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Overlyina the and a discontinuous sand Lon layer was found, of 1 lo 5 cm thickness. The and­
Lones were soft, yellO\'Vi h-white and medium-arained. A ample yielded many sponge spicules, shell 

fragments, fossil casts and limonite . 
Above this level followed about 1 m of medium-grained quarlz sand, of ru Ly-brown colour and 

rich in limonite. Overlying it another di continuou andstone with about the ame features was observed. 
Sample WK 1145 of this sandstone yielded many sponae picules, echinid pines, some foraminifera 

(w ith nummulites), shell fragments and bryozoan debris. 
On top of thi and followed another metre of quarlz and with disper ed andslone piec . 

WL Perwez1 sandpit (250 m and 800 m E of the church-tower of Pcnvcz); al o point 131 (W ) lli6 
of the archives of the Geological Survey. 

\ i · j led .J U llC HJfVi. 

Sands of Brussels. 

'I he sand [ it showed alternating ru ty-brown and yellow and , with occa ion al orne black seam , 
many of them ome mm thick and of ome m lenglh. and tone piece we1·e not only found in very di -
continuous layer , but al o di per ed in the sand. 

WM Nil-Saint-Vincent, hollow road ide (350 m Sand 2. mW of the church-lower of 1 il- aint-Vincent). 

Visited June 1954.. 

Sands of Brussels. 

A poor exposure of rusty-brown, medium-grained, quartz sand . 
The sample yielded echinid remains, sponge picules, fish remain and scarce glauconile. 

WN Mont-Saint-Guibert, sandpit (700 m N and 150 111 E of the church-lower of i\lont-, aint-GuilJ •rll; 
also point 130 (W) 224 of the archive of lhe GeoJoaical Survey. 

Vi ited .June H)51.. 

Sands of Brussels. 

Under a covering of 50 cm of Quaternary loe about G 111 of sands were expo ed. 
At the base these were yellowish-white, and medium-grained, with alternating horizontally lra­

tified and current-bedded layers (with dips towards the north . 
About 2 m above the bottom occurred a disconlinuous 30 cm band of sand-Lone pieces lhal ,.,,. r 

sometimes fistulose. 
Then followed anolher 1,30 m of dislinctly current-bedded sand wilh again dip in nol'lhern dir c­

lion, and with tubulations. 
After another sandstone layer of 30 cm, the section ended wi lh current-bedded ru ty-l>rnwn sand· 

and loess. 

WO Mont-Saint-Guibert, abandoned sandpit (900 rn N of the church-lower of Ionl-Sainl-Guiberl); al:o 
point 130 (W) 198 of the archives of the Geological Sun·ey. 

Yisiled June 195'i. 

Sands of Brussels. 

Rusty-brown, medium-grained sands conlained weathered, as well a unwealhered, and lone pie­
ces, dispersed in the sand. 

Sample WO 1148 of some soft andslonc piece· yielded ~01ue furnrninift•1·a, spun;;1· :picultos, <•1·hi11id 
pines, hell fragmenls, elc. The foraminifera were moslly iliceous ea ls. 
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WP Mont-Saint-Guibert, abandoned sandpit (300 m N and I100 m E of the church-tower of Mont-Saint­
GuiborL) . 

Visilod June i954. 

Sands of Brussels. 

Somo poor exposures showed brownish-green Lo yellow, rather coarse-grained sands with some 
!iUUdslone pieces. 

WQ HeviJlers, hollow roadside (400 m N and 700 m E of the chmch-tower of Hevillers); also point 
i30 (W) 223 of the archives of the Geological Survey. 

Vi siled June HJ!)l1. 

Sands of Brussels. 

A poor expo ure of green, clayey, fine-grained, glauconitic sand, below a greyish-white sandstone 
hank of 5 cm thickness. 

WR Tilly, rnndpit (300 m N and 250 m W of the church-tower of Tilly); also points i30 (W) 5 and 6 
of the archives of the Geological Survey. 

Vi. itccl .Juno i054. 

Sands of Brussels. 

About 5,50 m of ands were covered by 50 cm of QuaLernary loess. 
Al the base the rather coarse-grained quartz sand was brownish-green, higher up it was of paler 

colour. 
AhouL i,iO m above the base the remainder of a sandstone layer was found as whitish patches of 

about 7 cm height. .\ ample of this level appeared to be rich in sponge spicules,and also some echinid 
spines wen' encountered . 

Upwards the and was rich in ferruginous bands and dispersed sandstone l)ieces, ofLen soft and 
weathered. 

SHEET ATH 

XB Frasnes-lez-Buissenal, hollow roadside (2.350 m N and i.iOO m E of the church-tower of Frasnes­
lez-Bui enal); al o point i13 CW) 108 of the archives of the Geological Survey. 

\ 'isilcd .July i95'1. 

Sands of Mons-en-Pevele. 

A ample was taken from calcareous, sandy clay of yellowish-brown colour, possibly slightly con­
larninaled with overlying Quaternary loe . 

The wa-h re idues contained carce nummulites, shell fragmenls, glauconite, elc . 

XC Frasnes-lez-Buissenal, hollow roadside (2.450 m N and 1.300 m E of the church-tower of Frasnes­
lez-Buissenal ); al o poinL 113 (W) 11.1 of the archives of the Geological Survey. 

Visited July 1954. 

Sands of Mons-en-Pevele. 

A sample, XC 1226, \Va taken from brownish, sandy, calcareous clay, with nummulites and piece 
of nnmnrnlilic sandstone . 

Tlw wash re~irlue sho\\'ed a fail'ly rich micrnfauna, shell fragments, sponge spicule , echinill 
spines, fish remains, hryozoan debris, elc. 
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SHEET IEPER 

YA leper, claypit of the cc Verenigde Steenbakkeri jen van Ieperen ,, (1.650 m N and 400 m E of the 
church-tower of l eper ); also point 81 (E) 128 of the archives of Lhe Geological Survey. See fig. ii. 

Visited September i953 and May i954. 

Clays of leper. 

The lower part of this section was formed by dark grey to blue-grey, allernaling sandy and slight­
ly sandy, clay wi lh gradual transitions belween the beds. 

About 4 m above the boLLom of lhe pit an indislinct rnsly-brown level separated oxidized from 
unoxidized clays . .\ bove lhis brown hand, grey-brown sandy clay was met with, up lo lhe base of lhe 
Quaternary loess. 

Out of the series of samples, only sample YA 262 contained some fornminifera, assoc iated with 
glauconite, quartz, silex fragments, and muscovile. 

The \Yash residues of the other samples yielded some pyrite, fish remains, sponge spicule. and 
gypsum. 

VB Zonnebeke, claypit of lhe" Briqueterie Van Biervliet,, (1.600 mW of lhe church-lower of Zonnebeke); 
also point 82 (Vi) i32 of lhe archives of the Geological Survey. See fig. ii. 

Visited September i953 and May i954. 

Possibly the section contained the contact of Clays of leper and Sands of Mons-en-Pevele (partly developed 
as Clays of Roubaix). However, the possibility of a sandy lens in the higher part of lhe Clays of leper 
cannot be excluded. 

The basal 50 cm of the section were formed by plastic, greenish-blue clay, omelimes slightly illy 
and with rusty-brown weathering colours. Higher up the clay gradually became siltier and greener. 

Two samples of this lower clay yielded some shell fragments, fish remains, pyrite, etc. 
About 80 cm above the base, a 50 cm of blue-grey, slightly clayey, sand was found, higher up more 

rusty-brown to grey. There were traces of current-bedding. 
Overlying this sand we encountered a gravel bed, rich in silex, locally double with a maximal e­

paration of i5 cm. 
In the higher parl of the section various clayey sands allemaled. Greenish colours changed into 

rusty-brown ones. At some levels some current-bedding and also small Lubulations appeared. 
Two samples from the higher sands contained much glauconite, fish remains, muscoYite , sponge 

spicules, shell fragments, etc . 

YC Ledegem, claypit of the cc Mekanieke Steenbakkerij Edouard Dumoulin ,, (!i.700 m N and 1.500 m E 
of the church-tower of Ledegem); also point 82 (E) 53 of the archive of lhe Geological Survey. 
See fig. ii. 

Visited September i953. 

Clays of leper. 

The base of the section \Hl S formed by 5,50 m of silly clay, wilh a less silly lower part. Colours 
were blue-grey with some rusty-brown to grey, perhaps more sandy, patches. Pyritiferous spots were 
found. 

Upwards lhe clay passed into sandy clay, the boundary being well visible by colour variations of 
the dry clay. This sandy clay was greyish-green, and it contained rather much muscovite in the basal 
parts. Furthermore, it showed some irregular sandy bands of some millimetres lhickness. 

On lop of these 3 m of sandy clay followed 40 cm of whiti sh, silly deposiLs, with greener, llHJJ"e 

clayey levels; next we goL an aboul iO cm rusty-brown band, and finally oxidized, more or less sandy clay. 
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Two samples, YC 293 and 295, conlained some foraminifei-a, in addition to fish remains, shell 
fragmenLs, echin id spines, gypsum, muscovite, etc . 

YD Kemmel, abandoned sandpit (700 m S and 500 m W of the church-tower of Kemmel); also point 
95 (W) 30 of the archives of the Geological Survey. 

VisiLed May 1954. 

Perhaps Sands of Vlierzele. 

Only some poor exposures directly below the Quaternary loess . These showed rusty-brown lo 
green , raLher coarse-grained, sand with glauconite in variable quantities. 

YE Kemmel, hollow rnudsi cl e (450 m S and 600 mW of th e church-tower of Kemm el) . 

VisiLed May 1954. 

Clays of Asse. 

Greyish-green, slightly silly and glauconiLic clay from a freshly-cut rnadside was found to contain 
limonile, ome silex fragments, some indeterminable foraminifera and shell fragments. 

VF Voormezele, hollow road . ide (900 mW of lhe church-tower of Voormezole) . 

Visited May 1954. 

Clays of leper or Clays of Rouhaix. 

A sample of glauconitic, micaceou , greyish-green, sandy clay yielded muscovite, glauconite, etc . 

SHEET GENT 

ZA Gent, niver-ily Library and Geological Institute, Rozierstraat. 

Visited September 1953 and June Hl54. 

Sands of Lede and Clays of Asse. 

During a vi il lo the garden of the University Library Dr. D.A.J . BATJES took some samples from 
freshly-made pits. 

One sample (ZA 583) wa taken from fine-grained, yellowish-grey sands, with glauconite, nummu­
lites and hell fragments (Os trea, Solarium). In the wash residues we found many foraminifera and 
ostrncods in addition lo . hell fragments, Dilrupa, fish remains, bryozoan debris, echinid spines, radio­
larians, etc. 

Another ample of greyi h-brown plastic clay was taken in the south-western part of the garden. 
In the wash re idue there were some glauconile and silex fragments. 

Excayalion near the Geological Institute exposed glauconitic, yellowish-green, sandy clay, which 
yielded glauconite, mu covite and ome calcareous fragments . 

'l'hrough the courtesy of Ir. R. MARECHAL, of the niversit,r of Gent, some samples from the Clays 
of Asse were obtained, which had been recovered during the construction of the Geological Institute. 

These amples (ZA 1242-1244) came from the ba al beds (with numerous shells) of the Clays of 
Asse . All contained rich foraminiferal faunae, with ostracods, shell fragments (as Pecten corneus), bryo­
zoan debris, echinid spines and fish remains, etc. 

ZB Vlierzele, rnndpit (800 m and 150 mW of the church-tower of Vlierzele) . 

Visited Seplernller 1953, May and Seplember 105'1 . 
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Sands of Vlierzele (type-locality) and Sands of Lede. 

In the soulhern wall of lhe pil, the ba al part of lhe eclion consislecl of cross-bedde I sands with 
dominating soulhern dips. The sands were rnLher medium-grnined, brownish-green, with some mus­
covite . The bedding was visible Lhrough varialion in lhe glauconite conlenLs of Lhe 1 Lo 10 111111 laminae. 

Aboye this sand followed 15 cm of indi linctly horizonLally bedded, medium lo coarse-grained, 
greyish-brown Lo green sands. About 5 cm above Lhe base of Lhese sand a 3 lo 10 mm lhick, di ·con­
linuous lignile band wa pre ent, variable in distance Lo the base. 

Overlying Lhese ands a second, more conLinuou , lignite band was rneL with. 
Upwards currenl-bedded sands were found again, now wilh Lhe inclinaLions mainly in norlhern 

direclions. This layer of ahoul 35 cm consisted of medium lo coarse-grained, greyish-while and~. wilh 
lignite particles and brownish spots and bands. The bedding was again visible hecnuse of different 
glauconite contenl of Lhe various laminae. 

Another 65 cm of cro s-bedded sand with many lignite parlicles hawed variable dips. 
In lhe whole complex the bedding wa furlhermore apparenl by Lhe presence of mall clay heds 

inlercalaled in lhe sand. A sample from the base of the expo ure yielded glauconile, sponge . picules, 
limonite, etc. 

0Yerlying the de cribed complex, 1,20 m (with gradually decrea ing Lhicknes · toward · lhc north 
of indistinctly hedded, brownish-green, mecliurn--grained · and wa· oh erYed, with glauconile ancl much 
rn Ll SCOYi le. 

:\bO\·e the laller ands of the Sand · of Ylierzele 6 cm of coar-e quartz ,;and with disperst>d pehlJlp,.; 
wa found containing many Leelh of fishe (mainly of sharks). 

Th is gm vel was covered by abou L 5,70 m of fi ne-"'rained , . ligh ll~- glaucon i I it: sands, wi lh 111 uch 
limonile. The and was slightly micaceous, and contained . ome mu1·e or lp,.;..; dt·t·alcified "lll'l'illlPlh of 
Solarium dumonli. 

\Vash residues of · orne ::amples contained :'<111 1e ,.,f1 t• ll fra.,.111enl:>. 
In the extreme southern corner of lhe pil, a Yery calcareous inlercaluliu11 ot:cuned near the uu l ' 

of lhe laller sands . The position relalin lo lhe gravel heel could not exactly be eslahli hed, but possibly 
the samples were only a few decimetres from this bed. 

The calcareous sands were indurated and greyish-white, rich in shell fragments and nummulit es , 
glauconile and muscovite. 

The ·wash residue of both samples, ZB 1021a and 1022, contained a rather rich microfauna in 
addition lo shell fragments, Ditrupa, echinid and fish remain , ponge spicules, Ptc. The forn111inif111·a 
were strongly incruslaled and hard to determine. 

ZC Cordegem, andpit (800 m S and 1.500 111 E of the thurch-lower of Oordegem); abo poi11I 71 E) f~, 
of lhe archiYe of the Geological SurYey. 

Yisiled September 1953. 

Sands of Lede. 

About 3 m of yellowish-green lo grey, fine-grained ands ·were exposed, containing some inegular 
rnsly-brown bands. Near the base of the pit the pre ence of some shell fragments was observed. 

Half way the section occurred about 10 to 30 cm of coar e-grained sands, wilh hyaline, well-1·oun­
ded, coarse quartz grains. The bedding was somewhat irregular. 

rrhe sample yielded no foraminifera , bul a ample from helow lhe coarse sancl yiPlch•cl somP frat;"­
menls of Solarium. 

ZD Bambrugge, abandoned quarry " Steenberg" (300 m :"\ and 1.100 m E of Lhr chul'ch-lower of 
Bambrugge); also point 71 (E ) 186 of the archives of lhe Geological Sun·ey. See fig. 12. 

Visited September 1953, ~fay and September Hl54. 

Literature: 

M. LERICHE, 1926, Bull. Soc. helge Geol., vol. 36, pp. 129-137. 
F'. DARTEVELLE, 19111, Bull. Soc. helge Geol., vol. 50 , pp. 11t8-ili9. 
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Sands of Lede. 

During our visiLs Lhe secLion, described by LERICHE, was found to be still partly intact. rrhe bottom 
of Lhe pit had been filled up, so LhaL only the upper nummulitic limestone band (1) could be seen. The 
claybeds of the western part of Lhe pit were covered and overgrown, but the «gully» was clearly visible. 

rrhe exposed sands were fine-grained, yellowi sh-green, and (except for the decalcified parts) ri ch 
in numrnuliles and shell fragm ents, associated wilh glauconite and muscovite. 

Ba 
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F1G. 12. cbematic section of ZD, Bambrugge (after LERICHE, l!l26). 
I' : loess; C : grey clay; B : green-grey, glauconitic clay; A : fine-grained 
:-.and with clay strings; 1, 2 and 3: layers of sa11dy li111 estone; 

a, b ai1d c : sampled sections. 
Scale : \'e1t. 1 : 200; hor. 1 : 500. 

'l'he sample were laken at three places (see figme): 

a) ZD 1011-1015, below the limestone bank. 

The lowermo L (ZD i01i) i,70 m below lhe base of the bank, and the other samples following at 
mutual dislance of 40, 50, 50 and 30 cm, respectively. 

From bollom lo lop a gradual decrease was found in the amount of nummulites and shell frag­
menLs, while lhe grain- ize gradually became finer and lhe colour changed from green-yellow to yellowish, 
possibly a a con equence of the diminishing glauconite contents. Only the uppermost sample, ZD 1015, 
ctirecLly below the limeslone bank, was again very rich in nummulites, which were often concentrated in 
small pockets. HO"weYer, lhi sample was poor in mollusc fragments, but rich in fragments of Ditntpa. 

The wa h re idue of these samples were rich in foraminifera and ostracods, in addition to shell 
frngrnenL, bryozoan debri , echinid remain , Ditrupa-lubes, etc . 

The ha al urface of the lime lone bank was inegular, causing the thickness to vary between 30 
and 33 cm. The limeslone il elf wa formed by many nummulites and shell fragments (as Ostrea) . The 
nummuliLe were mo lly concenlraled in small pockels and discontinuous layers, more or less parallel 
Lo lhe surface. The lime lone contained many small cavities, usually formed by dissolution of the shell 
frngmenls. Furthermore, Ditrupa-tubes, bryozoan debris and gastropods. 

Ahove the lime lone followed sandy material, which was partly decalcified. 

b) ZD 342, 343, 1016, 1017. 

ZO 3'1:2 direclly underlay lhe ba e of lhe Qualernary; ZD 343, between a and b, must be at about 
the level of the locally cti ~ olved lime lone; also Lhe samples ZD 1016 and 1017 were taken slightly below 
the lime Lone level. 

rrhe wa h re idue of lhe e samples yielded a fairly rich microfauna and many organic remains, 
such as shell fragments (a Ostrea, Pecten, Solarium , Nautilus), Ditrupa-tubes, echinid remains, coral 
frngmenLs (Turbinolia), fi h remains, bryozoan debris, sponge spicules, radiolarians, etc . 

t) Some pieces of nummulitic limeslone ·were found, probably the continuation of bank 1, which 
parLly escaped from decalcification. 

SRmple ZD 340 had aboul Lhe same idenlical wa h l'es1dues as the other samples . 
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Clays of Asse. 

The deposits in the centre of the «gully" showed a sandy base, mainly consisting of glauconite. 
In the wash residues the glauconite was associated with quar tz, silex fragm ents, pyri te, limonite, sand­
stone fragments and muscovite. 

On this base, abou t 4 cm thick, followed 6 to 10 cm of ferruginous fin e-grained, ru sty-brown to 
yellow sand, with dominant quartz, some glauconite and limonite . 

Upwards clay was found w ith silex gravel at the base. The clay w as green , glauconiti c and sandy. 
In the wash residues also sandstone pieces, some muscovite, limonite and quartz w ere found. Anoth er 
gravel bed occurred 20 cm above the base of the clay. 

The w all of the w estern gully side was of regular form , dipping about ii 0 to th e center. Locally 
the section was covered . At the eastern side the wall s w ere somewhat steeper, more irregular and some 
sand tongues were found . The sand of these tongues \vas apparenll y decalcified Sands of Lecl e. 

ZE Lede, sand11it (600 111 S and 400 111 W of the church- low er of Lede) ; also point 7 L (E) 72 of the arch ives 
of lhe Geological Survey. 

Vi sited May i954. 

Sands of Lede and Clays of Asse. 

The basal pa1-t of the exposed section was fo r med by 3 m of fine-grained, w h itish sand, with some 
glauconite and 111uscovite. 

Ovel'lying these sands a band of some centimetres of Yery glauconitic, green lo black, clayey uncl 
was found . Upwards 20 cm of sand was present, rnsty-brown and ferruginous, forming lhe base of 
sandy glauconitic clay . Of this clay about i lo 2,50 m were expo ed below the cover ing Qualernu ry loes 

ZF Balegem, sandpit (200 m S and 600 rn E of th e church-tower of Balegem ) . 

Vi sited May i954. 

Sands of Vlierzele. 

Under 60 cm of Quaternary loess, 4,iO rn of current-bedded, glauconitic sands were exposed, with 
only near the base of the loess a zone w ith a very indistinct stratification or none at all. About 50 cm 
below the loess two bands with much limonite were noticed . 

At some places the ser ies of current-bedded sands were interrupted by thin clay beds. Toward :> 
the base of the pit the sands became sligh tly clayey and the bedding was indicated by some, small and 
flat clay lenses at the base of the beds, in addition to variations in the glauconile contents of lhe variou 
layers . Near the base also some lignitic spots were found. 

ZG Balegem, hollow roadside (350 m S and 750 m E of the church-tower of Balegem) . 

Vi si ted May i954. 

Sands of Lede. 

A poor exposure of very calcareous, fine-grained, greenish-white sands with some glauconite, num­
mulites and shell fragm ents. 

The w ash residues of sample ZG 1025 yielded a rich microfauna, shell fragments, echinid remains, 
bryozoan debris, fi sh remains, sponge spicules, radiolarians, and coarse qual'tz grains, silex fragments, 
some glauconite and muscovite. 

ZH Gijzenzele, sandpit (i.700 m N and i.250 m E of th e church-tower of Gi jzenzele); also point 70 (E) 56 
of the archives of the Geological Survey. 

Visited May i954 . 
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Sands of Vlierzele. 

Two rneLres of cross-bedded, YaLher coarse, glauconiLic sand wei-e exposed, mainly of greenish­
whi Le colour with rnsLy-brown spots . The bedding was visible from variations in the glauconite contents 
and also from some flat, indurated, clayey lenses. Horizontal rusty-brown bands became more distinct 
and thicker higher upwards. 

ZJ Munte, sandpit (150 m S and 700 m W of th e church-tower of Munte); also point 70 (W) 204 of 
the archives of lhe Geological Survey. 

\ 'isiled June i954. 

Sands of Vlierzele. 

'I'he secLion showed about 4 m of currenl-bedded sand wiLh main dips towards the NE. 
The sand was medium-grained, brownish to yellowish-green, and with variable glauconite con­

len ts. Some clayey lenses and some indisLincL lubulations (probably of worms) were encountered. 
'rhe bending wa visible by variations in Lhe glauconite contents, intercalated clayey lenses, and 

discontinuou layer of blue-grey Lo yellowish-white, hard sandstone pieces with some remains of fossils. 
'!'he conlacl wilh the Quaternary loess was formed by the remnants of a weathered sandstone bed. 

ZK Gavere, aba11clo1H:Li sandpit (300 Ill S ancl 300 1t1 E of the chul'ch-Lower of Gavere); also point 70 (W ) 26 
uf lhe archives of lhe Geological Survey. 

\'isiled June 1954. 

Sands of Vlierzele. 

'I'he ba al part of lhe wall was formed by about 20 cm of greenish-yellow sand, on which followed 
a complex of 1 lo 3 m thickne of allernaling irregular beds of glauconitic sands and greenish-yellow to 
llrown, clayey sand~. 

On this complex 1,50 m of cunenl-bedded and~ were found, covered by Quaternary loess. 

BORINGS AND OTHER MATERIAL OF THE COLLECTION 

OF THE GEOLOGICAL SURVEY OF BELGIUM 

Aalter-Sainte-Marie, walerhoring (.-\ ugu t 1925); point 53 (E) 36 of the archives of the Geological Survey. 

Sands of Mons-en-Pevele. 

Four foraminiferous sample , derived from lhe interval between +5 and +0,50 O.D. Oostende, 
ha\'E' Ileen laken from Sand of Mons-en-Pevele, with a clayey intercalation. 

No. 21 ( +-i +3 O.D. Oostcnde) : fine-grnined, grey sand with many shell fragments and nummu­
liles (recorded a i\'ummulites planulatus). 'l'he wash residues yielded some other foraminifera, shell 
fragments (mainly O. trea ), Ditrupa, fi h remain , bryozoan debris, coral remains (Turbinolia), echinid 
spines, elc. 

No. 22 ( +3. +2,50 O.D. Oo tende) : a sample no. 21, but less frequent organic remains . 
No. 24 ( +'21+1 O.D. Ooslende) : fine-grained, greenish-grey sand contained a small microfauna 

(with nummuliles), shell fragments, echinid spines, sponge spicules, etc. 
No. 25 ( +1, +0,50 O.D. Oo tendc) : slightly clayey sand appeared rich in nummulites, wi~h shell 

fragment s, bryozoan dehri", echinid spines, sponge spicules, etc. 

Asse, waterboring (October 1934); poinL 87 (W) 89 of the archives of the Geological Survey. See fig. 13. 

9 
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Sands of Vlierzele. 

The deepesL part of the secLion of this bore hole was fo rmed by deposits, that possibly belonged 
Lo a clay member at the top of the Sands of Vlierzele. 

No. 46 was from grey, plastic clay; sample no. 45 from grey, sandy clay. The wash residues of 
both samples conLained some foraminifera (with nummuliles), echinid remains, shell fragments, fish re­
mains, some glauconite, etc. 

Sands of Lede. 

'l'he grey sandy clay was covered by 8 m of grey, fine-grained, nummulitic, calcareous sand, slight­
ly clayey in the basal part, and with some coarse quartz grains in 43 and 44, bone fragments in 44. 

All the samples, 37-44, were more or less foraminiferous and contained many other organic remains, 
such as shell fragments , /Jitrupa-lubes, ostracods, and also pyrite, elc. Intercalated there was a sandy 
lime lone, frngmenl uf which were found in almost all the samples. 

Sands of Wemmel. 

The Sands of Lede were covered by 5 m of sands, in the lower part grey and with many sandstone 
fragments, upwards green-grey and more or less clayey. There was a gradual transition into the over­
lying sandy clays . 

The base of the Sands of Wemmel was probably marked by sandstone fragments, coarse quartz 
grains and many (oflen worn) organic remains. No distinct gravel was found. 

The two lower samples, 35 and 34, were rich in elements that had probably been derived from older 
ediments (as worn foraminifera). Samples 33 and 32 dit not contain these worn elements. All samples 

wern rich in nummuliles, and contained, furlhermore, ostracods, sponge spicules, shell fragments, bryo­
zoan debri , elc. 

Clays of Asse. 

The overlyincr 10,50 m of clays graded into the Sands of Wemmel. The transitional beds were 
formed by andy clay , rich in glauconite and shell fragments ( as Pecten corneus), and with nummulites 
and olher foraminifera in samples 30 and 29 . 

. \ t 30 m depth this andy clay passed inlo grey clay with large, conspicuous glauconite grains, 
which dimini hed in quantity upward . Half way the clay was plastic, and with rare glauconite. 

Towards the lop the clay again became sandy. 
The wa h re idues yielded scarce shell fragments, glauconite, pyrite, etc., and in some samples 

fi sh remain , echinict pine , and at 27 m some ostracods (Schi::..ocythere appendiculata). 

Sands of Asse. 

The andy clay of the top pa ed into grey-green, medium-grained rnnds with some sandstone 
fragment and pyrile. Coar e, mainly black, silex fragments were present in all the samples from this 
sand. Only in 17 a mall foraminiferal fauna was found. In this sample there were also some shell 
fragments and bryozoan debris; in all samples some glauconile and muscovite, etc . 

This sand was covered by grey, plastic clay, with some glauconite, pyrite, muscovite and silex 
fragm ents in lhe wa h re idue of the investigated samples . 

The top of the plastic clay was glauconitic and yielded some radiolarians. 
'l'he overlying clayey sand was also distinctly glauconitic. It formed the base of a complex of 

clayey sands and sandy clays. 
All the investigated samples of the e beds contained some glauconite, muscovite, some fish remains 

and radiolarian , elc. 
The lop of the section was formed by 6 m of Quaternary loess wilh some gravel at the base. 

Brugge, \vaterboring at the firm De Laere, Fort Lapin 26, Brugge (March 1953) ; point 23 (W) 350 of 
the archives of lhe Geological Smvey. 
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Sands of Mons-en-Pevele. 

rrhe base of Lhe column of Lhe bore hole was formed by fine-grained, grnen, glauconiLic and mi ca­
ceous sands. 

Sample 24 (-47/-56,50 O.D. Oostende) contained some foraminifera, shell fragments, sponge 
spicules, sandstone and lignite fragments, etc. 

Clays of Roncq. 

On top 5 m of grey, plastic clay with some shell fragmenLs. 

Sands of Vlierzele (?) . 

Higher up followed green, glauconiLic, a11d micaceous sands wiLh inlel'sl rnLi fi ed gree ni sh sand­
stone beds. 

The top part of the bore hole passed through Quaternary sands wilh Cardium edul e, Hydrobia, 
Tellina, etc ., with the base at about 14 m depth (- 8 O.D. Oostende). 

Brussegem, waterboring at the brewery of Mr. Dekeersmaeker (September-October 1919); point 72 (E) 75 
of the archives of the Geological Survey. See fig. i3. 

Sands of Lede. 

rrhe basal part of Lhe column was formed by fine-grained, grey-whi te sands wiLh many nummu­
lites and shell fragments (Peeten , Ostrea, etc.). Intercalated occurred three sandy limeslone beds, the 
upper one of which close to the contact with the overlying Sands of vVemmel. 

The investigated samples (33, 29 and 28) yielded rich microfaunae, many shell frngments, echinid 
remains, sponge spicules, fragm enls of calcareous algae (Uteria). and mostly fine-grained glauconile, mu -
covite, pyrite and silex fragments. 

Sands of W emmel. 

The overlying sands were at the base medium to coarse-grained (27), rich in worn numrnulile , 
shell fragments (Ostrea, Pecten, etc.), Ditrupa, coral remains (Turbinolia), bryozoan dehris, etc. 

Upwards the sands were fine to medium-grained, sometimes sligh tly clayey, and wilh nummulile 
and shell fragments. 

The basal samples (25-27) were very rich in foraminifera, probably partly deri v cl from older 
sediments. The higher samples (24-17 ) also contained rich microfaunae. The wash residues of all the c 
samples yielded also many other organic remains, glauconite in variable amounts, silex fragmenl and 
occasionally some muscovite and pyrile. 

Clays of Asse. 

The overlying sediments began with a clayey, glauconitic, nummulitic, green-grey sand (sample 16 : 
with foraminifera, shell and bone fragments, echinid spines, ostracods, much glauconite, etc.) . 

The overlying clay was sandy and glauconitic at the base (sample 15 with some foraminifera). 
Upwards it was plastic and grey, more or less glauconitic in the lower part. The samples above 15 were 
devoid of foraminifera, but the glauconitic lower part yielded some shell fragments. 

At the top the clay became sandy and micaceous, passing into green, clayey sand (p robably the 
transition into the Sands of Asse). 

The top of the section was formed by Quaternary loess with sandy gravel al the base. 

Gent, canal encircling Gent, near the level of the road to Kortrijk. 

Sands of Mons-en-Pevele. 

Ir. M. GuLINCK, of the Geological Survey of Belgium, kindly gave a sample from the Sands of 
Mons-en-Pevele of this locality (indicated as sample Gent) . 
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In Lhe wash residues shell fragments, nummulites and a few other foraminifera, coral fragments 
(Turbinolia), ostracods, bryozoan debris, fish remains, etc . 

'rhrough the courtesy fo Dr. VAN VooRTHUYSEN, of the Geological Survey of the Netherlands, 
a sample was obtained probably from about the same level (sample 24912 of the collections of the 
Geol. Survey of the NeLherlands). 

Wash residues with nummulites and some other foraminifera shell fragments coral remains ( as 
Turbinofia ), Ditrupa-frngments, sponge spicules, bryozoan debris, o~tracods, etc. ' 

Heist-op-den-Berg, waterboring near the Rijksmiddelbare School (1951) ; point 59 (E) 140 of the archives 
of the Geological Survey, ground level aL +26 O.D. Oostende. 

AL i20,50 rn depth Oligocene (Boom Clay) overlay sandy deposits, which possibly belong to the 
Sands of Wemmel. 

Sands of Wemmel (q uestionable for 129 and 129,50 rn). 

A continuous c:eries of samples was studied from 121,50 m down to 129,50 m with regular intervals 
of 50 cm (excepL for sample H. 125 m which was lacking) . 

,\Jl lhe samples were formed by fine-grained, greenish-grey, glauconitic and more or less calca­
reous sand with nummulite . Especially lhe samples H. 129 m and H. 129,50 m were rich in organic 
remains (mainly nurnmulites). The wash residues of all samples contained more or less rich microfaunae, 
bryozoan debris, coral remains, bone fragments (probably fish remains), echinid spines, Ditrupa (especial­
ly at 121,50 rn ), some radiolarians, sponge spicules, and glauconite, muscovite and sometimes coarse 
quarlz grnins. The shell fragments partly belonged lo Pecten corneus and Ostrea. 

Hoboken, wat rl>oring at the " Usine de desargentation ,, {1913) ; point 43 (W ) 91 of the archives of the 
Geological Survey. 

Possibly Sands of Vlierzele. 

The bore hole ended al - 151 O.D. Oostende, in slightly sandy, grey clay, overlain by 17,70 m of 
greenish-grey, clayey sands with greenish-grey sandstone at the top. 

Sands of Lede. 

1 he erie continued wilh H,95 m of fine-grained, grey sand with nummulites (numerous near 
the lop) and hell fragment (Ostrea in/lata, Pecten, etc.) with some pyrile concretions and sandstone. 

Two amples were studied: no. 19 (- 132,45/- 121,00 O.D. Oostende) and no. 16 (- 119,50/ -117,50). 
The wash residues of both amples yielded a fairly rich microfauna in addition to shell fragments, echinid 
remains, Ditrupa, bryozoan debri , ponge picules and radiolarians. 

Sands of W emmel. 

lfigher up followed 0 Tey pla lie clay (3,75 m) and grey sand (4,70 m) with glauconitic sandstone. 
Sample 15 (- J 17,50 - J15,50 O.D. Oostende) and 14 (- 115,50/ - 113,75) of the clay contained a fairly 

rich foraminiferal fauna, al o hell fragments, ostracods, etc. 
The .and above the clay ( ample 13: -113,75, -109,05 O.D. Oostende) showed a relatively rich 

micrufauna with nummulite in addilion lo shell fragments, Ditrupa, sandstone fragmenls, etc. 

Clays of Asse. 

U1nntrds abouL 12 m of clay was found, yery glauconitic and sandy al the base, with nummulites 
and shell fragment (mainly Pecten corneu ). 

Salllph• 12 ( IOD,Oil ' -108,00 O.D. OosLende), of Lhe glauconilic base, yi0lded a rich microfauna, 
shell fragments, bryozoan debri , bone fragments, echinid pines, elc . 

. \.!Jove lhis glauconilic, sandy clay, the clay was grey and plaslic. 
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Sands of Asse. 

Higher up the series continued with 6 m of grey sand with glauconite, then L1 m of grey, plastic 
clay, and 10 m of green sand. 

The overlying deposits belonged to the Boom Clay. 

Lede, small sandpit owned by Mr . Hartog (50 m S and 600 m E of the church-tower of Lede); also point 
71 (E) 57 of the archives of the Geological Survey. 

Sampled by M. MOURLON (1880). 

Sands of Lede. 

The sandpit showed 2 to 3 m of sand with interstratified sandy limestone beds, covered by 0,40 lo 
1,60 m of Quaternary loess. 

The base of the section was formed by yellmvish-while sand with grarnl (mainly of worn num­
mulites, shell fragments , echinid remains, and also with perforated sandslone pieces and worn teelh of 
sharks). 

On top came fine-grained sand with nummulites, over a height of 1,50 m, with above the bnse lwo 
sandy limestone beds of 10 to 15 cm thickness at 0,90 and 1,35 m, respectively. 

The highest part of the sand was formed by yellow sand with some gravel. 
Sample 2-V , from the lower sands, directly above the gravelly sands yielded a rich rnicrofauna 

and many other organic remains. 

Lokeren, waterboring (July 1906); point 41 (E) 3 of the archives of the Geological Survey. Sec figure 13. 

Sands of Lede. 

The deepest part of the section was formed by about 3 m of pale-grey, fine-grained, nummuliLic 
sands, with two interstratified sandy limestone beds. 

The samples, 29, 27, 26, contained many organic remains, such as a rich micrnfauna, hell fra"'­
ments, bryozoan debris, etc. 

Clays of Asse. 

Upwards 5 cm of whitish clay, rich in shell fragments (as Ostrea) and nummulite formed the 
base of the Clays of Asse. Sample 24 appeared rich in foraminifera, associated with fish remains, , hell 
fragments, and ostracods. 

Upwards 50 cm of pale-grey, clayey sand, with nummulites, was observed, covered, lJy about 9 Ill 

of clay . The bulk of the complex was formed by grey, plastic clay, with slighlly sandy clay with glau­
conite at the base. 

The samples 20 and 19 \Vere from this sandy base. Sample 20 was rich in shell fragments and 
nummulites. Both samples contained rich micrnfaunae, accompanied by bryozoan debris, echinicl pine-, 
some radiolarians, etc. 

Upwards either Boom Clay or Sands of Asse, with a clayey intercalation were met with. On the 
figured section the notations of the archives of the Geological Survey were maintained. 

Mechelen, waterboring at the New Barrack of the Artillery (August 1905); point 58 (E) 18 of lhe archive 
of the Geological Survey. See fig. 13 . 

Literature: 

F . HALET, 1906, Bull. Soc. beige Geol., vol. 20, mem., pp. 61-69; 1910, ibid ., vol. 24, mern., pp. 57-61. 

Sands of Mons-en-Pevele. 

Upwelling water was encountered in the Sands of Mons-en-Pevele al a depth of 98 111 ( 91,30 O.D. 
Oostende). 

From this lithologic unit the samples 106 and 105 came from very fine-grained, green-grey sand 
with glauconite and nummulites . The wash residues yielded a fairly rich microfauna, shell fragments , 
echinid spines, sponge spicules, radiolarian~. lJone fragmen ls, und muscovite, clc. 
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Clays of Roncq. 

5 m of grey, plasLic clays were found . 

Sandy Clays of Anderlecht and Sands of Vlierzele. 

Upwards followed a complex of 28 m of alternating sands (mosLly fine-grained and with glauconite); 
clayey sands; sandy clays (grey, more or less glauconili c); grey, plastic clays; and some sandstone beds . 
Shell fragments were repor ted from some levels. 

Sample 84 from a sandy clay with sh ell fragments yielded some foraminifera, shell fragments 
(such as Oslrea) and echinid spines. 

The uppermost grey plastic clay had a Lop layer of green-grey, glauconilic, clayey sand. 

Sands of Lede. 

The hase of the overlying sands was formed by a greyish, glauconitic sand with worn remains of 
fossils (nummuliles, elc.) and coarse, hyaline quartz grains. Upwards coarse, worn elements were absent, 
but they reLurned in a sandy limestone, about 3,30 m above the base, w hich showed many worn num­
mulites, shell fragmenLs (Terebratula kickxi, Ostrea), Ditrupa, and some coarse, hyaline quartz grains. 

The ~nnds were fine-grained, grey, with nummulites and glauconile, and with interstratified 
sandy limeslone beds. 

Samples 70, 67, 62 and 60, of these sands, were all foraminiferous (and rich in nummulites), and 
contained many other organic remains, ~uch as shell fragments, bryozoan debris, echinid spines, Ditrupa, 
ostracods, sponge spicules, etc. 

Sands of Wemmel. 

The overlying fine-grained, glauconitic sands, with at the base some coarse elements (55) were 
slightly clayey, and rich in nummuliles and shell fragments (Ostrea ) (54). The wash residues of both 
samples were foruminiferous, associated with ostracods, echinid spines, shell fragments, fish remains, 
br~·ozoan rlebri , radiolarians, elc. 

Clays of Asse. 

Upward - a 0 Tey, slightly clayey, glauconitic sand was found, with worn nummulites and coarse 
silex fragmml (51 ) , and al o a small microfauna, shell fragments, echinid spines and pyrite. 

Then follO\\·cd fTn•y, clayey ~and (sample 50) with rnmc foraminifera (and nummulites), bone 
fragment , glauconile, pyrilc, elc. 

Higher up we oh erved pla lie, grey clay wiLh some scaLLered glauconite grains. The upper metre 
of lhe clay wa reported to he micaceous. 

Sands of Asse . 

The Clays of A se were overlain by sands Lo clayey sands, both glauconitic and green-grey . The 
overlying clay beds were more or le sandy and micaceous, in the lower parl plastic and at the top very 
micaceous. 

The upper ands (perhap Sand of Berg) were very micacous in the lower part, glauconitic near 
the lop, of grey to grey-brown colour, medium lo fine-grained, and with shell fragments (reported as 
Cyt!trrra). 

Owrlying, sand~·, miraceou cla~·s of lhe ba e of lhe Boom Clay were found. 

Oostende, walerburing al lhe " Palais des Themies " (1931); point 21 . 122 of lhe archives of Lhe Geological 
Surwy. 

Sands of Oostende. 

Five samples of lhe de1iosils underlying the Clays of leper w ere studied . 
These sam11le came from depths between 174 and 186 m (-165 and - 177 O.D. Ooslende). 
The upper three samples (between 174 and 177,72 m) were formed by grey, slightly cla~·ey sands 

with pyrile concrelions and many shell remains (M elania inquinata, Melanop is buccinoides, 1Yatica 
rlrs!wyrsin11n, .Y. consobrina). 
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The two lowermost samples, of plastic, grey clay and grey sand, respectively, were also rich in 
shell rnmains (Cyrena cunei/ormis, lVlelanopsis, Corbicula, Mylilus, Turritella ). 

The wash residues of all samples yielded many shell fragments, pyrile and mainly black silex . 
The sample from sands between 174,52 m and 175,00 m conLained some ostracods (Cyprideis sp.). 

Vinderhoute, waterboring no. I (January-April 1942); point 55 (W) 784 of the archives of Lhe Geological 
Survey. See fig. 13. 

Sands of Mons-en-Pevele. 

The lowermost sands were formed by fine-grained material, with nummulites and shell frag­
ments. 

All samples (119, 117, 116, 111 , 110, 107 and 106) of this uniL yielded some foruminifera (wilh 
nummulites), associated with Dilrupa, ostracods, fish remains, echinid spines, bryozoan debris, sponge 
spicules, coral remains (Turbinolia), shell fragments (Ostrea, etc), radiolarians, Chara remains (i n ii6), 
and glauconite, muscovite, etc. 

Clays of Roncq (?), Sandy Clays of Anderlecht and Sands of Vlierzele. 

The overlying grey, sandy clays possibly belonged to the Clays of Roncq. No dala abouL the 
boring method were available, so that the variable clay contents of Lhe samples may be of questionable 
ongm. 

Both samples (105, 104) from these sands contained some foraminifera (wiLh nurnmuliles in i05) and 
ostracods, shell fragments, sponge spicules, hryozoan debris, echinid spines, ractiolarian , Ditrupa , fish 
remains, etc. 

Upwards more or less clayey sands with intercalated sandstone beds were found. The lower 
sandstones were recorded to have shell and nummulite fragments. The clay contents diminished 
higher up. 

Sample 102 from one of the lower sandstone beds yielded some nummulites and other forarninifera, 
associated with shell fragments, sponge spicules, ostracods, etc. 

There was no distinct boundary between the Sandy Clays of Anderlecht and the Sand of Vlier­
zele. We placed the boundary at about sample 65. 

These sands were fine-grained, grey and micaceous. Near the transition into Lhe Sands of Aaller 
grey, glauconitic sands were found, with soft sandstones and some shell fragments (Turrit ella). 

Two foraminiferous samples (65, 63) yielded shell fragments, lignite (partly pyrilised), sponge 
spicules, radiolarians, echinid spines, etc. 

The samples directly below the Sands of Aalter did not contain any foraminifera, buL shell frag­
ments, sponge spicules, lignite and some ostracods were present. 

Sands of Aalter. 

The overlying sediments were fonned by fine-grained, glauconilic, grey sands, wilh more or Jes · 
lignite and sandstone concretions . At the level of lhe highest sample occuned shell fragments of V cnrri­
cardia planicosta. 

All samples contained some scarce shell fragmenLs, sponge spicules, lignile (parlly pyrilised ), elc. 

The top of the column was formed by 20 m of Quaternary deposits. 

Wemmel. 

Through Lhe courtesy of Ir. GULI!\CK , of the Geological Survey of Belgium, a series of samples was 
obtained from a number of borings near Wemmel. These borings were made during lhe first exploration 
for the construction of a new road around Brnssels. 

Boring no. 10 (Zellik) (June 1955) (!100 rn N and 2.300 m E of Lhe ch urch-tower of Zt·llik) ; poinL 87 ( J~ ) 5'iD 
of the archives of the Geological Survey. 
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Sands of Wemmel. 

The lowee part of the section was fo rmed by calcareous, glauconitic, brownish sand with many 
fossils. These sands were present between 12,50 and 15 m (+48,35 and +50,85 O.D. Oostende), and were 
studied with samples of 12,50, 13, 14, 14,50 and 15 m. 

The wash residues of all these samples yielded a fairly rich microfauna and many other organic 
1·emains, such as shell fragments (Pec len corneus, etc .), bryozoan debris, Ditrupa-tubes, coral remains, 
echinid spi 11cs, sponge spicules, radiolarians, etc . 

Boring no. 14 (Wemmel) (June 1955) (1.900 m S and 150 m E of the church-tower of Wemmel) ; point 
87 (E) 583 of the archives of the Geological Survey. 

Sands of Wemmel. 

Undel' Lhe covering Qualernary loess (base at 4,50 m depth or +58,80 O.D. Oostende) a series of 
fine-grained, calcareous sand was found . The sands were rich in remains of fossils, as Peclen corneus 
and nummuliles. A ralher continuous series of samples of 5 to 11 m depth was investigated. 

The samples of 5, 5,50, 6, 6,50, 7, 9,50, 10, 10,50 and 11 m appeared rich in foraminifera (with 
nummuliLe ) and o lracod -, associated wilh shell fragments (Pecten, Oslrea, lJmtolium, eLc .), fi sh remains, 
IJryozoan dchri , cchinid spines, radiolarians, Dilrupa-Lubes, sponge spicules. 

Boring no. 16 (Wemmel) (June Hl55) (1.750 m S and 500 m E of the church-tower of Wemmel); point 
87 (E) 585 of lhe archives of lhe Geological Survey. 

Sands of Wemmel. 

The lower part of lhe eclion was formed by fine-grained, calcareous sand, rich in remains of fos­
sil . These ands were found between 6 and 10 m depth ( +60,37 and +56,36 O.D. Oostende). 

The ample of 6, 7 and 9 m contained a fairly rich microfauna (with nummulites), associated 
wilh many other organic remains, such as shell fragments, bryozoan debris, etc. 

Boring no. 48 (Strombeek-Bever) (July 1955) (150 m 1 and 900 m W of the church-tower of Strombeek­
Bever); point 88 (W) 1387 of the archives of the Geological Survey. 

Sands of W emmel. 

Between 19,50 and 25 m deplh ( + 39,45 and + 33, 95 0 .D. Oostende) fine-grained, slightly calcareous 
·ands with some numrnuliles were met with. 

The amples of 22 and 23,50 m were investigated and yielded rich microfaunae with many other 
organic remain ; aboul lhe same component as in the samples of the other borings of these series. 
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ENGLAND 
Alum Bay (Isle of Wight). 

The samples were collected during a field lrip of a group of students under Lhe direction of Prof. 
Dr . G. H. R. VON KOENIGS \YALD in 1949, a fi eld trif) of Dr. C. w . DROOGEH. in 1956, and a visit Lo Lhi s local­
ity by the au thor, in i957. 

Mainly two parts of the section w ere sa mpled: 

a) London Clay, 
b) Barlon beds. 

London Clay. 

The London Clay covered the so-called Reading beds (near the con tact developed as ye! low ands 
and clays wilh lignite r emains). Upwards about 40 m of mostly dark-brown clay, with several layers 
of septaria were found; sandy at the base and with rounded silex pebbles. Shell fragments were irre­
gularly distributed in lhe clay, but, in general, the amounts increased upwards . 

The covering of lhe London Clay was formed by sulphur-yellow lo grey sand (13 agshol Sands) 
with seams of dark-grey clay. 

In the basal part the samples EG 8 and EG 101 were taken about iO m above the base. The latter 
sample contained Pholadomya nwrgaritacea. Three m above EG iOi sample EG 102 was taken from a 
rusty-brown to grey sandy lens with many shell fragments. 

All three samples showed a fairly rich microfauna, associated with shell fragments, o tracod , 
fish remains, glauconite, muscovite, gypsum; the wash residues of EG i02 also contained ome echinid 
spines and Ditrupa-remains . 

Sample EG 9, from about the middle part of the 40 m clay, appeared slightly forarninifernus, with 
fish remains, shell fragments, pyrite, glauconite, etc . 

Near the top the samples EG 104 and 105 were taken about iO m below Lhe overlying Dag hol 
Sands . Sample EG i04 was from a bed rich in Venericardia planicosta, and EG 105 from a Jen with 
much Turritella. Sample EG 10 represented the top of the London Clay. 

In addition to shell fragments , all three samples contained some foraminifera and osLracod -; and 
EG 103 and 104 also some Ditrupa-tubes and sponge spicules. 

Barton beds. 

In the lileralure a three-fold division of the Dal'lon beds of Alum Day is ginn wilh lhe Lower, 
Middle and l'pper Barton beds. 

The Lower Barton beds were at lhe conlact with the upper Bracklesham beds formed by 30 cm 
of clat·k bluish-green clay with nummulites. "Cpwards followed 17 m of dark bluish-green cla.v wilh 
sand palches and 2,75 m of grey, clayey sand at the Lop. 

Sample P 1 was taken near the base; P 2, P 3 and P 4 from lhe higher parts, al cl islances from 
P i of about 9, ii and i7 m, respectively. PQR 2 was from about the same level as P 'L 

The wash residues of all these samples contained a fairly rich microfauna, shell fragments, fi h 
remains, echinid spines, sponge spicules, coral remains (Turbinolia), bryozoan debris, elc. 

The Middle Barton beds contained 3.t the base i8 m of brownish clays (P 4, PQR 1) wilh two 
septaria layers near lhe top. Then followed 8,50 m of grey and brown sandr clay (PQR 3), wilh num er­
ous fossil casts; covered by 3 m of green clays wilh seplaria and 2i m of ferruginous, sandy clays (P 6. 
PQR 4, EG 14), pale yellow neat· lhe base, green in Lhe upper purl. 

The wash residues of all the samples contained microfaunae, wilh shell fragmenls, and, in lhe 
lower samples, nummulites and coral fragments. Furthermore occasional bryozoan debris, echinid frag­
ments, teeth of sharks and other fish remains . 

The Upper Barton beds contained, near Lhe base, 7,50 m of dark blue, fossiliferous clay (PQR 5, 
EG 15) , followed by 27 m of white sand, clayey and yellow near the base. 

Sample EG 15 had a small microfauna, shell fragments, fish remains, elc.; sample PQR 5 conlaincci 
no foraminifera, but some osLracods were found (KEIJ, 1957). 
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Whitecliff Bay. 

T h e section of Lhe cliffs of W hilecliff Bay, Isle of Wight, was sLudied during a lrip lo W ighL in 1957. 
,\ furnminiferous sample was al o laken by Dr. DROOGER during a visit lo this locality in Seplember i956. 

Sample EG 1, from lhe Upper Bracklesham beds, zone with Nummulites variolarius, yielded a 
rich microfauna, and shell fragmenls, coral remains, fish remains, Ditrupa-lubes, elc. 

Sample EG 100, from Lhe Middle Headon beds, was taken from brown, sandy fossiliferous clay, 
and yielded a mall microfuuna, shell fragments, radiolarians, sponge picules, etc. 

Barton Cliff ( ee fig. J3) . 

.'alllpled during a lrip in l\lay 1957; ome other ample uf lhe culleclion- of the Geological lnsti­
lute of Clrechl had been taken during an excur ion under the direction of Prof. Dr. G.H.R. VON KOE:\"IG -
\\"ALO in H)'if). 

Li Lera lure 

J. 8. GARDNER, H. KEEPING and II. ·w. MONKTON, i888, Quarl. Journ. Geol. Soc., vul. 411, pp. 578-635. 
E. J. Bumo;-;, Hl29, Quart. Journ . Geol. oc., vol. 85, pp. 223-24i. 
C. P. CHAT\\"IN, i9'J8, The Hamp hire Basin and adjoining areas, Geol. Surv. and l\Iuseum, Ilril. Reg. 

Geol., 2d ed. 
GARDNER, KEEPL'\G and :\lO:'\KTON made a detailed eclion of lhe Barton Cliff (coa t seclion of Christ­

church Bay uver a length of about 5 km), mainly based on lithologic features. The same subdivision 
is maintained in our Ludie and reproduced in the fio-ured section, with lhe addition of our field data. 

The Barton beds con•r gt'el•n, . andy clay of the Brackle ham beds . 

. \ 1. - 0Yerlying the andy clay, there must he an iron lone bed of about 30 cm, which could nol 
lie oh:sen·erl during our trip. 

Onh· ~omc poor expo ure were vi iblc of the followino- dai·k o-reeni h-grey, ~andy clay with shell 
frag-111P11l~. • 'ample EG 110 wa taken from one of these expo ure . It contained ome nummulites and 
olhe1· fornminiferu , shell fragment , fi h remains,Ditrupa-tube , echinid pines, oslracods, etc . 

. \ 2. . ampl' EG 112 probably represented thi s dark greenish-grey clay with rusLy-brown sand 
pale he~. It conlainccl . ome foraminifera (with some nummulile ), shell fragment , fish remains, lignite, 
l'Chinict remains. etc . 

. \ 3. :'\o guoct expu ure- could he found of lhe -e «Highcliff Sand -,, G.\RD:'\ER, K.EEPI:\"G and :\lo:-iK-
TO:\): grey sancty clay with hell fra~menl - . 

B. The :::ame was lrne of lhi and.'· clay with Plloladomya (= Pholadomya-bed ), with at the 
lop a septaria layer. 

C. - - Green1::-h-grey clay wilh numerou hell fragment- (l"oluta suspen a, Fu us, etc. ), sandy 
toward the lop = rotuta susprn. a-bed ). 

Sample EG 113 yielded a fairly rich microfauna, hell fragment , fish remains, coral fragments, 
ec hinict debris, Ditrupn. elc. 

D. - Dark green-grey, :'and,\· clay - wilh rusty-hrnwn palche anct tripe , which ·were numerou 
in Lill' lower, brown-grey part. 

Sampll' EG 118, about 2 111 below the lop, contained some foraminifern, hell fra 0 ments, lignite, 
fi h remain., elc. 

E. - - In thi . lighlly ~ancty, gore~· cla~-, lhe numerou remain - of fos ils were parlly concentrated 
in indistinct Jen e.. .\l the lop occuned a .eplaria layer; and near the base the clay wa- Jio-hlly more 
ancty and ·omewhal darker. 

All llm~e amples (D 1, D 2 anu D 3) yielded a fairly rich microfauna, hell fragments, Ditrupa-
1·ema.ins, fish remain , echinid pine , ponge piculc , elc. 
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F. - This more or less laminated, grey clay was again rich in shell fragments, lhat were mosLly 
concentrated in lenses or discontinuous layers of some cm thickness (cc drifts ,, of BURTON); lined by two 
layers of septaria . 

In the lovver part the samples D 4 and EG 117 were taken, about 1 m above the lowet· septaria 
layer from a lens, rich in shell material. They contained some foraminiferu, osLracods, many shell frag­
ments, Dilrupa, fish remains, radiolarians, etc. 

Above the second septariu layer D 6, and below D 5, were Laken, hoth v;rith a fairly rich micro­
fauna, shell fragments, Ditrupa, bryozoan debri s, fish remains, echinid frag111 ents, elc. 

G. - Differentiated from F by the colour change to greyish-olive green, this unit had a layer 
of about 10 cm thickness, rich in shell fragments (mainly Turritella ). Thi s shell layer was locally 
indurated . 

Samples D 7 and EG 116 Loth had fairly rich mi crofaunae , and shell fragments (Oslrca, Turri­
lf'lla ), fish remains, echinid spines, eLc. 

H. - This so-called Chama-bed (G . squamosa) consisted of medium-grained, very clayey to clayey 
sands. In the lower part there were also other molluscs, such as Turrilella , lowards the base lhe amount 
of Chama decreased. 

Only D 8 yielded some foraminifera, in addition to fish remain , coral deb ri s, cLc. 

I. - The lower part of this uniL was formed by grey, well-bedded, fine-grained, sands wiLh 
increasing clay content towards the base, gradually pa sing inlo H. Towards lhe lop the sand passed 
(locally numerous worm tubes) into greenish, clayey sand, rich in shell fragments, and wilh bands 
wilh lignite . 

EG 109, from the top , yielded so me foraminifcra, shell fragments, pyritised lignite, fish remains, etc. 

J. - The lower part was formed by greenish-grey, sandy clay, with shell fragments. 
Sample EG 114 contained some foraminifera , lignite, shell fragments, etc. 
From the higher, dark green to grey, more or less sandy, clay with numerous shell fragmenl , 

sample EG 108 also had some foraminifera, shell fragments, echinid spines, and mu coYile . 

K. - This so-called ccLong Mead End bed» consisted in the lower part (5 m according lo CIIAT\\'IN) 

of fine-grained, whitish sands, at the base rich in limonite. At the contact with J distinct currenl­
bedding was visible by the occurrence of some clayey beds in the sand. The current-bedding fainted 
out higher up. 

The upper part was formed by fossiliferous and ferruginous sands of rusly-brown colour, wilh 
Ba till aria pleurolomoides . 

L. - This unit consisted of lignite bands with clay in between. 
Sample EG 106 from the intercalated clay contained some foraminifera, lignite, shell fragments, 

fish remains, etc. 

Overlying this upper member of the Barton beds, followed the sands and sandy clays nf lhe 
Headon beds. 



.I. P. LI. KAASSCHfET b R. - FORAMlNIFEHA OF THE EOCENE OF BELGIUM 107 

FRANCE 

CAA Cassel, sandpit in the western side of the mont des Recollets (sandpit owned by Mr. Masson), 
(iOO m N and 800 m E of the church-tower of Cassel). See figs. ii and 14. 

Vi ited September 1953. 

L i L c r a t u 1· e : 

M. LEH ICll E, 1937, Ann. Soc. Geol. Nord, vo l. G2, ]Jj). 80-8!i. 

N s 

. ·.;..,,. :;,;.:6: 
:~~~i1',;~'-'"~ ~-: i., 

. . --,..-.: :·.-_. a 
~-.· .. 

F1G. 1 >. - chematic section of C.\ .\ , monL des Recollets (after LERICHE, 1937). 
a : glauconitic and, with concentrations of glauconite (a 1 ancl a 2) and a 
distinct eras -bedding; b : glauconitic sand with tubulations; c: shell bed; 
<l : ·andy limestone; e: glauconitic sand with clay beds; f : glauconitic clayey 

sand; F : fault. 
Scale: JG mm= approximately 1 rn. 

Sands of Vlierzele passing into Sands of Aalter , and possibly with Sands of Brussels in the highest part. 

The wall of lhis sandpit of a height of about 14,50 m had already been figured by LERICHE, which 
figme is reproduced a a text figure. 

The faults pre enl in the wall were quile distinct in 1953 during our Yisit. 
LEIUCHE only figured the upper part of our 1953-section . 
'I'he lower part of the wall was formed by glauconilic, clayey sand of brownish lo yellow--green 

colour, with indistinct bedding and more or less regular rusty-bwwn stripes. Upwards the glauconite 
was concenLraled in thin stripes, which often indicated a more or less distinct cross-bedding. Also 
concentrations of more indistinct pattern occurred. The clay content of the lower part was rather 
variable, but upwards, generally, decreased. 

'11 he wash re idues of this lower part yielded shell fragments, bryozoan debris, fish remains, 
muscovite, etc . 

Higher on the sand became more calcareous and variable quantities of shell fragments were found, 
in addition to coral fragments (Turbinolia), bryozoan debris, echinid spines, etc. 

Sample CAA 273 yielded a small microfauna, shell fragments, echinid spines, sponge spicules, etc. 
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Upwards lhe quanlity of shell fragrnenls increa ed (mainly Ostrca); also LulJes of Ditrupa were 
found. The sands became slightly clayey. 

The samples CAA 274 and CAA 275 yielded small micrnfaunae, in addiLion to shell fragments, 
fish remains, bryozoan debris, echinid sp ines, sponge spicules (only in 275), eLc. 

The wash residues of CAA 276 were rich in Ostrea cynibula, associated with a small micrnfauna, 
sponge spicules, bryozoan debris, coarse silex fragments, muscovite, etc. 

Sample CAA 277 contained no shell fragm ents; some foraminifera, sponge spicules, ostracods, etc., 
were found . 

Between CAA 276 and 277 a sharp decrease in the quantities of shell fragments was met wiLh, 
corresponding with a change into rusty-brown lo green, glauconitic sand, with cunent-bedding, and 
clayey at the base. The top of these 2,70 m of sands was fol'lned by fin e-grained glauconitic, slightly 
micaceous sands with some tubulations (probably worms). 

A sample of lhese higher sands yielded some shell fragments, sponge spicules, elc . 
Overlying the level with tubulations, medium-grained, yellow-white, sl ighL!y mieaceous snncl., 

rnther clayey and calcareous, were found. 
Sample CAA 279 from this clayey zone yielded many Ostrea cymbula, bryozoan debris, echinid 

spines, some foraminifera and ostracods . 
Higher up li.O cm of sandy limestone was found, of yellowish white colom, and wilh some coar e 

glauconite grains and some, greenish, horizonlal, sandy slripes. 
The limestone was overlain by rusty-brown, medium-grained sand, with many shells and small, 

flat, green, clayey lenses. 
The rnmples CAA 280 and 281, from this sand, were rich in Ostrca cymlntla, with some coral 

remains (Turbinoha ), bryozoan debris, echinid remains, sponge spicules, in addition lo a small microfaunn. 
The top of this fossiliferous sand showed some tubulations. 
Near the surface level another sandy limestone hank was found, of abouL lhe same lexlure and 

thickness, followed by fine-grained sands. 

CAB Grignon, sandpit. 

Visited April and December 1954. 

Literature: 

A. F. DE LAPPARE!\T, i9li.2, Exe. Geol. Bassin Pari s, vol. i, p. 68 . 

Through the courtesy of the Director of lhe «Ecole d'Agriculture de Grignon,, some samples could 
be laken from the very fossiliferous sands, exposed in the sandpit of this School. 

The lowermost part of the 7 m wall consisted of glauconitic, very calcarnous and fossiliferou and , 
which possibly belong to the top of the zone III of the Lutetian, and from which sample CAB 1000 was 
taken. 

Highe1· up there was a gradual passage into whitish, calcareous sand from which the sample. 
CAB 1001, 1002 and 1261 were taken. These belong to the zone IV of the Lutetian. 

All samples appeared very rich in microfauna and other fossils. 

CAG Mons-en-Pevele, excavation (SSW of the church-tower, at about +97 O.D. Oostende) . 

Visiled September i954. 

Sands of Mons-en-Pevele. 

Excavation in border of a meadow along the road to La Joncquiere. 
A poor exposure of very fine-grained, dark grey-green, calcareous sands with shell fragments, 

nummulites, coarse silex and sandstone fragments. 
Two samples, CAG 1249 and 1250 (the latter contaminated with overlying Quaternary loess), yielded 

wash residues with rich micrnfaunae (with nummuliLes), shell fragments, echinid spines, bone frag­
ments (probably fish remains), radiolarians, fragments of calcareous algae, limonite, glauconite, musco­
vite and rather well-rounded, mostly hyaline, quartz grains. 

Sample GAG 1252 was taken from sand with nummulites along the roadside near the exposure. 
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GAH Guise-Lamotte, sanclpiL (W of the village, ncal' Le Menil). 

V i. il ecl December 195/i. 

Literature: 

A. F. DE LAPPAB.ENT, i946, Exe. Geol. Bassin Par is, vol. 3, pp. 23, 24. 

Sands of Guise. 

A sample, CAH 1262, from about i7 m below the grass, formed by yellowish-green, medium­
grained sand, wilh nummuliles and many remains of other fossils (mainly molluscs). The wash residues 
~rielded a ralher rich microfauna. 

Damery. 

LiLerature 

A. J. KEIJ, i958, Proc. Kon. Ned. Ak. Wetensch., ser. B, vol. 61, no. 1, pp . 63-73. 
A. F. DE LAPPAB.ENT, 1946, Exe. Geol. Bassin Paris, vol. 3, p. 46 (point 4 on fig. ii). 

The samples were collected during an excursion under the direction of Prof. Dr. G.H.R. vox 
l\OE:\IGS\\'ALD in i955. 

Two samples were taken, marked as Damery and as Damery-serratum. 
The first sample was taken from a quarry along the road from Arty Lo Fleury, 1,6 km NNW 

of the church-lower of Damery. 
IL wa compo ed of organic debris with large, rounded qual'lz grains, and it contained a rich 

mollusc fauna, accompanied hy abundanl remains of calcareous algae, foraminifera and ostracods. 
IL belong lo zone IV of the Lulelian of lhe Paris basin. 
The second ample wa· taken from an outcrop at some 150 m ENE of the previous one. 
Again an organic breccia, rich in molluscs, calcareous algae, ostracods and foraminifera. 
IL wa. taken from hed . containing Cerithiwn serratum, indicative of zone V of the Lutetian of 

lhe Pari ha in. 

NETHERLANDS 

Woensdrecht, diepboring no. 17 of the Rijk Opsporing voor Delfstoffen (1912); surface at + 1,76 O.D. 
Am lerdam. See fig. 15. 

Literature: 

P. TE CH, 1912, Jaarver lag der Rijk opsporrng voor delfstoffen over 1912, p. 11-22. 
W. \'AN WATER CHOOT \'A:-1 DER GRACIIT, P. TE cu and F. H.\LET, 1919, Bull. Soc. belge Geol., vol. 27, mem., 
pp. 169-176. 

rl'hrough lhe courle y of Dr. TllIADEN , Director of the Lale Geological Survey of the Netherlands, 
and Dr. VAN VooRTllUYSE:\, micropaleonlologisL of Lhis Survey, a series of lhe core-samples was obtained, 
which ure stored in the collections of lhe Geologische SLichting at Haarlem, Netherlands. 

For the drawing of the ection, the de Cl'iptions of the cited authors were combined with our own 
lilhologic oh ervalions. 

Sands of Landen (?) . 

Underlying Lhe Eocene eries sediments were found that possibly belonged to the Sands of Landen. 
From 624 m depth upwards the investigated samples began with marly fossiliferous clay, which 

was followed by marly clay al a depth of 619 m. 
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1• 1·0111 f\12 m up Lo 60L1 m fine-grained sands were observed, sometimes with lignite, and clayey at 
Lhe Lop, whi ch mal'ked Lhe passing into lignilic sandy clay, which occurred up to 600 m . 

Upwards, to 598 m, pale brown-grey, fine-grained sand was fo und. 
A number of samples of the described sediments did not contain any microfauna; shell fragments, 

bone remains, lignite (often pyritised) were present. 

Clays of leper. 

surfa ce: 

sampl e number 

sample with ~ 1141 
forominihro 

sample without 
foraminlftro 

di0rih ------) Dr 

--------------·-----------_._ .. _.._._._. 
-r:-:.;.:-:::::;,_; :: .. 
·:::::~::. -:-:~ 
xxxxxxxx 
xxxxxxxx 

( • 104 ) ...,_ opproxl mah Ooshnde: 
c o vering s O C. Level 

cloy 

slightJy sandy or silty clay 

son dy cloy 

slightly clayey sand 

sand 

sandstone 

calcareous sandstone 

gravel 

morly sands 

intrusivcs 

~ e:::J septaria 

•• "':"":"7 • • -:-:--:·:::::::::. clayey lenses in sand 
·················· 

..L c:urrcnt bedding 
L::7 mica 

L:7!much mica 
Ge glouconih 
G c! much glouconih 

Qi molluscs, scarce 
00 - numerous 
lig. lignite 

V tubular structures 

l l distribution 

FIG. 16. - Legend for figures 6-15. 

Higher up greenish-grey clay was found, wiLh thin bands of silty clay and silt of the same colour. 
Locally some pyrile concretions and some fossil remains, as shell fragments, were found. 

The contents of the following samples were investigated : 597, 594, 593, 592, 591, 589, 588, 585, 
583, 579, 575, 572, 571, 570, 565, 563, 561, 560, 558, 552, 551, 550, 549, 548, 547, 542, 541, 540, 539, 537, 
536, 535, 534, 521, 519, 517, 516, 512, 510, 509, 508, 503, 499, 495, 493, 491, 490, 488, 487, 485, 484, 482, 
481, 479, 476 m. 

Most of lhese amples yielded variable quantities of foraminifera and ostracods. The basal 
samples contained some Jignile (often more or less pyritised). Shell fragments were regularly present, 
but especially in the samples with many foraminifera. Sponge spicules and fish remains were also 
regularly distribuled, as did ome glauconite and rnuscovite. 

Sands of Mons-en-Pevele. 

The overlying sands were recorded as slightly clayey, fine-grained, greyish-green . 
'l'he various samples showed a variable clay content, up to sandy clays. 
Samples : 474, 473, 472, 471, 466, 462 m. 

10 
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They all yielded wash residues wilh foraminifera (with nummuliLes) and osLracods. J?urlhermol'e 
Lhe presence of fish remains, shell frngmen ls, sponge spicules, md iolarians, !Jitmpa (o nly in Lh e upper 
bvo samples), glauconite, muscovite, etc. 

Clays of Roncq. 

Higher u p followed greenish-gTey clays, silly at the Lop, plastic lower down and wilh a silly hase . 
Sample : 459 m. 
The wash residues contained some foraminifera, shell fragmenls, fish remains, sponge spicul e , 

glauconite, muscovite, etc. 

Sandy Clays of Anderlecht + Sands of Vlierzele. 

From 385,05 m to 452,60 m fine-grained sands with interstratified sandstone layers were found. 
The sand was, in general, greenish-grey to grey-green. Locally occurred some shell fragmenls, and 
muscovite. The deposits were glauconitic . 

Samples : 442, 441, 438, 435, 434, 429, 427, 425, 424, 422, 421, 420, 418, 416, 413, 412, 410, 409, 407, 
406, 405, 404, 403, 401, 400, 399, 398, 397, 396, 395, 394, 393, 392, 391, 390, 389, 388, 387, 386 m. 

The wash residues mostly contained small microfaunae, in addilion to shell fragments, echinid 
spines, fish remains, radiolarians, Ditru7Ja-fragments, etc . 

The upper samples yielded some lignite. 
Possibly these upper samples belonged Lo the equivalents of lhe Sand of .\altcrbrng, whieh 

were marked in weslem Belgium b~· lignilic sands. 

(?) Sands of Aalter, pa::sing near the top into Sand;; of Brnssels. 

The latter lignitic sands were also found in om samples of 385 and 384 m. Higher up from 382 
to 374 m were found medium to fine-grained sands of greenish-grey colours, slightly glauconilic, with 
more glauconitic and slightly clayey sands below. The sands were rich in shell frngmenls, which 
probably belong to Venericardia planicosta. 

Samples : 384, 382, 380, 379, 375, 374 m. 
The wash residues contained small microfaunae, shell fragmenls, el·hinid spines, fish remain·, 

radiolarians, etc. Some nummulites al 382 m. 
The overlying deposits from 374 to 365 m were unknown, ince the cores wel'e lacking. In this 

part probably the transition of bolh lithologic units is lo be found. 

Sands of Brussels. 

Higher upward occurred fine-grained, slightly micaceous, grey sands, locally with many nummu­
lites. Intercalated in the sand there were a number of hard, and grey sandstones, somelimes rich in 
nummulites. 

Samples : 365, 364, 363,50, 363,43 - 363, 362, 361, 360,50 m. 
They had rather rich micl'Ofaunae, associated with shell fragmenls, bryozoan deb1·i ., echinid 

spines, radiolarians, sponge spicules, etc. Sometimes there were many Ditrupa-fragmenls. 
These sediments belonged evidently to the Sands of Bmssels, bul the sands resemble the Sand 

of Vlierzele, except for the greater lime conlenl and Lhe nummulites. 

Sands of Lede. 

The following greenish-grey, fine-grnined sands, with nummulites, shell fragments, and Ditrupa, 
had interstratified calcareous sandstones, which were sometimes rich in organic remains, and resembled 
the sandy limestones of the Sands of Lede of Belgian localiLies. 

Samples : 355,75, 355,50, 355, 354, 353, 350, 348, 347 m. 
The wash residues showed rich microfaunae, shell fragments, echinid remains, Ditrupa-Lubes, 

bryozoan debris, fish remains, radiolarians, etc. 
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Sands of Wemmel. 

Jlig her up we meL wilh fine-grained sands wilh shell fragments (Pecten comeus, elc.). 
Samples : 346, 335 m. 
They contained foraminifera, oslracods, sh ell fragments, bryozoan debris, fish remains, echinid 

sp in es, clc. 

Clays of Asse. 

The e sand· were overlain hy grey, plastic clay wilh some shell fragmenls (decreasing amounts 
upwards). 

Samples : 331, 3291 324 m. 
The first lwo yielded ome furaminifern. 'fhe wash residues contained furthermore pyrile, 

g,vpsum, scarce glauconite, bone fragments, elc. 
Higher up a greaL parl of the cores were Jacking. At 278 m again clay was found, but it was 

cluhious whether thi cla~ belonged lo the Clay of .\ se or to the clay bed which is oflen intercalated 
in lhc> • an<ls of .\.·e. 

Sands of Asse. 

Overlying the clay of 278 m about 57 m of greenish-grey, slightly clayey sands were found. The 
c;ands did nol contain an~ fo ii , excepL for many shells in two levels (at 236 and 254 m ) with many 
Oslrl'a (repul"led a.- U. ve111ilabru111 . ometirne pyrite conc retions uccurred in lhe -a nd. 

Sample : 278, 269, 264, 259, 254, 250, 246, ~o, 236, 235, 221, 216 m. 
No forami11ife1·a wl'l'C fuund. 

Sands of Berg Ol1gocL·1w) . 

t·pwal'cb medium lo fine-grained and were found, with glauconile and lignite, grey colour, 
l'XCept fur the lower 7 m, which were browni h and conlained muscovile. 

Sample : 211 m. 
The wash re:-idues yielded glauconile, mu covile and bone fragment , bul no furaminifel'a . 
The..;e sand..; were 1J\'el'lain by di:lincl Boom Cla~· (arey cla~· with Leda de ha.11e. iana). 
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CHAPTEH lV 

REVIEW OF THE FORAMINIFERAL ASSOCIATIONS 

INTRODUCTION 

In our samples of the Eocene of Belgium, England, France and the Netherlands over 
225 species and varieties of Foraminifera (excluding Nurnmuliticlae) were recognized. Their 
distribution in the samples is shown in eight tables . 

The quantitative indications in these tables were gained by counting the number of 
specimens of each species on a tray of 12 cm2 spread for about one quarter of Lh e surface "ith 
particles of the wash residue . The frequen cies of the species in a sin g le counting are expressed 
as follows: 

r (rare) .. 
f (few) ... 
C (common) . 
A (abundant) 
V (very abundant) 

1-3 specimens. 
4-6 specimens . 
7-20 specimens. 

21-60 specimens. 
61 and more specimens. 

In the discussion of the faunae of the various rock units, special attention " ·ill br paid 
to their possible environments. Our conclusions are partly based on considerations publi heel 
by BETTENSTAEDT (1949) for the German Eocene. Comparison with recent faunae, such a tho. 
from the Gulf of Mexico-Caribbean, and the Californian coast, appeared difficult. ~earl. all 
our species are extinct, so that only general resemblances of species, genera and a. ocialions 
could be used. 

THE CLAYS OF IEPER 
(Tables 1, 2 and 8) 

Some seventy-five samples, fifty-two of "hich from Lhe \Voensdrrcht boring, ;rielded 
altogether over seventy species and varieties of foraminif era . 

The assemblages in the VVoensdrecht boring enable us to distinguish thrre wcces iH• 

zones. In most of the Belgian samples the assemblages are too small for a recognition of the 
zonal associations. Only the samples of NT (Ecaussines-Lalaing) and RA (Kortemark) yielded 
fairly rich faunae which justify their parallelization ·with the Upper Woensdrecht zonr. For 
the distribution chart (no. 2) the other Belgian samples have been classified in accordanc<' 
with their probable relative position in the leper Clays series . 

FEUGUEUR and Y. LE GALVEZ (1954) recorded a similar subdivision of Lhe leper Clays of 
the boring Mouscron, but details about the characteristics of their faunae were not published. 
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1. THE LOWER WOENSDRECHT ZONE 

Tn the lowermost samples of the \!Voensdrecht boring we found assemblages with many 
species of arenaceous f oraminifera, associated v.-ith a few calcareous species. Upwards the 
faunae impoverished by disappearance of the arenaceous elements, except for Karreriella and 
!I nirnodiscus. The upper limit of the zone is directly below 552 m, where we find the abrupt 
start of the middle Woensdrecht faunal type. 

The samples of Woensdrecht yield ed nineteen species, eight of which were not found in 
other sediments of our Eocene, viz. 

Amrnobaculiles sp. cf. A. nmericanus, 
.tnomalina sp. cf. .1. danica, 
Cibicidcs sp. cf. C. dulem7Jle·i, 
Cribroslomoides sp., 

Haplophragmoides sp., 
Rhizammina sp., 
Spiroplectarnmina 1nexiaensis, and 
Trochammina sp. cf. T. inflata . 

The mosl co1umon arenaccou species belong lo the Rhizamminidae, Haplophragmiidae 
ancl Ammodiscidae, furthermore representatives were found of the Textulariidae, Trocham­
minidac and Vcrneuilinidac. The calcareous types mainly belong to the Anomalinidae, with 
minor contribution of olher familie . 

Our fauna re:;embles the recent l-laplophragnwides-Trochammina associations, as found 
l>y Low,tA (1949) , in rorth America, in the near-shore areas of lakes and bays and in quiet 
places in the bayou . In bracki h marsh pools it was even found to be the only foramini­
f eral faunule pre ent. However, such fauna! elements may be transported to the bordering 
more marine area . In . uch a hallow open water environment, with a sandy mud bottom, 
Low.'.\IAi\ found another a ·ociation of arenaceous foraminifera '"ith Ammobaculites . 

\ hen " 'e appl these fact it is possible that the sediments of the lower Woensdrecht 
zone were depo ilccl in or near an area " ·ith more or less brackish, lagoonal environment, in 
the latt r ca. e with tran port from the mar h or lagoon to the open 'Yater of a shallow marine 
environment. 

\iV1cK (1947) and BETTEN TAEOT (1949) recorded similar, but mostly entirely arenaceous 
faunae frnm the Paleocene to Lo\\ er Eocene of Germany. According to these authors the assem­
blages indicate lo" temperatures. A_ emblages of arenaceous forarninifera only, " -ere not found 
in Belgium. 

2. THE MIDDLE WOENSDRECHT ZONE 

In tbc boring the sample of this zone of 552 m and higher yielded rich assemblages, 
dominatrd by Lageniclar. From a depth of 521 m a decrease was noted in the number of 
inc.lividuaL and of species, and al 516 lo 512 m a slight change in the fauna! type is taken as 
indicati Ye for the gradual transition of the middle into the upper zone. This change mainly 
im oh-e a relatiYe decrease in number of the Lagenidae and a similar increase of the 
Anomalinidae. 

The fauuae of the middle \Voensdrccht zone consist of forty-four species and varieties. 
The limit between the lower and middle zones is sharp. Only eleven . of the nineteen species 
of the lo" Cl' zone rro~s the boundary, and as many as thirty-fom out of f rt~r-four of the middle 
zone make their first appearance. 
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Only Nodosaria types are completely confined to this m iddle zone, viz. 

Nodosaria eleganl'issima, 
Nodosaria natchilochensis, 
and some others referred to as Nodosaria spp. 

Some other species are only knmvn from our zone and the London Clay of Wight, 'iz . 

rllabamina obtusa, and 
Gyroidina angust'iumbilicala. 

The most frequent families and species are the Lagenidae lLenticiilina spp., Lcn liculina 
(A stacolus) sp. cf. L. decorata, Lenticiilina (l\larginulinopsis) sp. c f. L. enbo rn ensis, ."\'odosaria 
latejugata], Anomalinidae (Anomalina acuta, Anornalina awta var. ypresiensis, Cibicides rru­
prius, Cibicides sul::ensis), Textulariidac (Spi roplec ta.mmina adamsi, 'J'e.rtularia smi l/1 vi ll ensis), 
;'\onionidae (Non ion affine) and Verneuilinidac (l\.arreri ella danica). These farnilic:,; arc com­
monly associated with representatives of the Epistorni11 idac, Chilostomcllidac, and 
Globigerinidae . 

Assemblages with many lagenids are oft en regarded to be typical fur a fairly deep marine 
environment of about 200 m and deeper, but the investigations of Dn.oocEn and K\ASSCJllETEH 
(1958) showed that some relation with a muddy bottom is possible also at depths of le s than 
200 m. 

The faunae of the middle Woensdrecht zone closely resemble those of the German Lower 
Eocene 3 (STAESCHE and HrLTER:.\IANN, 1940; HrLTERi\IANN, 1949). BETTENSTAEDT (1949) con­
cluded for the latter an environment of oxygenous water of relatively low temperature. 

Concluding it is reasonable to assume an open marine environment, with unkno\\ 11 

depths, but probably not much exceeding that of 200 m. 

3. THE UPPER WOENSDRECHT ZONE 

The transition from the middle into the upper vVoensclrecht zone is gradual. From 
512 m up to the overlying Sands of l\lons-en-Phele the samples have a third, but les di, Linet 
faunal type. 

Altogether tlrcnty-seven species and varieties were met with. Five appear for the first 
time in our column. Not a single one appeared to be confined Lo this part of lhc Teper Clays. 
Turrilina brevispira and Asterigerina sp. cf . . 1. guerrai were also met " ·ith in the Clay · of Rou­
baix and in the Sands of l\fons-en-Pevelc. Alabamina wilcoxensis is known from ll1<' upprr 
Woensdrecht zone and the London Clay of "Wight. All others have a still "ider distribulion. 

In general, the faunae of the upper vVoensdrecht zone (and corresponding localitie in 
Belgium) show close affinities to those of the oYerlying members of the leper formation. Thi· 
resemblance may be partly due to similar enYironmental conditions . 

There is a distinct dominance of Anomaliniclae (Ano1nalina acuta, Cibicides lobatulus, 
Cibicides proprius, Cibicides proprius var. acutimargo, Cibicides sul::ensis) "ith as frequent 
associates species of the Nonionidae (Nonion affine). Less freque11t, hut not rare', an' SOllH' 

representatives of the lagenidae and Globigerinidae. 
The slight impoverishment of the fauna in respect Lo lhat of lhc middle Wocnsc.lrechl 

zone is probably due to a shallowing of the water. This may be conclud ed from Ute drcreasc 
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in Lagcnidac, and lhc increase in Anomalinidac (mainly Cibicides). In comparison with lhc 
known recent American faunac there is a general resemblance with those of the neritic areas 
of' 100 m clrpth and lrl's (PnLEGER and PARKEH, 1951 ; WALTO ' , 1955; DnoocER and KAAS­

sc 11 1ETEn, 1958). 

[-;ummariziug tlt c dala of lhc leper Clays in lhe Woensdrecht boring there is a succession 
of three zone. . Their faunal associations seem to be most closely connected with changing 
clcplhs of dcpo ilion. The sediment lype was fairly constant throughout, but other factors, 
~ 11 c lt as Lcmperalure, llla y have been imporlanl. 

The uala from lhe other localities of lhe leper Clays do not add substantially to our 
picture. \Iol'l a emblages are loo poor for a recognition of one of the Woensdrecht zones. 

or Lh e Lolal llUHlbcr of ·evenly-three pecies and varieties fourteen arc res tricted to the 
leper Clays a a whole : 

. tm mobaculif 1's p. cf. .1. americanus, 

.lnomalinn p. cf .. 1. danica, 
Cibirides sp. cf. C. dute111 plei, 
Cribroslomoides sp., 
Eponides plum merae, 
lJ aploplzrag111oides p., 
ill arginulina 11edi/ormi. , 

/\" odosaria eleganlissima, 
1\' odosaria natc hi toe /z ensis, 
Nodosaria spp., 
P seudoclavulina o ngl ica, 
Hhi:.ammina sp., 
S /Jiroplectammina mexiaensis, and 
Trochammina sp. cf. T. inflata. 

If Lhc London Cla: of Lhe I le of Wight is included there are seventeen out of seventy-five. 

THE LONDON CLAY 
(Table 1 and ?) 

In our .l' \Cll sample of the Lond on Clay of Alum Bay, Hampshire, we found a total 
number of L\\l'lll~-four . p cie. and rnrietie -. Cibicides pmprius and rlnornalina acuta var. 
yprcsiensi · arr lhc mo. t common lo frequent types. \Vith the exception of Quinqueloculina 
seminula, all . pccic "er aLo met with in the leper Clays of Belgium. The following are 
confined Lo Lhr London and leper Cla ~· :-;: 

. llabamina obLusa, 

.-llabamina wilcoxensis, and 
G.11roidina angustium bilicata. 

Hcprcsenlali' e of th nomalinidae are most common. Furthermore species of the 
Epi lominiuae, Tc"\.tulariidac and Elphidiidae are more or less frequent. 

Thi. type of a- ociation re embles those of the leper Clay , especially those of the middle 
and upper \Voen. drecht zone . ~o equiYalent of the lower vVoensdrech t zone was found , 
which may be due to the small number of our samples. 
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THE CLAYS OF ROUBAIX 
(Tables 1 and 2) 

Eight samples from the Roubaix Clays yielded a total of about thirty-five species and 
varieties, of which only Cibicides sul::ensis and Nonion affine are fairly common. Of the 
minor constituents of the fauna three (Globotruncana sp., Giimbelina sp . and Planulina stel­
ligera) have probably been re,vorked from Cretaceous rocks. 

No species was found to be restricted to the Roubaix Clays. These Clays share Holivina 
oulchra with the Sands of Mons-en-Pevele, commonly regarded as their lateral equivale11l. 

Notwithstanding the fairly gradual transition from the leper Clays into the Roubah:: 
Clays the latter are distinct by the appearance of seven species. ·with the exception of Bolivina 
pulchra these types have also been found in younger strata. Nearly all lhirty-five species and 
varieties are also known from the Sands of l\Ions-en-Pevele. Most common arc species of lhe 
Anomalinidae and Nonionidae, with less frequent to rare representatives of the Bulimi11idac. 
Globigerinidae, Discorbidae, Textulariidac, Epislominidae, Lagcnidac, Verncuilinidae and 
Polymorphinidae. 

The environment may have again }Jpr,n opPn sr,a of lPss than n 100 rn depth, possibly 
somewhat deeper than it ,,:as in the areas of the Sands of l\Ions-en-Pevelc. But lithology 1s 

probably more important than depth for the differences of the faunac of both rock unit . 

THE SANDS OF MONS~EN~PEVBLE 
(Tables 1, 2 and 8) 

Altogether forty-four foraminiferous samples, thirty-eight from Belgium, sh. from 
Woensdrecht, yielded eighty species and varieties. Only Bolivina pulchra is characteristic 
for the Clays of Roubaix and the Sands of Mons-en-Pevele together. All others have a longer 
range. Twenty-five make their first appearance. This great number may be connected "ith 
the mainly sandy character of the sediments. Such sedimentation had been absent in the area 
since the Paleocene. 

Most frequent are representatives of the .\'ummulitidac (probably ;vunwwlites planulatus), 
Epistominidae (Asterigerina bartoniana, Karreria falla..c ), Anomalinidae (C ibicicles proprius, 
Cibicides sulzensis) and Discorbidae (Cancris subconicus). Furthermore there arc common 
representatives of the Nonionidae, LageniJae, Buliminidac, Globigerinidac, Elpltidiidae. Stri­
king is the very frequent association of i\'ununulites 'vith Asterigerina bartuniana and 1steri­
gerina sp . cf. A. guerrai . 

The environment was probably not much different from that of . Lile German l pper 
Eocene, described by BETTEi\'STAEDT (1949) : oxygenous, warm, shallo" "ater. llis arguments 
are also valid for our Sands : reticulate ostracoda, nummulites, rather high lime content, pre·­
ence of Ostrea, glauconite, and some pyrite. The almost complete absence of lWiliolidac in such 
an environment is thought to be one of aberration. 

Towards the area of the Roubaix Clays the nummulilcs decrease in number, Logcllwr 
with the decrease in grain size . Whether the disappearance of the N ummulitidac "us caused 
by increasing depth in this direction or hy the change in lithology is not clear. 

J 
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THE SANDS OF CUISE 
(Table 1) 

Our sarnplr, CAll 1262, from Cuise-Lamolle, yielded fourteen species in addition lo those 
of Numnwlites. ; \ nomalina acuta and Cibicides 'lubatulus occur in ome\\ hat greater numbers 
lha11 lhc others. 

Of the fou rtec11 pccie · Karreriella danica i in J3elgium restricted to lhe Leper formation; 
Sipl111ni11a lamnrckana and Eponides polygonus arc kno\\n from younger deposits in our 
material. 

TIH's<' scarce data neither confirm nor contradict FELGELH·s time-correlation of lhe Cuise 
~ands and 111<' ,'all((s of \Ion -cn-Pcv(•Jc, which are lilhologically very similar (1951). 

THE CLAYS OF RONCQ 
(Tables J, :3 and <) 

~<'\Cn -.:a111pl<--., . i). from Belgium, one from \Yoensdrcchl, allogether yielded fourteen 
specie and 'arictic;;. Only Cancris sulJconicus and Cibicides lobatulus arc omewhat more 
1u1 mcro11s than the other·. \o . pecie appeared to be restricted to the Roncq Clays. 

The fau11ae do not gi\e any clue about the Roncq Clays belonging in age either to lhc 
1111tlerl~ i11g- leper formation or lo the oYerlying member of the Panisel formation, bccau e they 
are compo:;cd of the mo~l ro11si-.tent pecie of both formations. 

Only 1 nonwlina acufa 'ar. ypresiensis \Yas met with in the leper formation and not in 
the other llH'mber,.; of the' Paniscl formation. 

The \11omalinidac arc the mo. L common family. Furthermore "c encountered in minor 
q11a11lili<'s: DLrnrhidac, Elphidiidae, Epi tominidae, Rolaliidae, ::\Iiliolidae, and Cerato­
hulimin ida" These ~ mall faunae may indicate 'cry hallow, marine "ater during deposition 
of the cla~ s. om lilhologic data, uch a nests of worn fossil remain , may al o point to 
..;uch an l'll' ironmcnt. 

THE SANDY CLAYS OF ANDERLECHT and THE SANDS OF VLIERZELE 
(Tables 1, :~ an.I " 

Fa111H1C' of llH•sc l\\o membcc are mainly kno\\u from the \Yocn ·drecht boring. At 
thi · localih tlH'rc is no distinct limit hetw en both units becau e of the sandY development ._ • • ._ 

of thr \ndC'rlC'rht lll<'lllbcr. 
Thi rt~ -nine sample · of \\ ocn dr 'd1l and nine from Belgium yielded fifty-five species 

and .arictics. \o one i · rcslridcd to the c member of the Panisel formation. Frequent arc 
Cibicides lobatulu , Cibicides proprius and Textularia ayglutinans. 

Of our -.peci<'" and \aril'lic~ vCYcn arc only kno\\n from the leper formation and the 
lo\\ er Panisel beds, 'iz. 

. lnomalina acuta Yar. ypre ·i1•11"is, 
Cibicides proprius, 
Ulobigeri11a trilo£ 11li11oide ·, 
UlobigNi11a "Il· d. U. 1•aria11ta, 

Globigerinoide · p. cf. G. daubjergcn ·i" 
Nodo aria minor, and 
Spiroplecta111111ina adam.,i. 
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Twelve are only known front the ArnJcrlecht and Vlierzele members, Aaltcr Sands, and 
Brussels formation or younger stra ta: 

JJol-ivina brabantica, 
Discorbis sp . cf. D. fergane11 sis, 
Elphidium hiltennanni, 
Globulina gravida, 
Guttulina lactca, 
llastigerina micra, 

ill iliola saxuru111, 
Pyrulina thouini, 
Quinqueloculina carinata, 
Planulina burlingtonensis var. tendr11ni, 
Rutalia sp. cf. R. calvc:::,ae, and 
Si.gmomorphina semitccta . 

In the interval of 442 to 387 111 uf \ i\ioensdrccht th ere is a gradual disappearan ce of species 
of the leper formation , "hcreas there is a gradual appearance of those of the Brussels formation . 
As a consequence the upper parts of the Anderlecht - Vlierzele series of VVoensclrecht show asso­
ciations characteristic of the Brussel::; formation. As the Brussels formation is conrn1 011ly regar­
ded as the Belgian representative of 1 he Lutetian the limit between deposits of the Ypresian and 
those of the Lutctian is somewhere in this part of the Woensclrecbt section, prolrnhl)' between 
413 and 390 m. 

In the Amlcrlccht and Vlierzelc members tl1c families of the Anornalinidac and Te\.tu­
lariidae arc frequent, commonly associated b)· species of the Nonionidae, Pol)·morphinidae, 
Elphicliidac, and the Discorbidae. 

Probably the 'Yater during the sed imentation \\as al\\ U)'S ::;hallo" , al least a~ far as corn­
parison with recent representa tives of the e11countered genera is admissible. LiYing species 
of 1-Janzawaia, Te x tularia, Elphidium, Epistorninella, and Planulina arc mainly found in "ater 
with a depth of less than 50 m (PnLEGEil and PARKER, 1951). 

THE SANDS OF AALTER 
(Tables 1, 3 aud 8) 

Fifteen foraminiferous samples, seYen from \Voem<.~rccht, eight from Cassel (C \ \ ). 
yielded some thirty species and varieties, none of which "as found only in the Aallcr ~ands. 
Even no species restricted to the Aaltcr Sands, Brussels formation and/or younger slrala " ·err 
met with. Planulina burlingtonensis Yar. tendami from the Aallcr Sands and 11ndcrlying 
Anderlecht-Vlierzele series is the only form unknown from the Bru::;scls formation or younger 
beds. This latter rnriety and Textularia agglutinans are the most numerous forms. 

Generally, the faunae of the Aaltcr Sands resemble closely those of th e Vlicrzele member 
and those of the Brussels formation. 

Most frequent are species of the Tcxtulariidae and the Anomalinidac, "illt as common 
associates members of the Polymorphinidae and Elphidiidac. 

At vVoensdrecht and at Cassel these fauuae indicate a continuation of the depositional 
circumstances of the Anderlecht-Vlierzcle sea . At Aalter (\\ ithout foraminifcra in our amples) 
more near-shore circumstances seem to have prevailed, with the deposition of a bed with l'eneri­
cardia planicosta (GAR DNER, 1933, p. 90 : « coarse, heavy-shelled species of Venericardia sug­
gesting in-shore waters n) and a layer with worn Turritella specimens. If any foraminifera 
were present, they have prohably disappeared hy clecalcification. 
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THE SANDS OF BRUSSELS 
(Tables 1, 4 and 8) 

~omc eighty fora111inifcrous Rnrnplcs, seven of which from vVoensdrccht, yielded ninety­
four sprcics and varieties. One sample (CO 1240) from the base contained reworked forami­
nifcra of the leper formation (8iphonina prim,a). Especially abundant, and as a group more 
or less characterizing the Brussels Sands, arc A nomalina grossemgosa, Cibicides proprius var . 
acutimargo, Cibicides lobatulus, Cibicides westi, and Elphidium la.eve. 

Ffre pccies arc rcslriclcd lo llic Brus cls Sands: 

,I ngulogerina p. cf. .1. ovala, 
Cibicidc sp. cf. C. tallalwlf'n ·is, 
/Jiscorbis humilis , 

Gyroidinella magna, and 
Patcllino nitido. 

Furthermore Bolivina brabantica and Discorbis sp. cf. D. ferganensis are known from 
!he Paniscl and Brussel formation only. Seven species of older strata end their range in the 
Brus cl. formation, fifteen olher begin in these Sands. 

The Brn. ~ cl formation i generally regarded to belong to the Lutetian . Therefore it 
i · remarkable that only forty-nine of the ninety-four Brussels species antl varieties were also 
encou ntered in our material from the type-region of the Lutetian. On the other hand, fifty 
out of ninct~-nine ~ pecic and Yarieties of the French Lutetian deposits are unknown from the 
Bru .. cl · ~ancL. llo"cver, in lhe e comparison differences of environn1en~ may strongly 
i11fluc11cc lhc rclali\c 11umhcr. 

Tile Anomalinidac (. lnumalina yrusseruuusa, Cibicides lobat,ulus, Cibicides pruprius var. 
ncuti111aruu, Cibicides westi, Ilan:awaia pruclucta), Nonionidae (Nonion affine), Elphidiidae 
(f~lpl1idi11111 laeve) and Epi-lorninidae (Asterigerina bartoniana) are especially abundant in the 
~ancL of Brussels. Le~ n umcrous lo common arc species of the Polymorphinidae, Ceratobuli­
miuidac, Discorbidac Rotaliidac, and Buliminidac. 

Th faunac point lo warm and very shallow water. Some resemblance may exist 
\\ ill1 rccen l faunac, fou11tl Lv Low\L\N (1951), in the Gulf of .'.\Iexico off the Rio Grande River, 
on. and) bollom "ilh a maximal depth of about 30 m. These associations arc dominated by 
specie of llan::awaia and Elphidium. 

Much of the Brus -cl formation consists of quartz sands, with relatively poor faunae, 
hut "ithout special feature . . \Iainly in the northern parts of the area the higher sands arc 
calcarcou and lhcy con tain rirh faunae 'rilh relatively great numbers of Buliminidae and Rola­
liidac, Cil>icides carinatus and Cibicides ~ P· cf. C. ungerianus. 

The faunae of ~PY (.i\NA) and ~alinnes (THB) clearly belong to the latter type, but both 
how omc specie and rnrielics unkno,Yn from the other samples, as there are Cibicides sp. cf. 

C. tallahatensis, Huliminella striatopunctata and Biiliminella sp. cf. B. pulchra in Spy, and 
Textularia agglutinans var. nalinnesensis and Gyroidinella niagna in Nalinnes. The sediments 
of the latter localily arc very rich in bryozoan debris, which probably were formed in a coastal 
part "ith bryozoan reef patches, orncwhat removed from the area with the main sediment 
snpp1y from the hinlcrland. 
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THE LUTETIAN OF THE PARIS BASIN 
(Table 1) 

Jn our samples from Grignon and Damery we found more than ninety spcrics and 
varieties . They enabled us to compare our Belgian material wilh topolypcs of several species 
described by LA:-.rARCK, n'OnB1GNY, TERQUE.\r, Y. LE GALVEZ, and others. No counting were 
made, but a conspicuous feature is the abundance of l\lilioliclac, Elphidiidac, nnd Anomalinidac. 

As noted already the faunae of the French Lutetian material have forty-nine specie in 
common with the Brussels formation. Hmyever, a much closer resemblance is found lo be 
present with the associations of the Lede formation, wilh scvc11ly-threc species and varieties 
in common . In the latter " e also have the abundance of \liliolidac and Anomalinidac. 
Nevertheless we consider the Lede formation to be younger lhan lhc French Lulelian deposits, 
since they also share many species (25) ·with lhc still younger Asse formation. Environmenlal 
influences are evidently a prevailing factor i11 these comparisons. 

THE SANDS OF LEDE 
(Tables 1, 5 nntl ) 

Our fifty-four foraminiferous samples (eight from \Yoen~drccl1t) ullugcll1cr ~ ieldcd 011e 
hundred and forty-two species and varielie , 'Yith predominance of lhe r\° ummulitidae (com­
monly determined as .Ywnmulites variolarius), scYcral specie of lhc Miliolidac, \nomalinidac, 
Rolaliidae, and Polymorphinidae. 

Three samples, representing the basal strata of the Lede formation, cunlaincd aho11t 
seventy species, some of which arc ouly known from underlying strata, as, for instance, Discor­
bis sp. cf . D. ferganensis. 

Species confined to the Lede Sands "ere not found, but one occurs in the e ~and · and 
Lhe basal strata of the Asse formation : A rticulina pseudosulcata. Seven . pecies and nu·irtirs. 
all miliolids, arc restricted to Lhc Sands of Lcdc and lhe Lutclian deposits of the Pari..; l>a..;i11 : 

Miliola birostris, 
Quinqueloculina crassa, 
Quinqueloculina striata, 
R cnulina opercularis, 

Spiroloculina costigera var. carinfllfl, 
Triloculinn vroping uo, and 
l°rrtcbralino laeviqata. 

Another seven species and varieties of the Lulelian deposits of I he Paris basin and Ilic• 
Lede formation were also met 'Yith in the basal strata of the Assc formation, which arc lorall~· 
rich in reworked elements of the Lede Sands. These forms arc : 

Alveolina sp., 
Articulina ornaticollis, 
Dendritina depressa, 
Globulina gibba var. myristiformis, 

Spiroloculina cost igc ra, 
Spiroloculina tricarinata var. angulif era, and 
Orbitolites complanatus. 

A considerable faunal break is apparen l between the Brussels and lhe Lcdc furmalions, 
with fifteen of the types of the Brussels formation not crossing lhc bo11nclary, ancl sh:ty-nin<' 
beginning their ra11gc in the Lede -:ands. 
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l\lo. t freq uent arc th e Miliolidae (with thirty-n in e . pecies and varieties of the genera 
Ouinque!oculina, Spiroloculina, Artiwlina, Triloculina, Miliola, Miliolinella, Fabularia and 
Sigmoilina), th e Anornalinidae (C ibicides carinatus, Cibicides lobatulus, Planulina burlingto­
nensis), Rotaliidae (Ho talia audouini), the Polymorphinidae (G lobulina g ib ba), the Ceratobuli­
min icl ae ( J\sler ir1erina bartoniana), and the Textulariiclae (Text.ularia aggluti.nans). Commonly 
assoe ialccl thcrr arc specie o f. the i on ionidae, Buliminiclae, Elphicliiclac, Discorhiclae, and 
Globigerinidae (G lobigerina sp . cf. G. angustiwnbilicata, 1-lastige rina micra). 

These vrr~· ri ch faunae seem to indicate a shallow and warm, well-aerated, very calca-
1·rous ern ironmrnt , probably rcrf-lil e with rna11y br~rozoan patches. A r rrf-lik e environment 
is indicated by th e presrnce of F'abularia (recr nt rrprrsrntativcs arr onl~- know11 from the Great 
BarriPr Hcd of ustralia , Cor.LL\S, 1954), Pcncroplidac and many :\filioliclae, associated with 
numcrou Anomalinidac and B.otalia. The environment probably did not differ much from 
that of the hallo" coa Lal part of the shelf east of Trinidad (DnooGER and KAASSCHIETER, 1958, 
p. 15) '' ith ils di conlinuou reef pattern. 

The e rich a semblage are e pecially met with in the region of Gent, Balegem, Asse, 
\[ chel n. To" arcl th e north the amples of Lokeren and \ i\Toensdrecht suggest a position 
outside the « reef » area, hccau c of the poorer faunae and the genera l increase of the number 
of Glo!Jicrcriniuac. 

THE UPPER BRACKLESHAM BEDS 
(Tables 1 and 7) 

Our onl) ample (EG 1) from \rVhitecliff Bay, I le of \i\Tight, yielded many nummulites 
(probabl i\'ununulites variolarius) a ociated with twenty-two species of smaller foraminifera 
\\ ith Cibicides pygmeus and Bifarina selseyensis as the most abundant types. 

Of these sprrit'S l\Yenty "ere al o found in the Lede formation. The remaining two, 
Cibicides pygmeus and Cibicides vialovi, are the most frequent species of the overlying Barton 
bed . of Hamp. hire. The latter have fourteen species in common with our fauna of EG 1. 

:\Io. t common arr rcpre~ cntatives of the Anomalinidae (Cibicides pygmeus, Cibicides 
vialovi, Cibicides . p. d. C. tenell11s), Buliminidae (B i.farina selseyensis) and Rotaliidae (Rotalia 
a11dou in i) . 

THE BARTON BEDS 
(Tables 1 and 7) 

Thirt~ sample. "ith foraminifera of the English Barton beds altogether yielded some 
thirty-five speri<'. and 'ari<>ti<'s. Cib icides py9me11s and Cibicides vialovi are the most common 

forms. 
Of the c species fourteen \\ ere also rnel \\ith in the Upper Bracklcsharn beds. There 

is muclt re. emblance '"ith the faunae of the Lede and Asse formations. One of the species is 
confined in Belcrium lo the Lede formation and the base of the A se formation: Quinqueloculina 

0 

('()Sfa/a. 1\,n others arr in Belgium onl~· kno\\n from the Asse formation: 

Quinqueloculina bicarinala, and 
Cibicidrs Pf/gmeu ·. 

Only one species, Cibicides vialovi \Hts not met with m Belgium. 
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Freq 11 r n l are the Anomalinidae (Cibicides pygmeus, Cibicides vinlovi.) ·wit h as common 
assoe iates members of the Miliolidae, J\onionidae, Hotaliiclae, Polymorphinidae, and Elphicliiclaf'. 

Probably the Barton beds were deposited in relativel~r shallow water, with rn:nimal depths 
of the sea during the sedimentation of the Barton Clays. Afterwarcls a gradual shallO\ving 
finally resulteil in the littoral to hracldc:;h lfradon beds. 

THE SANDS OF WEMMEL 
(Talll ps J , G n111! 8) 

Sixty-four foraminifcrous samples, l" o of '' hieh from \Voen clrecht, yielded allogctlier 
one hundred and thirty-nine specirs and varieties with dominance of Asterigel'ina bartonian(L 
anrl i\mnmulites (common}~- determined as .\. Ol'bignyi = _v. wemmelensis). 

Eight samples from lhc basal slrala of lhf' \Yrmmf'l ~ands already ronlai11C'd onf' hu11dl'rd 
and Len species, l\rclve of which are unk110\YH from lhc liighrr \Vcrn111 cl ~a11ds. The~ arr 
considered to ha Ye been reworked from older strata. :\"one of 011r , perirs is rrst rictrd lo ll1r 
\Yemrnel Sands, bul logelher "\Yith the Assr Cla~- s SC'\-C'll forms arr rn111' i1H' d t() thf' l\s.;;f' for111alo11 

Bolivina r-oof..:ci, 
Bulimina ova/a, 
Dentalina sp. cf. D. bal!ica, 
Globulino gravida vnr. linl'olo, 

P.se11docla1:11/ina sp. d. l' . r·ocoaPnsis , 
Loxoslomwn teretum, and 
[,'vigerina pinico Lala. 

Ft1rlhermore one species is kno\\TI from th e \Yrmmel Sarnls as "rll as frnm lh<' Engl i. h 
Barton beds : Cibicicles pygrneus. 

Four species make lheir appC'aranre in th e' \Yrmm<'l ~ands, and co11ti1111e inlo tlw Bf'l­
g ian Rupel formation: 

Epist01nina elcgans, 
Eponirles umbonalus, 

l\·aneriella si71honella, ancl 
l\'odosaria hal u•igi. 

:\Jost frequent are the families Anomalinidae (Cibicides dutemplei, Pla1111lina l>urliny­
tonensis), Ceratobuliminidae (A sterioeri na barton iana), Jiilioliclae (,U iliola saxol'u m, Quill q u elo­
culina carinata) and the Polymorphiniclac (Globulina gibba). RepresenlaliYrs of t hr \onioni­
dae, Rotaliiclae, Textulariiclae, Epistorniniclae and Discorbidae arc common. 

In general, the circ11mslances of sedimenlalion during thr deposition o f ll1<' Lf'de ~and . 

seem to continue, but probably "\Yilh a some\\ hat greater sedimc11L upply from ll1 e hinlrrland. 
The Jlilioliclae are less frequent and lhe Peneropliclae arc absent. Ho\\ ever, ll1esc I' ea lure · ma~ 
also be the consequence of a greater deplh. These conclusions arc mainly based on data from 
the Assc-vVemmcl area and from lhe boring lkisl-op-den-Bcrg. Hf'garding lhf' "\ariahlf litho­
logy of the \Vemmcl Sands thf'y l1an as ~- C'I 0111~ a restrirl<'d nlttf'. 
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THE CLAYS OF ASSE 
(T:ilJles 1, 6 and 8) 

Ot1r l\\C'nl. -litre forarninifcrous samples of the Assc Clays, among which one from 
Wocn dr chl, yicldrd ninety-three . pccics and varieties. Only Cyroidina sp. cf. G. soldanii is 
confined lo th A sc Clay . 

One ample (B\ 1273) \\a. from the basal beds of the Asse Clays. It contains two species 
1111known front lhc othC'r A c Cla s . ample . A recorded already the Assc Clays ancl the 
\ rmrncl ~and lunr · vrn pecic. in common not kno\\n from other Belgian rock units. 

i ot \\ ithslanding lhc clta11gc from sa11cl lo clay only three species of the Asse Clays 
arc not I nown from lhc \ 1Vemmrl Sands. But the Clays contain much less individuals of nearly 
all lhr specie . 

\fo. l frcqt1cnl arc sprcic. of the Anomalinidac (Cibicides dutem.plei) and the Ceratobuli ­
minic.lac (1 lslerigerina barloniana), commonly associated 'Yith representatives of the Nonioniclae, 
Hotaliidae, Globig rinidac, l\filioliclae, and Buliminidae. 

Jn compnri , on \\ilh the recent a.socialions of the Gulf of Mexico a maximal depth of 
50 lo 60 rn. hul prubabl~ le , eem lo be reasonable (Low,rAN, 1949; PnLEGER and PARKER, 
1951). Tit' crnironrnenl \\ill havr rc.cmblcd that of the \Vcmrnel Sands, with again warm, 
"Pll-nrral 'd "alcr. lrnl probabl~· in a more off horc part of the sea. 

Thrsc cond11sions ar(' 'alid 0111 for ll1e lm,cr part of the Asse Clays, the higher parts 
ro11lai11ing 110 or \<'!'~ poor microfaunaC'. 

THE LOWER TONGEREN BEDS 
(Table l J 

Jn 195 B \TJE:s d . crib d , ornc hYenty spC'cies derived from the Lower Tongcren beds 
of Duleh ~oulh Limburg. The faunar, clominatecl b~· Asterigerina bartoniana, Cibicides dutem-
1>/ei and .\ um111ulites (probably X. orl>ian,vi) shO\Y a closer resemblance to our .. \Yemmel and Assc 
a:<..;crnlJlaO'c:; than lo thos of the H11pcl formation. This " ·a:; al o concluded by BATJEs. 

Only f011r of B\Trn:;' f'pccir . arr nol prcsC'nt in our faunae of the Asse formation 

Glandulina a1•q1wlis, 
(,'.1;roidi11a solda11ii, 

Pyrulina fusiformis, and 
Pullenia q1.1inqueloba. 

For the , pecie f the Polymorphinidae this is due to difference of determination. So 
only P11llenia quinqueloba and Gyroidina soldanii ''ere not met " ·ith in the Asse deposits, but 
lh<'~C general form cannot hr given much weight. 

On the other hand four of the . pceirs of thC':;C' Lo\\ er Tongcrcn l)('c]:; \\ere not found in 

lhr H11pC'l formation: 

Tr•.rtularia ag[1f1tli11a11 , 
. lfabamina woltcrstorffi, 

. L;/(')'igrrina bortonirma, and 
t·:u m 11111/itcs germanicus . 

The species of lhc Lo" er Tongcren bed .. "hich are al:o;o knmYn from the Rupel formation 
occur as well in our Lcdc and / or :\ssc formations. 
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l.11 \ PTEH \' 

TIME~STRATIGRAPHIC INTERPRETATION 

INTRODUCTION 

In the preYious chaplers it '"as tried Lo stress Lhe irnporta11cc of for111atio11s and rnrrnlH'r" 
as the fundamental units of the stratigraph~· of th e Belgian Eocene. fn c11rre11t E11ropenn 11sagl' 
the "onl «formation n is gin·n a rock-stratigraphic as ''"ell as a Lirn e-s tl'aligl'aphi c intcrprr­
lation , s11ch as in G1c:\0t :-.·s handbook« Geologic Stratigraphiq11r n (1950, 4ll1 rd., pp. 15-28) in 
which (( t>tagr >> nnd (( furmalion n arc regal'dl·d a:< s~ nun~ 111s "ill1rnil a :<lial'p disli1ll'li<>11. 

In this chapl<'I' a tilll<'-stl'atigraphic i11ll'I'pl'rtnli<>n \\ill lw at1<'111pll'd of till' a\ailahlc- rnd.­
stl'aligraphic dala. JJm\('YC'I' , tl1is interpl'Plalion n111sl IH' Le11lali\l', IH't'iltlS(' <>f llll' lad-. of a 
reliaLlc piclure of the llclgian subsoil a11d IH'ca11sr of the insufficient palt•orllological h.11m\ lt>dgc 
of nrn11y of the rock units. Further study of species or species groups ''ill be needed lo find 
cYolutionary series which are independent of th e sedirnentar~ emiro11I1H'nl. ~11ch Sl'I'it'" ha\c 
not ~· et been described and neither w ere the>· o ln io11s during our s11ne) of !lie rnicrofauna. 
For the moment the time relations of the major rock units han' lo hr inf('f'l'('d fro111 tlH' fa11nal 

associations, combined '' ilh all other data 011 sed irnent, etc. 

ln the commonly accepted chronology of the Belgian Eocene, the rnck u11ib are plact·d 
in four stages : Ypresian, Lutetian, Ledian and Barlonia11. llo\\C\'er, in 0111' opinion, it i-: pn· ­
f erablc lo unite the Leclian and Bartonian lo one s tage: the Barlonia11. 

As has been pointed out already in Chapter II, HuTOT (1883a) rccognizl'd a 111111ilH'I' of 
c~· cles of sedimentation during the Eocene, and lw made each stage correspond "ith LIH' lillle 
of a complete c~· cle. Each complete c»clc' sho11ld begin "ith a mari11t' tra11sµTession, 11-:IH'ri11g 
into a marine phase, and follcrncd b~- a regression and an incn'asl'd :<Jll'<'adi11g of ('011li1ll'11tal 
conditions into the Belgian basin. llo\\·ewr, th e c~c!Ps arc usual!~· not coI11pkll'. Duri11g tlH' 
Eocene the sea probably abandoned th e entire basin onl~ once, namely, at the end of the Lutc•lia11 . 

In the next paragraph s the histor:v will be described of each stage of the Eocene in c·or1 -
neclion \\ ith the concept of the cycle of sed imentation. This is not done licca11:-:<' thl' c~ de i-: 
thought lo be such a good basis for chronologic units, hut in order lo avoid u111H'CC'ssar~ dl'\ ia­
tions from the traditional stratigraphy, especially since \\<' cannot plac(' al lhl· 111011H'1ll 1111' 
chrnnology on a sound paleontological !Ja:<i s alone. 
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P ALEOGEOGRAPHY 

Thr northern and northeastern part of the basin have always had the most rapidly descen­
ding parts of the Paleozoic-Cretaceous ba ement. A maximal depth of - 739 m 0. D. Oostende 
i. known at Turnhoul. 

Another imporlant de ccncling part i found in the E-W depression of the Haine basin, 
\\ ilh the Cretaceou. ha ·rrnent deeper than -100 m 0.D. Oostende. Towards the east the depres­
sion end:-; in Lh<' regi n of La Louviere, towards the west it continues in northern France, run-
11i11<Y parall •l Lo the xi of Artoi and probably shallowing gradually. 

Jn bel" een Lhr Haine ba in and the northern ubsiding area the Swell of Namur-Oostende 
(Fot intAHIEH, 1934) paralleled the Axis of Artois. fost Cretaceous strata, originally covering 
lhi ' "ell, ha\e been removed by early Tertiary erosion, and from the area of Tielt towards the 
outhcasl, Pal •ozoic rock ar al the ba. c of Lhe Tertiary trala. Differential movement of 

Lhc "ell 'H'rl' imporlan L durin O' lhe Eocene, -pccially in the western part near Oostende. 

In the , 011ll11•a-.;I and "ottlh Lhr aren i~ bordered h~ the Ardenncs and their westel'n continu­
alio11 into Lhe A~is uf ,\rlois, \\ hich lo-da~ i: . Lill a prominent geomorphologic feature of north-
1•rn Frnncc. The a\ ailablc data poin l lo re la Li' c movements of the Axis during the Eocene, 
si11ec Eoet>11r . I rala 011 the his arc alrno. l cornplrtely unknown. However, reworked elements 
of Eocene rocks re,l'al that one or more lime:'i cl11ring the Eocene the Axis was, at least partly, 
1·u\ l'f'('U h~ lh<' sea (LEntCUE, 1909) . 

LANDE NIAN 

Our di cus:sion of Lhe Eocene tage necessitate 
Landenian. 

ome remarks on the preceding 

During lh<' Landenian Lwo ucce ive marine member were depo ited in we tern Bel­
gium: Lh Cla,' of Lom ii and the . and of Grandgli e . The and', which are very glauconitic 
in their ha. al lrala, , ho" an up" ard dimini hing of the content of thi mineral, accompanied 
h~ an incrca.ing number of tubulation , probably worm tubes, and more frequent irregular 
IH'ddi110'. The. e feature;; arc often used a arO'umenl for the assumption of depo ition during 
Lhc rcgrl'~sional period of the Landenian c~cle (GGLIXCK, 1948). 

The dimini hing of Lhe glauconile content is not a convincing argument, since the origin of autoch­
lhunic glauconile i thought by most authors lo be closely related with a low rate of sedimentation 
(CLOUD, 1955). IL dimini hing in Lhe ands of Grandglise rather indicates an increase of sediment supply, 
which of course i, po . ihle if the regre ion lowered the erosion base of the rivers and thus caused a 
gTPlllPl' l rnns1 lOl't. 

Th' ~ hallm\ inO' depth clurinO' Lhe dcpo ition of the and of Grandgli e is logically fol­
lo" ed b) the . preading of the lagoonal and continental conditions as tlH'Y are found in the 
~ands of Oo tendP ancl the .... ands of Erquelinnes and of Landen. 

Thr Oo. trndc . ands arc known from the area of the Swell of Namur-Oostende and vici­
llil~. The area of the-e ands more or le ' coincide with tha·t of low thickne ses of the entire 
Landen formation (~ec map 7) . The fauna of the Oo tende .... and . , with Cyrena cuneijormis, 

Li 
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i\lelcmia inquinrrta , and th e ostracodc Cypricleis, is disti nctl y lrrackish . \Tan y li g nilic i11lrrra l:i ­
l.ions may point lo a lagoona l origin of the Sarnls. The same type of deposits, also " ·it.It ligni li c 
int.crcalations, is kno" n from I.h e ·vvool\Yich 1Jcds of the London basin. 

In the boring Oostcncle the Oostende Sands cover the Clays of Louvil, in the other occur­
rences the Granclglisc Sands (see map 8) . As far as the subsoil dala arc reliable the thickness 
diminishes in eastern and so uthern directions. The nothcrn and ffcstern extension is unkno" n. 

In Hainaut and in northern France, in bebYccn the area of the Oostcndc Sa nd s and the 
Sands of Erquelinnes, the Clays of leper directly cover the Grandgli e Sands. Thi absence of 
either Oostencle Sanos or Erquclinnes Sands 'ms explained by STEVE s (1914) all! ! LE1ucn11 (1928) 
by pre-Ypresian erosion. Such an assumption cannot be proved or disproved. In the basal 
layers of the leper Clays indications of an erosion period and a transgression arc absent or 'er~ 
rare. A gradual passage between both members is fairly common. In this area there might 
as ·well have been continuous sedimentation from the Grandglise Sands into the leper Clays. 

Alongside the Landen Sands of the Hesbaye there i another strip "ith Teper Clay. 
directly covering Granclglise Sands. This area furnishes no reliable data about lh c lms<' o f' the 
leper Clays, but a continuous marine sedimentation ma. be suspected. nylw\\-, if \\(' nss11nH' 
erosion also for this strip, the erosion would have re ullcd in n wry peculiar pattern. 

These facts may also be explained by an arm of th e Landen i:111 ea in northern Franc<• 
and southern Flanders during the regressional period of the LancJenian cycle, as it "a. assullled 
by FEuGEUR (1955). However, in such an explanation it is somewhat cl iffic1ill In 11nder~ lancl 

the brackish environment of the Oostende Sands in the seaward part. 

In our opinion a third line of argumentation can be followed. 

It is likely that during the time of maximal Lransgre sion of the Landenian . ea th e Lo11\·il 
Clays were deposited in almost the whole basin wilh sedimentation of th e ands of Cranclg-li <' 
along the coasts . The following regression was accompanied by a lowerin a of th e rrosion 
base of the rivers and an increased rate of sedimentation, " -hich cau. ccl th e spreading of the 
Grandglise Sands oYer a greater part of the ba in. During the depo ition of the San cl the sea 
gradually shallowed, and it may be assumed that the upper part. of the ._ ancls "rr<' drpo ilecl 
near sea level in some kind of a sandy « vVaclclen »-environment. 

In the offshore area near Oostende the shallowing of the ea re. 11lled in the pn. sinrT of 
the Louvil Clays into the brackish Oostende Sands, which " -ere depo itecl in a fringe alo11a 
the sandy area of the Grandglise Sands . Possibly the fresh water was supplied through ome 
shallow channels across tidal flats. 

Along the borders of the basin continental conditions prevailed, and thf' ~and of Landen 
and of Erquelinnes were deposited. From research of RuToT (1884, 1887, 1903), STEYEN 

(1914), LERICHE (1928) and GuLrNCK (1948) a three-fold division of the ~ands of Lanclen and 
of Erquelinnes became apparent. Snch a division was also found by BnrQrET (1906) in thr 
Upper Landen beds of northern France: 

1. At the base there are fin e-grained sands, with a gradual transition into the uuderl~ing 
Grandglise Sands. 

2. These deposits were ravinated . BmQCJET (1906) and GuLTNCK (1948) assumed that 
a lo,ver erosion base of the rivers during the regression caused the inci ion of channels, espe­
cially found in northern France, but also in the Hesbaye. Their greatest depth was rrached 

at the moment of maximal regression of the Lanclenian sea. 
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A nr\\ lrnnsp-r<'ssion cn 11 ~('(1 lh e filling of lh c channels, firsl wilh coarse srdimcnts which 
grad1 1nl ly passed i11lo finrr grained dcposils \\ilh increasing rcgularily of Lh c beclcling, thus 
rhanging inlo Lhr thircl t~rpr. 

3. Thi . type is again formed by fine-grain ed sands wilh intercalated marls, lignites and 
li gn ilic c la)S. 

Especially in lltr He. bayr thr . eclim cnls of the second type are often absent, and sedi­
ment of the first and third type pa ~ into each other. 

~ummarizing the following correlation may be put fonrnrd . During the time of maxi­
mal rcgrc . ion the ea sl ill covered parts of Belgium. The brackish deposits of the Oostende 
~ands arc thought lo corre pond with about the erosion period of the Landen and Erquelinnes 
~and. . Jn between there " ·a a ~ trip with tidal flat '"here sedimentation of the Grandglise 
'and , c011Linued. During the new transgre ion the channels were filled, and the Upper Sands 

of Landen and Erquelinne were depo ited. 
In the mran Lime marine condition graduall y entered the basin, resulting in the depo­

sition of the leper Cla~ s, "hich . ucce iYely conred the Oostende Sands, Grandglise Sands, 
anti the raward parts of the "'and of Landen and of Erquelinnes. 

In llai11aut STE\E\s found the 'ands of Erquelinnes to pass upwards into the basal beds 
of the ~auds of Peissanl, "hich according lo their fos ils belong to the leper formation, and 
probably rcpre ent littoral ediment of the Ypresian. 

l\ arl ' idrntical relation exi t between the members of the Landenian cycle in the Lon­
don ba. in. In thi. ha ·in the Thanet ._,and . form the lower marine part of the Landenian. 
The~ thin oul along lhr borders of the ba in, where they are onrlain by the ·vvoolwich and 
Heading bed ( cc fig. 3) . 

TIH' liulk. of lhe \Yool\\ ich bed show the same lithology and fossils as the Oostende 
~and . , and they arc C.\.plaine<l Ly a depo ition in hallow lagoons on the sea\rnrd side of the 
delta' of the Reading beds. The delta' wrrc tranr ed by several distributaries, as appeared 
from l'\Pral .-hinglr-fillcd channel . Tn the meantime glauconilic sands were accumulating in 
the sea of thP crntr<' of lhr ha . in, lhe norlheastcrn part of Kent. 

YPRES IAN 

Il has been , ho" n alread~ Lhat the lo" er part of the marine leper Clays is thought to 
be contcmporanrotis "ilh the upper parl of the conlinental to lagoonal Upper Landen beds. 
Th Yprc, ian c~ clc . larlcd "ith the relaliYe rise of the sea, \Yhich cau ed the filling of the 
rro ion rhannrl" in lhr l pprr Landen brcls and Lhc shifting of lagoon al conditions towards the 

honlrrs of the ha in. 
Thr marine' ~c·dimrnls of the Ypresian cycle Legin " ·ith the leper Clays, which may 

ha\<' a sand~ ba.-c, ~onwlirnc" "ilh , ilrx pebble .. l\Io . ll~- , howeYer, such coai--e basal beds arc 
alis<'ll t, an<l there arp no indication , of an ernrr-ion period before the depo~ ition of the clays. 

On th ba c of foraminifcral association a threefold diYision of the leper Clays was pos­
sihlr al \\ oen drcchl. Future re. earch has lo reveal whether this subdivision can really be 
applied O\cr a grralcr arra, but il certain!~· reflects a logical cycle during the deposition of 

the ela~ s. 
Al \\'oen. drechl a "ell as al \Iouscron (FEUGLELR and Y. LE CALYEZ, 1951) the foramini-

f<•ral association.- indicatr . hallo\\· marine Lo lagoonal conditions for the lower part of the leper 
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Clays. RuToT (1893) also concluded to such conditions for this lower part from Lhc prese11 ce 
of lignite remains . It ma~' be expected that th e sediments of this lagoonal phase of lhc rnrly 
Ypresian occupy a " ·ide area in Belgium. They would logically correspond to th e advancing 
transgression. 

The rich foraminiferal assemblages of the middle parl of the leper Clays al Woensdrccht 
correspond with a period of maximal depths of deposition during lhe Ypresian cycle. It may 
be concluded from the fauna that the water depth gradually diminished during the deposition 
of the upper Woensdrecht Clays. The bulk of the Belgian leper Clays has been found to corres­
pond with that of the middle and upper vVoensdrecht zones . 

The leper Clays occur over most of the basin, with greatest Lhickncsses in norlhwrstel'll 
Belgium (see map 10). During their deposition, there was no activity of lhc S\\ ell of Namur­
Oostende, except for the southeastern part near the border of the basin. The irregularities of 
the isopach lines in the region of Gent, with northw estern to sou theastcrn anomalies cannot 
be accounted for. 

No continental of lagoonal deposits contemporaneous with the higher purls of the leper 
Clays can be pointed out. Probably, they were deposited outsid e our prrsent area nn<l have 
been removed by later erosion . 

It appears from the faunac that shallow conditions prcYailecl oYcr the en I ire ba. in after 
the deposition of the Teper Clays. They resulted in the Clay of Roubaix and the fine-grained 
Sands of Mons-en-Pevcle . These two members pass laterally inlo each ol lt cr, as \\as demon­
strated in the region north of Mons-en-Pevele (HtnEi\'T, 1895) . 

Fou mrARIER (1934) thought that thickncsses of the Sands of ]ifons-en-Pevt.·le gcncrnll. 
increased towards the southeastern part of the Belgian basin, but map 12 reveal::; Lbal the area[­
est thicknesses occur in northeastern Belgium and in the region of l\Ions-en-Pcvelc. In the 
area in between the isopachs are irregular and there are, for instance, fairly great lhickne,. cs 
near Renaix and around Brussels. Tn " ·estcrn Belgium the S·well of Xamur-Oosl<'ndc also 
shows relatively great thicknesses. Another expression of the activity of the S\\ ell in Lhis area 
of Torhout and Tielt is found in the increasing grain-size of the top beds of the Sand of :\Ion -
en-Pevele, which gradually pass upwards into coarse deposits of the base of lhe Pani cl 
formation. 

From this thickness pattern it may be concluded Lhal llic material canir part!~· from 
northeastern directions, partly from the region of the Axis of Artois. The irregular di ·tri­
bution in between may be the result of currents and waYc action in the shallow sea. Probably 
there were shoals, where \YinnO\Ying out of the smaller particles resulted in cuar er sand . . 

Furthermore there \Ya S an area in the sea where clay cdimcntation persisted with the 
deposition of the Roubaix Clays. Possibly the water was somewhat deeper and was ccrlain 
to be quieter than it was assumed for the Sands of l\fons-en-PevCle. I-Im' ever, the faunar of Lhr 
Roubaix Clays do not clearly indicate such a greater depth of deposition. 

There are but a few indications for a further general regression of the sea cl uring the depo­
sition of the Sands of Mons-en-Pevclc. For instance, the coarse sands of the Nam ur-Oo. ten de 
Swell point to a local shallowing. 

The connection of our Belgian sea with that of the Paris basin is sought fo1· in the region of 
Mons-en-Pevele and Douai. Many reworked elements of the Sands of Mons-en-Pevele are present in the 
Quaternary of this low part of the Axis of Artois . There are also some exposures. 

FEUGUEUR (1951) supposed a close connection between the Sands of Mons-en-Pevele and the Sands 
of Guise, even with contemporaneity over this long distance for a level of limeslone with nummulites. 
However, some doubt may be expressed about this conelalion because of lhe restricted environment of 
such larger foraminifera. 
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Shore\\ ard Jcposils of the entire leper formation are generally thought to be represented 
by the Morlanwelz member of eastern Hainaut and similar deposits in the Kempen. Unfortuna­
tely th ey arc faunistically indefinite, foraminifera being nearly entirely lacking. The Sands 
of Peissant may be remnants of a still m ore coastal type of the leper formation. 

In western Belgium the leper formation is overlain by the various members of the Panisel 
formation. The basal Roncq Clays are absent in the area of Torhout and Tielt, where the base 
of th e Paniscl formation is formed by coarse-grained deposits, underlying Sandy Clays of Ander­
lecht . The Roncq Clays are furthermore absent near Mons and in the Kempen. 

It is not clear whether this irregular distribution of the Roncq Clays is due to local non­
deposition or to environmental differences in the shallow sea during this time. 

The Roncq Clays are often supposed to be of lagoonal origin (RuToT, 1885), but the 
regular Lhicknc s in Lhe greater part of the basin as well as the presence of pockets with marine 
fossils do not support this supposition. These pockets of worn fossils are considered to point 
Lo an origin in very hallow water, as was also concluded from the fairly poor foraminifera1 
faunac. Pos ibly I hr Roncq Clays even correspond with the time of maximal regression of the 
Ypre ian ea. 

OYCrlying Lhc Roncq Clays the Sandy Clays of Anderlecht :gradually pass upwards into 
Lhe Sand of Vlierzclc. Both the Anderlecht and the Vlierzele member have a larger distri­
bution than the Roncq Clays. 

The Sarni. Clay of Anderlccht arc mostly clayey in the northwestern part of the Belgian 
Im in (a. near Pillcm), with gradually and irregularly decreasing clay content towards the 
ouLhern and ea tern borders of the basin. At the mont Panisel the clayey character of the 

AndcrlcchL member i Lill di Linet, but in the Woensdrecht boring and near Cassel the Clays 
of Roncq arc direct! . overlain by andy beds. 

Gtd. l:\CK (1952) a umed a « ·waddcn » facies for all these Panisel sediments, especially 
be au ·c of the ero ion channel , intrastratal crumpling structures, clay lenses and pebbles, 
many tubulation in the sandy beds, and the fact that the bedding has always been disturbed 
h organic action. 

G Lli'iCK uppo ed during the sedimentation of the Panisel formation an initial period 
with mainly cla uppl (Clay of Roncq). Later the sand supply increased intermittently, 
but con tanll~ , re ulling in the Sandy Clays of Anderlecht and finally in the Vlierzele Sands. 

Probahly the continuou sandy deposits of the Antlerlecht and Vlierzele members in 
the Woen drecht boring \\ere formed in a fully marine environment, and somewhat deeper 
than lhe depo its of \\ e tern Belgium, as far as may be conclud erl from the foraminiferal faunae. 

This horing i the only place i11 our records with distinct continuous marine sedimcn­
fat.ion from the Ypre ian in lo the Luletian. The composition of the microfaunae shows a gra­
dual changr of an Yprcsia11 a ' soca lion into a Luletian one. 

Al o G -Ll:\CK and IlACQ 'AETl.T (1954) stressed the fact that the Vlierzele Sands and the 
Brussels Sands mni>L have been clepo'ited under comparable circumstances, which resulted in 
a n<'arly idcnlical lilholog~. In expos ures glauconitic sands arc often determined on the basis 
of pre ence or absence of lime, as Brussels or as Ylierzele Sands, respectively. This close resem­
blance also f<n ours the idea of lime eq uiHlence of the Brussels Sands with at least part of the 
Vlierzelc m m her. 

Ori()"inall,· Bclaian bacoloaists as HuToT and others, supposed that the « Paniselian » 
b ,l 0 0 ' 

(our Panisel formation ) represented a sedimentary cycle in between the Ypresian and the Lute-
1.ian. Later rrsearch, however, disproved that idea and so the Lon-er Panisel beds were classi­
fied as part of the Yprcsian cycle (LEnic1m , 1937), and thr Upper Panisel beds as th e lowermost 
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strata of the Lutelian cycle. This classification, also adopted for tl1e legend of the Geological 
l\Iap (1931), does not ans,Yer all questions. Especially the relations between the Aaltcr Sand 
and the Vlierzelc Sands are a matter of conjecture. Sediments of the Aallcr Sands facics arc 
of restricted horizontal distribution. Possibly they are without time-stratigraphic meaning. 

The same is true for the Sands of Aalterbrug in the r egion of Aalter, which arc said lo 
mark the boundary bet" een the Lutetian and the Ypresian, corresponding to the moment of 
maximal regression between both cycles (lIACQUAERT, 1939) . They might as well be inter­
preted as a deposit of again local importance, and "ithoul any indica tion for Ilic general mo,c­
ments of the sea level. 

Summarizing it may be concluded tliat aflcr the deposition of Lbc Sa nd s of 1\lons-cn­
PevCle the regressive period couliuued, but that lh c sea did 11ol abandon the Bclgia11 area. 111 
the open sea a fauna " ·ith close affinities to the Ypresian one gradually changed inlo a Lulclia11 
one. In most of the Belgian area various deposits were formed in a very shallo \Y sea of << \Yacl­
den » type, in " ·hich the sand supply increased 'dlh lime. .\Iinor fluclualio11:-; uf the e11' irun­
ment caused special deposits, such as Lhc ~ands of Aallerbrug, or lhc ·hcll-i·ich lcYels of lh 
Aalter Sands. 

LUTETIAN 

As has already been explained the beginning of the Belgian Lutetian has lo be looked 
for in the Vlierzele Sands . 

LERICHE (1937) concluded that the A.alter Sands belong lo the Lulclian cycle on account 
of the presence of dubious Nununu lites lucasi. He regarded the Aalter ands as lhe lo" ermo t 
part of the Lutetian succession ·with unknown equivalent in the Pari basin. The fi h fa11na 
of CASIER (1949) supported the opinion of LEn1c11E. 

In the subdivision of LERTCUE (1950) for the strata of Lutetian age, the Aallcr Sa11d~ ar' 

followed by the Brussels Sands. In our opinion these units might as well be lateral equi,alcnls. 
Furthermore LERICIIE considere<l the western Brussels Sand , without numnrnlitcs, lo be oldrr 
than the eastern Sands "\Yith Nwnmulites laeviaatus. But here again the e\.planalio11 of lilho­
logic variations of synchronous deposits cannot be dismis ed. 

The coarse-grained deposits along the eastern bordrr of thr Bni:-;,.;els ~a11ds art'a sec111 

Lo represent a coastal strip " ·ith much sediment supply, probably from soulhcaslern dircclim1:-;. 
Tov,rards lhe west and also in upward direction there is a change into fine-grained calcarcou,.; 
sands. Evidently transport diminished in later time. 

This concept offers no explanation for lhe coar:::e :-and::; near \\ authier-Braiur , 1rnks:-; 
a second directon of sand supply is supposed from the soullrn·esl. 

The northern con tacts of Brus, cls Sands and Paniscl formation \\ill1out indications of 
a basal gravel of the former again point lo close connections between both units. 

Higher parts of the Brussels formation have evidently been remo,·etl h~ erosion. \t 
Cassel as well as at Woensdrecht sandy and calcareous banks with numm uliles "ere met "ilh 
near the top of the supposed Brussels Sands. The basal beds of the Ledc formation in abo11t 
their "\Yhole area contain many reworked elements of such banks, as for iustancc nummulite. , 
sandstone pieces, etc., which prove the existence of an important erosion period before the 
deposition of the Lede formation. GuLTNCK and HACQUAEHT (1954) supposeJ that the lo\\ er part 
of the Brussels Sands had been present in western Belgium. LEiuc1m (1922) ('\ 1•11 a::;sumed 
that the whole series comparable to the Lutclian sequence of Lltc Paris l:asiu had original!~ 
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been depo ·ilcd all over Belgium, and that afterwards it had been eroded, >vith preservation of 
on ly the lo" ermo t member, the Brussels Sands, in the eastern area. Data about the lower­
most zones of the Frcncl1 Lutctian arc very scarce, however, and they do not justify at the 
moment a close correlation of the Brussels Sands with any part of the Lutctian series. LERICHE 
j 11 stificd his correlation on features of the evolution pattern of the group of Numrnulites laevi­
uatus, but as long as no rcvi ion of thi group js available this basis is considered to be very 
poor. 

Our 1nicrofau11a<' sliuw 110 close re cm!J lancc with those of the Lutetian of the Paris basin, 
"lticl1 rather re cmblc our Lede associations . As a matter of fact the environment of the micro­
fauna uf the Bru scls Sands mu st have been a very special one, of which we have no distinct 
recrn t cq ui' a Jen l ( cc al o KmJ, 1957, p. 21) . 

BARTO NIAN 

The Lcclia11 and Barlonian arc united lo one stage because of the incomplete regression 
rn hrl\H'<'n , ancl rspecially becau e of thP. great resemblances of the faunac . 

Tlir !Jasc of lhe Lcclc formation (map 15) is fairly regular, but in minor details there 
s<·e111s Lu be some ra\ination of lhc Bru sel Sands. The coastline of this time was probably 
roughl~· cast-we L. 

An intcresling fcalure in the distribution of the Lede Sands is the area in western Bel­
gium \\ilh absence of the·e . and. Possibly there "as an island, or a shoal " ·ithout deposition 
al thi place. Alona this truclure glauconitic sands, the Sands of Strymees, have been 
depo, iled. 

Deposition of the Lcde ands occurred on a more or less flat sea bottom, in shallow "\Yater, 
in "hich there "a. a 'ery rich lif c connected "ilh more or less distinct reef-like structures 
wilh many bryozoans. Our rich foraminiferal faunae were especially met "\Yith in the south 
bcl" ecn Balcgcm and 'fechelcn. Towards the north the fauna impoverished, probably because 
of increasing- depths of the "alcr. 

It is 11 0 L unlike!~ I hat the Sand of H.ocourl form an eastern cquiYalent of the Lcde Sands 
( \ ELGE, 1 !)7; B \TJEs, 195 ) . Thi "ould mean that originally the Lcde Sands covered a much 
greal<'r area tltan it i:-1 currcully a:-;sumcd. Jn this "\my they get lhe same distribution as the 
combined \s:-;c formation and Lo\\ er To11gcrcn beds. 

L1mrc1m (1943) supposed that th sea of the Lede Sands regrcded, Lut only partly lefl the 
Belgian area; after a short time a fresh transgression started and the ea again coYered the 
"liolr· area. Oft<'n a basal graYel 11nderlying the \Ycmmcl 8ands, suggests that some raYina-
1 io11 look place Ii ·forr deposition. llo" cYcr, al other places :-;uch a gravel is absent and the 
scdimeu tation from Lcde into \\ crn rncl Sands appeared to be continuou - (LER1c11E, 1943) . 

In the Netherlands as well a in Germany these movements of the sea are not reflected m the 
sediments, and the de11osits are oflen referred lo as the Bartonian s.l. 

\ separate area of nortlrn eslcrn occurrences of the \Yemmel Sands is found in the region 
"ith ab cncc of the Lcclc ~and· (see maps 15-18). This again suggest' the presence of an island 

or a shoal. 
~[osl data about the \\~enunel Sands, ho" cYer, come from the Asse-Bru scls area . ln 

the , icinit~ uf \\ cnrn1cl the~· fon11 n homogeneous mass or sand with Yery rich faunar, but 



134 .T. P. H. KAASSCHIETER. - FORAMINIFERA OF THE EOCENE OF BELGIUM 

southeast of Brussels they are current-bedded sands with variable grain-size an<.l intercalated 
gravel beds. The latter type of sands is also known from the region of Asse where they con tain 
many worm tubes and clayey intercalations . 

These deposits of Brussels and Asse have probably been deposited near the coast of the 
transgreding Wemmel sea. Those of Wemmel were deposited some" hat farther offshore. 

Generally, the Wemmel Sands seem to form the near-shore deposits of the later Bartonian 
sea. At greater distance from the land, the Asse Clays were deposited. They cover th e Ledc 
Sands -vvithout Wemmel Sands in between. 

In a later period the sand transport diminished and the clay sedimentation spread over 
the sandy areas towards the south and east. In the southern and eastern part the entire section 
of the clays is glauconilic. No indications for an allochtonous origin of the glauconilc were 
found in our samples, so a low rate of sedimentation for this glauconitic parts mu st be suspected 
(CLoun, 1955). To,vards the centre of the basin the midd le part of the clays is devoid of glau­
conite, which middle part decreases in thickness in the direction toward s I he supposed coast. 

The deposition of the Asse Clays was followed by a period of sand y scdirne11latio11, but 
an important clayey intercalation in the lower part of these Asse ~ands 1> uggesls an again 
decreased sand supply during part of the time. 

A similar clayey intercalation was observed by MouRLON (1905) as far southeast a lhc 
area between Tervuren and Leuveu. It was considered by this author lo belong to the Lower 
Tongeren beds . Lithologically this clay of Tcrvuren and that of the Assc Sands arc identical. 
except for a more sandy character near Tenuren . 

West of the Hageland the Asse Sands are covered by the Rupel formation. The occur­
rences of Lower Tongeren beds reported from this area were fully discussed by BAT JES (1958), 
who concluded that their presence could not be proved. 

Only in the area east of Lcuven and as far as western Gcrma JL , ha' c distinct LO\\ er Toug­
eren beds been found. Generally a bipartite division of these beds is present, "ith the slighlly 
clayey Sands of Grimmertingen below, covered by the Sands of l\ecrrepen. The Sands of 
Grimmertingen seem to be more clayey in the western part of the area (sec BATJEs' localities 
LN and LO) . The lithology of the sandy clay at the locality Li\" cYen corresponds "ilh that 
described by MouRLON of the clays west of Leuven . Lithologic parallelization of lhc lower 
Asse Sands and the Grimmertingen Sands is considered likely. 

Moreover BATJEs' faunae of the Lower Tongeren beds of Dutch South Limburg ha' c so 
many affinities with the faunae of the Asse formation, that they are probably contemporaneous. 

BATJES supposed the time-stratigraphic equiv-alence of the Assc and Lo\\ er Tongcren 
deposits; the enumerated paleontological and lithological data may be regarded as · upporting 
his ideas. 

It is therefore reasonable to suppose that the Bartonian sea also covered parts of easlc·rn 
Belgium. After the deposition of the Asse and Lower Tongeren beds a more or le s distinct 
regression occurred, the sea leaving the eastern area. Afterwards follo\\ ed the <lepo ·ition of 
the continental to lagoonal Upper Tongcren beds, "hich BATJES supposed to rcprc~l'nl tltc 
coastal equivalents of the Rupel formation. 

Possibly the sea did not leave the more northern and " -cstern parts of the basin, which 
may explain the rare occurrences of a basal gravel of the Rupel formation. 
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ClJAPTEH VI 

SYSTEMATIC DESCRIPTION OF THE FORAMINIFERA 

The , pcci<'s and higher la\.onomic unit ha\c been arrangccl according lo the cla ifi­
calio11 of ....rcAL (1952, in PIVl·:TE.\l ' , Traile de Paleonlologic, vol. 1), "hich is considered to be 
more 11p lo dale t lian lliat of Cl' ~ 1n1A • (1950, Foraminifcra, llicir cla ·i ficalion and economic 
lJ , , 4lh l'C\. ccJ. ) . 

i\ltogelhrr ~0111<' l\\o liundrccl and l\\c11l~· -fi\(· :-peeie. a11d varielic were recognized. 
Tile folio" ing ar<' ron!'i<krrd lo h 11c\\: 

Tr.rtu!flria agglutin::n\ u'Omm;w) Yar. nali1111r·-
sensis , 

S piroloc ulina lrica ri 11al a 'l'EHQIJE;\I Ya 1·. belgica, 
. 'piroloculinn co ligera TERQUE:\I Yar. nuda, 
. I rtiruli11n JHPudornlrata, 
. I rticulina /londrica, 
Jliliola pri\ca o'OnnIGW) var. lerquemi, 

Fflbufaria bellfl, 
Globulina gravida (TERQUE:\1 ) Yar. lineala, 
B oli vina bra banlica, 
Uvigerina batjesi, 
. tngulogerinrt abbreviala (TERQUEl\1) var. lubuli/era, 
.\'onionella u·rmmelensis , 
Planulina burlinglonen is (JE:'\:'\INGS) var. tendami. 

Furthermore l\\o r"\.islina . pecie had to be renamed, for which the following name arc 
prnposrd: 

Triloculina leca/rc::,ar, Bulimina pari,,icn is. 

The •rrealcr part of the material i , lorcd in the paleontoloaical collection of the )line­
ralogisch-(;eologL ch Jn lituul of the State niver ily at lrecht (S 6.369-12.158). The speci­
mcm and sample. of the boring \\ oen,drechl have been deposited in the collection of the 
( ;cological ' un e) of the Xetherland al llaarlern. Furthermore a collection of most of the 
recognizrd l~ pe "ill he lored in the Jn tilul Hoyal de Science \'"alurelles de Belgique at 
Brus~<+' . 

F.,,llL) RHJZ.\JDII~l])AE 

Genu RHIZA:\l;\Jl:\.\ H. B. BRADY, 1879 

T,vpc pecic · RHIZ.\:\IMIN.\ ALGAEL<'ORf\IIS H. D. l3RADY, 1879 

Uhizammina . p. 

6 

H cm ark". - T"o gruups of indi,idual- "ere found, different from one another in 
lh<' grain- ize of lhr agglnlinaled material. Th coarser ones resemble the specimen of Bathy­
siphon cf. eocacnica Ct m1 \"\' and llAM.\, fiaurctl h~ ~TAE8CHE and ll1LTEmtA:.'\X (1940, )likro­
faurwn au::; drm Tertiiir \ord\\C:'ldrul:<chland$, pl. 37, f. 4) : lhe more finrl~- arrnacrou::; one::; 
1 lw specimen of llli$ $pecir of pl. 37, f. 5 of the $l\lllC author$. 

\'"o lracc of . pongc spicules characlcrUic for the genw Bafl1ysiplw11, could be found. 
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TEi\" DA.\t (1944, }[ctlcd. Geol. Stichting, ser. C, vol. 5, no. 3, pp. 72, 73) described Rhi:.a1n­
mina as "\Yell as Batl1ysiphon from both the Paleocene and the lo\\·cr part of the Teper Clays 
of the Nclherlamls. 

Di s t rib u l i 011 . - Xethcrlands (Woensdrecht): l eper Clays. 

FA.i\llLY .AMlUODJSCIDAE 

Genus AMNIODISCUS REUSS, i862 

T~·pe species OPERCULIN.\ LNCERT,\ n'ORmG:\Y, 18:3\J 

.Ammodiscus incertns (n"On.B tG'iY) 
Pl. I , fig. 1; IG 

Operculina incerta n'ORBIG'.'iY, 1839, in DE LA SAGHA, Hisl. Phys. ·aL. CuL>a, Fornrninifcres, p. 11!); YO!. 8, 
pl. 6, f. i6, 17 (recent; Cuba, Martinique) . 

. 4.mmodiscus incertus (n'OnBIG:'\Y), H. B. Brady, i884, Hep. Voy. Challenger, vol. !), p. 330, pl. 38, f. 1-3; 
CUSLDJAN, i918, li. s. Nat. Mus., ilull. lO'i, pl. 1, p. 95, pl. 3!), f. 1-7; TEN D .\\1, l!)li.11, lcdcd. Gcol. 
SLichLing, ser. C, vol. 5, no. 3, p. 76, pl. i, f. 10. 

H c m arks . - The specimen s \Yere especially found in Llic lo\\ er purl of llic leper Cla~ s 
of the boring vVoensclrecht. They arc mostly more or less compressed. Hrg1tlarl~ coiled forms 
have been deformed to somewhat angular specimens. Some inclivicluab rcsc1111>lc !hose of 
Glomospira species . 

TEN DA.\I (1944, }Iecl ecl . Geol. Stichting, ser. C, Yol. 5, no. 3, p. 77) dc~cribed (;/unw­

spira charoides (.Tol'iES and P .\HKEH ) from lh e leper formation of !he \'elhrrlands. 

Dis t rib u li o n. - Belgium : l <:>per Cla) s, ~ancls of }lo11s-c11-Pe\ (·lr, Sa11d~ of \a Iler. 
Sands of Lecle; 

:.\"ethcrlancl s C' i\Toensclrcch t) : leper C la~ s, Lo\\ er Pauiscl heels. 

FA."IULY COIC\[SPHUIHJ.; 

Genus CORNlJSPIR.\ SClIGLTZE, 185'1 

Type species COHNUSPIR,\ PLANORBIS SCUULTZE, 18f1'i 

Cornuspira hornemanni HEu;:; 

l'l. I , fig. 2; 203 

Cornuspira bornemanni H.Euss, i863, Sitz. ber . K . • \k. Wiss. \Yien, ml. 4.8, pl. 1, p. 30, pl. i, f. 3 (Oli­
gocene; Germany). 

Hem arks . - The species differs from Comuspira cari11ala (CusT.\ ) (O perculi11et cari­
nata CosTA, 1856, Atti Accad . Fonlaniana i\apoli, ml. 7, pl. 2, p. 209, pl. 17, f. 15; Comuspira 
carinata (Cosn.), H.B. BnAnY, 1884, Hep. Voy . Chullengrr, Yol. 9, p. 201, pl. 11, f. 4) hy lh<' 
presence of grmYth lines and by the higher Lube. Some of our specime ns lack the cari11a. 

J) is t l' i b LI Li() ll. - Bclgi11m: ~arnls or Lcde, Sall(!::; ul' \\ lllHH'I. 
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Vornuspira involvens (REuss) 

Pl. I, fig. 3; ·/91 

Operculina involvcns R.Euss,1850, Denkschr. K. Akad. Wiss. ·wien, Muth.-Nat. Cl., vol. 1, p. 370, pl. 
46, f. 20 (Miocene; Vienna basin). 

Cornuspira 'involvcns (RE ss), H . D. BRADY, 1884, Rep. Voy . Challenger, vol. 9, p. 200, pl. 11, f. 1-3. 

J\ c 111 arks. - Our spcciu1c11 s arc "\ariablc 111 Ll1eir slight degree of compression. 

Di s L r i h u Liu 11 . - Belgium: Lcclc Sands, Wcmmel Sands. 

FA'ITILY SPIRII,J_,JXJDAE 

Genus SPlH.ILLIN.\ EuREXBERG, 1343 

Type pecies SPIRILLIN,\ VIVIP.\RA EHRENBERG, 1843 

Spirillina ~pp. 

140 

H cm a r k s . - Our ill-preserved specimens of Spirillina possibly belong to S. striato­
!Jl'allulosa TEHQLE'l (18 2, .\I cm. oc. Gfol. France, scr. 3, vol. 2, p. 33, pl. 1, f. 30; Y. LE 
C\LYEz, 1949, :\I~m. Carle Geol. det. France, pl . 2, p . 11, pl. 1, f. 3, 4) and to S . siniplex Y. 
LE CALVEz (1949, \Iem. Carle Geol. det. France, pt. 2, p. 13, pl. 1, f. 1, 2) . Specimens of the 
fir~ L group were on!~ found in the .... ands of Brussels. Both species were originall~- described 
from lhc Lulclian cJcpo it of lhe Pari ba in, France. 

Di:.; l r i h u lion . - Belgium: ,_ands of Brussels, Sands of Lede, Sands of vVemmel; 
Frn11cc: Lulclian. 

FA,llL\ Jl.APLOPHIL\.G~IllD.\E 

Genus CRIBHOSTOL\IOIDES CuSIL\IAi'i, 1910 

Type pecie CRIDROSTOMOIDES DRADYI CusrnIA!'\, 1910 

('rihrostomoillc: . p. 

Pl. I, fig. ~ : 5; 4 

H. c rn ark:' . - \. numl>cr of specimens from ll1c lo" crmost leper Clays of the boring 
\\ ocnsdrcchl probably bclon<r lo thi genus. They arc all more or less distorted and ill-pre­
served. The apcrlural features arc so inclislinl'L tbal our specimens might as "\Yell belong to 
lhc gcnu Barl>crina. 

T n the lerminolog~ of the apcrlurcs (Fn1zzELL and ScmYAHTz, 1950, Bull. :\Iissouri School 
\Lines, Tcclrn. ~er., no. 76, pp. 1-12) our specimens belong to lhc << :\Iultiple Apertured forms» 

I) is l r i I> 11 I i u n . - 0clltcrland ' (\\'ocnsdrechl): Clays of l eper. 
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Genus HAPLOPHRAG MOIDES CUSHMAN, i910 

Type species HAPLOPHHAGMIUM C1\NAHIENSE o 'OHBIG~Y , 1830 

Ifaplophragmoides sp. 
Pl. I , fig-. G; 5 

Rem arks . - In some samples of the lower Clays of leper of the bo ring Wocnsdrecht 
a number of ill-preserved, mostly distorted specimens of I-laplophragnwides were found. Some 
individuals more or less resemble H. eggeri CusHMAN (1926, Bull. A. A. P. G., vol. 10, p. 583 , 
pl. 15, f. 1; TEN DAM, 1944, Meded. Gcol. Sticht.ing , scr: C, vol. 5, no. 3, p. 79) but th ey arc 
bigger than the original specimens. 

Dis t rib u t ion . - Netherlands (\Vocnsdrccht) : Cla~' s of leper. 

Genus AMMOBACULITES CUSHi\IAN, 1910 

Type species SPIHOLINA AGGLl .TIN ANS n'ORBIG 'Y, 1846 

Ammolmculites sp. cf. A. americanus CvsmtAN 

Pl. I, fig. 7; I 

cf. Amnwbaculites americanus CuSHl\IAN, i910, U. S. Nat. Mus., Bull. 71, pl. 1, p. 117, f. 18'1, 185 (recent; 
W coast of Mexico); CUSHMAN, i920, U. S. Nat. Mus., Bull. 104, pt. 2, p. 64, pl. 12, f. 6, 7. 

cf. Haplophragmiurn fontin ense H. B. BRADY (not TERQUEM), 1884, Rep. Voy. Challenger, vol. 9, p. 305, 
pl. 34, f. 1-4. 

Rem arks . - Some specimens, resembling Trochamminoides by the evolute cl1araclcr 
of the test, were found in the lowermost l eper Clays of th c vVoensdrech t boring. Ho" ever, 
the aperture is not at the base of the last formed chamber, but it is a more or le rounded 
opening in the apertural face. The last chambers mostly being broken off, the form of thr 
aperture is un knm...-n. 

Our specimens more or less resemble A. americanus. Jn the lallcr specie!" the CYolutc 
character of the test is still more distinct , and the aperture is an elonga te lit . 

No specimens \\ ere found with an uncoiling, straight adult part. 

Di s t r i lJ u t i o o . - Xctlicrlanus (\\"ocusdrcchl) : Clays of lrprr . 
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FAMILY TEXTULARlIDAE 

Genus SPIROPLECTAMMINA CUSHMAN, 1937 

Type spec ies TExrrULARIA AGGLUTINANS n'OnBIGNY var. BIFORMIS PARKER and JONES, 1865 

Spiroplectam mina mexiaensis L<\LlC:KF.n 

Pl. I , fig. 8; i 

Spiropleclammina 111exiaensis LALTCKER, 1935, Conlr. Cushm. Lab. Foram. Res., vol. ii, p. 43, pl. 6, 
f. 5, 6 (Eocene; Texa ). 

H cm arks. - Our p cimens from the lowermost part of the leper Clays of the boring 
Wocn . drechL differ from Lhe imilar S. spectabilis (GnzrnovsKr) (Spiroplecta spectabilis GnzY­
sovsK1, 1 9 , Hozpr. Ak. Cm. Krakov, er. 2, vol. 13, p. 293, pl. 12, f. 12) by the ridge-like 
a'l.ial pol'lion of lhc lrsl and the u ually .ornc \\hat limbate sutures . 

D i s l r i IJ u l i o 11 • - Netherland s (Woemdrechl) : Clays of Icper. 

Spiroplectammina adamsi L\LICKER 

PI. I , fig. !J-11; 14 

Spiroplectannnina adalll~i LALICKER, 1935, Conlr. Cushm. Lab. Foram. Res., vol. ii, p . 39, pl. 6, f. 1, 2 
(Eocene; California). 

He 111 ark . . - The . hape of the Le l of lhe Belgian specimen is variable . ::\lastly it is 
broad and compressed, and alway ubrhornboidal in apertural Yiew. Some specimen show 
a di tinrll~ plan i. piral beginning, others posses a biserial arrangement of the visible early 
chambers. The ulurc are mo tly slightly depressed; their thickening is variable and it 
clepends on Lhe degree of depre ion of lhe chamber walls. In some specimens the sutures are 
indi lincl. The~ arc II ually Lraight and oblique, but curved suture- were found as well. 
LALICKEH dc.cribed lh aperture to he foun<l in a distinct reenlrant of the apertural face. In 
our . pecimcn Lhis characterL tic i - not ahHy present. 

Our Spiroplectammina adamsi is not clearl~ separable from our S. carinata and S. cari­
rwta 'ar. deperdita. ~pecimen "ith a slight rarina resemble S. carinata, whirh is flatter. 
S. carinata 'ar. deperdita is more elongate. 

]) i ~ l r i h 11 Li on. - Belgium: Clays of leper, Clays of Roubaix, Sand of Mons-en­
Pevcle; 

\'elhcrland ' (\\o('n . clrC'rhl): Clays of lrper, ~ands of ::\Ion -en-PeYcle, Lower Paniscl beds: 

England: London Cla~. 
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Rpiropl l'c tn111mi11a earinata (n'01111 1GN \ ) 

Pl. T. fig. 1 ~; /OS 

Tc.i·tularia corinr1/a u'01:BIG:\Y, 1846, l•'ora111. fL>'S. Viennc, p. 217, pl. L11, f. :~:!-:.Vi (:\1 ion•11L• ; \"i e1111a lw s i11 ). 
Spiroplectammina carinata (o'ORBIGNY ), TEN D .u.1, i944, Meded. Geol. Slichling, ser. C, Yo!. 5, no. 3, p. 

81; \lARl\S , 1951, Conlr. Cushm. Found. Foram.Re ., ml. ?, p. 33, pl. G, f. ?; B.\TJES, Hlil8, \h"m. 
Inst. R. Sc. Nal. Belg., no. i43, p . 99, pl. J, f. :2. 

R c rn arks . - Characteri tic Spiroplectammina carinata indi' iduals "ilh a 111orC' or 
less "idc , clcn la lc Lo p inosc carina, ar ralhrr scare in thr material of lhc Belgian Eorrnr. 
B ATJES found a complete gradation bC' l n rC'n lhis t~· pc an cl S. carinala (n'OnBr ·'' ) 'ar. dt>JH' l'­
dita (n"OnB rG'i\) . The Yaricly is far more nunH'ro11s in 011r Eocr111' rnalt•rial. 

Dis t rib u lion. - Spiropleclammina carinala i ' only dominant in . ornc sample'" of 
lhe Clay of A~ sc. In the other deposit.- S. rarinala rnr. deperdita 011lnumhC'rs llir . pC'rit'" or 
il is the only rrprrsrnlatin' (~ands of Bru. srls and of LeclC'). 

Belgium : ~ands of :\lons-rn-I\~y(·lC' , :-:.;u1cl' of \YC'mrncl, Cla~..; of \..;..;p; 

:'\cl lie rla nd..; (\ \" opn..;cl rc'r h l) : \Y l' nrnH' I ~a ntl..;. 

~p iro pl crta m m in a eari11ata ( n"0111111 :'\\ ) 'ar. tkprnlita (11"011111 i: '\\ ) 

Pl. I , fig-. 13; IOl 

Texlularia deperdila o'ORBIGW, 18116, Foram. foss. Yi enne, p. 224, pl. lli, f. :.?3-:.?il (:\liocene; Yienna ha~in \. 
Spiroplecta111m.ina deperdita (o'ORBIG:\Y), \T.\Rl\S, 1951, Conti' . Cu hm. Found. Foram. He -., vol. 2, p. 3li 
Spirop!Pcfnmmina cnrinata (o'ORBIGW) Ytll". depndita (n'ORBIG:\Y), n .\TJES, Hl:->8, \Tern. In t. ll. Sr. 1·a1. 

n elg., no. 143, p. 99, pl. i, f.3. 

n cm ark:;. - fn lhc OligoccnC' rnat<'rial of Belgium and of (;erman) B\Trns found a 
complete gradalion between typical Spiroplectammina carinala \\ith a morr or IC'.;" di.;lincl, 
denlalc to spinosc carina, and form~ "ilhout a rarina and "ilh mon' or ll's.:; ..;lraighl ..,ulun•.;. 
ThC' latter he found lo be iclcntiral "ilh S. deperdita of lh c \fiocrnc of llir \irnna ha--in. In rn1r 
Eocene' material this inlergradalion i onl~· prC' rnt in some . amplC's of lhr \.:; ..;p Cla~ "· 

The specimen . of the Clay of . .\ssc, lh<' :-:.and.:; of \YemrnC'l and l h<' ~and..; of LC'd<' n•.;e111bi<' 
besl lhe forms clcl'cribed hy BATJES. The~ . ho" a similar \arialion in lit<' llH'clian riclg1' frn111 

broad and granulated to narro" and smooth. 
The fe,Y <:perirncns we found in thr .·ands of Brn..; C' l.:; haYe lo" c hamber. and nol-li111hal1'. 

depressed sutures. They rrsemhlc Spil'Oplectammina alabamensis (Ct ..;11\r\'\) 'ar. <limin11lit•fl 

BA:-;ny (1949, Bull. Am. Pal., no. 131, p. 33, pl. 4. f. ). 
The individuals from the Sands of YlierzelC' and the Sand~ Cla~ s of \ndrrll'chl in th1• 

\Yoen drechl boring are sometimes hardl~· cliffcrC'nt from Spirnpleclammina atla111si. Thi~ i.; 
especially true for young l'pecirnC'ns. In lhC'..;c indi' idua)..; tlir 111rclian ridg1' i..; ill-d<•\1•lnrwd. 
and lhC' sut11rcs arc mostly <lC'prcssed ancl nol or slighl l~ Jiml>alr . 

Dis l rib u t ion . - Belgium : ~and . of i\f Pn. -cn-Prvl·lc, ~and-. of Brn..;..;c•k ~a1ul.; of 
Leclc, Sands of \Yemrncl , Clays of As.:;e; 

\'cthcrlancls: L<rnC'r Panisel heel~. ~ancl..; of J.rdr, Sand.;; of \\ rmmrl. 
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Genus TEXTULARIA DEFRANCE, 18211 

'l'ype s1Jecies rrEX'l'OLARIA SAGITTULA DEFHANCE, 1824 

Textulari a agglutinaus n'Onn1cNY 

Pl. I, fig. 14-lG; 100 

Tcxlularia agglulinans n'ORBIGNY, 1839, in DE LA SAGRA, Hist . Phys . Nat. Cuba, p . 144, pl. 1, f. 17, 18, 
32-311 (recent; West Indies); CUSHMAN, 1922, U. S. Nat. Mus., Bull. 104, pt. 3, p . 7, pl. 1, f. 4, 5; 
KEY.ZER, 1935, " On vatiability in EasL Indian Foraminifera '" thesis Leiden, p . 128, tf . 25; TEN DAM, 
1944, Medecl. Geol. Slichling, er . C, Yol. 5, no . 3, p . 82 . 

R c rn a r k . - Th is specific name is applied lo a large, variable group of our Textularia 
individual . T. agglutinans \YaS originally described for elongate specimens w ith straight, 
horizontal . ulure and lighlly inflated chambers. We found such specimens intergrading 
with shorter, more comprcs. eel forms which i·escmble T. gramen n'OnBic;w (1846 , Foram. foss. 
\ icnnc, p. 248, pl. 15, f. 4-6). The type of l he ]alter species sho"\n a relatively short form 
Willi oblique sutut'C:'. Jn the . horL specimens of T. arrntut inans of the Belgian Eocene the 
~1tlurc . are more horizontal. 

Elongal<' ~1wci111cn::; of 'J'eJ'lularia ag9l11tinans arc the mosL nurnero11:-> in 0 11 r Eocene malr ­
rial. The lesl i~ more or Jc. comprc. scd, \\i th a rounded to s11bangular periphery . The \Yn ll 

i mo Ll~· finely arcnarcou , bul coarse}~, arenace011s specimens have been founcl as well . The 
apcrt11rc is oflrn in a dislinct reenlranl of lhc aperlural face. 

The first t hrec chamber of the test \YCrc found to he arranged triserially, the following 
ones Li erially. Thi i lhc . a me arrangement as that found by Hocu;:'\n for Text,ularia bocl.·i 
(1947, Cppsala l ·ni'. Zool. Biclrag, ml. 26, p. 171, lf .152, 153, pl. 12, f. 5-7), a rercnl species 
off the \\ cslrrn .._ wecli. h coast. 

Di s l r i b u t ion . - Belgium : Sands of ;\ f om-cn-Pevrle, Sands of Brussels, Sands of 
Leclc, f:.and of \Yemmel ancl Clay of sse: 

Xc•thcrland:-> (\\ ocn . clrcrhl): Panisrl forma tion, ~ancls of Lccle, ~an<ls of \Yemmcl. 

Textularin a~glu t in a n . n'01HHC.l'iY 'ar. nalinnesensis nov. 'ar. 
Pl. I, fig. 17, 18; 134 

Et~ m o I o g ~ . - ~amecl after the type locality ~alinnes (THB) in Hainaut, Belgium. 

D c scrip Lion . - YaricL~- differing from the typical Textularia agglutinans by it 
grc>atcr . ize, more coarsel~' arenaceou wall, and less compre scd test. 

Lc•nglh of holot:-pc, 0,90 mm.; hrcacl th of apcrtural end, 0,47 mm.: thickness, 0,35 mm. 

1l <' 111 ark . . - Te.rtularia aggl1zlinans var. nalinnesen. is resembles T . mimzla (TERQUEM) 
(Textilaria min11la T1·:HQLE\t, 1 82, JJem. :-::.oc. Geol. France, ser. 3, vol. 2. p. 147, pl. 15, f. 15) 
"hich ha . a compressed initial part and i finely arenaceous. It differs from T. midwayana 
L\LtCKEH (1935, Contr. Cushrn. Lab . Foram . Hrs., ml. 11, p. 49, pl. 6, f. 7-9) in the aperture 
"hich is a lo\\ . lit in Lead of a small, high arched opening. 

The specimens of this rlen- nrie t:-r grade inlo our Texilllaria agglu.tinans; they further­
more ha\ c the same 'ariation of the rclatiYc length of the test. Some i::pecirncns also show lhe 
triscrial arrangcmcnl of the fir::;t three chambers. 
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T ~· p e 1 u c al i l y . - Th e aliand o n r d sa ndpit E SE of Nalinn es: rn11· . arnpl r TrlB 1192. 

Typ e l eve l. - Th e Sand s of Brn ssrk Th e ag<' o f I hcsc cl r pos il !". is gt' r H'ra l l~' r<'ganl Pd 
lei be .\liddle Eocen e . 

Di tribution . - Belgium: Brus els ._ and , only a t Nalinnes (Tlll3) . 

D e p o~ i l o r ~· . - The h olo t, p e and pa ra typoid s a rr lo rcd in the co lic li o ns o f lh Grn­
log ical In s titute o f P lreeht ( ~ 637 , 6379) . 

Trxtulnria mitln ill en si C sm1 A • and ELLI ·on 
Pl. I , fig. 19; S'! 

Te:rlu laria smillwillen is Cu m IAN and ELLI OR 1933 Conlr. Cu hrn. Lab. L~oram . Res., vol. 9, p. 9:-, 
p l. 10, f. ii (Eocene; Texa ). 

R e rn ar k . -A n u m ber of specimens "ith the characteristics o f tl1i s pec ir: \\ ns found. 
T h ey usu ally h aYc th e initi al porti o n broken off. \lo. t of them _how oh liquP, ~lraighl and 
slig htly tl eprrsscd sutu res . A charac lr rLt ic feature is the . ligh t l iu lgi11g uf thr lo\\ <'I' part of 
Lh e chambers . 

Te.r tularia ge rtrn dea na D AY ls (1941, .1011rn. Pal., Yol. 15, p. 14 , pl. 24, f. ), also from 
the Clai borne Eocrn e of Te\:a , is a similar, more , lendrr form "ithout the bulging chamhrr-.. 

Di L rib u t i on . - Belgiu m : Clays of Ho1iliai\.; 
Xetherland . (\ Voensdrech t): Cla ~·, of Trprr: 
En g land: London Clay of Alum Ba~. 

F .rnILY TROCHAM1UIXIDAE 

..._ UBF \\f!LY 'rROf'H.A)l)[J~IXAE 

Genus TROCHAMMIN.\ PAnl\ER and JO:\E , 1859 

Type species NATTILr Ii'\FL TC :\IOXT\Gl', 1 0 

Tl'Ochammina p. cf . T. inflata (Jfo\T\C.L) 

Pl. I, fig. 20: S 

cf. Nautilus inflal'us MOl'\TAGU, 1808, Te t. Britt., Suppl., p . 81, pl. 18, f. 3 (recent; England). 
cf . T rochammina inf lala (MONTAGU), H. B. BRADY, 1884, Rep. Voy. Challenger, vol. 9, p . 338, pl. H, 

f. 4; CUSU:\IAX, 1920, C. S. 1at. Mu ., Bull. iO'!, pl. :!, p. 73· TE'.'I DA:-.1, 19'i'i :\Teder!. G!.'ol. lichling, 
ser . C, vol. 5, no. 3, p. 87 pl. 2, f. 5. 

R e m ark~ . - Se\rral Troclwmmina individuals re ernble lh fi<YUf':' <Yi\ en f11r 
1'. inflata. The bad s late of prcscrrntion, moo:t spccim<'n · bring di~lorlerf, hamper a correct 
de termination. 

Some pecimens of llaplophragmoides may have been inclucled. Thrir deformation pro­
bably cau!'ed a econdar~ trochoid character of the trsl. 

Di~ t rib u t ion . - ~rlhcrlancl. (\\'oemdrc ht): Clays of TrpPr. 
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FAMILY VERNEUILI~IDAE 

BFA~TILY EGGERELLINAE 

Genus KARRERIELLA CUSHMAN, 1933 

Type species GA UDRYINA SIPHO NELLA R.Euss, i851 

Ifarreriella siphonella (REuss) 

Pl. I, fig. 21-23; U2 

Gaudryina iplwnella REU , 1851, Z chr. Deu. Geol. Ges., vol. 3, p. 78, pl. 5, f. 40-42 (Oligocene; Germanyj. 
Karreriella siplwnella (R.Ei..; s), CUSHMA~, 1937, Cushm. Lab. Foram. Res., Spee. Publ. no. 8, p. 125, pl. 

14, f. 17-19; BATJE , 1958, Mem. Inst. R. Sc. Nat. Belg., no. 14.3, p. 100, pl. 1, f. 6-8. 

Texlularia chilo ·toma R.Eu , 1852, Z chr. Deu. Geol. Ges., vol. 4, p. 18, tf. a, b (Oligocene; Germany). 
11·arrrrir/la chilo to111a (REi..; \, C1·. 11'1AN, 1937, Cushm. Lab. Foram. Res. , Spee. Publ. no. 8, p. 126, 

pl. 15, f. 1- . 

H e m a r k .:; . - .\lmo t all our individual belong to the chilostoma variety, in which 
near!) Lhe en Lire Le l i.:; bi -erial ( ee BATJE , 195 ). The siphonella t. pe with a more prominent 
multi-lriserial part, and "ilh lhe bLerial chamber in a loo er biserial ·arrangement, wa found 
in bul L\\o ~ample.:;. 

The arl~ chamLer of our chilo toma variant are arranged in an indistinct tri erial 
~piral. The often . lJO'O'e. l a planLpiral beginnina of the te t, which would be typical for the 
genu l alvote.rtu laria HoFKER. 

~pecillH'll" from th 'lio ene of Belaium de~cribed by BATJE a Siphotextularia labiata 
(Russ (Te.r tilaria lalJiata HEt.s·, 1 61, itz. her. I\. Ak. \Yi . 'Wien, vol. 42, p. 362, pl. 2, 
f. 17; 'iplwte.I'iularia labiata (REl: ~) , BATJE ~, 1958, ~Iem. In t. R. c . :\at. Belg., no. 143, p. 
100, pl. 1, f. 5) sho" the ~ame arrangement of the earl. chamber : indi tinctly tri erial to 
planispiral. Po!'.:;ibl~ the~ belon()' to the ame pecie a our ~pecimen . 

D is t r i h u l ion . - Belg-ium: and- of \Vemmel and Clay of A e. 

Ifarreriella dan ica Cu mrA~ 
Pl. I, fig. 2 t, 25: 11 

Karreriella danica Ct: 1nu:, 1937, Cu hm. Lab . Foram . Re ., Spee . Pub!. no. 8, p. 122, pl. 14, f. 20-22 
Eocene; England., 

(nol Ga11dryi11a danica FRANKE, 1927, Danmark Geol. Gnder ., R. II , no. 46, p . 10, pl. 1, f. 4) . 

H cm arks. -Arcor<ling- lo BnoTzE:-. (194 'nr. Geol. Under- ., Arbok 42, no. 2. p. 36) 
<;awlryina dani ·a F1n.'.'KE "ith tri;;erial heginnina belongs to Bermude:ina becau e of the pre­
~encc of an aprrlural neck. Karreriella danica CL. mrA:\' ha - a multi- to tri erial beginning, 
a11cl tlH' el0110'ale aperture "ilh inddincl neck lies near the inner margin of the final chamber. 

In the Belg-ian ~pecimcn" the neck is ~ometime, ab, ent. In those ca, e the aperture i­
al the base of the lasl chamber. These ~pecimen , trongly re emble Dorothia fallax HAG:\' (1954, 
Contr. Cu. hm. Found. Foram. Res., vol. 5 p. 16, pl. 4, f. 10, 11: = D. subglabra Cl:'.\rA:\' (not 
(;f:\IBEL), 1937. cu~hrn. Lah. Foram. Re ., ~pee. Puhl. no. , p. 6, pl. 9, f. 13, 14). 

Lt 
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Co11siclen1b le Yarial ion \HIS found in the development of the muJti- to triserial part of the 
specimens. In some individuals the beginning is nearly hisPrial. Young specimens with only 
the multi- to lriserial beginning resemble Tf'ochamminella. 

Dis t rib u t ion . - Belgum : Clays of Roubaix, Sands of Mons-en-Pevele; 
Netherlands (Woensclrecht) Clays of leper; 
England: London Clay: 
France: Sands of Guise. 

SUBFAMILY VALVULININAE 

Genus VALVULINA o'ORBIGNY, 1826 

Type species VALVULINA TRIANGULARIS n'ORBIGNY, 1826 

Valvnlina spp. 
Pl. I, fig. 26, '/33 

Rem arks . - In the Belgian Eocf'ne, especially in the Lecle Sands, a number of , cat­
tered Valvulina specimens were found. They are too fe\Y and too ill-prPscnNI for a rmTPrl 
cl etermina tion. 

Most frequent are forms that resemble Valvulina lirnbat.a TEnQl·E:.t (1882, ~lem. :-:.oc. 
Geol. France, ser . 3, vol. 2, p. 102, pl. 11, f. 7). In the Sands of Lede at Leck specimens "rrP 
found resembling V. terquemi Y. LE GALVEZ (1952, Mem. Expl. Cartr Geol. dPI. FranrP, pl. 4. 
p. 14, pl. 1, f. 6) . An individual of the latter is figured. 

Dis t rib u t i on . - Belgium : Sands of Brussels, Sands of Lede; 
France : Lutetian. 

Genus CLAVULINA o'ORBIGNY, 1826 

Type species CLAVULINA PARISIENSIS o'ORBIGNY, 1826 

Clavulina parisiensis n'OnBTG'\Y 
Pl. I, fig. 27, 28; Ji:J 

Clavulina parisiensis o'ORBIGNY, 1826, Ann . Sci. Nat., vol. 7, p. 268, no. 3, modele no. 66 (Lutetian; Pari' 
basin); TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 121, pl. 12, f. 34; CusHMAN, 1937, 
Cushm. Lab. Foram.Res., Spee. Publ. no. 8, p . 18, pl. 2, f. 22-26; Y. LE GALVEZ, 1952, Mem. Exp!. 
Carte Geol. det. France, pt. 4, p. 15. 

Rem arks . - Some variation " ·as met with in Lhe relative size of Lhr trisC'rial parl of 
the test. 

Most of our specimens show an abrupt transition from the triserial to the uni erial arran­
gement of the chambers. However, in some specimens the triscrial part i>1 follo\\.etl by an i rre­
gularly biserial to uniserial arrangement. They resemble Clav11lina cor1·ugata DEsHA\B" (1833, 
in LYELL, Prine. Geol., vol. 3, p. 251, pl. 4, f. 12-14; = C. tulwnnatol'tilis n'ORBICt\\, ) . LE 

CALVEz, 1952, Mem. Expl. Carte Geol. Jet. France, pt. 4, p. 15). 

Dis t rib u t ion . - Belgium : Sands of Lede, Sands of Wemmel; 
France : Lutetian. 
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SUBFAMILY VERNEUILJNINAE 

Genus PSEUDOCLA VOLIN A CUSHMAN, 1936 

Type species CLAVULINA CLAVArrA CUSHMAN, 1926 

Pseucloclavulina anglica CusmrAN 
Pl. I, fig. 29; 29 

Pseudoclavulina anglica CUSHMAN, 1936, Cushm. Lab. Foram. Res., Spee. Publ. no. 6, p. 18, pl. 3, f. 5 
(Lowel' Eocene; England); CUSHMAN, 1937, Cushm. Lab. Foram. Res., Spee. Publ. no. 7, p. 111, 
pl. 15, f. 26, 27; TEN DAM, 1944, Meded. Geol. Stichting, ser . C, vol. 5, no. 3, p . 84; BROTZEN, 19/io8, 
Sve1" Geol. Undel's., ser. C, Arsbok 42, no. 2, p. 37, pl. 5, f. 1, 2; BOWEN, 1954, Proc. Geol. Ass., 
vol. 65, p. 169, pl. D, f. 6, 7. 

R em ark . - om e specimens from the leper Clays of the Woensdrecht boring are 
considered lo belong lo this pecie . The early part of the test is variable, from distinctly 
Lriangular lo rounded. The latter specimens more or less resemble those found in the Sands 
of \Vcrnmcl and llt e Cla ~ s of A e, and referred to as Pseudoclavulina sp . P. cocoaensis Cusm1Al\". 

Dis l r i IJ u li o n. - Netherlands (Woensdrecht) : leper Clays . 

Pseudoclavulina sp . cf. P. cocoaensis CusnMAN 
Pl. I, fig. 30; 'l20 

cf. P ·eudoclavulina cocoaensi CUSH:\ IA.'< , 1936, Cushm. Lab. Foram . Res., pee. Publ. no. 6, p. 18, pl. 3, 
f. 6 (Eocene; Alabama); Cu I-DIAN, 1937, Cushm. Lab. Foram. Res., Spee. Publ. no. 7, p . 114, pl. 15, 
f. :.>0-31. 

H cm ar k : . - The fragmentary state of our specimens did not allow a more certain 
determination. \Io t indiYidual are damaged. They resemble Pseudoclavulina cocoaensis in 
the more or les rounded tri erial portion of the test, in which the early chambers are not very 
clear. \l so the light apertural neck is similar. The uniserial chambers are less inflated and 
gomc" hat more elongate. 

D i . t r i b u t i o n . - Belgium: Sands of Wemmel, Clays of Asse. 
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FAMILY OPHTHALMIDIIDAE 

SUBFAMILY NODOPHTHALMIDIINAE 

Genus VERTEBRALINA D'ORBIGNY, i826 

Type species VERTEBRALINA STRIATA D'ORBIGNY, i826 

Vertebralina laevigata TERQUEM 
Pl. II , fig. 1-3; 164 

Vertebralina laevigata TERQUEM, i882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 44, pl. 2, f. i5-i8 (Lule­
tian; Paris basin); Y. LE GALVEZ , i952, Mem. Expl. Carte Geol. det. France, pt. 4, p . 3i, pl. 3, 
f. 33, 34. 

R em a r k s . - Because of the general resemblance "\vith this species many pecimen 
in the material of Grignon (CAB) and Damery (Paris basin), as "\Yf'll as in th e Lr<le Sands of Brl­
gium, are thought to be conspecific with Vertebralina laevigata. AILhough no , pecimens " re 
encountered with visible sutures, they are in all other respects identical "ith the form . fio-ured 
by TERQUE:'II and Y. LE GALVEZ- Specimens with rectilinear series of chambers have not hern 
found . 

In some samples of the vVemmel Sands "\Ye found specimen resembling l 'ertebralina 
laevigata, but different by the presence of an elongate grooved tooth in the aperture. 

These specimens, which are extremely rare, are possibly related to l\'11nw111lnc11lina. 

Dis t rib u t ion . - Belgium : Sands of Lede, Sands of vVemmel; 
France : Lutetian; 

SUBFAMILY OPHTHAL1UIDIINAE 

Genus SPIROPHTHALMIDIUM CUSHMAN, i927 

Type species SPIROLOCULINA ACUTIMARGO H. B. BRADY, i884 

Spirophthalmidinm alata (TERQUEM) 
Pl. II , fig. 4; 179 

Spiroloculina alata TERQUEM, i882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 158, pl. i6, f. 17, 18 (Lule­
tian; Paris basin). 

Spirophthalmidium alata (TERQUEM), CUSHMAN and TODD, i944, Cushm. Lab. Foram. Res., Spee. Publ. 
no. ii, p. 74; Y. LE GALVEZ, 1952, Mem . Expl. Carte Geol. det. France, pt. 4, p. 29, pl. 3, f. 31, 32. 

R em ark s . - Specimens from the Lutetian deposits of the Paris basin are characterized 
by a distinct planispiral beginning surrounded by elongate chambers, two in a coil. There is 
some variation in the borders of the chambers . Mostly the periphery is truncated, but speci­
mens with one keel are present as well. The latter resemble our Spiroloculina costigera 
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(TERQUE.M) var. nuda, of which they differ by the narrower chambers and the evolute character 
of the test with the exposed planispiral beginning. Y. LE GALVEZ described a small tooth in 
Lhe aperture; in our specimens it was not found. 

Di s L rib u Lion . - Belgium : Sands of Lede, Sands of Wemmel; 
France : Luletian. 

Spiro1>hthalmidium pertusa (TERQUEM) 
JjG 

S7Jiroloculina pcrtusa TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 160, pl. 16, f. 27 (Lute­
lian; Paris basin); CUSHMAN and TODD, 1944., Cushm. Lab. Foram. Res., Spee. Publ. no. 11, p. 
12, pl. 2, f. 32-37; Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 2'1. 

R e m a r k . - A few pecimens that clearly show a planispiral beginning typical for 
lhr genus Spirophthalmidium. 

D i · l r i IJ u L i o 11 . - France: Luletian. 

FAMILY MILIOLIDAE 

Genus QUINQUELOCULINA n'ORBIGNY, 1826 

Type species SERPULA SEMINULUM LINNE, 1758 

Quinqueloculina seminula (LIN 'E) 

Pl. II , fig. 5, 6; 74 

Serpula se111inulw11 LI~:>i:E, 1758, Sy t. Nat., ed. 10, vol. 1, p. 786 (recent; Adriatic). 
Quinqueloculina ·eminula (LI1 NE), BHATIA, 1955, Jour. Pal., vol. 29, p. 674, pl. 67, f. 8; KAASSCHIETER, 1955, 

Verh. Kon. Ned. Ak. Wet., Nat., ser. 1, vol. 21, no. 2, p. 56, pl. 2, f. 3; BATJES, 1958, Mem. Inst. 
R. c. Nat. Belg., no. 143, p. 102, pl. 1, f. 15. 

Quinqueloculina akneriana D'ORBIGNY, 184.6, Foram. foss. Vienne, p. 290, pl. 18, f. 16-21 (Miocene; Vienna 
ba in); MARK , 1951, Contr. Cushm. Li'ound. Foram. Res., vol. 2, p. 38. 

Quinqueloculina laevigata n'ORBIGNY (not DESHAYES, 1831), 1839, Foram. Iles Canaries, in BARKER, WEBB 
and BERTHELOT, vol. 2, pL. 2, p. 143, pl. 3, f. 31-33 (Eocene; Paris basin; and recent; Atlantic 
Ocean, off Canary I lands); TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 173, pl. 18, 
f. f!i , 15; Y. LE GALVEZ, 194.7, Mern. Expl. Carte Geol. det. France, pt. 1, p. 11. 

H r rn ark R • - Jn our material a lot of Quinqueloculina specimens were found which 
fairly "ell resemble the figures of Q. seniinula, Q. akneriana and Q. laevigata of the cited 
authors. \Io tly the te, t is di tinctly longer than broad, but specimens with length equal to 
breadth "ere encountered as well. The latter individuals resemble Q. vulgaris n'ORBIGNY as 
figured by Gcsmt\:\" (1929, . ~. ~at. :\lus., Bull. 104, pt. 6, pl. 2, f. 3) . 

IL sometimes appeared difficult Lo distinguish Quinqueloculina serninula from Q. cari­
nata n'ORBtG:\"\, but Q. seminula i ' regarded to have a rounded periphery and Q. carinata a 
subarulc to acutr one. 
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The specimens of the Lutetian material of lhe Paris basin are oflen more clongalc lhan 
the Belgian ones, but all intermediates are present. Such longer specimen s have been described 
by Y. LE GALVEZ as Qiiinqueloculina laevigata n'ORBIGNY . However, this name was preoccupied 
by DESHAYES for a form which probably belongs to Miliola. 

Some variation is found in the length of the apertural neck . Specimens wilh a dislin cl 
neck are assigned Lo Quinqueloculina liidwigi, but it appeared not always easy to separa le this 
species from Q. serninula without a neck. 

Dis t rib u t ion. - Belgium: Sands of i\lons-en-Pevele, Clays of Roncq, Sand of 
Lede, Sands of Wemmel, Clays of Asse; 

England: London Clay, Upper Bracklesham beds, Barton beds; 

France : Lutetian; 

Netherlands (' i\Toensdrecht) : Lower Panisel beds. 

Quinqueloculina ludwigi REuss 
l-'l. II , fig. 7, ~: /Bi 

Quinqueloculina ludwigi REUSS, i866, Denkschr. K. Akad. Wiss. Wi en., vol. 25, p. 126, pl. 1, f. 12 (Oli­
gocene; Germany); BATJES, i958, Mem. Inst. R. Sc. Nat. Belg., no. i43, p. 103, pl. 1, f. 6. 

Rem arks . - BATJES united all seminula-like individuals "ilh a more or less rlo11galr 
apertural neck under Quinqueloculina ludwigi. Ho,Yever, there is no ~harp houndar) "itli 
Q. seminula. 

Some specimens resemble Qainqueloculina lippa Y. LE CALYEZ (1947, }[em. Expl. Carl' 
Geol. det. France, pt. 1, p. 15, pl. 1, f. 7-9), but they lack the angular periphery. 

Di s t rib u t i on . - Specimens of Quinqueloculina ludwigi are especially abu11danl 
in the material of the Barton beds of Barton. BowEN (1957, i\Iicropal., vol. 3, p. 56) probabl) 
referred to them as Q. akneriana n'ORBIGW. 

Belgium : Sands of Lede, Sands of vVemmel , Clays of Asse; 

England : Barton beds; 

France : Lutetian. 

Quinqueloculina carinata n'ORBIG 'Y 

Pl. II, fig. !l-11 

Quinqueloculina carinata n'ORBIGNY, i850, Prodrome Pal. Strat. UniY. Anim. Mollusques Ray., yoJ. ::?. 
p. 4i0 (Eocene; Paris basin); FoRi'IASINI, i905, Mem. R. Accad. Sci. lst. Bologna, er. 6, Yo!. :?, 
p. 67, pl. 4, f. 2; Y. LE GALVEZ, i947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 9. 

(not Quinqueloculina carinata TERQUEM, i882, Mem . Soc. Geol. France, ser. 3, vol. 2, p. i73, pl. i8, f. 
i6, i7). 

Rem a r k s . - .Jlost specimens correspond well to the original f igurcs of this spccirs 
as given by FoRNASINr. 

A number of specimens was found with fairly acute angles, lhus re:scrnbling <Juinquelo­
culina lamarckiana n'ORBIGNY (1839, in DE LA SAGRA, Hist. Phys. Nat. Cuba, p. 189, pl. 11, f. 
4, 5). They occur dispersed throughout the material of Q. carinata "ith all inlrrnicdialc-; 
abundantly present. 
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Also some r esemblance was found with Quinqueloculina vulgaris n'OB.BIGNY (in FoRNASIJ\'I, 
1902, Accad . Sci. Is t. Bologna, ser . 5, vol. 10, p. 23, f . 13) . CusHMAN (1929, U. S. Nat. Mus., 
Bull. 104, pt. 6, p. 25, pl. 2, f. 3) described the latter species as close to Q. seminula, but being 
shorter and stouter. However, from the figures of n'ORBIGNY given by FoRNASINI, Q. vulgaris 
appears to be more or less angular. 

Di t r i IJ u t ion . - Belgium Sands of Lede, Sands of Wemmel, Clays of Asse; 
England : Barton beds; 

France : Lutctian; 

\'clhcrland s (Wocn sdrecht) Lower Panisel bed s. 

Quinqueloculina bicarinata n 'ORB1G::w 

Pl. II , rig. 12, 13: 2/i 

Quinqueloculina bicarinata o'ORBIGW, 1878, in TERQUEM, Mem. Soc. Geol. France, ser . 3, vol. 1, p. 68, 
pl. 7, f. 10 (recenl; Rimini, Italy); FOR:\'ASINI, 1902, Mem. R. Accad. Sci. Ist. Bologna, ser. 5, vol. 
10, p. 22, If. 16; Cusm1AN, 1945, Cushm. Lab. Foram. Res., Spee. Publ. no. 13, p. 16, pl. 2, f. 9, 
pl. 4, f. 2; BHATIA, i955, Jour. Pal. , vol. 29, p. 671, pl. 67, f. 12; BOWEN, 1957, Micropal., vol. 3, 
Jl. 5G. 

ll · rn a r k s . - Di ·ti11ct ·pecimcus "ere found only in the Barton beds of the Hampshire 
basin ," here th ey arc gene rally omewhat more elongate than the topotypes figured by CusmrA~. 
) oung sp ·cirncm do not show lhc bicarinate periphery. Some forms with unicarinate peri­
pl1cry \\ere found. Olher lack ca rinae and merge into Quinqueloculina seminula and Q. ludwi-
yi. 'omc variant show di. linclly triated walls with striae like tho e of Q. striata. 

, pc irnen '\ ilh a hicarinate periphery are rare in the Belgian material. In the Sands 
of \\ emmel a number of individual "a found which fairly well resemble young specimens of 
Lhc English rcprcsenlalive. of lhe species. 

The EnglL h and Belgian pecimens arc often vaguely quinqueloculine or even triloculine.­
Thc lallcr forms are a good re emblance to the Miocene Triloculina consobrina n'ORBIGNY (1846, 
Forum. fos"'. Vimnc, p. 277, pl. 18, f. 10-12), as interpreted by ~!ARKS (1951, Contr. Cushm. 
Found. Foram. Res., 'ol. 2, p. 40) and Ku scmETER (1955, Verh. Kon. ~ed. Akad . Wetensch., 
\al., ser. 1, Yol. 21, no. 2, p. 60, pl. 4, f. 6) . 

()is l rib u t ion . - Belgium : Sands of vVcrnmel; 

England : Barlon hed:::. 

Quinqueloculina juleana n·ORB1G1w 

Pl. II , fig. 14, 13; 200 

Quinqueloculina juleana o'ORBIG;>;Y, 1846, L<'o ram. foss. \ ienne, p. 298, pl. 20, f. 1-3; (Miocene; Vienna 
ha · in); BlIATIA, 1955, Jom. Pal., yol. 29, p. 672, pl. 66, f. 9, tf. 3; BO\YEN, 1957, Micropal., vol. 
3, p. 57, pl. l , f. 18, 19; BATJES i958, Mem. Inst. R. Sc. Nal. Belg., no. 143, p. 103, pl. i, f. i6. 

Hem a r k s. - The \arialion of this species, as found b~r BuATL\ in the Oligocene of 
\iVigltl, "as also ohsen eel in our Eocene material. 

The dif'f'erencc from Quinqueloculina bica1·i11ata is , ome\\ hat nguf', as it is from Q. lurl1vi­
Ui for specimens "ilh more rounded angles. 
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Specimens usually have a roughened exterior, typical of the mgosa variety (Quinquelo­
culina rugosa n'ORBIGNY, 1850, Prodrome Pal. Strat. Univ . Anim . Mollusques Ray., vol. 3, p. 195 ; 
FoRNASINI, 1905, Niem. Accad . Sci . Ist. Bologna , ser . 6, vol. 2, p . 66, pl. 3, f. 13 ; MARKS, 1951 , 
Contr. Cushm. Found. Foram . Res., vol. 2, p. 39) . 

A number of specimens, also with a roughened exterior, resemble Quinqueloculina mauri­
censis HowE (1939, Louisiana Dept. Conserv., Geol. Bull. no. 14, p. 35, pl. 4, f. 8-10) from th e 
Eocene of Louisiana . They are more or less unicarinate. We found them mostly among 
the younger individuals, but adult _ ones were encountered as well . 

Dis t rib u t ion. - Belgium : Sands of Lede, Sands of Wemmel, Clay s of Asse; 
England : Upper Bracklesham beds, Barlon beds. 

Quinqueloculina sp . cf . Q. aspera n'ORBIGNY 
Pl. II , fig. 16; 154 

cf. Quinqueloculina aspera D'ORBIGNY, in PARKER, JONES and BRADY, i87i, Ann. Mag . NaL. HisL., ser. 4, 
vol. 8, pl. 8, f. ii (recent; Mediterranean); FoRNASINI, i905, Mem . R. Accad. Sci. Ist. Bologna, 
ser. 4, vol. 2, p. 65, pl. 3, f. i; Y. LE GALVEZ, i947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 8. 

Rem arks . - In the Lutetian material of the Paris basin we fo und a number of Qui11-
queloculina specimens, tentatively referred to as Q. aspera. 

Most of them are characterized by finely arenaceous walls, sometimes ornamented by 
rather obscure small pits. They have a strong apertural neck with a distinct lip and a mall, 
bifid tooth. The test is about twice as long as broad. 

They resemble the figures given by Y. LE GALVEZ (pl. 1, f. 16-18) for Quinqueloculina 
pert,usa TERQUEM (1882, Mem. Soc. Geol. France, ser . 3, vol. 2, p. 183, pl. 20, f. 5), but regularly 
arranged pits were not encountered. They also resemble the figures of 1\1 i liola mstrata 

(TERQUEM) (Q uinqueloculina rostrata TERQUE:'II, 1882, Mem. Soc. Geol. France, ser. 3, ' ol. 2. 
p. 174, pl. 18, f. 18), but the cribrate aperture was not met with in our material. llo\\ eH'r, 
the cribrate plate originally present may have been broken away, thus giving the impre5 ion 
of Quinqueloculina. 

Dis t rib u t i on . - France Lutetian. 

Quinqueloculina costata KARRER 

Pl. II, fig. 17-19 

Quinqueloculina costata KARRER, i867, Sitz. ber. K. Akad . Wiss. Wien, Math. Naturw. Cl., vol. !15, pl. 
i, p. 362, pl. 3, f. 4 (Neogene; Rumania). 

Quinqueloculina costata D'ORBIGNY, i826, Ann . Sci. Nat., vol. 7, p. i35 (nom. nud.); 'I'ERQUEM, 1878, Mem. 
Soc . Geol. France, ser . 3, vol. i, no. 3, p. 63, pl. 6, f. 3-5 (Pliocene; Rhodes); TERQUEM, i882, 
Mem . Soc . Geol. France, ser . 3, vol. 2, p . i83, pl. 20, f. 8, 9; Y. LE CALYEZ, i947, Mem. Expl. 
Carte Geol. det. France, pt. i, p . 9 . 

Rem arks . - Specimens from the deposits of Lutetian age of the Paris basin have 
a more or less rounded periphery. Such types were found also in the Upper Eocene deposits 
of Belgium, but others might be costate variants of Quinqueloculina juleana. It appeared 
impossible to make a distinction between thP.se two types, and so they are united here in Q. 
costata . 
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Some variation was found in the number of costae on each chamber; some specimens 
have variable parts of their chambers without costae. 

According to the Catalogue of BuooKS ELus and MESSINA the first valid description of 
n'OnnrcNv's species was given by TERQUE\t in 1878. KARRER's older description and figures 
are ind eprndent of n'ORBIG1w's « planches inedites »,but they happen to refer to the same species. 

Di s t rib u t ion . - Belgium : Sands of Lede, Sands of Wemmel, Clays of Asse; 
England : Barton becls; 
France : Lut etian. 

Quinqueloculina striata n'ORBIGi\"Y 

Pl. III , fig. 1, 2; ton 

Quinqueloculina striala n'ORBIGNY, in GUERIN-MENEVILLE, i843, Iconographie Regne Animal Cuvier, Moll. , 
p. 10, pl. 3, f. 10 (LuLeLian; Paris basin); TERQUEM, i882, Mem. Soc. Geol. France, ser . 3, vol. 2, 
p. 1811, pl. 20, f. 10-i2; Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 14. 

R cm a r k s . - It is a generally neglected fact that Quinqueloculina st,riata DESHAYES, 
described by LYELL in 1833 (P rine . Geol., vol. 3, p. 28, 251, pl. 4, f. 5-8), is older than the first 
' alid description of n'ORBlc,w' pecies hy ·GuERIN-l\l.ENEv1LLE in 1843. Possibly both species 
arc couspccif ic. ·\llhough probably not correct, we retain n'OnBIG 'Y's species, which is certainly 

identical "ilh our material. 
The species di ff er from Quinqtieloculina custata by the less elonga te test with more 

and finer costae. \Ian~ refer n ces of authors to Q. striata possibly belong to Q. costata. 

D is l r i Ii u Lio 11 . - Belcrium : !)ands of Lede; 

Fran er : Lulclian. 

Quiuqueloculina Cl'assa n'ORB1G 'Y 

Pl. Ill . fig. 3; 1;;9 

Quinqueloculina eras ·a o'ORBIGNY, 1850, Prodrome Pal. Strat. Univ. Anim. }.foll. Ra;y., vol. 2, p. 409 
(Lulelian; Paris ba in); FoR~ASii\TJ, 1905, Mem. Accad. Sci. Ist. Bologna, ser. 6, vol. 2, p. 65, pl. 
3, f. 5; Y. LE GALVEZ, 194.7, :Vlem. Expl. Carle Geol. det. France, pt. 1, p. 9. 

H cm a r k s . - lt appeared impo ~ ible to make a distinction between Qiiinqueloculina 
crassa and Q. yriynonensis Y. LE CALYEZ (1947, l\Iem. Expl. Carie Geol. det. France, pt. 1, p. 
14, pl. 1, f. 1-3) in our material from Grignon. 

Dis t rib u l i o 11 • - Belgium : Sands of Lede; 

Francr : Lulclian. 

Quinqueloculina impressa REuss 

Pl. JII, fig. H; 2/ 

Quinqueloculina impressa REUS , 1851, Zschr. Deu. Geol. Ges., vol. 3, p. 87, pl. 7, f. 59 (Oligocene; Ger­
many); BATJES, 1958, Iem. Inst. R. Sc. Nat. Belg., no. 143, p. 103, pl. 1, f. 13. 

Quinqueloculina cognata BoRXE!\ IAN:-1, 1855, Zschr. Deu. Geol. Ges., vol. 7, p. 349, pl. 19, f. 7 (Oligocene; 
Germany). 

Quinqut'loculina i111prl's ·a REuss va1·. cognata BORNE!\IANN, BHATIA, 1955, Jour. Pal., vol. 29, p. 671, pl. 
67, f. 10; BO\YE:-;, 1957, Micropal., YOl. 3, p. 56. 
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R e m arks . - The lest often has a more or less Lriloc uliu c aspect, Lul generall y all 
Jive chambers are visible. The wall is mostly covered by small clear quartz grains. Quinqtielo­
culina impressa differs from Q. agglutinans n'ORBIGNY (1839, in DE LA SAGH.A, Hist. Phys . Nat. 
Cuba, p. 195, pl. 12, f. 11-13) and from Q. agglutinata CusmtAN (1917, U. ~ . Nat. l\Iu s., Bull. 
71 , p. 43, pl. 9, f. 2) b~ the uniform, ve ry small size of the grains, which arc all quartz g rai 11 s. 

Our more or less are11aceous specim en s differ from Quinqu.eluculina consta11 s BAXDY 
(1949, Bull. Am. Pal., vol. 32, p. 18, pl. 1, f. 4) by the absence of a distin c t aperlural n eck 
with strong lip and by the less elongated test. 

The cognata variety with more rounded periphery is prec.lorni11ant in o ur mate rial. 
There is some variation in the relative length of the Les t.. .\[o re e longate specim ens arc most 
common in the Lutetian deposits o f the Paris basiu. 

Dis t rib u lion. - Belgium : Sands o f Lede, Sands of \ iVemmel, Clays o f Asse; 
England : London Clay , Barton beds; 
France : Lutetia11: 
~elhcrlands (Woen sdrcclit) : leper Clays. 

Genus MILIOLINELL:\ WIESi'\ER, 1931 

T ype species VERMICULUl\1 SUBROTUNDUM MONTAGt;, 1803 

)Jiliolinella olJlonga (J\lo:Yr.\c:L ) 
Pl. III , fig. 7, S: 199 

Venniculwn oblongum Mol\TAGU, 1803, Test. Bril. , p. 522, pl. 14, f. 9 (recenl; England ). 

Miliolinella oblonga (MONTAGU ), BHATIA, 1955, Jour. Pal., vol. 29, p. 671, pl. 67, f. 17. 

Scutuloris oblongus (MONTAGU), BATJES, 1958, Mem. Inst. R. Sc. Nat. Belg., no. Jli3, p. 105, pl. 2, f. 1. 

Hem arks. - Our specimens from the Barton beds of Barton, Hampshire, arc in 
good accordance 'vith the figures given by B11ATIA. The Belgian individuals arc usually more 
elongate . 

Most of the specimens show a quinqueloculine arrangemcut of th e chambers and thu~ 

should belong to the genus Scutuloris LoEBL1c11 and TAPP.\"\'. Ho\\evrr, triloculinc spccimrn:-; 
were met with as well, and some intermediates bet"·een both types arr present. BuATL\ rc'­
markecl that there is no fundamental difference between these L" o L~· pes. Conscquen Ll~ the· 
genus Miliolinella is valid for both and there is some doubt as lo lhc nliclil~' of lhr gcuu~ Srn­
tuloris. 

Dis t rib u t ion. - Belgium Ledc Sands, \Vemmel Sane.ls; 
England : Barton heels. 
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Genus SPIROLOCULINA D'ORBIGNY, 1826 

Type species SPIROLOCULINA DEPRESSA D'ORBIGNY, 1826 

Spiroloculina tl'icarinata TEHQUEM 

Pl. III , fig. !J-11; /IJJ 

Spirolocul'ina tricarinala TERQUEM (parL) (noL D'ORBIGNY), 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, 
p. 158, pl. 16, f. 19, 20 (not 21) (Luletian; Paris basin ); CUSHMAN and TODD, 1944, Cushm. Lab. 
l•'o ram. Res., Spee. Publ. no. ii, p. 10, pl. 2, f. 19, 20 (not 21, 22); Y. LE GALVEZ, 1947, Mem. Expl. 
Carle Gcol. deL . !•' ranee, pL. 1, p. 24, pl. 2, f. 30, 31. 

Rem a r k s . - Our Belgian Eocene specimens are in good accordance with the indiYi­
dual from Lhc Lule lian deposit of the Paris basin. The number of carinae per chamber is 
variable; some specimc11s !ta' c 5 or 6 0 11 the last chambers, bul the distinct tricarinate form 
is I he mo. L com111011. Especially you n g . pecimcns ma~- have as few as two carinae . 

ThC're is a conli11uo11s gradation from the cari11ale Lypc lo that of the belgica variety, 
cltaraclC'rizPd by Ilic rounded periphery. 

Dis L r i lJ 11 Lio 11 . - Bclgiun1 : ~ands of Lc<Jc , ~auds of Wernmcl, Clays oJ Asse; 
France : Lulelian. 

Rpiroloenlina tricarinata TERQt;E\I 'ar. belgica no\. Yar. 

Pl. III , fig. 12-H: 196 

Et ~ 111 o I o g ~ . - \amcd after Belgium. 

]) e s r rip t i o 11 . - Variety differing from typical Spiroloculina tricarinata by the 
rounded pcripher~ insleau of the Lricarinale one. 

Length of holol~pe, 0,50 mm; breadth, 0,32 mm; thickness, 0,18 mm. 

Hem arks. - A large number of specimens are intermediate bet\Yeen typical tricari­
nala form and Lhi. nc\\ 'ariet~· . They mostly possess carin ac on the penultimate chamber 
and not or only lighlly developed carinac on the last one. 

The form of I he aperture 'arics \\ilh Lhc presence or absence of carinac, since the lateral 
sides of the aperture arc generall~ formed by the carinae. In the tricarinata forms the aperture 
is mosll~ quadrangular, in Lhe belgica incliYid11als it is rounded. Both types sho-\Y Lhe bificl 
Loo i h. 

This ne\\ 'ariet~ ·orne" hal resemble Spiruloculi1w parisiensis Y. LE C .\LHZ (1947, _\lem. 
E'\pl. Carle Geol. clcl. France, pl. 1, p. 28, pl. 2, f. 42, 43), but the latter species has a broad 
toolh and a test L\\irc as long a broad, \\hilc Ilic central portion of the test is more or less 
C''\cavaled. The genera l shape of S. inflata TERQLE:M [1882, Jlem. Soc. Geol. France, ser. 3, 
\Ol. 2, p. 156, pl. 16, f. (nol f. 7)1 resembles that of our variet~r ,but this species is different 
rn Lhc bulging shape of Lhe lasl chamber and b~- the absence of a tooth. 

T ~ pc l u r al i L ~ . - .lcllc, lwllo\\ roadside of tlte Hue du _\farathon near the ~tadium 
of Jkizel (B~). our sample B~ 1260. 

T ~ pc l <'' e l . - The .__a mL of \Yernmel. The age of these Sands is generally regarded 

lo he Lale Eocene. 
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Di s L rib u Li o n . - Belg ium : Sarnls o f Lede , Sand::; of \\'emm el , Clays o f A sc. 

D e po i Lory . - The ho]olype and paralypoid s ar c s to red in Lhe colkc liom of th e 
Geological Institu Le of U Lrecht (S 7530 , 7534) . 

Spiroloculina tricarinata TEnQuE " var. angulil'era T1rnQLE " 

Pl. III , fig. 15, 16: Iii 

Spiroloculina anguli fera TERQUE.\1, 188.2, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 156, pl. lG, f. 9 (Lule­
tian; P a ris basin); CUSHMAN and Toon, 1944, Cu hman Lab. Foram. Res., Spee. Publ. no. 11 , p. 
9, pl. 2, f. 17, 18; Y. LE GALVEZ, 1947, M6m. Expl. Carle Geol. d6l. Frnncc, pl. l , p. 27. 

R e m arks. - 'lany o f o ur Belgian specim ens resemble Ll1e figures of Spiro/uculina 
angulijern, but o ther s are interm ediat e beb\ ec n this form an d S. lricarinata. 

Because o f lhese intcrmcdiale l'o rm ::; Spiroluculina anyulifera is regarded l o IH' an clu11ga­

tcd Yariant o f S. tricarinala . 

]) i · L r i L u L i o 11 . - Belgium Sands of Lcclc , ~ands of \\ em mel; 
Frau ce : Lule lia11. 

~piroloculina llitarinata 1>°0HmG'' 
Pl. lll , fig. l'i-lH; Iii 

Spiroloculina bicarinala D'ORBIGNY, 1850, Prodrome Pal. Slral. Univ. Anim. Moll. Hay., vol. 2, p. 1109 

(Lu tetian; Paris basin); TERQuE:-.1, 1882, Mem. Soc. Geol. [~ranee, ser. 3, vol. 2, p. 155, pl. 16, f. 5; 
FOMASL'\], 1904, Mem. Accad. Sci. lst. Bologna, vol. i. p. 4, pl. 1, f. 5; Y. LE C.\L\'EZ, 19117, '.\Iem. 
Expl. Carle Geol. del. France, pl. 1, p. 25, pl. 2, f. 3l1, 35. 

S piroloculina tricarinala TERQUE:\I (part), 1882, Mem. Soc. Geol. France, scr. 3, \'ul. 2, p. 158, pl. 16, f. 2L 
(not 19, 20); Cusm1AN and TODD, 19H, Cushm. Lah. Fornm. Re ., Spee. Puhl. no. 11, p. 10, pl. 
1, f. 10, pl. 2, f. 21, 22 (not 19, 20). 

H. em ar k s . - In o ur Fren c h material no sharp disliuclion co uld he made lid" ('<'II 

Spiroloculina bicarinata a n<l S . obscura C smrA;x and Tonn (1944, Cu. hm. Lah. Foram. He.;;., 
Spee. Puhl. no. 11 , p. 20), as figured by lhc lallf'r author.;; from the L11Lelian deposit.;; of lhc 
Paris Lasin (1944, ibid., pl. 3, f. 22, 24, 25). 8. obsrnm is different l>y lit <' IC's. lliich.cncd 
angles of the c hambers. All intermediates bcl\\ cen holh t~ pcs arc present. 

In the Belgian material the obscura type is predominant. 

Di s L r i Lu lion. - Belgium : .'ands of Lcde, ~and" of \\ cn1 111 cl ; 
France : Luteliau. 

Spiroloculina canaliculata n'OnB1c;" 

Pl. Ill. fig. 211-2.~; IH~I 

Spiroloculina canaliculala o'ORBIGi\'Y, 1846, Fonun. fuss. Vienne, p . .269, pl. 16, f. 10-12 (Miocene; \'ienna 
basin); CuSI-Ii\IAN and TODD, 1944. Cushm. Lab. Foram. Res., Spee. Publ. no. 11, p. 22, pl. 4, f. 1-11; 
BATJES, 1958, Mem. Inst. R. Sc. Nat. Belg., no. 143, p. 106, pl. 2, f. 3. 

Spiroloculina limbata BOR:\EMAN:\ (not D'ORBIG:\Y), 1855, Zschr. Deu. Geol. Ge ., vol. 7, p. 318, pl. HJ, 
f. 1 (Oligocene ; Germany); STAESCHE and HILTERi\tA:X:'\, Hl'iO, Mikrofaunen Terl. Nordwcsldeulsch­
land, pl. 43, f. 6. 

H. c 111 arks . - .\ul a ll Bclgia11 spccirne11s silo\\ di:;lincll) rai"cd edge's of the chamlwr:-;, 
but they form au i11Lergrading series lo typical forms, \\ hich are abundant!~ pn'scnl in 011r 
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rnalerial. They closely resemble the specim ens described by BATJES from the Oligocene of 
Brlg i11m and Germany. 

Sometim es the chambers are flatter and somewhat more rapidly in creasing in size than 
lh r ~' are in typical specimens . 

Jn the specimens of Lecle Sands the periphery is often more concave than it is in the 
specimens o f younger slra ta, and the edges of the last-formed chambers are often more 
Lhickened. These individuals resemble Spiroloculina cont.orta Y. LE GALVEZ (1947, Mem. 
Ex.pi. Carle Geol. deL. France, pt. 1, p. 29 , pl. 2, f. 38, 39) in peripheral characters, but they 
nrr different by the more evolute co ilin g. 

Some resemblance wa found with Spiroloculina obscura Cusm1A and Tonn (1944, 
Cnshm . Lab. Forarn. Res., Spee. Publ. no . 11, p . 20, pl. 3, f. 22-25). However, comparison with 
material from the Aquitaine ba in showed that in t~pical specimens of S. obscura the sutures 
ar~ indisl in cl and lhe chambers more rapidly increasing in size. 

Di t rib u t ion . - Belgium : Sand s of Lecle, Sands of Wemmel, Clays of Asse; 
England : Barlon bee!!;; 
Franrr : Lulrlian. 

Spiroloculina perforata n 'ORBTGKY 

Pl. IV, fig. 1; 155 

Spiroloculina per/orala o'ORBIGNY in GUERIN-MENEVILLE, 1843, Iconographie Regne Anim. Cuvier, Moll., 
p. 10, pl. 3, f. 6 (Lutetian; Paris basin); o'ORBIGNY, 1850, Prodrome Pal. Strat. Univ . Anim . Moll. 
Ray., vol. 2, p. 409; TERQUEM, 1882, Mem. Soc. Geol. France, ser . 3, vol. 2, p . 154, pl. 16, f. 3, 4; 
Cu H!\JA, and Tooo, 1944, Cushrn . Lab. Foram . Res., Spee . Publ. no . 11, p. 11, pl. 1, f. 7, pl. 2, f. 
5-9; Y. LE GALVEZ, 1947, Mem . Expl. Carte Geol. det. France, pt. 1, p. 22. 

]) i . I r i Ii n l i on . - France : Lutetian. 

Spiroloculina costigera TERQ E :"lr 

Pl. IV, fig. 2, 3; l~O 

Spiroloculina costigera TERQUEM, 1882, Mem. Soc. Geol. France, ser . 3, vol. 2, p. 159, pl. 16, f. 24 (Lute­
Lian; Pari basin ); CUSHMAN and Tooo, 1944, Cushm. Lab. Foram. Res., Spee. Publ. no . 11, p. 11, 
pl. 2, f. 25-31; Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 26, pl. 2, f. 36, 37. 

Spiroloculina co ' fata TERQlTEilf, 188'2, :\Tem. Soc. Geol. France, ser. 3, vol. 2, p. 160, pl. 16, f. 25 (Lute­
lian; Paris basin). 

Hem ark . - ll appeared that Spirolocizlina costigera and S. carinata (see below) are 
variant of one pecie, , for which the older name S. costigera is maintained. 

The ornamentation of Spiroloculina costigera is the same as that of S. costigera var. 
carinata, but the carina i broad and hyaline in the carinata type, narrow and often double in 
I he costigera type. All intergradations between these two types are present. 

E prcially in Lhr BC'lgian sprrimem the ornamen tation is mostly absent. They arc the 
11biqua and niida type . 

This specie and il varieties are retained in the genus Spiroloculina. A planispiral begin­
ning, visible in some broken specimens, suggests relations with Spil'ophthalniidiwn. However, 
frequently ob erved teeth and the slightly evolute character of the test restrained us from mak­
ing for this species a distinction behyeen both dubious genera . 

Dis t rib u t ion . - Belgium : Sands of Lecle, Sands of \ iVemel; 
France : Luletian. 
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SpiroloC'ulina C'Osti~era TEIHJl E\l \ar. C'ari11ata '). 1.1-: C"·' EZ 

Pl. l \ '. fig. !,; Iii~ 

Spiroloculina carinala Y. LE CALYEZ, 1947, Mem. Exp!. Cal'Le Geol. cteL. !•'ranee, pl. I, p. 26, pl. 2, f. 32, 
33 (Luletian; Pari - basin). 

Spiroloculina ornata TERQUE:\I (nol o'ORBJGNY), l882 , \fem. Soc. Geol. !•'ranee, se r. 3, \'OI. 2, p. 159, pl. 
J6, f. 23 (Luletian; Paris ba in ). 

Spiroloculina stria/a TEHQUE!\I (not o'ORBTGW), 1882, Mem. Sor. Genl. Frnner , ser . 3, vol. :!, p. 160, pl. 
16, f. 26 (Lutelinn; Pnl'is basin). 

Rem a r k s . - This variel~· is diff'cren l by lhc unicarinale periphery. The carina i~ 

of rnriable \ddth and often hyalinc. There L a complete gradation lo the doublc-kcrled costi­
oera type. 

Dis t r i IJ u I ion . - Belgium ~ands of Ll'llr: 
France : Lntetian. 

Spirolocnlina rostig-era TERQ{;E.\L var. uhiqua '). LF. c;,1., EZ 

Pl. I\', fig. a. 6: n 

Spiroloculina ubiqua Y. LE GALVEZ, J947, Mem. Exp!. Carle Geol. del. !~ranee , pl. I, p. :!7, pl. :!, r. '1!1, 

4i (Lutelian; Paris basin). 
S.71irolocitlina angulifera TERQUEM (part), i882, Mem. Soc. Geol. France, .el' . 3, \'ol. :!, p. lr>li, pl. 16, f. 

13 (not f. 9-12, 14, i5) (Lutelian; Paris basin). 

Hem ark:;. - This variet~, is identical "ith tltr carinata t~ pc, but '' illtout ornarnrnt­
alion. Jntcrmecliale lo the triated types arc present. 

~o sharp distinction behYcen the 'arictir.; 11biq11a and nwla appran•d po.;.;ihl<'. 

Dis t rib u t ion. - Belgium : Sands of \Ions-en-PevClr, ~and.; of Bn1,;.;pf~. ~a11d.; of 
LeJe, Sanos of " ' ernrnel: 

France : Lutetian. 

8piroloculina costi~era TEnQt E'1 'ar. mula nm. 'ar . 

PI. lY , fig. 7, s; IT/I 

Et y m o log~· . - From llir Lalin : Jlll(/11s = nakrd, lian'. 

Des c rip lion . - This 'ariely differs from Spirolnrnlina costiyera :o-. ,;tr. b~ ll1r lack 
of ornamentation. The periphery is trnncatr to round eel. 

type:-. 

Lrngth of th e holotypr, 0,70 mm: breadth, 0,45 mm: thick1H'""· 0,13 m111. 

Hem arks . - The test is some" hat thicker than that of lhe variety u bi qua. 
Especially in the Belgian deposits there i:- complete gradation to the cosfi9era and 11biq11<1 

Ty pc local i l y. - Barnbrnggc, ahandonrd quarr~ « Sternberg » (ZD), our sa111pl<• 
ZD 1013. 

Ty pc 1eYe1. - ~ands of Lede. The age of thcsr sands is gr11rrall~ regardrd a.; 
Lale Eocene. 
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Dis l rib u Lio 11 . - Belgium : Sands o f Lede, Sands of Wemmel; 
France : Luletian. 

De po s i lo r y . - The holotype and paratypoids are stored in Lhe collections of the 
Geological I mtilute of Utrecht (S. 6950, 6951) . 

Genus SIGMOILINA SCllLUMIJERGER, 1887 

'l,ype species PLANISPIRA SIGMOIDEA H. B. BRADY, i884 

Sigmoilina tenuis (CzJZEK) 

Pl. IV, fig. 9, 10: 201 

Quinqueloculina tenuis CZJZEK, i848, Haid. Naturw. Abh., vol. 2, p. i49, pl. 13, f. 31-34 (Miocene; Vienna 
basin). 

Sigmo'ilina lenuis (CZJZEl<), CUSHMAN, 1946, Contr. Cushm. Lab. Foram. Res., vol. 22, p . 32, pl. 5, f. 
i3-15; MARKS, 1951, Conlr. Cushm. Found. Foram. Res., vol. 2, p. 39, pl. 5, f. 7; BATJES, 1958, 
Mem. In L. R. Sc. Nal. Belg., no. 143, p. i06, pl. 2, f. 5. 

H m a r k ~ . - :\Ia L of our specimens are small and quinqueloculine. Sometimes 

the) occur together \\ilh individuals with sigmoiline later chambers. Adult specimens dis­

lin c tl~ belong lo SiynHJilina tenuis. 
Som broader . pccimen , e peciall:v from the Sands of Lee.le, more or less resemble 

Siynwilina oliyocenica Cc:rrMAl'I (1946, Contr. Cushm . Lab. Foram. Res., vol. 22, p. 31, pl. 

5, f. 6). These few pecimen form an intergrading series with our distinct S. tenuis. They 

are regarded a mere variant o f this specie . The broader variants also resemble S . incon­
spicua lIO\H (1939, Loui iana GC'ol. ~1wv., Geol. Bnll. no. 14, p. 36 , pl. 2, f. 16-18) from the 

Ppper Eocenf' of Lo11i . iana. 

I) i: I rib u lion. - BC'lgium : ~ancls of Lede , Sands of \Vemmel, Clays of Asse: 

~elherlands (\\ oen . drecht) : Sands of Lede. Sands of Wemmel. 

Genus ARTICl1LINA o'ORBIG:--'.Y, 1826 

Type specie ARTICULL 1A NITIDA D'ORBIGNY, 1865 

Artirnlina niti<la u'Onnrc:w 

Pl. ff, fig. 11: 147 

. trticulina nilida D'ORBIG 'Y, 1865, in PARKER, JONES and BRADY, Ann. Mag. Nat. Hist., vol. 16, ser. 3, 
pl. 1, f. 2 (Lulelian; Paris basin); TERQUK\I, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 150, 
pl. i5, f. 22-24; CUSHl\IA1 , 1944, Cushm. Lab. Foram. Res., Spee. Publ. no. 10, p. 2, pl. 1, f. 1-5; 
Y. LE CAL\'Ez, 1947, Mem. Expl. Carle Geol. det. France, pt. 1, p . 35. 

H e m a r k. s . - The specimen from the Lype locality, Grignon, as well Lhose from other 

localities in the Paris basin, show considerable variation in the development of the costae . 

Specimen ''ith fine and nmnerow costae approach the type of Articulina canui CuRHl\IAN (1944, 
Cushm. Lah. Forarn. Res., Spee. Publ. no. 10, p. 6, pl. 1, f . 12-14), those with coarser and fewer 

coslae resemble I. terquemi Cus1n1AK. 
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The coarse type \\as found i11 the Belg ian A/'f,icalina material iu "!lic it it i:- fairl~· co n­
stant. Therefore we assigned these Belgian individuals to : I . terquemi CusHi\lAN. 

Distrib 11 lion. - France: Lutetian. 

Art.iculina terquemi Cus1rnAN 

Pl. I\' , fig. 12, 13; 208 

A.rticulina terquemi CUSHMAN, 1933, Contr. Cushm. Lab. Foram. Res., vol. 9, p. 3, pl. 1, f. 7 (Eocene ; 
Mississippi); CUSHMAN, 1935, u. S. Geol. Survey, Prof. Paper no. 181, p. 14, pl. 4, f. 2, 3; CUSHMAN, 
1944, Cushm. Lab. Foram. Res., Spee. Publ. no. 10, p. 6, pl. t , f. 16, ff 

Rem arks . - In some samples of the · pper Eocene of Belgium and of England , \ rti­
ctilina terquemi is a constant type that differs from r-1.nit,ida by the fewer, more prominent 
costae, and the more compressed test. 

Tlw specimens from the Asse Cla~· s arc most compressed. Sometimes they ha' e no 
costae, thus resembling the t~pes described as Artic11lina laevigat.a TEnQl E\I h11l differing h~ 
the clearly Yisible sutures and the compressed tesl. 

~ome specimens resemble Articnlina gibbulosa n'OnBtGN\ as figured b~· TERQL E\l (1882, 
i\fem.Soc. Geol. France, ser . 3, vol. 2, pl. 15, f. 26) from the Lutctian of the Pari basin. 

In our material there are no individuals with tmiserial chambers. 

Dis t rib u t ion . - Belgium : Sands of Lede, .... anlls of \\ rmmel, Cla~· s of' Assc; 

England : 'Cpper Bracldesham beds. 

Artienli11a <"Ontrada (TEnQ 1 E,1 ) 

PI. IV, fig. 14; 172 

Vertebralina contracta TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 45, pl. 2, f. 19, 20 (nol 
21, 22) (Lutetian; Paris basin). 

A_rticulina contracta (TERQUEM), Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. del. France, pt. 1, p. 37. 

Rem arks . - In our material specimens with a quinqueloculine arrangement of thr 
chambers are most frequent. The trilocnline specimens are lrss compressed. \o sprrimrn..; 
with uniserial portion ·were found . 

Cusm1AN (1944, Cushm. Lab. Foram. Res., Spee. Puhl. no. 10, p. 2) considered I rti­
calina contracta to be a synonym of A. nitida n'ORBIGNY, but A. contracta is diffrrrnt by thr 
distinct compression of the test, the slit-like aperture and the ornamen tation \Yith Ycry fine 
striae. 

Dis t rib u t ion . - Belgium ~ands of Lcde, Sallds of \Yrmrncl; 
France : Lutetian. 

Articulina laevigata TERQt:E:\1 

Pl. IV, fig. 15, 16, 17; 18'.!. 

Articulina laevigata TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 151, pl. 15, f. 27-31 (Lute­
tian; Paris basin); CUSHMAN, 1944, Cushm. Lab. Foram. Res., Spee. Pub!. no. 10, p. 3, pl. 1, f. 
6-10; Y. LE GALVEZ, 1947, Mem. Expl. Carle Geol. det. France, pl. 1, p. 36. 
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Hem arks . - Typical forms of this species were found only in the Lutetian material 
of the Paris basin . They are characterized by a smooth surface without visible sutures, and 
a rounded periphery. The aperture has a slight lip. These specimens seem to intergrade 
with individuals with distinct sutures and a thick lip, such as Articulina incerta (TERQUEM), as 
figured by Y. LE GALVEZ (1947, Mem. Expl. Carle Geol. det. France, pt. 1, p. 38, pl. 4, f. 89). 

In the Belgian material the majority of the specimens belong to the incerta type, but a 
clear-cut boundary with the laevigata type is absent . The Belgian specimens are associated 
wilh individuals which are more compressed and resemble Ariculina flandrica nov . sp., which 
is characterized by a bicarinate periphery. 

All these types never showed a uniserial part of the test. 

D i s t r i b u t i o n . - Belgium : Sands of Lede, Sands of Wemmel, Clays of Asse; 

England : Upper Bracklesham beds; 

France : Lutelian. 

Articulina ornaticollis Y. LE GALVEZ 

Pl. IV, fig. lS; 166 

. .trticulina ornaticollis Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 38, pl. 4, f. 88 
(Lutetian; Paris basin). 

R e m a r k s . - This name was only applied to specimens with a uniserial part. They 
arc all of relatively mall size . 

Specimen \Yilhout uniserial chambers are inseparable from very young individuals of 
Al'ticulina laevigata TERQUE.\r. They have probably been incorporated in that species. 

Di t rib u t ion. - Belgium : Sands of Lede, Sands of Wemmel; 

France : Lutetian. 

Articulina pseudosulcata nov. sp. 
Pl. IV, fig. 19, 20; 190 

EL y m o 1 o g y . - From Greek : pseudo- = false, and from Latin : sulcus = furrow. 

De c rip t ion . - Te t biloculine, slightly longer than broad, somev,rhat compressed; 
periphery broadly rounded; vi ible chambers broad; sutures slightly depressed, often indistinct; 
wall ornamented "ith longitudinal low costae; aperture large, irregularly oval to rounded, 
\\ith a di Linet lip. 

Length of the holotype, 0,46 mm; breadth, 0,32 mm; thickness, 0,19 mm. 

R cm ark . - A number of young specimens show the chambers arranged in a tri­
loculine series; they pos css a small bifid tooth in the aperture. Such a tooth is also found 
in young pecimens of other .t-irticul.ina species. It is always absent in our adult specimens. 

~omelimes the coslac are absent or indistinct. 
Articulina pseudosulcata resembles A. sulcata REuss (1850, Denkschr. K. Akad. Wiss. 

Wien, l\Iath.-Nat. Cl., vol. 1, p. 383, pl. 49, f. 13-17) with its variety nuda MARKS (1951, Contr. 
Cushm. Found. Foram. Res., vol. 2, p . 37, pl. 5, f. 8). The species of REuss sho\YS a triloculine 
arrangement of the chambers, and the previous lip remains visible between the two last-formed 

chambers. 

13 
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The generic designation of our species is somewhat uncertain. No uniserial chambers 
have been obeserved, but especially the biloculine arrangement is unknown in the genus Arti­
culina. The species resembles those of the genus Cribropyrgo, but a cribrate aperture was 
not found. 

Type 1oca1 it y . - Heist-op-den-Berg, boring near the Rijksmicldelbare School 
(1951); our sample from 129,50 m. depth. 

Type 1eve1. - Sands of Wemmel. These sands are generally regarded to be of 
Late Eocene age. 

Dis t rib u t ion. - Belgium : Sands of Lede, Sands of Wemmel. 

D e p o s i to r y . - The holotype and paratypoids are stored in the collections of the 
Geological Institute of Utrecht (S. 11518, 11519) . 

Articulina flandrica nov. sp. 
Pl. IV, fig. 21-24, 202 

Et y m o 1 o g y . - Named after Flanders, the western part of Belgium. 

Des c rip t ion . - Test about one and a half times as long as broad, di tinclly com­
pressed; periphery truncate, mostly slightly concave with blunt carinae; chambers fair!) di Linet, 
arranged in a triloculine series; sutures rather indistinct; wall smooth and polished; apcrlure 
circular, often at the end of a very short neck, with a distinct lip, the lip of the penultimate 
aperture externally visible. 

Length of the holotype, 0,70 mm; breadth, 0,39 mm; thickness, 0,10 mm. 

Rem arks . - This species has been assigned to the genus Articulina because of il 
apertural features, though no uniserial series of chambers, characteristic for the genus, ha' e 
been found . 

Some variation is present in the development of the bicarinate periphery. Somelime 
the carinae are very distinct, but also variants with a more or less rounded periphery were 
observed . 

No similar species is known in the genus Articulina. The species resembles variants of 
Spiroloculina bicarinata n'ORBIGNY, but it distinctly differs by the apertural features and the 
triloculine arrangement of the chambers. 

Ty p e 1 o c a 1 it y. . - Bambrugge, the abandoned quarry « Sleenberg » (ZD), our 
sample ZD 1016. 

Type 1eve1 . - The Sands of Lecle. The age of these sands is generally regarded 
to be Late Eocene. 

D. is t rib u t ion. - Belgium : Lede Sands, Wemmel Sands. 

D e p o s it o r y . - The holotype and paratypoids are stored in Lhe collections of the 
Geological Institute of Utrecht (S 11587, 11588). 
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Genus MILIOLA LAMARCK, 1804 

'I'ype species MILIOLITES SAXORUM LAMARCK, 1804 

Miliola saxorum (LAMARCK) 
Pl. IV, fig. 25-27, pL V, fig. 1; '121 

M'iliol'iles saxorum LAMARCK, 1804, Ann. Mus. Hist. Nat., vol. 5, p. 352; 1807, ibid., vol. 9, pl. 17, f. 2 
(Eocene; Paris basin). 

Quinqueloculina saxorum (LAMARCK), TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 181, pl. 
19, f. 22. 

Miliola saxorum (LAMARCK), Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 30. 
Penlellina pseudosaxorum SCHLUMBERGER, 1905, Bull. Soc. Geol. France, ser. 4, vol. 5, p. 126, pl. 2, f. 

36, pl. 3, f. 40, tf. 19-21 (Lutetian; Paris basin). 
Miliola pseudosaxorum (SCIILUMBERGER), Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, 

p. 30. 
111iliola pseudoprisca GULLENTOPS, 1956, Mem. Inst. Geol. Louvain, vol. 20, pt. 1, p. 13, pl. 1, f. 8 (Oli­

gocene; Belgium). 
Quinqueloculina parisiensis BATJES (not n'ORBIGNY) (part), 1958, Mem. Inst. R. Sc. Nat. Belg., no. 143, p. 

104, pl. 2, f. 4. 

Hem arks . - Two closely related species of Miliola have been described from the 
l\Iiddle Eocene of the Pari basin : M. saxorum (LAMARCK) and M. pseudosaxorum (ScnLmr­
BERGER) . According lo i...;CIILU:MBERGER l\I. pseudosaxorum is different by the possession of two 
longitudinal ridge on the inner wall of each chamber, and by the more angular form of the 
chambers. Ho" cYcr, we found both types intergrading. There are specimens with partly or 
faintly developed ridges. The shape of the chambers is rather variable, without correlation 
"ith the degree of development of the internal ridges. 

Con equently, it appeared imposible to separate Miliola saxorum and M. pseudosaxorum. 
Thi relation hip between both variants is apparent in our material from the Paris basin as well 
a in the sample of the Belgian pper Eocene. 

pecimens of llliliola are furthermore characterized by a cribrate aperture, but in many 
pccimen thi lruclure is broken off. In these damaged specimens a tooth can be seen below 

the cribrate plate, and the specimens resemble Quinqueloculina. Fortunately there are often 
some light remain of the cribrate covering along the border of the aperture. 

In pecimen de cribed by BATJES (1958) as Quinqueloculina parisiensis the cribrate plate 
is u ually entirely broken off, but these specimens form one series with the Eocene Miliola 
individual . They mo tly belong to l\I. saxomm and its variety pseudosaxorum, but some speci­
mens of the Lower Tongeren beds of Belgium resemble 1\1. prisca or l\I. disticha. 

The original de cription of Quinqueloculina parisiensis n'ORBIGNY (1850, Prodrome Pal. 
Strat . Univ . Anim. l\Ioll. Hay., vol. 2, p. 409; Fon1 ASINI, 1905, Mem. R. Accad. Sci. Ist. Bologna, 
er . 6, vol. 2, p. 63, pl. 2, f. 9) does not mention pits between the striae, as they were described 

by TEHQ E.'II for thi species (1882, l\Iem. Soc. Geol. France, ser. 3, vol. 2, p. 181, pl. 19, f. 21). 
On TERQ E"1's diagnosis we based our earlier determinations of l\Iiliola saxorum as Quinquelo­
culina parisiensis (see BATJES, p. 104). It is now considered doubtful that any Quinqueloculina 
Rpecies with triae and pits occurs in the Eocene or Oligocene of France and Belgium. 

Dis t rib u t ion . - Belgium : Sands of Lede, Sands of Wemmel, Clays of Asse; 
France : Lutetian. 
Netherlands (Woensdrccht) : Lower Panisel beds. 



162 J. P. H. KAASSCHIETER. - FORAMINIFERA OF THE EOCENE OF BELGIUM 

lUiliola llirostris (LAMAncK) 
Pl. V, fig. 2; ·158 

JV!iliolites birostris LAMARCK, 1804, Ann. Mus. Hist. Nat., vol. 5, p. 353 (Eocene; Paris basin). 
Quinqueloculina birostris (LAMARCR), TERQUEM, 1882, Mem. Soc . Geol. France, ser. 3, vol. 2, p. 181, pl. 

19, f. 23; Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p . 8, pl. 1, f. 4-6. 
M'iliola birostris (LAMAR.CK ), Y. LE GALVEZ, 1952, Mem. Expl. Carte Geol. det. France, pt . 4, p. 46. 

Rem arks . - Possibly this species is merely an elongated variant of Mi, l~ola saxorurn. 
Our French specimens of th is species show about the same variation as lll. saxorwn in the pre­
sence or absence of two longitudinal ridges along the inner wall of the chambers, and in the 
occasional presence of ridges between the longitudinal ro\vs of pits. 

In the material of the Upper Eocene of Belgium similar forrns were found, but alway in 
minor quantities. 

Dis t rib u t ion . - Belgium Sands of Lede; 
France : Lutetian. 

lUiliola disticha (TERQUEM) 
Pl. V, fig. 3; 152 

Quinqueloculina disticha TERQUEM, 1882, Mem . Soc. Geol. France, ser. 3, vol. 2, p. 183, pl. 20, f. 7 (Lule­
tian; Paris basin); Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 10. 

Quinqueloculina parisiensis TERQUEM (not o'ORBIGNY), 1882, Mem . Soc. Geol. France, ser. 3, vol. 2, p. 
181, pl. 19, f. 21 (Lutetian; Paris basin); BATJES (part), 1958, Mem. Inst. R. Sc. Nat. Belg., no. 143, 
p. 104. 

Rem arks . - The ornamentation of this species is close lo that of lrialcd rnriant 
of Miliola saxorum, but typical specimens are more flattened. Y. LE GALVEZ assigned this pecie, 
to Quinqueloculina, because of the absence of a cribrate aperture. However, our material 
showed some remnants of this structure, which is always broken. 

Part of the individuals described by BATJE::i as Quinqueloculina parisiensis belong to this 
species . His specimens, as \Yell as ours, haYe the distinct, thickened striae wilh one or two 
rows of small pits in between. 

Massilina-like individuals are also present. These forms are probably identical with Mas­
silina bella Y. LE GALVEZ (1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 29, pl. 2, f. 44, 
45) . In our material they are regarded as variants of Miliola disticha. 

Dis t rib u t ion . - France : Lutetian. 

Miliola prisca (n'OnmGNY) 
Pl. V, fig. 4, 5; 186 

Quinqueloculina prisca o'ORBIGNY, 1850, Prodrome Pal. Strat. Univ. Anim. Moll. Ray, vol. 2, p. 410 (Lute­
tian; Paris basin); TERQUEM, 1882, Mem . Soc. Geol. France, ser. 3, vol. 2, p. 182, pl. 20, f. 1-4; 
FoRNASINI, 1905, Mem. R. Accad. Sci. Ist. Bologna, ser. 6, vol. 2, p. 68, pl. 4, f. 5. 

Miliola prisca (o'ORBIGNY), Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 31. 

Rem arks . - Miliola prisca differs from lv!. saxorum by the less elongated shape of 
the test, and the less distinct and fewer pits, but there is no sharp boundary between both 
species. 

Our specimens of .Miliola prisca show wide variation, with the relatively short type with 
weakely visible pits and rounded periphery as the most frequent form . 
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One variant is very conspicuous . It is characterized by a sharply angled periphery in 
stead of more or less rounded edges. This form will be described as Miliola prisca var. terquemi 
nov. var. 

Other variants have distinct striae between the longitudinal rows of pits. They are 
regarded as Lhe variety strigillata (n'ORBIGNY) . Among specimens of the latter variety trilo­
culine individuals are preponderant, but in the material of Miliola prisca triloculine forms with 
all intergradations to distinct quinqueloculine specimens were found as well. 

Just as Miliola saxorum the cribrate plate of the aperture covers a bifid tooth. In many 
specimens this plate is los t, which explains the Quinqueloculina-like appearance in the figures 
of FoRNASINI and TERQUEM. 

Dis t rib u t ion . - Belgium Sands of Lede, Sands of Wemmel, Clays of Asse; 
France : Lulelian. 

Miliola prisca (n' ORBIGNY) var. strigillata (n'ORBIGNY) 
Pl. V, fig. 6; 1i4 

Triloculina strigillata o'ORBIGNY, 1850, Prodrome Pal. Strat. Univ . Anim. Moll. Ray., vol. 2, p. 409 (Lute­
Lian; Pari basin); 'l'ERQUE!\J, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 169, pl. 17, f. 25; 
FORNASINI, 1905, Mem. R. Accad. Sci . Ist. Bologna, ser. 6, vol. 2, p. 60, pl. 1, f. 7. 

Pentellina strigillata (o'ORBIGNY), SCHLUMBERGER, 1905, Bull. Soc. Geol. France, ser. 4, vol. 5, p. 124, pl. 
2, f. 35. 

Trillina strigillata (o'ORBIG Y), Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p . 33. 
ll!iliola strigillata (o'ORBIGNY), Y. LE GALVEZ, 1952, Mem . Expl. Carte Geol. det. France, pt. 4, p. 46. 

R e m a r k . - Typical specimen are ornamented with very fine striae, with small 
pit in longitudinal rows in between. 

ome variants without triae are ornamented with coarser pits than it is usual for the 
variety and the pecies. 

In 1947 Y. LE GALVEZ de cribed the triloculine forms as Trillina, but the later discovery 
of quinqueloculine pecimen made her range the entire group in Miliola. 

There is some confusion in the literature about the type species of Trillina. MuNIER-CHALMAS (1882, 
Bull. Soc. Geol. France, ser. 3, vol. 10, p. 424) erected Trillina, with the type species Triloculina stri­
gillata o'ORBIGNY, for species characterized by a triloculine arrangement of the chambers, a punctate 
appearance of the wall and a cribrate aperture. PARR (1942, Jour. Mining and Geol., Melbourne, vol. 
2, p. 361) remarked that the descriptions of T. strigillata by TERQUEM and FoRNASINI do not mention the 
punctaie wall, nor the cribrate aperture. However, the redescription of TERQUEM's material by YOLAND:ID 
LE GALVEZ hawed Mu 'IER-CHAL.1AS lo be right in mentioning the above cited features for T. strigillata. 
Bui additionally lhe studies of Y. LE GALVEZ, as well as those of the present author, revealed that T. stri­
gillata belongs lo Miliola, so that the name Trill'ina is a synonym of Miliola. 

SCHLUMBERGER (i893, Bull. Soc. Geol. France, ser. 3, vol. 21, p. i18) changed the character of 
Trillina, when describing T. howchini SCHLUMBERGER (1893, ibid., p. i19). This species has thick cham-
ber walls that are alveolate in the portion on the outside of the chamber cavity. _ 

REICHEL (1936, Eel. Geol. Helv., vol. 29, p. 136), in discussing the above cited facts, preferred to 
make Trillina howchini the type of Trillina, but PARR (1942, op cit.) correctly established the new genus 
Austrotrillina for this species . 

CUSHMAN (1950, Foraminifera, their Classification and Economic Use, 4th ed., p. 184) regarded 
Trillina Mu IER-CHALMAS as a synonym of Triloculina, but he must have neglected the cribrate nature 
of Lhe aperture. 

Dis t rib u t ion . - Belgium Sands of Lede, Sands of vVemmel; 
France : Lutetian . 
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Miliola prisca (n'ORBIGNY) var. terquemi nov. var. 
Pl. V, fig. 7; 175 

Et y m o 1 o g y . - Named after the famous French paleontologist TERQUEM. 

Des c rip t ion . - This variety differs from typical Miliola prisca by its acute peri­
phery in stead of a more or less rounded one. 

Length of the holotype, 0,60 mm; breadth, 0,40 mm; thickness, 0,34 mm. 

Rem arks . - The general appearance of the test strongly resembles that of Quinquelo­
culina lamarckiana n'ORBIGNY (1839, in DE LA SAGRA, Hist. Phys. Nat. Cuba, Foraminiferes, p. 
189, pl. 1, f. 14, 15), but our specimens distinctly belong to Miliola because of its cribrale aper­
ture. The cribate plate is broken, but often remnants of this structure are still visible along 
the bordures of the aperture. 

Forms intermediate bebveen Miliola prisca and this variety are not abundant, but when­
ever present, they distinctly show the passage of the acute type of the terquemi variety into 
the rounded forms of M. prisca by a series of individuals 'Yith a subacute to rounded periphery. 

Type 1oca1 it y . - Brussegem, 'rnlerboring at the brewery of l\fr. Dekccr maker 
(1919); the sample Brussegem 27. 

Type 1eve1. - Basal beds of the Sands of Wemmel. These sands are generally 
regarded to be of Late Eocene age. 

Dis t rib u t ion. - Belgium Sands of Lede, Sands of Wemmel; 

France : Lutetian. 

D e p o s it or y . - The holotype and paratypoids are stored in the collections of the 
Geological Institute of Utrecht (S 11475) . 

Genus TRILOCULINA n'ORBIGNY, i826 

Type species MILIOLITES TRIGONULA LAMARCK, i804 

In our Triloculina material of France and Belgium three types appeared to be the most 
common, viz. Triloculina trigonula (LAMARCK) (and its variety inflata n'ORBTG Y), T. angularis 
n'ORBIGNY, and T. gibba n'OnBIGNY. However, there is complete intergradation and the 
recognition of these species is the most convenient way to describe our highly variable Trilo­
culina material. 

Triloculina trigonula (LAMARCK) 
Pl. V, fig. 8-10; 99 

Miliolites trigonula LAMARCI\, i804, Ann. Mus. Hist. Nat., vol. 5, p. 35i; i807, ibid., vol. 9, pl. i7, f. 4 
(Lutetian; Paris basin). 

Triloculina trigonula (LAMA'R.CK), TERQUEM, i882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. i65, pl. i7, 
f. 3; Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. li'rance, pt . i, p. i8. 
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Rem arks . - Topotypes of this specie , from Grignon, show a considerable range of 
'ariation; the same variation was found in the material from other localities in the Paris basin 
and in Belgium. Mo t common are specimens with distinctly bulbose chambers, as shown in 
the figures of LA!\IARCK, but specimens with a subangular border were found as well. The 
latter specimens re emble Triloculina gibba which has a still more angular periphery. MARKS 
(1951, Contr. Cushm. Found. Foram. Res., vol. 2, p. 41) placed T. gibba in the synonymy of 
T. triuonula, but comparison of lopotype of both species showed them to be different in this 
haracler of lhe p riphery. 

Triloculina crenulata Y. LE GALVEZ (1947, Iem. Expl. Carte Geol. <let. France, pt. 1, p. 
19, pl. 4, f. 67, 6 ) i probably a variant of T. trigonula, differing in the broad, crenulated 
tooth in the aperture. 

Di tribution. 
\Vcmrn I, Cla of A e; 

Enaland : Barton bed 

France : Lul Lian. 

Belgium 'ands of fons-en-Pevele, Sands of Lede, Sands of 

Triloculina tri(J'onula (LAMARCK) var. inflata n'ORBIGW 

Pl. V, fig. 11; 180 

Triloculina in/lata o'ORBIGXY, i84.6, Foram. foss. Vienne, p. 278, pl. i7, f. i3-i5 (Miocene; Vienna basin); 
TERQUE!'lr, i 2, Iem. oc. Geol. France, ser. 3, vol. 2, p. i65, pl. i7, f. 4-6; Y. LE GALVEZ, i947, 
fem. Exp!. Carle Geol. det. France, pt. i, p. i8. 

H. m a r k . - The pecimen of thi variety differ from Triloculina trigonula in the 
l ~ inflal d appearance of the l t, but all intermediate between this type and the bulbose 
t~p of T. trigorwla "ere found. 

Di t r i l.> u t ion . - Belgium : Sand of Lede, Sands of Wemmel; 

Enaland pper Brackle ham bed , Barton bed ; 

France : Lutetian. 

Triloculina gibba n'ORBIGNY 
Pl. V, fig. 12-U; 106 

Triloculina gibba o'ORBIGW, i84.6, Foram. foss. Vienne, p. 274., pl. i6, f. 22-24 (Miocene; Vienna ba in); 
TERQUE:.,r, 1882, i\Iem. oc. Geol. France, ser. 3, vol. 2, p. i63, pl. i6, f. 3i; Y. LE GALVEZ, i947, 
iem. Exp!. Carte Geol. det. France, pt. i, p. i 7. 

H mark. . - :\Io t of our pecimen re emble n'ORBIG y's figures fairly well. They 
arc characterized b~ a ·ubangular p riphery, and slightl bulbose to flattened chambers. 

~p cim n "ith more rounded peripher ' and more or less bulbo e chambers mark the 
inlcrrrradation '' ilh Triloculina trigonula. 

Di , t rib u t ion . - Belgium : Sands of l\Ions-en-Pevele, Bru el Sand Sands of 
L de, and of vVemm l, Clay f e; 

Franc : Lul tian. 
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Triloculina angularis D'ORBIGNY 

Pl. V, fig. 15: 11d 

Triloculina angularis n'ORBIGNY, 1850, Prodrome Pal. Strat. Univ. Anim. Moll. Ray., vol. 2, p. 409 (LuLe­
tian; Paris basin); TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 163, pl. 16, f. 34, 35; 
FORNASINI, 1905, Mem. Accad. Sci. Ist . Bologna, ser. 6, vol. 2, p. 59, pl. 1, f. 2; Y. LE GALVEZ, 1947, 
Mem. Expl. Carte Geol. det. France, pt. 1, p . 17, pl. 4, f. 72. 

Rem arks . - Originally Trilowlina angularis was described as a species with sharp 
angular borders. FoRNASINI remarked that it must be very close to T. tricarinata D'0RBIGNY 
(1865, in PARKER, JONES and BRADY, Ann. Mag. Nat. Hist., vol. 16, pl. 1, f. 8) from the Red Sea. 

Several authors figured forms -with subangular borders, which they assigned to the latter 
species, but such types are probably closer to Triloculina t,rigonula. Similar variants with 
less sharply angled peripheral borders, and difficult to sep~rate from T. trigonula, were espe­
cially met with in the Lede Sands. 

Dis t rib u t ion . - Belgium Sands of Brussels, Sands of Leclc, Sands o f \Vemmcl , 
Clays of Asse. 

Triloculina lecahezae nov. nom. 

Pl. V, fig. 16; 157 

Triloculina laevigata n'OllBIGNY, in TERQUEM, 1878, Mem. Soc. Geol. France, ser. 3, vol. 1, p. 57, pl. 5, 
f. 20, 21 (Pliocene; Rhodes, Mediterranean); TERQUEM, 1882, Mem. Soc. Geol. France, ser . 3, vol. 
2, p . 168, pl. 17, f. 22, 23; FoRNASil\1, 1905, Mem. Accad. Sci. Ist. Bologna, ser. 6, vol. 2, p. 5, pl. 
1, f. 10; Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 17. 
[not Triloculina laevigata BORNEMANN, 1855, Zschr. Deu. Geol. Ges., vol. 7, p. 350, pl. 19, f. 5 (Oligo­
cene; Germany)J . 

Et y m o 1 o g y. - Named in honour of the excellent micropaleontologist Irs. YoLA DE 
LE GALVEZ (Paris). 

Rem arks . - D10RBIGNY mentioned this species in 1826 (Ann. Sci. rat., ser. 1, vol. 
7, p. 300), but the first valid description is the one of TERQUE~1 (1878), who ba ed his determi­
nation on the « Planches inedites ». As a consequence it is a homonym of Triloculina laevi­
gata BoRNK'l1ANN, and a new name is necessary. 

Dis t rib u t ion . - France : Lutetian. 

Triloculina propinqua TERQUEM 

Pl. V, fig. 17; 163 

Triloculina propinqua TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 168, pl. 17, f. 19 (Lule­
tian; Paris basin); Y. LE GALVEZ, 1947, Mem. Expl. Carte Geol. det. France, pt. 1, p. 19, pl. 4, 
f. 80-82. 

Triloculina varians TERQUEM, 1882, Mem. Soc. Geol. France, ser. 3, vol. 2, p. 161, pl. 18, f. 1-6 (LuLe­
tian; Paris basin). 

Dis t rib u t ion . - Belgium Sands of Lede; 
France : Lutetian. 
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Genus PYRGO DEFRANCE, i824 

'I'ype species PYRGO LAEVIS DEFRANCE, i824 

Pyrgo bulloides (n'ORBIGNY) 
Pl. V, fig. 18; 133 

/3iloculina bulloides n'ORBIGNY, i826, Ann. Sci. Nat., ser. i, vol. 7, p. 297, pl. i6, f . i-4 (Eocene; Paris 
basin; Miocene; Aquitaine basin; recent; Adriatic, Italy); TERQUEM, i882, Mem. Soc. Geol. France, 
ser . 3, vol. 2, p. i53, pl. i5, f. 37, 38. 

Pyrgo bulloides (n'ORBIGNY), Y. LE CALYEZ, i947, Mem. Expl. Cade Geol. det. France, pt. i, p. 2i; BATJES, 
i958, Mem. Inst. R. Sc. Nat. Belg., no. i43, p. i07. 

H em a r k s . - n'OnBIGNY figured a rather elongate form of the species, but fo llowing 
TERQUEM (1882) we considered Pyrgo bulloides to have a test about as long as broad, and P. elon­
gata a te L about one and a half times as long as broad. P. bulloides is furthermore distin­
guished by the extended borders of the chambers, which are subacute to rounded. 

Dis L rib u Lion . - Belgium : Sands of Brussels, Sands of Lede; 
France : Lutetian. 

Pyrgo elongata (n'OnmGNY) 

Pl. V, fig. 19; 176 

Biloculina elongala n'ORBIGNY, i850, Prodrome Pal. Strat. Univ. Anim. Moll. Ray., vol. 2, p. 409 (Miocene; 
Aquilaine basin); TERQUEM, i882, Mem. Soc. Geol. France, ser. 3, vol. 2, p . i54, pl. 16, f . i. 

Pyrgo elongala (n'ORBIGNY), Y. LE GALVEZ, i947, Mem. Expl. Carte Geol. det. France, pt. i, p . 2i. 

Rem ark . - This species is different from Py1·go bulloides by the elongate form of 
Lhe test, and the le s extended borders of the chambers. 

Dis t rib u t ion. - Belgium : Sands of Wemmel; 
France : Lutetian. 

Genus FABULARIA DEFRANCE, i820 

Type species FABULARIA DISCOLITES DEFRA CE, i825 

Fabularia helJa nov. sp. 
Pl. VI, fig. 1-6; 205 

EL y m o 1 o g y. - From Latin bellus = pretty. 

Des c rip t ion . - Test nearly circular to oval in front view, strongly compressed in 
side view, slightly longer than broad to one and a half times as long as broad; periphery nar-
1'0"\\ ly rounded, later chambers in adult specimens biloculine, involute; sutures distinct, slightly 
depressed; wall ornamented with numerous, fine, longitudinal striae, which are the external 
counlerparls of Lhe plate Lhal divide the chamber cavities into series of longitudinal chamber­
lcLs, in between Lhe striae the wall has finely pitted zones; aperture a terminal opening, in well­
preserved specimens with a distinct, cribrate border, possibly a remnant of the original cribrate 
plate that covered the opening. · 


