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P o llen  s p e c tra  ind ica tin g  g ra ss -h e a th  w ith  E m p e tru m  a re  re c o rd e d  fro m  a  c . 2  m  th ick  B a v e n tia n  m arine 
c lay  b ed  a t C o v e h ith e , S u ffo lk , d ep o s ited  in  a  su b lit to ra l to  in te rtid a l en v iro n m en t. F o r  th e  firs t tim e 
a rc t ic  a s sem b lag es  o f  b o th  fo ram in ife rs  and  m o llu scs  a re  re c o rd e d  fro m  th is  B a v e n tia n  c lay , w hich is 
n o w  co n firm ed  a s  re p re se n tin g  th e  first co ld  s ta g e  o f  tru ly  g lac ia l in ten s ity  in th e  E ng lish  m a rin e  E arly  
P le is to c e n e  su ccess io n .
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T he cliff section  a t C o v eh ith e , Suffolk (location 
in Fig. 1), has been  o b se rv ed  fo r m any years and 
from  tim e to  tim e descrip tions have  been 
published of th e  stra tig raphy  and , m ore rarely , 
o f  the con ta ined  fossils. W hitaker (1887) de­
scribed tw o lithostra tig raph ica l un its in the sec­
tion , the sands and  g ravels o f  th e  ‘Pebbly S eries’ 
overlying the lam inated  c lays o f  the ‘C hillesford 
B ed s’. H ey (1967) show ed  th a t the ‘Pebbly 
S eries’ a t C oveh ithe  co n sis ted  o f  tw o types of 
gravel, the low er o f th e  W estle ton  B eds type  and 
the upper o f q u a rtzo se  g ravel ty p e  (K esgrave 
Sands and G ravels o f  R o se , A llen &  H ey 
(1976)). T he lam inated  c lays below  th e  gravels 
can be  traced  sou th  fo r  3 km  in th e  in term itten t 
cliff sections to  E asto n  B av en ts , w here  th e  cliff 
section  has been  described  by  L arw ood  & 
M artin  (1954), F unnell &  W est (1962), N orton  & 
B eck (1972), and  W est & N o rto n  (1974). The 
grey-blue lam inated  c lays a t E asto n  B aven ts are 
th e  type  sed im en ts o f  the  E arly  P leistocene 
B aventian  co ld  stage (M itchell e t al. 1973) and 
contain  a  ch a rac te ris tic  po llen  assem blage , p re­
dom inantly  o f  non-tree  po llen , d escribed  by 
Funnell & W est (1962). A sim ilar pollen  assem ­
blage has been  found in sam ples o f lam inated  clay 
from  bo reho les  m ade  in land  from  th e  C ovehithe 
cliff section  in 1957, a t levels n ear and below  
O .D . T he positions, dep th s and  pollen co n ten t of 
these  sam ples a re  d escrib ed  by W est (1979),

toge ther w ith a ske tch  o f th e  cliff section  in 1974 
(W est 1979: fig. 48).

A long the C oveh ithe  cliff section  shelly crag 
occurs below  th e  B aven tian  lam inated  clay in 
these  bo reho les, and C rag m ollusc faunas have 
been described  by L o n g  (1974) from  sedim ents 
below  the lam inated  clay  in the  cliff section  at 
the W arren 1.5 km  sou th  o f  C oveh ithe . H ow ­
ev er, in th e  C oveh ithe  cliff sec tion  itse lf  m arine 
shells have been seen  bu t ra re ly , and  th ese  occur 
in th e  lam inated  c lays . T hey  w ere  noted  by 
S pencer (1971). L ong  (1974) described  in detail a 
m ollusc fauna co llec ted  in 1958-1960 from  the 
clays on th e  fo resho re . T he fauna is o f particu lar 
in te rest because  th is  is th e  only site know n 
w here  clay  co rre la ted  w ith th e  B aventian  can be 
seen to  contain  shells.

In  O ctober 1977 M r. R. A . D. M arkham  of the 
Ipsw ich  M useum  inform ed us th a t a  scou r had 
laid b are  a section  on th e  fo resho re  a t C ovehithe, 
show ing a good shell fauna  in lam inated  grey- 
b lue c lays like those  o f  E asto n  B aven ts. The 
section  show n in Fig. 2 w as reco rd ed  within a 
few  days. T he grey-b lue c lays p roved  to  contain 
pollen , foram inifers and  m olluscs. M oreover, a 
series o f  m ud crack  horizons in th e  u p p er part of 
th e  sec tion , show ing sm all po lygons in horizon­
tal v iew , gave ev idence  o f con tem porary  sea- 
levels, p rev iously  n o t know n from  B aventian  
sec tions. T hus th e  new  section  p rov ides a  rich
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grey-blue horizon , show n in Fig. 2. N orthw ards 
the silts and clays becam e grey-blue in co lour 
and m ore  richly fossiliferous. A t sam pling point 
A 80 cm  o f grey-blue sandy  silty c lay , affected 
by b io tu rba tion , w ith  shells, overlay  th e  shelly 
seam  seen fu rth er so u th , and below  th is seam  
45 cm  o f  lam inated  grey-b lue clay w ith shells w as 
seen , resting  on brow n  silty clay and sand . T he 
lam inated  grey-blue clay  resem bled  th a t seen at 
E asto n  B avents very  closely .

In th e  cen tre  p a rt o f the section , th e  grey-blue 
silty c lay  a t sam pling po in t C show ed a t its upper 
lim it a  desiccation  su rface  w ith m ud cracks, 
follow ed upw ards by  a fu rth er series o f four 
desiccation  surfaces w ith m ud cracks. T he detail 
o f th is sec tion  is show n in Fig. 2. In ho rizon ta l 
section  th e  cracks show ed as polygons, up  to 
20 cm  across. G raded  bedding (fining upw ards) 
w as ob serv ed  in the lam inated  sed im ent un its b e ­
tw een  the m ud c rack  ho rizons, w ith  coa rse r 
sand ier lam inations occurring  a t th e  base  of each 
sed im en ta tion  cycle . T h e  sequence ind icates in ­
te rm itten t exposu re  o f  w ate r-sa tu ra ted  tidal 
sed im ent in an in te rtida l zone. T he p resen t O .D . 
level o f this in tertida l zone is abou t 1 m  O .D . 
(levelled by  relation  to  tide tables).

T he sedim ents show ing  the m ud c racks and 
polygons w ere confined  to  the  slight basin  seen

source o f  ev idence  for B aventian  flo ra , fauna 
and sea-level.

T he nom encla tu re  of the b iozones is as fo l­
low s. L  re fe rs to  th e  L udham  boreho le  (Funnell 
1961; W est 1961); B  refers to  the  B ram erton  site 
(Funnell 1961; F unnell, N orton  & W est 1979); p 
a n d / r e f e r  to  pollen and foram inifer assem blage 
b iozones a t th ese  sites (see also Funnell & W est 
1977). T he B aven tian  cold stage includes the 
pollen assem blage b iozones L  p  4b  a t L udham  
and L  p  4a  a t  E asto n  B avents.

Stratigraphy
T he sec tion  on th e  fo resh o re , reco rded  in Fig. 2, 
w as 130 to  140 m north  o f  th e  in tersec tion  o f the 
cliff and th e  ro ad  in O ctober 1977 (see Fig. 1). It 
form ed a  ledge on th e  fo resh o re  up to  2 m  dep th  
a t th e  sou thern  end and to  1.5 m dep th  a t the 
no rthern  end . T he dep th  at th is  no rthern  end  w as 
increased  to  2 m  by digging. T h e  sou thern  p a rt of 
th e  sec tion  show ed  1.4 m brow n bedded  clay  and 
silt w ith  sand  seam s overly ing  a shelly silty  sand 
15 cm  th ick  w hich  tapered  ou t to  th e  n o rth  to  a 
brow n shelly clay. T his shell horizon  is sim ilar to 
tha t d escribed  by L ong (1974), and it overlay  
brow n bedded  silts and c lays, contain ing a thin
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in th e  m iddle o f  th e  section . T hey w ere sealed by 
m ore m assive bedded  c lays o f  th e  type seen at 
the base  o f th e  c liff section  som e 6 m  to  the w est.

T he fo resh o re  sec tion  thus show s a m arine 
sequence  in a  nucleus o f  sed im ent relatively  
unaffected  by décalcification , a  situation  con ­
trasting  w ith  th e  rpain unfossiliferous exposures 
o f  the brow n bedded  clays in the  low er p a rt of 
the C oveh ithe  cliff section .

Palynology
Slides fo r po llen  analysis w ere p repared  by 
standard  m ethods u sed  in th e  S ub-departm en t of 
Q uaternary  R esea rch  (W est 1977), using 
hydroch lo ric  acid  o r  sodium  hydrox ide  to  d is­
p erse  ca lcareous and  organic sed im en ts re sp ec ­
tively , siev ing , rem oval o f inorganic frac tions by 
hydrofluoric and  hydroch lo ric  acid trea tm en t, 
ace to lysis w ith  glacial ace tic  acid  and sulphuric 
acid , ox idation  by g lacial ace tic  acid  and sodium  
ch lo ra te  and  m oun ting  in safranin-sta ined  
glycerine je lly .

Sam ples tak en  from  th e  cliff section  in p rev i­
ous years con ta in ed  no w ell-p reserved  pollen, 
bu t tw o ana ly ses  w ere possib le  o f B aventian  
blue-grey c lays from  boreho les inland from  the

cliff and m ade in 1957. T hese  analyses from  
boreholes LC3 and LC5 are  given in Fig. 47 of 
W est (1979), and they  closely  resem ble th o se  
now  reported  from  th e  fo reshore  exposures, 
show ing an E rica les p .a .b . (pollen assem blage 
b iozone) and an E rica les-G ram in eae  p .a.b . re ­
spectively .

Pollen sam ples from  th e  fo reshore  section  
show n in Fig. 2 w ere taken  as vertical series 
from  poin t A and from  poin t C w ith a single 
sam ple from  the in term ed ia te  point at B , of 
sedim ents m ore recen t than  th e  topm ost sam ple 
o f  A , but o lder than  th e  basal sam ple o f C. T he 
pollen analyses are  p resen ted  in Fig. 3. T he 
pollen spec tra  a re  sim ilar in show ing around  
50%  A P (arboreal po llen), rep resen ted  by low  
(10-20% ) percen tages o f  P inus, A lnus  and B e­
tula, w ith low er percen tage  o f  P icea. T he N A P 
(non-arboreal pollen) is m ostly  com posed o f 
E rica les, th e  g rea t m ajo rity  o f  w hich a re  of 
E m p etru m - ty p e , and G ram ineae pollen , w ith low  
frequencies o f C y peraceae  pollen and even 
low er frequencies and m ore  sporad ic  o ccu r­
rences o f a lim ited d iversity  o f  herbs.

F ilicales and  S p h a g n u m  spo res are re p ­
resen ted  th rough  th e  d iagram  by low  continuous 
frequencies, w ith L yco p o d iu m  and  O sm unda  
occurring  m ore sparsely . D inoflagellate cysts  are
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p resen t th roughou t th e  sequence , and the cu rves 
for derived  spores and pollen show  increased  
frequency  tow ards the  upper part o f the section .

T he po llen  spectra  show  a close resem blance 
in the ir com position  o f  A P and N A P to  the tw o 
pollen sp ec tra  from  the inland boreholes already  
analysed  and to th e  pollen spectra  from  the 
lam inated  blue-grey clays a t E aston  B aven ts at 
the type  section  o f  the B aventian  cold stage; the 
clays a t both  th ese  o th e r sites can be firm ly 
co rre la ted  stratig raphically  w ith the fo reshore  
clays at C ovehithe. T hey  are  also sim ilar to 
pollen sp ec tra  from  lam inated  blue-grey clay at 
A ldeby, N orfo lk  (N orton  & B eck 1972) and to  
pollen spec tra  from  th e  clays o f  zone L  p  4b  of 
the L udham  bo reho le  (W est 1961). T he location  
of A ldeby and L udham  are show n in Fig. 1. 
T here  is no  stra tig raph ica l o r palynological ev i­
dence at p resen t to  indicate m ore than one  cold 
stage w ith th is type  o f pollen spectrum  in E ast 
A nglia, and  all a re  there fo re  placed in th e  B aven­
tian cold stage.

T he pollen assem blages seen in the c lays from  
the C oveh ithe  fo resho re  section  ind icate  the 
p resence  o f  a re la tive ly  tree less landscape, the 
only tree  genera  consisten tly  rep resen ted  (Pinus, 
A inus, B etu la , P icea )  being hardy  genera  able to 
w ithstand severe  clim atic conditions. T he N A P 
is p rim arily  o f  E rica les and G ram ineae , w ith 
S pha g n u m  spo res , indicating  the p resence  o f  an 
ocean ic  grass h ea th , as d iscussed  in re lation  to  
the L udham  pollen  spec tra  by  W est (1961). It is 
to be  no ted  th a t the m ajority  o f the E rica les 
pollen is o f E m petrum  ty p e , as in th e L  p  4b  zone 
a t L u d h am , w ith a  low  p roportion  o f this being 
the large (c. 36 p.m) E. h erm aphrod itum -type  
(see W est 1979:111).

E m petrum  h ea th s  occu r w idely, often in ex ­
posed  situa tions, in coastal and m ontane regions 
of th e  N o rth  A tlan tic  area, including no rthern  
Scand inav ia , Ice land  and  G reenland. Pollen  rain 
stud ies from  grass heaths w ith  E m petrum  in 
arc tic  areas (Ice land , G reenland) have been 
sum m arised  by B irks (1973). T he rep resen ta tion  
o f  E m petrum  and G ram ineae pollen in som e of 
these con tem porary  sam ples is o f  the sam e o rd er 
o f m agnitude as in the C ovehithe sp ec tra , though 
it appears  th a t th e  rep resen ta tion  o f E m petrum  is 
ra th e r localised , w ith a low  regional d ispersal.

T he regional vegeta tion  thus appears to  have 
been grass hea th  w ith the low  rep resen ta tio n  o f 
pollen o f  tree  genera  p robably  deriv ing from  
w oodland in m ore sheltered  places in the ca tc h ­
m ent. I t  is no t possib le  to say  w hether som e o f
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this A P is tran sp o rted  from  long d is tance  w ith 
over-rep resen ta tio n  because  o f low local pollen 
productiv ity . T h e re  seem s no reason  to  suggest 
th a t a  long d is tance  com ponen t is o f  any im ­
portance  in th e  po llen  spectra .

T he pollen sp ec tra  in  Fig. 3 can be  grouped 
into a num ber o f  assem blages. T he tw o basal 
pollen sp ec tra  o f th e  A series show  very  high 
frequencies o f  E rica les po llen , w ith low  fre ­
quencies o f  C y p eraceae  pollen and S p h agnum  
spo res , and derived  spo res and pollen. T hese 
spec tra  m ay be  included  in an E rica les p .a .b . 
T he th ree  u p p erm o st sp ec tra  o f the A series 
show  slight in c reases  in A ln u s  and B etu la  po llen , 
reduced  freq u en c ies  o f E rica les, w ith increased  
d iversity  o f  herb  po llen  ta x a , Sphagnum  spo res, 
d inoflagellate cy s ts  and  derived pollen  and 
spores. T he spec trum  a t A 80 cm  is in term ed ia te  
betw een  th ese  tw o  groups. A fu rther ty p e  o f 
assem blage is seen  in th e  B spectrum  and th e  C 
series o f sp ec tra , show ing  a m uch g rea te r fre ­
quency o f  G ram ineae  pollen . T hese  spec tra  m ay 
be included in an E rica les-G ram in eae  p .a .b . In  
sum m ary , w e have  segregated  an E rica les p .a .b . 
at th e  base , an E rica les-G ram in eae  p .a .b . in the 
upper part o f the sec tion  and an in term ediate  
series o f sam ples (A 20-80 cm).

T his d ifferen tia tion  o f  th e  pollen spec tra  m ay 
be re la ted  to  env ironm en ta l changes ind icated  by 
the sed im en t sequence . T his sequence  show s 
shallow ing o f  th e  m arine env ironm ent, w ith 
lam inated  clay  sed im en ts a t the base (point A), 
w ith th e  E rica les p .a .b . ,  succeeded  by shelly 
silty sand. T h e  san d ie r b io tu rba ted  sed im en t in 
the u p p er p a rt o f th e  A  section  show s the in­
term ed ia te  ty p e  o f po llen  assem blage , succeeded  
by th e  E rica le s-G ram in eae  p .a .b . at B and C. 
T he sam e assem b lage , b u t w ith h igher pollen  
frequencies o f  A ln u s  and  B etula , is associa ted  
w ith the  in te rtida l sed im en ts in the u p p er p a rt of 
the C section . In th is sec tion  high frequencies of 
G ram ineae pollen are  found . In the in tertidal 
sed im ents o f the u p p er part o f the C section  
h igher frequenc ies  o f  A ln u s , B etu la  (w ith B. 
n a na -type  po llen  reco rd ed ) and Sphagnum  are  
reco rded . T he in c rease  o f  G ram ineae associa ted  
w ith the  shallow ing  m ay be  a consequence  of 
increased  rep re sen ta tio n  o f  salt m arsh  o r  local 
sw am p sp ec ies , as m ay be  also the increased  
frequencies o f  C y p eraceae  pollen. T he sparse  
occu rrence  o f  C h enopod iaceae  pollen is no t un ­
expec ted  since th is  fam ily is not w ell-rep­
resen ted  in p resen t day a rc tic  and sub-arctic  salt 
m arsh  com m unities around  the  N orth  A tlantic

A co ld  m arine episode  5

(C hapm an 1968), in co n tra s t to  m ore tem perate  
situa tions, w here its  pollen  m ay be abundan t in 
in tertidal sedim ents (W est 1961). It has been 
no ted  in pollen  stud ies  o f  th e  pre-glacial sed i­
m ents e lsew here on th e  coast tha t G ram ineae 
frequencies w ere h igher in  nearsho re  sedim ents 
(W est 1979:7).

T he variation  in th e  frequency  o f derived 
spores and pollen is c learly  seen in Fig. 3, w hich 
show s cu rves fo r derived  spo res, C aytonanthus, 
C lassopollis  and P inus-H ap loxylon , and the 
ratio  o f  to ta l land po llen  (P) to  to tal derived 
pollen and spores. T h e  E rica les p .a .b . at the 
base  show s very  low  frequencies o f derived 
spores and pollen . T h ere  is a substan tia l rise in 
th e  u p p er p a rt o f the A section  in the b io tu rbated  
sandy silty  clay , w ith a  slight fall in th e  spectra  of 
the E rica les-G ram in eae  p .a .b . associa ted  w ith 
the in tertidal sed im ents o f  th e  C section . T his 
sequence ind icates th a t th e  derived spores and 
pollen a re  associa ted  w ith  shallow er w ater sed i­
m ents ra th e r than  the d eep e r w ater sedim ents. If 
the pollen assem blage o f  th e  deeper w ater sed i­
m en t is sed im ented  a fte r  d ispersal in flowing 
w ater (see W est 1979:6), th en  the derived com ­
ponen ts o f the assem blages, becom ing im portant 
in the  shallow er w a te r and  coarse r sed im ent, 
p robably  orig inates by  longshore d rift in the 
shore zone.

T he separation  o f  ty p es o f  L  p  4b  pollen 
assem blage at C oveh ithe  re la ted  to  in tertidal or 
deeper w ater sed im en ta tion  m ay be ex tended  to 
o ther sites w here L  p  4b  assem blages are  re ­
corded . T he inland sp ec tra  a t C ovehithe already 
m entioned  show  an E rica les-G ram in eae  p .a .b . 
ju s t below  O .D . (bo reho le  LC5) and an Ericales 
p .a .b . a t -  10 m O .D . (bo reho le  L C 3, 425 m N  of 
LC 5) (W est 1979). T h e  origin o f  the differences 
in th e  assem blages again p robab ly  lies in w ater 
dep th . T he E asto n  B aven ts assem blage (Funnell 
& W est 1962), at c . 5 m O .D ., is o f the high 
E rica les type indicating  d eep e r w ater conditions. 
T he A ldeby assem blage (N orton  & B eck 1972; 
B eck 1971) a t c. 1.4 to  0.1 m  O .D . is o f  the high 
E rica les type , bu t th e  to p m o st sam ple a t c. 1.4 m 
O .D ., in lam inated  g rey  silty  clay alternating  
w ith yellow -brow n silty  sand , show s a  great 
increase  in G ram ineae po llen  frequency . T his 
level is 3 cm  above w hat is described  as a 
grey-yellow  clay  seam  w ith  a sun-cracked  
su rface , below  w hich  a fte r  a few  cen tim etres is a 
m assive b lue-grey lam inated  clay w ith the high 
E rica les assem blage . T he stra tig raphy  and 
change in pollen co n ten t reca ll th a t seen at
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T ab le  t .  P e rcen tag e  re p re se n ta tio n  o f  fo ram in ife ra l sp ec ies  in 
th e  500-250 p m  s ize  range.

N o . in  sam p le 264 25
L e v e l in se c t io n  A  (cm ) 60-80 120-130

A m m o n ia  b eccarii (4)
B u c ce lla  in u s ita ta 0.5
C ib ic ides  lo b a tu lu s 2
E lp h id ie lla  h anna i 85 (76)
E lp h id iu m  e x ca va tu m  clava tu m 2 (8)

E . fr ig id u m 3
E . m a ce llu m  v a r . g ra n u lo su m 3
E. o rb icu lare 1.5 (4)
G lobu lina  m yr is tifo rm is (4)
L en ticu lin a  ro tu la ta 1 (4)
O olina  spp. 1.5

C oveh ithe , w ith  a  desiccation  horizon  w ith an 
E rica les-G ram in eae  p .a .b . overlying an E rica les 
p .a .b . T he L udham  assem blage ( L p 4 h), -1 3 .4  m 
to  -  14.9 m  O .D . is o f  the high E rica les type 
indicating deeper w ate r deposition.

Foram inifera
F oram in ifera  w ere  exam ined from  tw o sam ples 
taken  at 120-130 cm  and 60-80 cm a t po in t A. 
O nly 25 specim ens in th e  500-250 gem size range 
w ere ob tained  from  the low er (120-130 cm) 
sam ple, bu t o v e r 250 specim ens w ere obtained 
from  th e  u p p er (60-80 cm) sam ple. P ercen tages 
o f species rep resen ted  are  given in T able  1.

B oth  assem blages a re  dom inated  by 
Elphidiella  hanna i (76 and 85%  respec tive ly  of 
the  to tal population). T his is a  ub iqu itous species 
in littoral and inner sub litto ral deposits  o f  the 
E arly  P leistocene  o f the N orth  Sea basin.

T he low er (120-130 cm) sam ple also contains 
E lphid ium  excava tum  clava tum , A m m o n ia  bec ­
carii, E lphidium  orbiculare, G lobulina  
m yristifo rm is, and  Lenticu lina  rotu la ta . A ll o f 
th ese , excep t th e  tw o last-nam ed species, have  
prev iously  b een  reco rd ed  (Funnell & W est 1962) 
from  the shelly sands o f  the L  p  4a  (B aventian) 
sub-zone o f E as to n  B avents (Funnell & W est 
1977). C om pared  w ith  the  E aston  B avents sam ­
p les A m m o n ia  beccarii, a  tem pera te  littoral 
spec ies, .may be less well rep resen ted , and 
E lphid ium  orbiculare, a  bo reo -arc tic  littoral to 
sub litto ra l species, b e tte r rep resen ted  in the 
low er (120-130 cm) sam ple a t C ovehithe. T he 
p resence  o f G lobulina m yris tifo rm is, a tem p er­

a te  inner sublittoral spec ies, m ore com m on in 
the L udham  and  ea rlie r C rags, and o f L e n ti­
culina rotu la ta , a  w idesp read  species o f occa­
sional occu rrence , canno t be  a ttrib u ted  any 
particu lar significance.

T he upper (60-80 cm ) sam ple, in add ition  to 
E. hannai, also con tains E. excava tum  clavatum , 
E. orbiculare  and  L . ro tu la ta , to g e th e r w ith 
B uccella  inusita ta , C ibicides lobatulus, 
Elphidium  fr ig id u m , E lph id ium  m acellum  var. 
granulosum , and Oolina  sp. O f the  five last- 
nam ed species, th e  first th ree  a re  equally  at 
hom e in B oreal and A rctic  w aters , and m ay be 
found a t the no rthern  lim its o f tem pera te  w aters 
(but then only in associa tion  w ith tem perate  
species w hich them selves do no t ex tend  fu rther 
north). E. m acellum  var. granulosum  and Oolina  
sp. have no certa in  clim atic im plications. A ll o f 
the species p resen t in th is upper sam ple at 
C ovehithe w ere also reco rd ed  from  th e  shelly 
sands o f th e  L  p  4a  (B aventian) sub-zone of 
E aston  B aven ts (Funnell & W est 1962, 1977), 
excep t fo r E. m acellum  var. granu losum . H ow ­
ev er, the tem pera te  litto ra l species/1 , beccarii is 
no longer p resen t a t C oveh ithe  and E. fr ig idum  
and E. orbiculare, bo th  littoral o r inner sublit­
to ral bo reo -arc tic  spec ies, a re  clearly  m ore 
abundant.

T his indication  o f  cooling  p rovided  b y  the 
foram inifera co rresponds w ith th e  parallel indi­
cations o f increasing cold p rov ided  by the pollen 
(transition  from  L  p  4a  o f  th e  clay o f  E aston  
B avents to  L  p  4b  o f the  clay  o f  E aston  B avents 
and C ovehithe), and by th e  m olluscs (com pare 
the m olluscs listed  from  the shelly sands of 
E aston  B avents (Funnell &  W est 1962) with 
those  reco rded  in th is p ap er from  th e  clay  of 
C ovehithe). T he d ifference betw een  E asto n  B a­
ven ts and C ovehithe is th a t w hereas the L  p  4b 
c lay  o f E aston  B av en ts  con ta ined  no foram inif­
e ra  (or m olluscs, excep t possib ly  fo r th o se  re ­
corded  by  earlie r au tho rs  -  see  Funnell &  W est 
1962), the L  p  4b  clay o f  C ovehithe does con tain  
bo th  foram in ifera  and m olluscs, and both 
foram inifera and m olluscs ind ica te  co lder m arine 
conditions than  those  w hich cha rac te rised  the 
L  p  4a  sub-zone below .

T aken  to g e th e r the C oveh ithe  foram inifera 
m ay be  com pared  w ith  those  prev iously  re ­
co rded  from  S ides trand , th e  L f 6  and  L f 7  zones 
o f L udham , and  th e  B  f  3  zone  o f B ram erton  
(Funnell 1961; F unnell & W est 1977). O f these 
all excep t th e  L  f  6 zone  o f L udham  lack 
A . beccarii, and all excep t th e  B  f  3 zone  of
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B ram erton  (w here E. orbiculare  is not recorded) 
consisten tly  con ta in  E. fr ig id u m  and E. orbicul­
are. E. hanna i is a lw ays dom inant (79 to  93% ), 
excep t in th e  L f  6 zone a t L udham  (w here it is 
54-62% ). In  d iscussing  these  assem blages p rev i­
ously Funnell (1961:357) concluded th a t the 
com bination  o f th e  p resen ce  o f E . orbiculare  
w ith  the absence  o f  A . beccarii p robably  indi­
ca ted  sem i-glacial (i.e. in the N orth  Sea basin  
co n tex t equ ivalen t to L a te  G lacial) conditions, 
and  they  p robab ly  im plied a Scandinavian  ice ­
cap  and a t leas t valley  g laciers in S co tland  and 
n o rthern  E ng land . In addition  to  the species 
reco rd ed  a t C oveh ithe  the N orfolk  occu rrences 
also  occasionally  con tained  additional arc tic  
species such  as E lphidiella  aff. E. sibirica  and 
E lphid ium  cf. E. bartletti.

C u rren t po llen-analy tical in terp re ta tion  o f 
these  o ccu rrences (F unnell, N orton  & W est 
1979; W est 1979) is th a t C ovehithe and th e  L f 6  
zone  o f L udham  belong  to  L  p  4  b sub-zone of 
the B aventian  cold stage, and th a t S idestrand , the 
L  f  7  zone o f  L udham , and  the B f  3  zone o f  
B ram erton  belong  to  a la te r P re-Paston ian  
(P re-P a a  sub-zone) cold stage. U nfo rtunate ly , 
although  the fo ram in ifers agree in indicating cold 
cond itions in bo th  ca se s , th e re  is nothing in the  
com position  o f  the  foram inifera! assem blages 
th a t allow s th e  tw o  stages to  be  d istinguished.

In  addition  to  indicating  a  cold m arine clim ate  
the C oveh ithe  foram in ifera  also ind icate  a  sub lit­
to ra l o r  low  in te rtida l env ironm ent. N o trace  w as 
fo und  in th e  sam ples exam ined  o f a renaceous , 
high in tertida l o r sa lt-m arsh  species. T he upper 
p a rt o f  th e  clay  sec tion  show ing presum ably  high 
in tertida l desicca tion  c rack s  does no t con tain  
foram in ifers. O n th e  o th e r hand the com m on 
occu rren ce  o f E lphidiella  hanna i and various 
species o f E lphid ium  suggests a depositional 
env ironm ent no t fa r  rem oved  from  the low -tide 
level. E lphid ium  orbiculare  is com m on a t the 
p resen t-day  in estu a rie s  around  H udson  Bay and 
Jam es B ay , and in T racad ie  B ay , P rince E dw ard 
Is land , C anada. A s fa r as th e  foram in ifers are 
co n cern ed  th e re fo re , th e  C ovehithe clay could 
rep re sen t an accum ulation  com m encing sublit- 
to ra lly  and cu lm inating  in a  high in tertidal env i­
ronm ent.

M arine m olluscs
Sam ples w ere tak en  from  po in t A , at 80-100 cm , 
equ ivalen t to  the  ho rizon  described  by  L ong

(1974), and a t 100-120 cm . T hese  sam ples w ere 
investigated  using th e  m ethods referred  to  by 
N orton  (1977). T ab le  2 gives th e  counts o f shells 
from  these sam ples. F o r  com parison a  list sup ­
plied by L ong  (1974 and  pers . com m .) is included 
in th is table.

100-120 cm  sam p le

T his sam ple w eighed  1400 g and yielded 28 
m olluscs, o f w hich  th ree  w ere gastropods. T he 
m ost frequent shells w ere all > 5 0 0  /xm in d iam e­
te r and com prise:

Yoldia sp. 
M acom a obliqua  
M . calcarea  
Corbula g ibba

4 individuals
a  ”Jz
31
34

T here  w ere a lso  one  o r tw o individuals o f  A rc ­
tica islandica, M a co m a  prae tenu is, Sp isu la  sp. 
and M acom a  sp. M ytilu s edulis, R etusa  sp. and 
C erastoderm a edu le  (not found in th e  80-100 cm  
sam ple) w ere  reco v ered  in insignificant 
am ounts. T hese  la tte r  are litto ra l form s b u t the 
o th e r species a re  o f sub litto ra l affinity and ty p i­
cal o f silty seab ed s . B rack ish  w ater form s are 
absen t. Serripes groenlandicus, M acom a  
calcarea  and Yoldia  (a rctic  taxa  a t the  p resen t) 
com prise 30%  o f th e  assem blage . M acom a obli­
qua  is ex tin c t and  C orbula g ibba  a  boreal- 
lusitanic form . T h is assem blage is in te rp re ted  as 
rep resen ting  a b o rea l, open-coast facies, the 
shells being d raw n  a lm ost en tire ly  from  sublit­
toral silty seabed  a reas  ad jacen t to  th e  site.

8 0 -1 0 0  c m  s a m p le

A t this level in form ation  is available from  L o n g ’s 
(1974) ho rizon , w h ich  is equ ivalen t, as no ted  
above. 58.5 m ollusca w ere recovered  from  2230 
gm s o f sed im ent. T h ese  included only fou r 
gastropods. T h ere  w ere  few  shells sm aller than  
500 p m  in d iam eter. T he m ost frequen t species 
w ere:

Yoldia  sp.
M acom a calcarea .
(inch M . cf. calcarea, 1) 
Serripes groen landicus  
M acom a  sp.
H iatella  arctica

13 individuals
74

74
64
4
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T able  2 . A naly sis  o f  m arine  M ollusca .

B O R E A S  9 (1980)

100-120 cm 80-100 cm P. E . Long
(eq u iv a len t to  80 -100  cm )

28.5
in d iv iduals  
1413 g

58.5
ind iv iduals 
2230 g

N o co u n ts

N o . o f 
in d iv iduals

N o . o f  
ind iv iduals

L , ap p a ren tly  n o t rew o rk ed ; 
D , ap p a re n tly  deriv ed  from  
o ld e r o r  d is tan t s o u rc e s ;
U , v a lv es  united

L itto rina  litto rea  (L) 1 1 D
R isso id? 1 - -
B o reo sca la  g ro en la n d ica  (C hem nitz) - - L
A m a u ra  ca n d id a  (M öller) - - L
A m a u ro p sis  is land ica  (G m elin) - - L
N a tic a  c a te n a  (D a C osta) - - L
• N .  c f. p a llid a  B ro d erip  e t S ow erby - - L
N a tica  sp . - 1 -
B o reo tro p h o n  cf. c la th ra tu s  (L) - - L
B u c c in u m  u n d a tu m  (L ) - - L
L o ra  cf. turricu la  (M ontagu) - - L?
R e tu sa  sp . 1 - -
? A c t  a eo n  sp . - 1 -
G as tro p o d  (co lu m ella , un id .) - 1 -
N u cu la  co b b o ld ia e  (S ow erby) - - D
N . tenu is  (M ontagu) - - L  U
Y oldia  m ya lis  C o u th o u y - - U
Y. cf. m yalis - 1.5 -
Y oldia  sp . 4 13 -
M ytilu s  edu lis  L fr - -
A s ta r te  m o n ta g u i  (D illw yn) - 0.5 D
A .  cf. m o n ta g u i 1 - -
A rc tica  is la n d ica  (L) 1.5 0.5 -
L u c in o m a  borea lis  (L ) - - D ?
S p a n io r in u s  n o r to n i (Spaink) - - L
C era s to d erm a  edu le  (L) 0.5 fr D  ?
L a ev ica rd iu m  cf. in terru p tu m  (S . W ood) - - L U
‘ S err ip es  g ro en la n d icu s  (B rugiere) 1 7.5 L U
D o n a x  v itta tu s  (D a C osta) - - D
c f. D o n a x  sp . 0.5 - -
M a co m a  ca lca rea  (G m elin) 3.5 6 .5 L U
M .  cf. ca lcarea - 1 -
M . ob liqua  (S ow erby) 3.5 - D ?
M . p ra e te n u is  (L e a th es) 1.5 0.5 -
M . cf. p ra e te n u is - - D ?
M a co m a  sp . 2 6.5 -
S p isu la  e llip tica  (B row n) - - D ?
S p isu la  sp . 3 1.5 -
M ya tru n ca ta  L . - - L U
VI. a renaria  L 0.5 - -

C orbu la  g ib b a  (O livi) 3.5 - -
C . cf. g ibba - 0.5 -
H ia te lla  ‘a r c tic a ’ L - 4 L U
S p h en ia  b in g h a m i (T urton) - 2 -
B iv a lv e , u n id , hinge - 0.5 -

L a rg e r  th a n  no rm al size.

T here  w as no ev idence th a t any Yoldia  species 
o th e r than  Y. m yalis  w ere p resen t, and it is 
thought th a t m ost o f th e  M acom a  sp. w ere M . 
calcarea. N o species assoc ia ted  w ith  brack ish

w ate r are  p resen t. All th e  above spec ies, w hich 
com prise 60%  of the  assem blage , a re  typical 
m em bers o f w ell-described arc tic  sub litto ra l ani­
m al com m unities a t th e  p re sen t day (O ckelm ann
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1958; E as t G reenland). T hese  m odern  co m ­
m unities a re  sub litto ra l, w ith units o f  them  
know n from  inner sublittoral w aters . T hey  occu r 
in a varie ty  o f  silty  seabeds, and it w as no ted  th a t 
fine sand  and silt p redom inate  in the sed im ent 
from  w hich th e  shells w ere recovered . A lthough 
they could perhaps have populated  sed im en ts 
such as th ese , th e  shells w ere not observed  in 
situ  and it is uncerta in  w hether they  rep resen t an 
au to ch th o n o u s shell bed o r an alloch thonous 
shell deposit. H o w ever, L ong records shells 
w ith  valves un ited  (Table 2), w hich im plies tha t 
they  lived c lose to  the deposition  site , and he 
also  reco rd ed  M acom a  calcarea, in situ , slightly 
above this level. T here are very  few  typically  
littoral shells. It is concluded th a t clim atic co n d i­
tions a t th is tim e w ere a rc tic , consequen tly  the 
littoral rem ained  unpopu la ted , and the  sub lit­
toral fauna has lost the 'o ld  bo rea l’ ch a rac te r 
com m ented  on by  N orton  (1977): i.e . no 
paradoxical lu s itan ic /arc tic  e lem en ts exist in th is 
assem blage , th e  lusitan ic  ones having d isap ­
p eared  and th e  boreal e lem en t d ecreased  to  a 
m inority . In  th e  inner sub litto ral w ere deposited  
local and sub litto ra l shells w hich had prev iously  
b een  exhum ed from  elsew here  by w ave and 
cu rren t ac tion  and tran sp o rted  to  th is site . 
E pifauna, gastropods and sm all shells appear to 
h ave  been rem oved  from  th e  assem blage by 
d ifferential tran spo rta tion . L ong, collecting  
m ore ex tensively , was m ore successfu l in re c o v ­
ering gastropods.

Sum m arising , th is assem blage rep resen ts  an 
a rc tic  (low -arctic) open  co ast, inner sub litto ral 
facies w ith fossils o f local p rovenance , derived 
from  th e  silty  inner sub litto ral and sub litto ral 
sed im ents.

C o m p a r is o n  o f  th e  tw o  s a m p le s

I t is seen th a t ne ither assem blage is num erous 
nor d iverse , ne ither was deposited  in situ  
(though th e re  a re  indications th a t the 80-100 cm 
assem blage w as nearly  so), and th a t th e  lists o f 
the m ost freq u en t species differ in the tw o  cases 
a s no ted . T h is d ifference does not appear to 
reflec t change in w ater d ep th , b u t m ay  be  in ­
te rp re ted  as due to  a de terio ra tion  in clim ate 
a fte r th e  100-120 cm  unit had been  deposited . A t 
100-120 cm  th e  fauna is com parab le  to  m any 
o th e r  boreal, open-coast, im poverished  facies 
assem blages in th e  Crag deposits . N o  co rre la tion  
is a ttem p ted , ow ing to  the p overty  o f  th is a s ­
sem blage (a sum m ary  o f  facies recognised  from

M ollusca in the  C rags is given in Funnell, 
N o rton  & W est 1979). A t 80-100 cm th e  fauna 
apparen tly  reflec ts th e  ex is tence  o f tru ly  arctic 
m olluscan com m unities in th e  area.

C o n c lu s io n s

T he im portan t m alacological conclusion from 
th is study  is tha t tru ly  arc tic  m olluscan co m ­
m unities occurred  in th e  Crag basin a t this tim e, 
a conclusion  w hich had no t been reached  in 
previous m odern  stud ies  o f the Crag M ollusca. 
T he ‘co ld es t’ assem blage found so far has been 
tha t described  from  th e  C hillesford M ya-bed  
(W est & N orton  1974). T his contains an assem ­
blage w hich w as held to  reflect ex is tence  of 
high-boreal or low -arctic  com m unities. A t C hil­
lesford th e  ‘o ld -B oreal’ assem blage (including 
C alyptraea ch inensis  and 16% o f ‘a rc tic ’ form s) 
is apparen tly  p resen t in a ‘n o rth e rn ’ form , at the 
end o f th e  (tem perate) B ram erton ian  stage. At 
C oveh ithe , in the p reced ing  B aventian  (cold) 
stage w e have, uniquely  a t p resen t, a  m arine 
m ollusc assem blage in te rp re ted  as arc tic . T his 
finding rep resen ts  an im portan t m odification of 
previous clim atic in te rp re ta tions based  on M ol­
lusca (see N orton  1977:50), in th a t tru ly  arc tic  
m olluscs can  now  be in te rp re ted  as having 
reached  th e  Crag basin , at leas t in the B aventian . 
Full evaluation  o f th is , how ever, requires fu rther 
finds, p referab ly  in deposits  o f  o th e r cold stages 
and o f  assem blages w ith  larger num bers o f M ol­
lusca. F inally , it is im portan t to  no te  tha t 
M acom a balth ica  (L .) is absen t in the C ovehithe 
faunas. T his m ollusc is p resen t abundantly  in the 
cold  P re-Paston ian  substage deposits  o f the 
N orfolk  co as t, w hich a re  post-B ram erton ian  in 
age, and is also p resen t in the ‘B ure V alley B ed s’ 
o f uncerta in  age b u t considered  p ost-B ram erto ­
nian (Funnell, N orton  & W est 1979). It had 
evidently  no t reach ed  the  sou thern  N orth  Sea 
basin  in B aventian  (and B ram erton ian) tim es.

Conclusions
T he c. 2 m etre  th ick  silty  clay bed at the  base of 
C ovehithe cliffs is show n to  belong to  zone 
L  p  4b  o f  the B aventian  cold stage o f  the Early 
P leistocene o f E ast A nglia.

In  the low er 0.45 m o f the  c lay , th e  pollen 
spectra  com prise  an E rica les p .a .b .,  in terp re ted  
as con tribu ted  by grass hea th . F oram in ifers from 
th is part o f th e  section  a re  consis ten t w ith sublit-
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Table 3. H eigh ts  o f  B av e n tia n  (L  p  4b) s ed im en ts  in E ast 
A nglia .

E a sto n
B av en ts  4.4 m to  6.1 m O .D . (N o rto n  & B eck 1972)

C o v eh ith e  -  1 m to  1 m O .D .
A ldeby  c. 0 m to  1.4 m O .D . (B eck  1971)
L u d h a m  -  14.9 m t o -  13.4 m  O .D . (W est 1961)

to ra l sedim entation  under cold (boreo-arctic) 
conditions. The m olluscs belong to  a  sub litto ral, 
bo real, open-coast facies, contain ing 30%  arctic 
form s and a t leas t 10% of one boreo-lusitan ic  
form .

In term ed ia te  pollen spec tra , be tw een  0.45 m 
and  1.25 m above the base  o f the c lay , coincide 
w ith sublittoral o r low  in tertidal foram in ifers o f 
m ore d istinctly  bo reo-arctic  o r  ev en  arc tic  
aspect, and w ith m olluscs rep resen ting  sublit­
to ral and inner sub litto ral arctic  (low -arctic) 
open coast cond itions, w ith 60%  arc tic  form s in 
the assem blage.

In  the upper, approxim ately  0.60 m o f  the 
clay , the pollen sp ec tra  constitu te  an E rica le s-  
G ram ineae p .a .b ., in terp re ted  as ind icating  in­
c reased  rep resen ta tion  of salt m arsh  o r local 
sw am p taxa. N o foram inifers o r  m olluscs have 
been  obtained from  th is upper p a rt o f  the clay, 
bu t desiccation  c racks form ed in associa tion  
w ith  a shallow  depression  in the u p p er su rface of 
the clay are taken  to  indicate high in tertidal 
conditions.

A sim ilar transition  from  an E rica les  p .a.b . 
below  to  an E rica les-G ram ineae  p .a .b . above is 
a lso  observed  a t an o th e r L p  4b  sub-zone clay 
bed at A ldeby in N orfo lk , indicating  th a t the 
c lays a t these sites w ere deposited  during a 
com parab le  transition  from  low  to  high in tertidal 
conditions.

T he biological ev idence fo r a cold env iron­
m ent at the tim e o f  deposition  o f  th e  L  ƒ  4b 
B aventian  clays is com plem ented  by th e  analysis 
o f  the heavy m inerals a t E aston  B av en ts  (and 
C ovehithe) by J. D . Solom on (in F unnell & W est 
1962). H e considered th a t th e  deposit consisted , 
in th e  m ain , o f ou tw ash  m aterial o f  a  no rth e rn  ice 
shee t, and he no ted  th a t a  sim ilar assem blage 
w as found in th e  post-C rom erian  N o rth  Sea D rift 
tills.

P resen t-day  d ifferences in  the  levels o f B aven­
tian  c lays, indicated in T able  3 , m ay  be  a ttr i­
bu ted  to  post-depositional vertica l m ovem ent. If 
this p roves to  be co rrec t, then  the B aventian  
clay  horizon  will be a  m ost usefu l da tu m  point
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fo r the determ ination  o f  post-B aven tian  w arping 
on th e  w estern  margin o f  the so u th e rn  p a rt o f the 
N o rth  Sea basin.
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