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A sequence of Middle Pleistocene (approximately early 'Cromcrian Complex’) sediments has been
subdivided into subglacial, proximal glaciomarine, distal glaciomarine and marine facies. The subglacial
facies represents lodgement till deposited during the final stages of ice-sheet advance. At the onset of ice-
sheet retreat, streams deposited their load into a shallow-water glaciomarine environment; gravelly
sediments immediately in front of the ice-grounding line and finer material, in suspension, to more distal
areas. Ice-rafting, slumping and traction currents were also active within the glaciomarine environment.
The lithofacies characteristics of this sequence are consistent with deposition from a grounded tidewater
ice-sheet. The glacigenic succession is restricted to the Forth Approaches area, which implies that the ice-
sheet had a limited offshore extent.
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The possible existence of pre-Weichselian Qua-
ternary sediments in the central North Sea was
first suggested by Jansen (1976). This was disput-
ed by Holmes (1977) who, on the basis of radio-
carbon age dates, assigned the bulk of the Qua-
ternary sequence to the Weichselian glacial
stage. However, more recent detailed stratigra-
phie work by Jansen et al. (1979), Jansen &
Hensey (1981) and Stoker et al. (1983; in press a,
b) has confirmed the original conclusion that a
more extensive Pleistocene sequence exists in the
central North Sea.

In the western part of the central North Sea,
the Forth Approaches area (Fig. 1), the only
previously recorded glacial and glaciomarine
sediments are of late Weichselian age (Thomson
& Eden 1977). In this paper we present stratigra-
phie and sedimentological evidence for an early
Middle Pleistocene ice-sheet in the vicinity of the
Forth Approaches. This combines regional strati-
graphie data (Stoker et al. in press b) with a
sedimentological analysis and facies interpreta-
tion of nine boreholes. In view of their age and
spatial setting, these sediments enable us to com-
pare the offshore extent of this ice-sheet with the
Late Weichselian ice-sheet.

Stratigraphie setting

The sediments described in this paper belong to

the Aberdeen Ground Formation, previously
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called the Aberdeen Ground Beds (Holmes
1977), which is the oldest proven Quaternary
unit in the central North Sea (Fig. 2). This for-
mation occurs mostly at subcrop below younger
Quaternary formations and forms an easterly
thickening wedge-shaped unit, at least 130 m
thick in the eastern part of the central North Sea.
Its areal extent and western subcrop limit are
shown in Fig. 1.

In the west, the base of the formation rests
with angular unconformity on rocks of Palaeo-
zoic, Mesozoic and Tertiary age. To the east, as
the sequence thickens, the base becomes ob-
scured on seismic records by multiple reflections
and cannot be identified at present. The top of
the formation is marked by a distinct irregular
erosion surface, and is unconformably overlain
by the Ling Bank Formation (formerly Lower
Channel Deposits of Holmes (1977)), although
younger formations come on to the west.

A Lower to Middle Pleistocene age for the
Aberdeen Ground Formation was suggested by a
palacomagnetic study which identified the
Brunhes/Matuyama palaeomagnetic boundary in
this unit (Stoker et al. 1983). This has generally
been taken to mark the Lower/Middle Pleisto-
cene boundary (Butzer & Isaac 1975) and has
been placed towards the base of the ‘Cromerian
Complex’ (Zagwijn 1979). Estimates of the age
of this boundary vary from 0.73 Ma (Mankinen
& Dalrymple 1979) to 0.79 Ma (Johnson 1982).
The existence of Lower and Middle Pleistocene
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Fig. 1. Location of study area and subcrop extent of the
Aberdeen Ground Formation in the central North Sea.

strata has subsequently been confirmed by ami-
no-acid geochronology (Brigham-Grette & Sej-
rup 1984), and micropalacontological data which
have identified sediments as old as Tiglian in age
(Stoker et al. in press b). The overlying Ling
Bank Formation includes a rich interglacial ma-
rine fauna and flora (Stoker ef al. in press b) and
macrofossils of the freshwater plants Potamoge-
ton sp. and Azollafiliculoid.es (Griffin 1984). 4.
filiculoides has not been recorded in sediments
younger than Holsteinian in age in Britain or
north-west Europe (Godwin 1975). The intergla-
cial has thus been correlated with the Holsteinian
and the erosion surface at the top of the Aber-
deen Ground Formation is most probably of late
Elsterian age.

The Lower Pleistocene part of the Aberdeen
Ground Formation consists predominantly of
bioturbated marine muds with occasional inter-
bedded sands which were deposited in a temper-
ate to boreal, inner to middle shelf environment.
Just above the Brunhes/Matuyama boundary the
sediments and microfossils in the upper part of
the Aberdeen Ground Formation contain the
earliest indications of fully glacial climatic condi-
tions in the central North Sea. In the study area,
a thin .wedge of glacigenic sediments, in the west,
pass eastwards into argillaceous marine sedi-
ments. It is the description and stratigraphie set-
ting of these sediments which form the basis of
our study.

Facies

Subdivision of the glacigenic sequence has been
made predominantly on the basis of sediment
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core description, grainsize analysis of the <2y.m(v|
fraction and clast content. Sediment terminology
is after Folk (1954). Palacontological data have
been included where available.

Three main facies have been identified within
the glacigenic sequence and these are described
separately below. A brief summary of the more
normal marine facies, which forms the bulk of
the Aberdeen Ground Formation, is also includ-
ed as it is relevant to the general stratigraphie
setting and overall facies model. The lithofacies
relationships are shown in Fig. 3, which also
indicates the position of the Brunhes/Matuyama
palacomagnetic boundary in boreholes 81,27 and
81/34 and provides a baseline for temporal corre-
lation.

Subglacialfacies

This facies occurs at the base of boreholes 74/10
and 74/12 and appears to form a localised
mounded unit, 2 to 3 m in thickness (Fig. 3). In
borehole 74/12 the base of the facies rests sharply
on pyritous Lower Cretaceous shales, and may
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Fig. 2. Stratigraphie column of Lower, and part of Middle
Pleistocene succession in the central North Sea, using British
Geological Survey recommended terminology (after Stoker et
al. in press a). Subdivision of the Pleistocene is based on the
Dutch stratigraphie classification (Zagwijn 1979).
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be erosional as thin shale rip-up clasts are includ-
ed near the base of the sequence. The top of the
facies is overlain by proximal glaciomarine sedi-
ments although the exact nature of the contact is
unknown.

The sediments consist of brown to olive-grey,
firm, very poorly sorted, dominantly matrix-sup-
ported, gravelly sandy muds with no faunal re-
mains. The grain-size distribution of this unit is
polymodal (Fig. 4, Table 1) and texturally homo-
geneous (within the core). No obvious bedding
structures were noted and pebble orientations
varied from subhorizontal to subvertical. Clast
composition is predominantly Moine/Dalradian

metasediment and meta-igneous, red-purple De-
vonian sandstones and volcanics and grey Pa-
laecozoic or Mesozoic sandstones, of local deriva-
tion. Fifty five percent of the pebbles were ob-
served to be faceted and 20 % displayed stri-
ations, however, only 5% had a distinctive ‘bul-
let-shaped’ appearance.

The textural unfossiliferous
character, high clast content and locally erosive
base suggest, collectively, that these sediments
are of subglacial origin and represent some form
of lodgement till. The sediments were probably
deposited during the final stages of ice-advance
and we suggest that their stratigraphie location

homogeneity,



330 Martyn S. Stoker & Alistair Bent

© ICE SHEET RETREAT

lee margin with engiacial
s upragiacial debris

BOREAS 14 (1985)

Limit of

coarse ice-
rafted detritus

Calved debris -leden icebergs

~~~~~~~~~~ ERODED L —
(not preserved)

© WESTERLY FACIES MIGRATION

Inot to scale

FACIES
Subglacial
Proximal glaciomarine
Distal

glaciomarine

Marine

PRESERVED

SETION SEEN IN BOREHOLES-

PROCESSES OF TRANSPORT
AND DEPOSITION
1—" Subgtacial meltwater streams

Slumping off, and/or melt out from
the ice margin

3—* Bottom processes

4—* Surface sediment plumes

51 Suspension fall-out from surface
sediment plumes, and settling of
sediment carried by.and subsequently
released from icebergs

Fig. 5. Schematic model of facies development in a grounded tidewater ice-sheet environment. For explanation sec text.

ed tidewater ice-sheet (cf. Powell 1984). The
subglacial facies was deposited during the final
stages of ice-advance while the glaciomarine fa-
cies was deposited as the ice-sheet began to melt
and retreat. During ice-retreat meltwater
streams discharging from tunnels beneath the
ice-sheet deposited coarse proximal glaciomarine
sediments immediately of the ice-
grounding line, while the finer material was gen-
erally carried in suspension to greater distances
from the ice-front, although bottom-flowing trac-
tion currents did exist. Calving of icebergs from
the front of the ice-sheet carried entrapped basal
and high-level debris away from the ice-margin

in front

into more distal areas, where it was eventually
dumped due to melting or toppling of the iceberg
and incorporated into the distal muds. Melting at
the ice-front and slumping and/or melt-out of
material may also have resulted in the inclusion
of till-like deposits as discrete sheets or lenses
within the proximal glaciomarine facies.

Overall fining of the sediments with increasing
distance from the ice-front is clearly illustrated by
grain-size analysis of the sand-mud fraction; the
sand content clearly decreases away from the
subglacial and proximal glaciomarine facies to
the distal glaciomarine and marine facies (Fig.
4). A decrease in the gravel content is also appar-
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Fig. 6. Generalised palacogcographic map of early ‘Cromerian Complex' proglacial dcpositional environments at the onset of ice-

sheet retreat. Inset shows the relative locations of the early ‘Cromerian Complex’and late Weichselian icc-margins. Position of late
Weichselian ice-margin after Thomson & Eden (1977) and Stoker et al. (in press a).

ent (Table 1). The lack of ice-rafted sandy and
gravelly detritus within the marine sediments in
borehole 81/34, at a level equivalent to that in
borehole 81/27 (correlated by the palacomagne-
tic boundary) suggests that there was a limit to
the distance that icebergs were able to travel.
This limit may have been due to restrictions im-
posed by sea ice or, as is more common under
temperate tidewater conditions, to rapid melting
of the icebergs (Powell 1984). Continued ice-
sheet retreat led to the westerly migration of the
various facies and the establishment of the over-
lapping facies relationships.

Correlation of the glacigenic
sequence

The location of the Brunhes/Matuyama palaco-
magnetic boundary in borehole 81/27 lies 1 m
below the distal glaciomarine horizon. There is
no evidence of any intervening erosional breaks,
thus the boundary provides us with an effective
stratigraphie marker for correlating the glaci-

genic sequence. As the Lower/Middle Pleisto-
cene boundary is taken at the Brunhes/Ma-
tuyama boundary the sediments would appear to
be of very early Middle Pleistocene age. Zagwijn
et al. (1971) noted a correlation between the
Brunhes/Matuyama boundary and the ‘Glacial
A’ subdivision of the ‘Cromerian’ stage in the
Dutch Quaternary sequence. The close proxim-
ity of the glacigenic sequence to the palacomag-
netic boundary suggests that these sediments
may be correlatable with the ‘Glacial A’ subdivi-
sion, which would imply an early ‘Cromerian
Complex’ age.

Palaecogeographic implications

The spatial distribution of the glacial and glacio-
marine sediments at the onset of ice-sheet retreat
is illustrated in Fig. 6. Deglaciation subsequently
led to a westerly facies migration into the Forth
Approaches which suggests that this area was a
major outlet for glacial ice at this particular time.
Clearly, however, the ice-sheet had a limited
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offshore extent, and the facies distribution be-
yond the ice-front, even at the time of maximum
ice-advance, suggests that:

(1) the ice-sheet responsible for the glacigenic
sequence was restricted to the UK; and,

(2) beyond the ice-margin the central North Sea
was not covered by glacial ice, hence, no Scandi-
navian ice-sheet was involved in the deposition
of these sediments.

Conclusions

A sequence of early Middle Pleistocene glacial
and glaciomarine sediments has been identified
in the west central North Sea,
tentatively dated as early ‘Cromerian Complex’
in age. These sediments represent, at present,

and has been

the earliest indications of glacial climatic condi-
tions in this area. They form an easterly thinning
wedge of sediment, passing laterally and vertical-
ly into marine sediments, and were deposited
from a grounded tidewater ice-sheet of restricted
offshore extent.

The proposed location of the ice-margin is
very similar to that envisaged for the late Weich-
selian ice-sheet (Fig. 6), and supports the grow-
ing belief that Scottish ice-sheets may have been
more localised in their occurrence.
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