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A  s e q u e n c e  o f  M id d le  P le is to c e n e  (a p p ro x im a te ly  ear ly  'C ro m cr ia n  C o m p le x ’) s e d im e n ts  h as b een  
su b d iv id ed  in to  su b g la c ia l, p r o x im a l g la c io m a r in e , d ista l g la c io m a rin e  and  m arin e  fa c ie s .  T h e  su b g lac ia l  
fa c ie s  r ep resen ts  lo d g e m e n t  t il l  d e p o s ite d  d u rin g  th e fin a l s ta g e s  o f  ic e -sh e e t  a d v a n ce . A t  th e  o n se t  o f  ice-  
s h e e t  re trea t, strea m s d e p o s ite d  th e ir  lo a d  in to  a sh a llo w -w a ter  g la c io m a rin e  e n v iro n m e n t;  g ra v elly  
s e d im e n ts  im m e d ia te ly  in fro n t o f  th e  ice -g r o u n d in g  lin e  a n d  fin er  m a ter ia l, in  su sp e n s io n , to  m ore  d istal 
areas. I c e-r a ftin g , s lu m p in g  and  tra c tio n  cu rren ts w ere  a lso  a c tiv e  w ith in  th e  g la c io m a r in e  en v iro n m en t.  
T h e  l ith o fa c ie s  c h a ra cter istic s  o f  th is  s e q u e n c e  a re  co n s is ten t w ith  d e p o s it io n  from  a g ro u n d ed  tid ew a ter  
ic e -sh e e t . T h e  g la c ig e n ic  s u c c e ss io n  is restr ic ted  to  th e  Forth A p p r o a ch es  a rea , w h ic h  im p lie s  that th e  ice-  
s h e e t  h a d  a lim ite d  o ffsh o r e  e x te n t .

M a rty n  S . S to k e r , B ritish  G e o lo g ic a l  S u rv e y , M u rch iso n  H o u se , W est M a in s  R o a d , E d in b u rg h , E H 9 3 L A ,  
S c o tla n d ; A l is ta ir  B ent, G ra n t In s titu te  o f  G e o lo g y , U n iversity  o f  E d in b u rg h , K in g s  B u ild in g s , W est M ain s  
R o a d , E d in b u rg h , S c o tla n d ;  1 s t O c to b e r , 1 9 8 4  (re v ise d  6 th  F eb ru a ry , 1985).

T he possible existence o f pre-W eichselian Q ua
te rnary  sedim ents in the  central N orth  Sea was 
first suggested by Jansen (1976). This was d isput
ed by H olm es (1977) w ho, on the basis of rad io 
carbon  age dates, assigned the bulk o f the Q ua
te rnary  sequence to  th e  W eichselian glacial 
stage. H ow ever, m ore recen t detailed  stra tig ra
phie w ork by Jansen et al. (1979), Jansen & 
H ensey  (1981) and S toker et al. (1983; in press a, 
b) has confirm ed the original conclusion th a t a 
m ore extensive P leistocene sequence exists in the 
cen tral N orth  Sea.

In the w estern part of th e  cen tral N orth  Sea, 
the F orth  A pproaches a rea  (Fig. 1), th e  only 
previously recorded  glacial and glaciom arine 
sedim ents are of late W eichselian age (T hom son 
& E den  1977). In this p ap er we p resen t stra tig ra
phie and sedim entological evidence for an early 
M iddle P leistocene ice-sheet in the  vicinity o f the 
Forth  A pproaches. This com bines regional stra ti
graphie data  (S toker et al. in press b) w ith a 
sedim entological analysis and facies in te rp re ta 
tion  o f n ine boreholes. In  view o f the ir age and 
spatial setting, these sedim ents enab le  us to  com 
p are  the offshore extent o f this ice-sheet w ith the 
L ate  W eichselian ice-sheet.

Stratigraphie setting
T he sedim ents described in this paper belong to 
th e  A berdeen  G round  Form ation , previously

called the A berdeen  G round  B eds (H olm es 
1977), which is th e  oldest p roven Q uaternary  
un it in the central N orth  Sea (Fig. 2). This fo r
m ation occurs mostly a t subcrop below  younger 
Q uaternary  form ations and form s an easterly 
thickening w edge-shaped un it, a t least 130 m 
thick in th e  eastern  part of the cen tral N orth  Sea. 
Its areal exten t and w estern subcrop  limit are 
shown in Fig. 1.

In  the w est, th e  base of th e  form ation  rests 
w ith angular unconform ity  on rocks o f Palaeo
zoic, M esozoic and T ertiary age. To th e  east, as 
th e  sequence thickens, th e  base becom es o b 
scured on seismic records by m ultiple reflections 
and cannot be  identified  at p resen t. T he top of 
th e  form ation is m arked by a distinct irregular 
erosion surface, and is unconform ably  overlain 
by th e  Ling B ank Form ation (form erly Low er 
C hannel D eposits of H olm es (1977)), although 
younger form ations com e on to  th e  west.

A  Low er to  M iddle P leistocene age for the 
A berdeen  G round  Form ation  was suggested by a 
palaeom agnetic study which identified the 
B runhes/M atuyam a palaeom agnetic  boundary  in 
this unit (S toker et al. 1983). This has generally 
been taken to m ark  the  L ow er/M iddle P leisto
cene boundary (B utzer & Isaac 1975) and has 
been  placed tow ards th e  base of th e  ‘C rom erian  
C om plex’ (Z agw ijn 1979). E stim ates of the age 
of this boundary  vary from  0.73 M a (M ankinen 
& D alrym ple 1979) to  0.79 M a (Johnson 1982). 
T he existence o f L ow er and M iddle Pleistocene
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Fig. 1. L o ca tio n  o f  s tu d y  a rea  and  su b cro p  e x te n t  o f  th e  
A b e r d e e n  G ro u n d  F o rm a tio n  in  th e  cen tra l N o r th  S ea .

stra ta  has subsequently  been confirm ed by ami- 
no-acid geochronology (B righam -G rette  & Sej- 
rup  1984), and m icropalaeontological d a ta  which 
have identified sedim ents as old as T iglian in age 
(S toker et al. in press b). T h e  overlying Ling 
B ank Form ation includes a rich interglacial m a
rine fauna and flora (S toker et al. in press b) and 
macrofossils of th e  freshw ater p lan ts Potam oge
ton  sp. and A zolla filiculo id .es  (G riffin  1984). A . 
filiculoides has not been reco rded  in sedim ents 
younger than H olstein ian  in age in B ritain  or 
north-w est E u rope  (G odw in 1975). T he in terg la
cial has thus been correlated  w ith the  H olstein ian  
and th e  erosion surface at the top  o f the A b er
deen G round  Form ation  is m ost p robably  of late 
E lsterian age.

T he Low er P leistocene p a rt o f the A berdeen  
G round  Form ation  consists p redom inantly  of 
b io turbated  m arine m uds w ith occasional in ter
bedded sands which w ere deposited  in a tem p er
a te  to  boreal, inner to  m iddle shelf environm ent. 
Just above the B runhes/’M atuyam a boundary  th e  
sedim ents and m icrofossils in th e  upper p a rt of 
th e  A berdeen  G round  Form ation contain  the 
earliest indications o f fully glacial clim atic condi
tions in th e  central N orth  Sea. In th e  study  area, 
a th in  .wedge o f glacigenic sed im ents, in th e  w est, 
pass eastw ards in to  argillaceous m arine sed i
m ents. It is the description and  stratig raphie  se t
ting o f these sedim ents which form  th e  basis of 
our study.

core descrip tion , grainsize analysis of the  <2y.m (v\ 
fraction and clast con ten t. Sedim ent term inology 
is a fter Folk (1954). Palaeontological d a ta  have 
been included w here available.

T hree  m ain facies have been identified within 
the glacigenic sequence and these a re  described 
separately below . A  b rief sum m ary o f th e  m ore 
norm al m arine facies, which form s th e  bulk of 
th e  A berdeen  G round  Form ation , is also includ
ed as it is relevant to  th e  general stratigraphie 
setting and overall facies m odel. T he lithofacies 
relationships are shown in Fig. 3, which also 
indicates th e  position o f th e  B runhes/M atuyam a 
palaeom agnetic boundary  in boreholes 81,27 and 
81/34 and provides a baseline for tem poral corre
lation.

S u b g la c ia l fa c ie s

This facies occurs at the base o f boreholes 74/10 
and 74/12 and appears to form  a localised 
m ounded un it, 2 to 3 m in thickness (Fig. 3). In 
borehole 74/12 the base of th e  facies rests sharply 
on pyritous Low er C retaceous shales, and may

Facies
Subdivision of the  glacigenic sequence has been 
m ade predom inantly  on  th e  basis o f sedim ent

Fig. 2 . S tra tigraph ie c o lu m n  o f  L o w e r , and  part o f  M id d le  
P le is to c e n e  su c c ess io n  in th e  cen tra l N o r th  S e a ,  u s in g  B ritish  
G e o lo g ica l S u rv ey  r e co m m e n d e d  te r m in o lo g y  (a fte r  S to k e r  et 
al. in  p ress a ) .  S u b d iv is io n  o f  th e  P le is to c e n e  is b a se d  on  the  
D u tch  s tra tig ra p h ie  c la ss ifica tio n  (Z a g w ijn  1979).
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F/g. 3 .  S c h e m a tic  fe n c e  diagram  sh o w in g  fa c ic s  re la t io n sh ip s . D ir e c t io n  o f  v iew in g  is from  Ihc n o r th -ea st .

be erosional as th in  shale rip-up clasts are  includ
ed near th e  base o f the sequence. T he top  o f th e  
facies is overlain by proxim al glaciom arine sedi
m ents although th e  exact n a tu re  o f th e  con tac t is 
unknow n.

T he sedim ents consist o f brow n to  olive-grey, 
firm , very poorly sorted , dom inantly  m atrix-sup- 
p o rted , gravelly sandy m uds w ith no faunal re 
m ains. T he grain-size d istribu tion  o f this unit is 
polym odal (Fig. 4 , Table 1) and tex turally  hom o
geneous (w ithin the core). N o obvious bedding 
s tructures w ere noted  and pebb le  o rien tations 
varied  from  subhorizontal to  subvertical. C last 
com position is p redom inantly  M oine/D alrad ian

m etasedim ent and m eta-igneous, red -purp le  D e
vonian sandstones and volcanics and grey Pa
laeozoic or M esozoic sandstones, o f local deriva
tion. Fifty five percen t o f th e  pebbles w ere ob 
served to be faceted and 20 %  displayed stri
ations, how ever, only 5 %  had  a  distinctive ‘bul
le t-shaped’ appearance.

T he tex tural hom ogeneity , unfossiliferous 
character, high clast con ten t and locally erosive 
base suggest, collectively, th a t these sedim ents 
are  o f subglacial origin and rep resen t som e form  
o f lodgem ent till. T he  sedim ents w ere p robably  
deposited  during th e  final stages o f ice-advance 
and we suggest th a t the ir stratigraphie location
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Fig. 5 . S ch em a tic  m o d el o f  fa c ie s  d e v e lo p m e n t in a g r o u n d e d  tid ew a ter  ic e -sh e e t  e n v iro n m e n t. F or e x p la n a tio n  s e c  te x t .

ed tidew ater ice-sheet (cf. Powell 1984). T he 
subglacial facies was deposited  during the  final 
stages of ice-advance w hile the glaciom arine fa
cies was deposited  as th e  ice-sheet began to  m elt 
and re trea t. D uring ice-re trea t m eltw ater 
stream s discharging from  tunnels beneath  the 
ice-sheet deposited coarse proxim al glaciom arine 
sedim ents im m ediately in fron t o f the ice- 
grounding line, while th e  finer m ateria l was gen
erally carried in suspension to g rea te r distances 
from  the ice-front, although bottom -flow ing trac
tion currents did exist. C alving of icebergs from 
th e  front of the ice-sheet carried  en trap p ed  basal 
and high-level debris aw ay from  th e  ice-m argin

into m ore distal a reas , w here it was eventually 
dum ped due to  m elting o r toppling  o f th e  iceberg 
and incorpora ted  in to  the distal m uds. M elting at 
the ice-front and slum ping and /o r m elt-ou t of 
m aterial may also have resu lted  in th e  inclusion 
o f till-like deposits as d iscrete sheets o r lenses 
w ithin the proxim al glaciom arine facies.

O verall fining of the sedim ents w ith increasing 
distance from  th e  ice-front is clearly illustrated  by 
grain-size analysis of th e  sand-m ud frac tion ; the 
sand conten t clearly decreases away from  the 
subglacial and proxim al glaciom arine facies to 
the distal glaciom arine and m arine facies (Fig. 
4). A  decrease in the gravel con ten t is also appar-
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Fig. 6. G en er a lise d  p a la c o g co g r a p h ic  m a p  o f  ea r ly  ‘C ro m er ia n  C o m p lex ' p rog lacia l d c p o s itio n a l e n v iro n m e n ts  at th e  o n se t  o f  ice- 
sh e e t  retrea t. In se t sh o w s th e r e la tiv e  lo c a t io n s  o f  th e  e a r ly  ‘C rom erian  C o m p le x ’ and  late  W eich se lian  icc -m a rg in s . P o sitio n  o f  late  
W eich se lia n  ice-m a rg in  a fter  T h o m so n  & E d en  (1 9 7 7 )  and  S to k e r  e t  al. (in  p ress a ) .

en t (T able 1). T he lack o f ice-rafted  sandy and 
gravelly detritus w ithin th e  m arine sedim ents in 
borehole  81/34, at a level equ ivalen t to  th a t in 
borehole  81/27 (correlated  by the  palaeom agne
tic boundary) suggests th a t th ere  was a lim it to 
th e  distance tha t icebergs w ere able to  travel. 
This limit m ay have been due  to restrictions im 
posed by sea ice o r, as is m ore com m on under 
tem pera te  tidew ater conditions, to  rap id  m elting 
of th e  icebergs (Powell 1984). C ontinued  ice- 
sheet re trea t led to the w esterly  m igration o f the 
various facies and the establishm ent of th e  over
lapping facies relationships.

genic sequence. As th e  Low er/M iddle Pleisto
cene boundary  is taken  at the B runhes/M a- 
tuyam a boundary  the sedim ents w ould appear to 
be o f very early M iddle Pleistocene age. Zagwijn 
et al. (1971) no ted  a correlation  betw een the 
B runhes/M atuyam a boundary  and the ‘Glacial 
A ’ subdivision o f the ‘C rom erian ’ stage in the 
D utch Q uaternary  sequence. T he close proxim 
ity o f the glacigenic sequence to  th e  palaeom ag
netic boundary  suggests th a t these sedim ents 
may be co rrelatab le  with th e  ‘G lacial A ’ subdivi
sion, which would im ply an early  ‘C rom erian 
C om plex’ age.

Correla tion  of the glacigenic 
sequence
T he location o f the B runhes/M atuyam a palaco- 
m agnetic boundary  in boreho le  81/27 lies 1 m 
below  the distal glaciom arine horizon. T here  is 
no  evidence of any intervening erosional b reaks, 
thus th e  boundary  provides us w ith an effective 
stratigraphie m arker for correlating  th e  glaci-

Palaeogeographic implications
T he spatial d istribution  o f the glacial and glacio
m arine sedim ents at the onset o f ice-sheet re trea t 
is illustrated in Fig. 6. D eglaciation subsequently  
led to a w esterly facies m igration into the Forth 
A pproaches which suggests th a t this area was a 
m ajo r ou tle t fo r glacial ice at this particu lar time. 
C learly, how ever, the ice-sheet had a lim ited
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offshore ex ten t, and th e  facies d istribution  be
yond the ice-front, even a t th e  tim e o f maxim um  
ice-advance, suggests tha t:

(1) the ice-sheet responsible fo r th e  glacigenic 
sequence was restric ted  to  the U K ; and ,
(2) beyond the ice-m argin the cen tra l N orth  Sea 
was no t covered by glacial ice, hence, no Scandi
navian ice-sheet was involved in the  deposition 
of these sedim ents.

Conclusions
A  sequence of early  M iddle P leistocene glacial 
and glaciom arine sedim ents has been  identified 
in the west central N orth  Sea, and has been 
tentatively dated  as early  ‘C rom erian  C om plex’ 
in age. These sedim ents rep resen t, a t presen t, 
the earliest indications o f glacial clim atic condi
tions in this area. T hey  form  an easterly  thinning 
w edge of sedim ent, passing laterally  and vertical
ly into m arine sedim ents, and w ere deposited 
from  a grounded tidew ater ice-sheet o f restricted 
offshore extent.

T he proposed location o f th e  ice-m argin is 
very sim ilar to th a t envisaged for the  late W eich
selian ice-sheet (Fig. 6), and supports the grow 
ing belief th a t Scottish ice-sheets m ay have been 
m ore localised in the ir occurrence.

A c k n o w le d g e m e n ts .  -  W c th a n k  D r . R . A .  S cru tto n  for his 
c o m m en ts  on  an ear ly  v e r sio n  o f  th is  m a n u scrip t. O n e  o f  us 
(A B )  a c k n o w le d g e s  th e  re ce ip t  o f  a N E R C  resea rch  gran t. T h is  
p a p er  is p u b lish ed  w ith  th e  p e r m iss io n  o f  th e  D ir e c to r , B ritish  
G eo lo g ica l S u rvey  (N E R C ).
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