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SUMMARY

The occurrenco in Holocone and Reeent Duteh coastal sands of minute specimons
and fragments of Bryozoa bolonging to tropical, subtropical and warm-tomperato
genora poses the problem of their origin. The hypothoesis is advancod that thoy
dorive from submarine outerops of tropical marine sediments of Eoceno age on
tho sea floor off tho Bolgian coast or in the English Channel. A second group of
fragmentary Bryozoa is undoubtedly of Pliocene age and derives from sediments
that aro still being croded by tidal scour in the mouth of the River Scheldt estuary.
In cither caso nett transport of fine, sand-size material in a northoastward direction
over long distances along the coast is implied. This, in itself, is not a novel conception.
Mass movement of sand from 8 to N along the Dutch coast has always featured in
the various theorics concerning the genesis of this coast. The novelty is to sce
Bryozoa function as “tracers” of tho sand movement.

1. INTRODUCTION

Most of the sand-size bryozoan fragments that are a regular component
of Dutch coastal sands belong to species that form part of the genuine
bryozoan fauna of the southern North Sea. Fragmentary Bryozoa were
first found in the cstuarine sands of the Haringvliet (NOORTHOORN VAN
pER KRUWFF and Lacaars, 1960), but recent investigations have shown
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them also to be present, often in large numbers, in other types of coastal
sand.

On the other hand, occasional specimens and fragments of Bryozoa
have kept turning up that are clearly out of place in the Recent North Sea
fauna. Their occurrence, though fairly infrequent, has nevertheless been
established so often and at such widely separated localities that it can
no longer be ignored. So far, specimens have been found in the Haringvliet
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estuary, at Kijkduin, Scheveningen, Oegstgeest, IJmuiden and Velsen
(fig. 1).

The investigator of this phenomenon faces a two-fold task: identifying
the specimens and, when this has been satisfactorily accomplished,
establishing their provenance. The material falls clearly into two categories,
and these will therefore be dealt with separately.

2. SPECIMENS OF UNCHALLENGED PLIOCENE AGE

In the report on the occurrence of Bryozoa in the Haringvliet estuarine
sands (loc. cit., p. 720), mention has already been made of the presence
of remanié sand-size Pliocenc specimens in some samples. In the mean-
while, their occurrence in the Recent beach sand at Kijkduin and in
Young Holocene barrier-face sand at Scheveningen, Oegstgeest and
ITmuiden has also been established. We are here concerned with fragments
of specimens belonging to the following species, whose Pliocene age has
been established with certainty and whose provenance is to be sought
in the estuary of the river Scheldt:

Melicerita charlesworthii MILNE-EDWARDS Plato 1, fig. 1

Metrarabdotos moniliferum (Mine-Epwarps) Dlato 1, figs. 2-4
Schizostomelle socialis (BUSK) Plate 1, figs. 5-6
Vittaticella sp. Plato 1, figs. 7-8

The occurrence of the first two species in the subsurface Pliocenc of
Goes and that of the second in beds of the same age at Flushing were
alrecady known to Lorif (1885, 1903). The third species has also been
encountered in a well near Flushing (Lacaars, 1952 p. 121). That Vittati-
celle also occurs in the marine Pliocene of the Low Countrics is new.
The discovery of the small remanié specimens of this genus (Plate,
figs. 7-8) prompted me to examine the 150-450 u residue fraction of a
number of Scaldisian samples, and numerous identical specimens (Plate,
fig. 9) did indeed show up in two of the samples, one being from the
“Sables de Luchtbal’’ and the other from the “ler coquiller scaldisien”
of the Antwerp port area (Petroleum haven).

Since the Pliocene in Coralline Crag facies is present at only quite a
shallow depth near Flushing (VAN VOORTHUYSEN, 1957, cncls. 80, 85;
VAN Dam and Van RuMMELEN, 1960, text-fig. 13), since the tidal gully
in the mouth of the Scheldt due south of Walcheren locally attains con-
siderable depth (Vaxy RUMMELEN, 1960, p. 694, mentions 50 metres below
Amsterdam datum) and since, finally, the material washed up on the
shore at the well-known locality, “De Kaloot”, is very rich in Pliocene
marine mollusks (Vax REeTeREN ALTENA, 1937, p. 152), there can be
no doubt that marine Pliocene is at present being croded by tidal scour
in the mouth of the Scheldt estuary.

A second, indirect, but certainly no less important source of sand-size
marine Pliocene material is to be found in the Merxem Sands, fine-grained
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INDEX TO PLATE 1
Melicerita charlesworthii MILNE-ISDWARDS
Oks 2078. Haringvliet excavation.

Metrarabdotos moniliferum (MILNE-EKDWARDS)
Recent beach sand. Kijkduin.

Metrarabdotos moniliferum (M1LNE-KDWARDS)
Oks 2092. Haringvliet excavation.

Metrarabdotos moniliferwm (MinNg KDWARDS)
Oks 2092. Haringvlict excavation.

Sehizostomella socialis (Busk)
Oks. 67. Haringvliet excavation.

Sechizostomella socialis (BUusk)—interior aspect of zooecium
Oks 67. Haringvlict excavation.

Vittaticella sp.—frontal aspect
Oks 2091. Haringvliot excavation.

Vittaticella sp.—dorsal aspect of same specimen
Oks 2091. Haringvliet excavation.

Vittaticella «p.—{rontal aspect; notice closure of orifice
Lga 10. Scaldisian (Sables du Luchtbal). Antwerp.

Vineularia sp.
Core hole Oegstgeest 10A. 4.37-4.42 m —gsurf.

Vincularia sp.—end view of same specimen
Core hole Oegstgeest 10A. 4.37 4.42 m —surf.

Nellia oculata Busk
Oks 2094. Haringvliet excavation.

Dittosaria sp.—lateral aspect
Core hole Scheveningen 11C. 8.70 8.75 m —swrf.

Dittosaria sp.—frontal aspect of same specimen
Core hole Scheveningen 11C. 8.70 -8.75 m —surf.

Poricellaria sp.
Recent beach sand. Kijkduin.

Poricellaria sp.
Oks 2102, 7 Calais Beds. Haringvliet excavation.

Cothurnicella sp.— Lateral aspect
Sample no. 4. Velsen excavation. 3.40 m—Amsterdam datum.

Cothurnicella sp.—frontal aspect of same specimen
Sample no. 4. Velsen oxcavation. 3.40 m—Amsterdam datum.

Cothurnicella pyriformis Brerroront —latteral aspect
Tertiary ¢5. Prupuh, East Java, Indonesia.

Cothurnicella pyriformis BeErroLont—{rontal aspect of same specimen
Tertiary e5. Prupuh, East Java, Indonesia.

(all specimens < 40)
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littoral deposits of Early Pleistocene age (formerly referred to as “Poeder-
lian™), which overlie the Pliocene in the arca. These deposits, which have
been well exposed in recent years at the Kruisschans locality, north of
Antwerp, and which also crop out at a single locality north of the Dutceh/
Belgian frontier, near the village of Nieuw-Namen, have a high content
of remanié sand-size marine Pliocene debris. Samples from Kruisschans
in particular have yielded abundant fragments of Metrarabdotos moniliferum
and some of Melicerita charlesworthii.

There are potential outerops of these Merxeim Sands at the bottom of
the Scheldt estuary over its entire width (VAN Voowrruuvysen, 1957,
enels. 81, 85; Van Dam and VaNn RummeLeEN, 1960, text-fig. 12) and
these are thus even more exposed to erosion by tidal scour than the
underlying marine Pliocene.

Owing to their northerly dip, these marine Pliocene and littoral 1arly
Pleistocene deposits lie well out of reach of tidal action in the estuaries
between the islands north of Walcheren. Nor are there outerops of marine
Pliocene or Early Pleistocene to be found upstream in the Rhine or Meuse
valleys; fluviatile supply by rivers other than the Scheldt is therefore
ruled out, and the estuary of this river is the source from which the
Pliocene bryozoan fragments are most likely to have originated. The
displacement involved is as much as 130 km.,

Here the question arises whether outerops of Pliocene in Coralline Crag
facies or, more likely still, of the Merxem Sands are not also to be found
offshore, on the floor of the North Sea itself, somewhere on a line connecting
the Scheldt estuary with the coast of Bast Anglia (¢f. Trescn and ReiNHOLD,
1946, map 4). Apparently such offshore outerops do not exist on the
castern part of the line. Tescm and ReiNnoLp (loe. eit.), in a paper dealing
with the geology of the southern North Sea, have reported the results of
a study of the Foraminifera from a large number of punch cores and
some twenty percussion borings most of which were located in and in
front of the Scheldt estuary. They list five percussion borings and one
punch core as having reached or almost reached the “Middle Pliocene™
(i.c. the Merxem Sands), but all six of these borings were situated in the
Scheldt estuary. On an earlier occasion, however, Tesci (1935, pp. 309-310)
reported the occurence of fossils and associated rolled pebbles of Diestian
(Upper Miocene) and Scaldisian (Pliocene) age in an area situated between
the North Hinder Bank and the North Falls, which is roughly midway
between the mouth of the Scheldt estuary and the town of Harwich.

3. SPECIMENS OF PROBABLY KOCENE AGE

The provenance of the sccond group of extrancous Bryozoa was not
immediately obvious. In the first place, the small size (150-450 u) of the
specimens and their fragmentary state in all but one case made it impossible
to establish their specific identity. There was no difficulty in identifying
the genera, however, which were as follows:
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Vineularia (sensu stricto)  Plate 1, figs. 1011
Nellia oculata Busk Plato 1, fig. 12
Poricellaria Plate 1, figs. 1516

What was so surprising about these finds was that the Recent distribu-
tion of these genera is confined to tropical, sub-tropical or at most warm-
temperate latitudes (figs. 2-4). These genera are therefore entirely out of
pPlace in the Recent North Sea fauna. Moreover, they do not even oceur
in the castern part of the Atlantic. Here was a problem for which there
Was no immediate explanation.

The first solution that offered itsclf was that of long-distance transport
by ships. This had rapidly to be abandoned as a reasonable answer,
however, since ships could not have been responsible for the introduction
of specimens dating from before 1600 a.p., the date at which commerce
between The Netherlands and the East and West Indies began to flourish.
And the specimens of Vincularia from Scheveningen (from 8.70-8.75 m
below surface) and Oegstgeest (from 4.37 m below surface) and those of
Poricellaria from the Haringvliet excavation (from 16.5 m below Amsterdam
datum; ? Calais Beds) and Scheveningen (from 7.03-7.08 m below surface)
are certainly from deposits laid down before 1600 A.D.

A much more plausible explanation is that these representatives of
t‘_"f)l’i al and subtropical genera derive from outerops of (tropical) fossi-
liferous marine sediments of Eocene age on the present sea floor in the
southern North Sea, whence they have been transported northeastwards
by the prevailing (flood) current. From figs. 24 it can be seen that,
although Vincularia, Nellia and Poricellaria are completely absent from
the (t‘nst(srn Atlantic today, all three genera had fossil representatives in
Lh_c I”‘f"U“C and Oligocene of Western Kurope. What is more, all three are
often found together in one locality and sometimes make up a considerable
l"“"""“?ﬂ;{(‘v of the total bryozoan assemblage of the sample. The co-occur-
rences in the Palacogene of western Europe listed on p. 37 are worthy of note.

ln.lhc ligcht of our problem, the Bruxellian and Ledian occurrences in
lérlz‘ﬂ'“““ are the most interesting. We have still to examine, however,
“.wl’h‘”' marine fossiliferous formations of this age may be expected to
o ?!) out under the Recent sand cover in the southern North Sea.
| lhe geological situation renders it most unlikely that this would be
"l T" tase with beds of Bruxellian age. In Belgium no Bruxellian deposits
Are present to the West of Brussels, and in France they only reappear,
p‘nm'.ly developed, as a single outlier in the hills of Cassel, ESEKE of
Calais.

m >
(.I.Oll)h((")lf;’“”ifel‘()us Eocene formation which IH known with certainty to

g - on the present sea floor, between Blankenberge and Ostend,
:)‘ﬂ _thc Belgian coast, the “Sables d’Aeltre”, is slightly older (Paniselian
‘ll.mmm‘" Late Ypresian) than Bruxellian and it contains a different
Suite of Bl'y()zon, in which Vincularia, Nellia and Poricellaria are lacking



Vineularia | Nellia | Poricellaria | Dittosaria
| \
1 . e Rt | |
g Stampian of Gaas, SW France (Reuvss, rare common l rare -y
= 1869; Canu, 1914) ‘
= Calcaire & Astéries, Carricre de la Souys, ; abundant common | commaon
< SW France (own observation) ‘ \ \
|
‘ . . ] . o
1 Bartonian of Hampshire, Ingland (St. | rare rare i -
o = ‘ Joun Burron, 1929) \ ‘ |
= & |
&2 ‘ ‘ |
:;a Upper Bracklesham Beds Selsey, Sussex, - [ common | |- =
y ; |
‘ England (Davis, 1934; Curry, 1962) | ‘
P } \
‘ Lower Bracklesham Beds, Knglish \ | ;
. S \ ‘
| Channcel, south of the Tsle of Wight ‘ " ‘ | | not
(Curey, 1962), and Southampton ‘ ! | uncommon
Y | |
(Davis, 1934) ! ‘
: s ; ; \
Caleaire de Blaye, Carviere de I'Octroi, | abundant | common | rare } s
SW France (own observation) J \ ‘ !
Ledian®*) of Korest, Belgium (own ob- | common | rare | rare | common
servation) \ )’ ‘
Lodian®®)  of  Bambrugge, ncar  Loedo, raro Ao ‘* | rare
Belgium (own observation) \
o Lutotian of Campbon (Loire-Inféricure), +- ‘ il | + -
o W France (Darrevienie, 1937) i
) ‘
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=y
i W France (Bavavorni, 1959)
©
= Lutoetian of Orglandes (Mancho), Coten- | rare rare rare —
T . v N -
o tin, W Franco (Canu, 1907-1910) |
e |
= Lutetiaon of Parnes (Oise), Pavis Basing | common rare rare -
France (Canu, 1907-1910) ! ’ '
’ . . . i
Lutcetian  of  Chaussy  (Seine-et-Oise), | abundant abundant i =
Paris Basin, Ifrance (Canu, 1907-1910) .
Lutotian of Damery (Marne) Paris Basin, |
‘
France (’OrBreNy, I1851-1854; Canu, } = 4 L
1907--1910; Davis, 1934)
Lutetian of Gomoerfontaine (Oise), Paris rathor common comimon rare
Basin, France (Darrevenne, 1934) comimon
Bruxcllian of Nalinnos, Belgium (own comimon common commnmon common
' observation)
| London Clay (Ypresian) England - ‘ + - abundant
S 2 | (Davis, 1934; Curry, 1962) } [
R} | |
A :_i Ypresian of Mont St. Aubert, Belgium — 1 - v — common
‘ |
|
|

(own observation)

X Rizuss’s record (1869, p. 468) of Dittosaria prima from Gaas reforred to a
7

spocimen of Pasythea.

) Pomeron (1961) has recently voiced the opinion that the Ledian in Bolgium
is to be correlated with the Upper Lutotian in the Paris Basin. The Ledian

would thus be Middle Tocene, not. Upper Tocene as the classical view would

havo it.
= present,
— == absent
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(sce Canu and Bassnper, 1929 and Darrevenns, 19335 also checked by
me on newly collected samples from the Aalter locality 1).

Since Paniselian and Bruxellian beds are to be excluded, those of
Ledian age remain the only possible source for our remanié specimens.
Unfortunately, there is, to my knowledge, no straight-forward record of
Ledian beds cropping out off the Belgian coast. Twescn and Rueinnonp
(1946, p. 81) state merely that Middle and Upper Kocene beds lie near
or at the surface to the north of Blankenberge.

There is, theoretically, still the more remote possibility that the Dutch
remanic¢ specimens of Vinewlaria, Nellio and Poricellaria come from an
cven more distant source, viz. the English Channel. All three genera have
been identified in samples from the Kocene outerop of presumably Lower
Bracklesham Beds in the English Channel, south of the Isle of Wight
(Curry, 1962). Derivation of the Dutch specimens from the Channel area
would involve nett transport of sand-size material over several hundred
kilometres. This assumption is not incompatible, however, with the general
dircction of present-day sand transport on the sca floor in the Channel and
the southern part of the North Sea (Stripe, 1963, text-fig. 10).

Summarising, we may say that the fragmentary specimens of Vincularia,
Nellia and  Poricellarie in Dutch coastal sands are most probably of
Focene age and derived from submarine outerops of marine Kocene
sediments located to the southwest. Beds of Ledian age, presumably
cropping out to the north of Blankenberge off the Belgian coast, are the
most likely source, but theoretically the Knglish Channel cannot be
entirely ruled out as a possible source arca.

Some time after this theory had been developed, T had the good fortune
to make a discovery which considerably enhances the theory’s change of
being correct. It was that of finding a fragimentary specimen of the genus
Dittosaria (Plate, figs. 13-14) in a core hole at Scheveningen (8.70-8.75 m
below surface). Unlike Vincularia, Nellio and Poricellaria, Diltosaria is
an exclusively extinet genus, ranging from Kocene to Olicocene on either
side of the Atlantic. The known occurrences are shown in fig. 5, and it is
obvious from this ficure that the Scheveningen find could only derive from
an Kocene source. The remanié fragment closely matches the slender
form which 1 collected, together with Dittosaria lutetiana Davis, from
the Ledian of Forest, Belgium, in the absence of a keel, in having convex
lateral contours and in measuring not. more than 0.27 mm across a pair
of zooccia. 1t may be presumed that this slender form corresponds to the
Dittosaria awversiana of Davis (1934, p. 235), but unfortunately this is a
nomen nudum.

5 Panisclian molluses from tho Ostend arca are reported to have reachoed the
island of Schouwen, a nett displacement of some 80 kilometres (VAN RuarieriN
AvureNa, 1937, p. 154).



\\ Remanié specimen
O Oligocene occurrences & N
B Eccene occurrences WORLD DISTRIBUTION OF DITTOSARIA (GENUS)




4. A SPECIMEN OF COTHURNICELLA FROM VELSEN

IFrom the late Holocene beds which were exposed in the tunnel ex-
cavation at Velsen (from 3.40 m below Amsterdam datum, and dating
according to VAN STrRAATEN (1957, p. 179) from about 2200 B.r.) a very
curious minute bryozoan specimen was obtained that appears to belong
to the genus Cothwrnicella (Plate, figs. 17 18). Cothurnicella is a tropical
to  warm-temperature genus. Its single known  species, Cothurnicell
pyriformis BerroronNt, has a Recent ') distribution in the Atlantic, the
Mediterrancan and the Indo-West Pacifie (fig. 6). Its northernmost. West
IBuropean record is from Calvados, Normandy (Busk, 1884). If the Velsen
specimen also belongs to O pyriformis, which is most likely, there is
practically no other way of explaining its present. anomalous, occeurrence
but transport from the Channel arca.

5. CHANGES IN DIRECTION AND INTENSITY O THIS SAND SUPPLY DURING
T HoLOCENE

The idea of longshore transport of fine, sand-size material in a north-
castward direction over long distances along the Duteh coast is by no
means new. As has been well brought out by Kruir (1963, text-fig. 3),
mass movement of sand from N to N along the Duteh coast has always
featured in the various theories concerning the genesis of this coast.
The novelty is to see Bryozoa function as “tracers’ of the sand movement.

VAN STRAATEN (1961, p. 387) has recently suggested that the ratio
between transverse and longshore sand supply may have varied in the
course of time; he intimated notably that the transverse supply may have
been more important during the period of rapid rise in sea level (approx.
8000-5000 years B.r.), whereas longshore supply may have strongly
predominated during the subsequent period of decelerating rise in sea
level and rapid coastal advance by barrier aceretion (approx. 50002500
years B.r.). The available data on remanié fossil Bryozoa do not contradict
this hypothesis. With two exceptions, all remanié Pliocene and Bocene
(?) specimens have been obtained from sands that were deposited in the
last 5000 years (sce Appendix I).

The situation in a core hole drilled at Ocgstgeest is very suggestive in
this connection. This core hole features a 10 metre thick section of coastal
sands derived fro n the North Sea (4-13.80 m below Amsterdam  datum).
Bryozoan fragments occur persistently in large numbers throughout this
sand scction. Yet, the lower 8 metres, consisting of sands deposited during
the phase of rapid rise in sea level, did not yield a single remanié fossil
specimen. It is not until the upper two metres of fine-grained sand, which

1 Cothwrnicella can no longer bho considered a purcly Recent genus, as it has
always been. I have recontly found ¢ pyriformis in samples of Tertiary ¢b (Lower
Miocene) age from ast Java and Madura (Plate, figs. 19 20), and in the Falun
de Laricy (“Aquitanien supdériowr’™), near Saucats (Gironde), France.
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according to present views were deposited as the lower part of the barrier
face during the phase of rapid coastal aceretion, that a sudden influx
of both Pliocene and Kocene (7) remanié specimens is observed.

That the appearance of remanié specimens, particularly the Pliocene
ones, in Duteh coastal sands is a relatively recent phenomenon is also
made clear by other evidence. Until quite recently, well into historical
times, the River Scheldt’s course was much more northerly than its
present one. From soil surveys in the central islands of the province of
Zeeland and from archacological evidence, it appears that the present
location of the River Scheldt estuary is a post-Roman development
(STUr and Ovaa, 1960; KprLyax, 1962), and also that it reached con-
siderable depth only after 700 A.p. (VAN RummereN, 1960, p. 694).
It follows that the sources of Pliocene sand-size material were not fully
tapped until after that date.

Another possible explanation for the relatively late appearance of
remanié fossil Bryozoa in Dutch coastal sands is perhaps implied in the
fact that a substantial part of the Quaternary cover of barren fluvioglacial
and fluviatile sands had first to be flushed out of the southernmost part
of the North Sea before the underlying fossiliferous marine Tertiary beds
could start contributing their fossil content to the sediment drift moving
northeastward over the bottom with the prevailing flood current.

6. ACKNOWLEDGEMENTS

[ wish to thank Dr. J. H. van Voorrunuysen of the Geologische Dienst, Haarlem,
for the loan of samples from Velsen and for helpful discussions; and Tr. M. GuLiNci
of the Aardkundige Dienst van Belgié, Brussels, for provision of samples from Aalter.

The photographs on Plate I were taken by Mr. J. W. DIMMENDAAL.

Permission by the Shell Rescarch N.V. and Bataafse Internationale Petroleum
Mij. N.V. to publish this paper is gratefully acknowledged.

REFERENCES

Busk, G., Report on the Polyzoa. The Cheilostomata. Rep. Sei. Res. Voy. Challengoer,
Zoology, X, 30, i-xxix, 1-216, pls. 1-36, (1884).

canu, Iooand Ro S0 Bassuer, Bryozoaires édocenes de la Belgiquo consorvés au
Musée Royal d’Histoire Naturelle de Belgique., Mém. Mus. Roy. Hist.
Nat. Belgique, XXXIX, 1-69, pls. 1-5, (1929).

Courry, D., A Lower Tertiary Outlier in the Central English Channel, with notes
on the Beds surrounding it. Quart. Journ. Geol. Soe., CXVIIL, 2, 177 205
(1962).

Daw, J. €. vax and F. F. I'. &, van RumMerneN, Rosultaten van het geo-elektrisch
onderzock in vorgelijking met de geologische opbouw  van  Zeeland,
Geol. & Mijnb., XXXIX, 11, 587602 (1960).

Darrevierte, K., Contribution & I'étude des Bryozoiares fossiles de lEoceéne de la
Belgique, Ann. Soc. Roy. Zool. Belgique, LXIIT (1932), 55-116, pls. 24
(1933).

Davis, A. (i, English Lutetian Polyzoa. Proe. Geol. Assoc., XLV, 2, 205-245 (1934).

Kppnvan, T Riviermonden ten tijde van de Romeinen. Land en Water, VI, 6,
240246 (1962).



46
Krurr, €., Is the Rhine Delta a delta? Verh. Kon. Ned. Geol. Mijnb. Gen., Geol,
Ser., XXI-2, 259-266 (1963).

Lacaar, R., The Pliocene Bryozoa of the Low Countries. Meded. Goeol. Sticht.,
Serie € V, 5, 1-233, pls. 1-26 (1952).

Lorii, J., Contributions & la géologic des Pays-Bas. 1.

paléontologiques des forages de puits 4 Utrecht, Goes et Gorkum, Arch,

Mus. Teyler, (2), 11, 109-240, pls. 3-7 (1885).

. Contributions & la géologic des Pays-Bas, X.

cn Brabant. Mdém. Soc. Boelge Géol., XVII, 203 259 (1903).
and R. Lacaars, Displaced faunas from

Résultats géologiques ot

Sondages en Zdlande et

Noorrnoor~y van per Kevorre, J. 9.
inshore estuarine sediments in the Haringvliet (Netherlands), Geol. &
Mijnb., XXXIX, 11, 711-723 (1960).
Pomerorn, Ci, Corrélation entre le Lédien du bassin de Bruxcelles et le Lutétion

Sc., CCLII, 3839 3841 (1961).

supcricur du bassin de Paris. C.R. Ac.
Recreruny Avrena, €. O, van, Bijdrage tot de kennis der fossicle, subfossicle en

recente mollusken, die op de Nederlandse stranden  aanspoclen, en

hunner verspreiding, N. Verh. Bat. Gen. Procfondory. Wijsbeg., (2), X,
S, 1184, pls. 112 (1937).
Rumsirnen, 1. 10, . K. van, Enkele aantekeningen bij het oever- en dijkvallen
probleem in Zecland, Gool. & Mijnh., XXXIX, 11, 692 700 (1960).
Steur, G, G, L.oand . Ovaa, Afzettingen uit de pre-Romeinse transgressicperiode
en hun verband met de loop van de Schelde in Middon-Zecland, Geol. &
Mijnh. XXXIX, 11, 671-678 (1960).
SrraareN, L. M. J. U. van, The Holocene Deposits. In: The oxcavalion at Velsen.
Verh. Kon. Ned. Goeol.-Mijnbouwk. Gen., Geol. Ser., XVIL, 158183
(1957).
. Dircctional effects of winds, waves and currents along the Duteh North
Sea Coast. Tl Geol. & Mijmb., XL, I'l, 363 391 (1961).
Sriripm, A H., Curient-swept floors near the southern half of Great Britain, Quart.
J. Geol. Soc. London, No. 474, 119, 2, 175 199, pls. 1318 (1963).
Gegovens betreffende den bodem van de zuidelijke Noordzee on het
Kanaal. Hand XXVe Ned. Natuurk. Geneesk. Congr., 308 312 (1967).
Tesci, P. en Ti. Reinnonnp, Do bodem van het zuidelijle uiteinde der Noordzee.
Tijdschr. Aardr. Gen., LXIIL, pp. 72 84 (1946).
Voorriuysin, J. H. vax, Algemeen goologisch overzicht tot cen diepte van 40 metoer.
In: Ripourr, N. AL b et al., Agrohydrologischo proficlen van Zeeland.
Publ. Min. Landb. Viss. Voedselvoorz., pp. 20-32 (1957).

Tuscn, 1.,

I’().\'/.s'r'r//»lum

This is essentially the manuscript. as I closed it in 1964, but the maps and
Appendix 11 have been brought up to date to include recently published new
"‘.'("“'"'-‘\ or recently made observations of my own, resulting in one or two incon-
sistencies,

Thus it is no longer correct to state (p. 36) that Nellia oculata does not oceur in
the castern Atlantic, since it has been found there recently near Fernando Poo
and added on the map (Kig. 3).

. ("m\'vrst-ly, I have cancelled the Recent occurrence of Vincularia sensu stricto
from the 1964 version of the map (IFig. 2), as I no longer consider that Canu and
”‘"f”"”“r (Bryozoa of the Philippine Region, 1929, p. 111) were correct in assigning
“'lf'll‘ new species pentagona to the genus Heterocella, which is a junior synonym of
l"'”""’/'l//‘/u, sensu stricto. Consequently, in the chain of reasoning in Chapter 3,
Vineularia should not be grouped with Nellia and Poricellaria, but rather with

])I./In,s'll/'fu,
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APPENDIX I

Data conceriing the specimens discussed in

this paper

Locality and age of remanié
occurrences in Duteh coastal

sands

Nearest

known locality

and age of in situ

oceurrenees

Melicerita
charlesworthii
MiLNE KpwarDs

Metrarabdotos
moniliferum
(MILNE-ISDWARDS)

Sehizostomella
socialis (BUSK)

Vittaticella sp.

Vineularia sp.

Nellia oculata
Busk

Poricellaria sp.

Dittosaria sp.

Cothurnicella sp.

Haringvlict: Oks 2078, from post-
1932 channel

Haringvliet, Oks 67, 68, 2071, 2073,
2075, 2077, 2080, 2084, 2088, 2089,
2001, 2092, 2094, 2095, 2098, 2100,
all from post-1932 channel; Olks
2103, from ? Calais beds; Kijkduin,
from Recent beach sand; Schoeve-
ningen, 8.70-8.75 surf.,

17.40 17.46 m surf., both from
Young Holocene sands; Oegstgeest,
4.37-4.42 m — surf., 4.65-4.67 m -
surf., both from Young Holocene

sands

Haringvlict, Oks 67, from post-1932
channel

Haringvlict, Oks 2091, from post-
1932 channel; [Jmuiden, Ole 339,
6.5 1 Amsterdam datum, from
Young Holocene sands

Scheveningen, 8.70-8.75 m — surf.;
Oegstgeest, 4.37-4.42 m — surf., both
from Young Holocene sands

Haringvliet, Oks 2094, {rom post-

1932 channel; Oegstgeest, 4.37-4.42
m — surf., from Young Holocene
sands

Haringvlict, Oks 2102, from ? Calais
beds; Scheveningen, 7.03-7.08 m

surf., from Young Holocene sands;
Kijkduin, from Recent beach sand

Scheveningen, 8.70-8.75 m — swif.,
from Young Holocene sands

Velsen, 3.40 m — Amsterdam datum,
from Young Holoceno sands

Scaldisi:

remanic

e of Antwerp:

in Mcerxem

Sands  of Antwerp,

“Poedaer

lian” of Dutch

IFlanders

ibidem

ibidem

Scaldisia

Ledian

Forest,

Ledian

Forest,

Ledian
gium

Ledian
Forest,

Recent :

m of Antwerp

of Lede and

Belgium

of Lede and

Belgium

of Forest, Bol-

of Lede and
Belgium

Calvados

(Normandy), Ifiance

(C'. pyriformis)



APPENDIX II

Dociwmentation of tect-figures 26

The world distribution maps (test-figures 2 6) are based on data obtained from

literature and on the author's own observations. Listed helow are those occurrences
that constitute new records.

Tert-figure 2. World distribution of Vieewlaria (genus) sensu stricto

Miocene

Tertiary 5. Lavat, Tanimbar Islands, Indonesia, Fro Wepier Coll.

Berili Marl (probably Tertiary g). My 1994, Malolos, Cebu [sland, Philippines.
W. V. MiLroy Coll.

Tertiary fl. Bontang, Kast Borneo, Indonesia. 1Kx.
Geologic en Mineralogic, Leiden. J. Wasner Log.

Tertiary fl. Mu 827. Approximate co-ordinates lat 3758447 N, long 1144307 .
Seria, State of Brunci. ¢ J. Mueper Coll.

Tertiary 3. Be 1421, Kali Ambunten, Madura Island, Indonesia.

Tuban Formation (Tertiary o). h7 (5 m). Prapuh, East Java, Indonesia.

Sw 380 Wo of Dadu, Raj River arca, Kirthar Range, West Pakistan. H. Struwe
Coll.

Coll. Rijksmuseum  van

Oligocene
. . v - ~ /
Lower Coralline Limestone, Naxxar-2 deep test, Malta, 1451517
Caleaire & Astéries. Carricre do la Souvs. Floirace (CGironde), France. AL K
Coll.
Falun de Lesbarritz (“"Stampian’). A 360. Gaas (Landes), France. WL Droodrr
Coll.
. - . - ' oy v 4
Meson: Formation. Botweon Moralillo and Meson, Veracruz, Mexico. Tx RoW.

Barkenr.

/'1"""'/[('
BI-47, Gulf of Syrte are, SW Cyrenaica (Beda), Libya, 90100
Sands of Brussels. Lga 26, Nalinnes, 10 km S, of Charloroi, Belgium
ol 7th Earopean Micropal. Colloquium 19161, R. Lacaats Coll.
D 1206. Quebrada Bellaca, 1Bdo. Bacinas, Venezaela. 18x ¢ M. B. CAUDRI.
Jabaco Formation. B 322. 0.5 kin S. of Ingenio Saratoga, Matanzas Province,

Naa.

Stop 14

Cuba. . J. Bermupnez Coll,

Paleocene
B1-47, Gulf of Syrte arca, SW Cyrenaica (Beda), Libya, 3142°

The available data suggost that tho genus became extinet in the Upper Miocene
(probably Tertiary o). The Recent Heterocella pentagona Canu and Bassner (Bryozoa
of the Philippine Region, 1929, p. 111, pl. 9, figs. 13-16) from N1& Borneo is probably
not congeneric with  Vineularia sensu stricto. This occurrence is, therefore, not
shown on the map.

s ra . , ’ g 4 . 6 - . -
Text-figure 3. World distribution of Nellia oculatae BUsk.

Referonco is made to Lacaats (Paleocene Bryozoa from a boving in Surinan;

n the press) for a complete list of all the oceurrences shown on this map.
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Text-figure 4. World distribution of Poricellaria (genus).

The following records are now:

Recent

00.3.24.96 and 90.7.23.48 A.C. Happon Station 2, Torres Straits, 20 miles NNW.
of Warrior Island, 5% fins. British Museum (Nat. Hist.).

T 1517, Gulf of Salwa, W. of Bahrein Island, Persian Gulf, 8 m. A. J. Kt Coll.

Miocene

Tertiary ¢d. Larat, Tanimbar Islands, Indonesia. Fr. Weer Coll,

Tertiary 3. Be 14210 Kali Ambunten, Madura Island, Indonesia.

Tuban Formation (‘Tertiary ¢b). h7 (5 m). Prupuh, Kast Java, Indonesia.

Marnes a Lépidoeyelines  (“Lower Aquitanian™). Petit Nid, W. of  Sausset
(Bouches-du Rhone), France. 10x 1. M. van per VLERK.

“Lower Aquitanian™. La Brede (Gironde), France. 16x BIPM Stratotype (ol

Oligocene

<t

Lower Coralline Limestone. Naxxar-2 deep test, Malta, 145 151",
Iocene

Asiut (Asyut), Nile valley, Kgypt. 1x J. H. vaxn VOORTHUYSEN.

Sands of Brussels. Lga 26, Nalinnes, 10 ki S, of Charleroi, Belgium Stop 14
of 7th Kuropean Micropal. Colloquium 1961. R. Lacaars Coll.

San Fernando Formation. DB 321, Soldado Rock, Trinidad. D. A. J. Baroes
Call.

Jabaco Formation. B 3220 0.5 ki S. of Ingenio Saratoga, Matanzas Provinee,
Cuba. . J. Bermupez Coll.

Basal Red Bluff Marl. Shubuta Hill, Wayne County, Mississippi. 18x R, W.
BARKER.

Tewt-figure 5. World distribution of Dittosaria (gonus).

Tho following records are now:

Oligocene
Marianna Limestone. Mint Springs Member. Little Stave Creek, Clarke County,
Alabama. Cf. O. L. Baxpy (1949) samples 64, 65 and 66. D. D. Ban~rvk Coll.

I’}(}l‘ll“(‘,

“Bartonian”. Do 269. Itablissement des bains, Cote des Basques, Biarritz
(Basses-Pyrénées), France Stop 6 of 5th Kuropean Micropal. Colloquium 1957,
J. K. Dorui Coll.

Jabaco Formation. B 322, 0.5 km S. of Ingenio Saratoga, Matanzas Provinee,
Cuba. . J. Bermubrz Coll.

Basal Red Bluff Marl. Shubuta Hill, Wayne County, Mississippi. Kx R, W.
BARKER.

Riuss’s record (Zur fossilen Fauna der Oligociinschichten von Gaas. 1869, p. 468)
of Dittosaric prima from the Oligocene of Gaas (Landes), France, is not shown on

this map, because it most likely referred to a specimen of Pasythea.

Text-figure 6. World distribution of Cothurnicella pyriformis (BERTOLONT)
The following records are new:

4 Scries B
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Recent

88.4.16.39. on red algac cast up on beach between Recife and Olinda, Brasil.
British Museum (Nat. Hist). Riprey Coll.

Stn. 1197. B. of Tobago Island, W.I. Top of core. 41 fins. Orinoco Shelf Txpedition
Coll., vide Kotpewiin (Sediments of the Paria-Trinidad Shelf. Rep. Orinoco Shelf

Iixped., TI1, 1958).

Miocene
Tertiary fl-2. Ct 5971. Arnih, Madura Island, Indonesia.
Tuban Formation (Tertiary e5), h7 (5 m). Prupuh, East Java, Indonesia.
Falun de Lariey (“Upper Aquitanian’), near Saucats (Gironde), France. lx
BIPM Stratotype Coll.





