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T ertia ry  s tra ta  with a low northeasterly  dip, trunca ted  by an  erosion surface w ith 
low westerly dip, form  the basem ent in  the S andettie-F airy  Bank gap  except in  the 
northw est p a r t o f the area w here a basin is cut into the T ertia ry  strata. This basin is 
filled w ith a sequence o f la te  Pleistocene sands overlain by H olocene sands which 
form  the m ajor topographic features o f  the Sandettie and  Fairy Banks and the low 
sea-floor coi linking them . T h e  surface o f the banks and coi are m oulded into trans­
verse ridges up to 10 m  in  am plitude and 200 m  in  wavelength. T hree types o f ridges 
are present: a t the north  end o f the coi, linear transverse ridges o f irregu lar am plitude 
and  wavelength occur w ith a flint gravel base grad ing  up in to  m edium  sand; these 
ridges are fossil features o f P reboreal-S ubboreal age. A t the south end o f the coi there 
are sym m etrical sandwaves o f regu lar am plitude and w avelength which, from 
geological evidence, appear to be stable. T o  the west o f Sandettie Bank and the coi 
there are south-facing asym m etrical sandwaves which on geological evidence, are po­
tentially  m obile and w hich la te r  sedim entological investigations revealed to  be m oving 
southw ards in  one area.

I n t r o d u c t i o n

T h e  S andettie-F airy  Bank gap is a shoal w ater area which straddles one o f the m ain  north ­
bound  navigation routes in to  the southern N orth  Sea (figure 1). These shoals are the  site of 
rap id  spatial variations in  seabed re lief caused chiefly by the existence o f sandwaves and  there­
fore present problem s to hydrographic surveying. In  1970 the Institu te  o f O ceanographic 
Sciences, the N etherlands R ijksw aterstaat and the N etherlands Geological Survey established 
a program m e to investigate sedim ent transport in the area a t the request o f the British an d  the 
N etherlands Navies.

A  geophysical reconnaissance in  1970 using Cesco Sonia was followed by a m ore detailed 
survey w ith Hi-fix navigation and using the H untec  I I B Boomer, a pinger and an E.G . & G. 
sidescan sonar. Geophysical lines were orien ta ted  chiefly N E -S W  parallel to the Hi-fix lanes 
an d  perpendicu lar to the sandw ave crests (figure 2). T he  geophysics provided a basis for a 
vibrocore sam pling program m e. L im ited  drilling in 1970, 1971 and the m ajor investigation in 
1972, was carried o u t using the G eodoff vibrocorer to obtain  disturbed samples down to 10 m 
below the seabed, and the  Zenkovich and  U .C .S ./I.G .S . vibrocorer to  ob tain  undisturbed  
sam ples u p  to  5 m  in  length.

T hese detailed geophysical and  geological investigations were undertaken  to determ ine the 
areal extent o f the various seabed features and  in the search for evidence w hich would differen­
tiate any stable and potentially  m obile features and dem onstrate the ages an d  relationships of 
the various sedim ent bodies. Eighty-six vibrocore samples were obtained and  analyses o f grain-
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F i g u r e  1. Bathym etric contour m ap  of the S andettie -F airy  Bank g ap  (taken from British A dm iralty  surveys).

size, carbonate content, gravel lithology, m acrofauna, m icrofauna, pollen and radiocarbon 
age have been undertaken. This geological inform ation h as guided the la ter sedimentological 
experim ents.

G e o p h y s i c a l  i n t e r p r e t a t i o n  

T he structure o f the area is simple, consisting o f T ertia ry  sedim ents overlain in p a r t by various 
Q u a te rn ary  deposits. T he  T ertia ry  sedim ents are locally folded and faulted b u t otherwise
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have a regional northeast dip o f ¿°. In  the east the top  o f the T ertia ry  is a  level erosion surface 
a t  — 34 to — 35 m  L. A.T. while in  the northw est segm ent an  asym m etrical basin w ith its steep 
slope to the southeast is cut in to  the T ertia ry  s tra ta  (figure 3). S im ilar sm aller enclosed basins 
occur beneath  the eastern flank o f Sandettie Bank and  near the n o rth  end o f Fairy Bank.

T h e  sediments infilling the basin outcrop  a t  the sea-bed in  m any areas. N ear the  edge o f the 
basin and  b eneath  the coi these sediments reach  13-14 m  in  thickness. T hey  show level and 
inclined bedding w ith occasional local unconform ities and  are consequently o f Q ua te rnary  age 
(figure 4). W estw ards, the basin sediments th in  progressively to a  feather edge.
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F i g u r e  2. Geophysical lines and  vibrocore sam ple positions in  the S andettie -F airy  Bank gap.

T h e  thickness o f sediments overlying the T ertia ry  s tra ta  and  the Q ua te rnary  basin-infill is 
very variable. O n  Sandettie Bank itself the overlying deposits reach 16 m  in  thickness. A  low 
sea-floor coi links Sandettie Bank to Fairy  Bank an d  a subsidiary bank  extends southwestwards 
in to  the  a rea  from  the north  to either side o f these banks (figure 1). T o  either side o f these 
features T ertia ry  s tra ta  are exposed a t  the  sea-bed or lie beneath  a th in  lag  gravel veneer.

Sidescan sonar shows th a t the m ajor p a r t o f the sea-bed th roughout the area is covered by 
sand w hich is m oulded into elongate sandwaves and  a sm aller superim posed p a tte rn  o f sand 
dunes (figure 5). T h e  sandwaves have sinuous crests w ith  a  general W N W -E S E  orientation.

18-2



260 R.  K I R B Y  A N D  E. O E L E

2  10 '

CON TOU R MAP 
OF

TERTIARY SURFACE

showing 
QUATERNARY BASIN 

D E P O S I T S

- 4 0 -3 8

. 3 8

SE C T IO N  LINE 2  2 0 '

C o n to u r s  in M e tre s  
(b e lo w  L.A.T.) -

B o u n d a ry  o f  Q u a te rn a r y
B asin  D e p o s its  •'*"

Q u a te rn a r y  B asin  D e p o s its  

A re a  s h o a le r th a n  2 0  m e tre s

3 6

G e o p h y s ic a l L in e s  ^
2 ° 0 0 '

F i g u r e  3 .  M ap  o f contours of the T ertiary  surface and  position of the Q uaternary  basin.
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F i g u r e  4 .  G eological section across the southeast edge of the Q u ate rn ary  basin (line of section is indicated on 
figure 3). H orizontal : vertical scale =  2 5 :1 . drilling  positions.
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T o the east o f the coi occasional isolated sandwaves, some o f w hich are asym m etrical w ith a 
steep slope facing northeast, rest on the T ertia ry  erosion surface.

Sandwaves to the  west o f the coi, however, together w ith those covering the subsidiary bank 
paralleling the  coi forming isolated features on the T ertia ry  erosion surface and on the west 
side of Sandettie Bank, are all asym m etrical w ith a  steep slope facing tow ards the south.

T he sedim entological situation  on the coi linking Sandettie and F a iry  Banks is m ore complex. 
N orthw ards from  Sandettie Bank along the coi the surface is form ed by a series o f regular 
sym m etrical sandwaves o f 10 m  am plitude and  250 m  w avelength (figure 6 , p late 5). A t the
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F i g u r e  5. D istribution  o f sandwaves and  irregular ridges in  the Sandettie -F airy  Bank gap.

junction  betw een these features and the Q ua te rnary  basin sediments a  m arked change in the 
surface features occurs (figure 4). T he surface o f the basin deposits shows sm aller features 
(2 -4  m) o f less regu lar am plitude and wavelength, here term ed ‘irregular ridges’, though the 
W N W -E SE  trend  o f the  ridges is m aintained (figure 7, plate 5). N orthw ard  along the coi, 
the character o f the  sea-bed features changes again  as the  irregular ridges are overlain by sands 
o f the western lim b of Fairy  Bank.
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G e o l o g i c a l  i n t e r p r e t a t i o n

(a) Tertiary sediments

T ertia ry  sediments, chiefly grey clays, have been sam pled a t  5-6 localities. T h e  fauna o f the 
clays is pyritized b u t in two instances exam ination o f the m acro fauna revealed an  Eocene 
faunal assemblage. Pollen analysis also indicated an  early T e rtia ry  age.

(b) Quaternary sediments

T hree 10 m  cores taken w ith  the G eodoff corer reached th e  basal p a r t  o f the basin fill. In  
one of these a sedim entary succession showing early H olocene deposits w ith a  basal p ea t layer 
was underlain  by a fluviatile layer o f W eichselian age resting on cold-w ater m arine Eem ian 
sediments a t the base. T he  sediments chiefly consist o f m edium -coarse sands w ith, locally, 
finer-grained m aterial. Since pollen is rarely found in such sedim ents, precise da ting  has de­
pended upon faunal analysis alone.

(i) Eemian

These deposits reach 9 m  in  thickness and  extend across the  whole o f the outcrop  of the 
Q uaternary  basin sediments. M icrofauna samples from  the cores included large num bers of 
the foram inifer Bucella frigida , indicating the Eem ian age o f the  deposits. O th er inform ation 
supports this evidence for the  infilling o f the basin during th e  last interglacial. Paepe ( 19 7 1 ) 
and  Paepe & V anhoorne ( 1 9 7 2 ) describe similar closed asym m etrical depressions cu t in to  the 
T ertia ry  and infilled by Eem ian sediments in  Belgium. T h e  origin o f the basins is n o t known 
b u t their m orphology w ould ap p ear to exclude a fluviatile origin. Evidence from the D utch 
continental shelf shows th a t the southern  m argin o f areas in u n d ated  during  pre-E em ian in ter­
glacials are situated m uch farther no rth  (Oele 1 9 7 1 )- In  addition, the R hine has been shown to 
have flowed northw ard  from  the D utch  coast during pre-E em ian  interglacials indicating that 
the  S trait of D over was still closed. Such a barrier w ould also prevent any m arine inundation 
from  the south. T he sedim ents contain  a cold w ater bivalve fauna w hich includes Astarte 
montagui, Leda minuta, Macoma calcarea and large and  thick-w alled specimens of Hiatella arctica 
and  Modiolus modiolus. In  o ther cores reaching the Eem ian, the m acrofauna shows less evidence 
o f a cold clim ate. An extensive m arine m icrofauna was identified, in  one o f the cores 44 species 
o f ostracods were present, five o f w hich are only known to occur today off Scandinavia. This 
m ay support the m acrofaunal evidence for a cold climate.

(ii) Weichselian

A t some sites the E em ian was locally rew orked during the W eichselian. W eichselian deposits 
are up  to 4 m  in  thickness an d  form an incom plete cover over the underlying E em ian deposits. 
T h e  W eichselian succession found beneath  the Preboreal p ea t consists o f a  clay, pollen-dated 
as late W eichselian, followed by rew orked sands containing a  freshw ater m olluscan fauna. An 
early  W eichselian clay was found in  ano ther core.

(iii) Holocene deposits in relation to sediment mobility

T he T ertiary , E em ian and  W eichselian deposits are overlain by Holocene sediments which 
form  the upper p a r t o f the Q u a te rn ary  basin fill, the m ajor sand banks and  the  sandwaves. 
T h e  basal layer o f the H olocene is a transgressive p ea t w hich has been sam pled in situ on top
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o f the W eichselian basin sediments. Loose blocks o f peat sam pled a t  two stations 2 -| miles ap art 
are believed to be from the  sam e horizon and have been rad iocarbon  dated  a t  9 3 7 4  ±  90 b . p .  

and  99 4 9  ± 125 b . p. The H olocene basin sediments are graded b u t only in  the a rea  o f the coi 
betw een the Sandettie and  F airy  Banks are they known to form  ridges (K irby & K elland  1 9 7 2 ). 
T h e  geology o f the Holocene deposits is discussed in  terms o f the m ajor types o f bedform  since 
this was the inform ation requ ired  for la ter sedim entological research.

(1) Irregular ridges. Profiles o f four to five vibrocore samples were obtained  from  each o f two 
irregular ridges (figure 8, p late  6 ). In  all cases the cores have a  well-developed g raded  succession 
from  flint and shell gravel a t  the  base th rough  shelly quartz  sands to a th in  clay cap. T he  clay 
cap  is an  artefact o f drilling. Since the thickness o f the u n it was approxim ately  the same on the 
crest and in  the trough o f the feature, it  appears th a t the succession is a d rape over an  originally 
irregular sea-bed. Cores showing a  sim ilar g raded succession have been obtained  a t  16 other 
sites in  the a rea  o f outcrop o f the Q ua te rnary  basin sediments w hich could n o t be located 
relative to the irregu lar ridges. S im ilar successions have n o t been recorded on the D utch 
continental shelf or from other areas investigated by I .O .S., T aun ton .

T he cores are alm ost invariab ly  grey in colour due to the presence o f a  small p roportion  o f 
clay. Grain-size analysis shows th a t the grading occurs both in the skeletal carbonate and  in  the 
inorganic sand fraction (see table 1).

T a b l e  1. S a m p l e  S G 4  

m ean grain  size in  <j) units*

depth /cm
untrea ted  insoluble 

sam ple residue size

30-40 1.7 2.0 m edium  sand
130-140 1.2 1.7 m edium  sand
230-240 1.2 1.7 m edium  sand
330-340 0.2 0.5 coarse sand

* (p — — log2 {diameter/mm}.

Exam ination o f the m olluscan fauna o f five cores from the area o f ou tcrop o f the Q uaternary  
basin sediments, including three showing good grading, showed the universal presence o f the 
bivalve Angulus pygmeus w hich identifies the ridges as being of Holocene age. T h e  graded and 
o ther Holocene basin sedim ents also contain  a greater variety o f mollusc species th an  the 
surrounding sandwave sediments. V ariations in  the faunal assemblages a t  different levels reveals 
a decreasing abundance o f the gastropods Gibbula tumida, Gibbula cinararia, Epitonium clathraculus, 
Nassarius incrassatus and  various species o f Odostomia and  the bivalves Venerupis rhomboides, 
Divaricella divaricata, Lepton nitidum and  Lepton squamosum from the base upw ards. G. Spaink 
(N etherlands Geological Survey, personal com m unication) believes these molluscs to be p arti­
cularly indicative o f the fauna  o f the English C hannel and thus to indicate a  decreasing influence 
o f C hannel sediments in  the cores. F ragm ents of large adu lt Modiolus modiolus and Hiatella 
arctica valves occur in the  low er parts o f the cores. A dult individuals o f  these bivalves appear 
to a tta in  progressively larger size w ith  decreasing w ater tem perature. O ne brackish-w ater 
gastropod, Hydrobia ulvae, is occasionally present in the graded sediments.

T he  m icrofauna o f the cores was also exam ined. Ostracods and foraminifers were present 
in  m uch o f the sand fraction. Cores from  the graded irregular ridges had  a  m oderate to ab u n d an t 
quan tity  of m icrofauna in  contrast to the cores from the sandw ave areas in  w hich a m icrofauna



264 R.  K I R B Y  A N D  E. O E L E

was generally sparse or absent. T here is also a large variety  o f  foram inifer and ostracod species 
in  the g raded  sediments. O stracod samples from  the g rad ed  sediments all have m ore than 
20 species and, in one case, 37 different species were isolated in  one core.

T he  ostracod species of the graded sedim ents include both phy tal an d  benthonic, litto ra l and 
sublittoral, in  addition to arctic and  brackish groups. T he shallow phy tal species are a large 
group an d  include Aurila convexa, Hemicythere villosa, Microcytherura fulva and  also eight species 
o f thin-w alled ostracods. T he la tter are all m em bers o f the Paradoxostom atidae and include 
Paradoxostoma abbreviatum, P. normani, P. variabile and  Sclerochilus contortus. A  group o f five 
shallow benthonic species are dom inantly  present in  the g raded  sedim ents (Leptocythere confusa, 
L. ?macallana, L. porcellanea, Semicytherura cornuta, S. sella).

F ourteen species o f ‘d eep ’ w ater benthonic ostracods, certa in  o f w hich have been found on 
stable sedim ent from  a few fathoms dow nw ard, occur in all the  cores exam ined. F our o f these 
species -  Elofsonella concinna, Finmarchinella angulata, F. finmarchica and Robertsonites tuberculata -  are 
no t know n to live in British w aters today  and  all are boreal forms found in Scandinavian waters 
and  northw ards. These four species are dom inantly  found in  th e  graded sediments, b u t bearing 
in m ind the uncertainties o f the ecological history and  the scarce knowledge o f the distribution 
o f these ostracods today it  is no t possible to infer directly th a t  they are rem nants o f a colder 
w ater fauna. However, Hemicytherura clathrata, although o f doubtful ecological niche, has also 
been found living a t shallow depths from  Scandinavia and is dom inantly  present in  the graded 
sediments.

Five brackish species confined in  life to salinities less th an  25 % have been isolated. They 
occur in small num bers predom inantly  in the graded and  W eichselian sedim ents and are 
apparen tly  in troduced species.

Pollen is present in the graded sedim ents w hich could n o t have been derived from  the 
underly ing Pleistocene sediments. T h e  pollen occurs in th in  clay concentrates at the  top o f the 
g raded  cores and varies in  date from  Preboreal, Zone 1, to Boreal, I l a ,  and A tlantic or Sub- 
boreal, Zone I I I  or IV  (zones and sub-zones used by the N etherlands Geological Survey).

T he  ind ividual items o f evidence are tenuous in themselves bu t each points to the graded 
irregu lar ridges being both stable and  old. T h e  g raded  sedim ents forming the up p er p a rt of 
the Q u a te rn ary  Basin deposits and in the irregular ridges were deposited in  a shallow littoral 
to sublittoral environm ent in  relatively stable sedim ent w here benthonic species could live 
w ithout g rea t danger o f burial by m obile sedim ent. H oubolt ( 1 9 6 8 ) believes th a t large quantities 
o f sand w ould be available a t  this tim e however. T here  is speculative evidence for a colder 
clim ate. Palaeogeographical reconstructions o f the eastern English C hannel and southern N orth 
Sea according to Pratje ( 1 9 3 1 ), V alen tin  (1 9 5 7 ), Je lgersm a ( 1961) , Brinkm an ( 1 9 6 6 ) and 
de Jo n g  ( 1 9 6 7 ) suggest th a t such conditions would exist in  the area during the P reboreal when 
the  landbridge between Britain and  F rance was breached.

T he  g raded  succession in  the irregu lar ridges indicates a decrease in  energy conditions a t  the 
bed during  the period o f deposition. T his decrease m ay be associated w ith  the slow regional 
rise in sea-level during the F landrian . T he  ridges arose in situ by processes unlike those believed 
to  be responsible for the creation o f asym m etrical sandwaves since they have not been reworked 
or transported  across the seabed. A dditional evidence for their stability is found in the  presence 
o f fragile species o f m icrofauna and  the progressive decrease in C hannel faunal influences up 
the cores. This, together w ith the range o f pollen dates, m ay support the inferred slow develop­
m ent o f the features.
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F i g u r e  6 .  S ide  scan  so n a r reco rd  o f sy m m etrica l sandw aves o n  th e  coi be tw een  th e  S a n d e ttie  a n d  F a iry  Banks. 

F i g u r e  7. S ide  scan  so n a r re co rd  o f ir re g u la r  ridges on  th e  coi b e tw een  th e  S a n d e ttie  a n d  F a iry  Banks.

(F a cin g  p .  204)
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F i g u r e  8 . Profile of vibrocore samples over irregular ridge on  the coi betw een the Sandettie and  Fairy Banks. 
F i g u r e  9. Profile of vibrocore samples over sym m etrical sandw ave on the coi betw een the Sandettie  and Fairy Banks.
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(2 ) Symmetrical sandwaves. Cores were obtained from  six sym m etrical sandwaves on the coi 
linking the Sandettie  and  Fairy Banks and  in  two o f these cases a profile o f five to six cores was 
taken over the  feature to show the in terna l s tructure (figure 9, p la te  6 ). These two profiles 
reveal the sym m etrical sandwaves to consist o f a yellow quartz  sand  succession overlying a thin 
lag gravel an d  T ertia ry  s tra ta  w ith no sign of grading. However, several cores taken near the 
outcrop o f the  Q u a te rn ary  basin sediments are g raded  (see table 2 ).

T a b l e  2 . S a m p l e  S G 7

m ean grain  size in  p  units

un trea ted insoluble
depth/cm sam ple residue size

0-33 1.9 2 .0 m edium  sand
150-160 1.5 1.7 m edium  sand
250-260 1 .0 1.4 m edium  sand
330-340 1 .8 1 .8 m edium  sand

E xam ination  o f the  m acrofauna from the profiles taken  over the sandwaves reveals a Holocene 
Angulas pygmeus fauna w ith  slight evidence for an  upw ards decrease in  English C hannel 
influences in  the  fauna. O ccasional examples o f the freshw ater bivalve and gastropod Limnaea 
sp. and Corbicula fluminalis respectively occur. Both the C hannel and  freshwater species could 
have been rew orked from older sediments nearby.

U nlike the g raded  early Holocene sediments the sym m etrical sandwaves have a sparse 
m icrofauna or are barren . W here present a t all, the ostracod fauna is restricted to a few species. 
In  contrast to  the irregu lar ridge graded sedim ents and  the asym m etrical sandw ave samples 
exam ined, the  m icrofauna vary in  abundance along the core. Several cores were barren  a t  the 
base w ith m oderate-sparse num bers of individuals in  the up p er 30 cm  (e.g. SG7).

Thus, the few cores analysed provided some tentative evidence suggesting only lim ited m obility 
and reworking. U nfortunately  no conclusive evidence was forthcom ing b u t repeated  hydro- 
graphic surveys using Hi-fix navigation shows th a t the features in one small area were stable 
over the three-year time-scale o f the investigation.

(3) Asymmetrical sandwaves. Cores were taken in  five asym m etrical sandwaves, and in  one 
case a profile o f five samples over one sandw ave was obtained. T he  samples are yellow 
fine/m edium  quartz  sands w ith occasional shelly horizons and  show occasional well-developed 
bedding w ith inclined lam inations both  w ithin and betw een lithological units. None o f the 
cores show well developed grading (see table 3).

T a b l e  3. S a m p l e  S G 1 6

m ean grain  size in  p units
depth/cm untrea ted  sam ple size

17-30 0 .6 coarse sand
65-75 0 .8 coarse sand

181-190 1 .2 m edium  sand
275-285 1.1 m edium  sand

Angulus pygmeus was universally present through the succession in all the cores exam ined. 
C ertain  cores have a  poor and juvenile m acrofauna w hich was possibly indigenous to the 
mobile sands. T he  m icrofauna was sparse or absent, and th a t which was present was fairly



266 R.  K I R B Y  A N D  E. O E L E

evenly distributed th roughou t the samples examined. F ro m  the lim ited  analyses undertaken 
none o f the lithological, m acro- or m icrofaunal evidence precludes m obility  o f the features and 
la ter research has dem onstrated  th a t the asym m etrical sandw aves in  one area are m obile being 
transported  towards the south a t  an  average ra te  o f 40 m  in  three years.

P r o v e n a n c e  o f  s e d i m e n t s  i n  t h e  S a n d e t t i e - F a i r y  B a n k  g a p

T he gravel fraction of 60 samples has been exam ined by H ey  (C am bridge U niversity) and 
Z andstra  (N etherlands Geological Survey) and others. T h e  gravels g rade in  size from  granules 
to cobbles and  include a large proportion o f w ell-rounded m ateria l frequently  having percussion 
m arks on the surface. These gravels, w hich have app aren tly  suffered fluviatile and  polycyclic 
m arine abrasion, include chalk and  a large proportion o f flints. T he  w ell-rounded m aterial is 
associated w ith a small p roportion  o f pebbles o f fresh looking, angular, exotic rock types. The 
latter are most com m on in  the  Pleistocene gravels o f the  Q u a te rn a ry  basin sediments where 
angular granites o f  two varieties, green-veined jasper, cleaved volcanic ash, grey phyllite, red 
lavas and  green m icaceous quartzites occur.

V eenstra ( 1 9 6 9 ) reports th a t the  p aren t rocks for gravel deposits in  the  extrem e southern 
N orth  Sea are situated  in Belgium, southeast E ngland and  northeast France. Exam ination of 
the m aterial from the  Sandettie area supports this. No m ateria l of Scandinavian  origin, from 
the British drifts or from  the R hine, M euse or Scheldt has been  identified. T he  exotic m aterial 
appears to be largely o f French origin.

Specimens of a m acroscopic foram inifer provisionally identified as Nummulites orbignyi, in 
various states of preservation, are present all through the H olocene. O ne present-day source of 
these U pper Eocene foraminifers is the W em m el Sands o f Belgium  (M urray , Bristol, personal 
com m unication). O ne w orn ind ividual which could be Fabularia bella has been found. This 
foram inifer occurs in  the  Eocene Lede Sands, W em m el Sands and Asse Clays o f Belgium. 
M odern sediments rich  in  N um m ulites and presum ably derived from the  Palaeogene basin off 
the Isle o f W ight occur in  the S tra it o f Dover. T hey  have no t been recorded off the D utch 
coast and are not know n to occur in  the T ertiary  sediments o f the N orth Sea. T hus a significant 
fraction o f the gravels, the N um m ulites and  a proportion  o f the m acrofauna, particu larly  in 
early Holocene deposits, have apparen tly  been in troduced from  southerly source areas. Further 
work on provenance is required  since the unabraded  exotic gravels, tentatively a ttrib u ted  to a 
southerly provenance, occur in  the  Eem ian sediments to the  north  of the suggested Pleistocene 
landbridge.

C o n c l u s i o n s

D rilling revealed th a t graded deposits, in  addition to the  expected sand successions, occur in 
an  area where m orphological evidence o f acoustic records indicated only the presence of 
features undistinguishable from sandwaves. Geological m ethods reveal th a t  the various types of 
feature contain evidence o f their stability and  potential m obility. A southerly provenance of 
particu lar fractions o f  the sedim ent is particu larly  m arked in  the early H olocene sediments.

W e are particu larly  grateful to M r C. L aban  of the N etherlands Geological Survey for his 
assistance a t all stages o f the work. M any scientists in  B ritain  and H olland have assisted with 
analyses including D r D. D. H arkness (Scottish R esearch R eactor C entre, E. K ilbride), D r
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R . W . Hey (C am bridge U niversity), D r J .  M urray  (Bristol U niversity), D r J .  D. T ay lo r and 
D r J .  E. W hittaker (British M useum  (N atural H istory) London), M r N. C. K elland, M r J .  O. 
M alcolm  and M rs B. Lees (Institu te o f O ceanographic Sciences ‘T au n to n ), M r G. G. Z andstra , 
M r A. du Saar, M r G. Spaink and  D r W . H . Zagw ijn (N etherlands Geological Survey). T he 
opinions expressed in  the paper are those o f the authors and no t necessarily those o f individuals 
acknowledged above.

W e thank  the R ijksw aterstaat for the use o f R .V . Volans and  the crew o f the vessel for their 
cooperation.
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