of D. h:onincki . Therefore we 
think it more correct lo relain D. 1"onincki ins tead of D. arcuata, as "\Yas clone by Ho ms and 
by TE:X D " r and REINHOLD. 

Dis t ribution. 

Middle l\Iioc nc : Di11guen 456, \ nlwerp . 
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Nodosaria ludwigi REuss 
Pl. m. figs. 15, 16 

Nodosaria ludwigi R.Euss, i866, Denkschr. K. Ak. Wiss. Wien, vol. 25, p. i35, pl. 2, fig. 23; ANDREAE, 
i884, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 204, pl. iO, fig. i. · 

Rem arks. - The species is rare in many Boom clay samples. 

Some of our specimens (pl. III, fig. 15) are identical with Nodosaria herrmanni ANDREAE 
(1884, op. cit., p. 205, pl. 10, fig. 2) . They are considered to be microspheric individuals of 
N. ludwigi. 

Distribution. 

Boom clay : AA, ?JA, JB, JC, JE , JH, Jl\I, MA, ME, OA, VA. 

N odosaria spinescens (REuss) 
Pl. III, fig. 13 

Dentalina spinescens R.Euss, i85i, Zschr. Deu. Geol. Ges., vol. 3, p. 62, pl. 3, fig. iO. 
Nodosaria spinescens (R.Euss), R.Euss, i866, Denkschr. K. Ak. Wiss. Wien, vol. 25, p. i35. 

Rem arks . - The species is rare in several Boom clay ample . 
N. spinescens, originally described from the Sept aria-clay of IIermsdorf, differ from 

N. adolphina (n'ORBIGNY) (1846, For. Foss. Vienne, p. 51, pl. 2, fig . 18-20) in the liahtl 
more elongate chambers, which are less constricted . The ornamentation 'i arial>le up lo 
nearly '''anting. Both straight and arcuate specimens were found. 

Occasional well preserved specimens (al o among . adolphina in MAnr ' mal rial of 
the Vienna basin) have a long neck with faint crenulation at the end, ' hich uO"ae.' t a radiate 
aperture. Apertures without these features are more common. Mosll the ap rlure i. 
indistinct and surrounded by a thick collar, the remainder of a broken-off later hamber. 

Distribution. 

Boom clay : AA, HB, JF, JG, JL, JN, MA, ME, Kuiperberg. 
Septaria-clay : Hermsdorf 10445, Pietzpuhl 10447. 

Nodosaria emaciata (REuss) 
Pl. III , figs. 20, 21 

Dentalina emaciata R.Euss, i85i, Zschr . Deu. Geol. Ges., vol. 3, p. 63, pl. 3, fig. 9; BoR, EMANN, i855, id., 
vol. 7, p. 324. 

Re rn arks . - A highly variable group of specimeu ha h ·en put together under 
this specific name. The test consists of a straight, but more commonly a cuncd, erie of 
uniformly inflated chambers that are somewhat longer than broad. The initial chamber i.; 
elongate to rather globular and often it bears one, or occasionally two, short pine . The 
sutures are commonly normal to the axis and they are slightly or moderately depre sed. 
One specimen did not lack the aperture, which appeared lo be radiate and sliO"htly eccentric 
(pl. III, fig. 20). 

Most specimens are smooth throughout. Others have short costae in the sulural 
constrictions, which sometimes extend over the entire chambers. In another type of 
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ornamentation there are sharp , tiny costae, which are longitudinal or obliquely twisted and 
which are often irregularly interrupted. (pl. III, fig. 21) . Furthermore there are some 
individuals with a rugose wall. 

In addition to Dentalina emaciata there are for the smooth form several names available, 
which have been all based on specimens from the Septaria-clay : 

Dentalina dispar REuss, 1851, Zschr. Deu. Geol. Ges ., vol. 3, p. 61, pl. 3, fig. 7 ; 
Dentalina benningseni REuss, 1863, Sitz.ber. K. Ak. Wiss. Wien, vol. 48, p. 44, pl. 2, 

fig. 14; 
Dentalina indijjerens REuss, 1863, id ., vol. 48, p . 44, pl. 3, figs . 15, 16 ; 

odosaria calomo,rpha REuss, 1866 , Denkschr . K. Ak. Wiss . Wien, vol. 25, p. 129, pl. 1, 
fig . 15-19 ; 

odosaria laxa REuss, 1866, id ., vol. 25, p. 132, pl. 1, figs. 2, 3; 
Nodosaria subaequalis REuss, 1870, Sitz.ber. K. Ak. Wiss . Wien, vol. 62, p. 471; 

vo ScHLTCHT, 1870, For. Sept.than Pietzpuhl, pl. 6, figs. 23, 26; 
odosaria bicuspidata REuss, 1870, id ., vol. 62, p. 474; voN Scnucm, 1870, id., pl. 9, 

fig . 10, 11 , 12, 14, 16. 

D. emaciata ha Leen elected . Dentalina consob rina n'ORBIGNY (1846, For. Foss . Vienne, 
p. 46, pl. 2, fig . 1-3) cannot be u ed, as was repeatedly done by REuss, since the chambers 
become too elongate and the aperture would point to Siphonodosaria (accordig to MARKS, 1951, 
Cu hrn. Found. For. Re . Contr., vol. 2, p. 55). The most common interpretation of .' fodosaria 
(Dentalina) conununis n'ORBIGNY show fairly oblique sutures, which feature is exceedingly 
rare amono- our pecimen . 

The partly triated . pecimens might be referred to as Dentalina obliquestriata REuss 
(1 51 Z chr. Deu. Geol. Ges., Yol. 3, p. 63, pl. 3, figs. 11, 12). 

Tho e with co tae throughout (pl. III , fig. 21) are identical \Yith lhe figured specimens of : 

Dentalina nwltilineata BoRNEMANN, 1855, Zschr. Deu. Geol. Ges., vol. 7, p. 325, pl. 13, 
fj O". 12; 

i\'odosaria bactridium RE ss, 1866, Denkschr. K. Ak. Wiss. Wien, vol. 25, p. 130, pl. 1, 
fin- . 24, 25. 

Di tribution. 

Yoort and : Lambroek 29. 
Boom clay : AA, AE, HB, JB , JF, .TH, JJ, JL, JK, l\IA ME, OA, VA, Kuiperberg, 

\Vinlel" ' \\ ijk. 
, cplaria-clay : Hermsdorf 10445, 13438, Pielzpuhl 10447. 

Xodosaria ewaldi REuss 

Nodosaria ewaldi H.Euss, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 58, pl. 2, fig. 2; BoMEMANN, 1855, id., 
vol. 7, p. 321, pl. 12, fig. 10; R.Euss, 1866, Denkschr. K. Ak. Wiss. Wien, vol. 25, p . 129, pl. 2, 
fig. 18; H ,\GN, 1952, Geol. Bav., no. 10, p. 152. 

H. em arks. - Many names are available for Nodosaria specimens with Yery elongate 
chamben;. One of them i N. ewaldi, originally described for specimens from the Septaria-clay 
of Hcrmsdorf. 
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Our material is poor. Fairly distinct specimens occur in the German Scptaria-clay 
samples . In the Belgfan and Dutch Boom clay the individuals are still more fragmentary and 
doubtful. These fragments are bigger than lhc comparable parts of our German specimen . 

Distribution . 

Boom clay : AA, HB, JB, JF, Hi, JN, Kuiperberg . 
Septaria-clay : I-Iermsdorf 10445, 13438, Pietzpuhl 10447. 

SuBFAl\IILY LAGENINAE 

Genus LAGENA WALI{)IB and JACOB, 1798 

Lagena spp . 

Monothalamous individuals are scarce in our samples. In addition to three O'fOup 
dealt with separately below, the following specific names might be applied for them. 

Lagena apiculata (REuss) (Oolina apiculata REuss, 1850, Haid. Naturw. bh., vol. 4, 
p. 22, pl. 1, fig. 1), one elongate specimen in Boom clay san;i.ple :\IA 652. 

Lagena squammosa (MoNTAGu) ar. hexagona (VV1LL1A:-.1sol'i) [Entosolenia qua1111nosa 
(MoNTAGu) var. hexagona WILLIA:uso:.\', 1848, Ann. l\Iag. rat. Hi t., ser. 2 ol. 1, p. 20, pl. 2, 
fig . 23] . Single specimens in Pietzpuhl 1044 7 an cl Dingel en 456 (pl. III, fig. 9) . 

Lagena seriatogranulosa REuss (1870, ilz.ber. K. Ale Wi . Wien ol. 62, p. 46 ; 
voN SCHLICHT, 1870, For. Sept.than Pielzpuhl, pl. 38, fig. 20). in<Yle pecimcn from 
Pietzpuhl (10447), from which locality the species has orio-inally been clc cribed. 

Lagena (Entosolenia) orbignyana (SEGUE:.\'ZA) (F'issurina orbignyana EG E:\Z.\, 1 62 For. 
Monotal. Mioc. Messina, p. 66, pl. 2, figs. 25 , 26). gain a single individual. Thi on from 
Kassel (11315) . 

Lagena (Entosolenia) lagenoides (WILLIA:\1:50X) (Entosolenia nwruinata \ ar. lagenoides 
W1LLIA:'lrsoN, 1858, Ree. For. Gr. Bril., p. 11, pl. 1, figs. 25 , 26). 1\'° specimen in Piclzpuhl 
sample 10447 (pl. III , fig. 7) and one in sample JG 611 from the Boom clay. 

Lagena (Fismrina) laevigata (REus:;) (b'issw·ina laevigata HEt s::;, 1 50, Denkschr. h .. \k. 
Wiss . Wien, vol. 1, p. 366, pl. 46, fig. 1). Some pecimcns from Dingel en (456) ancl h.a ·scl 
(11315) agree fairly well with REuss's original type from the :Jfiocenc of the v i nna basin. 
They have a symmetrical slit-like aperture and show no obvious trace of an cnto olenian neck 
(pl. III, fig. 25) . Some other specimens from Piclzpuhl 10447 ancl Boom clay sample .TB 359 arr 
within the range of nriation indicated in REuss's later paper on 1hc Foraminifera of tlw 
Septaria-clay of Pietzpuhl (1870, Sitz.her. K. Ak. Wiss. ·wicn, vol. 62, p. 470; \ O'\ 'c.;11L1CJJT, 

1870, For. Sept.than Pietzpuhl, pl. 4, figs. 16-24, pl. 5, fig. 7-9). They have a Para.fi. urino­
like aperture and an internal tube along one side of the te l. 
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f_;a~ena isabella (n'ORn rG Y) 
Pl. Ill, fig. l1 

Oolina i abella o'ORBrG Y, 1839, Voy. Amer. Ier., For., vol. 5, pt. 5, p. 20, pl. 5, figs. 7, 8. 
Lagena isabella (o'ORBTGNY), H.Euss, 1863, Silz.ber. K. Ak. Wiss. Wien, vol. 46, p. 330, pl. 4, figs. 55, 56; 

REU s, 1870, id., vol. 62, p. 467; VON SCIILICHT, 1870, For. Sept.thou Pietzpuhl, p. 10, pl. 3, 
figs. 13, 14, 19, 20. 

Ovulina eleganli sima BOR.'iEMANN, i855, Zschr. Deu. Geol. Ges., vol. 7, p. 316, pl. 12, fig. 1. 
Lagena eleganli sima (BOR:'-IEMANN), MA'ITiiES, 1939, Palaeontographica, Yol. 90, pt. A, p. 58, pl. 3, 

figs. 13, 14.. 

H mark . - \\'c mo Ll · found ingle -pecimen in eYeral ample of Yariou_ 
formation . Their ran O' of variation i le wide Lhan that of the common linterprelalion of 
Lauena sulcata (Wn ,LI\\J o ·) , \\hich 11 ame i more frequently u ed for hea,ily co late Lagena 
incli' iclua l 

Di lributio11. 

l\fiddle \fioc 11 : Burcht, DinO'den 456. 
German ppcr Olirrocenc : lrup 1753 , Ka cl 12667. 
Boom cla~ : .lB, JC, JE, JF. 
eplaria-cla~ : IIerm dorf 1343 , Pielzpuhl 10447. 

Lagena triata (n'ORnrcw) 
I'!. III, fig. Ii 

Ooli11a triata o' RBIGNY, 1839, Voy. Amer. i\ler., For., p. 21, pl. 5, fia. 12. 
Lagena . triala (o' RBJGW. RE· , 1863, Bull. Ac. Roy. ci., etc., Belgique, ser. 2, vol. 15, p. 142, pl. 1, 

fig .. iO. 11: K H .. cmETER, 1955, Verh. Kon. red. Ak. Wet., er. 1, vol. 21, no. 2, p. 63, pl. 5, fia. 3. 

H · m a r k ~ . - Four biO' , pecimen (diameter about 0,33 mm) were found at Burcht 
in lh \Jiocen sand of \nl\ erp. The occur loO'ether with a number of imilar a big 
in di' idual · , that are le :;; ornamen ted. The latter are complete! moolh or they have fine 
co la , that co' r Lh aboral part of the te-t. The e pecimen might be referred to a· Lagena 
vulyal'i "rLLI n1so. · and La9ena vulgal'i var . semi triata vVILLIA:\l 'O'.'i a wa done by REus 

(1 63), "ho al o rr orrnizcd lh type in hi de criplion of the Foraminifera from the and 
of \nlwerp. 

i ' lrihulion. 

\field! i'\fioc ne : Burchl. 

fau~ena tenui (BoR:\ E:\IA:\':\') 

Pl. III, fig-. ~3 

Ovulina lt'lllli ' Bon.'IE:\IA.:-N, 1 55, Z chr. Deu. Geol. Ges., yol. 7, p. 317, pl. 12, fiO'. 3, 3'. 
Lagena te1111i (BOR.iE:\IA.'.'), REL"'.', 1863, Silz.ber. K. Ak. \\ i . Wien, yol. 46, p. 3~5, pl. 3, fja-. 30-39; 

HEc , , 1~G3, Bull. .\ c. Ro\. ci., etc, Bel..,.ique, -er. 2, YOL 15, p. 141, pl. 1, f10- • 6-9; REG , 1 70, 
'ilz.ber. L .\k. Wiss. Wien, YOl. 62, p. 466; vox SCHLICHT, 1870, For. Sept.thou Pietzpuhl, pp. 7, , 

pl. 2, fjO' • 12, 13-16, 21-23. 

Hem ark~ . - Three di lincL imliYidual~ of thi'" "pecie were found in lhe eplaria­
and Boom cla~ ~. T\\ o :'prcimen from Burchl belong to the -ame Yarian t a~ the one that wa:' 
descril>rd and fiO'ured h~ HEu~s (1 63) from lhc sand of _\.nlwcrp. 
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ome o lher, more o-lobular pecimens, lhal are m or or le den ly and morr or less 
complelely covered wilh fine striae (pl. III , fig. 24), arc inlermediales lo" urcl lhc Lype 
de cribed under L. striata and even L . i abella. The were found in samples from lh Boom 
clay, from Pietzpuhl and from Burcht and Din°·den . 

Di lributi o n. 

i\Iiddle ::\Iiocene : Burcht, Ding den 456. 
Boom clay : JE , JH, MA, OA . 

..... eptaria-clay : Pietzpuhl 10447. 

SUBFAMILY STJLO TO~IELLJNAE 

Genus SIPHO ODOSARIA SILVESTRI, 1924 

Siphonodo aria hir uta (n'ORB1cw) 
Pl. III, fig. 12 

Nodosaria hirsuta n ' ORBIGNY , 1826, Ann. Sci . at., vol. 7, p. 252. 
odogenerina hirsuta (n'ORBIGNY), MARl{ , 1951, Cu hm. Found. For. Re . Conlr., YOl. 2, p. 56, pl. 7, fi . 7. 

Hem a rk . - Except for ~ome ample , in which il i common, lhi p •ci '. is rar 
in the Boom clay . 

The chamber of our pecimens are often li o-hll elono-a lc . Th hi.:pi<l ornamrnlalio11 
variable. I olated, worn chamber cannot be di tin o-ui hed from fragm nl of rngm;I' 

Nodosaria soluta. 

The following .pecie , originally de cribed from the G rman eplaria- la~ , ma~ he 
conspecific with S . hirsata, when lhi pecie i interpreted in a "ic.ler n ·' r gardina th 
ornamentation and shape of the chamber 

.\odosaria conspurcata REL,5', 1 31 , Z.;;chr. Dcu. Geol. Ge .. ml. 3, p. 39, pl. 3, fig-. 3: 

.Vodosaria schlichti RE{;SS, 1 70, ' ilz.bcr. K. \.k. \Yi -- . \\ ie11, \01. 62. p. 472: 
vo ' crrLICIIT, 1870, For. ept.thon Pielzpuhl, pl. 6, fig.;;. 29-31. 

Di tributi on. 

Boom clay : .\..A, AE, JB, JF, JL, J.\, ::\L\, ::\IE, Kuiperbcr" . 

. eplaria-cla ~ : Herm dorf 10445, 1343 , Pielzpuhl 10447. 
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FMnLY POLYMORPJHNJDAE 

'uBF,rn1LY POLYi\IORPJU~D'AE 

Genus GUTT LINA n'ORBIGNY, 1839 

Guttulina. problema n'Onnrc 1Y 
Pl. JV, fig . 10-12 

Guttulina problt•uia D'ORBIGt\Y, 1826, Ann. ci. at., vol. 7, p. 266; Ct; HMAN and OZAWA, 1930, Proc. U.S. 
'al. Mu ., vol. 77, art. 6, p. i9, pl. 2, figs. 1-6, pl. 3, fig. 1. 

Gu.tluli11a communis o'ORBIG iY, 1 26, Ann. Sci. Nat., vol. 7, p. 266, pl. 12, fi"' . 1-4. 
Guttulina frankei C Hl\1.\X and OZAWA, 1930, Proc. t;.S. 'al. ~Tus., vol. 77, arl. 6. p. 2 , pl. 4, fi . 1. 

Hem ark . - The pccie occur throuO'houl our column in many ample-, bul it i 
n arl~ alwa ' rare. Among the numerou pecimens from the ~ucula- and Boom clay it 
appeared impo...,...,ibl' lo cJi...,lingui h G. problenrn from G. frankei [oriainally de cribed from the 
\fiddle 1icroceue of ._'cillinO'en ( erman)')]. Man intermediate between the e type- were 
obscn d. Furth rmore e\ ral ariant are identical with Guttulina irregularis (n'OnBIG'.\Y) 
(Globulirta irregularis n' RBIG:-.l, 1 46, For. Fo . Yienne, p. 226 pl. 13, fig . 9, 10). 

In the .;\lioc nc ·and of Anlwerp ome pecimen are ref rable lo G. austriaca n·OnBIGXY 
(1 46, up. cil., p. 223 pl. 12, fiO' . 23-25). 

The mall 1.;pccim 11 · in haft Hendrik ff are accompanied by a few immature 
igniomorphina indiYidual 1 o ~ ibl the are juvenile of thi problematic ignwmorphina. 

]) i . t r i h u lion. 

:\fiddle \Iiocen • : \nl\\crp, Burchl, IIei...,l 26 m, Dingden 456. 
Horizon of llou lhalen : lloulhalen I 0 25- 0, 79 m. 
\ oort .·and : Lambruck 37, Lillo 1, 4, 92, 9 , 113, Ilouthalen I , 1- 4 m. 
(;<'rman ' pper Oli<ro ne : .\. lrup 1753 , h.a el 11315, 12667. 
Boom clay : \ \ , \E, IIB, .1 \-J.T, HI Ji 'iJ ,\ , ~IE. 0 , YA Kuiperbera, \Yinter wijk . 
. ·cplaria-cla~ : IJrrm ... uorf 1343 . 
ucula-cla~ : TE 22±, 42 , TK 526, BZ 4 5, 4 , 504, 513, 535, 552, 553. 

Berg , and : BZ 50.-. 
Lo\\ r Tongcren bed · : llenclrik I , 191-192 m, 195-197 m, 19 -199 m, 201-204 m, 

209-210 Ill. 

Genus GLOB 1LI ·.\ n'ORBIGW, i 30 

Glohulina ~ilJha n'ORBIG:X\ 
Pl. ff, fi~. !l 

Globulinn gibbn o' RBIG."Y, i~~u •. \nn. ci. i. ·al., vol. 7, p. 266, ;\Iodele 63: Cc-m1..\X and OZAWA 1930 Proc. 
l .. 1 ·at. :\lu ·.,vol. 77, art. 6, p. 60, rl. ill, fig' . i-!1. 

Globulinn inaeq1u1li~ H.Et "~. 1 50, Denk,chr. K. _\k. \Vis-. \Yien, vol. 1, p . 377, pl. '', fia. 9: Cc IDIA.~ 
and 0ZA\\'A, 1930, Proc. U. ~. 1'at. ~lu ., YOl. ii, art. 6, p. 73, pl. 1 , fig-. 2-·1. 

Hem ark". - In our rather al>u1Hlanl Glol>ulina material (mainly from the Boom 
clay it is impos·ibh· lo sqiarale (;. uih/la and<:. inaequalis. Both l~pes often occur too-ether 
and the~ an• connected lhrouo·h man~· inl rmelliales. Onl - fe\\ of our specimens are as 
cumpre ... scd as the indh idual fiQ"tirccl as G. innequali by HEu~s (1 50,. 
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In the sand of Anh' erp G. gibba 'ar. tub erctilata (G . tuberculata n'OuB1G ' \ 1 46, For. 
Foss. Viennc, p. 230, pl. 13, figs. 21, 22) and fi Lu lo spe imens of (.,'. gibba ' re found. 

Di Lribulion. 

Middle :\liocen : Antwerp , Burcht, Hcisl 26 m Dingden 456. 
Yoorl sand : Lambrock 23, Lillo 1, 3, 113. 
German pper Olig cene : A ' trup 1753 Ka ·:; 1 11315, 12667. 
Boom cla~ : A, AE, JA-.l.T , .TL , .li\I, JN, M , :\lE, OA V \ , KuipcrlJ rg \\'inter wijk. 
Seplaria-clay : llernrdorf 10445 1343 . Piclzpuhl 10447. 
Xucula-clay : BZ 4 , 493 536. 
Berg and : BZ .-07, 509 . 
Lower Ton o·eren bed : ~G 19 , TL 529, Hendrik ff, 191-192 m, 193-202 m, 209-210 m. 

Genus PYH.L'Ll:\.\ o'ORBIGW, l 39 

Pyrulina fusiformis (ROE \JEt1) 
Pl. ff, fig :l 

Polymorphina fusiformis HOE:'IIEH,, 183 , '. Jhl'b. ~Iin., le. p. G, pl. 3, fi"'. 37. 
Pyrulina fu iformis (ROE~1ER), CUSHMAN and Ozrn·A, 1930, Proc. . ·at. ~1u , ., vol. 77, art. , p. ,..'i, 

pl. 13, figs. 3-8. 

Remark . - Th , pecie is fair!~ ommon m lh \u 'u l a-cla~. 111 -;arnph• ... frnrn 
eyeral other traligraphic unit il i - equall~ pre enl but alwa~ :-; rar . 

The greater part of our Pyrulina incfo idual r ·ernbl s " 11 lh /1
• ju ijum1is indi' iduab 

fiO'ured by GcsmL\:'i and OzAw 011 pl. 13, fi•rs. 3 4 6. 'u h cloniratr sp 'cim 11" a· Lh 
indiYidual on their pl. 13, fig . 5 are rclati' ely rar . 

ome of our pecimen haYe more 1011gal chamber" . Th '"C incli,idual" a1rr'<' "ilh 
the specimen of P. cylindroides (RoE:\IER), filYured b~ C . m1 \ 1· and Oz\W\ 11 pl. 14, fig. 1. 2, 3. 

Finally there are from lhe Boom cla) an<l from dcpo ib high<•r llp in lh' ... t1ati0Taphic 
column ome big indiYidual ''ith c::horl chamber..;. The~ r :-; mhl' the 1'. j11sijom1is 'P cinw1h 
figured by C SHMA • and Oz w \ on pl. 13, fig . 7. 

Di tribulion. 

_\Iiddle Miocene : .\.nlwerp, Burchl, Hci l 26 m, Di111rdc11 456. 
Horizon of lloulhalen : Iloulhalen l, 0,25- 0,79 m. 
VoorL sand : Lambrocl 23, 27, Lillo 90, lloulhalen I, 1- 4 Ill, 9 -100,50 m, II 4- m. 
German -ppcr OliO'ocen : .\ ~ lrup 1753 Ka~ 111315, 12667. 
Boom clay : ..\E, HB , JB-JD, JF, JG, .TJ, J:\I, \I\., \IE, 0 \.,' \, h.uiperbcrg-, \\ intl'l'"'"ijk. 
Xucula-clay : TE, TK, BZ ( e table 2) . 
Berg and : TE 427, BZ 505, 507, 510. 
Lower Tongeren bed - : TL 529, Hendrik IY , 191-192 m, 193-194 m, 19"' -19 m, 200-2 2 m. 
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Genus GLAND LIN.\ o'OHllIGl\Y, i826 

Glandulitui aet1uali HEt ss 
PJ. IV, fig ·. :i, G 

Ulandulina aequalis RE s, i863, Silz.ber. K. Ak. Wiss. Wien, vol. 4.8, p . 4.8, pl. 3, fig. 28; REuss, i867, 
id., \'Ol. 55, p. 83, pl. 3, fig. 4.. 

H cm ark:-.. - \numb r of distinct Glandulina aequalis specimens (pl. I\" , fig. 5) was 
f ouud in a f ' l\ucula-cla sample . The e individuals are macro pheric. They are 
a compani d b~ micro$ph ric Glanclulina ~pecimens (pl. IV, fig. 6) re embling Psecadium 
acwninalwn HEL s · (not Clandulina acuminata CoT\) (HE· " 1 70, ' ilz.ber. K. Ak. ·wiss. 
\\ irn, 'ol. 62, p. 47 ; ' O:\ 'c11L1 nT, 1 70, For. epl.lhon Pietzpuhl, pl. 25, fig . 1-10) and 
form · inlcrmctliale between G. aequalis and Psecadiurn acuminatwn. 

Th• f " Boom and 'eptaria-clay pccimen are all micro pheri They are proYided 
with a di-Liu l in ilia I . pine. 'uch a spi ne " a nol ob encd in the individuals from the 
\ ucula-cla~. 

Psecacliwn acuminalum, renamed Glandulina o:awai by CL · mrAx (1931, Cu-hm. Lab. 
For. Re:-. Contr., 'ol. 7, p. 3) i· con~idered lo repre ent the micro pheric generation of 
r:. aequalis in our material. 

One of lh ' macro ·pheric pecimcw ha., a di$li11cl enlosolenian lube. 

Di~lrihulion. 

Boum cla~ : _\E 664, IIcisl 36 m. \Yinlcr \\ijk. 

~eplaria-cla~ : Piclzpuhl 10447. 

ucula-cla~ : TE 224, 42 , BZ 4 6, 4 , 513. 

Brr!! :-and : TE 427. 

L1rner Tong-cren bed : ~Ilenclrik IY, 195-196 m. 

Glanclulina laevigata (n'ORBIGNY) 
Pl. IV, fig . 7, 

.Vodo aria Glandulina\ laevigata o'ORBIGNY, nn. ci. 'at., vol. 7, p. 252, pl. 10, figs. i-3. 
Glandulzna lael'igata o'ORBIGXY, o'ORBIG:\-Y, 1 4G, For. Fo . \ ienne, p. 29, pl. i, fig . 4., 5; REc , 1 66, 

Denk chr. K. Ak. \ i . Wien, YOL 25, p. i36, pl. 2, figs . 29-31; REc s, i 70, Sitz.her. id ., vol. 62, 
pp. !i77, 4.7 : VON CHLICHT, 1 70, For. epl.lhon Pietzpuhl, pl. 6, fi<T . 7, 8; :\!ARK 1 195i, Cu hm. 
Found. For. Iles. Conlr., YOL :2, p. ~7. 

Glruululina ?laevigata n'ORBIG\Y BOR:IB:\1..\1\:'\, 1 55. z-chr. Deu. Geol. Ges., YOL 7 p. 320, pl. 12, fig . . 

H cm a r k :.; . - Thr spe ie - i. fairly rare in a number of Boom clay sample and in our 
:>ampl<' from DinQ"tlen. 

It show "ide variation. Form· ·uch a~ Clandulina inflata Bon.:\K\L.\L\:\ (not Co-TA. 1 53) 
(1 5;), Zschr. Deu. Grol. Ge ., vol. 7, p. 320, pl. 12, fig . 6,7), G. elongata Bon.NE:\IA N (1 55, 
id., ,01. 7. p. 321, pl. 12, fio-. 9), c;. elliptica REL - (1 63 . .._ilz.ber. I\.. Ak. \Yi -. " .. icn. YOl. 4 , 
p. 47, pl. 3, fig;;. 29-31) and<;. ubtusissima HElSS (1 63, id., 'ol. 4 . p . 66, pl. 7, fig-. 92, 93), 
all orirrinalh clc;;crihed from the German ,eplaria-claY, "ere found together with di;;lincl 

r • . 
C. laeviyala and inlermediale form". In hi ' paprr on the Piclzpuhl Foraminifera REc (1 70) 
alrracl~ regarded lhc~e ancl other forms a 'arian t$ of G. laevigata. 
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Distribution. 

Middle Miocene : Dingden 456. 
Boom clay : AA, AE, JA, JC, JG, .li\l, MA, ME, OA. 

Genus PSEUDOPOLYMORPHINA CUSHMAN and OZAWA, 1928 

Pseudopolymorphina obscura (RoEMER) 
Pl. IV, fig. 1 

Polymorphina obscura ROEMER, 1838, N. Jhrb. Min., etc., p. 385, pl. 3, fig. 23; REUSS, 1865, Sitz.ber. 
K. Ak. Wiss. Wien, vol. 50, p. 471, pl. 3, figs. 8-10. 

Pseudopolymorphina obscura (ROEMER), CUSHMAN and OZAWA, 1930, Proc. U.S. Nat. Mus., vol. 77, art. 6, 
p . 104, pl. 27, fig . 2. 

Rem arks . - A few distinct specimens were found in our samples from the German 
Upper Oligocene. 

Distribution. 

German Upper Oligocene : Astrup 17538, Kassel 12667. 

Psendopolymorphina soldanii (n'ORB rc 'Y) 

Polyrrwrphina soldanii n'ORBIGNY, 1826, Ann. Sci. Nat., vol. 7, p. 265. 
Pseudopolyrrwrphina soldanii (n'ORBIGNY), CUSHMAN and OZAWA, 1930, Proc. U.S. at. 1us., vol. 77, 

art . 6, p. 92, pl. 23, figs . 6-8. 

Rem arks. - A few more or less distinct Pseudopolyrnorpllina specim n • from Lhe 
horizon of Houthalen and the sand of Antwerp resemble Pseudopolyniorphina soldanii 
(n'ORBIGNY) as figured by CusmrA ' and OzAWA. They are more slender Lhan our p imen 
of P . obscura. 

Distribution. 

Middle Miocene : Antwerp, Burcht. 
Horizon of Houthalen : Houthalen I, 80,25-80,79 m. 

Pseudopolymorphina subnodosa (REuss) 
Pl. IV, fig. 4 

Polymorphina subnodosa REUSS, 1861, Sitz.her. K. Ak. Wiss. Wien, vol. 42, p. 362, pl. 2, fig. 15. 
Pseudopolyrrwrphina subnodosa (REuss), CUSHMAN and OZAWA, 1930, Proc. U.S. Nat. Mus., vol. 77, art. 6, 

p. 110, pl. 29, fig. 2. 

Rem arks . - A few specimens, only two of which are undamaged, distinctly belong 
to P. subnodosa. They are loosely biserial to uniserial; the chambers are somewhat inflated. 

This species was originally described from the Miocene sand of Antwerp. 

Distribution. 

Middle Miocene : Antwerp, Burcht. 
Horizon of Houthalen : ?Houthalen I, 80,25-80, 79 m. 
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Genus SIGMOMOfiPJJINA Cl'SIIMAN and OZAWA, 1928 

Sigmomorphina r egulari s (HoEME.R) 
Pl. IV, fig. 2 

Polymorphina regularis ROEMER, i838, N. Jhrb. Min., etc., p. 385, pl. 3, fig . 2i; REUSS, 1856, Sitz.ber. 
IC Ak. Wiss. Wien, vol. i8, p. 247, pl. 7, figs. 70-73. 

St.qmomorphina regularis (ROEMER), CUSHMAN and OZAWA, 1930, Proc. U.S. Nat. Mus., volr. 77, art. 6, 
p. 126, pl. 33, fig. 1; TEN DAM and REINHOLD, 1942, Med. Geol. St., ser. C-V, no. 2, p. 74, pl. 4, 
figs. 11-13. 

J>o/ynwrpllina humboldti BORNEMANN, 1855, Zschr. Deu. Geol. Ges ., vol. 7, p. 347, pl. 18, figs. 7-8. 
Polynwrphina anceps PHILIPPI, 1843, Beitr. Kenntn. Tert. verst. Nordwestl. Deutsch!., p. 41, pl. 1, fig. 34: 

HE · , 1856, Silz.ber. K. Ak. Wiss. Wien, vol. 18, p. 246, pl. 6, fig. 68, pl. 7, fig . 69; REuss, 1865, 
id., Yol. 50, p. 472, pl. 3, figs. ii, 12, pl. 4, figs. 1-3. 

H cm ark . - Fairl large pecimen were found in the German upper Oligocene and 
i11 th horizon uf llouthalen, ome ju enile one in the Boom clay . 

i lribulion. 

Horizon of Houlhalen : lloulhalen I, 0,25- 0, 79 m. 
G nnan l pper licrocene : Ltrup 1753 , Ka sel 12667 . 
Boom cla~ : lIB 665. 

Genu POLYl\IOHPllI 'A o'ORBIGl\Y, i826 

Polymorphina cf. P. charlottensis Cu m.1AN 

Hem ark:- . - In the .:\liocene of Anl\Hrp lwo c.lamage<l pecimens were found, which 
fairl~ \\ell re--ernble lhe ori 1Ti11al figure of lhi · ·pecie· (Cvmn:.\, 1925, Cu·hm. Lab . For. Res. 
Conlr., >01. 1, p. 41, pl. 6, fig. 9; ee al o Cu m1A:\ and Oz .\WA, 1930, Proc. L" .. ~at. :Jiu ., 
\ol. 77, arl. 6, p. 119, pl. 31, fi<T·. 1-6). 

Di Lribulion. 

i\liddle \lioc ne : \nt\\ 'rp. 

~ PERFA,IILY BULll'\fillDE.A 

F.nnLY BULHU:XIDAE 

'- BF\ 'Ul.Y TURRILININAE 

Genus TURRILINA ANDREAE, 1884 

Turrilina al atica, _\.NDREAE 
Pl. IV, fig. 15 

1'urrili11a alsatica A, DREAE, 1 84, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 212, pl. , ficr. 18, 19; 
Ct s11:-.1AN and PARI\EH, 1947, U .. Geol. Sun·., prof. paper 2i0-D, p. 56, pl. 15, fig. 3. 

H e m a r h.. s . - The ·pecies "as found in everal of the Boom clay ample ; it L mo~t 
common in .TF 60 and .l.T 626. omc of the prcimen lrnve a lip at the ba e of the aperture. 
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ln lhe literature T. alsatica has so far ouly Leen recorded l'rom the European l\Ii<ldlc 
Oligocene. 

Distribution. 

Boom clay : A.A, JA, JC, JE, JF, .TJ, ME , OA., Kuiperberg. 

Septaria-clay : Pietzpuhl 10447. 

Genus BULIMINELLA CUSHMAN, 1911 

Buliminella carteri BHATIA 

Pl. IV, fig. 14 

Bulim:inella carteri BHATIA, 1955, Journ. Pal., vol. 29, p. 678, pl. 66, fig. 10, textfig. 4. 

Rem arks . - The species 'Yas originally described from lhe l\liddle Oligocene 
Corbula-becls of the Isle of Wight. Only two specimens of this peculiar, small pecies were 
found in our Belgian malerial. 

Distribution. 

Nucula-clay : TK 524. 

SUBFAMILY BULilllININAE 

Genus BULIMINA n'ORBIG.'Y, 1826 

Bulimina elongata n'ORBIG Y 

Pl. I\", figs. 16, 17 

Bulimina elongata n'ORBIGNY, 1846, For. Foss. Vienne, p. 187, pl. 11, figs. 19-20; TE DAM and REINHOLD, 
1942, Med. Geol. St., ser. C-V, no. 2, p. 80, pl. 5, fig. 11; CusmvIAN and PAR.KER, 1947, U.S. Geol. 
Surv., prof. paper 210-D, p. 108, pl. 25, figs. 14-17; MAR.KS, 1951, Cushm. Found For. Re . Contr., 
vol. 2, p. 57, pl. 7, fig. 12. 

Rem arks . - The species is frequent in our samples from lhe :\Eocene of Dingden 
and Burcht. Single distinct specimens were also found in the sand of Voort and in lhe 
Oude-Biezen member. 

The Dingden material shows wide variation. The length-diameter ratio vari · beh\ een 
3 : 2 and 8 : 3 in well developed specimens. Elongate individuals are more common than hurl 
ones. The aperture usually is broader than in the figured elongate specimen. few 
specimens from Dingclen and Burcht have some Yery small blunt spine on the initial portion 
of the test. 

Distribution. 

Middle Miocene : Burcht, Heist 26 m, Dingden 456. 

Oude-Biezen member : BZ 541. 
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Bulimina alsatica Cu nMA and PARKER 
Pl. IV, fig. 13 

Bulimirlf!- alsalica CUSHMAN and PARKER, 1937, Cushm. Lab. For. Res. ConLr., vol. 13, p. 39, pl. 4, 
figs. 6, 7; CUSHMAN and PARKER, 1947, U.S. Geol. Surv., prof. paper 210-D, p. 102, pl. 24, figs. 10-11. 

R em ark . - The specie i very rare in a few Boom clay samples. 
The aperture i in mo t smaller specimens ju t at the junction of the second and third 

chamber , \\hich po ilion i not in accordance with that in typical B. alsatica. Our material 
i Loo scarce lo apprai e the staled difference between B. alsatica and other species of the group 
of B. inflata EC E ZA. 

Di tribution. 

Boom cla : JF 609, JII 61 , i\IE 635, Ilei t 30,50 m, Winter wijk NLD 459. 
eplaria-cla : Pielzpuhl 10447. 

Bulimina striata n'ORBrc Y 

Bulimina triata o'ORBIGNY, 1 26, Ann. Sci. Nat., vol. 7, p. 269; CUSH.'1A,'l and PARKER, 1947, U.S . Geol. 
urv., prof. paper 210-D, p. 119, pl. 2 , figs. 1-3; MARKS, 1951, Cushm. Found. For. Res. Contr., 

vol. 2, p. 58. 

R m a r k . - Two poorl pre erved pecimen are ref erred to thi pecie . 

Di tribulion . 

.Middle \Iiocene : Ding<len 456. 

Bulimina ka elen i nov. p. 
Pl. \', fig . 4-Q 

E t) m o I o ,,. y. - Named after the t ·pe localil Ka el in Germany. 

D c c rip t ion . - Tc, l , mall, Lriscrial, p rami<lal, rounded triangular in tran ver-e 
cction; chamh r inflated, graduall incrca ing in izc, Lho-e of about four of the later whorl­

di . tincll \i.ibl ', arranged in Hrlical erie ; number and arrangement of the early chamber 
indi'tingui~hahle; .· ulurc - dcprcs~cd, ·om \\hat cune<l; \\all thick, perforate with fine pore­
an<l :;callcrcd \\idcr and lar,rc pore:-;, \ariou -ly ornamented with blunt pine, which often 
coal ·cc lo an irregular plate-like slrnclure on or belo-\\ the middle of the chamber at right 
anO'lc.: lo the longitudinal a"\.iR of the test; aperture mall, rounded at the ba e of the final 
chamber, in a \\idc lriann·ular dcpre --ion of the apertural face. 

Length of holot)pe 0,26 mm, 'ariation in the type ample 0 1 tot 0,32 mm. 

R cm ark . - There i - but light 'aria lion in the length-greate t width ratio of the 
le t, which ran ere from 3 : 2 tot 2 : 1. ·wider yarialion i found in the ornamentation. ~Iany 

pecimen · only ha' e wi<lel) cattcre<l knobs oYer the entire urface, whil l in other- the aboYe 
mentioned plate-like truclures and "ell-developed blunt spine e pecially in the early part 
of the test are predominant. 

9 
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Because of recrystallization of the calcite, especially in the ornamentation it appeared 
too difficult to retrace the relations between the spines and the long, << tubular » pores. 
In some cases the pores were seen to pierce the spines, but others in between the ornamentation 
were thought to be present as well. As a consequence of this uncertainty we refer this species 
to the genus Bulimina, thus refraining from the establishing of a new genus, which would 
have some features in common with the genus Tritubulogenerina CusmrAN, 1927. 

Ty p e 1 o c a 1 i t y . - « Brunnen Aushub am Si.idhang des « Gelben Berges » we tlich 
des Einganges zur Sandgrube », in the surroundings of Kassel (Wes tern Germany). 

A sample from this locality, no. 11315, was put at our disposal by Dr. H. HrLTER fA N, 
Arnt fi.ir Bodenforschung, Hannover. 

Type 1eve1 . - Kasseler Meeressand. The age of this deposit is usually regarded 
to be Late Oligocene. The stage name l..haltian is based on it. 

Distribution. 

The species is also present in our second sample from Kassel, 12667. 
Two individuals were found in the sample from Astrup (17538) . 

D e p o sit or y . - Holotype and paratypoids stored in lhe collections of lhe Geological 
Institute of Utrecht (S 4168-4172). 

Bulimina dingdenensis nov. sp. 
Pl. V, figs. 1-3 

Et y m o 1 o g y. - Named after the type locality Dingden in Weslfalen (German -). 

Des c rip t ion . - Test small to medium sized, tri erial, pyramidal, ublriancrular in 
transverse section; chambers, especially the later ones, moderately inflated, rounded lriancrular, 
arranged in regular triserial series, the later ones in large specimens more or le remote and 
less regularly placed, which gives the test a twisted appearance; sutures cuned, depre ed; 
wall thick, finely perforate, mainly on the angular parts of the chambers ornamenlccl with 
spinose projections of variable height with deep depressions in Lheir cenlre; the projection 
mostly coalesced resulting in a reticulate pattern; aperture fairly large, semicircular lo rounded 
triangular, at the base of the last-formed chamber, situated in a wide depre ion of the 
apertural face. 

Length of holotype 0,25 mm, variation in the type sample from 0,23 mm lo 0,45 mm. 

Rem arks. - B. dingdenensis differs from B. kasselensis in the more triangular hape 
of the test and in the pitted surface ornamentation. 

There is some variation in the length-greatest width ratio of the test, which rancre from 
about 3 : 2 in short, stout individuals to 3 : 1 in elongate slender specimens. 

In some of the smaller specimens there are well-developed blunt spines, on or ju t 
below the middle of the chambers. Just as in B. kasselensis these spines tend to coale ce to 
irregular plate-like structures at right angles to the longer axis of the test. However, mo t of 
the individual spines have a deep depression in their top with a thin surrounding rim. In most 
larger specimens these rims are present on the whole surface of the chambers. They are 
lower and they have coalesced to a distinct reticulation with depressions in between. Whether 
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larger pore , as in B. lcasselensis are really absent or whether they are obscured by later 
recry tallizati ou could not be decided. It is considered likely that several of the fine pores 
are present in each pit, whilst the thickened rims are imperforate. The ornamentation is 
hcavie l and the pit arc larges t on the angles of the chambers, whence they spread more or 
le over the remainder of the surface, especially along the base of the chambers. 

Type 1 o c al it y . - The inci ion of a brook just near the « Kunigsmuhle n, east 
of Dingden in \Ve tfalen (Germany) : our sample Dingden 456 . 

T p e 1eve 1. - The Dingden bed , from the type locality of which sample 456 is 
taken . The age of these deposits is generally regarded to be Middle Miocene. 

Di tribution. 

Dingden 456. A ingle specimen of the species was observed in a sample covering the 
sand of \ oort-Horizon of Iloulhalen limit in mine-shaft Houthalen II, 80,50-81,52 m. 

D c po i lo r y . - The holotype and the paratypoids are stored in the collections of 
the Geoloaical In litule of lrechl ( 4173-4176). 

Genus VIRGULINA o'ORBIGNY, 1826 

Vir"'ulina chreiber iana CzJZEK 

l'irgulina schreiber iana CzJZElK, 1847, Haid. Naturw. Abh., p. 147, pl. 13, figs. 18-21; CUSHMAN, 1937, 
Cushm. Lab. For. Res., spec. publ. 9, p. 13, pl. 2, figs. 11-20. 

H em a r k . - Three pecimen , which may be referred to this species in wide en e, 
wer mel with in the Horizon of Houlhalen and in the ~Iiocene of Dingden . 

Di lribulion. 

\f id<lle ~lioc ne : Dingden 456. 
Horizon of lloulhalen : Houlhalen I, 0,25- 0,79 m. 

Subgenus VIRGULI ELLA CUSHMAN, 1932 

Virgulina (Virgulinella) pertusa REuss 
Pl. V, fig. 7 

J'irgulina pertusa R.Eu s, 1 61, Silz.ber. K. Ak. Wiss. Wien, vol. 42, p. 362, pl. 2, fig. 16; Hosrus, 1893, 
Verh. Nalurh. Ver. Rheinl.-Westf., vol. 50, p. 119. 

Virgulina (Yirgulinella, pertu a R.Euss, Cu HMA.'l, 1937, Cushm. Lah. For. Res., _spec. publ. 9, p. 31, 
pl. 5, figs. 6-9,l\lA.l\"-S, 1952, Geol. Mijnb., new. ser., vol. 14, p. 287, pl. 1, figs. 15, 16. 

Virgulinella pertu a (REUSS), TEN DAM and REI HOLD, 1942, Med. Geol. St., ser. C-V, no. 2, p . 82, pl. 5, 
fig. 10. 

R cm ark . - Thi pecie wa originally described from the Crag of Antwerp. 
REL • con idered Lhe~e dcrosils to be of Pliocene age. From REu s' description of the fauna 
that accompanie· l ' . pertusa it is apparent that this pecies was derived from the Miocene part 
(Anvcr~ian) of the Antwerp Crag. 

fa idently l'. pertusa i re lricted to :Miocene deposit , not only in Europe but al o in 
North Africa, Algeria (MARKS, 1952), Egypt (C smrA , 1937) . 
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We have typical specimens in our material from the sand of Antwerp and also in the 
sample from Dingden. The specimens from Burcht are more elongate than those from Dingden 
and Rei t-op-den-Berg. 

Distribution. 

l\Iiddle Miocene : Burcht, Heist 26 m, Dingden 456. 

SUBFAMILY REUSSELLINAE 

Genus REUSSELLA GALLOWAY, 1933 

Reussella spinulosa (REuss) 
Pl. V, fig. 8 

Verneuilina spinulosa REuss, 1850, Denkschr. K. Ak. Wiss . Wien, vol. 1, p. 374, pl. 47, fig. 12; REuss, 
1851, Zschr. Deu. Geol. Ges., vol. 3, p. 159. 

Verneuilina cognata REuss, 1865, Sitz.ber. K. Ale Wiss . Wien, vol. 50, p . 448, pl. 1, fig. i. 
Reussella cognata (REuss), CUSHMAN, 1945, Cushm. Lab. For. Res. Contr., vo1. 21, p. 31, pl. 6, fig. i. 
Reussella spinulosa (REuss), CUSHMAN, 1945, id., p. 33, pl. 6, figs. 8, 9; MA1l"KS, 1951, Cushm. Found. For. 

Res. Contr., vol. 2, p. 61. 

Rem arks. - In 1865 REuss described and figured a new species, Reus ella cognata, 
from the Upper Oligocene of Kassel and two other localities. Thi pecic is con idered lo lack 
marginal spines. Such specimens do occur in our material; but mo t individual are provided 
with distinct spines along the borders. Evidently R. cognata i a variant of R. spinulosa 
(REuss), and moreover it is hardly different from typical representative of R . pinulo a var. 
laevigata CusrrMAN (1945, op. cit., p. 34, pl. 6, fig. 10) . These variant are evidcnll ba d on 
rather thick-shelled indiwduals, which are commonly devoid of pine . Thi i cquall. lru 
among the assemblages of R. spinulosa from the Miocene of its type region, lhe Vienna ba in, 
as could be seen in MARKs's material. 

Distribution. 

German Upper Oligocene : Kassel 11315. 

SUBFAMILY BOLIVININAE 

Genus BOLIVINA n'ORBIGNY, 1839 

Bolivina dilatata REuss 
Pl. V, fig. 9 

Bolivina dilatata REuss, 1850, Denkschr. K. Ak. Wiss. Wien, vol. 1, p . 381, pl. 48, fig. 15 ; Cu HMAN, 
1937, Cushm. Lab. For. Res., spec. publ. 9, p. 78, pl. 9, figs. 17-20; MARKS, 1951, Cushm. Found. 
For. Res. Contr., vol. 2, p. 59. 

Rem arks . - Our individuals from the Dingden Miocene are elongate variants of 
this species. Shorter ones, such as occur in MARKs's material of the Vienna basin, are lacking. 

Distribution. 

Middle Miocene : Dingden 456. 
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Bolivina beyrichi REuss 
Pl. V, fig. 11 

Bolivina beyrichi REUSS, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 83, pl. 6, fig. 5; CUSHMAN, 1937, Cushm. 
Lab. For. Res., spec. publ. 9, p. 74, pl. 9, figs. 3-6; TEN DAM and REINHOLD, 1942, Med. Geol. St., 
ser. C-V, no . 2, p. 83, pl. 5, fig. 13. 

R em arks . - Typical representatives of this species have been figured by CusnMAN 
(op. cit., pl. 9, fig. 3) from the German Septaria-clay . Such specimens were found in our 
material from Hermsdorf and Pietzpuhl and in several Boom clay samples, but morphological 
variation is fairly wide. At the German localities elongate variants occur frequently. They 
are relatively thicker and the peripheral spines are inconspicuous or occasionally wanting. 

The species is rather frequent in our Boom clay material; in the samples it is a rare to 
common constituent of the fauna. A single fragmentary individual was found in the Nucula­
clay. Some other, small, indistinct Bolivina specimens occur in the Oude-Biezen member and 
the rucula-clay. 

Distribution. 

Boom clay : AA, HB, JB, JD-JJ, JM, MA, ME, OA, VA, Kuiperberg. 
Seplaria-clay : Hermsdorf 10445, 13438, Pietzpuhl 10447. 
Nucula-clay : TK 526. 

Bolivina beyrichi REuss var. melettica A DREAE 
Pl. V, fig. 10 

Bolivina melellica ANDREAE, 1884, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p . 257, pl. ii, fig. 5; 
CUSHMAN, 1937, Cushm. Lab. For. Res., spec. publ. 9, p. 75, pl. 9, fig. 9. 

Rem ark . - This variant of B. beyrichi is important in our Belgian material. It is 
thicker and with less acute periphery than typical B. beyrichi. Moreover it is commonly 
shorter, while marginal spines are generally lacking. The sutures are strongly curved, often 
with a depre cd area near the middle. The wall is mostly opaque and often with fine striae. 
The e features fit in ' ith tho e of B. melettica A -nREAE from the Middle Oligocene Meletta-beds 
of Al ace. B. beyrichi RE s var. bituminosa SPANDEL (1909, Offenbacher Ver. Naturk., Ber., 
no. 43-50, p. 207, pl. 1, fig. 14) from similar beds in the Mainz basin may be a synonym, but 

PANDEL's figure i too poor for a reliable decision. 
B. beyrichi var . melettica is common to very abundant in a few glauconitic Boom clay 

samples, in "hich the pecies is rare or absennt. It was also found in non-glauconitic samples 
of the clay. In some samples complete intergradation between both types was observed. 

Distribution. 

Boom clay : JF 609, JJ 627, JL 631, J r 653, l\IA 376, ME 638, ME 639, OA 596. 

Bolivina fastigia CusHl\CAN 
Pl. V, fig. 12 

Bolivina fastigia CUSHMAN, 1936, Cushm. Lab. For. Res., spec . publ. 6, p. 51, pl. 7, fig. 17;CusHMAN, 1937, 
id., spec . publ. 9, p. 76, pl. 9, figs . 12-14;MAJl,KS, 1951, Cushm. Found. For. Res. Contr., vol. 2, 
p. 59; BHATIA, 1955, Journ. Pal., vol. 29, p. 68i, pl. 66, fig. 15, textfig. 5. 

Rem a r k s . - B. f astigia \Vas originally described from the German Upper Oligocene 
(Bunde). BrrATIA found the species in great frequencies in the Middle Oligocene Corbula-beds 
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of Wight . Typical representatives in our material from Kassel, Astrup and the Nucula -clay 
are few. The German specimens are accompanied by a small number of other Bolivina 
specimens, which may partly belong to B. plicatella CusHMAN (1930, Florida St. Geol. Surv., 
Bull. 4, p . 46, pl. 8, fig. 10). Two indistinct specimens were furthermore found at Burcht in 
the Miocene sand of Antwerp . 

Distribution . 

German Upper Oligocene : Astrup 17538, Kassel 11315, 12667. 
Nucula-clay : TK 522. 

Bolivina floridana CusmIAN var. irnporcata Cusm1AN and RENZ 
Pl. V, fig. 13 

Bolivina floridana CUSHMAN var. regularis (non B. regularis NUTTAL) Cus1-IMAN and RENZ, i941, Cushm. 
Lab. For. Res. Contr. , vol. 17, p. 17, pl. 3, fig. 7. 

Bolivina floridana CUSHMAN var. imporcata CUSHMAN and RENZ, 1944, id., Contr., vol. 20, p. 78; DROOGER, 
1953, Cushm. Found. For. Res. Contr., vol. 4, p. 130, pl. 21, figs. 7, 8. 

Bolivina imporcata CUSHMAN and RENZ, RENZ, 1948, Geol. Soc. Am., Mem. 32, p. 118, pl. 7, fig. 3. 

Rem arks. - Our specimens are much smaller (up to 0,4 mm) than tho e from the 
Aruban Miocene (DROOGER, loc. cit.). 

This variety is especially known from the American Miocene. 

Distribution . 

Middle Miocene : Burcht, Heist 26 m, Dingden 456. 

Genus LOXOSTOMUM EHRENBERG, 1854 

Loxostornurn sinuosurn Cusn 1AN 
Pl. V, fig . 15 

Loxostoma. sinuosum CUSHMAN, 1936, Cushm. Lab. For. Res., spec. publ. 6, p. 60, pl. 8, fig. 16;C SHMAN, 
1937, id., spec. publ. 9, p. 183, pl. 21, figs. 13-15. 

R e m a r k s . - The species was originally described from the << Pliocene, Crag noir » 

near Antwerp. The confusion about the age of the Crags of Antwerp (Miocene, Pliocene and 
Pleistocene being present) renders CusHl\'IAN's age determination of the lype specimen indefinite. 
Our specimens come from the Miocene of Dingden, equivalent of the Belgian sand of nlwerp. 

Distribution. 

Middle Miocene : Ding den 456 . 
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Loxostomum digitale (n'ORmG IY) 
Pl. V, fig. H 

Polymorphina digitalis o'ORBIGNY, 1846, For. Foss. Vienne, p. 235, pl. 14, figs. 1-4. 
Loxosto'Yf!U- digitalis (o'ORBIGNY), CUSHMAN, 1937, Cushm. Lab. For. Res., spec. publ. 9, p. 180, pl. 21, 

figs. 10-12; MARKS, 1951, Cushm. Found. For. Res. Contr., vol. 2, p. 60. 

Rem arks. - Our specimens agree with those from the Vienna basin; mo t of them 
are le coar cly perforated than the majority of 1ARKs's specimens. 

The pecic has been recorded from several European Miocene deposits. 

Di tribution. 

rman pper OliO'ocene Astrup 17538, Kas el 11315, 12667. 

Loxo tomum teretum C smtAN 
Pl. V, fig. 17 

Loxo Loma teretum C SIIMAN, 1936, Cushm. Lab. Fot. Res., spec. publ. 6, p. 60, pl. 8, fig. 14; Cu HMAN, 1937, 
id., spec. publ. 9, p. 179, pl. 21, figs. 1, 2. 

R c m a r k . - ome di Linet pecimen of L. teretum were found in the eplaria-clay 
of I iclzpuhl. The pecie· wa originally de cribed from the Iiddle Oligocene of Lob ann, 
Al acc. 

Di,tribulion . 

.'cplaria-cla : Pietzpuhl 10447. 

Loxo tomum minuti imum (SPANDEL) 

Pl. V, fig. 16 

Bolivina minuli ima PA:"DEL, 1909, Offenbacher Ver. Naturk., Ber., no. 43-50, p. 209, pl. 1, fia. 11. 

Rem ark •. - Four pecimen~, the large t of which reache a length of 0,35 mm, 
were found in the ample from Pielzpuhl. They agree 'Yell with ...,PAXDEL

1 original de cription 
of Bolivina rninutissima from the Rupellon of the :Mainz ba in, both in dimen iow and in 
numLer of chamber . They al o ho" the arrangement of well developed pore al the ba e 
of the chamber that for the re t are 'ery mooth. The le t i lightly cuned and it ha a 
con ·tant or enn decrea ing width in it later-formed portion, which i another point of 
re cmblance with PA DEL' l pe. 

Because of the placincr of Bolivina rninuti sirna in the genu Loxostornmn, Cu H).[Ax's 
Loxostoma rni11utissi1nu1n (193 , Cu hm. Lab. For. Re . Contr., Yol. 14, p. 45, pl. 7, fig. 19), 
become· an objecfrve homon)m. 

Di tribution. 

cptaria-clay : Pietzpuhl 10447. 
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SUBFAJ\IILY UVIGERININAE 

Genus UVIGERINA n'ORBIGNY, 1826 

Uvigerina tenuipustulata VAN VooRTIIUYSEN 
Pl. V, fig. 20 

Uvigerina tenuipustulata VAN VOORTHUYSEN, 1950, Med. Geol. St., new. ser., no . 4, p. 60, pl. 2, fig. 13, 
textfig . 2. 

R e m a r k s . - The type of this species was derived from the Middle 1iocene in a 
boring at Zaandam (Netherlands) . 

Distribution. 

Middle Miocene : Heist 26 m. 

Uvigerina rugulosa REuss 
Pl. V, fig. 19 

Uvigerina rugitlosa REUSS, 1863, Bull. Ac. Roy. Sci., etc., Belgique, ser. 2, vol. 15, p. 153, pl. 3, fig. 43. 

Rem arks . - U. rugulosa has originally been described from the Miocene and of 
Antwerp . We found some specimens (length up to 0,37 mm) in sample of the am mcmb r 
from Burcht and Heist-op-den-Berg. 

Three small, indistinct individuals were found at Dingden together with a ino-lc bicm r 
spec:imen . This bigger specimen (0,60 mm) i identical with Uvigerina acurninata Ho I 

(1895, Jahresber . Naturw. Ver . Osnabruck, vol. 10, p . 167), " -hich peci wa given another 
new specific name by TEN DAM and REINHOLD (1941, Geol. Iijnb., new. er ., vol. 3, p. 237, 
pl. 2, figs . 1-3) : U. hosiusi . The latter authors overlooked the fact, that Ho 1 (1 95) him elf 
had already renamed his earlier U. aculeata Hosrns (1893) which was a homonym of U. aculeata 
n'0RBIGNY. 

The relations of U. rugulosa and U. acuminata cannot be clarii'iecl becau e of our carce 
material of both species. 

Distribution. 

Middle Miocene : Burcht, Heist 26 m, Dingden 456. 

Genus ANGULOGERINA CUSHMAN, 1927 

Angulogerina gracilis (REuss) 
Pl. VI, figs. 1-5 

Uvigerina gracilis REUSS, 1851, Zschr . Deu. Geol. Ges., vol. 3, p. 77, pl. 5, fig. 39; CUSHMAN and EDWARDS, 
1938, Cushm. Lab. For. Res. Contr., vol. 14, p.74, pl. 13, figs. 3-6. 

Rem arks . - Uvigerina gracilis was originally described from the eptaria-clay of 
Hermsdorf and Freienwalde. Both from REuss's description and figure and from the figured 
topotypoids (from Hermsdorf) published later (CUSHMAN and EDWARDS, op. cit., pl. 13, figs. 3-6), 
it is apparent that U. gracilis is a more or less elongate species with a finely hispid wall, which 
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is often smooth in the later chambers. In our material from Hermsdorf such specimens are 
common; a number of them are hispid throughout. Especially in the more elongate specimens, 
the later, more remote chambers have a rounded triangular shape, which is one of our reasons 
for placing this species in the genus Angulogerina. 

A . gracilis is an extreme type in our extensive and widely variable Angulogerina 
material. Because of the frequently observed intergradation between the various types there 
is no clear opportunity to split our material in a number of separate species. 

Typical A. gracilis (pl. VI, fig. 2) is common in our samples from Hermsdorf and at a 
few Boom clay localities, among which there are Loksbergen (HB), Boom (MA) and Niel (JB). 

Entirely smooth variants (pl. VI, fig. 1) are abundant in the sample from Pietzpuhl 
(10447). ro appropriate name could be found in the literature for this variety, that was also 
found in lhe Boom clay, where it is rare, and in samples from Kassel (12667) and Astrup (17538) . 

In one of our amples from Hermsdorf (13438), where typical A . gracilis is dominant, 
many pecimen have very faint, often interrupted, longitudinal striae, especially on the earlier 
part of Lhe le t (pl. VI, fig. 3). This variant was also found in several Boom clay samples . 
It clo ely resemble A . oligocaenica (A DREAE), originally described from Septaria-clay from 
Frankurt am Main. 

The mo t frequent variant in our Boom clay material has elongate, continuous costae 
on variable part of the test, mostly on the earlier half only, but occasionally on the entire 

urfacc (pl. VI, fig. 5). Thi variant is no doubt identical with A . tenuistriata (REuss) 
originall de cribed from the Septaria-clay of Pietzpuhl. 

Another pecie from the German Middle Oligocene (Ratinger Ton near Diisseldorf), the 
type of which i from the Lower Oligocene of Calbe near Magdeburg, was found in our material, 
namcl A. germanica C mIA and EDWARDS (pl. VI, fig. 4). This variant is characterized by 
the di continuou lo errate co tae. 

In our material these five types, which are based on the surface ornamentation, are 
linked b numerou intermediates. Generally there is an increase in angulogerine appearance 
in the erie from A. gracilis via A. oligocaenica to A. germanica and A. tenuisttiata. In many 
of our ample , everal (or even all, such as in Pietzpuhl, 10447) of the variants occur together. 
There i no obviou tratigraphic succession of the types. 

Angulogerina gracilis (REuss) var. oligocaenica (A 'DREAE) 
Pl. VI, fig. 3 

Uvigerina oligocaenica ANDREAE, 1894, Ber. Senckenb. Naturf. Ges., p. 50, textfig. i. 
Angulogerina oligocaenica (ANDREAE), CUSHMAN and EDWARDS, 1938, Cushm. Lab. For. Res. Contr., vol. i4, 

p. 86, pl. 15, figs. 8, ii (not figs . 9, iO). 

Rem ark . - The rnricly i the least common one in our A. gracilis material. It is 
pre ent in a few Boom clay samples and in the Septaria-clay of Hermsdorf (13438) and Pietzpuhl 
(10447). T-wo di-Linet specimens were met with in rucula-clay samples, namely in TE 224 
and TK 524. 

In the sample from Astrup (17538) and Kassel (11315 and 12667) some specimens occur 
in which the greater part of the test is smooth. The earlier portion is provided with 
longitudinal co tae that are some·what coarser than in the A. gracilis var. oligocaenica 
specimens from the Boom clay. 
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Two of the individuals figured by CusHMAN and EDWARDS as A . oligocaenica (op . cit., 
pl. 15, figs. 9, 10) are distinct A . gracilis var . tenuistriata. The specimen in their figure 11, 
also on plate 15, is neither a very distinct A. oligocaenica. The costae on the earlier portion 
of this specimen are coarser than in typical A. gracilis var. oLigocaenica. 

Angulogerina gracilis (REuss) var. germanica CUSHMAN and EuwARDS 
Pl. VI, fig. 4 

Angidoqerina qermanica CUSHMAN and EDWARDS, 1938, Cushm. Lab. For. Res. Contr., vol. 14, p. 85, 
pl. 15, figs. 14-16. 

Rem arks . - In the Boom clay A . gracilis var. germanica is less common than 
A. gracilis var. tenuistriata, but more frequent than typical A. gracilis. The variety was al o 
found in sample Kassel 12667 and in the Septaria-clay from Pietzpuhl (10447). 

Angulogerina gracilis (REuss) var. tenuistriata (REuss) 
Pl. VI, fig. 5 

Uviqerina tenuistriata R.Euss, 1870, Sitz .her . K. Ak. Wiss. Wien, vol. 62, p. 485, VON SCHLICHT, 1870, For. 
Sept.thon Pietzpuhl, pl. 22, figs. 34-37. 

Anquloqerina tenuistriata (REuss), CUSHMAN and EDWARDS, 1938, Cushm. Lab. Res. Contr., vol. 14, p. 84, 
pl. 15, figs. 1-7; BHATIA, 1955, Journ. Pal., vol. 29, p. 682, pl. 66, fig. 18. 

Anquloqerina oliqocaenica CUSHMAN and EDWARDS (not ANDREAE), 1938, Cushm. Lab. For. Res. Contr., 
vol. 14, p . 86, pl. 15, figs. 9, 10 (not figs. 8, ii). 

R em ark s . - This is the most common variety of A . gracilis in our Boom cla and 
Upper Ohgocene material. It was found in two of our samples from the German eptaria-clay, 
namely in Pietzpuhl 10447 and in Hermsdorf 10445. One distinct individual wa found in 
the Nucula-clay (BZ 488). 

Two striated Angulogerina specimens from the Lower Tongeren beds of the mine-shaft 
Hendrik IV and Hoeselt (TL 529) resemble A . gracilis var. tenuistriata. By the lack of ufficient 
material, their determination is tentative. 

Genus TRIFARINA CUSHMAN, 1923 

Trifarina bradyi CusmIAN 
Pl. V, fig. 18 

Rhabdoqonium tricarinatum BRADY (not Vaqinulina tricarinata D'ORBIGNY), 1884, Rep. Voy. Challenger, 
Zool., vol. 9, p. 525, pl. 67, figs. 1-3. 

Trifarina bradyi CUSHMAN, 1923, U.S. Nat. Mus., Bull. 104, pt. 4, p. 99, pl. 22, figs. 3-9. 

Rem arks . - A number of distinct specimens of this species was found in the Miocene 
Antwerp sand of Burcht and Heist-op-den-Berg. Some damaged Trijarina individuals from 
Astrup may belong to the same species . 

Distribution. 

Middle Miocene : Burcht, Heist 26 m. 
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SUBFAMILY ROBERTINTNAE 

Genus ROBERTINA n'ORBIGNY, 1846 

Robertina declivis (REuss) 
Pl. VI, fig. 6 

Bulimina declivis REuss, 1863, Sitz .ber . K. Ak. Wiss. Wien, vol. 48, p. 55, pl. 6, fig. 70, pl. 7, fig. 71. 
Robertin_a declivis (REUSS), CUSHMAN and PARKER, 1946, U.S. Geol. Surv ., prof. paper 210-D , p. 73, pl. 18, 

fig. 7. 

R em ark s . - Two distinct specimens were found in our material of the Boom clay. 
The species wa originally described from the Middle Oligocene Septa'.ria-clay of Offenbach 
near Frankfurt am Main (Germany). 

Distribution. 

Boom clay : JH 615, MA 649. 

FAMILY CASSIDULJNIDAE 

Genus CASSIDULINA n'ORBIGNY, 1826 

Cassidulina carapitana HEDBERG 
Pl. VI, fig. 7 

Cassidulina carapitana HEDBERG, 1937, Journ. Pal., vol. ii, p. 680, pl. 92, fig. 6; RENZ, 1948, Geol. Soc. 
Am., Mem. 32, p. i24, pl. 9, fig . 8; DROOGER, 1953, Cushm. Found. For. Res. Contr., vol. 4, p . 140, 
pl. 24, fig. 12. 

Rem ark . - This pecies is common to rare in numerous Boom clay samples. 
1o pecie de cribed from Europe could be found for these lenticulinar Cassidulina 

individual , characterized by the strong curvature of the sutures in the umbonal area . 
Compari on with American specimens of C. carapitana (Miocene of Aruba, DRooGER, 

loc. cil.) howed ver clo e resemblance. 

Di tribution. 

Boom cla : JA-JC, JG-JJ, JM, IA, OA, Kuiperberg. 

Cassidulina subglobosa BRADY nr. 
Pl. VI, fig. 10 

Cassidulina oblonga ANDREAE (not REUSS), i8 4, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 156, pl. 10, 
fig. 32. 

Rem arks. - A small number of specimens resembles C. subglobosa BRADY (1884, 
Rep. Voy. «Challenger», Zool., vol. 9, p. 430, pl. 54, fig. 17) in the number of chambers and 
in the shape of the aperture. They are different by the moderate compression of the test. 

The specimens from Astrup are bigger than those from the Boom and Septaria-clays . 
C. oblonga REuss as figured by ANDREAE (1884) from Oligocene marl of Oberstritten 

(Alsace) is identical with our Septaria- and Boom clay specimens. 
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Distribution. 

German Upper Oligocene : Astrup 17538. 
Boom clay : AE, HB, JE, JF, JJ , JL, JN, Winterswijk. 
Septaria-clay : Pietzpuhl 10447. 

F AMIL y ELLIPSOIDINIDAE 

Genus PLEUROSTOMELLA REUSS, 1850 

Pleurostomella alternans ScuwAGER 

Pleurostomella alternans SCHWAGER, 1866, Novara Exp., Geol., vol. 2, p. 238, pl. 6, figs. 79, 80 . 

Rem a :r k s . - A single distinct macrosph eric individual was found in our sample 
from Pietzpuhl. 

Distribution. 

Septaria-clay : Pietzpuhl 10447. 

FA IILY CHILOSTOlUELLIDAE 

Genus ALLOMORPHINA REUSS, 1850 

Allomorphina sp. 

Rem arks. - A small number of pyritized Allomorphina-mould wa found in two 
Boom clay samples . Specific determination appeared impossible. 

Distribution. 

Boom clay : JF 609, ME 640. 

Genus CHILOSTOMELLA R.Euss, 1850 

Chilostomella cylindroides REuss 
Pl. VI, fig . 13 

Chilostomella cylindroides R.Euss, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 80, pl. 6, fig. 43; C SHMAN, 
1926, Cushm. Lab. For. Res. Contr., vol. 1, p. 76, pl. 11, figs. 14, 15. 

Rem arks . - The species is scarce in several samples of Lhe Boom clay. 
For the greater part our individuals are h eavily damaged; they are often pyritizec.l, 

recrystallized or broken. The most ovoidal specimens are more elonga te Lhan that of C. ovoidea 
in REuss's type figure of that species (REuss, 1850, Denkschr. IC Ak. Wiss. Wien, vol. 1, 
p. 380, pl. 48, fig. 12). 

Distribution. 

Boom clay : AE, JA-JC, JG-JK, Winterswijk. 
Septaria-clay : Hermsdorf 10445, Pietzpuhl 10447. 
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Genus PULLENIA PARKER and JONES, 1862 

Pullenia bulloides (n'ORBIGNY) 
Pl. VI, fig. 9 

Nonionina bulloides D'ORBIGNY, 1846, For. Foss. Vienne, p. 107, pl. 5, figs. 9, 10; BORNEMANN, 1855, Zschr. 
Deu. Geol. Ges., vol. 7, p. 339, pl. 16, figs. 1-3. 

Pullenia. bulloides (D'ORBIGNY), AND'.REAE, 1884, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 206, pl. 9, 
fig. 23; CUSHMAN and Tom~, 1943, Cushm. Lab. For. Res. Contr., vol. 19, p . 13, pl. 2, figs. 15-18; 
MARKS, 1951, Cushm. Found. For. Res. Contr., vol. 2, p. 69. 

Rem arks . - The species is rare to very abundant in the Boom clay samples, and 
less frequent to absent in our samples of the other deposits . 

Our pecimens show considerable variation. The test is subglobular to slightly 
compre ed with evenly rounded periphery. The periphery is often slightly lobulated, 
corre ponding lo the slightly inflated later chambers . There are four to five chambers in the 
last whorl. The aperture aries between a limited basal opening in the median plane and a 
large lit extending to the umbilicus of either side . 

Com pre sed five-chambered specimens are distinguishable from P. quinqueloba by the 
more rounded periphery, even when both types occur together. The Upper Oligocene specimens 
mostly have fi e chambers in the final coil; in part of them the chambers are slightly inflated . 

Di tribution. 

Middle Miocene : Hei t 26 m, Dingden 456. 

German Upper Oligocene : Astrup 17538, Kassel 12667. 
Boom clay : AA, AE, HB, JA-J , MA, ME, OA, VA, Kuiperberg, Winterswijk. 

eplaria-clay : Hermsdorf 10445, 13438, Pietzpuhl 10447. 
Lower Tongeren bed : Hendrik IV, 199-200 m, 203-204 m. 

Pullenia quinqueloba (REuss) 
Pl. Vl, fig. 8 

Nonionina quinqueloba REuss, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 71, pl. 5, fig. 31. 
Pullenia quinqueloba (REuss), CUSHMAN and TODD, 1943, Cushm. Lab. For. Res. Contr., vol. 19, p. 10, 

pl. 2, fig. 5, pl. 3, fig. 8; TEN DAM and REINHOLD, 1942, Med. Geol. St., ser. C-V, no. 2, p. 94, pl. 7, 
fig. 7. 

Pullenia compressiuscula REUSS, 1866, Denkschr. K. Ak. Wiss. Wien, vol. 25, p . 150; ANDREAE, 1884, Abh. 
Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 206, pl. 9, fig. 22 . 

Rem a r k s . - The species is rare in several samples, mainly from the Boom clay. It 
was originally de cribed from the Septaria-clay of Hermsdorf. 

P. quinqueloba as figured by BRADY (1884, Rep. Voy. «Challenger n, Zool., vol. 9, p . 617, 
pl. 84, figs. 14, 15), which is probably identical with P. subcarinata (n'ORBIGNY) (Nonionina 
subcarinata n'ORBIGNY, 1839, For. Amer. l\Ier., vol. 5, pt. 5, p. 28, pl. 5, figs . 23,24), differs 
from our specimens in the le s l'Ounded periphery. Only at Burcht a number of specimens 
were found that are referable to P. subcarinata. 
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Distribution. 

Middle Miocene : Burcht, Heist 26 m, Dingden 456. 
Boom clay : AA, HB, JB, JE, JJ, JM, JN, MA, VA, Kuiperberg. 
Septaria-clay : Hermsdorf 10445, Pielzpuhl 10447. 
Nucula-clay : BZ 504, TI< 523, 524. 

Genus SPHAEROIDINA D'ORBIGNY, 1826 

Sphaeroidina bulloides n'ORBIGNY 
Pl. VI, fig. 11 

Sphaeroidina bulloides D' ORBIGNY, 1826, Ann. Sci. Nat., vol. 7, p. 267, Modele 65; TEN DAM and REINHOLD, 
1942, Med. Geol. St., ser. C-V, no. 2, p. 95, pl. 7, fig. 6; MAR'KS, 1951, Cushm. Found. For. Res. Contr., 
vol. 2, p. 70. 

Sphaeroidina variabilis REUSS, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 88, pl. 7, figs. 61-64; TE DAM and 
REINHOLD, 1942, Med. Geol. St., ser. C-V, no. 2, p. 95, pl. 7, fig. 5. 

Rem arks . - This species is rare to very abundant in many Boom clay ample . 

Distribution. 

Middle Miocene : Burcht, Dingden 456. 
German Upper Oligocene : Astrup 17538, Kassel 11315, 12667. 
Boom clay : AA, AE, HB, JA-JM, l\IA, ME, OA, VA, Kuiperberg, Winter' ijk. 
Septaria-clay : Hermsdorf 10445, 13438, Pietzpuhl 10447. 

FAMILY NONIONIDAE 

Genus NONION MONTFORT, 1808 

Nonion affine (REuss) 
Pl. VI, fig. 12 

Nonionina a/finis REuss, 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 72, pl. 5, fig. 32. 
Nonion affine (REUSS), CUSHMAN, 1939, U.S. Geol. Surv., prof. paper 191, p. 9, pl. 2, fig. 13; TEN DAM and 

REINHOLD, 1942, Med. Geol. St., ser. C-V, no. 2, p. 75, pl. 4, fig. 15. 
Nonion umbilicatulum (WALKE4t and JACOB), BHATIA, 1955, Journ. Pal., vol. 29, p. 678, pl. 66, fig. 2. 

Rem a r k s . - Nonion affine, originally described from Hermsdorf and Freienwalde, 
is rare to very abundant in many Boom clay samples. It occurs also in most of the other 
Oligo-Miocene stratigraphic units. 

The Boom and Septaria-clay specimens are characteristic Nonion affine. Some of them 
show slightly inflated chambers and a lobulated periphery. They are inlermecliate towards 
the Nucula-clay specimens. These Nucula-clay specimens, which are larger, have inflated 
chambers; their periphery is lobulated and more broadly rounded than it is characteristic 
specimens. 

BHATIA placed N. affine in the synonymy of N. umbilicatulum (WALKER and JACOB), but 
we share CusnMAN's opinion (1939, op. cit., p. 21) that this specific name had better not be 
used as long as the features of its type have not been clarified . 
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Distribution. 

Middle Miocene : Heist 26 m, Dingden 456. 
German Upper Oligocene : Astrup 17538, Kassel 11315, 12667. 
Boom clay : AA, AE, HB, JA-JM, MA, ME, OA, VA, Kuiperberg, Winterswijk. 
Septaria-clay : Hermsdorf 10445, 13438, Pietzpuhl 10447. 
Nucula-clay : TE, TK, BZ (see table 2) . 
Berg sand : BZ 505, 508. 
Lower Tongeren beds : Hendrik IV, 191-192 m, 201-202 m, 203-204 m, 209-210 m. 

Nonion perfossum (CLOmus) 
Pl. VI, fig. 16 

Nonionina perfossa CLODIUS, i922, Ver. Freunde Naturg. Mecklenburg, Archiv, p. 144, pl. 1, fig. 19. 
Nonion? perfossum (CLODIUS), CUSHMAN, 1939, U.S. Geol. Surv., prof. paper 191, p. 18, pl. 5, fig. 8. 

R e m a r k s . - In general outline the specimens of this remarkable species resemble 
those of onion affine. Specimens which show the partly depressed sutures most clearly, 
commonly have a very thick and vitreous wall. The species was originally described from 
the Upper fiocene of Mecklenburg. It occurs in some of our samples from Miocene deposits. 

Distribution. 

Middle Miocene : Burcht, Heist 26 m, Dingden 456. 

Nonion pompilioides (F1cHTEL and MoLL) 
Pl. VI, fig. 14 

Nautilus pnnpilioides FICHTEL and MOLL, 1798, Test. Mier., p. 31, pl. 2, figs. a-c. 
Nonionina soldanii n'ORBIGNY, 1846, Fo1·. Foss . Vienne, p. 109, pl. 5, figs. 15, 16. 
Nonion oldanii (n'ORBIGNY), TEN DAM and REINHOLD, 1942, Med. Geol. St., ser. C-V, no. 2, p. 76, pl. 5, 

fig. i. 
Nonion ponipilioides (FICHTEL and MOLL), MARKS, 1951, Cushm. Found. For. Res. Contr., vol:. 2, p. 49. 

Rem ark . - A number of distinct specimens were found in some samples from the 
Miocene. 

Di tribution. 

Middle liocene : Burcht, Heist 26 m, Dingden 456. 

Nonion buxovillanum (ANDREAE) 
Pl. VI, fig. 15 

Nonionina buxovillana ANDREAE, 1884, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 254, pl. H, fig. 3. 

Rem arks. - The pecies is rare in a number of Boom clay samples. Our specimens 
agree well with description and figures of ANDREAE's small species from the Meletta-beds of 
Buch weilcr. In general they are somewhat thicker;. a fairly thick specimen has been figured. 

Distribution. 

Boom clay : AA, JE-JJ, ME, OA, Kuiperberg. 
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Nonion granosum (n 'ORBIGNY) 
Pl. VII, figs. 1-3 

Nonionina granosa D' ORBIGNY, 1846, For. Foss. Vienne, p. 110, pl. 5, figs. 19, 20. 
Nonion granosum (D'ORBIGNY), CUSHMAN, 1939, U.S. Geol. Surv., prof. paper 191, p. 11, pl. 2, figs. 17, 18; 

MARRS, 1951, Cushm. Found. For. Res. Contr., vol. 2, p . 48 . 

Rem arks . - In our material the number of chambers in lhc final coil varies from 
eight to eleven; the sutures are curved to nearly straight, somewhat limbale and slighlly 
depressed to excavated toward the umbilicus; the periphery is broadly to more narrowly 
rounded; the umbilicus is filled with granular material, which oflen surrounds one or more 
small knobs. 

Many small specimens of this species, which is hardly separable from various olher 
forms in the literature, occur in the samples from lhe Tongercn-Klcine-Spouwen region. They 
agree with lVIARKs's specimens from the Vienna basin, but arc considerably smaller. The 
species was also found in the higher stratigraphic units, especially in the samples from the 
German Upper Oligocene. 

Distribution. 

Middle Miocene : Burcht, Heist 26 m. 
German Upper Oligocene : Astrup 17538, Kassel 11315, 12667. 
Septaria-clay : Pietzpuhl 10447. 
Nucula-clay : TE, TK, BZ (see table 2). 
Berg sand : BZ 507. 
Oude-Biezen member : TA 579, BZ 540, 541. 
Henis clay : TG 228, BZ 551. 
Lower Tongeren beds : Hendrik IV, 194-195 m, 205-206 m. 

N onion roemeri CusrrMAN 
Pl. VII, fig. 5 

Nonion roemeri CUSHMAN, 1936, Cushm. Lab. For. Res. Contr., vol. 12, p. 65, pl. 12, fig. 3; C SHMAN, 
1939, U.S . Geol. Surv., prof. paper 191, p. 10, pl. 3, fig. 1; TEN DAM and REINHOLD, 1942, Med. 
Geol. St., ser. C-V, no. 2, p . 76, pl. 5, fig. 2. 

Nonion granulosum TEN DAM and REINHOLD, 1941, Geol. Mijnb., new. ser., vol. 3, p. 211, fig. 1; TE DA,\I 
and REINHOLD, 1942, Med. Geol. St., ser. C-V, no. 2, p. 77, pl. 5, fig. 3, pl. 10, fig. 5. 

Rem arks . - Nonion roemeri was originally described from the Upper ligocene 
of Kassel. In our material the species was found only in samples from. lhe ancl of -oorl and 
the German Upper Oligocene, in which it is a rare component of the fauna. 

Re-study of the specimens in the type slide of N. granulosu1n TEN DAM and REI IIOLD 
(in Haarlem) showed that the rather flat type of this species (which is within the range of 
variation of our N. granosum) is accompanied by thicker specimens lending toward the type 
of N. roem,eri. 

Our specimens of N . roerneri differ from those of N. granosurn in their greater ize and 
greater relative thickness. The absence of a gradational series may be due lo the carcene 
of both species in our Upper Oligocene material. 

Distribution. 

Voort sand : Lambroek 27, Lillo 84, 88-91, 98, 99, 105, 107. 
German Upper Oligocene : Astrup 17538, Kassel 11315, 12667. 
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Nonion boueanum (o'ORBTG Y) 
Pl. VII, figs. G, 7 

onionina boueana o'ORBIG Y, 1846, For. Foss. Vienne, p. 108, pl. 5, figs . 11, 12. 
Nonion boueanum (o'ORBIGNY), CUSHMAN, 1939, U.S. Geol. Surv., prof. paper 191, p. 12, pl. 3, figs. 7, 8; 

TEN DAM and REINHOLD, 1942, Med. Geol. SL., ser. C-V, no . 2, p. 77, pl. 5, fig. 4; MARKS, 1951, 
Cushm. Found. For. Res. Contr., vol. 2, p. 48, pl. 5, fig. 17. 

R mark · . - There are no clear-cul boundaries between the various described pecie 
f Lhi ordinary onion- type, whi h is fairly well repre enled in our material. onion 

boueanum (n'ORBIGN' ) a re-d ribed by .i\IARK , ha nine to fourteen chambers in the final 
oil. The utur ar mor or I limbate, var ing from lightl rai ed to slightl depre ed. 

The umbili u ontain more or le granular material. The periphery i narrowly rounded. 

Th numb r f hamber per convolution omewhat increase with size but there is for 
c' er ize group ao-ain con iderable variation. 

ha al read be n remarked b MARK , N. boueanum i hardly separable from everal 
other d cribed I ie . Our lio-oc ne pecimen in general agree fairl well with the above 
d cribed averao-e l pe of . boueanurn. The mo t common t pe among our Miocene 
incli idual ( and of ntw rp, Dingd n) ha a more rounded periphery, more depre ed, les 
limbate ulur · and a f " hamber le in Lhe final coil (pl. VII, fig . 6) . Thi t pe ha been 
nam d . dinydeni b Cvm1A ' (1936, Cu hm. Lab. For. Re . Contr., vol. 12, p. 65, pl. 12, 
fig. 5). 

It mu t b poinl cl out lhat there i complele intergradation between the e « t 'pes » 

of . boueanum and 1\. clingdeni. In the a emblage- there are only difference in dominance. 
In our '\Ii n mat rial the 1 • boueanuni t pe "a al o encountered, while among '\fARKs' 
mal rial f 1\. boueanum from il · t pe reo-ion and in our from the pper Oligocene al o the 

' dingdeni l p' i .' repre ' nle<l. 

Di Lribution. 

l\Iicldl '\Iiocen : nlwerp Burchl, IIei l 26 m, Dingden 456. 
Horizon of II ulhal n : IIoulhalen I, 0,25- 0,79 m. 

oorl and : Lillo 1 3, 4, 9 , 99, 113. 
rman pp r lio-ocen : Ka el 11315, 12667. 

Lo" r T no- r n b d : Hendrik I , 191-192 m, 193-194 m . 

Genus NONIO ELLA Cu HMAN, 1926 

Nonionella limba (o'ORBIGNY) 
Pl. YII, figs. , 9 

onionina Zimba o'ORBIGNY, 1 26, Ann . ci. Nat., vol. 7, p. 294, Iodele no . ii. 
Nonion limbwn (o'OBBIGITT'), Cu HMA , 1939, .S. Geol. Surv., prof. paper 191, p. 19, pl. 5, fig. 6. 

Rem ark . - A number of mall pecimen from the Miocene Antwerp sand of Burcht 
are r f rrcd to thi sp ci . Onl the photoo-raph of n'ORBIGl'iY' modele i available a a 
reference. Con cqucntly our determination ma be regarded as tentative. 

10 



144 D. A. J. BATJES. - FORAMINIFERA OF THE OLIGOCENE OF BELGIUM 

The individuals are more or less asymmetrical, involute, rather flattened, with about 
nine chambers in the last coil. The periphery is narrowly rounded, occasionally with a very 
slight keel that is always absent in the later chambers . The most peculiar are very broad and 
raised sutures that curve strongly backwards. The umbilicus of the more evolute side is often 
wide and open (pl. VII, fig. 9), but in other specimens (pl. VII, fig. 8) both umbilici are iden tical 
and flush, covered with granules . The wall is finely perforate. The aperture is indistinct, 
somewhere at the base of the last-formed chamber. 

Distribution. 

Middle Miocene : Burcht. 

Nonionella lobsannensis (ANDREAE) 

Pl. VII, fig. 4 

Pulvinulina lobsannensis ANDREAE, 1884, Abh. Geol. Speckrt. Els.-Loth., vol. 2, pt. 3, p. 218, pl. 8, fig . 16. 

Rem a r k s . - A small number of distinct specimens of this minute species were found 
in samples from Pietzpuhl and Bilzen-Katteberg. The pecies was originally described from 
the Septaria-clay of Lobsann (Alsace) . 

Di str ibution. 

Septaria-clay : Pietzpuhl 10447. 

Nucula-clay : TK 524. 

SuPERFAMILY ROTALIJDEA 

FAMILY DISCORBIDAE 

SuBFAl\ULY PATELLININAE 

Genus PATELLINA WILLIAMSON, 1858 

Patellina corrugata WILLIAMSON 

Patellina corrugata WILLIAMSON, 1858, Ree. For. Gr. Brit., p. 46, pl. 3, figs. 86-89; CUSHMAN, 1930, Cushm. 
Lab. For. Res. Contr., vol. 6, p. 15, pl. 3, fig. 5. 

Remarks. - One specimen. 

Distribution . 

German Upper Oligocene : Kassel 12667. 
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BFAl\IILY DISCORBINAE 

Genus DISCORBIS LAMARCK, 1804 

Di corbi globulari (n'ORBIG 'Y) 
Pl. VIII, fig. 2 

Rosalina globularis o'ORBIGNY, 1 26, Ann. Sci. Nat., ser. 1, vol. 7, p. 271, pl. 13, figs. 1-4. 
Discorbina globularis (o'ORBIGNY), BRADY, 1884, Rep. Voy. " Challenger'" Zool., vol. 9, p. 643, pl. 86, 

figs. 8, 13. 
Discorbis globularis (o'ORBIGNY), CUSHMAN, 1915, U.S. Nat. Mus., Bull. 71, pt. 5, p. 11, pl. 9, fig. 4. 

R em a r k . - Part of our pecimen have irregularly di Lributed, rounded to elongate 
vation in lhe enlral part of the entral urface, which i urrounded by a mooth peripheral 

area. Th clo l re ·embl D. choctawensis C mrA and .i\foGLA:\IERY (1938, U .. Geol. 
urv., prof. pap r 1 9-D, p. 109, pl. 26, fig . 15, 16) from the Oligocene Byram marl of 

Alabama, "hich specie "a , recenll ' al o recorded by G LLE ·rnp (1956, .'.\Iem. In t. Geol. 
niv. Lomain, \01. 20, p. 17, pl. 1, fig. 14) from the Oude-Biezen member of Borgloon. 

D. clwctawensis probabl i onl a varict of D. globularis since intermediate type occur. 

D. globularis \ar. bradyi C mrA · (1915, op. cit., pt. 5, p. 12, pl. 8, fig. 1) i also 
pre n t in our material. 

Di tribution . 

.i\Ii<ldle Jliocen : Ilei · t 26 m. 
G rman pper ligoccne : A lrup 1753 , Ka -el 12667. 

plaria-cla~ : Pielzpuhl 10447 . 

. ucula-cla~ : Th. 522-524, BZ 4 6, 4 7, 490-493. 

ude-Biez n member : BZ 521, 540, 541, 544. 

Di corbi p. 

Rem ark . - A fe" minute Discorbis pecimen from the Tongeren region re emble 
Valvulinel'ia araucana (n'ORBIGi\i ), a figured b BnATIA from Wight (1955, Journ. Pal., vol. 29, 
p. 6 3, pl. 67, fig. 1). 

Di · tribulion. 

(ucula-cla : TK 524, BZ 493. 

Oude-Biezen member : BZ 540. 

IIeni cla : TB 216. 


