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1. INTRODUCTION 

The Pleistooene deposits of south-east Suffolk rest on a bedrock 
surface principally of chalk, which, though irregular, inolines towards 
the south-east. On the eastern side of the Gipping Valley, Lower 
London Tertiaries over]ie the chalk as far north as Barham. The 
succeeding fOBsiliferous Red Crag is now recorded as far north as 
Timworth Green (TLe606fiO), north of Bury St. Edmunds (Clarke et aI, 
1980). Well sorted fine to medium sands, previously considered to be 
part of the Kesgrave Sands and Gravels by Rose and AlIen (1971) are 
now interpreted as marine,regarded as unfossiliferous Red Crag by the 
(e.g. Allender and Hollyer, 1972) and grouped together as Creeting Beds 
(Dixon, 1978). 

The oldest terrestrial deposits are the Kesgrave Sands and Gravels 
and the Ingham Sand and Gravel (Clarke and Auton, 1ge2), periglacial 
braided river deposits. The Kesgrave Sands and Gravels occur at at 
least three distinct altitudes, south of a chalk ridge trending east­
west between Bury St. Edmunds and Wattisfield (TM 010742) (Figure 1) 
and represent a major river flowing south-west to north-east across . 
southern east Anglia, an early Thames (Rose et aI, 1976; Rose and AlIen, 
1977; Hey, 1980). The Ingham Sand and Gravel represents a separate 
major river system in the northern part of the area, possibly confluent 
with the early Thames east of Bury St Edmunds (Hey, 1geO), though 
Clarke and Auton (1982) suggest that the situation is more complex. 

The upper l-2m of the Kesgrave Sands and Gravels are affected by 
complex pedogenic activity (Rose and AlIen, 1971). Ah early phase of 
olay and iron enriohment, development of clay skins and rubification 
indioates temperate pedogenio activity and the formation of the Valley 
Farm Rubified Sol l,essive. This temperate palaeosol is severely 
deformed by ground ice activity and the development of the skeletal 
Barham Arctic Struoture Soil. 

The sucoeeding Angl::i.an glaoigenio suite comprises sub-till 
gravels (Barham Sands and Gravels and Sandy Lane Gravels), tills (the 
Barham and Blakenham Tills) and intra.- and supe:Il-till gravels (Raughley 
Park Gravels) (Rose et aI, 1916, 1978; Rose and A~len, 1977). 

Alternative interpretations of the deposits are put forward. The 
Kesgrave Sands and Gravels are not aocepted as early Thames deposits and 
the clay and iron enriohed layer as a palaeosol by Lake ~t a1 (1977), who 
regard the whole terrestrial sequenoe as part of the glacigenic suite. 
The major till sheet of East Anglia, and by implication its associated 
outwash, is regarded as Wolstonian in age by Bristow and Cox (1973), 
principally on the basis of the relationship of the till sheet to the 
terrace sequences of the area. The Haughley Park Gravels at the type 
site form part of a wide range of evidence used by Straw (1979a,b) to 
define the limits of a Wolstonian ioe advanoe over East Anglia. 

The stratigraphic sequenoe is summarised in Table le 
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Deposits and Soil Environment Stage 
structures Lithostratigraphy 

stratigraphy name 
Formation Member 

8 
Coversand ~ Cold I-' Head (1) 

I-' 
• Chalky sands and Haughley Park Glaciofluvial i 

gravels Gravels 
~ ..... 
p. Flow till Blood Hill Till P-
I-' Lodgement till Lowestoft Blakenham Till Glacial Cl) 

Flow till (non-calc) Till Creeting Till 
'1:f 
I-' Flow till (calc) Barham Till 
CD ..... Chalky sands and Sandy Lane Glaciofluvial m 
ri-gravels Gravels 
0 Anglian 0 
CD Sands and gravels ::s Barham Sands CD Fluvial lag Glaciofluvial and Gravels I-' Unconformity ..... 
ri-
P"' 
0 Loess Barham Loess lJl 
ri-Colluvium Barham Colluvium Ii 
P' Involutions, 

Barham Arctic Periglacial ri-
1-'-sand and ice-

Structure Soil Otl 
Ii wedge casts 
~ Covers and Barham Coversand 
~ 

Rubification, Valley Farm Humid, warm Cromerian § 
Rubified (Pastonian? ) 

p.. clay and iron 
Sol Lessive temperate 

lJl enrichment 
0-

1-'- 1-'-::s I-' Waldringfield Beestonian 
~~ Gravels 

Periglacial HJIi Sands and gravels, Kesgrave Sands Westland Green HJ~ o ri-intraformational and Gravels Gravels I-' ...,-
~Otl ice-wedge casts Baylham Common Pre- • Ii 

P' Gravels Pastonian 'cl 

~ 
Ingham Sand Periglacial I-' Sands and gravels I and Gravel 

VJ 

Estuarine, Prior to Sands, silty-clas- Creeting Beds 
marine Pastonian 
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2. THE FORM 1l.ND EVOLUTIONQE' THE ~CF.JU,K j3URFACE (Cil, MRC) 

Data from water wells, Chalk outcrops and reoently drilled shallow 
boreholes has bee~ used to reveal the nature of the conoealed Chalk 
surfaoe of 500 km of the Norfolk-Suffolk borderlands between Bury 
st Edmunds and Dies (l~25,OOO sheets TIJ 86, 96, TM 07, 17, OP SW/SE and 
H: SW/SE). In g€meral the pre-Pleistooene bedrook surfaoe is formed. 
'by the Upper Chalk, though Middle Chalk has been reoorded in a few deep 
wells near the western margin of the area (HarveY,et al, 1973). 

Some 970 data points have been used to produoe the oomputer 
generated oontour map of the surface of "l:;he Chalk (Figure 2). This 
data has also been used "1:;0 produce isometrio vie"VTS of the Chalk surfaoe. 
Figure 3a shows the surface viewed from the south-west and 3b from the 
north-west. The Chalk is seen to be dissected by a network of over­
deepened buried channels, the -tunnel valleys described by Woodland 
(1970). The channels are thought to have been formed by meltwater, 
under hydrostatio pressure beneath an ioe sheet, whioh exoavated these 
features to a depth of s6ve1.'al htmdred feet below the base of the ice 
and partially infilled them with a thiok sequence of fluvio-glaoial, 
drift. Figures 2 and 3 also show the elevation of the Chalk surfaoe 
south of the Waveney Valley to be generally some 10 to 20m higher than 
to the north, whioh may indicate relatively less glaoial erosion in 
the southern part of the area. The Chalk surface also falls south­
eastl'lards, coinoiding with the basin. of Crag deposition in this area. 

The posi-hion of the 'buried chaJIDsls has olearly influenced the 
post-glacial drainage :pattern of the area since the major :present-day 
water oourses, suoh as the Riv'er Lark, :Black Bourn, Little Ouse and 
River 'I'Iaveney have a similar trend to that of the netWork of buried 
ohannels. In detail, however, Figure 2 shows that the :present-day 
rivers and streams cut across the alignment of the underlying channels. 
The amount of down-cutting associated with the formation of the buried 
ohannel system in this area can be envisaged by examining the elevation 
of the Chalk surface which ranges from +E6.6m O.D. at Tt 81f600, to 
the south-west of Bury St. Edmunds to -44.em O.D. in a well at 
TL 937695 sunk within the margins of the buried ohannel assooiated 
"Vd th the present-day course of the Blaok Bourn. 

There is some oontroversy as to the shape of the buried ohannels 
themselves. This present work suggests that the ohannels are not the 
very narrow, steep-sided features previously proposed by Woodland (1970) 
and Notcutt (197E). This difference in interpretation is due the 
sparsity of data points available to them and to the small scale of the 
maps on whioh oontour plots were made, whioh gave a large vertioal 
exaggeration and a consequent apparent steepening of the ohannel sides. 
Cross-seotions dralm through the ohannels of this area, suoh as li'igures 
4a and 4b, with a ten-fold exaggeration, show the channels to be funnel·­
shaped, at least in their upper part. This point is further emphasised 
when oross-seotions a and b are redrawn at true soale (Figures 40 and 4d)~ 
The shape of the channel edge is conf'irmed by boreholes drilled in the 
peripheral areas whioh oOlltain oonsiderable thioknesses of poorly 
laminated glaoial silts, typical of the fluvio-glacial channel infill, 
but which are largely a.bsent in the glacial sequenoe of' the surrounding 
till plateau. 
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:3. CREETING BJiIDS 

'1'he Creeting :Beds consist of well-sorted fine or medium sands with 
occasional matrix-supported gravel beds. Spencer (1966) considered the 
main distribution of the Beds to lie between Creeting and Hollesley~ 
Dixon (197f) considered the dietrj.bution to be between Stowmarket, 
Wickham Market and Grundisbul'gh. Well records suggest an even wider 
distribution with sub-till sand.s, as opposed to sand and gravel, being 
widespread north and east of the Gipping Valley in an area bounded on 
the south by Levington (TM 22f392) and going at least a.s far north as 
Elmswe11 (TL 990640) and ~~ellis (TM 100746) and as far east as Woodbridge 
(F'igure 5).. The sands occur 'west of the Gipping Valley at Valley Farm, 
Copdock, Great Blakenham and in the Buxhall area and are absent eas·t 
of the valley be·tween Claydon, Creeting and Crowfield. The ~festern 
limit of the Creeting Beds appears to be coincident with Boswel1 8 s 
(1915) antiolinal axis of instability, whioh trends north-west to south­
east, apprOximately along the alignment of the Gipping, suggesting a 
tectonic oontrol to the area of deposition. The area where the sands 
are absent east of the valley coincides with the presence of Chalk 
ridges while the sands west of the va,lley occur in basins. 

The upper surface of the sands varies between 30 and 40m O.D., 
except in the west, between Elmswell and Old Newton and at Great 
Blakenham, where heights up to 50m O.Do are recorded, and in the north­
east,around J~e, where heights below :30m O.D. are common. The main 
control on the thickness of the sands is the irregularity of the bedrock 
floor? with over 80m of sand and Crag being recorded in the Stradbroke 
trough at Wilby (borehole 190/215), contrasting with the area 
immediately to the south-east with less than 2Om. The latter area 
lacks any reoord of underlying shelly Crag and appears to be an 
extension of the Claydon-Creeting-Crowfield area which has no record 
of the sands. 

Where thicker sequences are exposed, as at Great Blakenharn and 
formerly at Creeting St Mary~ the lower parts, up to c12m thick, are 
sand dominated with minor amounts of silty-clay in flaser and lenticular 
bedding, while in the upper parts, up to 3m thick, have more silty-
clay in interlayered silt and sand units o'r in massive sil ty-clay lenses 
up to Im thick. A similar relationship occurs with "the 'Chillesf'ord 
Beds' overlying unfossiliferous Red Crag (e.g. Allender and Hollyer, 1912). 
The particle size charaoteristios do not allow an unequivocal 
interpretation of the da.ta. The best match "Tas found to be "li th beach 
deposits, using Passega's (1957) CM diagrams (Figure 6). The matrix­
supJiorted gravelly units are reasonably explained as fluvial debris 
flows into the 11 ttoral/ shallow water area rather than storm or 
turbidity deposits as the former is not likely to be matrix~supported 
while the shallow ''later depths would not favour the latter. 

Sedimentary structures in the sands consist of channel scours 
filled with gamma cross-lamina,tion, horizo11tal bedding, ta.bular cross-­
sets and occasional trough cross-seta. Silty-olay occurs within the 
sands as seams, either polygona.lly fractured (mud-cracks) or as ourled 
flakes and as flaser a.nd lentioular bedd.ing. Palaeocurrent measurements 
shOvT local concentra"bions of readings but no particular concentrations 
overall. Deformation struotures indicating biogenic disturbance occur, 
but infrequently. 'l'he sedimentary structures of the sands indicate 
deposition in sub-tidal or inter-tidal zones. The desiccation implied 
by the curled mud flakes and mud cracks suggests an inter-tidal rather 
than a sub-tidal environment. The paucity of biogenic structures is 
thought to reflect reduced biological activity, due either to rapid 
sedimentation or, less likely, to Imf temperatures. 
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Massive seams of silt in the upper part of the sands at Great 

Blakenham are seen to pass laterally into lenticular and interlayered 
bedding,.similar to that found at Creeting Si Mary. Oxidised and 
brecciated horizons are found, particularly in the higher parts. The 
sil ty-clay indicates deposition from 'Hater ,d th high concentrations of 
suspended fine sediment in areas of low current or wave activity_ The 
thickness of the accumulation suggests that-such conditions obtained for 
a long time as such material :Ls SlOlT to accumulate. rllhe thickness of 
the silty-clay, the presence of the lenticular bedding and the inter­
bedding with inter-tidal sands suggests that the sil ty-clay :1.s estuarine 
in origin. 

Arboreal pollen obtained from the silty-clay include Pinus, Alnus, 
Betu1~, Quercus, Picea and Tsuga canadensis and shrubs, principally 
Ericacae. The non-arboreal pollen was mainly of Graminae, Cyperacea 
and Filicales. This. spectrum suggests predominant woodland vegetation 
with areas of heath1and of an age earlier than the Pastonian (Ho1yoak, 
pers. comm.). 

Thus the Creeting Beds are established as shallow marine deposits 
of Lower Pleistocene age. Non-shelly shallow marine deposits of similar 
age occur along the Suffolk and Norfolk coasts C(AJest, 1980), in bore­
holes at Ludham (Funnell, 1961; Hest, 1961; Norton 9 1967) and Stradbroke 
(Beck et al, 1972) and in association lrith Norw'ich Crag exposures, 
notably at Bramerton (Funnell et al, 1979). The preliminary state of 
the pollen w'ork a,t Great Blakenham makes it impossible to correlate wi tll 
a specific stage of the Lo':rer Pleistocene or an specif'ic sites and a 
further complication is that although the silts in the uPTler part of the 
sequence at Great Blakenham are interglacial, it does not follow that 
the sands below are also interglacial, as the intercalations of matrix­
supported gravel suggest a periglacial origin. Similar cliiliatic . 
variations are recorded in the sedimentary sequences from the boreholes 
and coastal sections. However, the presence of shallOi'T 
marine deposits of similar age in the coastal sections at or near 
present sea-level implies a relative uplift at (or downwarp from) 
Great Blakenham of c50m. If the Stradbroke trough is of tectonic or~g~n, 
the difference may be as much as 80m. Thus, it is feasible that East 
Anglia was tectonic ally very active in the early Pleistocene. 

Matrix supported 
OIACi1.AM .C M gravel 

CM dbgraru of beaches: A,-l.ake Erie; 13-En5t Florida; 
C-Dara!;uia, Gt:if of ~Icxico. 

o Creeting St Mary 

'X Creeting, Mill Hill 

+ Great Blakenhcuu 

0- fJ.lu ddenham 

• Valley Farm 

Kesgrave 

]'igure 6. Creeting Beds, CM d,iagrams (Passega, 1957) 
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INGHAM SAND .AND GRAVEL (MRO, OAA) 

Iron-stained sand and gravel, rich in 'liver-coloured', well 
rounded Bunter quartzite with a high proportion of vein-quartz pebbles 
have been proved in some lMAU bore holes in the northern part of the 
area surveyed. Sand and gravel of similar composition ••• is also 
exposed in pockets at the base of a small pit (TL 851713) north of the 
village of Ingham (Figure 7). 

The high proportion of well rounded Bunter quartzite pebbles, which 
at some localities is as much as 60% of the pebble-counted fraction, 
serves to distinguish this Bunter-rich gravel from other stratigraphic 
units in the region. 

Bunter-rich gravels are also well known from north-~rest of the 
Uash, in Lincolnshire, where IMAU surveys have shown that the fluvial 
deposits of the proto-Witham contain abundant material derived from 
the Triassic deposits of the Midlands. The mean composition of Bunter­
rich gravel proved in assessment boreholes in the BilUngh8\Y area of 
the Witham valley (Wild, in press), is flint 19%, vein quartz 21%, 
quartZite/sandstone 50%, limestone 7% and others 3%. It is remarkably 
similar to the mean composition of the Bunter-rich gravel exposed in 
Ingham pit ••• ; it would appear therefore, that both deposits hav~ 
material derived from a similar source. Recently it has been suggested 
(Hey, 1980) that quartzite-rich gravels in this area are related to a 
tributary of an early glacial outwash stream 1·rhich laid down the Kesgrave 
Sands and Gravels. However, the data presented here imply that the 
Bunter-rich gravels found in this area represent a separate fluvial 
event from that which led to the formation of the Kesgrave Sands and 
Gravels. 

(From Olarke and Auton, 1982) 

NORWICH+ 

LOCATION-CJ 
OF MAIN 
FIGURE -

CAtBRIDGE IPS~ICH 

9Alngham Pit 

+Ingham 

°70ir---l~ ___ A1AL-......... 

+ Horringer 

Figure 7. 

o km 5 
L- • 

A4 A6 

~=l>====+ SOllt~l Lopharc 

-~~AL 
I-----jl-\-...-;;--- '/'la" -- 080 1'-. 

Elmswell 

+ D Outline of sand 
and nr avel survey 
Cireas 

Ingham Sand and Gravel. 



5. KESGRAVE SANDS AND GRAVELS (Figures 8, 9. 'lle.bles 2,. 3.) 

The Kesgrave Sands and Gravels can be divided on the criteria of 
altitude, lithology and sedimentary structures into 

1-12 

BAYLHAM COMMON GHAVELS 

~TESTL.AND GREEN GRAVELS 

WALDRINGFIE.'LD GRAVELS 

c50m O.D., in the Gipping 

40-44m O.D. Valley 

24-28m O.D. 

The sedimentary structures and lithological composition of the 
formation (Tables 2, 3) are typical of a braided river system, an 
early course of the Thames which flowed across south-eastern East 
Anglia (Rose et aI, 1916; Rose and AlIen, 1911; Hey, 1980) 

Field observations of these gravels can be supplemented by bore­
hole evidence, though it must be stressed that the borehole records do 
not include lithological or bedding information, SO oorrelations must 
be treated with caution. 

a. BAYLHAM COMMON GRAVELS (Figure t,9. Tables 2, 3.) 

The Baylham Common Gravels of Darmsden and Great Blakenham have 
high percentages of gravel, 44- 60% of the units sampled being sandy 
gravel and over 75% of the samples analysed contained claste coarser 
than -3~ (8mm). The sedimentary sequences are dominated by matrix­
supported gravels (Gms facies) with lesser amounts of horizontally 
or planar cross-bedded sands (Sh and Sp facies). Both sites, where the 
sediments are not affec·ted by pedogenesis and ground ice a.ctivi ty, 
accord with the Don.iek type of braided river profile of Mian (1971, 
197f) • The palaeocurrent direction, to the south-east, is unusual for 
the Kesgrave Sands and Gravels, but with only 14 measurements from one 
site, it is possible that the sample does not reflect the direction 
of flow truly. 

'l'he gravels are dominantly composed of flint (up to 66%), most 
of which is angular (up to 43%). Quartz and quartzite are the next 
most important gr'oup (up to 32%), with quartz being more important than 
quartzite. Small amounts of Greensand and Carboniferous chert occur. 
Essentially the gravel suite is composed of durable lithologies, 
typical of the Kesgrave Sands and Gravels. 

Using the criteria of height, the Baylham Common Gravels· are 
distinctive in ·that they occur at al ti tudes up to lOm above the 
Westland Green Gravels. Similar high level gravels occur at 5Om· O.D. 
in the Gipping Valley in wells 201/50 and 51 and at E1msett at 55m 
(207/33 and 39). Tentatively, the gravels can be traced back through 
Boxford at 60m (206/194 and 232 and 223/51) at least to Alphamstone at 
70m (206/226, 223/31 and 2P). _if these gravels are correctly correlated, 
they form a gradient of clm.km • Extrapolation fu:t1ther west at this 
gradient would gi.ve a level of c120m O.D. in eastern Hertfordshire, 
which lies between the height of the Westland Green G-ravels there (116m 
O.D.) and the -400 ft Gravels' (122m O.D.) (Hey, 1965). A correlation 
with the fonmer is proposed on the basis of stone counts (Table 4). 
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b. WESTLAND GREEN GRAVELS (Figures 8, 9. rrables 2, 3.) 

Wi thin the l'les-bland Green Gravels, gravels, though important, 
occupy less than a quarter of the sections and the coarsest clasts 
encountered are mostly -4P (16mm) or smaller. The matrix-supported 
gravels (Gms facies) are less important than the sands whioh are planar 
and trough cross-bedded or horizontally bedded (Sp, st and Sh facies). 
'11he maximum size of the oross-seta is O. 7m. At Valley Farm, a oomplex 
and well-developed sequence of 12 channel scours occur with amplitudes 
up to 2.fm. '[,he channels are filled with sands and gravels bedded 
concentrioally, parallel to the channel sides, indioating deposition 
as planar beds of the upper flow regime. Palaeocurrent measurements 
show flow direotions to the east and north-east (Figure 10). The faoies 
assemblages mostly correspond with Miallvs Donjek type of braided river 
profile. Badwell Ash, having less gravel than the other tll0 sites, has 
a south Saskatchewan type of profile. 

The gravel suite is very similar to that of the Baylham Common 
Gravels, though with slightly more flint (62-751{). Two olasts of' 
Rhaxella ohert oocurred (out of 2619 stones), thought to be derived 
from the underlying Red Crag. The counts are typical of the Kesgrave 
Sands and Gravels, except for one sample from Valley Farm, which had 
2c.2'}~ quartzite (range for rest of Westland Green Gravels, 9.0-16.4:'/0), 
most of whioh were coloured (t·:C11~), whioh again is unusual. A second 
sample from the site proved to be normal. No explanation for the 
aberrant sample is offered. 

south and east of Bury St Edmunds, comparison of exposures with 
boreholo and well sections indicates that these gravels were deposited 
in two distinot channels. The more northerly channel lies bet1tleen the 
BU~J-Wattisfield ridge and a complex of ridges between Barking and 
Little Blakenham. The second channel lies to the south of the latter 
ridge complex. The northern channel can be traced back, using both 
exposures and borehole and well seotions to the Sudbury area. Immediately 
west of Sudbury, the gravels are replaced by till, though the bounding 
ridges can still be identified. The southern course can be traced back 
to Alphamstone. West of Sudbury, the well and borehole records have 
not yet been examined. Hey (19(0) traces the gravels into Hertfordshire, 
correlating them lTi th the Wostland Green Gravels of the northern part 
of the London Basin. East'wards the northern channel can be traoed to 
Mendlesham and the southern channel to Debaoh. East of these points, 
the gravels oannot be separated into different channels. Hey (19f:O) 
traces the gravels to the Norwich area. 

The oocurrenoe of two gravel bodies at different heights, c50m and 
40-44m O.D., in the Gipping Valley, both oorrelated with the Westland 
Green Gravels of the London Basin, is matohed in Buckinghamshire and 
Hertfordshire by McGregor and Green (197E) who find Westland Green 
Gravels with a 10a.al altitudinal range of c35m. In the Gipping Valley, 
the gravels are obviously fluvial, oocur in close proximity and are 
not sufficiently disturbed to suggest that they are not in situ, SO 
they are considered to represent differ~nt phases of deposition and 
thus represent different terrace levels. So far, the 1iestland Green 
Gravels of the London Basin have not been divided. 
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c. W ALDRINGFIEIJD GRAVELS (Ji'igures E<, 9. Tables 2, 3.) 

The 1>{aldringfield Gravels lie south and east of Ipswich, with a 
surface height of 24-2fm O.D. There is significant variation in the 
gravels for at Trimley, near Ji'elixstowe, gravels dominate (6(1/0 of the 
uni ts sampled" comprised sandy-gravel), at Fox-hall Heath they are still 
a si,~ificant fraction (25%), but at Waldringi'ield and Kesgrave they 
are far less important (11% and (1Yv, respectively). This pattern is 
repeated when examining the coarsest clasts. At Trimley, 70'7;' of the 
samples had clasts coarser than ~4P (16mm), at Fox-hall Heath 50%, 
Waldringfield 33% and Kesgrave ~/o. This decline in gravel is comple­
mented by an increase in the sand fraction of the samples rising from 
59 .5~~ at Trimley to 90 .O'j~ at Kesgrave. The particle size characteristics 
correspond to those expected of a braided river system (JI'igure 9). 

Similarly, the sedimentary"structur~correspond to the Donjek and 
South Saskatchewan type of braided river profiles (Miall, 1977, 1978). 
Trimley was dominated by horizontally bedded, coarse, matrix-supported 
gravels (Gms facies). At Foxhall Heath, the Gms facies were important 
but various sandy facies, horizontally bedded, planar and trough cross­
bedded (Sh, Sp, st facies) were of approximately equal importance. At 
llaldringfield and Kesgrave, the exposures were predominantly sandy 
(Sh, St, and Sp facies). The variation in the profiles would normally 
be attributed to downstream lessening energy in the braided river system. 
However, all the sites lie within 10 km and they are disposed transverse 
to the general flow direction. The variation may be explained by 
reference to the bedrock topography. To the west of the sites, an 
arcuate ridge of London Clay overlain by Red Crag trends north-south 
through Rushmere and east-west north of Kesgrave, reaching heights of 
25-30m O.D. (Figure 11). Trimley lies to the south of the ridge, the 
other sites are contained within its arcuate form. The variations noted 
above are readily explained by Trimley being in the main flow path of 
the river while the other sites are protected by the ridge. Rust (1972) 
does describe cross-stratified sand, associated with transverse bars, 
in sheltered ~arts of the Donjek, but in general descriptions of 
lateral variation in braided rivers are lacking. 

Palaeoourrent measurements, as with the Westland Green Gravels, 
show that flow was dominantly to the north-east (Foxhall Heath, i = 066°; 
lialdringfield, i. = 076.50

; Kesgrave, i ::: 018 0
). The more northerly 

mean at Kesgrave may be due to the influence of the containing ridge. 

The clast lithologies of the Waldringf'ield Gravels serve to 
distinguish them from the other members of the l<esgrave Sands and 
Gravels. The Waldringfield Gravels have high percentages of flints, 
the range being 7f:..O-L6.zfo, low proportions of quartz and quartzite 
(less than 2Cf;0) and few exotics (Table :3 ). 'rhe increase in flint is 
brought about by a significant input of angular and sub-angular 
non-Tertiary flint. This input is difficult to explain as the gravels 
lie south of the Chalk outcrop and within the limits of the Teriary 
beds. The angular nature of the flints suggests that cold conditions 
obtained at a later stage than for the deposition of the rest of the 
Kesgrave Sands and Gravels. However, considering the location of the 
gravels, perigla.cial conditions should give an input of angular Tertiary 
flint. A glacial input could s«Jlectively introduce angular non­
Tertiary flint, but would also introduce exotics, "but these, in fact, 
show a red.uction. 

The proportion of colourless quartz! tes is much 10"l"1er in the 
'rla1dringfie1d Gravels (maximum 31%). Hey (19(0) suggests that the lack 
of colour m~ be due to post-depositional weathering. This view 
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is confirmed by the counts from Waldringfield 1-There a near-surface 
sample had 4f'iu of its quartzites colourless, but a deeper sample had 
only 121~ colourless. This suggests that the 1'ialdringfield Gravels are 
significan-t1y younger than the \Test of the Kesgrave Sands and Gravels .. 

Well and bore hole records show that the gravels can be traced at 
least as far east as rPunstall Forest. Hey (19tO) records the gravels 
running parallel with the coast into Norfolk. At Covehithe, the gravels 
are recorded in cliff sections (Hey, 1967), indicating that they 
formerly extended further east but have been destroyed by marine erosion. 
The stone count from Covehithe shoWS the flints in the northern part 
of the county to be far more rounded than in the Ipswich area, probably 
due to the incorporation of material from the underlying Westleton Beds. 
1rlestwards of Ipswich, the bedrock surface contours (Hollyer, 1974) 
show that tUe river depositing the Waldringfield gravels can have 
occupied only the south-easteI~ part of the Orwell-Stour interfluve, 
with its north bank trending north-east to south-west through the 
fJ.1attingstone-Bentley area. Hey (19EO) traces the gravels running 
parallel with the Westlnnd Green Gravels at least to the Ongar area. 

Correlation with the gravels of the London l~asin is difficult as 
the published pebble counts of the gravels lower than the Westland Green 
~reen Gravels there relate to the 11.2-16.0 mm size range (Green and 
McGregor, 19'7E). However, for this smaller fraction, the Higher Gravel 
Train does have more flint (55 .0-E'2 .5~:) than the 1{estland Green Gravels 
41.5-52.2%) and the flint is more angular (0.30-0.40 compared with 
0.41-0.44) (Green and McOragor, 1970. The Lower Gravel Train shows a 
reduction in the amount of flint (37.7-74.3:Y:,) but a wide range of 
angularity values (0.31-0.46). On the basis of the quantity of the flint 
component, a correlation with the Higher Gravel fJ.'rain is suggested. 
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d. CHRONOLOGY 

The Kesgrave Sands and Gravels cannot be dated per se but they can 
be located relative to other deposits that have been biostratigraphical1y 
dated. The sands and gravels underlie the temperate Valley Farm 
Sol Lesl1]ve whioh is Cromerian in age,at -the youngest, for it in turn 
is over1ain by till which can be dated as .A.nglian on the biostratigraphic 
evidence of its confining deposits. 'I'he sands and gravels overlie the 
1>Iestleton Beds which were regarded as Pastonian in age (rrurner, 1973) but 
which are now regarded as )3ramertonian (Funne11 et aI, 1979). Whilst 
the Hest1eton Beds were regarded as Pastonian, the Kesgrave Sands and 
Gravels 1ofere, logically, assigned to the Beestonian (Rose and AlIen, 
1977), but with the revision of the dating, a wider time span is 
available. 

A difficulty of dating the Kesgrave Sands and Gravels as Beestonian 
was that gravels of that age in north Norfolk, at the type-site and at 
West Runton, have a consid~rab1y higher flint content (91-921» and less 
quartz and quartzite (7-91b) (Hey, 19£:0). Within the Weybourne Crag 
at Beeston and Sidestrand, a marine conglomerate, formerly regarded as 
Baventiall'in age (Hey, 1976) and now redesignated Pre-Pastonian Cl-lest, 
1geO), provides a better correlation for the Westland Green Gravels 
(Hey, 19('0), with 74-77% flint and 14-25% quartz and quartzite. The 
differences between the conglomerate and the West land Green Gravels 
values are probably due to the inoorporation of flint from the Chalk 
and from the underlying Baventian gravels, increasing the flint and 
depressing the quartz and quartzite fraotions. 

lJ.'he Waldringf'ield Gravels, "being a lower fluvial sequenoe, are 
considered to be younger than the Westland Green Gravels. Hey (19fO) 
suggests a correlation with the Beestonian of north Norfolk. Sucb a 
correlation with the Beeetonian of Beeston and West Runton is feasible, 
entailing only a slight inorease in the flint oontent (to 91-921<',) 
and decrease in the quartz and quartzite values (to 7--9%) (Hey, 1976), 
as with the Westland Green Gravels. However, the Beestonian gravels 
of Side&trand and Mundesley have lower flint values (50-6310) and more 
quartz and quartzite (33-49~b). 

The Baylham Common Gravels, being higher, are regarded as older than 
the Westland Green Gravels, but it is unlikely that they can be Baventian 
as stone oounts from the type site ahd from Bramerton Common (Hey, 
1976) have high flint (90%.,) and low quartz and quartzite (5-1~j,) values. 
On 1ithologioal oomposition, a Pr€-Pastonian dating is more aoceptab1e. 



6. VALLEY FARM RUBIFIED SOL LESSIVE 

At Badwell Ash, Barham, Great Blakenham, Kesgrave, Great 
Blakenham, Kesgrave, Valley Farm and Waldringfield Heath, the matrix 
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of the uppermost O.6m of the Kesgrave Sands and Gravels is reddened and 
iron and olay enriched. The colours of the matrix are 7.5YR 5/4 and 
redder and, except at Waldringfield, have a hue at least 2.5 redder than 
the reddest part of the lower part of the deposit~ 

The colours of the reddened horizon are accepted as rubified (hue 
of soil matrix redder than lOYR with a ohroma of 4 or more; Avery, 
1973). The rubification of the uppermost O.6m of the Kesgrave Sands and 
Gravels indicates a conoentration of iron in goethitic or haematitic 
form (Schwertmann and Tay1or, 1977). Iron is at least 7.9 times more 
abundant in this layer. 

The clay content of the horizon is at least 3.2 times greater than 
for the lower parts of the Kesgrave Sands and Gravels and for Barham 
the clay enrichment can be shown to be independent of mean particle 
size. The abundance of clay is also expressed by the presence of smooth 
clay skins (cutans) on. the pebbles within the layer. The cutans occur 
both superposed on the stones and totally envelo~ing them. 

These properties and their concentration in the uPJleI'IDOst part of 
the Kesgrave Sands and Gravels is characteristic of a soil (Richmond, 1959). 
rr'he iron and clay enrichment and the cutans are typical of an il1uvial 
horizon created by downward translocation of clay and free iron in a 
humid environment (Lamouroux, 1972). Although iron can be mobile in 
cold environments (Gravis and Lisun, 1973), in its haematitic form it 
'appears to be absent in soils recently formed under a humid temperate 
climate such as in northern and mid-Fillrope and the northern part of the 
American continent I (Schwertmann and 'l'ay1or, 1977). As haematite is an 
anhydrous form of iron, its presenoe suggests that tbe iron may ha.ve 
crystallised out in an environment in which evaporation exceeded 
precipitation at least for part of the year, a situation more likely 
to occur in climates warmer or more continental than prevailing in 
Britain to-day. Rubification is also associated with older deposits 
(Gerasimov, 1971). This implies that if goethi te is present in a 
deposi t in its original form, it alters to haematite with time. rrhis 
would still involve desiccation for the iron to change to its anhydrous 
form. However, as the pa1aeosol is thought to have been sealed beneath 
till at a relatively early stage at many si tee, the opportunities for 
desicca tion are considered to have been limited. Furthe'X', at 
Waldringiield, where the palaeosol has always been a ground-surface or 
near-surface feature, Iubification has been subdued rather than 
enhanced. 

The total assemblage of soil properties is attributed to pedogenic 
activity operating over a long period of time (Birkeland, 1974) in a. 
humid, warm , temperate climatic regime. The colour and clay enrichment 
of the illuvial horizon can be described as a rubified sol lessive 
(Aubert, 1965) or a rubified palaeo-argillite (Avery, 1913). 

The age of the palaeosol can be determined only by its stratigraphic 
relationship to other deposits. From the arguments put fo~~ard for the 
l<esgrave Sands and Gravels, the palaeosol on the Waldringfield Gravels 
must be Cromerian in age, but that on the Westland Green Gravels could 
have been fOI'IDed either in the Pastonian or the Cromerian. As the 
palaeosol is relatively fragile, the younger age is favoured. 



7 • BARHAM COVERSAND .AND J3ARHAM LOESS 

a. J3ARHAM COVERS.AND (Table 5) 

The J3arham Coversand is recognised on the basis of its sediment­
ary characteristics and its stratigraphic position d.bove the Valley 
Farm Rubified Sol Lessive, though it shares a history of deformation 
wj,th the temperate palaeosol and is found only in· sand ,.redges and in 
the cores of the involutions of the Barham Arctic Structure Soil. 
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In the Gipping Valley, the coversa.nd shows primary sedimentary 
structures only in the sand 1-ledges at Great Blakenham. These structures 
comprise bedding sub-parallel to the '-Talls of the vredges and so is 
sub-vertical except where the irregular shape of the wedges causes 
rounded patterns. More fre~uently, the sand is found in a disturbed 
state, lacking bedding, in the cores of involutions. 

Particle size analyses show the covers and to have a mean grain 
size of 1.93-2.30p and to be moderately to poorly sorted (O.90-L39P). 
Although the sorting is not good, the deposit is interpreted as a 
coversand because it compares well with examples of coversand from the 
l~etherlands (Maarleveld, 1960) (Figure 11). The median grain size is in 
the range expected of aeolian sands as summarised by Kukal (1970). Also 
occasional flint pebbles, the broken faces of .rhich are polished, ocour 
within the sands. The moderate to poor sorting of the sands is considered 
to be a function of the wide size range of sand clasts available for 
aeolian transport from the underlying Kesgrave Sands and Gravels and of 
a limited amount of transport. 

Also in keeping with an aeolian origin, the sands are found at 
varying altitudes. Within south-east Suffolk, the sands occur at 
53m O.ll. at Great Blakenham 9 41m at 13arham and Valley Farm and 2Em at 
Ipswich Airport, reflecting the terrace surfaces of the Kesgrave Sands 
and Gravels. The coversand has a wide regiona.l distribution and is 
found as far west as Widdington (above 95m O.D.), as far south as 
Chelmsford, at Nevmey Green (5f'm) and Great Wal tham (50m) and as fe,r 
north as Denham, near Bury St Edmunds, (90m). This vddespread 
occurrence of the coversand shows that it has regional significance 
and its wide altitudinal range, coinciding with the terraces of the 
Kesgrave Sands and Gravels, shows that those terraces were still a 
major sub-aerial morphological feature in the early .AJ:lglian. 

The mineralogy of the coversand contrasts with that ot' the Kesrave 
Sands and Gravels. The latter is characterised by a resio.ual assemblage 
dominated by tourmaline and zircon 5 ,·rhile the coversand includes a 
wider range of heavy minerals, including apatite, chlorite and collophane, 
which are easily weathered (Catt, in Rose et a1, 1978). The input of 
ne1-T minerals can be matched in large part from the LOi'restoft Till 1-Thich 
is relatively rich in epidotes, garnet and amphiboles (Perrin et al, 1979). 

Thus the coversand indicates an important early Anglian dry 
perig1ac:1.al phase. The sand 'wedges suggest that pr-ecipi tation might 
have been less than 100mm per year (Frenoh, 1976). 

Ji'igure 11. 13arham and Netherlands coversands compared. 



b. BARHAM LOESS (Table 5) 
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The Barham Loess is a calcareous silt found as a loess in the 
Gipping Valley only at Barham. Other calcareous silts occur within the 
Sandy Lane Gravels at Great Blakenham. The silt at Barham is character­
ised by having 5% sand, E5~ silt and 10% clay (mean of 3 samples). The 
well-sorted nature of t:'le silt, with a mode bet'W'een 20 and 25 microns, 
is compatible with aeolian transport (Kukal, 1970) and within the sand 
fraction are fine carbonate tubules which are characteristic of many 
loess deposits (Catt, pers. comm.). Mostly the loess appears massive, 
but in places planar bedding and climbing ripples occur, indicating that 
the silt has been revTOrked by running 1rater. 

The heavy mineral assemblage, analysed byDr J.A. Catt, contrasts 
with that of the Barham Coversand in that it is richer in epidote, 
chlorite, 'biotite, yellow rutile and anatase and relatively deficient 
in zoisite, zircon, tourmaline, garnet, brown rutile and apatite. The 
heavy mineral assemblage compares very well with calcareous silts from 
wi thin the Sandy Lane Gravels, i'Ti th the exceptions of being relatively 
deficient in chlorite and tourmaline and rich in garnet and brookite. 
The Sandy Lane Gravels, and its included silt, are argued to be 
genetically related to the Lowestoft Till. Thus, in turn, the loess is 
linked 'I'd th the advance of ice into East Anglia during the Anglian. 

At Barham, the loess and the coversand are not found in superposition, 
but the loess appears to be in a stratigraphically higher position as 
the coversand is found only in a disturbed state in the cores of 
involutions, while the loess is largely undisturbed, still showing 
primary sedimentary structures and lies on a surface cut through the 
involuted horizon of the Kesgrave Sands and Gravels. However, at 
Edwardstone, near Sudbury, the coversand does occur in superposition 
above the loess. If the loess post-dates the coversand, as is suggested 
at Barham, then it is likely to be only of local significance. However, 
if the loess pre-dates the coversand, it is possible that it has a 
region~,l significance, representing distal aeoUan deposition, while 
the coversand, being of larger clasts, may be ice proximal. The wider 
range of heavy minerals in the coversand would support such a 
proposition. 
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Barham (1) Barham Sandy Lane 
Coversand Loese Gravels -

(Newney 
Green) 

(Barham) silt 

( Great 
Blakenham) 

n == 910 n == 5P2 n .. 931 

Epidote 21.5 35.4 27.6 

Zoisite 3.1 1.2 0.5 

Zircon 26.3 20.6 15.7 

Tourmaline 7.9 0.9 6 .. 0 

Chlorite 5.5 9.5 19.5 

Biotite 0.7 2.2 1.9 

Green Hornblende 1.7 2.2 1·5 

Brown Hornblende 0.0 0.0 0 .. 0 

Tremoli tel 1.0 0.0 1.1 
Actinolite 

Garnet 11.5 6.9 2.6 

Yellow Rutile E.O 11.5 13.2 

Brown Rutile 3.2 0.0 O.e 
Red Rutile 0.2 0.0 0.1 

Anatase 1.2 6.9 6.f 

Brookite 0.3 2.1 0.2 

Staurolite 1.4 0.0 0.3 

Kyanite 1.5 0.0 0.3 

Augite 0.0 0.0 0.0 

Apatite 2.0 0.1 0.1 

Collophane 2.0 0.5 1.7 

Brown Spinel O.e. 0.0 0.0 

Andalusite 0.2 0.0 0.0 

Size range 16-63 microns Analysed by Dr J.A. Catt. 

Table 5. Silt mineralogy, Barham Coversand and Loese, 

Sandy I,ane Gravels. 
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8. BARRAN ARCTIC STRUCTURE SOIL 

The Valley Farm Rubified Sol Lessive is disturbed by involutions 
at many sites, at Barham by an ice-wedge c,ast and. at Great Blakenham 
by sand wedges. These periglacial disturbanoes brought about a 
reorganisation of the pedogenic features of the temperate palaeosol, 
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e.g. the smooth faces of the cutane may be indicative of stress (Hodgson, 
1974), such as could be brought about by the build up of ground ice. 
This reorganisation is considered to have oreated a skeletal arctic 
structure soil (Muckenhausen, 1963), the Barhrun Arotic Structure Soi1e 

The patterns formed by the involutions varied from being ver,r 
irregular and with struotures similar to those expeoted of loading to 
being more regular and approximating to the U-shapea deoribed by 
Hatson (1965). With the involutions at Badwell Ash, the clay-rich 
gravelly sand of the temperate palaeosol has retained its integrity to 
the extent that it oould be traoed, discontinuously, across 12m of 
exposure, though it is Inuch disturbed and very irregular. 
The upper O.5m of the disturbed horizon is arranged into a series of 
lobes varyin~ from being U-shaped with gravel cores to highly 
irregular with cores of sand from the underlying Kesgrave Sands and 
Gravels. BelO1·r this level the sand laoks bedding and occurs as upward 
rounded or shar~-crested prOjections, or in totally enclosed pockets, 
while the palaeosol projects downwards to form ball and pillow structures. 
'l'he disturbed horizon has a well-defined lower limit, arranged in a 
series of lobes. ffhe lack of bedding9 the disruption of the gra.vel, 
the sharply crested antiforms and the ball and pillow structures suggest 
that the Kesgrave Sands and Gravels liquefacted and that the palaeo-
sol foundered irregularly into it, forming ball and pillow structures. 
The downward movements were compensated by upward movements creating 
the sharp-crested antiforms, disrupting the pa1.aeosol and forming the 
sand pockets and irregular surfaoe lobes. Al though the ind:i.vidual 
elements of the pattern at Bad'l'l'ell Ash can be desoribed in terms of 
load:i.ng and liquefaotion, the whole pattern is oonsidered to be one of 
involutions created by ground-ioe activity. The structures are confined 
to one horizon, disturbing and therefore post-dating the temperate 
palaeosol. The assooiation with the palaeosol indicates that the 
struotures VTere formed at or near the ground surfao.e. The pressures 
required to induce movement of gravel would normally rquire a heavy 
overburden, but the indioations are that suoh overburden was not 
available. It is argued that differential melting of ground-ioe, 
partioularly beneath the palaeosol, could build up unusually high 
pore water pressures, liquef'ao"ting the Kesgrave Sands and Gravels and 
requiring only the weigh·t of the palaeosol to induce movement. 

In contrast, at the other sites where involutions are present, at 
Barham, Valley Fal~, Kesgrave, Waldringfield and Foxhall Heath, the 
structures are typioally U;"shaped' and dj.minish "'Id th depth rather than 
having a well-defined base as at Badwell Ash. At, Ba,rham, whioh is 
typical of the sites listed above, the involutions are not uniform in 
spaoing or dimensions, though they occur wi.th a mean spacing of 1. 6m 
(+/- O.tom at Hr range). Irhe involutions with gravel oores are mostly 
wider and deeper (average width O.9fm, depth O.53m, n "" 10) and more 
frequent (less than 1.0m apart) than those with sand oores (average 
width O.58m, depth O.35m, n "" 32) which are 1.5-3.0m apart. The 
in"l101utions are round-bottomed and separated "by sharp-crested antiforms 
which often penetrate through the palaeosols layer. :Beneath the 
involuted layer, the Kesgrave Sands and Gravels laok prima~J sedimentary 
structures, indicating liquefaction. Clays inject downwards to form 
ball and pillow structures and, to a lesser extent, upwards, showing 
mOre ty])ical load structures. Gravels lack their original horizontal 
bedding. 
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Again it is suggested that the structures are largely a response 

to loading stresses and liquefaotion. The main body of the Kesgrave 
Sands and Gravels obviously experienoed high pore water pressures and 
liquefacted. providing an incompetent base for the palaeoaol. The 
heavier material sank to form U-shaped lobes while the underlying sand 
injected upwards to form sharp-crested antiforms. It is notable that 
where the density gradient is greater, the involutions are better 
developed, i.e. the gravel oored involutions are wider, deeper and more 
closely spaced. As at Badwell Ash, it is considered that the st~ctures 
are involutions rather than simple load and liquefaction struotures. 
They are best developed immediately beneath the unoonformity marking the 
upper surface of the Kesgrave Sands and Gravels, disturb the temperate 
palaeosol and contain Barham Coversand in some of tbe oores, indioating 
that they formed in association with a ground surfaoe. The struotures 
involve the upward movement of gravel, whioh would require stresses 
greater than one would expeot to develop under the limited, O.5m, of 
overburden aotually present. 

One ice-wedge oast, at Barham, was found in assooiation with the 
Barham Arctio Structure Soil. This wedge was not fully exposed, but 
had a vertioal extent of at least 7.5m and a maximum width of 2.5m. The 
isolated nature of the wedge indioates that it does not form part of a 
properly integrated system of patterned ground. 

Three sand wedges were observed, at Great Blakenham, penetrating 
2.0-2.25m into the Kesgrave Sands and Gravels and in one case through 
into the Creeting Beds beneath. Two of the wedges were less than O.5m 
wide, the third was 1.5m wide, possibly due to an oblique seotion being 
viewed. In vertical section, the wedges were relatively unifo~ly 
wide, rather than tapering, and in one case, the basal area widened to 
over 1.5m. Bedding of the oontained ooversand was parallel to the 
wedge walls and so was sub-vertioal, exoept in the basal area of the 
last example, where it varied to aocommodate the wider seotion. The 
infill of aeolian sand implies dry oonditions, with a laok of moisture 
to fill the open craoks with ice and a laok of snow whioh, if it 
filled the crack, would also exclude aeolian sand. Suoh oonditions 
are best matched in oold arid regions with less than lOOmm of 
precipitation a year (French, 1976). It is also reoognised that Band 
can be wind-blown and aocumulate in open fissures in suitably dry 
topographic situations, such as exposed, unvegetated sand and gravel 
bars, in humid environments. However, the dimensions of the sand wedges 
and their implied longeVity do not favour their being formed in suoh 
temporary situations. 



BARHAM SANDS AND aRAVELS (Figure 12. Tables 2, 6) 

At Badwell Ash, Barham, Valley Farm and Kesgrave, the palaeosols 
are overlain unconformably by sand and gravel. At the base of the 
sequence there is often a concentration of pebbles, considered to 
represent a fluvial lag deposit, formed during the truncation of the 
upper part of the Kesgrave Sands and Gravels. Usually the lag is only 
cne or two pebbles thick, whioh is what would be expected from the 
limited amount or erosion indicated by the survival of the Hluvial 
palaeosol horizon and the involutions. 
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Above the lag are poorly sorted gravelly sands and moderately well 
sorted sand. Sedimentary structures consist predominantly of planar 
beds and small scale tabular and trough cross-sets (Sh, Sp and st facies) 
and the assemblage corresponds the Miall's (1977,l91f) Donjek type of 
profile. Channels are small and infrequent, the largest cutting through 
the palaeosols layer at Barham. Cross-sets suggest flow to the south­
east at Badwell Ash and Barham and to the east at Kesgrave. The 
sedimentary characteristics indicate deposition in the form of dunes 
and plane beds in a shallow braided river system. 

The Barham Sands and Gravels are dominantly of flint (62.1-b1.71~) 
mostly non-Tertiary and angular or sub-angular. Quartz and quartzite 
oomprise between 14.7 and 31.9% of the gravels, the t'wo being of 
approximately equal importanoe. The proportion of oolourless quartzites 
varied from 20 to 55~. Within the cherts, Greensand varieties aocount 
for less than 1% and Carboniferous for between 0.2 and 3.3"',. Rhaxella 
cb,ert is present at all looali ties, exoept Badwell Ash, though in small 
quantities (0.2-0.E~). A variety of non-durable lithologies oocur, 
Chalk, limestone, ironstone and friable sandstone, oomprising up to 
9.8% of the total. 

Overall, the Barham Sands and Gravels are similar in composition 
to the Kesgrave Sands and Gravels, suggesting that the former is largely 
derived from the latter. However, in detail, signifioan't differenoes 
are noted. The Barham Sands and Gravels have an input of angular, 
non-Teriary flint, Rhaxella ohert and sedimentary non-durable clasts and 
a deficienoy of quartz and quartzite and Greensand chart compared with 
the Baylham Common Gravels and Westland Green Gravels. This input can 
be matched from the Lowestoft Till and establishes the Barham Sands and 
Gravels as distal outwash of the Anglian ice-sheet. 
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10. SANDY LANE GRAVELS (Tables 2, 6) 

At Tostock, Great B1akenham, Barham and Valley Farm, chalk­
rich gravels sands and silts occur beneath till. The gravels occur in 
lenses and lack discernible bedd.ing. '.Phe sands appeared massive except 
at 'rostook where they were croas-bedded" dipping to the south-west. The 
silts are massive. The bedded nature of the sequence and the range of 
sediments present indicates deposition in a variable energy flUVial 
regime '0 

The gravels are of 'V~riable composition (rl1a"ble 2), and oharacter­
ised 'by chalk, including Red Chalk (1.4-51.00,k) and flint (41.0-f:2. 4%), 
mostly angular and sub-angular and non-Tertiary (39.0-66.3%), with 
quartz and quartzite (2.9-24.3%) and lesser amounts of friable sandstone~ 
ironstone, fossil fragments (particularly belemnitea and gryphea), limestone, 
igneous clasts. This suite is comparable 1'11 th the Barham Sands and 
Gravels in terms of the lithologies represented, but differs in that 
non-durable claate are far more highly represented (5.7-54.2%), 
particularly chalk. As with the Barham Sands and Gravels, it is argued 
that the Sandy Lane Gravels were deposited as outwash genetioally linked 
with the Lowestoft Till. The high percentage of non-durable clasts 
indicate a very short distance of transport, partioularly as the gravels 
represe:nt high energy flow. Thus the sequence is regarded as an 108-

proximal one. 

The heavy minerals of the ail t ('I'able 5 ), analysed. by Dr J .A. Catt, 
show a suite that could not have been derived from the Kesgrave Sands 
and Gravels, but does bear affinities to those derived from the 
Lowestoft 'fill (Perrin ~t aI, 1979). Thus the link with the tUl is 
support.ed. 

At Great Blakenham, the sequenoe oocurs in channels and is overlain 
by till. The channels are cut into the Chalk surfaoe to depths of l2m, 
so deposition is likely to have been sub-glacial. At the other locations, 
there is nothing to indicate depomition other than sub-aerially in .a. 
pro-glacial environment. 
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11. TILL 

The till of Suffolk has long been subject to debate. Recent work 
(Perrin et aI, 1979) suggests that there is a major till sheet, the 
IJowestoft Till, of Anglian age, in the county. This view is ohallenged 
by Straw who considers that Wolstonian ioe advanced into the northern 
part of the county. 

LOWESTOFT TILL 

The I,owestoft '11ill has been studied on a regional basis by Perrin 
et a1 (1979) who establish that there is a single major till in Suffolk, 
deposited by ice entering East Anglia through the Wash and crossing the 
county from north-west to south-east. This pattern is confirmed by 
local studies in Suffolk, though variants are noted. The major till 
member is a lodgement till, the Blakenham Till. This is often under­
lain by a flow till which may be calcareous (the Barham Till) or 
non-calcareous (the Creeting Till). A further flow till, the Blood Hill 
Till, is stratigraphically higher than the Blakenham Till and is 
associated with ioe wastage. The tills are associated, and may be 
interbedded, with calcareous gravels, the Sandy Lane and Haughley Park 
Gravels. 

Summary 3 Blood Hill Till Flow till, 

2 Blakenham Till Lodgement till 

Ib Creeting '11ill Flow till, non-
calcareous 

la Barham Till Flow til1, oalcareous 

i. Barham Till Member 

The Barham Till is a banded till lying beneath a massive till, 
the Blakenham Till, at Barham and Great Blakenham. At Valley Farm 
only the Barham Till occurs. The banded till is chalky, yellowish­
brown (lOYR5/6 - lOYR6/4) and made up of units up to O.3m thick, of 
slightly different colours. At Barham, the bands are interoalated with 
sand. The banded nature of the till and its intercalation with sand 
suggests that it is flow till. At" each site, the statistioally 
signifioant (at the 95% level or better) trends of the macrofabrios 
are north-west to south-east, suggesting flows forward from the 
advanoing ice sheet whioh is known to have approaohed from the north­
west (Perrin et aI, 1979). 

i1. Creeting rPill Member 

At Badwell Ash and Creeting st Mary orudely bedded brown and 
brownish-yellow (7 .5YR5/ 6 - lOYR6/6) tills oocur beneath chalk-rich 
gravels which in turn are overlain by the Blakenham Till. In 
contrast with the Barham Till, the Creeting Till is non-calcareoUB ~nd 
has thicker units, up to O.5m. At Badwell Ash, there are two flow 
tills, the lower having a silty matrix and the majorj.ty of its stones 
dipping to the north, while the up:rer is clayey and has dips to the 
south. At Creeting,the till is sandy and the majority of stones dip 
to the west. Only flint pebbles have been found in the tills. The 
lack of chalk is difficult to explain, particularly beoause of the 
'adjacent chalk-bearing gravels, which at Badwell Ash lie between the 
"tvro tills. The nearest non-calcareous tills are the First and Third 
Cromer Tills of Yorfolk, but these are characterised by Scandinavian 



erratics and low percentages of flint. As the tills overlie Barham 
Sands and Gravels and are associated with chalky Sandy Lane Gravels 
at both sites, correlation with the Lowestoft Till is proposed. 

iil. Blakenham Till Member 
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The Blakenham Till is a chalky, predominantly very dark grey 
(5YR3/l) till identified as a lodgement till on the basis of its massive 
nature and the frequent occurrence of macrofabric vector trends in 
keeping with the direction of regional ice movement. The macrofabrics 
are of variable strength and most of those with vector magnitudes 
significant at the 95% level or higher are in acoord with or at right­
angles to the direction of regional ice movement. Similar trends 
could often be detected in those macrofabrics which did not reach the 
95% level. 

In the uppermost 2m, with no detectable sedimentological break, 
the colours of the till are mostly lighter (5Y5/1 - 5Y6/1, grey) or 
brovrner (2 .5Y4/2 - lOYR5/6, dark yellowish brown to yellowish brown). 
The brown variants correspond to descriptions of the Gipping Till. 
However, this till and the underlying Blakenham Till show similar 
macrofabric patterns suggesting that the two were deposited in similar 
circumstances. In places, the 'Gipping' till is deficient in gravel 
and rich in silt or sand, which may assist weathering and encourage 
the browner colours, but this characteristic is not always present. 

iVe Blood Hill Till Member 

At Little Blakenham (Blood Hill) a chalky, banded till occurs 
overlying chalky Haughley Park Gravels which in turn overlie Blakenham 
Till. The banded till, The Blood Hill Till, has a variable light 
olive brown matrix (2.5Y5/4 - lOYR5/6), the colour variations 
showing the banding. Four maorofabric analyses carried out were 
significant at the 99% level or better, showing a. north-east to south­
vTest trend. This till is interpreted as a flow till on the basis of its 
banding and anomalous vector trend. Its high stratigraphic position 
and association with outwash gravels suggests that the till is associated 
with decay of the ice sheet. 
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12· HAUGHLEY PARK GRAVELS (Figure 13, Tables 2, 6) 

I,ying above the till at Haughley Park, Woolpi t and Great and 
l,i ttle Blakenham are gravels associated with ioe wastage. At all the 
sites, ooarse, poorly sorted, matrix-supported gravels (Gms faoies) 
dominate, but at Haughley Park and Little Blakenham, planar and trough 
cross-bedded sands (Sp and St facies) ooourred in suffioient quantity 
to establish that the direotion of flow was east and south respeotively, 
i.e. in aooord with the present Gipping drainage system. The facies 

assemblage oorresponds with Miall's (l971,191f) Scott type of profile at 
at Haughley Park and Woolpit and the Donjek type at Little Blakenhamo 

The oomposition of the gravels is very similar to the San~ 
Lane Gravels (Table 3). Chalk, including Red Chalk (11.3 -11.5%, 
except where deoalcified) and flint (19.1-[9 .. 6%), mostly non-Tertiary 
and angular (18.9-«[.7%> dominate. Quartz and quartzite comprise 1.1-
9 .(J}~ of the total, with lesser amounts of friable sandstone, ironstone, 
limestone, fossil fragments and igneous and metamorphio clasts. 
Rhaxella chert is oonsistently present (up to 1.51~). Again a genetio 
link with the Lowestoft Till is proposed. At Little Blakenham, the 
Blood Hill Till member of the Lowestoft Till oocurs within the sand and 
gravel oomp1ex. The ooarse texture of the gravels and their high 
non-durable oontent (up to 71.4%) indj.oate that they are ioe-proximal 
outwash gravels. rrheir stratigraphio position, immediately above the 
Blakenham Till,indicates an association with ice wastage, in oontrast 
wi th the ioe advanoe environment of the Sandy llane Gravel. 
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13. THE WOLSTONIAN GLACIATION IN EAS'l1 ANGLIA (AS) 

'Yha reasons for supporting a Wolstonian ice advance over central and west 
Norxolk and the Brecklands depend on considerable fieldwork in Norfolk, Lincoln­
shire and the East Midlands, and on much thought about drift composition, drainage 
pattern evolution and stratigraphic relations of interglacial deposits over the 
whole of eastern England (Straw, 1979a, 1979b), 

The postulated limit of Wolstonian glaciation in East Anglia is a generalized 
line, and as published it should not be regarded as precise in location. Rather, 
it approximates to a marginal zone within which the real limit is deemed to lie. 
Various reasons have prevented me from making a detailed field survey over the 
past seven years, but the limit is a serious proposal put forward for testing. 

Discussion is under four headings: 

1. Regional considerations bearing on a limit within East Anglia 
2. Observations in Norfolk where the limit is fairly closely defined 
3. Extrapolation of the limit SW of Diss 
4. Difficulties of establishing the precise location 

1. Regional considerations (Dates refer to publications by the writ~where 
points are developed more fully) 

i) The older Lincolnshire tills comprise one stratigraphic unit deposited 
by ice moving generally from the north, and are continuous with the 
chalky tills of Leicestershire, Northamptonshire, Bedfordshire and 
Bucldnghamshire (1969). Along the eastern Lincolnshire Wolds and in 
the Ancholme valley they are separated from Devensian tills by a single 
phase of valley development, and are in contact only at Welton-le-Wold 
(1976). At Welton mammal remains including !quus and several Acheulian 
artefacts have been recovered from beneath the Welton and Calcethorpe 
Tills, At Tattershall, Bardney and Wing the tills are overlain directly 
by Ipswichian deposits. NW of Louth, the Calcethorpe Till caps bluffs 
of the old marine cliff, and in the S.Wolds, this cliff (Ipswichian 
deposits at Sewerby) actually cuts across the Till at Revesby. 

it) In N. Norfolk, Devensian tills lie in valley floors cut into ChaU; below 
the Marly Drift, with no intervening glacial drifts, Only one phase of 
valley development is apparent (1960, 1965). 

iii) In W. Norfolk, dark Jurassic till, intermixed with Marly Drift, is 
regarded as equivalent to the Wragby Till (Gallois, 1978), The close 
relations of the Marly Drift from the Calcethorpe Till, and of the W, 
Norfolk till with the Wragby Till (1967, 1979c) demonstrate that no 
Wolstonian limit is located within the Fen basin. 

iv) All superincumbent fossiliferous drifts and drifts within valleys cut 
through the tills W. of the limit are of Ipswichian or later date (the 
only exceptions are Kirmington and the Nar Valley where the stratigraphic 
relationships are far from Clear), 

v) Terrace sequences on the till s are relatively simple. for example the 
Witham terraces, and artefacts are extremely rare in terrace materials, 
and generally, compared with Suffolk and the Thames basin. 



vi) Widespread evidence for much bedrock erosion by the ice (matrix and 
fresh clasts) and therefore for incorporation of all pre-existing 
drifts explains the rarity of discoveries of interglacial materials 
beneath the tills (1977). 

2. Norfolk 
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The following considerations allow a limit to be defined fairly closely in 
Norfolk. 

i) Geomorphological and strati graphical discontinuities separate the 
Holt-Kelling sandar and the Marly Drift from the Cromer Ridge drifts 
(1965, 1973, 1979a). I believe a gradation occurs between Marly Drift 
with inclusions of Contorted Drift, and Contorted Drift with crushed 
ChaU: (raft) inclusions. Banham has demonstrated two phases of 
tectonic disturbance (Banham and Ranson, 1965). 

ii) The Telegraph Hill/Aylsham Gravels NW of Norwich are an E-grading, 
compound outwash plain derived from Wolstonian ice to the west. The 
actual limit is somewhere within the gravel zone (much inter-leaving 
of till and gravel, but the gravels mostly overlie Norwich Brickearth). 
I discount Cox and Nickless t clai.m (1972) of a barrier of North Sea 
ice to further progress of Chalky BC ice. On their admission, the ice 
masses never actually met, the gravels have no character either of an 
interlobate moraine or of ice-walled spillway gravels with drainage to 
the south. 

iii) If the limit NW of Norwich was not against an obstruction then a more 
logical continuation is S. of Norwich, not E. to the coast. I consider 
(1974) it is represented by the complex till/gravel zone noted by 
Nickless (1971). 

iv) The anomalous course of the Tas (compared with the alignment of the 
Yare and Wensum) could have been initiated by submarginal meltwater 
streams. 

v) There are some contrasts in pattern of minor drainage N. of Diss compared 
with E. of the A140. 

vi) Meltwaters seem to have passed down the short Starston (Pulham) valley 
and down the Waveney from somewhere in the Diss area. They were 
responsible for the Broome terrace but possibly also the Homersfield 
terrace. I accept the latter might be Anglian, but it should be noted 
that Homersfield aggradation had to succeed considerable erosion first 
of the lower Waveney valley. 

vii) Ice has never overridden the Hoxne IG deposits, but overlying glaci­
~luvial gravels came down the Dove valley. Note the similarity of 
alignment of the Dove to that of the Tas, and this too could represent 
a meltwater movement close to an ice margin. 

3. Extrapolation 

i) If the postulated limit, Weybourne to Diss, represents the unobstructed 
extent to which the Wolstonian ice could move, then it follows that it 
had insufficient energy to surmount the Suffolk scarp (this squares 
with its failure to override the Cromer Ridge). 



ii) Substantial differences in stratigraphy, lithology and in landform 
and stream patterns have been reported between the Brecklands and 
areas to the E. and SE (Holmes, 1971). 
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iii) The gravel mass in Woolpit Wood (east of the village) could mark the 
limit, with meltwaters coursing down the Gippj.ng valley. The 60 m 
gravel terrace S. of Bury St Edmunds, and some of the lower gravels 
around Ixworth, Kentford and Tuddenham could represent glacifluvial 
activity (with ice-cont.act features) during early stages of recession 
of Wolstonian ice, or slight readvances. 

4. Difficulties in determining the precise location 

Real difficulties attach to separating Anglian and Wolstonian deposits 

i) because lithological similarities seem inevitable between tills E. 
and W. of the proposed limit. The Wolstonian ice followed broadly 
the same track as Anglian ice across the Fen basin into the Breckland 
region, and most likely incorporated Anglian drifts en route, Matrix 
materials, clasts and far-travelled erratics will be qualitatively 
identical, and there is the strong probability that quantitative 
between-site variations within both sets of drifts will overlap. 

ii) because stratigraphic superimposition is likely only in zones close 
to the actual limit. Wolstonian ice seems almost everywhere to have 
achieved basal erosion, with destruction of what remained of earlier 
drifts, Local oscillation of the Wolstonian margin could also produce 
layered tills. 

iii) because glacifluvial deposits of Wolstonian meltwaters could directly 
overlie or be channelled into Anglian glacifluvial materials. Further, 
Wolstonian meltwaters could easily erode and rework Anglian materials 
into its own deposits. Thus it may be very difficult to separate 
glacifluvial deposits genetically related to a Wolstonian limit from 
those marking a recessional Anglian position, if the two coincided. 

iv) because if Wolstonian ice stagnated at its maximum limit, no morainic 
features would form. Subsequent fluvial dissection and periglaciation 
of the marginal zone would render detection even more difficult. Hence 
a careful geomorphological investigation is necessary. 

Conclusions 

I do not consider parag~h 4, i-iv to be special pleading but as such realistic 
problems of interpretation that ~doubt if lithological and stratigraphic technig~es 
alone will reveal conclusive contrasts on either side of the limit. In this 
situation the broader spatial contrasts reviewed in paragraph 1 become especially 
significant. 

I strongly believe that such broad contrasts exist between areas E. and W. of 
the proposed Wolstonian limit, and it would be interesting to examine IG sites and 
archaeological materials on the same basis. 

I am convinced that 'Breckland' Wolstonian ice was maLnly of 'Vale of York' 
origin that crossed central and west Lincolnshire$ with relatively small con­
tributions from the Bain valley ar.d the Wash (flowing S.). Coastal ice moved 
over central and north Norfolk. 
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I am equally convinced that Anglian ice flowed, perhaps from a rather more 
NW direction, over the lower Trent valley and Lincolnshire into S. Norfolk and 
Suffolk, bringing some Keuper and Liassic material. 

It is because of these similar traclts, I suggest, that Perrin et al (1979) 
failed to separate Wolstonian and Anglian tills on matrix data. Further, their 
suggestion that ice surged massively SW through the Wash gap, and only in the 
Anglian, seems to ignore every piece of field evidence that has been presented 
from the Geological Survey of the 1870's and 1880's to the present day. 
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GREAT BL.AKENH.AM TM 102500 - 117500 

Exposures at this site are in a quarry complex, 1.5 km (east-west) 
by 0.5 km (north-south) on the west side of the Gipping Valley. A plan 
of part of the quarry complex and a schematic cross-section are shown 
in Figures 1 and 2. 

Table 1. 

Sediments present 

Coversand 

Haughley Park Gravels 

Blakenham Till 
Barham Till 

Sandy Lane Gravel s 

Barham Arctic Structure Soil 
Barham Coversand 
Valley Farm Sol Lessive 
Kesgrave Sands and Gravels 

(Baylham Common Gravels) 

Creeting Beds 

Crag 

Chalk 

Creeting Sands 

Bed no. 

7 

6 

5 

4 

3 

2 

1 

Maximum observed thickness 

2.5m 

1.8 

13.0 

1.8 

Up to 15m of Creeting Beds overlie occasional pockets of Crag and 
a basal lag of nodular flint pebbles and phosphatic nodules. The bottom 
llm is predominantly a well sorted micaceous sand with occasional matrix­
supported gravel beds and a small amount of silty clay. The lower 5m 
of sand is predominantly white (2.5yc/2) but the upper 6m is variable in 

'colour, being commonly ve~J pale brown (10YR7/3 to 10YR8/4), yellowish­
red (5YR5/8) or reddish-yellow (7.5YR6!E, 7.5YR7/6) w.ith subordinate 
white (2.5Y8/2) amd pale yellow (2.5Y7!4). The silty-clay varies from 
light grey (5Y7/2) to red (lOR4/8) and strong brown (7.5YR5/ 8). 

The primary sedimentary structures (Figure 3 ) range from ripples 
through tabular and trough cross-sets, up to l.3m thick, to horizontally 
bedded units up to l.6m thick. Some beds appear structureless. Silty­
clay occurs as curled flakes in the structure less beds and tabular 
cross-sets and thin seams in simple and wavy types of flaser bedding. 
Although the cross-sets appear to give a herringbone pattern, 12 cross­
sets measured showed a "Hid,e range 0 of, readings with only a slight 
concentration between 300 and 340 (Figure 4 ). 

The upper 4m is dominated by silty-clay which may occur as massive 
or brecciated beds up to 1.2m thick and interbedded with well sorted 
sand, or as interlayered sand-silty-clay bedding in units up to lm thick. 

The bedding is disturbed by small, cylindrical, U-shaped structures 



2- 2 up to 4cm in vertical extent, thought to be of biogenic or~g1n. 
Numerous small-scale reversed faults and low-angle thrusts, associated 
with nappe-like flexing .of the beds, occur (Figure 5 ). Seven measure­
ments taken show that the faults and thrusts incline towards 105-1250 

and 2E5-3000, i. e. into a concentrated symmetrically opposed bimodal 
pattern (iigure.10 ). 

The particle size distributions suggest that the sands are beach or 
near-shore deposits (Section I, Figure 6). The horizontal bedding and its 
associated grain sizes indicat!ldeposition in the upper flcw regime with 
water velocities of 60 cm. sec. ,probably in channels. The tabular and 
trough cross-sets are associated with the lower flow regime and their 
ampli·tudes suggest water depths up to 9. tIn (AlIen, 1970). The flaser 
bedding indicat'es low energy conditions with ripples forming in fine -1 
sand during periods when water velocities were between 10 and 60 cm.sec. ' 
the s11ty-clay being deposited in periods of quiesence. The interlayered 
bedding and massive silty-clay beds are associated with pE~longed quiet 
water conditions,with current velocities below 20 cm. sec. in areas 
with high concentrations of fine suspended sediment. Such conditions 
are met in sub-tidal water with depths of 20-40m (Rea.ding, 197c), 
near the high i'rater mark in estuaries 0.:1.' inshore of an extensive tidal 
flat. The curled and flaked silty-clay indicates desiccation, so at 
times the deposits were subaerially exposed. Thus an intertidal 
enviror~ent is suggested, in an estuary or inshore of a tidal flat. 

The random pattern of palaeocurrent readings was not anticipated 
fO,r· in a shallow tidal environment a clear bipolar distribution is to 
be expected, reflecting the tidal currents. Possibly some of the 
structures were created by wind-induced currents. However, the low 
number of readings (12) may not be truly :representative. 

Pollen (nTH) 

A sample of the organic-rich silt from Great Elakenham was found 
to contain pollen. Some of this pollen was corroded, so that 23.c% of 
the 361 grains counted ife:re not identified, but much of the, pollen was 
in fairly good condition. The tree pollen (33.9%) was dominated by 
Pinus (lE.ryfo) and Aln~ (E..a,io) with a few grains of Betula, Quercus 
and Picea and two of 'rsu a canadensis-type. Sh:rubs totalled 17.9'10, 
p:rincipally Ericaceae 14.210), ~trhile the 24.4'% of non-a:rboreal pollen 
was mainly of Graminae, . Cyperaceae and Filicales. 

More detailed palynological study is in hand. The pollen spect:rum 
summarised above suggests predominant woodland vegetation, with areas 
of heathland. It does not closely resemble Pastonian or Cromerian 
pollen spectra. from the Norfolk coast and might represent a cool period 
of the early Pleistocene, but any hope of a proper correlation must 
await further study. 

The palaeosols layer 

(Kesg:rave S~nds ~nd Gravels(Eaylham Common Gravels), Valley Farm Sol 
Lessive, Earham Coversandand Earham Arctic St:ructure Soil) 

Above the silty-olay, there are up to 4m of sand and gravel which 
is markedly :rich in silt and. clay, 15 out of le samples having more 
than 117~ silt and clay. Most pebbles ha.ve a clay skin. The colour of 
the deposits is very varaiable. 'l'he basal deposits vary from brownish­
yellow (lOYR61 E) to yellow-red (5YRsl f) • 'rhe higher parts involve well 
developed :red colours (10R4!E to 2.5YR5/E), strong brown (7.5YR5/0 and 



yellow-greys (2.5Y7!4 to 5Y7!2). 2- 3 

Primary sedimentary structures are seen only in the lowest 1.5m 
of the sequence, such structures invariably being horizontally bedded 
sands and gravels. The uppermost part of the sequence is seyerely 
deformed, essentially into lobes and irregular wedges, up to 2m in 
vertical extent, often 'l'Tith a core of yellow (10YR7!6), olay-defioient, 
sand bedded sub-vertically, parallel to the wedge walls, and oocasional 
polished flint pebbles (Figure 5). This pattern is often inclined to 
the east, at times in a very complex manner, and in places beds are 
repeated due to thrusting. Measurement of the attitude of the thrust 
beds show inclinations to the west (Figure 6 ). 

Kes rave Sands ane. Gravels Gravels. The pebble suite 
of the gravels Section I, is dominated by flint (65.5%) and 
quartz and quartzite (29%) with minor amounts of Greensand (0.5%) and 
Carboniferous (3%) chert. This suite is typical of the higher members 
of the Kesgrave Sands and Gravels. 

Valley Farm Rubified Sol Lessive. The relatively high peroentages of 
silt and clay in the sand and gravel, even in the lowermost, undisturbed 
beds, suggests that the particle size distributions are not original. 
The high clay content and the clay skins on the stones indicate a 
pedogenic ooncentration of clay at this level and the red colours a 
concentration of haematitic iron. Such a concentration of clay and 
iron is characteristic of the illuvial horizon of a humid temperate soil. 
The absence of the eluvial horizon indioates post-formational erosion. 
Similar horizons are found looally at Earham and Valley Farm. 

Earham Coversand. The yellow sands found within the lobes deforming 
the temperate palaeosol are considered to be aeolian because the particle 
size distributions compare well with coversand from the .Netherlands 
(Maarleveld, 1960) (Section I, Figure 11), the included flints are 
polished and the sand has sub-vertical bedding typical of sand wedges. 

Earham Arctic Structure Soil. The lobate deformations of the temperate 
palaeosol and coversand are typioal involutions. The disturbanoe 
has also to a degree homogenised the gravels. This reorganisation by 
ground ice activity has produced the Earhrun Arctic struoture Soil. 

Sandy Lane Gravels. 

In the eastern part of the quarry oomplex, the sequence so far 
discussed is not present. Up to l.em of calcareous silt, sand and 
gravel are found beneath till at the bottom of ohannels, up to l3m 
deep, out into the Chalk. The sand and gravel is usually oemented. 
The gravels are dominantly of ohalk with subordinate amounts of flint 
and quartz. The heavy minerals of the silt are listed in Section'I, 
Table 5. The dominance of chalk in the gravels suggests looal erosion 
of the bedrock. The depth of the channels, the presence of the gravels 
and the sub-till situation suggest deposition was by powerfully flolTing 
sub-glacial meltwater. rrhe sil tindicates periods of still or very 
slow moving water. 



Blakenham Till. 

The till is very variable in thickness. In the plateau area, 
around TM 103502, it is l3m thick; it thins to lm around TM 110503 and 
thickens again to l3m in the channels and on the valley side around 
TM 118499. 
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In the plateau area, lE samples were examined. The particle size 
properties of the till are remarkably uniform (Figure 7). The colour, 
apart from the uppermost 2m, is also uniform (Figure 8 ), very dark grey 
(5Y3/l) or dark olive grey (5Y3/2). In the uppermost 2m, the colours 
are mostly lighter (5Y5/l, 5Y6/l, grey) or br01mer (from 2.5Y4/2, dark 
yellowish brown, to 10YR5/6, yellowish brown). Of the 11 macrofabric 
analyses showing a significance level of 95% or greater, ~ showed a 
limited range of vector means with trends between 092-272 and 174-3540, 
while tii"O samples were notably aberrant at Oe3-263° and OE6-266°. Between 
these last two samples were chalk rich lenses, approximately 5cm thick and 
2m long. 

Apart from the lighter and browner colours of the uppermost 2m, 
interpreted as post-depositional weathering, the uniformity of the colour 
and of the particle size properties indicate deposition in conditions 
that varied little. The consistency of the statistically significant 
preferred orientations and the accord with the regional direction of ice 
movement (Perrin et aI, 1979) suggests a lodgement till, deposited by 
ice moving from north-we st to south-east. vThen compared with a similar 
study from the Hertford area (Rose, 1974), it is notable that the 
resultant vectors from Great Blakenham are more variable and that the 
vector magnitude does not reach the 95% significance level as frequently. 
This is attributed to the ice being less controlled on the plateau at 
Great Blakenham than in the valley at Hertford. 

In order to compare tills that would have been classified as 
'Lowestoft' and as 'Gipping' Boulder Clay by Baden-Powell (1948), 
samples were taken from- the plateau area. The tills were chose.n on 
the basis of colour and their identifica'tion in one case was confirmed 
by Mr H.E.P. Spencer in 1974. The 'Gipping' type tills were sampled 
1.5m below the ground surface and the 'lowestoftl type from directly 
beneath in dark grey till. Direct comparison of the two ~ypes of till 
shows remarkably similar macrofabric patterns with low vector magnitudes 
and highly variable dips. Both types of till appear to have been 
deposited in similar circumstances. Particle size analyses show the 
'Gipping' till to be notably defiuient in gravel and rich in silt in 
some cases, but this was not always the case. 'Gipping 1 type till from 
elswhere in the quarry was noted to be sand rich when compared to the 
'Lowestoft' till. 

No clear basis for distinguishing beti'Teen the types of till was 
established. The higher quantities of silt and sand in some samples 
of iGipping' type t~ll may encourage weathering and lead to brovmer 
colours, but this characteristic is not essential. 

Glacier related sediment deformation. 

A number of both major and minor disturbances to the primary 
sedimantary structures, considered to be related to glacier advance, 
have been noted. 

Large-scale trough structures, seen in Face 2, (Figure 9 ) may 
be due to saturation, loading and consequent diapirism and may be similar, 



2- 5 
though smaller in scale, to structures described from north Norfolk 
(Banham, 1975). The structures are noted to coincide with the occurrence 
of the interlayered sand and silty-clay. Meltwater could have 
penetrated the sands very readily, giving the whole sequence a high 
potential to diapir. The weight of the overlying sediment or possibly 
ice itself could provide the necessary loading to bring about 
diapirism. The till itself is not involved in these structures and 
where present is spread equally over the troughs and diapirs, indicating 
that the activity occurred before the till was deposited, but possibly 
when ice "l'TaS nearby. 

The large-scale thrusts of Face 3 (Figure 6) may also have A.nalogies 
in north Norfolk. The thrusting is similar to that described by 
Banham (1975) as occurring when sediments are subjected to lateral 
compression at an active ice front. Measurement of the attitudes of the 
thrust beds show low angle dips, principally to the west (Figure 6 ). 

Detailed examination of the interlayered sand and silty-clay showed 
a number of thrusts and minor reverse faults (Figure 5 ), again 
indicating lateral pressure and shortening of the beds. The inclination 
of the faults and thrusts towards 105-125 and 2t5-3000 in a 
concentrated bipolar pattern (Figure 10) is in keeping with the direction 
of ice movement. 

Eastward deflection of the involutions in the palaeosols layer 
again reflect lateral pressure from the west. As the involutions are 
immediately beneath the till, the deflection may be due to ice drag. 

The glacitectonic data is summarised in Figure 10, showing a range 
of pressure directions from 250 to 3400

, i.e. from west to north, in 
keeping with ice movement from the north-west. It is notable that these 
disturbances were caused by ice crossing from the plateau area into the 
Gipping Valley and not by ice moving down the valley deforming spurs 
and promontories as earlier authors have suggested. 

Haughley Park Gravels. 

Immediately above the till in ~he eastern part of the quarry 
complex are coarse, matrix-supported gravels. The clasts are set 
sub-horizontally in a reddish-brown (5YR4!4) matrix. The dominant 
durable lithology is flint (39%), mostly sub-angular and non-Tertiary 
(35.5%), with subordinate quartz and quartzite (9%) and chert (2.5%), 
including Rhaxella chert (0.E1o) but totally lacking in Greensand chert. 
The non-durable lithologies comprise 48% of the total and include chalk 
(35.5%) and limestone, including fossils, (1%). The coarseness of the 
gravels, the high percentage of non-durable lithologies and the super­
till position indicate that this is an ice proximal deposit associated 
with glacier decay. 
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Figure 9. Great E1akenham, Face 2, structures. 
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CREETING ST MARY TM 095555 

A series of quarries, worked for their sand, oocur on an inter­
fluve reaching 46m O.D. between the Gipping Valley and a minor east 
bank tributary near Needham Market. The layout of the quarries is 
given in Figure 11. The purpose of this visit is only to briefly 
compare the Creeting Beds here with those at Great Blakenham, hence 
only those beds will be described. 

Creeting Beds. 

Up to 15m of Creeting Beds have been exposed in the complex of 
quarries. The lowermost Ilm are composed of unimodal, well sorted 
(rr = 0.32-0.51~, n = 11) sands,. though clay flakes are common in 
some areas and occasional matrix-supported gravel lenses were noted 
in pit 2. Occasional pebbles, of flint, vein quartz and quartzite, 
are found throughout the sands. The uppermost part of the beds, 
reaching a mazimum thickness of 4.2m, is composed of horizontally 
bedded, laminated silty-clay. 

Within the sands are undulating clay bands, usually l-2mm thiok 
and displaying desiccatio~ cracks. These bands are infrequent, though 
in pit 3 tney were more oommon and in pit 2 they were up to 5 cm 
thiok and finely bedded towards the top of the unit. The uppermost 
0.5m of sand are ferruginous and at the very top there is an iron-pan 
l-2mm thick. 
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Sedimentary structures typical of the sands are shown in Figure 12. 
The structures are dominantly horizontal, with planar bedding of the 
upper flow regime, small scale ripples, tabular cross-sets up to 0.3m 
thick and occasional trough cross-sets of the lower flow regime. Into 
these are cut scours. Palaeocurrent measurements often show a 
relatively strong clustering on a local scale, but there is great 
variability from pit to pit. When the measurements are amalgamated, 
a polymodal distribution is noted, with a slight preponderance of 
readings to the north-east and south-west and fewer to the north-west 
and south-east, especially the latter (Figure 13). The weakly 
developed north-east to south-west trend is in accord with the 
alignment of the Stradbroke trough. 

The particle size properties of the sands are typical of beach 
and near-shore sediments (Section I, Figure 6). The intercalation of 
clay seams within the sands is typical of tidal flats, the olays 
relating to slack water periods and the sands to deposition from tidal 
currents (Reineck and Singh, 1975). The matrix-supported nature of 
the gravel lenses is thought to indicate occasional inputs of fluvial 
sediments. The range of sedimentary structures is consistent with a 
sandy tidal flat. The ripples represent the surface of the flat and 
the tabular and trough cross-sets, dunes within the channels (Reineck 
and Singh, 1975). Water depths appear to have been shallow, the cross­
sets indicating water depths in the channels of 2.9m (AlIen, 1970). 
The desiccation of the clay laminae indicate that the deposits were at 
times exposed and dried out. Laminated silty-clay beds are frequently 
associated with intertidal deposits and are related to mudflats occurring 
near the high irater mark (Reineck and Singh, 1975). 'Thus their 
presence may suggest a slight shallowing of the sea,or a shift of the 
main channels. 



2-16 

The sequence is possibly part of a widespread distribution of 
sands (see Section I) and deposition at Creeting may be related to the 
Stradbroke trough, a view also considered by Dixon (197f). Immediately 
to the south, the Creeting Beds are absent (Section I, Figure 5 ), so 
the beds at Great Blakenham'were deposited either in a separate basin 
or have been cut off by post-depositional activity. 
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BADWELL ASH TL99/69 and TL 988627 

The follo'w'ing descriptions relate to a series of quarries that 
occur east of the village, north and south of Back Lane (TL99/69). 
These quarries are no longer worked and the most important section, 
south of Back Lane, has been filled in. The remaining exposures (May 
1982), north of' the lane, do show Kesgrave Sands and Gravels in the 
bottom part of the quarry and Sandy Lane Gravels, Creeting and Blakenham 
Tills in the middle and upper parts of the face on the north side. The 
palaeosols layer and the Barham Sands and Gravels do not appear to be 
present. A better sectio~ may be available in a recently reworked small 
quarry (belonging to Shackerland Hall Farm) cO.25 km south-west of the 
church and south of the road to Hunston at TL 988687. If Back Lane 
quarries are visited, activity must be confined to the dry-bottomed quarry 
furtherest east on the north side of the lane. 

Table 2. Back Lane Quarries. 

Sediments present Bed no. Maximum observed thickness 

(Surface elevation 

Blakenham Till 

Creeting Ti1~ 11 

Sandy Lane Gravels 

Creeting Till I 

Barham Sands and Gravels 

Barham Arctic Structure Soil } 

Valley Farm Sol Lessive 

Kesgrave Sands and Gravels 
(vTestland Green Gravels) 

7 
6 

5 
4 

3 

2 

1 

c49.0m O.D.) 

3.3m 

0.8 

1.0 

0.6 

1.2 

c1.0 

3.0+ 

The sequence is represented in a section drawing (Figure 14) and stone 
counts are presented in Table 3. 

Table 3. Badwell Ash, stone counts (derived from Section 1, Table 3) 

FLINT QTZ GROUP CHERTS NON-DURABLES 

Ang. Rnd. Tot. Qtz. Q1 te Cret Carb Rhax Chlk Lmst Other 

Sandy Lane 
Gravels 

Barham Sands 
and Gravels 

A 

B 

C 

Kesgrave Sands 
and Gravels 

A 

B 
Hey 
1980 

69.7 

61.0 

55.6 

45.1 

41.6 

5E.4 

-
Shacker1and Hall Quarry 

Sandy Lane Grav. 

Barham S & G (1) 

Kesgrave S & G 

57.6 

41.3 

45·6 

7.7 

7.8 

6.8 

17.6 

20.8 

10'.8 

-

3.9 

24·5 

15.6 

77·4 4.8 10.1 

68.8 5.,8 10.4 

62~4 11.7 12.4 

62.7 15.7 13.7 

62.4 16.4 16.4 

69.2 11.8 l1.e 

70.2 18.1 10.6 

61.5 2.7 4.7 

65·6 21.9 9·7 
61.2 20·5 12.E 

0.0 0.0 0.5 1.4 1.4 2·9 

0.0 3.2 0.0 3 .. 9 1.2 5.7 

0 .. 0 0.0 0.0 4·4 3.4 4.3 

0.7 3.3 0.0 0 .. 0 0.0 0.0 

0.0 3.6 0.0 0.0 0.0 0.0 

1.0 1.0 0.0 0.0 0.0 2.1 

0.3 - - - - -

0.0 0.4 1.6 16.3 3.9 3.1 

0.0 1.9 0.0 0.0 0.0 0.0 

0·5 2.7 0.0 0.0 0.0 0.0 
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Kesgrave Sands and Gravels (Westland Green Gravels). 

The Kesgrave Sands and Gravels consist dominantly of sand with an 
upper surface showing an unconformable relationship with the overlying 
Barham Sands and Gravels. The sands, and gravelly sands, have less than 
5% silt and c~ay. Bedding is mostly horizontally beaded units with 
subordinate tabular cross-sets, up to 0.5rn thick, and occasional trough 
cross-sets. The mean direction of dip of the foresets was 560

• The 
gravelly units were matrix-supported. The oolour of the sands varied 
from yellow (10YR7!8) to pale yellow (5Y7/3). The lithologies of the 
16-32mrn fraction (Tab~e 3) were dominantly flint and quartz and 
quartzite, with small quantities of sandstone and Greensand and 
Carboniferous cherts. The whole assemblage was almost exclusively of 
durable clasts. 

The particle size distribution is typical of braided river deposits 
(Figure 1-9) and the dominance of planar 'bedded sands (Sh facies), with 
sobordinate tabular cross-bedding (SI') and gravel (Gms),fits best with 
Miall's (1977, 1978) South Saskatchewan type of profile, suggesting the 
environment of deposition was that of the distal part of a shallow 
braided river. The cross-sets, 111' to 0.5m thick, indicate water depths 
up to 4.4m. The composition and durable nature of the clasts is typical 
of the Kesgrave Sands and Gravels and is in keeping with an early course 
of the Thames flowing to the north-east. 

Palaeosols layer (Valley Farm Rubified Sol Lessive and Barham Arctic 
Structure Soil). 

The uppermost 1.Om of the Kesgrave Sends and Gravels has between 
20 and 35% silt and clay ( compared with 5% below l.Om). Two samples, 
collected at 0.47 and 1.50m below the unconformity marking the surface 
of the Kesgrave sands and Gravels, showed that the clay content of the 
fraction finer than O~ was 0.E9% for the lower sample and 10.97% for the 
upp~r. For the same two samples, Dr J.A. Catt determined the iron 
content to be 1325 p.p.m. for the lower sample and 4760 p.p.m. for the 
upper. The silt and clay was disseminated rather than occurring 
discretely or was in the form of cutans~ The colour of the uppermost 
0.6m consistently reached a hue.and chroma of brown (7 • 5YR5! 4) that is 
considered rubified (Avery, 1973) and 1'lhich is particularly significant 
when compared with the colour of the parent material. 

The clay and iron enrichment, the development of cutans and redder 
colours at one specific level are diagnostic pedogenic features (Richmond, 
1959), the rubified colours indicating a temperate environment and the 
clay enrichment an illuvial horizon. The characteristics are typical 
of the Valley Farm Rubified Sol Lessive. 

The layer lacks primary bedding and is deformed irregularly by 
ground ice activity into load structures and involutions. The particle 
size distributions (Figure 15 ) show exceedingly poor sorting, due 
partly to the input of silt and clay and partly to the sediments being 
homogenised by the ground ice so that the gravel fraction is more evenly 
spread, making the coarse fraction of the samples more poorly sorted. 
This reorganisation is characteristic of the Barham Arctic Structure 
Soil. 
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Barham Sands and Gravels. 

The Barham Sands and Gravels rest on a gravel lag and, compared 
with the Kesgrave Sands and Gravels, are more gravelly and significantly 
deficient in silt and clay (Table 2, Section 1). The formation 
consists of tabular cross-sets up to O.7m thick. The foresets show a 
spread of direction measurements (Figure 16) with a mean of 1100

• 

Planar beds and matrix-supported gravels occur subordinately. In the 
lithologies of the 16-32mm size fraction (Table 3 ), flint and quartz + 
quartzite dominate (63% and 29%, respectively) and there is an unusually 
high proportion of Carboniferous chert (3.3%). 

The particle size distributions accord with those expected of a 
braided river (Figure I-12~The gravel units are interpreted as Gms 
facies of Miall (1977,19713), indicating depqsi tion as longitudinal 
bars in a braided river; the planar bedded sands as Sh facies of the 
upper flow regime and the tabular and trough cr.oss-sets as Sp and St 
facies of transverse and linguoid'bars in the lower flow regime. The 
assemblage fits well with Miall's Donjek type of profile, indicating 
deposition in the distal part of a braided river system. The maximum 
height of the tabular cross-sets, O.7m, indicates a water depth of 
5.cm and the palaeocurrents, flow to the east-,south-east. The 
composition of the gravels is very similar to that of the Kesgrave 
Sands and Gravels, suggesting extensive reworking of the latter, and 
lacks the input of Rhaxella chert and non-durable lihologies usuall~ 
associated with the Barham Sand and Gravel. 

Creeting Till. 

Two units of Creeting Till occur, separated by Sandy Lane Gravels. 
The lower till is a stony silt, brownish-yellow (lOYR6/6) below and 
brown (7.5YR5!5) in its upper parts. Macrofabric analysis showed a 
strong preferred orientation with a vector trend of 177-357

0
, significant 

at the 99% level. The upper unit was a strong brown (7.5YR5/6) stony 
clay, with a vector trend of 176-3560

, significant at the 99.9% level. 
(Figure 17). 

The strong preferred orientations of the stones indicate deposition 
by flow, while the poorly sorted nature of the deposits, ranging from 
gravel (greater than lOmm) to ,silt and clay, is typical of till. These 
characteristics and the association of the deposits with the Sandy Lane 
Gravels suggests that they are flow tills. 

Sandy Lane Gravels. 

This unit consists of 1.Om of poorly sorted, coarse, matrix­
supported gravel. The clasts show a strong preferred orientation dipping 
particuJlarly to the north-west, between 315 and 335 0 (Figure 18). The 
dominant lithology is angular, non-Tertiary flint (62-74%) (Table 3 ), 
with 15-2410 quartz and quartzite. Chalk (1.4-4.410) and limestone, 
including fossils, (1.2-3.4%) and other non-durable lithologies partic­
ularly distinguish these gravels from the Barham and Kesgrave Sands and 
Gravels. 

The gravel is interpreted as Gms facies (Miall, 1977, 197 f ) 
deposited as a longitudinal bar in a braided stream flowing north-west 
to south-east. The pebble suite includes many new lithologies which 
are also found in the Lowestoft Till, while the soft lithologies indicate 
deposition in proximal situation. The unit is interpreted as an ice­
proximal deposit. 



Blakenha..'l1 Till. 
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The Blakenham Till is strong brown (7.5YF..5/6) in its lower part 
(basal 1.0m) and very dark grey (5Y3/1) above. Macrofabric analyses 
from nine points showed a consistent north-west to south-east trend, 
significant at the 95% level or better (Table 4). The massive nature 
of the till and the consistent preferred orintations, in alignment with 
the regional direction of ice movement (Perrin et aI, 1979) indicates 
that this is a lodgement till. Its colour is typical of the Lowestoft 
Till. 

Table 4.!. Badwell Ash, Blakenham Till, vector properties. 

Sample Vector Significance 
no. trend level 

1 13<:-318 99 % 
2 117-297 99.9 
3 lH:-29t 95 
4 161-341 99 
5 133"';313 99 
6 100-2Eo 95 
7 100-280 99 
8 123-303 99 
9 117-297 99 

The macrofabric data from sample 2 is illustrated in }i'igure 18. 
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:BADWELL ASH 
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Figure 14. :Badwell Ash, Section. Bed numbers as in Table 2. 
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Figure 17. Vector data, Creeting Till. 
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Upper 
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Blaker.~am Till -, 
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Sandy Lan~ Gravels 

n == 50 

Sandy Lane Gravels and Blakenham Till, 
directional data. 



DlGHAM TL t5l713 ( !ffiC , C A.4. ) 

Recent workings in a pit near Ingham, north of BUry St Edmunds, 
have exposed a sequence of iron-stained Bunter-rich sands and gravels, 
now formally named the Ingham Sand and Gravel. The deposits are 
characterised by a high proportion (generally over 40%) of pebbles of 
well rounded, liver-coloured quartzites,typical of pebbles from 
the Sherwood Sandstone Group (Bunter Pebble Bed) cf the Midlands (for 
example, samples Ing 6 and 9 in Table 5 ). 

2-28 

Detailed examination of the sequence in Ingham pit shows that 
these Bunter-rich gravels are preserved in hollows in the base of the 
pit, and within solution pipes that have formed in the bedrock (Chalk) 
surface, to depths of several metres. The Ingham Sand and Gravel is 
overlain by later, glacial sands and gravels, often containing chalk 
debris (for example, samples Ing 3, 7 and E) which are in turn overlain 
by a chalk-rich till. In some parts of the pit, the Bunter-rich 
gravels are directly overlain by this till (Figure 19), which contains 
Cretaceous and Jurassic erratics and is similar to the Chalky Boulder 
Clay seen elsewhere in the area. 

Compositiona.l analyses of the b-l6mm fractions (Table 5 ) show 
that the pebble content of the Ingham Sand and Gravel is quite different 
from that of the overlying glacialldeposits, but is strikingly similar 
to the compositions of fluvial deposits formed by an early course of 
the River Trent in Lincolnshire. 

More recently, deposits similar in composition to the Ingham Sand 
and Gravel have been recognised in boreholes drilled further to the 
west, towards Woolpit (TL 975623) and Redgrave (TM 0487<:0) (see Figure 4 
from Clarke and Auton, 19t2). It seems likely that these Bunter-rich 
sands and gravels represent remnants of formerly more extensive fluvial 
deposits whose source lay either to the north (in Lincolnshire) or to 
the west (in Leicestershire). It is thought that they represent a 
separate, earlier phase of fluvial activity to that which laid down 
the Kesgrave Sands and Gravels in this area. 
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Figure 19. Sketch of the northern face of Ingham pit (summer 19(1) 
showing the stratigraphic relationship between 
the Ingham Sand and Gravel and the glacial deposits. 

rt'able 5. Composi tion of sands and gravels in north Suffolk. 

Figure 20. Grading characteristics of the Ingham Sand and Gravel. 



,-,:: -- - -- -- -.---------- ------- ------- ------

a) Ingh2m Sand and Gr2vel (Ingham Pit) 2-30 
Table 2-

Percentage by \oJeight of the +8-16 mm fraction 

Flint QUArtzite Vein-Qu2rtz Chalk Sst Others 

Ing 6 14 47 22 12 5 

Ing <j 18 46 25 2 9 

Esp 1 35 48 15, 2 

Esp 3 27 45 23 1 4 

b) GlaciAl Sand arid GrAvel Clngham Pit) 
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HAUGH:LEY PARK TL997624 

The site lies on the watershed between the Gipping and Black Bourn 
drainage systems. An alternative name used is Woolpit Woods. 

Table 6. 

Sediments present 

(Surface elevation 

Haughley Park Gravels 

Blakenham Till 

Maximum observed thickness 

c76.0m O.D.) 

c12.0m 

2.0m 

The quarry floor was irregular, implying that the till surface was 
also, so greater thicknesses of gravel may have occurred, though these 
were not observed. The thickness of the till is not known as it was 
exposed only occasionally and because it formed the lower working limit 
of the quarry. 

Blakenham Till 

The till was very dark grey (5Y3/1). Of two macrofabric analyses 
carried out (Figure 21), one had a vector trend of 137-3170 with a 
significance level greater than 95%. The second macrofabric, taken 
at a slightly higher level, did not have a statisticallY significant 
preferred orientation. The majority of stones, in the second case, 
dipped to the north and 16 of the 50 stones had dips of more than 400 

which is unusual for the till of the area. The first till is typical 
of the Blakenham Till, being massive and having a preferred orientation 
in accord with the regional direction of ice movement (Perrin et al, 
1979). The second till is thought to be disturbed. 

Haughley Park Gravels 

The Haughley Park Gravels (Figure 22), above the till, are 
matrix-supported gravels varying in size from pebbles to boulders 
(Gms facies). Horizontally bedded and tabular cross-bedded sands (Sh 
and Sp facies) are subordinate. Palaeocurrent measurements show a 
mean flow direction to the south-east (115.50

, n = 25). The whole facies 
assemblage accords with Mial1's (1977, 1978) Scott type of profile from 
a proximal braided river. Particle size analyses are in keeping with 
such an interpretation (Section I, Figure 13). 

In the lower part of the gravels, of the lithologies of the l6-32mm 
fraction (Section I, Table 3), angular non-Tertiary flint is dominant 
(67%) and chalk the next important (17%). Quartz and quartzite make up 
only 10% of the total. The cherts lacked any examples from the Greensand 
but had 1% of Rhaxella chert. Non-durable lithologies, including 
Cretaceous and Jurassic fossils and limestones, comprised 22% of the 
total. The upper part of the gravels lack chalk, limestone and foasils, 
sO the non-durable fraction drops to 1%, but the proportion of quartz 
and quartzite remains low (7%), Greensand chert is absent and Rhaxella 
chert remains at 1%, while angular non-Ter~iary flint dominates (9~S). 
The durable lithologies of both samples are essentially the same. The 
lack of chalk, limestone and fossils in the upper sample is attributed 
to decalcification rather than to any other cause such as increased 
distance of transport before deposition as non-calcareous non-durable 
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clasts, such as sandstone and ironstone, are still present. 

The suite of pebbles, relatively rich in non-Tertiary angular flint, 
chalk, limestone and fossils and Rhaxella chert, and deficient in quartz 
and quartzite and Greensand chert, is compatible with a derivation 
from the Lowestoft Till. The high proportion of non-durable lithol­
ogies suggests that deposition was in an ice proximal environment. 

Straw (Section I, page 32) specifically mentions these gravels, 
at Woolpit Woods, and suggests that they could locally mark the 
Wolstonian limit. The stone counts from Haughley Park!Woolpit Woods 
are not significantly different from those of the Haughley Park Gravels 
12 and 14 km further south at Great and Little Blakenham (Seotion I, 
Table 3). Thus the stone count evidence and their position above the 
Lowestoft Till suggests that it is oorrect to oorrelate these gravels. 
Straw, .however, argues that if Wolstonian ice followed a similar track 
to that of the Anglian ioe, the two till sheets, and by implioation, 

}their associated outwash, would have similar lithologies. 

THE WOLSTONIAN LIMIT IN THREE DIMENSIONS (CAA, MRC) 

Boreholes drilled between Bury st Edmunds and Diss have provided 
new information on the nature and distribution of Glacial Sand and 
Gravel in an area whioh corresponds with the western margin of the 
Wolstonian ice-limit proposed by Straw (1979a, b). Straw's assertion 
is ,based on the assumption that many of the 'high level' spreads of 
sand and gravel in this area represent glacial outwash lying within 
an ice-marginal zone. However, much of the Glacial Sand and Gravel 
(shown on the 1:625,000 Quaternary map of the United Kingdom) in the 
Bury St Edmunds - Diss area (notably those on sheet TL 96 around the 
village of Hoolpit) have been recently remapped and subsequently 
recognised as thin spreads of ooversand or as outcrops of Crag (see 
inset map, Figure 23). In many cases this remapping has been verified 
by the IMAU borehole surveys in the area. These surveys indicate that 
-the patches of Glacial Sand and Gravel (shown by the horizontal line 
ornament on the inset map) are less extensive than shown previously, 
a factor which has an important bearing on the position of any presumed 
ioe-limit. 

Additional information about the vertical and lateral disposition 
of these sands and gravels is provided by the IMAU boreholes "rhioh have 
been used to draw a series of oross-sections through the Boulder Clay 
plateau (Figure 23). These show that, in general, the Glacial Sand 
and Gravel occurs as discrete beds within the Chalky Boulder Clay 
sequence. Individual surface occurrences of Glacial Sand and Gravel 
can be traced laterally beneath the Boulder Clay, with no evidence of 
glacitectonic disturbance. Thus few of the outcrops can be thought of 
as remnants of marginal morainic or outwash material corresponding to 
the limit of the Wolstonian ice advance. 

It is, therefore, suggested that a simpler explanation of the 
distribution of Glacial Sand and Gravel, shown by the boreholes drilled 
in the area, is that it forms a series of lenticular masses within 
the glacial drift sequence. Some of these gravelly beds have been 
exposed on the plateau surface by later denudation, whilst others, which 
occur within and beneath the Boulder Clay, crop out on the sides of the 
present-day river valleys. 

Thus, the results of recent borehole drilling give little 
geological evidence to support the concept of an ice marginal zone in 
the area between Bury st Edrnunds and Diss. 
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Vector trend 131-311° 

Significance 
level 95% 

Haugh1ey Park, E1akenham Till, vector data. 
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Matrix-supported fine gravel. LO;'T-angle cross-sets. 

Figure 22. Raughley Park, Raughley Park Gravels, section. 
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1 .. INTRODUCTION 3- 1 

The Waveney Valley forms a distinct geomorphological feature 
running through the eastern part of central East Anglia.. The valley 
cuts through the till plateau that rests on the Crag to the east and 
the Chalk to the west of the region and the head of the valley links 
with that of the Little Ouse River at Lopham (TM 039790) (Figure 1). 

The W~veney flows north-eastwards for some 89km to Great Yarmouth 
where, in conjunction with the River Yare, it meets the sea.. The 
present day channel has been much altered by drainage projectse 

The present day valley is incised into the till surface of the 
surrounding landscape by between 20 metres near the source and 30-35 
metres around Bungay.. The till is the equivalent of the Lowestoft Till@ 

Since the original surveys by Bennett (1~~4)and Whitaker and 
Dalton (1887) the valley has attracted some attention on account of 
its structure, till deposits and interglacial deposits as well as 
preliminary work on terraces. 

The author worked along 5lkm of the river valley between Lopham 
and Beccles (TM 425905) and the area adjacent to the valley and its 
tributaries was also included.. The work was carried out between 1976-
1979 (Coxon, 1979)@ The study concentrated on the physical character­
istics of the deposits and the geomorphological interrelationships 
between deposits of different ages.. The main object of this approach 
has been the correlation of the datable interglacial deposits with the 
terrace sequence and other glacial deposits in the valley, hence 
clarifying the succession of deposits and the major periods of 
landscape change .. 

It is hoped that we can visit some or all of the sites o~tlined 
below e UnfortunDtely some of the sites were studied using borehole 
evidence and are worth noting only ~ visualize geomorphic implications 
whilst others, especially the sand and gravel pits, have altered 
considerably since I visited them. 
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2 .. THE TERRACES OF THE RIVER WAVENEY 3- 3 

The mapping of terrace remnants within the valley was subject 
to several difficulties not the least of which was the lack of 
adequate exposure@ 

Where possible sections were logged and samples taken for pebble 
count analysis. This approach was taken in order to attempt a litho­
strati.graphic correlation of the remnants e Where sections were not 
available the terrace surfaces were levelled and a morphostratigraphic 
correlation produced (with attendant problems as discussed by a number 
of authors, e .. g. Gibbard g 19~1)@ 

The net result was the production of a diagram showing the long 
profiles of the major terrace remnants. This diagram (Figure 2) as 
well as showing the major terrace remnants also marks the relative 
location of the blostratigraphically important sites .. 

As the diagram shows t there are four main terraces or gravel 
spreads present in the area : 

4.. High Level Gravels 

3. Homersfield Terrace 

2. Brooms Terrace 

1. Waveney Floodplain. 

a. THE HOMERSFIELD TERRACE 

i. Introduction 

The quarry at Flixton provides the best sections in the terrace 
remnants assigned to the Homersfield Terrace and was chosen as the 
'type locality' for that particular terrace. 

The Homersfield Terrace is the highest recognizable terrace 
within the main Waveney Valley and was recognised by Sparks and 
West in 1968 who traced the remnants of this outwash terrace from 
\~ortwell (TM 243847) to Bungay (TM 335898) .. 

To the south-west of Homersfield Church (TM 2856~54o), there 
are several other morphological expressions of Homersfield Terrace 
remnants (these are upstream of the Flixton Quarry site). These 
remnants are between 5-7 metres above the Waveney Floodplain and 
they gre.de into the Homersfield Terrace as can be seen in Figure 2. 

The Flixton Quarry sections are within the portion of the 
terrace labelled 'Flixton' on Figure 2 and the steep north east 
gradient of the terrace at this point is obvious. At Homersfield 
Church the proximal end of the terrace remnant is found at 21.2m O.D. 

km-I. and here the terrace falls steeply with a gradient of greater than 2m 
The terrace along this section reaches a width of 800m. 

Downstream ~f Flixton the terrace remnants level out to a gradient 
of around OQ5 km @ • 

rrlYl 29 3862 Figure 3 

Investigations pre-1979 (P.c.) 

To aid description and short range correlation informal litho­
stratigl'aphic units were defined within the terrace deposits. 
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In Flixton Quarry these units were as follows 

4. Upper sands and gravels 

3. Flixton sands and erosional inclusions 

2. Lower sands and gravels 

1. Chalky till. 

3- 6 

Since this original description further interesting sections have 
been revealed in the central portion of the pit (ca. TM 296862) 
revealing a number of facies previously unobserved. (West, personal 
communication; Horton t persnnal communication). 

The original work, using the units outlined above, described 
the following features of the various units: 

1. Chalky till. 

Found at base in central section of the quarry. Blue-grey 
chalky clay, similar to the Lowestoft Till of the area. 

2. Lower Sands and Gravels. 

Found only in central parts of the quarry •. This facias 
is the one that \'10uld require re-examining in the light of 
new evidence. 

- 3. Flixton sands and erosional inclusions. 

The sands are found in the eastern (TM 299~62) and central 
parts of the pit. 

The sand is well-sorted and proved to be a complex of different 
bedding types including climbing ripples, planar cross-bedding and 
trough cross-bedding. The major portion of the deposits include 
planar laminated beds of sand with clay horizons which have been cut 
into erosionally by large channel fill ~~oss-beds up to 1.~.-2.0 
metres deep. (Figure 4). The sands contained interesting water 
escape structures. 

The sands appear to be characteristic of lower energy deposition, 
perhaps a slov.r meandering channel complex with clay horizons indicating 
quiet water depositon. 

The erosional inclusions are found cut into the Fllxton sands 
and they comprise of : 

a@ Channel fill deposits interdigitated with flow till. 
The flow till is composed of lenses and lobes of chalky clay 
(Section 2, Figure 3). 
b. Ice - collapse structUI'BS" Includ1ng oversteepened beds 
and an unsorted heterogenous fil10 (Section 3, Figure3). 

c. Mass transport diamicton including large flint cobb~s in 
a matrix of sand and small pebbles. (Section It Figure 3). 

4. Upper sands and gravels. 

These deposits are found throughout the pit and have similar 
characteristics at each exposure. The sands and gravels are poorly 
sorted heterogenous sediments" They show a variety of facies and 
appear to have been formed during periods of rapid lateral channel 
migration and dxtr:i.ng a wide variation of energy conditions .. 

The deposlts are characteristic of a brai~ed stream system 
in which there is rapid and continuous shifting of sediment 
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deposition and channel position 8S described by Doeglas (1962), 
Wil~iams and Rust (1969)and Rust ~972) among others. 

3- [' 

The braided deposits of the upper sands and gravels contain 
many slump structures~ possibly due to loading or to melting out of 
ice blocks, as well as ice wedge casts, both contemporaneous with 
deposition and post-depositional. 

Pebble Counts 

(Samples estimated to contain over 300 pebules in the H-32mm 
size range). 

Samples were taken from the Flixton Quarry as well as from 
other sites correlated with the Homersfield Terrace on morphological 
grounds. 

The abbreviated results are shown on Table 1, below. The full 
results are given in Table 6 (Appendix). 

The similority of these samples was tested statistically and 
the results of oncftest are shown in F':ir~ure,.. The sample: n1lmbers 
are ~A in Table 6. The symbols refer to the subjective classificntion 
of the terrace remnants on morphostratlgraphic grounds. 

'rhe groupincs of samples appear to contain high % of flint, 
samples from Flixton (~uarry containing an average value of 86% flint 9 

.7% quartz, ~' quartzite and 3% erratlC ~ebbles. 

Samples 2 and 10 (from Flixton Quarry), and 43 (from a oorrelated 
pit) were grouped elsewhere. This separation appears due to a higher 
1 of quartz and quartzite. In the light of subsequent exposures this 
material has probably been removed from quartz-quartzite rioh gravels 
lower in the sequenoe. 

Samples from morphostratigraphically correlated terrace . 
remnants at Shotford (TM 2L~4814, Sample 21) and Bungay (TM 335H9~9 
Sample 2~) were grouped statistically with the Homersfield Terrace. 

Palaeozoology and palaeobotal!l" Flixton quarry. 

Mammal remains, (Funnellg 1955) : 

Elephas primigeniu~ 

Diceros antiquitatus 

Megaceros giganteua 

Boa primigenius. 

Stuart (personal communication) studied further bones held by 
Norwich Castle Museum (label~ed Homersfield Gravel Pit) : 

Mammuthus primigenius (mammoth).. 12 molars t 2 tusk fragments and 
bits of limb bones~ 

Coelodonta antiqnitati! (woolly rhinoceroa)@ 2 molars and a 
fragment of humerus® 

Equus caballuB (horse)@ metapodial and tibia (both fragments). 
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Table 1. Pebble counts, Homersfield Terrace. 

. Sampling site Location Flint Quartz Quartzite Chalk Others 
reference number (percentage total stones counted) 

1 FQjLSG/E 96 2 0 

2 FQjUSG/E 81 10 4 0 5 

:; FWUSG/E 85 7 4 + 4 

4 FQjUSG/C 88 7 4 0 ' 1 

5 FQjUSG/W 85 7 4 + 4 

6 FQjUSG/C 84 8 4 0 4 

7 FQjUSG/W 85 7 4 + 4 

8 FQjUSG/W 87 8 :; 0 2 

9 FQjUSG/W 94 :; 0 2 

10 FQjUSG/W 76 12 11 0 2 

11 FQjUSG/E 88 6 :; 0 :; 

12 FQjUSG/E 85 7 4 0 4 

21 Shotford (upper terrace) 85 8 4 0 :; 

28 Bungay (upper gravels) 88 :; 4 0 5 

43 Rifle Range Pit 76 13 7 0 8 

FQ = Flixton Quarry 

USG = Upper sand and gravel 

LSG = Lower sand and gravel 

E = Eastern end of Quarry 

C = Central part of Quarry 

W = Western end of Quarry 
------~~.~---- "- -------- --- ~-------



Pebble Count Data - Dendrogram for Minimum Variance Clustering. 
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Figure 5. Dendrogram of pebble counts, Homersfield Terrace. 



Rangifer tarandus (reindeer). antler (basal part) 

Bison sp. or ~ ap. (bison or aurochs). metapod~al fragments, 
part of horn core, and a fragment of tibia a 

Palaeobotany 
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The author sampled a variety of clay and silt facies especially 
within the central area of the quarry but failed to find plant fossils. 
In 1980 and 19H1 samples sent by Professor H.G. West and by the I.G.S. 
have also proved to be barreno However, a sample taken by Funnell in 
1~54 (and found in a basement in Cambridgel) was found to contain 
both micro and macro-foRsil remains. The pOllen assemblage was briefly 
as follows 

Pinus 10% 

Picea 3% 

Betula ll~:, 

Salix yl /0 

Gramineae 22% 

Cyperaceae 24% 

Caryophyllaceae l?% 

others 100,6 

Summa£l, 

The Homersfield Terrace was produced during a cold period and 
can be identified as a series of remnants that grade into one another. 

The form of the terrace with its steep central section and high 
western and lower eastern parts suggests that during its formation 
conditions controlling aggradation were varied along the length of 
the terrace. The proximity of ice wthin the valley itself could 
explain such a steeper central portion with the ice providing a 
greater sediment load and hence a steeper gradient. Support~ng 

evidence for ice prox~mity comes from the terrace sed1ments, flow 
tills and ice collapse structures. 

!Evesti~ations post-197~ (M.R.C., A.H., a.J.w.) 

As part of the recent remapping of part of the Waveney valley, 
IGS staff have been a,ble to observe a number of new sections that 
have become available during the recent workings of the gravels. Of 
particular importance has been the recognition of what appears to be 
an organic sil t/ clay unit within the gravel sequence (Figure 6). This 
clay unit, which is up to 2.5m thick, is dark grey in colour, becoming 
orange-brown at its contact with the adjacent sandy beds. Reoent 
palynological examination of the clay has yielded somewhat disappointing 
results (Co:xon, pers. corom.), as pollen is almost entirely absent. 

However, the stratigrapnio position of the clay has shown itself 
to be very significant. Pebble-count studies (Table 2) show that 
the clay separates two quite distin~t gravel facies. The lower gravel 
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unit, which lies beneath the clay, is up to 3m in thickness and is 
characterised by a high proportion of well-rounded white quartzite 
pebbles, similar to those found in the Kesgrave Sands and Gravels. 

The upper gravel unit, lying above the clay, contains appreoiably 
less white quartzite and proportionately larger amounts of angular 
and subangular flint. 

These results show that the lower-most gravel, which overlies 
green Crag Sands (seen in the base of the pit) has obvious affinities 
with, and may be contemoraneous with, the quartzite-rich deposits of 
Middle to Lower Pleistocene age, recognised by Rose and AlIen (1977) 
and Hey (19fO) as the Kesgrave Sands and Gravels. The silt/clay unit 
probably represents a much later cold-phase (glacial) infill, although 
it is not known to which event it relates. The upper gravel unit is 
considerably younger than the other deposits and is similar in 
composition to the river terrace sands and gravels seen elsewhere in 
the area. Thus the base of the Homersfield rrerrace lies at the base 
of the upper gravel unit, that is, at about +12m OD. It is this 
altitudinal level whioh should be used for oorrelation with the other 
terrace deposits found in the Waveney Valley_ 

TAble 2. 

THE COJ;lPOSITION OF THE SANDS AND GRAVELS IN FLIXTON PIT 

8) Lower GrAvel unit (?Kesgrave Sands and Gravels) 

PercentClce by weieht of the +8-16 mm frHction 

Flint Quartzite Vein-QuRrtz Chalk Sst Others 

Ton 1 59 31 9 1 

Ton 2 60 35 5 trAce 

Ton 3 47 45 8 trace 

'ron 6 53 33 1" 7, 
-' 

b) UppeY' Gr;:wel unit (Hornersfield TerrC'lce) 

Ton 7 81 14 5 trClce 

Ton 8 75 20 5 tr?ce 

Ton 9 74 15 8 1 2 
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THE BROOME TERRACE 
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i. Introduction 

The gravel pits at Brooma Heath provide the type locality for the 
Broome Terrace, again recognised by Sparks and West (1968). 

The Broome Terrace is at a lower elevation than the Homersfield 
Terrace (3-4m above the floodplain) and its !~mnants can be traced 
over a 45 km distance, maintaining a O.5m.km gradient (F'igure 2). 

The type locality provides the only sections in the Broome Terrace 
and they are rather poor. Other remnants are found at Shotford (TM 
246813), Diss (TM 115797) and Wortham Ling (TM OP979F). 

ii. Brooma Heath Pit TM 34e915 Figure 7 

As at other sites, the deposits at Broome Heath were grouped under 
unit headings. At this site they are used desoriptively only. 

3. Sorted, current-bedded gravel with sand (lm) 

2. Coarse, poorly-sorted, bedded gravel and sand (3-4m) 

1. Current-bedded sand with gravel and olay lenses (lm) 

The three units at Broome Heath were not laterally consistent and 
all appear, with minor variations, to have been produced under braided 
channel conditions. Clay lenses within the lowermost deposits suggest 
the preservation of lower energy deposits. 

The upper deposits (1) and middle deposits (2) contain both 
penecontemporaneous ioe-wedge casts and post-depositional casts as 
well as having been disturbed by cryoturbation in places. 

Pebble Count§l 

Table 3. Abbreviated results. 

Table 6 (Appendix). Full results. 

As with tne Homersfield Terrace the siml1arity of tnese samples 
was tes'ted... Tne results un Figure 5 show a strong internal homogenelty 
w1thin samples p~aced with1n the Broome Terrace group with all 0f tne 
samples being placed together. 

The average content was as follows: 71% flint} 
14% quartz 9 10010 quartzite, and others 5% 

A high degree of homogeneity in suCh samples is to be expected 
where sampling is localised@ Due to spatially varying percentages 
of litholog18s the technique beg1ns to suffer from other problems when 
sampling is carried out over w1de areas. 

The pebble cou.nts from these samples of tne lower terrace show 
h1gher % of quartz and quartzite ~ossib~y due to the reworkiug of 
these lithologies from gravels of early Ple~BtocHne age ~n the valley 
floor" 

Samples frum Brooma Terrace remnan~s a~ Stratford. (TH 246813) 
and Outney Common (TM 32,~05) gave sim11ar % of lithologies to the 
Brooms Heath site. 
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Table 3. Pebble counts, Broome Heath Pit. 

Sampling site Location Fl in t Quartz Quartzite Chalk Others 
reference number (percentage total stones counted) 

13 BHP/L/W 63 11 7 0 19 

14 BHP/U/W 70 15 8 0 7 

15 BHP/U/C 78 16 15 0 1 

16 BHP/L/C 70 17 11 0 2 

17 BHP/L/C 72 8 15 + 5 

. 18 BHP/U/E 72 13 10 0 5 

19 BHP/L/E 67 16 14 0 3 

22 Shotford (TM 246813) 81 12 4 0 3 

39 Outney Common 72 16 8 0 4 
r (TM 325905) 

BHP ='Broome Heath Pit. 

L = Lower sand with gravel. 

U = ~pper gravel and sand. 

E = eastern end of pit. 

C = central part of pit. 

W - western end of pit. 
~ --~ 

. __ .-
----~~. --- - -~-----~ ---- - ~-----~ 



Palas2Z001ogy, palaeobutan~ and archaeology. 

Palaeozoology .. 
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Iiecords of she11y cJ.'ag from neluvJ vlater level Um O.D .. in <T1lly 
1978) - R.G~ West (personal communlcation)® Mineralised antler from 
nit (Funnel1, lS55). 

Stuart (personal cotnl1lllnicution) has itlentif1ed the fO.LlO\'iing 
specimens held by Norwich Castle Museum: 

Mammuthus primige~ius 13 molars + fragment of pelvis 

The ~.C.M. Catalogue also records 

Bison. 

Palaeobotany:, 

The Brooms Heath Pit has in the past yielded an arctic flora 
(R.G .. West, personal communication, Lambert, C.A., unpuhl.) 

The author analysed several organic lenses in coarse unsorted 
gravel at Section 3 (Figure 7). The sandy, silty material suggests 
a small area of quiet water deposition within a braided channel. 

The material (after much treatment) yielded pollen but no 
macro-fossil plant remains. 

The pollen diagram (Figure 8) contains the results which are briefly 
outlined below : 

a" Herb pollen predominates. Gramineae and Cyperaceae reaching 
23% and 45~:- P respectively. 

b. Tree and shrub taxa are diverse@ 

c.. The palynomorph /rype X is present at levels of up to 2% 
(p + type X) .. 

Conclusions-

1.. The depositiona~ environment (wlth ice wefge casts truncntln[ 
these organic lenses) and the presence of ~erbs and Betula and 
Finus in moderate frequencies sugfest a cold climate deposition. 

20 The thermophilous taxa are reworked from older deposits. 

3. The presence of Type X, restricted to the Hoxnian Interglacial 
(Turner, 1~70; ~hillip8, 1976~ is another strong indicator of 
reworking and important stratigraphically as it sugrests the 
reworked materla~ is of hoxnian age. 

Archaeology" 

One flint flake was found in Unit 29 3m below the surface by the 
author.. The flake is a primary flake of black flint in a rolled 
condition, its unpatinated striking platform of cortex also forms over 
half of the reverse side@ The flake has a freatest length of 9cm and 
width of 3.5cm (J.J. Wymer9 personal communication). 

Summar;r, m'!, 

The Broome Terrace vii th its consistent height and gradient laCKS 
features indicating ice proximity in contrast with the Homersfield 
Terraceo The deposits appear to have been produced in a braided channel 
system and during a cold climatic reg~me. The terrace also appears to 
have a distinctive lithologieal content at least along part of its length. 
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c. THN HIGH LEVEL GRAVELS A1In THE WAVENEY FLOODPLAIN 3-19 

The sites in these 2 divisions are rather poor, the former beine 
badly exposed, tue ]atter under water. ITowever, sites may be avai~ab~e 
and a general introduction follows. 

i.. HIGH LEVEL GRAVELS 

This term is firstly a relative one for the area ano secondly is 
used to describe a variety of deposits of sand and gravel along the 
upper edges of the Waveney Valley and its tributaries. 

The deposits cover a number of different depositional environm~ts 
and were grouped to facilitate descript~on. (Some sites ~n this section 
were referred to by Gladfel ter, lSJ75, as "Upper Terrace".) rrhe sands 
and gravels along the upper edge of the valley have been referred to 
as High Level. Gravels because of their discontinuous, varied and 
sometimes uncertain nature~ They also are dis8imilar to toe other 
terrace deposits in the valley_ 

Examples: 

Roydon Gravel Pit (TH 099802) 

40 metres 0.0. (14 metres above floodplain). 

Fluvioglacial, including frozen transport, till inclusions, ice contact. 

Billingforq (West) (TH 161780) 

Spread of sand and gravel. No exposure. 35-40 metres O.D. 

Hot Dog Pit (TH 17187886) 

37 metres 0.0. Poor exposure. Current bedded sands and sands and 

gravels with chalky till inclusions. 

Harman's Lane Pit (TH 226824) 

36 metres 0.0. Coarse sand and gravel overlain by bedded sand and. 

laminated clays. Fluvioglacial outwash with till inclusions followed by 

ponding of water within the tributary. 

The pebble count analysis from the sites grouped in this division 
are given in Table 4. 

The low~ % of flint, hlgh quartz and high chalk and erratic content 
has separated this group out from the other sand and gravel deposits 
(Figure 5) $ 

There is however some overlap between the groups .. 

The Hign Level Gravels include a variety of deposits, many ice 
proximal and their diversity is probably due to their being proximal 
outwash deposits and ice contact features" 
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Table 4. Pebble counts, High Level Gravels. 

Sampling site Location Flint Quartz Quartzite Chalk Others 
reference number (percentage total stones counted) 

20 Shotford 52 6 32 2 8 

24 Hot Dog Pit (upper) 57 7 6 20 10 

25 Hot Dog Pit (lower) 77 12 6 .+ 5 

26 Hot Dog Pit (lower) 53 12 4 24 7, 

27 Broadwash Farm* 64 27 4 0 4 

34 Harman's Lane. Pit 57 12 14 11 6 

36 The Beck 94 0 4 

37 Thorpe Abbotts (upper) 51 22 10 13 6 

38 Thorpe Abbotts (lower) 51 27 7 10 5 

42 Dross Lane 55 23 9 3 10 

44 Roydon Gravel Pit 46 6 4 33 11 

47 Harman's Lane Pit 54 12 13 11 10 

*Broadwash Farm, road cutting TM 273856 
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The present day river flows across its f1oodp1ain which b~\we~n 
Lopham and Ellingham maintains an average gradient of 0.45 m.k1Il • 

The morphology of the floodplain is similar to other present 
day river systems in the regions and the f1oodp1ain itself represents 
a valley fill of sand and gravel overlain by an accumulation of clay 
and silt. The floodplain varies in width between 0.5km and 3km. 

The sand and gravel lying below the alluvium of the f1oodp1ain 
have Y1elded a cold climate fauna at Shotford (TM 246~1)) : 

Coe1odonta antiquitatis 

Mammuthus P!imi$enius 

Organic remains in hollows within the floodplain sands and 
gravels at Lopham Li ttle Fen (TM 042794) have been sho\·m to be Late 
Devensian in age (Ta11antire, 1953).. OtHer organic remains, just 
within the Little Ouse Valley, west of Lophamt have also been found 
to be Late Devensian (Coxon, 1978, Bradshaw, Coxon, Greig and Hal], 
1981). 

The sands and gravels of the Waveney }i'loodplain had been 
deposited before the Late Devensian, the accumulation of alluvium 
is Post Glacial .. 

One sample taken for pebble counts taken from below water level 
at Shotford was found to have a similar composition to the Broome 
Terrace gravels.. This sample (Sample 23. Figure 5) iudlcates 
reworking of material and the problems in usj,ng pebble counts for 
such correlations. 
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3. INTERGLACIAL DEPOSITS 

The Waveney Valley and its tributaries contains biogenic 
sites of both Hoxnian and Ipswlch1an age and these datable sites 
are of considerable importance when reconstructing changes in the 
geomorphology of the area m 

Sites and small sections may be available in these deposits. 

a.. SAINT CROSS SOUTH EJJll!I1iAM TM 3031540 Figure 9. 

The interglacla~ deposits are on the south side of a small 
tributary of the Waveney (The Beck) 2~km from the Waveney itself, 
15km north east of Hoxne and 3km east off Wortwel~.. 'l'he site was 
first described by Candler, 1889, and was the subject of a preliminary 
investigation by West, 1961. 

It was Candlert as long ago as 1889, who noted the position of 
the lake deposits relative to the surrounding land; "they (the 
interglaCial deposits) now occupy a ridge or tongue of .Lalld between 
2 depressions". 

The lacustrine deposits at South Elmham 11e in a basin some 
300 met~es across and the basin probably was produced as a kettle 
hole in the Lowestoft Till .. 

The location of the basin in the landscape can be seen on Figure 
9 and the lithologicsl and biostratigraphical subdivisions are shown 
in more detail on Figure la. r['11e location oi' tOll':; sJ.te is vory similar 
to the location of the Hoxnluu type site at Hoxns and also to the 
other IIoxnion site an<3.lysecl by tbe author at Atl,C'li.ngton.. (AtheliDrton, 
Figures 11 dl1 r 129 TM 22271U, s:~.5km from the \hlVency on a tributary anci 
9km south of Hoxne). 

All three Hoxnian sites lie on tributaries of the Waveney and 
are positioned out of the present tributary valleys. In the case of 
Athelington (Figure 11) which is near the head of the tributary 
stream the lake basin is within th. valley, whilst Hoxne and South 
Elmham are a~ong6ide the present valleys. 

The lacustrlne depOSits at South Elmham are varied and it was 
not possible to divide them into defined strata as at Hoxne (West, 
1~56) .. 

In general terms the lower sediments are clay-muds (dark grey -
o~ive green) whiCh are very compact.. These lacustrine deposits 
contain some sandy horizons prObabl.y indicating hlgher energy 
deposition within a quiet low energy depositiona~ enVironment. 
Towards the u.fJper levels of the intergl.acicH deposi t (Figure 10) the 
c~ay becomes mottled and contains higher levels of sand. The top of 
the deposit contains an erosional unconformity, with soliflucted 
chalky tlll from the surrounding slopes cut lnto the ~ake depBsitso 

The longest continuous pollen record from the sites came from 
boreholes 4 and 5$ These proved the basin to be 11 metres deep and 
contain the pollen record shown on Figure 13" 

The local pollen assemblage biozones are summarised here 
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6 .. Alnus-Corllus pea.b. 
3-28 

5. Alnus-Gramineae-Corylus p"a"b .. 
4 .. Alnus-Corllus-~ercus p .. a .. b .. 

3 .. Alnus-Quercus p .. a .. b@ 

2 .. Betula-Pinus-Quercus p .. a .. b .. 

1 .. Betula-Gramineae 

The regional pollen assemblage biozones to which the local poa.b" 
are best correlated are clearly those of the Hoxnian Interglacial. 

The local p.a .. D" were correlated w1th the sub-stages of MarKs Tey, 
Essex (Turner, 1';;1'(0) and the type site at Horne (Vlest, 1956) as follows 

Pollen assemblage biozones 

Local Regional 

6 .. Alnus-Cor;zlus p"a .. b .. Ho 11c3 

5 .. Alnus-Gramineae-Corylus p"a .. b .. Ho 1102 

4 .. Alnus-Coryl~-QuercuB p"a .. b .. Ho lle1 

3" Alnus-Quercus p"a .. o .. Ho lIb 

2 .. Betula-Pinus-Quercus p .. a .. b .. Ho lla 

1 .. Betula-Gramineae p .. a,,,b .. Ho 1 

Major and interesting factors involved in this correlation include 
the following 

I.. The presence of Type X tnroughout tne pollen record 

2.. ~he rapid rise of pollen values of ~uercus during Ho lla, 
otner thermophilous taxa then appearing .. 

3.. The decl~ne of £uercus, AlnuB becom:wg dominant and Coryl'!!!. 
steadily increasing throughout Ho lIb. 

4. The hLgh non-arboreal pollen values during Ho 11e (subdivided 
by this author into Ho lIcIt Ho 11c2 and ITo 1103). Th1s n.a.v. phase 
has been shown to be widespread in Hoxnian deposits: 
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3-29 
'llurner, 1970, favot~red grazine; by animals or a regional forest 
fire as a cause for this marked horizon in Hoxnian pollen diagrams .. 

The Hoxnian sites in the Waveney Valley now lie on the edges 
of the low order tributaries that have cut down beside them. The 
proximity of the basins to the tributary system of the Waveney 
suggests theRe basins may have been linked to the drainage network 
during their infillingo There are post-lloxnian fluviatile deposits 
at Hoxne itself that cap the interglacial like sediments (Gladfelter, 
1975). 

The degree of post-Hoxnian erosion marked by these tributaries 
is large for the area, around 10 metres for South Elmham and Hoxns 
and 5 metres at Athelington. The present tributaries are graded to 
the level of the floodplain. 

If the Hoxnian sites were linked to the drainage system of the 
v/~veney then presumably the streams were graded to a higher level in 
the main valley. This point is discussed in detail elsewhere (coxon, 
1979). 

b .. WORTWJ!lLL Tt,! 27528437 

The interglacial si to at Worh/ell is unfortunately below gravel 
(and by now probably under a housel). During 1966 an excavation for 
a sewer trench in Low street revealed the remains of an elephant 
(Elephas antiquus, NCM, 877.967) within oreanic deposits. The site 
was investigated by Sparks and West (1968) who analysed samples 
retrieved from the trench for plant macrofossils, pollen and molluscs. 
The organic sediments were assigned to the Ipswichian Interglacial on 
the basis of their fossil content. The deposit's importance was 
recognised as a biostratigraphical marker horizon especially with 
respect to its relationship to the Waveney terraces an~ its proximity 
to Hoxnian Interglacial sites at Hoxne and South Elmham. Unfortunately 
the lack of stratigraphic context and a complete profile of the inter­
glacial has led to doubt in the literature (Cox, 19~1). 

The author reinvestigated the site and used a series of 5 boreholes 
and also auger testf:~ to determine the stratigraphy of the deposi ts at 
Low street® The results show the interglacial. deposit thinning out 
upslope (Figure 14) eventually disappearing .. 

The interglacial sediments are underlain by sand and gravel 
which rises upslope~ Overlying the interglacial are 1-2 metres of 
sand and gravel which form the floodplain terrace. The interglacial 
appears to be contained between the sands and gravels of the side of 
the valley slope and the Waveney Floodplain sands and gravels. 

The interglacial deposits are composed of a sandy, silty clay 
and silty mud containing organic material and freshwater molluscs. 
The sediments and their contained fauna suggest a quiet, low energy 
depositional environment characterised by the sedimentation of clay 
and silt", Occasional hie;her energy flow is indice.ted by the rresenee 
of sandy layers with pebbles@ The environment was probably one of a 
backwater on a floodplain providing an unLtahle environment and one 
['ound at other II)S\\lichian cdtes (eeC" Coxon 9 11:11, Lister an(~ StuDrt, 
lSll"O) m 

Tlw pol1(';11 record 01 tllc organic cJeposi ts is recorded in ll'igure 
15 ~nJ can be seen to be just OVfr 2 m~treB in lenGth~ 
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The local pollen assemblage biozones are summarlsed here 

5. Corylus-Quercus p.aeb. 

4. Quercus-Pinus-~etula p.aeb. 

3. Betu1a-Pinus-Gramineae p .. a.,b .. 

2. ~etu1a-Gramineae-Cyperaceae pea.b. 

1.. Gramineae-Cypreraceae-Betu1a-Artemisia p "a .. 1). 

The regIonal peD.b .. to which the local p.a.b. are best correLated are 
those of the Ipswichian Interglacla1. The local pea.,b. were correlated 
with the sub-stages of the Ipswichian type site at Boboitshole, Ipswich, 
47km to the south south west (West, 1~57). 

Pollen assemblage blozones. 

Local Regional 

5. Corylus-Quercus pea"b. Ipllb 

4. Quercuffl-Pinus-Betula p.a.b. Iplla 

3. Betula-Pinus-Gramineae pea.b. Iplb 

2. Betula-Gramineae-Cyperaceae p.a.b. Ipla 

1. Gramineae-Cyperaceae-Betula-Artemisia p "a.b.. HJo 

Major and interesting factors involved in this correlation include 

1 .. The absence of HipPo!,hae, Tilia, Taxus and Type X 

2 .. The scarcity of Alnup pollen. 

3. The rapid expansion of Corylus in Ipllb 

4 .. 'l'he importance of Quercus in Ipllb. 

The correlation with other Ipswichian diagrams including 
the type site is good. 

Another interesting point is that the pollen diagrams from 
Wortwell and South Elmham are very different and both sites would 
favour a regional representation of the pollen 'rain'. The sites 
are only jkm apart and both represent the first part of an inter­
glacial. These points underline the clear division between Hoxnian 
and Ipswichian sites and the validity of using biostratigraphy to 
subdivide these interglacials eo 

The Ipswichian deposit at Wortwell appears to be a floodplain 
backwater deposit that clearly post-dates the Homersfield and Broome 
Terraces as it lies within the valley and banked up against the valley 
side. The interglacial also lies below ~ands and gravels that belong 
to the Waveney Floodplain Terrace~ 

The geomorphological position of the deposit shows that the main 
valley must have been in existence at the beginning of the Ipswichian 
inter~lacial and that the Ipswichian floodplain was in much the same 
position as the present day one .. 



4 .. THE GEOMORPHOLOGICAL HISTORY OF THE vlAVENEY VALLEY 3-33 

The main points used in determining the dating of the landscape 
change within the valley are outlined. 

!~-'l~_~1ig~ Level Gravels .. 

These deposits are linked with the chalky Lowestoft Till over 
the entire area and as this till can be correlated to the Anglian 
type section at Corton (Mitchell, PennYt Shotton and West, 1973) 
and as most authorities now accept this Anglian age the High Level 
Gravels probably represent AngliHn fluvioglsciaJ deposits. 

ii. ~he Homersfield Terrace 

The sands and gravels of the Homersfield Terrace partly fill 
the Waveney Valley.. They were produced in cold conditions and the 
morphology of the terrace and its contained sedimentary structures 
6UeCElst ice proximity" The Homcrsfield 'l'errace also contains a f10\" 
tilJ with very similar appearanc~ to the Lowestoft Till (i.e. very 
chalky, blue-grey) 6ucresting that the Lowestoft Till was being 
de~.osi tad penecontemporaneously \vi th the Homersfield Terrac~." This 
would mean the llomersfield Terrace was produced as outwash sands and 
gravel from the Anglian iC8. 

ii1. ~he Brooma Terrace. 

The Broome Terrace contains no evidence of ice pr0ximity although 
it was clearly laid down in cold climatic conditions. The presence of 
reworked polJ.en which strongly suggests a IToxnian age would mean this 
terrace postdated the Hoxn1an Interglacial. Ipswichin deposits on the 
valley floor at Wortwell show that the terrace must predate the 
Ipswichian. The Broome Terrace therefore was produced between these 
2 interglacials within the Wolstonian Glaciation. 

There is no evidence along the length of this terrace of glacial 
ice" 

Iv. The Wavenel Floodplain" 

The Floodplain sands and gravels lie on the floor of the valley. 
They cover the Ipswichian deposit at Wortwell and lie below Late 
Devensian si tes at Lopham and Thelnetham (TN 005972). The Wa.veney 
Floodplain also appears to have been laid down under cold climatic 
conditions, during the Devensian. 

v. The importance of the interglacial sites. 

The biostratigraphic marker horizons of Hoxnian and Ipswichian 
age are of considerable importance. The Hoxnian sites 

a. Place the chalky till as Lowestoft Till 

b. Show the degree of erosion since the Hoxnian lake 
deposits formed in hollows on the Anglian till surface. 

c.. Show that if the Hoxnian sites were liMked to the 
Waveney drainage system by tributary streams then these 
streams were probably graded to a higher valley floor 
than exists at present. The valley floor could then 
have been at the height of the liomersfield Terrace. 

'l'he Ipswi chian si te : 

a. Post-dates the Homersfield and Brooms Terraces. 

be Shows the level the river hud cut down to following the 
deposition of the terrace deposits. 

c. Fre-dates the Wa.veney Floodplain Terrace. 



yi. SUmmary. 
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Taking all ef the information together it is possible to 
reconstruct a ~equence of events that shaped the Waveney Valley area. 
There are bound to be gaps in such a sequence but the biostratigra.phic 
evidence enables key points to be stratigraphically place objectively. 

Table 5 summarises the main geomorphic events 

TABLE 5. 

Summary of the Pleistocene history of the Waveney Valley. 

stage 

Flandrian 

Devensian 

Ipswichian 
(Substages IpIB-Ipllb) 

Wolstonian 

Hoxnian 
(Substages Hol-HoIV) 

Anglian 
Lowestoft Substage 

Corton Substage 

Gunton Substage 

Pre-Anglian 

Events 

Anthropogenic effects including peat cutting 
and drainage. 
Aggradation of floodplain clays and organic 
deposits. 

Production of open pools in hollows left by 
melted ice. Deposition of sandy clays. 
Aggradation of sands and gravels on the flood­
plain. 

Deposition of channel backwater sediments along 
floor of main valley. 

Downcutting 
Aggradation of Broome Terrace 
Downcutting 
Aggradation of sands and gravels on surface 
of Hoxnian deposits at Hoxne. Solifluction 
of till onto surface of Hoxnian depoGits at 
South Elmham .. 

Sedimentation in hollows in the Lowestoft 
Till. 

Outwash using valley as a channel and filling 
it producing the Homersfield Terrace. 
Retreat of Lowestoft ice, production of High 
Level Gravels and associa ted c~eposi tS e 

Tunnel valley formation. 
Advance of Lowestoft ice. 

Formation of Corton Sands .. 

?Till below Corton Sands at South Elmham .. 

Deposition of Crag on Chalk .. 
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Table 6a. Waveney Valley, stone oounts. 

Pebble lithology count data matrix (relative frequency). All figures shown 

are percentages of the total pebbles counted for that sample. A + indicates 

a value of less than 0.5%. 

Sample reference Locality Sample reference Locality 
number number 

1 Flixton Quarry 26 Hot Dog Pit 

2 " " 27 Corton Sands (TM 
273855) 

:; " 11 28 Bungay (TM 335898) 

4 tI " 29 Mendham (TM 273822) 

5 " .. 30 11 

6 " tl 31 " 
7 " iI 32 tI 

8 it 11 33 Instead Hall Farm 
(TM 233810) 

9 " " 34 Harman's Lane Pit 

10 VI tI ' 35 Instead Manor House 
(TM 235805) 

11 " 11 36 The Beok 

12 " 11 37 Thorpe Abbotts 

13 Broome Heath Pit 38 " " 
14 " 11 " 39 Outney Common 

(TM 325905)· 
15 " 11 " 40 Dross Lane 

16 " 11 11 41 " " 
17 Ii 11 rii 42 " " 
18 It 11 " 43 Rifle Range Pit 

19 Ii 11 11 44 Roydon Gravel Pit 

20 Shotford 45 Stars ton (TM 243844) 

21 11 46 Hoxne (upper g~avel) 

22 tI 47 Harman • s Lane Pit 

23 Ii 

24 Hot Dog Pit 

25 " 9i I~ 
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* Sample re~erence numbers as in previous tables. 

~..., 

.... 0 .... 

495 
503 
361 
164 
661 
555 
610 
182 
162 
190 
461 
336 
888 
815 
146 
481 
810 
822 
816 
222 
568 
451 
316 
824 
349 
580 
282 
411 
390 
682 
219 
392 
614 
SOO 
294 
682 
325 
401 
814 
562 
413 
452 
560 
651 
486 
311 
503 

VJ 
I 

VJ 
0\ 
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