
THE GEOLOGY
OF

NORFOLK
A collection of papers assembled by the

PARAMOUDRA CLUB
to mark its tenth anniversary.

Edited by G. P. LARWOOD and B. M. FUNNELL

CONTENTS

Introduction --------
Strata of Norfolk

The Sub-Cretaceous Rocks of Norfolk, by R. G.
Thurrell --------

The Lower Cretaceous Deposits of Norfolk, by G. P.

Larwuod

The Upper Cretaceous of Norfolk, by N. B. Peake
and J. M. Hancock

The Palaeogene and Early Pleistocene of Norfolk,

by B. M. Funnell

The Glacial and Interglacial Deposits of Norfolk,
by R. G. West -------

Page 269

.. 270

271

.. 280

.. 293

340

,, 365

TRANSACTIONS OF THE NORFOLK AND NORWICH
NATURALISTS’ SOCIETY,
VOLUME 19 PART 6

Edited by E. A . ELLIS

Grateful acknowledgment is made to the Royal Society

for a generous grant towards the cost of this publication.

Norwich

Printed by the Soman-Wherry Press Ltd., Norwich

Published September, 1961





THE GEOLOGY OF NORFOLK





INTRODUCTION

The present collection of papers incorporates the results of import-

ant recent investigations, and provides a comprehensive, up-to-date

account of the pre-Holocene geology of Norfolk. It has been assembled

by the Paramoudra Club to mark its tenth anniversary, and is published

in co-operation with the Norfolk and Norwich Naturalists’ Society.

The Paramoudra Club was founded in 1950, as an association of

student geologists, to promote interest in the geology of the county of

Norfolk, and now includes in its membership many professional and

amateur geologists from Norfolk and elsewhere. The members of the

Paramoudra Club take this opportunity to thank those authors whose

contributions have made this publication possible. Figures 1, 2, and 10

are based in part on Crown Copyright Geological Survey maps by per-

mission of the Controller of H.M. Stationery Office.

A brief summary of the geology of Norfolk will be found in the

British Association publication "Norwich and its Region ” (1961).
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TABLE 1. STRATA OF NORFOLK

Formations, Zones and Deposits Stages Periods and
Systems

Barrier Islands and Spits
Broadland and Fenland Deposits Post-Glacial Holocene

Hunstanton Till and Outwash Deposits Last (Hunstanton) Glaciation

Morston Raised Beach Ipswichian Interglacial

Gipping Till and Outwash Deposits Gipping Glaciation
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Nar Valley Freshwater Beds

Hoxnian Interglacial

H

Lowestoft Till

Corton Beds
Cromer Till and Norwich Brickearth
Leda myalis Bed

Lowestoft Glaciation

A
W
V
o
H
C/5

s

Arctic Freshwater Bed
Cromer Forest Bed Series

Cromerian Interglacial

CL

Weybourne Crag

Norwich Crag|
T

UPPer °iv
!
sion

° Lower Division
Icenian

Ludham Crag PButleyan

London Clay Ypresian
Eocene
andReading Beds Sparnacian

PThanet Sands PThanetian

Zone of Belemnella lanceolata Maastrichtian

Zone of Belemnitella mucronata
Zone of Gonioteuthis quadrata
Zone of Marsupites testudinarius

Zone of Uintacrinus
Zoze of Micraster cor-anguinum
Zone of Micraster cor-testudinarium

Senonian

Upper

Zone of Holaster planus
Zone of Terebratulina lata

Zone of Inoceramus labiatus

Turanian

C/3

3
O
a
u
<
H

Zone of Holaster subglobosus

Zone of Schloenbachia varians
Cenomanian

w
X
u

Red Rock and Gault Clay Albian

T3
£

c Carstone
{“ CO

Aptian
o

^ T
« Snettisham Clay

(5 Sandringham Sands
Neocomian

.

Kimeridge Clay Kimeridgian J URASSIC



THE SUB-CRETACEOUS ROCKS OF NORFOLK 271

THE SUB-CRETACEOUS ROCKS OF NORFOLK
By R. G. Thurrell

I he oldest formation exposed at the surface in Norfolk is the Upper
Jurassic Kimeridge Clay, but the buried pre-Kimeridgian sequence is

known to some extent from deep borings within the county at North
Creake and near Southery, and by inference and extrapolation from
boreholes elsewhere in the northern part of East Anglia. These borings
reveal a sequence of Mesozoic sediments resting on an irregular surface
cut across a basement of Palaeozoic or older rocks. Variations in the
configuration and in the physical characteristics of this Palaeozoic base-
ment to the south and south-west of Norfolk have also been determined
by seismic methods (Bullard and others, 1940), and more recently the
Geological Survey (Sum. Prog. Geol. Surv. for 1958, p. 8) has completed
gravity and magnetic surveys over East Anglia which reveal so far un-
explained strong negative anomalies in the Fens and in North Norfolk
(see Gravity overlay for Geol. Surv. “ Quarter Inch ” Map, Sheet 12,

1960).

THE PALAEOZOIC AND PRE-MESOZOIC FLOOR
'The Palaeozoic floor beneath East Anglia forms the north-western

part of the London-Brabant massif which has remained resistant to

deformation since the coal-bearing strata in Kent and around Namur
in Belgium were preserved in downfolds along its southern borders,
towards the close of the Carboniferous period. Subsequent denudation
gradually reduced the stable-block to an area of low relief and upon this

peneplain the succeeding Mesozoic rocks were laid down with strong
unconformity.

The only place in Norfolk where the Mesozoic cover has been pene-
trated in a deep boring is at North Creake, eleven miles east-south-east
of Hunstanton, where Triassic rocks rest directly on the Pre-Cambrian
basement at 2,561 ft. below Ordnance Datum (O.D.). No Palaeozoic
rocks were present (Kent, 1947). In Suffolk and in Cambridgeshire
however the floor has been encountered more frequently.

At Lowestoft, Lower Greensand was found to rest on Palaeozoic
rocks of possibly Silurian age at a depth of 1,615 ft. below O.D., and at

Harwich (Essex) old rocks of uncertain age were encountered at 1,013 ft.

below O.D., overlain by Gault. At Stutton, eight miles south-east of

Ipswich, again the Gaidt rests directly on rocks which are probably
Upper Silurian (Ludlovian) or Downtonian in age at a depth of 974 ft.

below O.D. Near Bury St. Edmunds, at Culford, the Palaeozoic floor was
struck at only 527 ft. where it was overlain by Low^er Greensand, but there

was no definite evidence of the age of the older rocks. The shallowest

occurrence of Palaeozoic rocks in northern East Anglia so far known is

below Cambridge, where Carboniferous Limestone is present 355 ft. down,
below- Lower Lias. Further north-east at Soham, 97 ft. of red-beds of

possibly Permo-Triassic age separate the Lower Lias from the Palaeozoic

floor which consists of steeply dipping marine Devonian facies at a depth
of 777 ft. below- O.D.

This far-flung scatter of information shows that the surface of the

Palaeozoic floor rises steadily south and south-westwards underground
beneath Norfolk towards a ridge or undulating plateau beneath Cambridge
and Culford, and then falls away east and south-eastward towards Stutton

and Harwich. Unfortunately, the data so far available concerning the

stratigraphy and structure of the rocks which outcrop on the surface of
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the platform are too scattered to allow the insertion of geological bound-
aries however tentative.

This concept of gently sloping subterranean surfaces culminating in

the region of Cambridge is supported by geophysical data and by the

evidence of borings in the Mesozoic cover which have not reached the

Palaeozoic floor but which suggest that the floor continues to plunge
away north-eastwards beneath Norfolk. A borehole at Coombs, near
Stowmarket, stopped short of the floor after passing through 57 ft. of

drift deposits and 838 ft. of Cretaceous beds. Another hole at Holkham
Hall was stopped in PKimeridge Clay at 713 ft. below O.D., having
penetrated 655 ft. of Chalk, 8 ft. of Red Chalk, 10 ft. of Gault and 70 ft.

of Carstone. A deep boring at Messrs. Colman’s works at Norwich
(Whitaker, 1921) passed through 12 ft. of superficial deposits, 1,152 ft.

of Chalk, 6 ft. of Upper Greensand and 36 ft. of Gault, and yet did not
reach the Palaeozoic floor.

Seismic investigations undertaken by members of the Department
of Geodesy and Geophysics at Cambridge (Bullard and others, 1940) in

conjunction with borehole evidence confirm the northerly slope of the
basement beneath north-west Suffolk, and south-west Norfolk. At
Lakenheath results indicate that the Chalk, underlain by Gault and
Lower Greensand, rests directly on the Palaeozoic floor at 810 ft. below
O.D., and at Feltwell, five miles to the north, where Jurassic rocks may
also be present, the floor is probably at 830 ft. below O.D.

Further evidence that the Mesozoic sedimentary wedge continues to

thicken northward as the relatively more dense rocks of Palaeozoic and
Pre-Cambrian age become more deeply buried is suggested by the pattern
of isogams shown on the gravity overlay map recently published by the
Geological Survey (1960). In general, the line along which the force of

gravity was found to be normal runs east and west across central Norfolk,

and the country to the south shows a slight positive gravity anomaly and
that to the north a much stronger negative anomaly. Even allowing for

the effect of predictable or probable variations in the composition of the

rocks in the Mesozoic cover, it is clear that the increasing depth of the
basement or some far-reaching change in its physical characteristics must
in large measure be responsible for the low value of the gravity measure-
ments in the region towards the North Norfolk coast and in the northern
part of the Fens. Research is still proceeding and no further comment
can be made at present.

Since the Palaeozoic floor shelves away gradually northward beneath
Norfolk, successive Mesozoic strata tend to thin out southward as they
overlap onto the sloping basement. It is clear from the numerous bore-

hole records where Gault rests directly on Palaeozoic rocks that the
highest parts of the massif were not submerged completely before the
widespread advance of the sea in the Albian transgression. In his

account of the boring at North Creake, Dr. Kent (1947) has constructed
a map showing the probable south-eastern limits of the various horizons
in the area and their relationship to each other according as the sea was
advancing or retreating from the flanks of the Palaeozoic land-mass.
Only slight modifications to the map are necessary in the light of more
recent information.

The earliest Mesozoic representative at North Creake, the Bunter
Sandstone, is 132 ft. thick and consists of fairly homogeneous white
water-laid medium-grained pebbly quartz sandstone locally cemented by
pyrite crystals. It rests unconformably on dark greenish-grey somewhat
sheared Pre-Cambrian (Charnian) tuff or agglomerate rich in mica and
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chlorite. We have no evidence of the lateral extent of this Pre-Cambrian
rock type. 1 he Reaper Marls are lithologically very similar to rocks of
that age at their outcrop in the Midlands, but the thickness of both
1 riassic divisions is such that North Creake is evidently well north of the
feather-edge of the formation, although the Bunter, being somewhat
attenuated, is probably overlapped southward, the Keuper transgressing
beyond it across the Palaeozoic floor. (See summary of North Creake
Borehole, below).

Rhaetic beds are so imperfectly represented in the borehole that one
must presume that they are rapidly overlapped over the area to the
south and east by the Lias. Lithologically the Lower and Middle Lias
consist of thick grey shales and clays with subsidiary thin muddy lime-
stones, calcareous sandstone and occasional ironstones, passing up into
bituminous shales of Upper Lias age. These earlier Jurassic beds were
deposited in almost completely conformable sequence, but they thin
southward and through slow upwarping of the Palaeozoic floor towards
the end of Liassic time, they were truncated progressively in that direct-
ion by the transgression of the sea which laid down the Great Oolite
Series.

There is no representative of either the Inferior Oolite or the North-
ampton Sands Ironstone under Norfolk; most of the Upper Lias has been
eroded from the sequence at North Creake while in both the Soham
borehole (Edmunds, 1956, p. 33) and the Cambridge borehole (Ibid.,

1954, p. 28) only the Lower Lias is represented below the Great Oolite
Series. At Southery (Pringle, 1923) even the Great Oolite is attenuated;
only ten feet in the upper part of the Series is present overlying Middle
and Lower Lias.

Succeeding the Great Oolite at North Creake are six feet of broken-
shell crystalline limestone, representing the upper subdivision of the
Cornbrash, and 46 ft. of sandy Kellawavs Beds. These two horizons indi-

cate shallow shelf-sea conditions in the area, linked with a withdrawal of

the deeper water towards the north. Neither rock is recorded from the
Severals House boring near Southery, and at Soham and Cambridge
both have only very thin representatives. Erosion after Kellawavs
times probably accounts for the thinness or absence of these two divisions

to the south, but in northern Norfolk at least, deposition appears to have
been almost uninterrupted.

In Oxford- Clay times, represented at North Creake by 138 ft. of grey
sometimes bituminous and pyritic shales and subsidiary muddy lime-

stone seams, and at Southery by up to 158 ft. of similar but more fossili-

ferous material, deposition again extended further southward. The
shoreline must have run just northwest of both Culford and Lowestoft
boreholes, but southeast of Cambridge and Soham, where the clay,

though thin, is present. Most of Norfolk must have been open sea, and
yet the proved thickness of Oxford Clay is only half as great as in mid-
Lincolnshire. Dr. Arkell (1937) has shown that at Southery, at least, this

apparent attenuation is due to the fact that the uppermost and lowest

zones are either missing or extremely thin.

Apart from the highest zone of the Corallian (that of Ringsteadia

pseudocordata, which at 40 ft. is thicker in Norfolk than anywhere else in

this country), both that division and the Kimeridge Clay are similarly

reduced as compared with their equivalents in Central Lincolnshire.

Their uniform clay facies does not suggest proximity to a contemporary
coastline, and their present subsurface extension to the south and east

is presumably controlled by pre-Aptian uplift and erosion, so that the
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Kimeridge Clay will be overstepped first, the Corallian clays next and the

Oxfordian extend furthest south beneath the transgressive Neocomian
and Lower Greensand. The feather edges of each of these Jurassic clays

must lie under South Norfolk since none of them was located in either

Culford or Lowestoft boreholes.

Lithologically the Corallian (Ampthill) clays do not greatly differ

from those above and below in the North Creake borehole, but the lowest

part of the division is characterised there and at Southery by hard
medium-grey limestone which is however, not at all comparable with the
well-known coral limestone facies at Upware in Cambridgeshire. Although
it is quite possible that the Corallian shoreline may have supported such
a development in Norfolk, there is no evidence of it, at present. As
shown by the thicknesses recorded for the formation at North Creake
(85 ft.) and Southery (70 ft.), the Ampthill Clay thins southward below
West Norfolk, but no evidence is available to suggest how rapid the

attenuation may be in the ground to the east and south-east. It is likely

that the succeeding Kimeridge Clay undergoes a similar although more
rapid thinning in the same direction.

SUMMARY OF THE LOG OF THE NORTH CREAKE BOREHOLE
71 ft. O.D.

Thickness Depth of
Formation (P-) Base {ft.)

Chalk 471 471
Upper Greensand 10 481
Hunstanton Red Rock 6 487
Lower Greensand and Neocomian . . 216 703
Kimeridge Clay 160 863
Corallian (Ampthill) Clay 85 948
Oxford Clay and Kellaways Beds . . 184 1132
Cornbrash 6 1138
Great Oolite Series 97 1235

f Upper 41 1276
Lias "S Middle 77 1353

l Lower 423 1776
Rhaetic 14 1790
Keuper 513 2303
Bunter 132 2435
Pre-Cambrian (penetrated to) 197 2632

THE KIMERIDGE CLAY
Kimeridge Clay underlies the eastern part of the Fens and rises

through the superficial deposits here and there as low straggling
“ islands ” which provide firm and fairly well drained foundations for

Ely, Chatteris, Littleport and March. In Norfolk, Hilgay and Southery
are built upon one such island. It is capped by outliers of Neocomian
Sandringham Sand and by boulder clay and gravels. Northward, the
dark grey shaly clays outcrop intermittently in a narrow belt rarely

more than half a mile wide which extends from Fordham for about
15 miles to South Wootton, where it finally disappears beneath the
deposits bordering the Wash (Figs. 1, 2). The outcrop is frequently
obscured by spreads of Pleistocene gravel and boulder clay between
Wimbotsham and King’s Lynn, or by broad alluvial tracts in the re-

entrant valleys which transect the low Cretaceous escarpment wherever
westward-flowing streams flow out towards the fen beyond. Almost
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all of the Norfolk fen is immediately underlain by Kimeridge Clay, but
Ampthill Clay probably occupies an undefined part in the extreme west
of the county, although definite evidence is lacking.

Because of the small area of its outcrop in Norfolk, the Kimeridge
Clay has very little topographical effect and negligible influence on the
soils and agriculture. At the present time the clay is used only for

strengthening the raised river banks in the fens and for making them
watertight, but in the past there were many small brick-works scattered
along the outcrop. They enjoyed only limited activity however, because
of the prevalence in the exposed part of the Kimeridge Clay of bitumin-
ous shales unsuitable for bricks, and because of the restrictions imposed
by the thickness of the drift cover in some places.

The search for indigenous oil supplies during the Great War resulted
in a rapid exploration of the so-called “ Wormegay basin,” (Forbes
Leslie, 1916, p. 16), and many boreholes were sunk to assess the possi-
bilities of oil production from the Kimeridge Clay. An extraction plant
supplied with bituminous shale from a shallow mine was put into

operation at Setch, but the low yield of petroleum, approximately 40
gallons per ton, and the cost of extracting it, rendered the enterprise
uneconomic and it became rapidly defunct.

The best exposures at the present time are to be found in the deep
cuttings periodically exposed along the flood relief channels which are
being constructed between King’s Lynn and Stoke Ferry along the
eastern border of the Fens. These earthworks cut through the un-
consolidated fen deposits and show that the estuarine silts, sand, peat and
plastic clay which give rise to such favourable soils, are underlain by a
gently undulating surface of sticky, very dark grey, shaly clay. This
clay is usually struck within 25 ft. of the surface, and often much less,

except where certain ancient drainage channels take the fen deposits

down to perhaps three times that depth. A buried channel cut at least

60 ft. into Kimeridge Clay was found in borings at Wiggenhall St.

Germans road bridge. It appears to follow a westerly course from Setch
and probably represents an old bed of the River Nar. Shallower “ wash-
outs ” up to 20 ft. deep are commonplace in this area.

The bedded shaly Kimeridge Clay beneath the fen deposits, especially

in the vicinity of former drainage channels, is frequently weathered into

an unconsolidated clayey mixture containing slabs of shale and fragments
of cementstone scattered at all angles. This “ head ” deposit may reach

a thickness of ten feet or more and when it becomes saturated at times

of heavy rainfall, or by flooding, it tends to become unstable and may
flow out as a dense, muddy sludge from the banks of newly cut channels,

even though the underlying Kimeridge shales remain quite firm. Kimer-
idge head is present just north of Denver Sluice and in the region of the

Wiggenhalls.
In the region of Stow Railway Station large numbers of flattened

circular cementstone doggers are common at two or three horizons

within 20 ft. of the surface. The doggers measure up to 8 ft. in diameter

and about 2 ft. in thickness at the centre. Broken open, they very
frequently reveal a central hollow filled, or partly" filled, with crystalline

calcite, from which gaping cracks lined with calcite radiate throughout

the central part of the stone, but very rarely" do they reach the outside.

These doggers appear to be a primary sedimentary feature since the

surrounding shaly" clays have been demonstrably compressed around

them. Similar cementstones are also common in the Kimeridge Clay in

the cut-off channel at Gravelhouse Farm, Fordham.
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Also in the region of Stow Station, the shales—when freshly dug

—

are speckled with pale blue amorphous vivianite, with even greater

powdery concentrations along certain well marked bedding surfaces.

This mineral, a hydrated phosphate of iron, tends to form where ferrous

compounds, such as pyrite, and phosphatic debris in the form of coprolites

or bones are closely associated. And, indeed, numerous pliosauran
remains have been discovered at Stow.

The surface outcrop of the Kimeridge Clay in West Norfolk, being
so narrow and discontinuous, gives little idea of the underground extent
and thickness of the formation.

The whole of the Kimeridge Clay present below the sub-Cretaceous
unconformity was pierced in two of the three boreholes near Southery
(Pringle, 1923, Arkell, 1937) and the total thickness was 143 ft. in one
boring and 147 ft. in the other. In the boring at North Creake 160 ft.

of the clay was recorded immediately beneath the Neocomian. At
Holkham Hall borehole (Whitaker, 1921, p. 94), “ a very tenaceous clay,

possibly Kimeridge Clay ” was found below 70 ft. of Neocomian at a
depth of 743 ft. At Downham Market, a boring for water (loc. cit., p. 83),

penetrated 29 ft. of Sandringham Sand and then 187 ft. predominantly of

blue clay, not all of which is likely to have been Kimeridge Clay, while
the Crimplesham Hall boring (ibid., p. 72-3), proved 120 ft. of dark grey
and blue clay with shell fragments, which, beginning at a depth of 112 ft.

may well represent most of the division, although in each case there is

no palaeontological or lithological evidence of horizon in the Kimeridge
Clay. Similarly, a borehole at King’s Lynn (ibid., p. 99), penetrated
630 ft. of “ clay with septaria ” and, although undocumented, it must
contain representatives of all three Upper Jurassic clays considering thick-

nesses alone.

Between West Winch and Setch old workings and boreholes for

oil-shales penetrated the following succession, but there are no records

of the depth of the base of the Kimeridge Clay in that region:

(4) base of Cretaceous (Sandringham Sand)
unconformity- —

(3) shale including oil-shale with a thin J Smith’s Series

limestone near the top / (upper part of Kim. Clay)

(2) thin yellow sandstone bands ?= Yellow Ledge Stone Band
of Kimeridge Bay, Dorset

(1) shales, with oil-shale and with Exogyra "i Puny Drain Series

virgula at depth of 100 ft. below base of V (Lower Kimeridge Clay)

Cretaceous J

The relative thinness of the Kimeridge Clay in Norfolk as compared
with over 1,500 ft. in Dorset, is primarily due not to the absence of beds
through the existence of non-sequences, but to slow deposition and to the

truncation of the upper zones by pre-Cretaceous denudation. In the

Southery borings, Dr. Arkell recognised all but the highest zones, but the
condensed character of the sequence is clearly demonstrated in the

cores from Southery. For example, the pyritized radial plates of the

free-swimming crinoid Saccocoma which characterise the “ Blackstone ”

of Kimeridge Bay, Dorset, have a vertical range of 13 ft. in the Upper
Kimeridge Clay. At Southery this fossil is confined to a bed of greenish-

black oil-shale less than one foot thick. Other evidence of slow accumula-
tion is to be found in the absence of large uncrushed shells, in the great

abundance of small bivalves, such as Lucina minnscula Blake, and in the
occurrence of thin seams of finely broken shell debris consisting pre-
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dominantly of opalescent fragments of ammonite shells which were
broken down before their incorporation in the shale.

Unfortunately no cores were taken from the Mesozoic succession
penetrated at North Creake, and very little detailed information about
the Kimeridgian zonation was obtained from the washings. The synopsis
below has been extracted from records of the Southery borings, with
supplementary information from borings near King’s Lynn.

Zones

Unconformity

Appvox.
Thicknesses Lithology and Fauna

Lower Creta-

grey sand and sand-rock ceous (Neo-
comian sand)

Glauconitic green to dark

9 in.

Erosional gap: equivalent
17 ft.+

Zone of

Subplanites spp.

IGravesia zones

Zone of

A ulacostephanus

pseudomutabi lis

Zones of

Pararasenia
mutabilis, Rasenia
cymodoce and
Pictonia baylei

8 in. to

1 ft.

12 ft.

8 in.

30 ft.

5ft.

r 45 ft.

phosphatic nodule bed
containing much debris of

fossils (ammonites of

Pavlovia type).

of most of the Upper Kimeridge Clay
black shelly clay with
numerous beds of green-

ish brown oil-shale

hard oil-shale with
Saccocoma, Lucina minu-
scula, Ostrea bononiae
Sauvage, and fish teeth

brownish-grey shale with
Modiola autissiodorensis

(Cott.)

cementstone

“Blackstone”
or Kimeridge
Coal

Yellow
band

Stone

black shelly clay with
Exogyra virgula (Defr.) &
Lithacoceras sp.

black shales with Lingula
ovalis J. Sow. & Amoebo-
ceras krausei (Saif.)

bluish-grey shaly clay and
occasional thin earthy
limestones

Protocardia morinica (de

Lor) above, Amoeboceras
cf. kitcheni (Saif.) in

lower part and Rasenia
cf. uralensis at base

40 ft. blue-grey shaly clay with

periodic earthy limestone

bands, Rasenia sp. above,

Amoeboceras and ? Pic-

tonia towards base

Base of Kimeridge Clay lithologicallv undefined.

Lower

Kimeridge

Clay

Fauna. Fossils are plentiful throughout the succession in Norfolk and

some are common at certain horizons. Most are preserved as crushed

impressions in the shale or clay with an adhering powder of white or

pinkish crumbling calcitic shell-material, which may be slightly iridescent
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or pearly if it is particularly well preserved. The body chambers of

ammonites, and certain large lamellibranchs, may partly retain their

original contours due to a filling of perhaps clay or cementstone, but
only very rarely may undistorted examples be found, unless from nodules.

Apart from the ubiquitous occurrence of thin-shelled lamellibranchs,
such as Lucina minuscula Blake, in great numbers, certain shells besides

ammonites are good indicators of general level in the formation. The
lowest beds may locally yield the large flat oyster Ostrea delta William
Smith, while an associated small incurved oyster with radial ribs,

Exogyra virgula (Defr.) has a longer upward range in the Lower Kimeridge
Clay and does not normally occur higher than the Gravesia zones.

Discina latissima (J. Sow) is commonest in the lower levels of the Kimer-
idge Clay.

At the base of the Kimeridge Clay in the West Norfolk boreholes
there appears to be an imperceptible lithological passage into the
Corallian : there is no sign either of seams with Ostrea delta or of phosphatic
nodule beds such as occur in Cambridgeshire at the junction and below
it. The dividing line is therefore placed palaeontologically between the
last occurrence of Prionodoceras and first appearance of Rasenia. In the
boring at North Creake, the discovery of a ribbed fragment of a brachiopod,
?Rhactorhynchia inconstans (J. Sow.), gave supporting evidence of the
position of the base of the Kimeridge Clay, which however was never-
theless decided mainly upon the slight lithological change recognisable
there at this horizon.

In the Upper Kimeridge Clay, Lucina minuscula is probably the
commonest lamellibranch, but Modiola aulissiodorensis (Cott.) is com-
monest in the shales above a distinctive pale muddy limestone band in

West Norfolk, which is equivalent to the Yellow Stone Bed in Dorset.
The top of the Kimeridge Clay in Norfolk is marked by a thin band

of black rolled phosphatic nodules, many of which are themselves
abraded fragments of Upper Kimeridgian ammonites of Pavlovia type.
Small black pebbles of phosphate may be found in the fields where this

bed outcrops, and at Snowre Hall, Fordham, the bed has been exposed
in an unweathered condition in the earthworks for a major drain.

The remains of fish, mainly teeth, and of marine reptiles have been
discovered at various horizons. During the construction of the Flood
Relief Channel between Denver Sluice and King’s Lynn in 1958, many
reptilian bones were dug in the region of Stow Bridge, including a plio-

sauran skeleton which was almost complete but very fragile. The
discovery of a similar giant pliosaur, Stretosaurus macromerus (Phillips)

at Stretham near Ely has recently been described (Tarlo, 1959), and
during the work now going ahead near Denver, vertebrae and limb bones
referable to this group of pliosaurs continue to be uncovered in the
Kimeridge Clay.

Jurassic rocks younger than the Kimeridge Clay are not known in

Norfolk, and it is doubtful whether any Portlandian or Purbeckian rocks

were ever deposited. Towards the end of the Kimeridgian, the Older
Kimeric earth movements began to affect the Norfolk area, with the

result that the so-called London-Brabant massif stood higher than
before and a long period of denudation of the exposed Kimeridge Clay
began. In the Lower Cretaceous period the sea re-advanced from the

north into the area. The sandy deposits of this sea were laid down on
the eroded Kimeridge Clay surface incorporating much Kimeridgian debris

in the basal nodule bed, as well as much contemporary material from the

Lower Cretaceous sea floor.
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THE LOWER CRETACEOUS DEPOSITS OF NORFOLK
By G. P. Larwood

The general relationships of the Lower Cretaceous deposits of

Great Britain were discussed by Boswell (1929) and the pre-Gault Clay
sequences in the Lower Cretaceous of England were described and
reviewed by Kirkaldy (1939). Recently, Casey (1961) has described the

stratigraphical palaeontology of the Lower Greensands (s.s.). A brief

account of the Lower Cretaceous deposits in Norfolk is given by Chatwin
(1961, pp. 19-26).

The Lower Cretaceous deposits of west Norfolk range in age from
the Neocomian (Sandringham Sands and Snettisham Clay) to the Albian
(Gault and Red Rock). Although the term “ Lower Greensand ” has been
applied to the three oldest units in this sequence, only part of the

Carstone appears to be equivalent to the Lower Greensand of southern
England, and the underlying Snettisham Clay and Sandringham Sands
are pre-Aptian deposits.

In west Norfolk Lower Cretaceous deposits outcrop from Hunstanton
to Southery, five miles south of Downham Market (figs. 1 and 2). The
northern part of the outcrop is fairly free of Glacial Drift cover, but
south of King’s Lynn extensive areas of Glacial and later deposits

obscure the Lower Cretaceous. The outcrop is widest south-east of

King’s Lynn where it extends eastwards for over six miles from the

edge of Fenland. The upper part of the Lower Cretaceous sequence is

exposed in the cliffs north of Hunstanton where the Red Rock is the

most prominent band, but to the south this passes laterally into normal
Gault Clay and this is poorly exposed in a narrow, low-lying, irregular

band of country immediately west of the Lower Chalk escarpment.

NEOCOMIAN DEPOSITS
From West Newton northwards it is possible to distinguish two

divisions in the Neocomian deposits—the Sandringham Sands below,
resting unconformably on an eroded surface of Kimeridge Clay, and the
Snettisham Clay above. South of West Newton the Snettisham Clay
passes laterally into sandy-clays, sands and sandy flagstones and is thus
very difficult to separate lithologically from the Sandringham Sands
or from the southward extension of the overlying Carstone. Although it

thus becomes difficult to estimate the thickness of the Sandringham
Sands it is clear that this varies. Whitaker and Jukes-Browne (1899, p. 5)

considered them to be “ probably over 100 feet ” thick and various
borings have subsequently confirmed this estimate. The deep boring at

North Creake described by Kent (1947), passed through 133 feet of

ferruginous quartz sands beneath the Snettisham Clay, and Pringle

(1919, p. 65) regarded all the 111 feet of glauconitic sands penetrated in

a boring at West Bilney as belonging to the Sandringham Sands. Other
borings have passed through smaller thicknesses of glauconitic sands,

but it is not certain whether these are equivalent in age to the Sandring-
ham Sands or to later Neocomian, Aptian or even Albian deposits.

Boswell (1920, pp. 46-48) recorded a boring at Crimplesham where only
65 feet of sands and clays separate the Gault Clay from the Kimeridge
Clay. In the deeper boring at Severals House, near Southery, only three
feet of glauconitic sands and hard “ sandrock ” with black phosphatic
nodules occupy an equivalent position (Pringle, 1923,]). 129). Attenuated
deposits of “ Lower Greensand ” were penetrated in the deep borings at
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Culford (32 feet thick) and at Lowestoft (41 feet thick); in each boring
the sands were found to rest directly on Palaeozoic rocks.

SANDRINGHAM SANDS
1 he base of the Sandringham Sands is seldom exposed, but recent

excavations east of Fordham, on the line of the Cut-Off Channel of the
Fen Mood Relief Scheme, have cut through the junction of the sands
with the Kimeridge Clay (TL/625993). Here the basal bed is a coarse,
glauconitic, pebbly, quartz sand incorporating many small, rolled
phosphatised fragments of Kimeridgian ammonites and internal casts of
lamellibranchs and small, white-weathering, phosphatic nodules. This
basal conglomeratic bed is about one foot thick and is overlain by grey-
green, glauconitic, quartz sands.

Kent (1947, p. 7) draws attention to the character of the basal
Sandringham Sands in the North Creake borehole section and states that
the “ hard pyritic calcareous sandstone with glauconite grains, [is]

virtually identical with the unweathered Spilsby Sandstone basement
bed.”

Deep excavations immediately south-west of Abbey and West
Dereham Station, about two miles to the east-north-east of Fordham
(TL/655997), have exposed a higher part of the Sandringham Sands of
this area. The upper part of the section consists of orange-brown, fine,

quartz sands with scattered pebbles. Beneath this oxidised zone are
grey, clayey sands passing down into grey-green, patchily cemented sands
which overlie a thin layer of very pebbly sand. Three feet of grey-green
and white, coarse, glauconitic, quartz sands intervene between this

pebbly layer and a strongly cemented, poorly graded, polvgenetic con-
glomerate with sub-angular and rounded pebbles in a limonitic sandstone
matrix. The conglomerate passes down into very pebbly dark grey
sands, and these rest sharply on blue-grey silty sands with, near the
base, a layer of non-calcareous nodules. These contain large fragments
of carbonised wood, bored by marine lamellibranchs, and phosphatised
casts and moulds of many lamellibranchs, some belemnites and occasional
ammonites. Contractors’ bore-logs for this locality show that the blue-

grey silty sands, with occasional beds of harder cemented sandstone,
continue below the visible base of the excavated section for at least 25
feet—giving a thickness of at least 46 feet for the sands at this point.

The excavations near Abbey and West Dereham Station thus reveal a
distinctive lithology in the lower part of the Sandringham Sands which
contain abundant glauconite and a varied marine molluscan fauna. The
occurrence near the base of the Sandringham Sands of phosphatic nodules
and the presence of phosphatised casts and moulds of mollusca and of

fragments of molluscan-bored wood in nodules and free in the sands near
Abbey and West Dereham Station indicate that the rate of deposition

was at times slow.

The Sandringham Sands are also well exposed to the north, at

Bawsey (east of King’s Lynn) and at various localities near South and
North Wootton, Castle Rising and Dersingham (all north-east of King’s

Lynn). At Bawsey extensive shallow workings expose white and orange-

brown, limonite stained, quartz sands with localised current-bedding.

Some green coloured sands in the north-west part of the pits at Bawsey
consist of quartz grains with a coating of pale green, apparently chloritic,

material and elsewhere in the pits sands with sparsely scattered grains of

glauconite occur, but this mineral is not so common as in the exposures

south of West Dereham. Exposures of typical upper Sandringham Sands
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Fig. 1 . Geological Map of North-West Norfolk
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occur near Dersingham (TF/681293) and in the railway cutting east-north-

east of Wolferton Station (TF/663287). At each of these localities about
40 feet of the sands are exposed. At Dersingham pale brown, fine,

quartz sands with limonitic ironstone layers overlie a sequence of partly

current-bedded, coarse and finer grained, white, quartz sands of variable

grade. The current-bedding units are seldom more than one foot thick

and small scale “ herring-bone ” current-bedding occurs in three-inch

layers near the top of the section. The cutting near Wolferton Station

exposes flaggy-ironstones at the top of the section and a variable sequence
of sands similar to those at Dersingham. Limonitic nodules occur in a
thin, clayey sand about eight feet beneath the top of the section near
Wolferton Station.

Schwarzacher (1953), in a study of cross-bedding and grain-size

in the Lower Cretaceous sands of East Anglia, has found that, in the
Sandringham Sands in Norfolk, westerly components of the current-

bedding are smaller than easterly ones and that two size-units of cross-

bedding structures may be distinguished. Smaller units occur which are

5 to 20 cms. thick and often lie between parallel beds, and larger units

—

1 to 5 ms. thick—which may have truncated tops with no signs of top-set

beds. Schwarzacher concluded that in Sandringham Sand times a north-
south coastline had apparently lain near the Wash, between Norfolk and
Lincolnshire, and that the occurrence of contiguous beds in the Sandring-
ham Sands with opposing current-bedding dips possibly suggests “ a more
or less horizontal floor in the middle of the basin.”

Rastall (1919, p. 214) has described the results of an analysis of the

heavy minerals from samples of Sandringham Sands from a pit near
Castle Rising. In these samples kyanite and tourmaline were found to be
the dominant characteristic minerals and staurolite was common. Rutile

was less common and small amounts of zircon, green biotite, dark green
and blue hornblende, pale green pyroxene and flakes of muscovite also

occurred. One sample yielded a large number of grains of garnet.

In the north part of the outcrop in north-west Norfolk, the junction

of the Sandringham Sands with the overlying Snettisham Clay is not often

exposed. The floor of the old brick pit at Heacham is cut in the top of the
Sandringham Sands but the junction with the Snettisham Clay, which is

exposed in the overgrown face of the pit, is not visible. About six miles

to the south of Heacham, deep drainage ditches east of West Newton
Farm exposed, in 1956, the Snettisham Clay resting on very fine grained,

strongly limonitic, orange-brown, quartz sands—the top of the Sandring-
ham Sands. A thin, irregular, limonitic ironstone band occurs at this

locality between the two formations.

Whitaker, Skertchly & Jukes-Brown (1893, pp. 11-19) recorded
various exposures of “ Lower Greensand ” in the southern part of the
outcrop of the Neocomian deposits in west Norfolk, but it is not certain

how many of these descriptions may refer to the Sandringham Sands or

younger horizons. Whitaker & Jukes-Browne (1899, pp. 5-9) also listed

details of exposures of the Sandringham Sands north-east of King’s Lynn.
In this area the Snettisham Clay is developed and clearly defines the

upper limit of the Sandringham Sands.
Most of the Sandringham Sands are unfossiliferous and their precise

age is therefore unknown. Lamplugh (1899, pp. 21-25, 27) has discussed

the poorly preserved fauna obtained from ironstone bands in the sands
near Wolferton and from Roydon Common to the south-east. He listed

wood fragments, Sevpula sp., a ? polyzoan, gastropod fragments and a

number of lamellibranchs which he referred to various genera including
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Trigonia.” The recent discovery of a much better preserved molluscan
fauna, not yet completely identified, in the glauconitic sands near Abbey
and West Dereham Station, will aid correlation with the Lincolnshire and
Yorkshire Neocomian deposits. Lamplugh (1899, p. 24) has already
tentatively compared the lower part of the Sandringham Sands with the
Berriasian Spilsbv Sandstone (Infra-Valanginian of Spath, 1924), and the
newly discovered fauna from the lower part of the excavation near
Abbey and West Dereham Station may well be characteristic of this

stage of the Neocomian. 1 Correlation of the upper part of the Sandringham
Sands is very uncertain; it is probably pre-Barremian, but Lamplugh has
suggested (1899, p. 24) that the clayey nodular layers with plant remains
at the top of the Sandringham Sands may be “ closely allied to the
Snettisham Beds in age.” He also tentatively interpreted the southward
increase in number of plant remains in the Snettisham Clay and under-
lying or equivalent ironstone layers as indicating " the proximity of

land ” and that these deposits ” may not impossibly be of estuarine

origin.”

SNETTISHAM CLAY
The Snettisham Clay is present in the north of the area only. It has

a very narrow and irregular outcrop which may be traced continuously
from the south side of Heacham through Snettisham, I ngoldisthorpe and
Dersingham to just south of West Newton. Over this tract it forms a

feature marked by small springs and the widespread growth of rushes at

its junction with the overlying Carstone. In the north it is at least 30 feet

thick, but south of West Newton it is reduced to less than eight feet and
cannot be traced with certainty further to the south. It is not known how
much of the sands, clayey-sands and thinly-bedded sandstones to the

south are true lateral equivalents of the Snettisham Clay nor is it possible

to separate the arenaceous facies of the Snettisham Clay from the under-

lying Sandringham Sands or the finer grained overlying Carstone. It is

possible that small patches of clay east of King’s Lynn, at Bawsey and
north of Ashwicken may be local lenticles of the Snettisham Clay, but

they are unfossiliferous and their precise age is not known.
The deep boring at North Creake passed through 25 feet of Snettisham

Clay varying from a “ pinkish buff clay with dark brown limonite ooliths

. .
.” at the top, to a ” pinkish, light grey, and greenish sandy clay (with

quartz and dark limonite grains in a silty clay matrix) and clayey sand ”

above a “ stiff light brown sandy clay with limonite grains ”—the latter

19 feet thick. Kent (1947, p. 6) also notes that the junction of the

Snettisham Clay with the overlying Carstone is here gradational and that

the sandy nature of the Snettisham Clay in the North Creake bore-hole

section indicates ” that only a moderate increase in current velocities

would be needed to produce the predominantly sandy facies of the later

bed [the Carstone].”

At outcrop the Snettisham Clay is very poorly exposed. To the

south of Heacham in Heacham Old Brickpit (TF/677364) the working

face is now very overgrown, but there are small exposures in the red-

brown, slightly silty clay with lines of small, concentrically layered,

limonitised clay-ironstone nodules which contain fragments of casts and

moulds of ammonites and small lamellibranchs. The clay is again poorly

1 Casey ( 19Hlb) has recently reported on the fauna front the nodules in the blue-grey silty sands

exposed in the base of the excavation near Abbey and West Dereham Station and has concluded

that “ the Sandringham Sands are wholly or in part of Berriasian age . .
.”
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exposed at the site of Snettisham Old Brickworks west of Park Farm,
Snettisham (TF/689339). FIere it is a pale yellow-grey, buttery deposit
surrounding large, limonitised clay-ironstone nodules. In 1956 deep
trenching immediately south of Heacham Church (TF/68 1379) cut through
nine feet of Carstone and penetrated four feet into the underlying pale,

brown-grey Snettisham Clay. At this locality it is very silty and contains
many small flakes of mica. There is thus considerable variation in the
lithology of the Snettisham Clay in a short distance, but near the type
locality there is no exposed development of the facies containing
limonitic ooliths found in the boring at North Creake. At the southern
end of the outcrop deep drainage ditches east of West Newton Farm
exposed the whole of the thinned Snettisham Clay (TF/700273). At this

locality the clay is weathered to a light yellow-brown and is very sandy
containing, at the base, numerous small subangular pebbles and occasional,

white-weathering phosphatic nodules. Whitaker & Jukes-Browne (1899,

pp. 9-12) give details of several exposures of the Snettisham Clay many
of which are no longer visible.

The fauna and flora of the Snettisham Clay was reviewed by Lamp-
lugh (1899, pp. 21-26). He listed (pp. 25, 26) lignite and the plant
Weichselia reticulata (Stokes & Webb)

[
= W.

(
Lonchopteris

)
mantelliP],

fish vertebrae, a serpulid, two brachiopod genera, belemnites, seven genera
of gastropods, eighteen genera of lamellibranchs—including “ Trigonia,”
Thetironia minor (J. de C. Sowerby) [= Thetis sowerbyi Roem.], Oxytoma
sp.

1

= Avicula sp.j, Resatrix sp. \_=Cytheraea sp.] and Entolium orbiculare

(J. Sowerby) [
= Pecten orbicularis Sowerby]—and ammonites which he

assigned to the genus Crioceras. In a review of the ammonites of the
Speeton Clay and the subdivisions of the Neocomian Spath (1924, p. 79)
revised the nomenclature of the ammonites from the Snettisham Clay
at Heacham assigning them to three genera

—

Paracrioceras
(
P . occultum,

P. aff. varicosum, P. cf. elegans
) ;
A crioceras

(
A . cf. tabarellii, A. cf. silesia-

cum, A.? sp. nov.P) and Hoplocrioceras
(
H . aff. loeviusculum)

.

These
genera and species indicate a Lower Barremian age for the Snettisham
Clay.

APTIAN AND ALBIAN DEPOSITS
CARSTONE

The distinctive ginger-brown Carstone which forms the lower part
of the succession exposed in the cliffs at Hunstanton overlies the Snettis-

ham Clay and grades rapidly upwards into the Hunstanton Red Rock.
The Carstone outcrops southwards from Hunstanton forming a small
but prominent feature east of the outcrop of the Snettisham Clay, but
south of West Newton, where the facies of the Snettisham Clay becomes
arenaceous, it is difficult to determine the base of the Carstone and to

separate it from the underlying sands. In the north of the area the thick-

ness of the Carstone is at least 40 feet and in the deep boring at North
Creake, eleven miles from Hunstanton, 58 feet was penetrated. In this

boring Kent (1947, pp. 5, 6) distinguished two lithological divisions in

the Carstone: a predominantly coarse and gritty sandstone with irregular

fragments of limonite concretions, phosphatic nodules and, especially at

the base, quartz and quartzite pebbles, extending for 28 feet below the
Red Rock, and the remainder of uniform grade with very abundant
limonite ooliths.

The coarse and pebbly character of the upper part of the Carstone is

well displayed in the cliffs at Hunstanton where the deposit is thick-

bedded and massive, well-jointed in parts but becoming more friable or
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flaggy near the top. About 15 feet beneath the overlying Red Rock the
Carstone is conglomeratic with many small pebbles of quartzite, chert
and occasional silicitied oolites. The Carstone in the cliff section is

locally current-bedcled on a fairly large scale. Well-jointed but finer

grained Carstone is quarried just north of Snettisham (TF/685349), and
the deposit is everywhere strongly ferruginous with abundant limonite
thickly coating the sub-rounded quartz grains and with frequent brown or
black, smooth, highly polished grains which are limonite ooliths with
siliceous or green glauconite cores. Rastall (1919, 1930) has described the
petrography of the Carstone: kyanite and staurolite are the dominant
heavy minerals, tourmaline, rutile and zircon fairly common, and garnet,

pyroxene and a chloritoid distinctly rare. Details of various exposures
of the Carstone were given by Whitaker & Jukes-Browne (1899, pp.
12-16) who referred also to the basal beds of the Carstone exposed on the
foreshore at Hunstanton at very low tides. The base is here conglomeratic
with fossiliferous phosphatic nodules which are indigenous, and occasional
gritty nodules derived from the underlying Snettisham Clay. This
phosphatic nodule horizon was not recognised in the boring at North
Creake, where dull grey ferruginous sandstones rest on the Snettisham
Clay, nor was it present at the base of the Carstone exposed in a temporary
section, immediately south of Heacham Church, where orange-brown,
limonite-rich, slightly pebbly sands directly overlie the Snettisham Claw
The Carstone may be traced to east of West Newton but south of this if

is not possible to separate it lithologically from the Sandy Neocomian
deposits. It is probable that the upper part of the section, recently exposed
by excavations near Abbey & West Dereham Station, at the southern
end of the outcrop, may be equivalent in age to part of the Carstone in

the north, and considerably younger than the fossiliferous blue-grev

silty sands beneath (Casey, 1961&). The abrupt change in lithology from
these silty sands to the well-cemented conglomerate (see p. 283) marks;
significant change in deposition and a period of erosion of the lower beds.

Except for the basal bed, the normal lithology of the more ferruginous

and well cemented Carstone of the north of the county is unfossiliferous

apart from occasional fragments of very poorly preserved wood. The
comparatively rich ammonite fauna of the basal bed has recently been
reviewed by Casev (1961a, p. 571). He has concluded that “ the assemblage
is composed of two faunas only, both Lower Aptian in age ” and he has

listed the following ammonites:
—

“ bowerbanki Zone
(
transitoria Subzone i,

Tropaeum bowerbanki Id., var. densistriatum
,

T. drewi, T. sp. indet.,

Australiceras gigas, Tonohamites (?) sp. nov., Cheloniceras (Ch .) conw.eh-

anum, Ch. (Ch.) crassum, Id., var. nov., Ch. (Ch.) spp. nov., Dufrenoyia

furcata, D. trnncata, D. transitoria sp. nov., D. sp. nov. fissicostatus Zone
(bodei Subzone), Ancyloceras cf. varinns, Prodeshayesites fissicostatus, P.

bodei, P. laeviusculus, P. spp. nov.” The lamellibranch Mulletia mullet i

a

also occurs.

Casey also refers to the “ only other ammonitiferous deposits of

Lower Greensand age in Norfolk ”—those which were described by Tea 11

(1875) and Whitaker, Skertchley & Jukes-Browne (1893) from West
Dereham where sandy phosphate-workings at the base of the Gault

revealed a fauna characteristic of the mammilla-turn Zone (kitchini Subzone )

of the Lower Albian.

Thus the lowest part of the Carstone in the north contains Lower
Aptian fossils and the topmost sands beneath the Gault in the south are

Lower Albian in age. Casey (1961a, p. 571) has suggested from the
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way in which it grades up into the Red Rock, that the upper part of the

unfossiliferous ferruginous Carstone in the north is also of Albian age.

GAULT CLAY AND THE HUNSTANTON RED ROCK
The youngest deposits of the Lower Cretaceous in Norfolk are richly

fossiliferous and of very varied lithology. In the south-west of the county
Gault Clay of fairly normal type outcrops between Wereham and West
Dereham to the north-west of Stoke Ferry. Between Crimplesham and
Fincham glacial deposits obscure the clay, but around Shouldham, and
west of Narborough, the Gault is again exposed at the surface. Further
north, between Gayton and Ashwicken and extending, in a narrow but
more continuous outcrop, to Roydon, Hillington and Flitcham the normal
facies of the Gault Clay changes to variously coloured marly clays, and
passes laterally northwards into the distinctive Red Rock facies which
extends from Dersingham to the cliffs at Hunstanton.

As the lithology changes from normal Gault Clay in the south to the
Red Rock in the north so the deposits become rapidly thinner. This
northward reduction is evident in Cambridgeshire where the Gault is

only 150 feet thick compared with the full normal succession of 230 feet

in Bedfordshire. Near Wereham there is probably less than 60 feet of pale-

grey marly Gault with a phosphatic nodule horizon at its base. This pale-

grey marly facies continues in the outcrops around Shouldham, but here
the estimated thickness is only 30 to 40 feet, the upper part is more
calcareous, and the phosphatic nodule horizon apparently is not developed
at the base. Whitaker, Skertchly & Jukes-Browne (1893, p. 22) referred

to a shallow boring at Narborough where only “ 20 feet of marly clay
[was] identified as Gault.” The southern end of the more continuous
outcrop near Gayton is now very poorly exposed, but Whitaker et. al.

(1893, p. 25) recorded a stream section near Grimston, about two miles

north of Gayton, exposing 20 feet of deposits which are the local repre-

sentative of the Gault. In this section 10 feet of white marls overlie two
thin beds of hard limestone separated by a thin pink marl, the lower hard
limestone resting on about eight feet of very dark grey clay. A similar

succession was recorded by Jukes-Browne & Hill (1887, p. 550) from a pit

near Roydon Church, but here the upper white marls become hard near
the top forming a pale yellow limestone.

The Gault deposits continue to thin northwards to just east of

Dersingham where they are only about seven feet thick. Here the lower
part consists of brown and red calcareous clay and the upper part of soft

green-white marls. From this point northwards the Gault is reduced to

four feet of pink, ferruginous limestone with small pebbles—the Red Rock.
This peculiar and very distinctive deposit has attracted the attention of

many workers in the past. William Smith first recorded its occurrence in

1816 (p. 10) and Sedgwick (1826, p. 342) first suggested its correlation with
the ” Cambridge gait.” Subsequently S. Woodward (1833, pp. 29, 54)

and C. B. Rose (1835, pp. 172, 180, 275; 1836, p. 41) described the deposit.

More detailed accounts were written by Wiltshire (1859, p. 260; 1869,

p. 427) and by Seeley (1861, p. 233; 1864«, p. 327; 18646, p. 276; 1866,

p. 173). These descriptions and discussions of the age of the Red Rock
and many other shorter references to the deposit were reviewed by
Whitaker (1883, pp. 212-36). Jukes-Browne described the Red Rock in

the Geological Survey Memoir for Sheet 69 (Whitaker ct Jukes-Browne,
1889, pp. 35-45) and compiled a more complete faunal list. Rastall has
also described the lithology (1910, p. 151) and has investigated the heavy
minerals of the deposit (1930, pp. 436 58).
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Three slightly different bands may be distinguished in the Red Rock
in the cliffs at Hunstanton. The lowest ten inches is softer and more
calcareous with scattered small pebbles and limonite-coated quartz
grains—exactly similar to those of the underlying Carstone. The middle
two feet is a darker pink, often nodular limestone with many small
pebbles and a high proportion of quartz grains and is more fossiliferous

than the lowest part. In the topmost band the Red Rock is harder and
mottled pale or dark pink with white patches and is the most calcareous
part of the deposit. Whereas the base of the Red Rock grades rapidly
down into the Carstone, the top is sharply differentiated from the over-
lying Cenomanian and is marked by a thin seam of soft, fine grained, very
dark red, highly ferruginous material.

The Red Rock is not well exposed inland; it can be seen beneath the
subsoil resting on Carstone in the pit just north of Snettisham, but
although there are no other permanent exposures its course is easily

traced across ploughed fields at the foot of the Lower Chalk escarpment.
Little is known of the eastward extent of the deposit. It was penetrated
in the boring at North Creake where it consists of six feet of “ pale yellow
chalk and orange chalk with scattered grit grains, and deep red very-

gritty chalk with Inoceramus fragments [and] a few ‘ lydite ’ pebbles
”

(Kent, 1947, p. 3). Whitaker (1878, pp. 16-18) published the details of a

boring at Holkham Hall in which the Red Rock horizon was penetrated
at about 655 feet beneath the surface. The “ Red Marls ” were found to

be eight feet thick and to overlie 10 feet of “ Blue Gault ” which rested

on 70 feet of sands and sandstones. This succession shows that the Red
Rock facies was developed earlier in the west than in the east.

In his description of the sandy residue of the Red Rock, Rastall

(1930, p. 445) states “ This sand is simply Carstone: it shows the same
types of sand grains and rock chips, with the same brownish-yellow stain;

the same glauconite; the same highly polished spherical black grains in

approximately the same proportion, and the same heavy minerals after

separation.” This applies to the whole of the Red Rock which was
extensively sampled. The only marked change which Rastall found was
the presence of a large number of “ much smaller grains of an entirely

different mineral assemblage ” in the thin seam of red material between
the Red Rock and the basal Cenomanian. In addition to the larger heavy
mineral grains characteristic of the Red Rock he found small grains of

zircon, rutile, tourmaline, epidote, zoisite, (?) garnet, pyroxene and blue

amphibole.

Rastall has concluded that the heavy mineral assemblage in the Red
Rock was derived from a land area to the south or east and that there

was a definite change in direction of derivation at the end of Red Rock
times marked by the distinctive assemblage in the highly ferruginous

seam at the top. The high iron content of the Red Rock—as much as

40 per cent but usually about 10 per cent—is consistent with the sediment

being derived from a. lateritic land surface undergoing tropical weathering.

Deposition of the Red Rock was slow and the fauna shows it is a

condensed equivalent of a great thickness of normal Gault Clay elsewhere.

The fossils from the lower part may indicate that this is equivalent to the

Lower Gault, but distinctive Upper Gault lamellibranchs have been

found within one foot of the base so that the greater part is of Tapper

Gault age.

The extensive faunal list compiled by Jukes-Browne in the Geological

Survey Memoir (Whitaker & Jukes-Browne, 1889, pp. 42-45) included
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foraminifera, sponges, corals, echinoids and a crinoid, serpulids, crusta-

ceans, many cyclostomatous polyzoa and a few cheilostomatous polyzoa,

a small number of distinctive brachiopods, many mollusca and occasional

fish and reptilian remains. The majority of generic and specific names
used in Jukes-Browne’s list now need revision and I am indebted to Dr.

R. Casey who has very kindly provided the following revised list of fossil

Mollusca from the Hunstanton Red Rock.

Lamellibranehia
Spondylus gibbosus d’Orbigny
Plicatula gurgitis Pictet & Roux
Plicatula minuta Seeley

Entolium orbicular

e

(J. Sowerby)
Eopecten studeri (Pictet & Roux)
Lima (Plagiostoma) globosa (J. de C. Sowerby)
Aucellina grypliaeoides (J. de C. Sowerby)
Liopistha sp.

Inoceramus concentricus Parkinson
Inoceramus concentricus var. subsulcatus Wiltshire

Inoceramus sulcatus Parkinson
Inoceramus tenuis Mantell
Inoceramus anglicus Woods
Ostrea vesicularis Lamarck
Lopha diluviana (Linn6)

Exogyra conica (J. de C. Sowerby)
Diploschiza sp.

Gastropoda
Anchura ( Perissoptera

)
marginata (J. de C. Sowerbvl

Metacerithium ornatissimum (Deshayes)
Gyrodes genti (J. Sowerby)

Cephalopoda
Beudanticeras beudanti (Brongniart)

Beudanticeras spkaerotum (Seeley)

Hoplites canavariformis Spath
Hoplites pretethydis Spath
Anahoplites planus (Mantell)

Dimorphoplites hilli Spath
Dimorphoplites alternatus (Woodward)
Dimorphoplites alternatus var. perelegans Spath
Euhoplites ochetonotus (Seeley)

Euhoplites solenotus (Seeley)

Euhoplites sublautus Spath
Euhoplites sublautus var. monocanthus Spath
Euhoplites subcrenatus Spath
Euhoplites trapezoidalis Spath
Euhoplites armatus Spath
Euhoplites opalinus Spath
Mortoniceras pricei (Spath)

Mortoniceras
(
Deiradoceras

)
clevonense Spath

Mortoniceras
(
Deiradoceras

)
cunningtoni Spath

Mortoniceras
(
Deiradoceras

)
albense Spath

Cymatoceras albense (d’Orbigny)

Cymatoceras hunstantonensis (Foord & Crick)

Neohibolites minimus (Miller)

Neohibolites minimus var. pinguis Stolley
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Neohibolites minimus var. oblongus Stolley
Neohibolites minimus var. attenuatus (J. de Sowerby)
Neohibolites minimus var. submedius Swinnerton
Neohibolites minimus var. ultimus (d’Orbigny)

'1 lie better preserved specimens which were assigned to thecheilostomatous
polyzoan Membranipora have also been revised recently (Thomas &
Larwood, I960, p. 681) and belong to Rhammatopora gaultina (Vine).

It has not yet been possible to revise the nomenclature of the
remaining fossil groups listed by Jukes-Browne. The fish, mollusca,
brachiopods and echinoderms which were collected and recorded from the
more normal facies of the Gault Clay in Norfolk by Whitaker, Skertchly
& Jukes-Browne (1893, pp. 26, 27) also need taxonomic revision.

In general, the Lower Cretaceous deposits in Norfolk vary markedly
in thickness and in faunal and lithological facies from north to south.
This variation may be related to the positive stability of the Norfolk
area during much of the Cretaceous. Areas to the north and south were
submerged earlier and subsided more rapidly. In the next section, Peake
& Hancock indicate that the effects of the positive stability of the East
Anglian area in Lower Cretaceous times may be traced into the Upper
Cretaceous which again exhibits significant changes in lithological and
faunal facies in the Norfolk area.
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THE UPPER CRETACEOUS OF NORFOLK
By N. B. Peake and J. M. Hancock
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assistance with transport. One of us (j. M. H.) would like to thank Dr.
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sections in Belgium.

INTRODUCTION
Further advances of the sea during the Upper Cretaceous resulted in

deepening water in the Norfolk region. The chalk deposited is present
over the whole county (although generally hidden by Drift) except for a
narrow strip in the west, bordering the Wash. It is the first Cretaceous
formation to be continuous in general character from southern England
to Yorkshire, and here reaches a thickness of 1,350 feet. The influence

of the older axis of uplift continued during the earlier part of the period,

and the lower chalk in the north-west of the county seems to have been
deposited in shallower water. Typically a very soft white limestone, chalk

is so fine grained that its wholly organic origin is not immediately
apparent. This fine-grained material is largely made up of fragments of

planktonic algae known as coccoliths, together with lesser amounts of

foraminifera, polyzoa and lamellibranch debris. Silica—probably
originally as sponge-spicules—has been redistributed to make flint, which
is a form of quartz with water occluded in sub-microscopic cavities. The
flint mostly occurs as lines of nodules (roughly parallel with the bedding-

planes) ranging up to irregular masses a yard or more across, but commonly
about fist-size. These occasionally run together to form tabular sheets,

and at certain horizons there occur large flints, typically barrel-shaped,

often with a vertical cavity, known as Paramoudras, sometimes arranged

in a vertical column, rising from one horizontal flint-band to another

above. These curious flints were first described from Ireland by Buckland

(1817) and in Norfolk are called “ Potstones.”

Three principal divisions of the Chalk are generally recognised in

Britain—Lower, Middle and Upper—but it is equally convenient in Nor-
folk to work with the stages recognised internationally. The zones into

which the Chalk is further subdivided are indicated in Fig. 3. It should

be noted that the fossils by which the zones are named are not necessarily

abundant in, or confined to their particular zones in Norfolk. Moreover,

disproportionate attention has been given to the Cenomanian, Upper
Senonian and Maastrichtian in the classical localities of Hunstanton,

Norwich and Trimingham. Even in this work, although the accounts of

the Cenomanian, lower Turonian, and the B. mucronata and B. lanceolata



294 THE GEOLOGY OF NORFOLK

Zones are the results of our own observations except where stated, the

faunal accounts of the intervening beds are based largely on earlier work

—

particularly the unpublished notebooks of H. Dixon Hewitt.

HISTORICAL
There are early descriptions of the Chalk by Taylor (1823) and

Rose (1835) but the first work of importance is that of Samuel Woodward
(1833), and this not so much for its text as for its plates of fossils. Wood-
ward divided the Chalk into three and listed in detail the fauna of each
division. The wealth of species peculiar to the higher beds was thus
recognised early, and Darwin, Davidson, Duncan, Sharpe and Wright
based descriptions in their monographs on Norfolk material. But it was
not until 1876 that Barrois brought this faunal knowledge back into

stratigraphical use. With his wide experience of the Cretaceous of

north-west Europe he recognised and delineated zones, and noted that
the Trimingham chalk, already known to be younger than that of

Norwich, contained species characteristic of Maastricht and Ciply (i.e.

Maastrichtian). The work of Clement Reid (1882), Whitaker (1887, etc.)

and H. B. Woodward (1884, etc.), mainly recorded in Sheet Memoirs of

H.M. Geological Survey, added to this knowledge, and the most detailed

account of the Lower Chalk to date was given by Jukes-Browne and Hill

(1887); this is largely summarised in their general work of 1903.

During the first decade of the present century there was a spate of

heated papers on the tectonic status of the Trimingham sections, by
Bonney, Brydone, Hill, Howorth and Jukes-Browne. Of these workers,
Brydone alone subdivided and mapped the fleeting foreshore exposures at

Trimingham with detailed accuracy (1908), and all subsequent work there

must be based on this. Although Rowe did much collecting in the county,
his work remains unpublished, but part is incorporated in a zonal map
in Boswell’s (1920) paper on the surface and dip of the Chalk in Norfolk.

In the south-west, Hewitt (1924, 1935) zoned the exposures of the
chalk of the Thetford area up to the Zone of Uintacrinns

.

His painstaking
records have demonstrated occurrences at unusual horizons of many
well-known species and serve to accentuate our ignorance about these

horizons throughout the rest of Norfolk. During the same period,

Brydone attempted to trace the boundaries of the Zones of Uintacrinus
and above across the whole county—no mean task in view of the great

intervals between the few exposures.

OUTCROPS, AND THE PROVENANCE OE
MUSEUM COLLECTIONS

Although underlying the greater part of the county, the Chalk is

seldom seen on the surface, being covered by Pleistocene over most of

the area, and by Palaeocene and Eocene in the east. Furthermore,
successive glaciations often caused disturbances in the beds beneath,

resulting in frost-shattering and -heaving and sometimes in overthrusting

and actual transport of huge blocks of chalk. Except for the extreme
west, it is only where river valleys have cut down deep enough through
these later deposits that the chalk actually outcrops on the surface, and
it is along such valleys that nearly all the recorded pits have been dug.

On the north coast, where cliff-sections might be expected to occur,

westerly longshore drift during recent times has caused the development
of shingle spits backed by salt-marshes upon the sand flats west of

Weybourne; the old degraded sea cliff is now well inland, and the chalk
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unexposed, except along the east side of the Wash, where a strike-section
cut into the Lower Chalk escarpment occurs for one mile north from
Hunstanton. East of Weybourne Hope, at which point the longshore
drift becomes (south-) easterly, and deep water comes close inshore, low
cliffs do occur, but by this point the steady E.N.E. dip of the chalk
surface (see PI. I) has brought the latter down to a mere 15 feet above
O.l)., and within another two miles, at Sheringham, this has dropped
below mean tide level. Eastwards from there to Cromer, chalk is seen
only near low water level, after scouring tides (usually generated by
strong north-westerly winds) have removed some of the sand and shingle
cover. Cromer Pier is founded upon chalk, which is below the low water
mark even of spring tides, and the only chalk seen east of this point
consists of glacially-disturbed masses, now many feet above the expected
level of the chalk surface. A few of these masses present bluffs at the
base of the soft glacial cliffs, where falls often conceal them; others now
left in front of the present cliff-line by erosion (which averages 2-3 feet

annually) have been bevelled down to low water mark, and are normally
covered by sand. During abnormally low spring tides, portions are

occasionally revealed in the ever-shifting drainage channels which run
along the foot of the steep pebble beach before finding outlets through
the sand flats. Such is the case at Trimingham, where the greater part
of the masses mapped by Brydone (as temporary removals of the sand-
cover permitted) lie within an army minefield as yet uncleared owing
to these unstable conditions.

Inland, during earlier centuries, much use was made of chalk, either

in its raw state (“ marl ”) or after calcining to lime, for improving the

acid glacial soils. Marl-pits were dug wherever there were surface indica-

tions of chalk—many of those in the east being dug in glacially re-arranged
chalk or in erratic blocks. Hand working often led to conspicuous fossils

being picked out and set aside, and from these some of the earliest

collections (such as those of Fitch, King, Rose and S. Woodward, now in

the Norwich Castle Museum) were probably made. Easier transport

gradually led to fewer but larger workings; many (especially around
Norwich) were dug into valley-sides until the removal of ever-increasing

amounts of overburden became unprofitable, or were deepened below
the water-table until flooded. Once abandoned, such pits are soon

obliterated by collapse of the soft overburden. The few pits existing

to-day are worked by mechanical means, and the occasional fossils found
on their surfaces are often shattered thereby; intensive working usually

means that faces are not left alone long enough to become weathered
by the gentle action of frost and rain. Even on the coast, .the building of

groynes near Cromer and Sheringham has reduced the number of occasions

on which the beach is temporarily scoured away.

COLLECTING TO-DAY
Nonetheless, opportunities for adding to existing knowledge of the

fauna and distribution of the zones are still very great. Excavations for

drains and sewerage schemes, and for foundations of large buildings, can

yield valuable information to workers on the spot, and it is most import-

ant that the provenance of any fossils should be recorded as accurately

as possible, both geographically and in vertical position within the

section where found; one or two vertical sections given in the following

pages may assist in this. It would be most helpful if more collectors

showed their finds to experts, who can usually be contacted through their

local museums.
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Two cautionary notes are necessary. First, with regard to material

found loose: inland pits frequently change hands, and chalk or discarded

flint is often transported from one pit to another for processing or filling-

in, and specimens not actually collected in situ are always suspect; also,

fossils found loose upon the foreshore may not have originated in the

outcrops on which they lie—many having come from the Drift into

which they had been earlier derived, and others carried alongshore by
tides. Secondly specimens collected from, or near, the coast are always
heavily charged with marine salts, which must be removed by continuous
soaking in repeated changes of fresh water for several weeks. If this is

not done, crystallisation will occur, and the specimens will crumble and
disintegrate after a few months of storage; a fuzzy growth upon the
surface usually indicates the onset of this phenomenon, and whenever
seen, soaking must be recommenced.

STRUCTURE, THICKNESSES, AND THE ZONAL MAP
The earliest reasonable estimate of the dip of the chalk of Norfolk

was made by Gunn (1865), who obtained a figure of 29 feet per mile for

the base of the formation from Hunstanton to Norwich, and an identical

figure for the top from Norwich to Yarmouth, where the chalk surface is

506 feet below O.D. Unfortunately he failed to recognise the separate
factors which go to make up these figures. Boswell (1916), from boring
records then available, prepared a map showing the contours of the chalk
surface, and he estimated (1920) the formational dip in central Norfolk
at about 35 feet per mile, lessening towards the east. He pointed out
that over the greater part of the county the surface dips at only 8 or 9
feet per mile—thus preserving younger zones progressively eastwards;
but it approaches the formational dip beneath the Palaeogene, so that no
higher zones may be expected east of Happisburgh—where London Clay
overlies the Chalk (Boswell, 1920; Downing, 1959). In the southern part
of the county, the formational dip is only about half the above figure,

which results in a broadening of the zonal outcrops, and a much greater

bevelling of these beneath the Palaeogene east of Diss—so that there is

only 1,055 feet of chalk beneath Lowestoft, whereas at least 1,200 feet

is present at Norwich and possibly 1,350 feet at Trimingham.
Baker (1918), using Boswell's map as a basis, produced an isopachyte

map of the East Anglian chalk in order to obtain a picture of the sub-
Caenozoic land surface (assuming the base of the chalk to have remained
horizontal) and thus to estimate the extent of pre-Palaeogene denudation.
If zonal thicknesses do not vary, then their outcrops should follow the
isopachytes, and, using available thickness estimates, he plotted these.

His resultant map bears a startling resemblance to that which has been
prepared for the present work—a remarkable achievement in view of the
fact that Baker made no use of field data.

The present map is based upon 340 zoned exposures. 186 of these

were pits visited by Dr. A. W. Rowe between 1905 and 191 1 and recorded
by him in field books now deposited in the British Museum (Natural
History). A further 86 exposures (many temporary) in the Thetford area
were zoned by Hewitt (1924, 1935); these were accompanied by detailed

measurements and careful records, which have in many cases enabled
even their sub-zonal horizons to be reliably estimated. 20 of the pits

zoned by Hewitt had (unknown to him) also been examined by Rowe,
and it thus became possible to make allowance for personal idiosyncrasies

in assigning zonal limits. Another 22 exposures, mainly in the Uintacrinus
and Marsupites Zones, were recorded by Brydone (1930, 1932, 1932a,
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1933); the remainder are pits recorded by H.M. Geological Survey
(including many originally zoned by Jukes-Browne and Hill, 1887) or by
the present authors.

As indicated earlier, the majority of exposures (except in the west)

are confined to river valleys, and large tracts of ground between them are

covered by drift, several hundred feet thick in places. For extrapolation
over these areas, the contours of Boswell’s (1920) map were used. The
total number of pits whose assigned zones did not fit failed to reach
double figures, and the majority of these were in the barren chalk im-
mediately above or below the Zone of Micraster coranguinum—the lower
boundary of which is placed higher than is customary in the south of

England (the lower third of the Zone, in which the Micraster are still

“ low-zonal ” has been treated as belonging to the M. cortestudinarium

Zone). As will be explained later, the subdivisions adopted for the B.
mucronata Zone are somewhat arbitrary, pending a fuller study of the
faunal records, and, in particular of Belemnitella and Echinocorys, both of

which undergo useful morphological changes through the Zone. Whilst
it is hoped that these boundaries will prove a stimulus for further study
of the critical sections, too much reliance should not be placed on them,
since (a) there are no exposures on the coast between Stilikey and
Weybourne, nor inland between the coast and Frettenham, (b) around
Norwich there has been much glacial disturbance, especially near the
present river valleys, where the majority of exposures have been sited,

(c) in the Norwich area the dip is low, so that an error of 20 feet in eleva-

tion can shift a zonal boundary by a mile, and (d) many pits around
Norwich formerly had depths exceeding 30 feet, so that a zonal boundary
might reasonably be expected to occur within such pits—yet available

fossils in museums are seldom marked with anything more than a locality

(if that).

Examination of the map immediately reveals the greater width of

outcrops in the south, due to the lessening in formational dip—in particu-

lar, the swing of the top of the Marsupites Zone as far east as Scole is

aided by the form of the chalk surface, which shows (on Boswell’s map)
a “ through-valley,” corresponding to the present Ouse-Waveney system.
The concomitant easterly deflection of the subdivisional boundaries with
the B. mucronata Zone to the south of Norwich materially assists the
interpretation of exposures in that area. The continuation of these
boundaries beneath the Eocene of south-eastern Norfolk remains a matter
for conjecture—but it is known that up to 30 feet of the basal beds of the
B. mucronata Zone are present near Ipswich.

The only additional deep boring recorded since the Geological
Survey’s water-supply Memoir (Whitaker, 1921) is at North Creake
(Kent, 1947), but the zonal map has made it possible to re-examine the
records of three older borings with advantage, and to check them against

the table of thicknesses here given (Fig. 3)—which has been compiled
after reference to all earlier estimates and from the width of outcrops on
the zonal map. That at Holkham (Rose, 1869; Whitaker, 1878), on the
north coast, apparently commenced about 30 feet above the base of the
Marsupites Zone, and actually passed through 635 feet of chalk. It thus
appears that the zones below that of Holaster planus, which reach their

greatest observed attenuation near Hunstanton, must also thicken
eastwards from that place. On the other hand, a boring at Piss (Taylor,

1837) in the extreme south-east of the county, which commenced at

about the same horizon, revealed only 490 feet of chalk. Reference to
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the table shows that here the zones below H. planus must have an
overall thickness nearer to that at Hunstanton than that of their outcrops
in the south-west. This could indicate a N.N.W.-S.S.E. alignment for the
uplift (and hence of shallowing) which occurs near Hunstanton. Finally,
the boring at Norwich, presumably commenced about the middle of the
Beeston Chalk, passed through 1,152 feet; to give this figure, unless the
thickness of the lower half of the B. mucronata zone has been under-
estimated, then that of the lower zones of the chalk must here again be
greater than at Hunstanton or Diss.

CENOMANIAN
In Norfolk the stage is divided into three by a hard bed known as

the Totternhoe Stone, which forms the middle division. For many years
in England, the Cenomanian has been subdivided into a lower zone of

Schloenbachia varians and an upper one of Holaster subglobosus, but the
boundary between the two has always been poorly defined. S. varians
has rarely been correctly identified, the range of the two index species

overlap, and it would seem that H . subglobosus appears earlier in northern
England than in the south. In the latter it is now possible to subdivide
the Cenomanian into three ammonite zones based on the succession around
Le Mans in France, the type locality for the stage (Hancock, 1959), but
in Norfolk it is still convenient to refer to the beds below the Totternhoe
Stone as Varians Chalk and to those above as Subglobosus Chalk.

Most of our knowledge of the Cenomanian is tine to J ukes-Browne and
Hill (1887, 1903) and the following account draws heavily on their work.
Not only were many more exposures available to them than to-day but
they even put down borings where exposures were absent. Recently it

has not been possible to see the base of the Chalk between Cambridge and
Hunstanton.

The Cenomanian undergoes great changes as it passes from the

south to the north of the county, and its thickness greatly diminishes.

From about 160 feet in Cambridgeshire, it is reduced to about 125 feet

near Stoke Ferry; from there it decreases rapidly northward until at

Marham it is about 90 feet, and at Hunstanton it is only around 56 feet.

Varians Chalk. In Cambridgeshire the basement bed of the Chalk
is the Cambridge Greensand. In the southern part of Norfolk, between
the rivers Little Ouse and Wissey, the lowest horizons of the chalk lie

below the Fenland, but they come to the surface near Stoke Ferry.

Between Stoke Ferry and Shouldham there is glauconitic chalk at the

base but the glauconite grains are very small. Further north this bed
disappears, and a hard white chalky limestone rests directly on the Gault

marls.

As far north as Stoke Ferry the Chalk Marl above consists of alterna-

ting soft and hard beds, and it maintains a thickness of 70 to 75 feet; but

north of Stoke the soft beds seem to thin out, and the harder beds become
more purely calcareous, owing to elimination of the sand and clay. In the

north the Varians Chalk consists entirely of hard greyish-white chalk,

and at Hunstanton it is only 181 feet thick; this must be regarded as a

condensed equivalent of the Chalk Marl.

The diminished thickness of the Varians Chalk at Hunstanton is due
both to condensation and to several planes of submarine erosion. The
erosion-planes are most obvious near the base (see Fig. 4), particularly

within and on the Paradoxica Bed. The erosion surfaces and chalk pebbles

on them are green stained, probably with glauconite, but there is no
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phosphatisation and no obvious grains of glauconite. Soft-bodied
organisms have left casts of their burrows which now form radiating,
cylindrical, branching and intertwining masses; they were once thought
to be sponges and actually named Spongia paradoxica. The condensation
facies is also most obvious in the lower levels. The lithology (Hill, in

Jukes-Browne and Hill 1887, 1903, pp. 282-83) is a concentration of the
coarser materials of the ordinary chalk—mostly Inoceramus fragments,
foraminifera and “ spheres,” most of the coccoliths having been winnowed
out or deposited at too shallow a depth (less than 30 fathoms) for them
to be abundant. There is now a cement of finely crystalline calcite making
the rock harder than most chalk.

Totternhoe Stone. At Burwell in Cambridgeshire the Stone is

about 15 to 18 feet thick, although its upper limit is indefinite. At the
southern edge of Norfolk it is only about 5 feet thick, at Stoke Ferry
about 4 feet and at Hunstanton only 2 feet. It is a tough grey gritty

chalk, with a layer of glauconite-coated pebbles at its base, like those

in the “ brassil ” of Burwell. It is mainly composed of comminuted shell

fragments (60 to 70 per cent); glauconite is a common accessory, but
quartz grains are few and very small.

Subglobosus Chalk. The Subglobosus Chalk is better exposed than
the Totternhoe Stone and the beds below. Its thickness diminishes
northwards (Cambridgeshire 70 feet; between Stoke Ferry and Gayton
at least 50 feet; Heacham 34 feet) but even in the north of the county it

still resembles chalk of the same level in Cambridgeshire and to the south.

It is a grey chalk whose hardness increases northwards. Curvilinear

jointing simulating low angle current and lenticular bedding is common
in the lower part although this possibly decreases northwards. Wavy
bedding shown up by marl bands is prominent and probably this is more
common in the north. The upper half is harder, whiter and more regularly

bedded although in the far north wavy bedding is marked even in the

upper levels.

Fauna and Correlation, (i) Cephalopods. It is unfortunate that

ammonites are rare in the Cenomanian of Norfolk, outside the Vartans

Chalk and Totternhoe Stone in the south. At Blackdike Farm (229) the

upper part of the Various Chalk contains many individuals of Schloen-

bachia, including: 5. varians (J. Sowerby), S. intermedia (Mantell) and
5. subvarians Spath and varieties, which are not absolutely diagnostic

but suggest the Lower Cenomanian. In the same pit large Austiniceras

are common in the Totternhoe Stone. In the Dixon Hewitt collection in

the Geological Survey Museum there is a Calycoceras (Ze 2967) from
Whitedike Farm, one mile north of the above.

Apart from Austiniceras at Hunstanton, the only ammonites seen

north of Stoke Ferry were in the Survey collection:

Hypoturrilites tuberculatus (Bose)— R.609 ” from pit i mile north-east

of Dersingham.”

Calycoceras sp.—R.771 “ from below Grey Bed, £ mile north-north-

east of Snettisham church.”

These tell us little; Hypoturrilites is usually characteristic of the

Lower Cenomanian, but there is a Hypoturrilites gravesianus (d’Orbigny)

in the Sedgwick Museum (B.308) from the Totternhoe Stone of Cambridge-

shire, where most of the ammonites are typically Middle Cenomanian
forms, eg.
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Turrilites
(
Euturrilites

)
scheuchzerianus Bose—B.35806

Acanthoceras aft', evolutum Spath—B.35932
Acanthoceras subflexuosum Spath—B. 35730.

Jukes-Browne and Hill (1887, 1903) list a number of ammonites from
Norfolk which we have not seen. If the Ammonites rhotomagensis which
they record (1887, p. 576) from the Inoceramus Bed at Hunstanton is

really an Acanthoceras, then only the basal Paradoxica Bed is Lower
Cenomanian.

There is no ammonite evidence on the boundary between Middle and
Upper Cenomanian.

The rare belemnite Belemnocamax boweri Crick, occurring also in

Lincolnshire and Yorkshire, has been found in a loose block at Hunstanton
(Wright and Wright, 1951).

(ii) Echinoderms. Discoidea cylindrica (Lamarck) ranges through-
out the Cenomanian. Its shape variations described from Lincolnshire

by Bower and Farmery (1910) appear to hold good in Norfolk, viz.:

typically pentagonally based with a pyramidal profile at the base of the
stage, grading up into flattish discoidal with a circular base, near the top
of the stage.

At only one level are echinoids very common—a two-inch pebble
bed resting on the eroded top of the Paradoxica Bed at Hunstanton
(see Fig. 4). They are dominantly Holaster subglobosus (Leske), much
smaller than the average in southern England, the largest examples being
about 4 cm. long; they are variable in shape and range to H. coravium
(Lamarck) and H . altus bischoffi Renevier. In southern England Holaster

subglobosus does not become common until the base of the Middle
Cenomanian (Zone of Acanthoceras rhotomagense) but occasional examples
have been found by C. W. Wright as early as the Albian Zone of Stolicz-

kaia dispar in Dorset. H. altus predominates in the early Cenomanian
fauna of Wilmington (Devon). The Holaster fauna at Hunstanton could
be interpreted as dating the Inoceramus Bed as Middle Cenomanian, or

it might be a Lower Cenomanian evolutionary intermediate, coming
between the early Cenomanian Wilmington fauna and the typical H.
subglobosus fauna of the Middle Cenomanian. Nevertheless, this does
suggest that only the Paradoxica Bed is Lower Cenomanian.

The Holaster band also yields less frequent specimens of Hemiaster

;

these may account for Jukes-Browne’s record of Epiaster crassissimus

d’Orbigny, which we have not seen. Several Cidarids have been recorded
from the Inoceramus Bed and above, and from it we collected a Trochotiara

sp.

Typical large specimens of Holaster subglobosus (Leske) are found in

the subglobosus Chalk away from the coast, and are replaced by Holaster

trecensis auct. Angl. non Leymerie (probably = II. gregoryi Lambert)
towards the top of the stage.

Of the asteroids, Calliderma smithiae (Forbes) occurs in the I arians

Chalk at Whitedike Farm and elsewhere.

(iii) Brachiopods. In the bottom few feet of the chalk at Hunstan-
ton the commonest fossils are brachiopods. They are nearly all tere-

bratulids, and in the Paradoxica Bed not more than 2 cm. long, so that

they are nearly all juveniles, which makes identification difficult. Those
in the Inoceramus Bed are larger, probably adult. With the help of a

collection made by C. V. Jeans and I. Platten, Table 1 has been prepared.
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TABLE 2

BRACHIOPODS FROM THE CHALK AT HUNSTANTON
From immediately beneath the Totternhoe Stone:

Concinnithyris aff. albensis (Leymerie) . . . . . . . . 1

Ornatothyris pentagonalis Sahni . . . . . . . . . . 1

From the Inoceramus Bed, exact level uncertain:
Terebratula ” biplicata (J. Sowerby) . . . . . . . . 2

From the Holaster band at the base of the Inoceramus Bed:
Terebratula ” biplicata (J. Sowerby) . . . . . . . . 2

Ornatothyris obtusa (J. de C. Sowerby) . . . . . . . . 2
O. pentagonalis Sahni . . . . . . . . . . . . 1

O. between pentagonalis and latissima Sahni . . . . . . 9

From the Paradoxica Bed: i) Horizon unspecified:
Ornatothyris pentagonalis Salmi . . . . . . . . . . 1

O. aff. pentagonalis Sahni . . . . . . . . . . . . 1

ii) top 3 1 inches:
O. aff. pentagonalis Sahni . . . . . . . . . . . . 1

iii) between 7 \ and 13£ inches above the base:

Ornatothyris juv. . . . . . . . . . . . . . . 2
Concinnithyris subundata (J. Sowerby) . . . . . . . . 1

? “ Terebratula ” biplicata (J. Sowerby) . . . . . . . . 1

iv) from the bottom 1\ inches:
Terebratula ” biplicata (J. Sowerby) . . . . . . . . 3

Ornatothyris juv. . . . . . . . . . . . . . . 3

O. aff. pentagonalis Sahni . . . . . . . . . . . . 3

O. between bolusa and pentagonalis . . . . . . . . 1

Concinnithyris subundata (J. Sowerby) .. .. .. .. 2

? Concinnithyris juv. . . . . . . . . . . . . 1

Kingena . . . . . . . . . . . . . . . . 1

“ Rhynchonella ”
aff. carter

i

Davidson . . . . . . . . 1

This list shows no marked distinctions between the levels within the
bottom 5 feet, but it should be noted that the Ornatothyris aff. pentagonalis

which is common about half a foot above the base, is of a distinctive

shape rarely seen away from Hunstanton. This fauna is essentially the

same as the indigenous Cenomanian fauna of the Cambridge Greensand

in which the commonest brachiopods are:

Ornatothyris obtusa (J. de C. Sowerby)
“ Terebratula ” biplicata (J. Sowerby)

and from which we have also collected:

Ornatothyris pentagonalis Sahni
PConcinnithyris subundata (J. Sowerby) juv.

Terebratulina triangularis Etheridge
Kingena
Orbirhynchia parkinsoni Owen
“ Rhynchonella ” carter

i

Davidson

The parallel is so close that there would seem no doubt that the Para-

doxica and Inoceramus Beds are Lower Cenomanian.

At the same time the generic distribution of the brachiopods is

largely a matter of the facies. Ornatothyris is associated with condensed
beds, often with distinct erosion surfaces and chalk pebbles. In the

south of the county it recurs in quantity in the basal pebble bed of the

Totternhoe Stone and again in the pebbly Plenus Marls at Marham. In

the quieter, steadier sedimentation of both the i'arians and Subglobosus

Chalks Concinnithyris is the usual terebratulid genus (e.g. at Hunstanton,
Heaeham, Hillingdon, Marham, etc.).
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(iv) Lamellibranchs. Several Pectinids have been recorded from
this stage in Norfolk; Neithea quinquecostata (J. Sowerby) and Aequi-
pecten beaveri (J. Sowerby) from the Totternhoe Stone (the latter also

ranging down into the Varians Chalk at Hunstanton), Entolium orbicular

e

(J. Sowerby) throughout. Camptonectes dubrisiensis (Woods) and C.

gaultinus (Woods) are known from the Subglobosus Chalk of Stoke
Ferry. Ostrea diluviana L. appears in the Varians Chalk at Hunstanton
and a small grypheate form of Ostrea vesicularis Lamarck is known from
the Totternhoe Stone which also contains Spondylus spp. Several Limids
are known, including Lima

(
Mantellum

)
elongata (J. Sowerby) from the

Subglobosus Chalk, and Lima aspera (Mantell) from the Totternhoe Stone.

Inoceramus tenuis Mantell occurs below the Totternhoe Stone, along with
Inoceramus crippsi Mantell, and the var. reachensis R. Etheridge Sen.

of the latter occurs above.

(v) Other groups. The coral Onchatrochus serpentinus Duncan first

appears in the Inoceramus Bed at Hunstanton and ranges upward, while
the gastropods “ Pleurotomaria

” and “ Trochus ” appear in the Tottern-
hoe Stone. From Norfolk, Withers (1935) records the cirripede Arcoscal-

pellum trilineatum (Darwin) only from the Subglobosus Chalk, but
Cretiscalpellum glabrum (Roemer) from this horizon, ranges right up into

the Maastrichtian.

TURON IAN
The stage is divided into four zones:

(d) Holaster planus
(c) Terebratiilina lata

(b) Inoceramus labiatus (formerly Rhynchonella cuvieri
)

(a) A ctinocamax plenus

The thicknesses in Norfolk are indicated in Fig. 3. The thin Zone of

A ctinocamax plenus can be recognised on its lithology which includes soft

marls, so that the whole is usually called the Plenus Marls. By contrast
the basal few feet of the overlying I. labiatus Zone is a hard pebbly chalk
known as the Melbourn Rock. But the contrast between the two
formations is less than in southern England—the Plenus Marls here
containing chalk pebbles and the Melbourn Rock wavy streaks of marl.

The Melbourn Rock grades up into firm white chalk, which in

southern Norfolk is comparatively soft and interrupted in the lower
part of the T. lata Zone by a number of marl bands—at least one of

which attains a thickness of 4 inches. Higher up there are several more
marl bands and a few feet above the base of the H. planus Zone a 1 J foot

bed of true Chalk Rock occurs with its characteristic fauna. At the very
top of the stage a 1 foot band of Top Rock is present. In the north
however, the upper part of the Turonian is predominantly hard and
these rock beds cannot be distinguished.

Flint first appears at the base of the T. lata Zone as small irregular

nodules with thick white rinds but bands of large intensely black flints,

frequently tabular, occur higher up in the zone. I n north Norfolk however,
these flints set in earlier, immediately above the Melbourn Rock, and the
upper part of the Turonian is a very hard chalk with flint occurring as

thick flat tabular masses, mottled light grey or even white, in fairly

regular bands three to four feet apart, as well as in great scattered lumps
which have been (wrongly) called paramoudras. Neither the Chalk Rock
nor its characteristic fauna can be distinguished and fossils generally are
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rarer than in the south. In this facies it is difficult to determine precisely
the top of the stage, but the ambulacral features of Micraster (when this
can be found) continue to indicate the horizon, as in southern England,
although the other test features of this genus do not.

Zone of Actinocamax plenus

Near Cambridge this zone contains some If feet of hard white chalk
sandwiched between two prominent marl beds. Although Actinocamax
can be found occasionally, the commonest fossil is Ostrea vesicularis

Lamarck.

Exposures are scarce in south Norfolk. Jukes-Browne and Hill

(1887, pp. 566-67) saw an exposure north of Whitington where there
were 1 £ feet of “

. . . buff-coloured marl enclosing loose lumps or nodules
of hard chalk and the only fossils were Terebratula semiglobosa and
Rhynchonella plicatilis, the latter being abundant and the same variety
of that species which is characteristic of the zone in Cambridgeshire and
elsewhere.” This recalls the centre of the outcrop around Marham where
at Limekiln Plantation the section is:

f 5. Faintly green chalk, the bottom few feet

[noceramus slightly pebbly with wavy marl partings to 12 ft

labiatus -s

1

4. Prominent rust band with large rusty
Zone chalk pebbles

<3. Pebbly chalk
4 to 6 in

1 7 in

Plenus Marls 2. Green-grey marl, chalk and rust-stained

pebbles 3 to 7 in.

Subglobosus 1. Chalk with numerous green wavy marl
Chalk streaks passing down to more massive

chalk to 10 ft.

Bed 2 is considered to be the Plenus Marls in spite of the pebbles.

Most of the fossils were found loose but sufficient were collected in situ

to distinguish the fauna. Ostrea vesicularis was not found, even the
lamellibranchs encrusting the pebbles being Diploschiza nilssoni

(Hagenow).

Brachiopods are always common and in some lenticles are as abund-
ant as anywhere in the British Chalk. Much the commonest genus is

Ornatothyris and it has been possible to examine about 100 of these from
the Jefferies collection in the Sedgwick Museum, Cambridge. The
rugation is weak compared with the examples from the Cenomanian of

Cambridgeshire figured by Sahni (1929, PI. 7) but they are placed in

Ornatothyris not only on their general shape, but because (i) they have
a large foramen in a pronounced beak, (ii) the dorsal valve is depressed

or flat, and (iii) they are uniplicate or rectimarginate. Salmi’s species are

probably only shape variations, and of his “ Cenomanian ” species only

the extreme inflated forms O. minor and O. ovalis are absent. The
commonest forms are O. pentagonalis and its varieties.

Other brachiopods include Concinnithyris subundata (J. Sowerby)
(juvenile); Orbirhynchia praedispansa Pettit, and O. wiesti (Ouenstedt).

C. bulla (J. de C. Sowerby) and O. multicostata Pettitt were found loose

but are probably also from the Plenus Marls.

This rich brachiopod fauna has not been found elsewhere. The
Jefferies collection contains a few brachiopods from Barton Bendish

only two miles to the south, and only one is an Ornatothyris.

The Plenus Marls continue to the northern limit of the county but

only as a single marl band a few inches thick and poorly fossiliferous.
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Zone of Inoceramus labiatus

It is the basal part of the Zone, developed here as the pebbly Melbourn
Rock, which is the most fossiliferous. The Plenus Marls being pebbly in

Norfolk, the Melbourn Rock is less clearly marked off lithologically than
in southern England, but the fauna is recognisably the same. There are

numerous Inoceramus including I. labiatus (Schlotheim) and I . lamarcki
Parkinson, and in the northern part of the county some levels are packed
with their fragments. The brachiopods are mainly rhynchonellids

—

Orbirhynchia cuvieri (d’Orbigny); O. aff. wiesti (Quenstedt); O. cf.

praedispansa Pettitt; O. cf. compta Pettitt.

In addition to this standard fauna there are fossils which are much
rarer in southern England. The ammonite Lewesiceras peramplum
(Mantell) is common at Wilton (257) and Hillington (40) and both yield

Mammites nodosoides (Schlotheim) (Sedgwick Museum, Cambridge and
King’s Lynn Museum).

(
M . nodosoides is also known from the Melbourn

Rock at Cherry Hinton, Cambs.—Sedgwick Museum). This correlates

the Melbourn Rock with the Craie marneuse of the type Lower Turonian
(see Lecointre, 1959).

In north Norfolk terebratulids become as common as the rhyn-
chonellids although their combined frequency is less than that of the
rhynchonellids in the south of the county. Both Concinnithyris (e.g. C.

protobesa Salmi) and the earliest Gibbithyris (e.g. G. cf. semiglobosa J.
Sowerby sp.), are to be found. A Terebratnlina (? striata) also appears
to characterise this horizon.

Large thin-tested specimens of Conulus subrotundus Mantell are

quite common in the Melbourn Rock, together with smaller passage
forms to Conulus castanea (Brongniart). A large incomplete Discoidea
found at Wilton (257) appeared to have affinities with the Cenomanian
D. cylindrica, and may link it with D. dixoni Forbes which also occurs.

Holaster of early planus type appears at this level, though generally

crushed; also a small Gauthieria sp., as well as Cidarid spines.

Above the Melbourn Rock, which is but four to six feet thick in

Norfolk, Inoceramus seems to be the only common fossil. The species are

the same as at the base of the Zone, although I. lamarcki var. apicalis

Woods is here the commonest.

Zone of Terebratulina lata

The zonal base is nowhere clearly defined in Norfolk, and is rarely

exposed. It may be conveniently placed at the point where Inoceramus
labiatus (Schlotheim) ceases to occur, and the larger forms of I. lamarcki
Parkinson become dominant. In the south, the chalk of the Zone is white
and fairly soft, although harder bands are frequent—especially in the
lower half of the Zone. Bands of grey marl—some of which are several

inches thick—are not unusual, and are locally termed “ pipeclay.”
Flints, which are small and scattered at the base, become more frequent
higher up, and the highest beds of the Zone near the southern county
boundary are as flinty as any horizon in Great Britain. They include

several tabulars and some vast flints weighing up to half-a-ton, called
“ gulls.” The flint was extensively mined up to the end of the nineteenth
century for ” knapping ” to make gun-flints, and the residual cores, and
the flints from the less-favoured bands, were widely used as buikling-

stonc in the area. Individual flint-bands which could be recognised over
an (albeit limited) area, received names such as “ Wallstone,” ” Floor-

stone,” “ Upper Crust,” etc., while the pipeclays were numbered from
the top downwards. The chalky " head ” above the solid surface was
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termed “ deadline ” (“ didlum ” in local dialect). An account of gun-flint
manufacture, including a detailed section of a modern shaft, is given by
Clarke (1935). Crimes Graves, north-east of Brandon, are similar shafts
of Neolithic age, dug into the same beds.

The massive black Hint-bands appear to lose their identity away
from the Brandon-Thetford area, and north of Swaffham the Zone thins
somewhat, and the chalk becomes much harder and lithologically in-

distinguishable from that of the zone above. In north-west Norfolk,
this chalk has served extensively as rough building stone—and walls
of it will stand for centuries provided they are capped by brick to keep
the chalk dry, and hence immune from the effects of frost. Almost
continuous bands, made up of large flattish, mottled grey flints occur at

intervals of 3 to 4 feet, and fossils seem to be very scarce.

The fauna here recorded for the Zone comes mainly from the south.

The zone-fossil is generally far from common, but Rowe found it “ in

profusion” near Swaffham (24); it has not been recorded from north
Norfolk. An Orbirhynchia (perhaps heberti Pettitt) is a much commoner
guide-fossil, and O. reedensis (Etheridge) also occurs. Gibbithvris senii-

globosa (J. Sowerby) and Terebratulina striata sensu Davidson complete
the brachiopod fauna.

There are two ammonite records, Scaphites geinitzi d’Orbigny from
Brandon (216), quite low in the zone, and a Pachydiscid. Among
lamellibranchs, Inoceramus is again the most common, I. lamarcki
Parkinson and its huge variety cuvieri J . de C. Sowerby being the usual

forms. Ostrea vesicularis Lamarck and Spondylus talus (J . Sowerby) are

fairly common, and Diploschiza nilssoni (Hagenow) is often found
attached to echinoids.

Holaster
(
Sternotaxis

)
planus Mantell is the commonest echinoid,

bid Micraster corbovis Forbes sets in about halfway up the zone. At the
top of the zone, near Thetford, passage forms to M. cortestudinarium

Goldfuss (which includes M
.

praecursor Rowe) occur; on the strength of

some which are fairly typical specimens of the latter form, Hewitt
(1924, 1935) placed these beds in the zone above (q.v.)—in which he
would thus include the uppermost beds of the ” Brandon Flint Series.”

At one exposure (24) near Swaffham, many of the Micraster have normal
ambulacra, but exhibit other test-features which are unexpectedly
advanced, such as a prominent labral tip, deep ambital notch, etc.—
either alone, or in combination. At the same place, Infulaster excentricus

(S. Woodward, ex Rose MS.) is uniquely common; other Norfolk records

of this rare echinoid may well be from the same horizon. Examples of

Echinocorvs sp. nov. aft. gravesi Desor have been found in the Thetford

area. These are a large, tall form, with flanks which rise almost vertically

from the ambitus, before sloping steeply towards a more or less conical

apex; they are quite unlike the gibbous forms of the zone above. Gauthi-

eria radiata (Sorignet) and spines of “ Cidaris ” serrifera Forbes also

occur. Bourgueticrinns ellipticus (Miller), and an “ Isocrinus aff. kloedeni

(Hagenow) ” are recorded from Thetford, and the asteroids Arthraster

dixoni Forbes, Metopaster parkinsoni (Forbes) and C-rateraster quinqueloba

(Goldfuss) all occur, along with Calliderma smithii (Forbes) which ranges

up from below.

Among other fossils, sponges, chiefly Ventriculites spp., and serpulids

are the most common.
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Zone of Holaster planus
In south Norfolk, the base of the Zone is marked by a variable band

of hard rust-stained chalk, containing green-coated chalk pebbles, and
averaging 1 h feet thick. Known as the Chalk Rock, it indicates the
temporary onset of shallow-water conditions, and, as in the Chilterns

and elsewhere, it is characterised by a special facies fauna, and is often

designated the Subzone of Hyphantoceras reussianum (d’Orbigny). There
is little evidence, beyond a few Miceaster “

of planus zone type ” found
below it, by Hewitt, that this bed is diachronous and his (1935) inclusion

of lower beds in the Zone is here ignored. Hewitt was the first to describe

the true Chalk Rock in Norfolk. Earlier references, in Geological Survey
publications and elsewhere, to “ Chalk Rock ” in the county, often apply
to what has now come to be known as the Top Rock.

The 40 foot or so of chalk above the Chalk Rock is hard and white
with a good deal of interstitial marly veining and black flint scattered and
in bands, some tabular. Extra hard bands occur, but the first continuous
one is the one-foot bed of Top Rock which constitutes the upper boundary
of the stage. Lithologically the Top Rock resembles parts of the Chalk
Rock, in that it is a semi-crystalline limestone which rings to the hammer,
but it is more uniform and more readily forms a topographical feature.

The top few inches contains rolled chalk pebbles, and has a green-coated
upper surface; but, in contrast to the true Chalk Rock, the Top Rock is

rather barren of fossils, and shows nothing of the “ reussianum fauna.”
The Top Rock has been traced as far north as Swaffham, but neither it

nor the Chalk Rock have been seen beyond that place. In north Norfolk,

the zone is composed of hard platy chalk, with bands of thick, grey-

mottled, slab-like flints at regular intervals of every few feet, and fossils

are conspicuously scarce.

The following list gives some of the more important forms from the

extensive fauna recorded from the Chalk Rock near Thetford by Hewitt
(1924, 1935). Among ammonites, in addition to the subzonal species,

are Bostrychoceras woodsi (Kitchin), Subprionocyclus neptuni (Geinitz),

Scaphites geinitzi d’Orbigny, Metaptychoceras smithi (Woods) and
Allocrioceras

,
Sciponoceras and Pachydiscids. The lamellibranch Astarte

aff. laticostata Deshayes, was described as new to the English Chalk by
Cox (1935): Barbatia spp., Cardita cancellata Woods, Cardium turoniense

Woods, Cuspidaria pulchra (J. de C. Sowerby), Inoceramus costellatus

Woods, and Trapezium trapezoidale Roemer are all characteristic, in

addition to the common lamellibranchs of the zone, described below.
Among gastropods, Trochus cf. schlueteri Woods, Turbo

(
Solariella

)

gemmatus (J. de C. Sowerby) and a Turritella sp. are noteworthy. Sponges
are common, and of the corals, Parasmilia spp. including centralis

(Mantell), and Caryophyllia cylindracea (Reuss) appear to be confined to

the Chalk Rock.

The other fossils of the Zone, most of which also range through the

Chalk Rock, include H.
(
Sternotaxis

)
planus (Mantell) and H

.

(S .) placenta

Agassiz, as well as Micraster of the leskei, corbovis and praecursor groups.

Echinocorys is generally rare, although Rowe (in MS.) found it common
at Swaffham (24) : Cidarid spines of several species complete the echnioid

fauna. Ossicles of “ Isocrinus aff. kloedeni (Hagenow) ” are fairly com-
mon, as is Bourgueticrinus which ranges upwards through the Senonian.

Several asteroid species are known, but Mi(raster hunter i (Eorbes),

Stauranderaster bulbiferus (Forbes) and an Ophryaster sp. have been
recorded only from this Zone, in south Norfolk. Among terebratulids,
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Ciibbithyris spp. are common, and of several rhynchonellids, Cretirhynchia
minor Pettitt is noted from Santon Warren (247). Terebratulina striata

sensu Davidson is fairly common, but ranges throughout almost the
whole of the Turanian and Senonian. One of the most useful zonal
fossils is Inoceramus costellatus Woods. Lima

(
Plagiostoma

)
cretacea

Woods and L.
(
P .) hoperi (Mantell) are also good indices of the Zone

although by no means confined to it. Chlamys cretosa (Defrance) and
Plicatnla barroisi Peron, both make their first appearance at this level,

in Norfolk, but range upwards. The cirripedcs Cretiscalpellum glabrum
(Roemer), C. striatum (Darwin) and Arcoscalpellum angustatum (Geinitz)

are all fairly common.
Only a few of the above forms have been recorded from northern

Norfolk, although Echinocorys is perhaps slightly less rare there; Barrois

(1876) recorded a fragmentary belemnite, from Docking (8), which he
referred to Belemnitella aff. strehlensis Fritsch and Schloenbach.

C. W. Wright states [in litt.) that asteroid ossicles found near the top
of the Zone in Swaffham railway cutting (24, 25) are of forms generally
characteristic of the M. coranguinum Zone of southern England—

a

similar phenomenon being observed at Kiplingcotes, Yorkshire.

LOWER SENONIAN
If we divide the stage into three, in Great Britain, then the lowest

division becomes synonymous with the
Zone of Micraster cortestudinarium

This is perhaps the most colourless of all the zones of the Norfolk
chalk, and shows nothing of the rich fauna which characterises it in the
south of England, its base is taken as occurring immediately above the
one-foot band of Top Rock. The chalk is fairly hard and sometimes
stained yellowish. The Hints are black without cortices, and there are
lines of globular flints, individually up to the size of a melon, as well as
huge scattered masses and tabulars. Marl-bands are present, and pyrites

occurs locally as large nodular masses at certain horizons. It has not so
far proved possible to relate the top of the Zone to any particular litho-

logical feature, as may be done in many southern English sections, and
for convenience it has here been taken as the upper limit of the occurrence
of “ low zonal ” Micraster—i.e. the lowest limit of Micraster having
“ divided ” or strongly “ sub-divided ” ambulacra. This means that
chalk equivalent to that normally included as the “ lowest third ” of the
M . coranguinum Zone of southern England is placed in the M. cortestu-

dinarium Zone. Chalk of this horizon is probably seen at the base of the
huge pit at Euston (303), just south of the county boundary, where pieces

of large Inoceramus lamarcki cuvieri J. Sowerby are the only common
fossils. Further north it is seen at the base of the large pit at Newton-
by-Castleacre (309) (below the conspicuous marl-band) and again at

Helhoughton (58), where a marl-band also occurs near the top of the

section, beneath which is a line of huge horned flints, individually two
feet or more across. Towards the north coast, the Zone appears to thicken

and takes on the monotonous lithology of the two zones below it (q.v.).

This uniform lithology continues up into the lower part of the succeeding

zone.

The principal means of distinguishing the Zone is by the condition

of the ambulacra of the infrequent Micraster, which range from “ strongly

sutured ” to “ sub-divided.” Unfortunately, more especially in the north,

not all the other test-features of this genus always follow the parallel

sequence of development postulated by Rowe (1899) from the south of
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England. The few specimens of Echinocorys seen also differ from the

common southern English forms—having a very flat base, sometimes
nearly circular, with a sharp ambitus and the apex somewhat posterior

of central. Superficially they resemble Trimingham forms, and are

probably similar to one figured as Echinocorys vulgaris striata Lambert
(Smiser, 1935, PI. 2, Fig. 1) from the Craie de St. Yaast (zone of Ino-

ceramus involutus

)

of Belgium. From the Thetford area, Hewitt records

Cidarid spines and a single specimen of Cardiotaxis cotteaui (d’Orbigny)

(220). Inoceramus lamarcki latus J. de C. Sowerby (of which the type
comes from Swaffham). 1. lamarcki websteri Woods, I. inconstans Woods,
and its var. striatus Mantell are all recorded from Swaffham, and I.

involutus J. de C. Sowerby from Thetford and Brancaster. Pinna
decussata Goldfuss also occurs at Swaffham.

A. W. Rowe (in MS.) states that in the Swaffham railway cutting

section (25), Holaster
(
Sternotaxis

)
placenta Agassiz was “ rather common ”

and that he collected seven Micraster, six Echinocorys and six Kingena
lima, but he nevertheless remarks that “ it is one of the poorest sections

in fossils which R[owe] and S[herborne] have ever seen.” The collections

of Fitch, King and Rose, in the Norwich Museum all contain many
specimens marked “ Swaffham.” Some are clearly flint casts from the
drift but others must have been collected in situ; they include, however,
a number of forms which would not normally be expected from the

M. cortestudinarium chalk, such as Offaster pilula (Lamarck), and a
Galeola which appears to be an undescribed species. Further examination
of these, and of the records of exposures possibly available to those
early workers, will be needed before the zonal provenance of this material
can even be hazarded. Certainly there are large erratics of relatively

undisturbed chalk in the area (e.g. 341) which might have yielded some of

them.

MIDDLE SENONIAN
This division comprises three zones:

(c) Marsupites
(b) Uintacrinus

(a) Micraster coranguinum
Here, for the first time in Norfolk, we find that the general character of

the chalk approximates more nearly to its counterparts in southern
England. The name-fossils are all confined to their own zones, although,

of course, in other parts of Britain, Micraster of coranguinum type does
occur right up through the stage. Its absence from the upper two zones
here is possibly merely a reflection of their barrenness of nearly all

macro-fossils. As in the zones below, the chalk tends to harden north-

wards. Near the north coast, exposures of the lowest part of the cor-

anguinum Zone continue to exhibit the same facies of platy chalk with
greyish slab-like flints as occurs in the zones beneath, but the appearance
of the faces of quarries in the higher beds of that Zone, with their

regular lines of black nodular flint, is much more reminiscent of

equivalent southern English horizons.

Zone of Micraster coranguinum
The chalk of this Zone is, in the south, distinctly softer and whiter

than that of the underlying zones, and much finer grained. Flints are no
less common than below, but no longer form gigantic masses being more
generally nodular. Often they are arranged in bands—some tabular.

The tendency to regular alignment is greater towards the top of the Zone,
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which, unlike the lower part, varies but little from south to north of the
county (see under previous zone). Fossils are nowhere abundant but
evidently become more frequent in the highest beds, where, from former
quarries around Litcham in particular, most of the early Museum
collections were derived.

Mi.cras.ter and Echinocorys near the base of the Zone show the same
tendencies as those of the zone below, but specimens from the highest
beds are typical “ southern ” forms, e.g. M . coranguiniim (Leske) and its

var. latior Rowe and the “ tall dome ” form of Echinocorys, all from
Litcham. Conulus alhogalerns Leske becomes commoner in the higher
beds and evidently forms a band of tall, very conical forms such as is

known from north-east Kent. There is one record of Hagenowia rostrata

(Forbes) from Rush ford (238).

Regular echinoids are also a marked feature and include (generally
known only as detached spines) “ Cidaris ” serrifera Forbes, which
actually ranges above and below the Zone, “ Cidaris ” perornata Forbes,
Stereocidaris sceptrifera (Mantell), Tylocidaris clavigera (Koenig),
“ Cidaris ” subvesiculosa d’Orbigny and Phymosoma koenigi (Mantell)
which are mainly confined to it. Boargueticrinus ossicles are fairly

common, but we have not studied their shape-variations. Of the asteroids
Crateraster quinqueloba (Goldfuss) and Metopaster parkinsoni (Forbes)
are common, and M. uncatus (Forbes) and Tholaster ocelatus (Forbes)
are recorded only from this Zone. There are no ammonite records, but
Actimocamax westphalicus Schlueter is found high in the zone, and A.
vents Miller occurs regularly in the topmost beds.

Among brachiopods Kingena lima (Defrance), Terebratulina striata

scnsn Davidson, Lacazella [Bifolium) wetherelli (Morris), Crania egnaber-

gensis Retzius and Cretirhynchia spp. are all characteristically common.
Of lamellibranchs, Ostrea boucheroni Coquand, and fragments of Ino-

ceramus lamarcki cuvieri are the most frequent, but Chlamvs cretosa

(Defrance) and Spondylus spp. are also found. Diploschiza nilssoni

(Hagenow) is often seen encrusting other forms. The sponges Poros-

phaera globularis (Phillips), P. sessilis Brydone and Ventriculites mam-
milaris T. Smith all occur, along with the coral Parasmilia centralis

(Mantell).

Zone of Uintacvinus

The chalk of this Zone is very soft and crumbly, and appears to have
suffered some glacial disturbance in most of the pits where it has been seen.

It is comparatively free from flints; those which do occur are often

rounded nodules, frequently hollow and enclosing sponge debris. Den-
dritic manganese is often observed—usually as blackish spots on joint

faces. The base of the Zone is hard to identify as it is defined by the

lowest occurrence of the tiny, isolated and rare ossicles of Vintacrinus.

The boundary shown on the map is based largely upon the work of

Brydone (1932, 1932a) and upon the presence, immediately to the west,

of pits in the M. coranguiniim Zone yielding the tall Conulus albogalerus

Leske and Actinocarnax vents Miller—both of which characterise the

topmost beds of that zone. In other parts of Britain the top of the

Uintacvinus Zone generally coincides with the upper limit of the name-
fossil, and there is no reason to suppose it to be otherwise here. The
greater thickness estimated for this and the succeeding zone in north

Norfolk is based largely upon the thickness of “ flintless chalk ” recorded
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from boreholes, supported by the known figures for the next nearest

outcrop, in Yorkshire, where the combined thickness for the two zones

exceeds 200 feet.

Macro-fossils are decidedly rare in the Zone—the most prominent
being Actinocamax verus Miller, which ranges right through it. Plates

of the zonal crinoid may generally be obtained after prolonged search,

and Cidarid spines occur occasionally. The long-range Porosphaera
globularis (Phillips) is accompanied by occasional P. nuciformis (Hagenow)
and P. pustulosa Brydone, which do not occur in the adjacent zones.

Among lamellibranchs, Neithea quinquecostata (J. Sowerby), Chlamys
cretosa (Defrance), Plicatula barroisi Peron and Spondylus spp. have been
found, as well as Ostrea vesicularis Lamarck, O. boucheroni Coquand,
O. incurva Nilsson and Gryphaeostrea canaliculata (J. Sowerby). The
tiny brachiopods Kingena lima (Defrance) and Magas pumilus (J.

Sowerby) have been recorded, and also Terebratulina striata sensu

Davidson. Two ostracods appear regularly

—

Bairdia subdeltoidea

(Muenster) and Cytherella ovata (Roerner), as well as the cirripedes

Preverruca vinculum Withers, Eoverruca hewitti Withers and Arcoscal-

pellum fossula (Darwin).

Zone of Marsupites

The outcrop of this Zone marks the line of the principal watershed of

the county, and the chalk surface is reached in but few of the river

valleys. As a result, only nine exposures have been recorded from the
Zone, and the boundaries drawn upon the map were obtained by extra-

polation. The chalk appears to be generally similar to that of the
Uintacrinus Zone below (q.v.), and most of the fossils of that zone seem
to range up into this one. The diagnostic form is Marsupites testudinarius

(Schlotheim), and Gonioteuthis granulata (Blainville) also starts to appear.
A group of specimens of Echinocorys resembling, but slightly larger than,
typical elevata Brydone, is recorded from East Barsham (Hayward, 1940).

Earlier fossil records are generally confused by the fact that all the chalk
between the M. coranguinum and B. mucronata zones was at one time
called the “ Marsupite Chalk,” and, from the available lists few can be
reliably identified with currently-accepted species.

Brydone (1932) reported that at Wattisfield, Suffolk (then thought
to be high in the Marsupites Zone) he had found brachials of a Uintacrinus
which he believed to be identical with the Uintacrinus sp. nov. he had
earlier reported as distinguishing the uppermost beds of the Marsupites
Zone of Sussex (Brydone, 1914) and Margate [sic]. He claimed to have
found the same crinoid “ very sparingly ” at North Elmham (32). In a
subsequent paper, however (Brydone, 1932a) he admitted that he had
been wrong at Wattisfield, which (he shows) is clearly in the (albeit

unexpectedly broad) outcrop of the Uintacrinus Zone, and that at

North Elmham “ the plate ” [sic] which he had found “ is quite in-

conclusive, and must be attributed to the last days of Marsupites.”

UPPER SENONIAN
The Upper Senonian in Norfolk is divisible into two zones only,

(b) Belemnitella mucronata
(a) Gonioteuthis ( = old Zone of A ctinocamax quadratus)

Together, these comprise nearly 600 feet of chalk—more than half

the total thickness proved in the Norwich boring -and their combined
outcrop here is equal in width to that of all the zones below. Lithologically
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there is little to distinguish them from their equivalents in southern
England (which may attain 800 feet in the Isle of Wight, where the top is

probably of Weybourne Chalk age), but detailed correlation of their faunas
is difficult.

Zone of Gonioteuthis (termed by Brydone the “ Zone of granulated
Actinocamax ”)

The chalk between the top of the Marsupites Zone and the base of

the B. mucronata Zone is, in Norfolk, characterised by the regular
occurrence of Gonioteuthis belonging to the granulata-quadrata evolution-
ary series. In southern England, from the equivalent horizon—the old
Zone of Actinocamax quadratus—Brydone (1912) split a lower Zone of

Offaster pilula, leaving an upper (restricted) one of Gonioteuthis quadrata.
The lower zone is distinguished by the abundance, at most horizons, of

its name-fossil, and by a number of “ belts ” characterised by distinctive

shape-variations of Echinocorys

;

the upper zone is less positively determ-
ined, but (although belemnites are uncommon in either zone) the true
Gonioteuthis quadrata (Blainville) is said to be confined to it. In Yorkshire
(where the top of the zone is not seen) as in Norfolk, an Offaster pilula

Zone cannot be distinguished, and in Yorkshire Inoceramus lingua

Goldfuss serves as the index-fossil. Unfortunately, too little is yet known
of the range of this fossil in Norfolk for its adoption here, and moreover
it is found also in the succeeding zone at Norwich.

The chalk of this Zone is generally soft, though firmer than that of

the zone below, and with a greater tendency to break along bedding-
planes. The lower part is very white, with flint occurring fairly freely

generally in bands but towards the top the chalk is often yellowish, and
the flints more scattered—often spindle-shaped or as hollow round nodules
containing sponge debris. Fossils are usually hard to find, and correlation

between exposures is difficult or impossible. Gonioteuthis tends to pass
from forms with shallow and circular alveolar cavities (granulata of

Blainville) to ones with deep and quadrate cavities
(
quadrata of Blainville)

near the top, but any group of specimens from one horizon generally

shows great variation in this character—shallow but quadrate cavities

being found quite low in the Zone, and deep but circular ones quite high

(fide Brydone): specimens collected from Wells (280)—which is still in the
lower part of the Zone—already show deep and quadrate cavities; also,

a very stout form was noted in the Geological Survey collection (HB\Y.

550) from Bintree (31). Actinocamax vents Miller ranges well up into the

Zone, and records of Belemnitella lanceolata Sharpe, from near the top,

may well be B. praecursor Stolley. Echinocorys is far from common;
a specimen from near the base of the Zone at Banham (279) in the

Geological Survey collection is a typical E. tectiformis Brydone, such as

would be expected from the lowest part of the Offaster pilula Zone; a

typical specimen from Wells (280), figured by Hayward (1940, PI. 1, Fig.

1), though somewhat larger, could, apparently, have come from just

above the O. pilula Zone in the south of England, while a form collected

from the topmost beds of the zone at Stiffkey (283) could not be matched
from the southern English chalk—where, in any case, it becomes rare.

Micraster (perhaps M. schroederi Lambert) has been recorded, and
Offaster pilula (Lamarck) certainly occurs; in fact, specimens of the

latter are very common in the Drift, and might indicate occurrences at

horizons not seen in situ.

The lamellibranchs Inoceramus lingua Goldfnss and Pteria
(
Oxytoma

)

tenuicostata (Roemer) first appear in the Wells (280) chalk—the latter
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being known only from the Gonioteuthis Zone. Among Asteroids,

Pycinaster magnificus Spencer and Staurunderaster senonensis Spencer
are notable in the upper part of the Zone. The sponge, Retispinopora

arbusculum Brydone and occasional ossicles of Bourgueticrinus also occur.

Zone of Belemnitella mucronata
This is the classical “ Norwich Chalk ” of the early authors. The

extensive and often beautifully-preserved fauna seen in museums came
from the many manually-worked pits formerly extant in the area (see

pages 295, 298). Of a probable thickness of more than 400 feet, only an
aggregate of 180 feet is now exposed—and even this may include some
overlaps. As a result, many horizons cannot now be seen. Spencer (1913),

on the basis of asteroids, split the chalk above the Gonioteuthis Zone into

lower, middle and upper divisions—the last being what is now the Zone of

Belemnella lanceolata (q.v.). Brydone (1938, etc.) referred to five horizons

based upon broader faunal considerations, and Dr. T. Barnard (in litt.)

suggests that six divisions can be recognised, based upon foraminifera.

Until detailed examination of the museum material has been completed,
we have adopted a sixfold subdivision based mainly upon Brydone’s
horizons. The thicknesses given in Fig. 1 for these subdivisions are

arbitrarily estimated, and they are briefly described below before the

faunal characters of the Zone are dealt with.

(a) The Basal mucronata Chalk
This is characterised by typical Belemnitella mucronata sensu

Arkhangelsky and abundant Volviflustrellaria taverensis Brydone. There
is no sign of the band of Echinocorys subconicula Brydone, of small and
conical form

(
=E. lata fastigata Lambert), which that author took to mark

the base of the zone in Hampshire (although specimens have been seen

from the drift) but a large race of E. subconicula (resembling E. lamberti

Smiser non Gauthier) is common throughout the subdivision. In view
of the lesser frequency of belemnites in southern England, it is possible

that Brydone may have placed the Zonal base in Hampshire slightly

higher than in Norfolk. This Chalk was formerly exposed in many small

pits around Ringland and Taverham, at Tharston (49), and at Morston
and Cley Green (82) on the north coast. Brydone notes a change in

lithology at the zonal base (pit 287, and elsewhere) from soft yellowish

chalk to slightly firmer white chalk with more frequent flints. The upper
part is probably best seen at Drayton (152), where an Echinocorys aff.

subglobosa Goldfuss also begins to appear at the top of the section.

(b) " Eaton Chalk ”

The greater part of this division cannot now be examined in situ—
although its base is presumed to occur at Drayton (152) and its top at

Keswick (294); much material was formerly yielded by underground
workings at Eaton (158) and quarries at Earlham (155, 156). An over-

grown pit at Cley (296) perhaps shows chalk of this horizon, which is

characterised by the absence of Volviflustrellaria taverensis Brydone, and
the presence of Membranipora eleanorae Brydone, together with “ a

large tall conical form of Echinocorys, having a flat circular base ” (Bry-

done). E. pyramidata sensu Lambert
(

E. ovata sensu Portlock) and its

var. quenstedti Lambert were noted (Geological Survey Museum) among
others from Eaton.
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Weybourne Hope
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(c) “ Weybourne Chalk ”

This division is taken to include the 75 feet or more of chalk exposed
along the two miles of coast between Weybourne and Old Hithe Gap
(1 mile west of Sheringham), in the interrupted line of low chalk bluffs

at the foot of the Pleistocene cliffs. The vertical section (Fig. 5) was
prepared by following individual flint-bands (distinguishable by their

nature or spacing) as the general easterly dip steadily brings in higher
beds. It is hoped that its publication will enable field-workers to collect

with reference to the lettered flint-bands; museum material from the
whole section is generally marked “ Weybourne,” Brydone (1906, p. 130)

having believed that the dip was non-existent, or even westerly. Un-
fortunately, the (lesser) dip of the chalk-surface itself brings this to

beach-level at Old Hithe, and only impermanent foreshore exposures are

available eastwards from there—whence no reliable vertical section has
yet been compiled. Specimens of Echinocorys subglobosa fonticola Arnaud
are common below the sponge-bed, and range above it, where they are

accompanied by E. gibba (Lamarck). In the highest beds, towards
Sheringham, typical large E. ovata Leske (sensu Smiser non Lambert)
also occur. The steeply conical M.

(
Isomicraster

)
stolleyi Lambert

(
- Epiasler gibbus Schlueter pars) ranges throughout the section and is

accompanied by the rarer, large flat Micraster glyphus Schlueter.

Inland sections of this chalk were formerly seen at Harford Bridges

(161, 162—which probably included some of the Eaton Chalk and a
sponge-bed which may have corresponded to that at Weybourne) and is

still visible in the lower part of the pit at Catton Grove (327). Brydone
(1938) states that it is characterised by “ Serpula ” accumulata S. Wood-
ward (although this becomes scarce near the top) and Membranipora
insultans Brydone. Cardiotaxis, found in the lower part, is the inflated

narrow species, heberti Cotteau. The Belemnitella in the upper part of

the division are mainly slim, often waisted forms ranging between B.

mucronata sensu Arkhangelsk)' and B. langei Jeletzky, i.e. mostly B.

langei as figured by Birkelund (1957, PI. 2, Fig. 6, and PI. 3, Fig. 1).

B. mucronata minor Jeletzky (Sharpe, 1853, PI. 1, Fig. 2), a slender

form without an appreciable waist, also occurs and often attains a large

size.

(d) The Catton Sponge Bed
This bed, formerly seen near the base of Attoe’s Pit (159) and visible

near the top at Catton Grove (327), appears to mark a convenient faunal

boundary. It also possesses a considerable fauna of its own, and has
probably yielded several of the recorded ammonites. Brydone (1938)

suggested that it may be identical with the “ Cast Bed ” which used to

be seen near the base of the famous pit at Thorpe (153), and it is almost

certainly equivalent to one of three sponge-beds which we have recognised

on the foreshore at Sheringham—where ammonites have also been found.

(e) ” Beeston Chalk ”

This is the highest division from which a representative fauna has

so far been obtained. It occurs on the foreshore between Sheringham and
the Runtons, beneath Beeston Hill. Here Micraster and Isomicraster

are no longer found, but Cardiotaxis ananchytis (Leske) appears to be

characteristic, if not common, and Galerites abbreviatus Desor occurs

sparingly. Inland it was formerly represented at Thorpe (153) and
Whitlingham (154), but the best current exposure is at Caistor (166),

which must be only slightly above the Catton Sponge Bed; a higher
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horizon is seen at Frettenham (199). Some of the Echinocovys at the

base of the division are still aff. gibba Leske, but E. aff. conoidea Goldfuss
soon sets in, and is already the commoner form at Caistor, while it occurs

exclusively at Beeston. A typical E. conoidea seen in the Geological

Survey Collection from Household Heath indicated an even higher

horizon, which was borne out by the accompanying belemnites.

A marked feature of this division is the occurrence of “ Flint Circles.”

These consist of knobbly flints (which often run into one another) arranged
in almost perfect circles varying from 2 to 10 feet or more in diameter,
upon bedding-planes. Sometimes two or more circles are concentric, and
there may be a hollow-cored paramoudra at the centre. One circle is

never seen to cut another, and they have no vertical development beyond
the normal thickness of the flints of which they are formed—so that they
cannot be recognised in cliffs or quarries, except where these have
fortuitously exposed a bedding-plane (e.g. Caistor, and the Runton
erratic). On wavecut platforms along the north coast, they occur from
Old Hithe to East Runton, but are most common beneath Beeston Hill,

where they look like “ fairy-rings seen in meadows ” (Reid, 1882).

(f) The Paramoudra Chalk
This name has been applied to the 75 feet or so of chalk which

presumably comes between the Beeston Chalk and the top of the stage

near Overstrand. There are no inland exposures now available, but the
great series of workings between Wroxham and Horstead, alongside the
River Bure (now overgrown and constituting “ Little Switzerland ”)

must have exposed this chalk; Lyell (1838) ligures a drawing from there

by Mrs. Gunn, in which several vertical columns of paramoudras are

beautifully shown. A paramoudra is a massive Hint averaging 3 feet high
by a foot in diameter (but sometimes much larger), and having a Hint-

free vertical core filled with hardened chalk; the exterior is generally

smooth and typically barrel-shaped, but becomes nobbly where it rises

through a normal horizontal flint-band. Individual paramoudras occur in

many Norwich pits but their arrangement in vertically-aligned columns
is mainly confined to this division; such columns were first described from
Moira, Co. Antrim, by Buckland (1817) (“ Moira pears ”?—but a
derivation from the gaelic “ peira muireach,” meaning “ sea pears ” has
been suggested, see Woodward, 1882; Arkell & Tomkeieff, 1953). Fitch

(1840) noted that there is often a pencil-thick vertical tube, lined with a
greenish film, passing through the hard chalk core, and Taylor (1824)
observed that hardened chalk is also present between the individual

flints in a column. One or more such columns were reported (Woodward,
1882) in the former St. James’s Pit, Norwich, but little chalk remains
visible there to-day—although we obtained Magas pumilus J. Sowerby
and abundant ” Isocrinus

”
ossicles. The occurrence of columns on the

north coast cannot be confirmed, owing to the absence of vertical sections,

but paramoudras are particularly abundant on the foreshore between
East Runton and Overstrand.

Little is known of the fauna of this division, and the foreshore chalk

between East Runton and Cromer is extraordinarily barren. East of

Cromer the chalk surface lies below the low-water-mark and cannot be
examined, but there is indirect evidence of an offshore reef of (glacially-

disturbed?) chalk. From near Overstrand we have collected freshly-

derived lumps of intensely hard yellowish chalk containing abundant
Echinocovys pyvamidata Portlock (sensu Wright non Lambert)—possibly

related to that figured by Moskveena (1959) from the uppermost Senonian
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and the Maastrichtian of the Caucasus. Most of them are sharply conical
to a degree unknown among other English or Belgian species. The chalk
erratics near Overstrand, which probably belong to this division are
discussed in a later section.

Fauna (i) Cephalopods

One can summarise the belemnites (sometimes called “ whistlefish
”

or “ thunderbolts ” by the quarrymen) of the Zone by saying that they
change from being dominantly stout and conical

(
Belemnitella mucronata

sensu Arkhangelsky) near the base of the Zone, to being dominantly
thin and waisted

(
Belemnitella langei Jeletzky) near the top. There is

every transition between these two extremes, two typical intermediate
forms being Belemnitella mucronata minor Jeletzky and Belemnitella
langei sensu Birkelund non Jeletzky. There is variety at any one level

so that it is necessary to have a representative collection of about six

specimens before being confident of the horizon. However, the really
slim forms, referable to B. langei, do not appear until some way above
the base, in the Weybourne Chalk. Conversely the very stout form
Belemnitella mucronata senior Nowak (uncommon even near the base of
the Zone) barely ranges to the middle of the Zone—probably just into
the Weybourne Chalk. Nevertheless, there are occasional examples
from the Beeston Chalk which, although slimmer, are still referable to

Belemnitella mucronata sensu Arkhangelsky.

Of the intermediate forms and their offshoots, the variety figured by
Jeletzky (1951a, PI. 2, Fig. 4) as Belemnitella n.sp.aff. mucronata is not
common but is confined to the Eaton and Weybourne Chalks. Belemnit-
ella mucronata minor Jeletzky and Belemnitella langei sensu Birkelund
non Jeletzky are specially characteristic of the Weybourne Chalk, but
they are not confined to it.

Of the ammonites, Bostrychoceras spp. including B
.

polyplocum
(Roemer) are known from several pits around Norwich, up to the level

of Caistor (166) and Bacillites vertebralis Lamarck was common in a
former pit at Norwich (189), probably in the Weybourne Chalk. Pachy-
discus oldham i (Sharpe) and Menu ites portlocki (Sharpe) are both recorded
from Harford Bridges, while Diplomoceras cylindraceum (Defrance) and
Neancyloceras bipunctatum (Schlueter) both occur in “ hard bands.”

(ii) Echinoclerms

Certain distinctive forms of Echinocorys have already been noted;

groups of specimens from any one level can probably be used to determine
the horizon in the same way as the belemnites, but, as with the former,

much rigid collecting still needs to be done. Brighton (1939) records a

Galeola sp. nov. aff. papillosa (Gmelin, ex Klein) from the Eaton Chalk;

we have collected very similar forms from immediately below the Zonal
base in Hampshire. Micraster, as noted above, is not seen in the Beeston
Chalk on the coast, but is recorded from Thorpe and Whitlingham,
where Gaterites abbreviatus Desor was also frequent. Hagenowia rostrata

Forbes has been recorded from the Weybourne Chalk at Norwich, and
Phymosoma magnificum Agassiz from Thorpe.

Asteroids are common, and include several species of Metopaster as

well as Recnrvaster radiatus (.Spencer), Teichaster favosus (Spencer) and
Chomataster species. “ Isocrinus

”
ossicles are frequent in the higher

beds.
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(iii) Brachiopods
Magas pumilus J. Sowerby occurs regularly in all but the lowest

beds, and Kingena lima (Defrance) ranges throughout. Many of the types
of the terebratulids monographed by Sahni (1929) are from Norwich,
including all his species of Carneithyris, Ellipsothyris, Magnithyris and
Ornithothyris, as well as the huge Neoliothyrina obesa Sahni. An early

Chatwinothyris (symphytica Sahni) also occurs. Among ryhnchonellids,

of the “ limbaia series,” Cretirhynchia lentiformis (S. Woodward) is

common below the Catton Sponge Bed and C. arcuata Pettitt above it;

of the “ plicatilis series,” C. norvicensis Pettitt comes in at the base of

the Weybourne Chalk and ranges upwards, while of the " exculpta

series,” C. woodwardi (Davidson) is recorded from Harford Bridges. A
Terebratulina sp. occurs, and the rare Trigonosemus elegans Koenig was
first described from “ Norwich.”

(iv) Lamellibranchs
These are common. Ostrea generally retains a pinkish hue, and

gryphaeate forms of O. vesicularis Lamarck occur at most horizons

—

often having been attached to belemnites. O. semiplana J. de C. Sowerby
is especially abundant at Catton and reaches a great size. Spondylids,
Pectinids and Limids are frequent, and Inoceramus lingua Goldfuss and
I . balticus Boehm both occur in the lower beds. An Astarte sp. was found
at Harford Bridges (fide C. W. Wright) and Woods records an Area and a
Cardium—both new to the English Chalk.

(v) Other Invertebrates
Withers (1935) records a very considerable suite of cirripedes from

the Norwich Chalk. Most of the commoner sponge genera are present, and
Coeloptychium agaricoides Goldfuss has been recorded from Harford
Bridges and elsewhere.

Among corals, Parasmilia and Trochosmilia species are fairly com-
mon, and Axogaster cretacea Lonsdale and Diblasus gravensis Lonsdale
also occur.

(vi) Vertebrates
Bones of the reptile Mosasaurus have been recorded as Leiodon

anceps Owen from the former Lollard’s Pit (187) and others around
Norwich. The fish, monographed by A. S. Woodward (1902-12), include

a considerable number from this Zone.

On the beach west of Sheringham are seen the Tubular Chalk Stacks
whose pre-crag origin was described by Burnaby (1950). Formed around
post-Cretaceous solution-pipes, they are of ordinary chalk which has
been rendered marble-hard by the infilling of the interstices normally
present with calcium carbonate. We have seen others near West Runton,
and inland at Caistor (166) and at Coddenham, Suffolk.

MAASTRICHTIAN
As noted in the next section the chalk of this Stage is known only

from glacially-moved blocks—none of which has so far revealed a base
resting upon undoubted Senonian. Nor have any Upper Maastrichtian
fossils yet been found—all the chalk exposed being referred to the Lower
Maastrichtian, Zone of Belemnella lanceolata, in which B. lanceolata

(Schlotlieim) occurs throughout. About 1 10 feet are present, lithologically
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divisible into four horizons, which are described below, and detailed in
l'ig. 7. This is based mainly upon personal observation but the thickness
of the Sponge Beds, which alone may be seen at both Sidestrand and
1 rimingham, is entirely from Brydone’s measurements on the wave-cut
platform which exposed the Sponge Beds much better then.

(a) Porosphaera Beds and below

1 hese are composed of soft, but massive, chalk with Hint-bands

—

two of which are very distinctive, especially where exposed upon bedding-
planes in the beach-platform (normally covered by sand), where the

flints-with-holes ” stand proud like huge sultana-cakes. Some of the
chalk also contains bluish-grey lenticular streaks, averaging six inches
long, oriented irregularly. The Porosphaera Beds are characterised bv
abundant P. globulavis (Phillips) and B. lanceolata lanceolata (Schlotheim)
as well as Echinocorys, many specimens of which are very thick-tested and
truly gigantic—some attaining a length of 110 mms. and (occasionally)
as great a height. Though variable in shape, they have several distinctive
features (including prominent ambulacral pore-pairs and a flat base) and
all fall within the general range of forms covered by E. belgicus Lambert,
as interpreted by Smiser. Cvetirhynchia magna Pettitt is reasonably
common, as is Kingena lima (Do fra nee), which becomes rare above.

(b) Sponge Beds

Only the top is occasionally exposed at Trimingham, and the lowest
few feet are seen at Sidestrand. The chalk is hard, rough, and yellow
(though often grey on the foreshore, where the iron is in a reduced state),

and includes several erosion-surfaces of greenish-grey marl, with green-
coated hard chalk pebbles. Large masses of pyrites are not infrequent,
and the ambulacra of echinoids are sometimes impregnated with it,

giving them a black appearance. Some of these echinoids are partly
hollow—the remainder being filled with particularly hard, dense chalk-
and show a tendency towards secondary calcite growth inside, in optical

continuity with each plate of the test. When weathered-out upon the
wavecut platforms, these echinoids often appear slightly pentagonal,
due presumably to the increased abrasion-resistance of the impregnated
ambulacra. Sharp impressions of huge sponge-masses are common
(mostly Ventriculites, but also Laosciadia

(
=Seliscothou

)
and many others)

—often impregnated with black manganese-oxide, which also encrusts

many of the belemnites to a remarkable degree. A Cretirhynchia occurs,

resembling C. arcuala Pettitt but having far too many ribs, together with
C. triminghamensis Pettitt. Terebratulids occur in addition to a number
of unusual lamellibranchs, including Area and Barbatia spp.; other
fossils are dealt with in the general faunal account.

Flints in the Sponge Beds often have thick but discontinuous rough
white cortices, which seem to merge into the surrounding chalk, and give

them an odd carious appearance; the cortices often include broken shell-

fragments. echinoid spines and other debris. Flints of this type occur

(though not exclusively) right up to the top of the stage, and can always

be recognised when found loose upon the shore, or in the drift. Brydone
(1908) took the top of the Sponge Beds as being marked by a thick

“ greasy ” marl-band upon the shore; a very similar marl-band occurs

in the bluff at Little Marl Point, but absolute correlation of the two is

not certain (see Fig. 7).
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(c) White Chalk without Ostrea luna/a and White Chalk with O. lunata
1 here is about 30 feet

(fide Brydone) of white chalk succeeding the
Sponge Beds, in the lowest 9 feet of which Ostrea lunata Nilsson is

extremely rare; in the remainder it is abundant—some bands being
packed with it—so that 20 or more may be found attached to a single
flint. I he Echinocorys immediately above the Sponge Beds are still

mainly large forms, with affinities to E. belgica, but are flatter and
obviously transitional to E. ciplyensis Lambert, which first appears in

the White Chalk with O. lunata, and ranges upward. This very distinctive
form has a flat base, semicircular anteriorly and roughly parabolic
posteriorly; in longitudinal profile it has a steep rounded anterior slope
and a longer shallow posterior one. The result is that while the apex is

central, two-thirds of the area of the test is posterior to it. As this Chalk
has yielded by far the greatest number of specimens marked “ Triming-
ham ” in museum-collections, its fauna is dealt with in the general
account below'.

(d) Grey Beds
We have had no opportunity of examining these beds in situ; they

were previously seen only in the Western Mass at Trimingham, parts of
which are now exposed for an aggregate of only an hour or so annually,
after favourable (and usually unpredictable) combinations of wind and
tide. The Echinocorys from them are smaller, and perhaps closer to E.
limburgica Lambert; the true Cretirhynchia limbata (Schlotheim) also
occurs. O. lunata is apparently not present in the Grey Chalk, although
the “ rib ” of chalk nearest to Mundesley (see map) is soft and greyish,
and contains the small Echinocorys as well as O. lunata; the horizon of the
6 feet or so of chalk which it exposes cannot be properly fixed—its sole

interest being that it is the only chalk at Trimingham outside the mine-
field which is generally visible.

Fauna (i) Cephalopods
The only ammonite record is a Bostrychoceras sp. from Sidestrand.

“ Nautilus danicus ”
(4 Hercoglossa) occurs in the White Chalk at Triming-

ham. Belemnella lanceolata lanceolata (Schlotheim) and Belemnella
occidenlalis Birkelund range throughout, but the former is more com-
mon. Belemnella licharewi Jeletzky (Birkelund, 1957, P. 3, Fig. 4) first

occurs near the base of the Sponge Beds and becomes commoner as one
ascends, and B. lanceolata lanceolata (Schlotheim) decreases in proportion;

there is a complete range between these forms—an intermediate one
being figured by Birkelund (1957, PI. 4, Fig. 2) as B. lanceolata lanceolata.

(ii) Echinoderms
After Echinocorys the commonest echinoids are Galerites spp.

Formerly referred to Conulopsis, the taxonomy of these is very unsatis-

factory, but they range from small and pointed (“ G. abbreviatus ”) via

large subconical (“ G. wollemanni ”) and more globular (“ G. roemeri ”)

to flat bun-shaped (" G. orbignyanus ”). The first of these is already

common in the upper part of the B. mucronata Zone, but the last three

are practically confined to the B. lanceolata Zone, and really large speci-

mens are seldom seen below' the White Chalk with Ostrea lunata. Cardio-

taxis cf. ananchytis (Leslie) is not uncommon in the White Chalk; closely

similar forms in the Geological Survey Museum were termed Stegaster sp.

by Brydone. An incomplete possible Seunaster aff. alius (Seunes) collected

from Sidestrand by Green and Howlett is in the Norwich Castle Museum.
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Austinocrinns bicoronatus (Hagenow) occurs in the Porosphaera
Beds, while Isselicrinus buchii (Roemer) is confined to the Zone and
ranges throughout {fide Brydone). Metopaster undulatus triminghamensis
Wright and Wright and Stauranderaster bulbiferus (Forbes) are common
in the Porosphaera Beds, where an un-named Pycinaster first occurs,

and ranges upwards.

(iii) Brachiopods
In addition to those already mentioned, Terebratulina gracilis

Schlotheim and T. gisei Hagenow, while never common, are good index
fossils. Three species of Chatwinothyris occur, including C. subcardinalis

Sahni. Trigonosemus elegans Koenig and T. pulchellus Nilsson are rare,

and have been found chiefly in the Grey Beds.

(iv) Lamellibranchs
Gryphaeostrea canaliculata (J. Sowerby) and Ostrea vesicularis Lamarck

(which reaches a huge size in the Porosphaera Beds) are common at certain

horizons, along with Neithea quinquecostata (J. Sowerby), Pecten nilssoni

Goldfuss and Aequipecten pulchellus (Nilsson), which first occurs in the
White Chalk and becomes less rare upwards. Pseudoptera coerulescens

(Nilsson) is also found in the White Chalk, and Limids and Spondylids
are not infrequent.

(v) Other groups
Certain Serpulids are characteristic. The five-angled Ditrupula

triminghamiensis B-Nielsen occurs in all but the Sponge Beds, to which
the smooth four-angled “ Serpula ” canteriala Hagenow trimensis Brydone
is restricted, while “ Serpula ” c-onica Hagenow occurs throughout.

There are many polyzoa, but Cellepora accumulata Hagenow bellicosa

Brydone, Vincularia alias Brydone and two Onychocella spp. are unknown
above the Porosphaera Beds.

A little above the Sponge Beds the regular forms of Porosphaera
are rare, and irregular forms become dominant. Of the corals, large

specimens of Trochosmilia cornucopiae (Duncan) are conspicuous.

THE GLACIALLY-TRANSPORTED CHALK
OF NORTH NORFOLK

Having considered the stratigraphical relationships of the highest

beds of the Norfolk chalk, it is necessary to discuss briefly the effects of

the Pleistocene ice-movements upon them. Scattered over the north and
east of the county are many erratic blocks, in some of which the bedding
is virtually undisturbed while in others the matrix is largely rearranged,

with the flints shattered and drawn out in stringers; some show even
more complete rearrangement—the chalk having lost all traces of its

original structure, and including waterworn pebbles of flint and other

rocks, together with derived fossils of all ages up to Pleistocene. This

last type must be regarded as Pleistocene deposits made up predomin-
antly of material from the Cretaceous beds over which the ice passed.

Quarries at Heydon (302) and Holt (96) currently show good sections in

such deposits: they contain 80 per cent of calcium carbonate with

fragmentary fossils characteristic of the upper part of the Gonioteuthis

and basal mucronata zones—about 100 feet above the buried surface of

which they now lie. Erratic blocks of similar material are seen at Wey-
bourne (301) and Beeston (329), and at several points high in the cliffs
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between the latter place and Mundesley. No stratigraphical consideration
can be given to these, nor to the inland erratics, since their field relation-
ships can seldom be made out. Marshall (1787) refers to the chalk of the
erratics in the neighbourhood of Thorpe Market; “ It does not he in

strata . . . but in distinct masses of different figures and magnitudes,
rising with irregular heads towards the surface, and sinking to a depth
of perhaps 10 and 20 feet, and sometimes to a depth unfathomed. If the
abyss of sand (sic) in which they lie buried could be rendered transparent,
these clouds of marl would be seen scattered under the surface of this

country in resemblance of the clouds of vapour which we frequently see
in summer suspended in the atmosphere.” Later accounts of these
erratic blocks are given by Trimmer (1847), Reade (1882, etc.) and
others.

There remain, however, several masses of chalk along the coast
between Sheringham and Mundesley which are (or have been) well enough
exposed to contribute usefully to our stratigraphical knowledge. For
nearly 1,000 yards between East and West Runton, the cliff shows a
section through a huge tabular mass of chalk (331) within the boulder
clay. The chalk is lying for the most part horizontally but is sometimes
sharply folded, and fractured into separate masses surrounded by glacial

material; much of the mass carries an undisturbed capping of Crag and
in at least one place this is conformably overlain by Cromer Forest Bed
Series. Towards East Runton it thickens until it occupies almost the
whole height of the cliff; here it consists of three or more repetitions of

the same set of beds—one being thrust completely over another. In some
places these overthrusts are along bedding-planes and are hard to

detect, but in others the lower beds have been folded before the next set

were thrust over them—planing oft the crests of the folds. The chalk
appears quite similar to that of the foreshore below it, and like the latter

is very barren of macro-fossils, beyond an occasional Echinocorys and
Belemnitella; also the huge Hints in the erratic mass undoubtedly form
part of flint-circles similar to those seen on the shore. I f it can be assumed
that the ice movement which brought this erratic to its present position

came from the north or north-west, then, of course, it will have travelled

along the line of strike, and will naturally rest above beds of its own age.

Certainly the topmost beds preserved beneath the Crag cappings, in the

masses to the east (described below) appear to occur in the expected
stratigraphical sequence, viz: progressively higher beds eastwards.

The next series of chalk masses occurs at Overstrand (332); the first

exposure noticed here was in 1878, and Brydone (1906) states that by
1896 there were no less than ten of these masses, all but one lying on a

thick bed of till which ran along the foot of the cliff for nearly half a mile.

He records Austinocrinus bicoronatus (Hagenow), “ Rhvnchonella reeden-

sis
”

(? Orbirhynchia) ,
Micraster glyphus and four Senonian polyzoan

species, all unknown from Trimingham, but one at least

—

Membranipora
(P Honiaiostega) clathrata—known from the Beeston and Paramoudra
Chalks. Artificial sloping of the cliffs had all but obscured these masses
by 1905, but erosion since 1939 has once again exposed the easternmost

and largest, beneath the site of the old Overstrand Hotel. It is about

300 feet long, and its western end appears to exhibit a 40-loot vertical

section of chalk dipping at 15 deg. south, but like the Runton erratic,

turns out to consist of a series of overthrust repetitions of the same set of

beds—the uppermost being the most complete and comprising 15 feet

of hardish white chalk with seven bands of medium sized flints. The
planes of separation appear as “ marl bands ” in the face of the bluff.



326 THE GEOLOGY OF NORFOLK

Belemnitella mucronata and an Echinocorys closely resembling those
from the Overstrand foreshore, have been obtained. If a true 40 feet

vertical section were really exhibited, there should be some hope of the
upper and lower beds being represented in the masses to the east and
west respectively, but no such overlap has so far been detected in the
15 feet of beds actually present. This apparently represents the highest
chalk of the B. mucronata Zone exposed in Norfolk—all those to the east

exhibiting only beds of Maastrichtian age. These latter all occupy
lower positions in the cliff, and in no case have they been actually seen to
rest upon till. It is the present authors’ opinion, however, that they
differ in no great way from the masses already described—except inso-

much as arises from variations in hardness of the chalk involved—and
that at the time of their emplacement all these masses were probably at
the same absolute height above the true chalk surface, which was more
nearly horizontal than to-day. The progressive lowering to the east can
easily be explained by Pleistocene post-Pleistocene downwarping of the
southern part of the North Sea Basin, for which there is evidence else-

where in East Anglia and in Holland.
In 1937 Brydone first reported the appearance of a mass of chalk

(333) in the cliff at Sidestrand, and by 1948 this had the form shown in

Fig. 8 (I). By this time a second mass (the “ Sidestrand Central Mass ”

—334) forming an elongated dome running 350 feet along the base of the
cliff and rising some 15 feet at its centre had been exposed a few yards to
the east of the earlier (“ Western ”) one. Erosion caused by the great
storm of 1953 cut deep into these masses, and began to expose a third
(“ Eastern ”—335) one further east still, and on the western boundary
of the minefield. Insofar as can be seen, all these masses have their

longer axes orientated approximately east-west, and exhibit shallow
northern limbs but steep (even overturned) southern ones. The western
and central masses are also capped by Crag “ Stone Bed ”—traces of

which have recently begun to appear in the eastern one. By 1959, the
central mass had been eroded back well towards its steep northern
limb, and the cliff, here mainly of sandy outwash gravel, saturated with
water, was piled steeply behind it. During the night of December 8th,

following heavy rain and gales, the greater part of this mass slid bodily
seawards for a distance of 240 feet—pushed forward by the soft glacial

material which slid down in its wake. This lends support to the idea that
it does indeed rest upon till which acted as a lubricant.

The next bedded chalk exposed to the east was first seen in 1898
(Bonney and Hill, 1905) at a point on the shore beneath the Crown and
Anchor Hotel at Trimingham (336). It appeared as a shallow dome 4 feet

high by 50 feet long, but was not known to Brydone, and had probably
disappeared by 1905. Its sole interest is that it occurred at a point
midway between the Sidestrand masses and those next described—thus
providing a link between them. Hudleston (1906) reported a last remnant
of chalk at this spot, but appears to have mistaken the position, since his

photograph clearly shows part of Brydone’s “ Northern Bluff ” (see

below)

.

The classical masses at Trimingham are shown on the accompanying
map, which is based on those of Brydone (1908). The “ Northern Bluff

”

(of the Western Mass—337) was the subject of fierce controversy in the
early part of this century. Reid (1882) and Brydone (1906) both con-
sidered that the chalk was in situ. Reid had suggested that the folding

was caused by movement of ice having rucked up the beds over which it

passed " into an inverted anticlinal . . . like a tablecloth creased by the
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sliding ot a heavy book,” and that further pressure could result in the
upper limb being sheared off completely and driven into the overlying
boulder clay. Brydone, however, believed that the masses were fossilized

sea-stacks and the folds of Cretaceous age, while Howarth (1907) attri-

buted the folding to “ earthquake waves.” Bonney and Hill (1905) alone
regarded the Trimingham masses as being erratic boulders like those of
the Runtons, but thought their folding to be pre-glacial and that floating
ice had carried them from the south-west. They vigorously opposed
Reid’s theory, but subsequent studies in glacial tectonics, elsewhere, make
it apparent that his ideas were fundamentally sound—although the
mechanism by which such masses can be plucked from the outcrop-
surface still requires elucidation. An initial doming perhaps caused by
large-scale frost-heaving may provide an answer.

Brydone mapped the actual outcrops on the foreshore with great
accuracy—since largely confirmed by photography from the clilftop

(Sainty, 1949), but failed to recognise that large-scale overthrusting was
present, and his vertical sequences (1908, 1909), when integrated, include
many repetitions of the same beds; if accepted, there would be something
like 170 feet of Maastrichtian chalk in Norfolk. If, however, we assume a
structure similar to that of the Western Mass at Sidestrand (see Fig. 8,

11 A and Fig. 9), and allow that Brydone probably failed to detect over-
thrusts on the shore, where these led to no disconformity of dip, then the
sequence in the Trimingham Western Mass becomes readily decipherable,
and ties up with those of the other masses. The " inlier ” of “ White
chalk with O. lunata

”
near the eastern end becomes a tectonic window,

eroded through the upper overthrust series to expose the highest beds
of the tectonic unit below—a tiny glacial analogue of features seen in

the nappes of the Alps. Comparable structures have been described by
Slater (1927) from the Danish island of Moen, where chalk of similar

age is likewise engulfed in till.

The overturned northern limb of the upper series was seen in the
northern bluff by Reid (1882), and Jukes-Browne anti Hill (1904) re-

figure this and also a strike-section showing undulating beds in the face,

strikingly similar to those observed at Sidestrand and the Runtons.
When Lyell (1840) first saw the northern bluff, it was 318 feet long, but
by the time it was figured by Brydone (1906a) it had shrunk to three

detached masses—the last of which was washed away in February 1907;

to-day, even the foreshore exposure is below normal low-water mark,
and portions are only rarely exposed when abnormally low spring tides

(assisted by offshore winds) occur after a period when north-westerly

gales have swept away the sand-cover.

The other two Trimingham masses are simple elongated domes with

steep southern limbs, as indicated by the dip of the flint-bands on the

shore. Both exhibited bluffs when first seen by Lyell (ibid.), but ,of these,

only the Central (338) remained by Brydone’s time, and to-day all that

exists of it is one block of chalk 20 feet high and 105 feet long, having a

30 degree dip into the cliff at 210 degrees (true). Brydone (1908) found

9 inches of Crag capping a “ pseudo-tabular ” flint-band (which evidently

forms the highest member of the Grey Chalk) on the foreshore exposure

of the Eastern Mass (339). 300 yards further east, a narrow “ rib ” of

chalk (340), varying from 2 to 4 feet in thickness runs across the foreshore,

and some part of it is generally visible in one of the longshore drainage

channels. It dips north at about 30 degrees into the till which also seems

to underlie it; in 1905 an area of its surface measuring 90 feet by 12 feet

was seen by Brydone.
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No further masses are known to the east of this point, but there are
early records of “ marl ” having been seen on the foreshore as far east as

Happisburgh. A small erratic of rearranged chalk was seen by the

authors enclosed within the till on the foreshore near Bacton, and a
loose flint nearby yielded a cast of a large (?) Phymosoma. Dilligent

search among the debris on the shore there, however, has failed to reveal

evidence of any material which could have been derived from beds
younger than those at Trimingham.

The only other mass worthy of note is a small dome of very soft

friable chalk with small flints which has appeared in recent years at the
base of the cliff about 500 yards east of Beeston Hill (330). C. W. Wright
(in litt.) sees evidence which suggests that this is younger than any chalk
there exposed on the foreshore—and which its lithology certainly does
not resemble.

THE UPPER CRETACEOUS SETTING OF EAST ANGLIA
During the early Cretaceous part of Norfolk was land, to the north

and south of which were contrasting types of deposition. The Gault and
Red Rock, which are the earliest formations making a continuous outcrop,

show marked changes in facies and thickness in north-west Norfolk. A
Hunstanton-Diss schwelle continued to affect the thickness of the Chalk
until late in the Turonian. Even after the schwelle effect disappeared
during the Senonian, the area continued to be the southern frontier of a
northern lithological and faunal Province, plainly recognisable in York-
shire, and allied to that of north-west Germany.

In western Europe, Chalk sedimentation usually begins with a base-

ment bed which is sandy, with both quartz and glauconite, and many
of the fossils are phosphatised. These conditions existed in southern
Norfolk, and extended to the north of Marham. North of this, to the

coast at Hunstanton, there is no basement bed—the basal chalk being
essentially free of detritus. The Red Rock, in spite of its Albian age and
its iron content, has several of the characteristics of a chalk basement
bed, but it is clearly capped by an erosion surface separating it from the

white chalk. Nor is there a true basement bed in Lincolnshire, York-
shire, Mull, Morven, north-east and south-west Antrim or parts of Derry.
This probably indicates rapid transgression over an area of low relief,

so that the shoreline, with its marginal belt of detrital deposition, was
quickly moved far away. At the same time, bottom currents must have
been too weak to tear material off the bed beneath. Moreover, the lack

of phosphatisation suggests that the condensed Paradoxica and Ino-

ceramus Beds were not deposited as slowly as the average chalk basement
bed, although it may be that the sea was less than 50 metres deep and
hence in the shallow zone where the phytoplankton removes the available

phosphate (Kazakov, 1937, 1950). The Paradoxica and Inoceramus
Beds continue through Lincolnshire with essentially the same lithology,

and the Inoceramus Bed ranges into Yorkshire (Jukes-Browne and Hill,

1903, p. 283). It is doubtful if this lithology is represented in southern
England, the Beer Stone of Devon, for example, lacking even the

foraminifera and “ spheres.” The burrow casts are found elsewhere

accompanying minor breaks in deposition, e.g. in the green bands of the

White Limestone in south-west Antrim (Hancock, 1961).

In their abundance of Ornatothyris, the Cenomanian and Lower
Turonian, not only of Norfolk but also of Cambridgeshire, are northern
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in type, this genus is absent in southern England but ranges northwards
into Yorkshire and eastwards through Germany (K. Evans in litt.) to the
Caucasus (Moskveena, 1959).

The T. lata Zone is more uniform throughout, in England, than the
zones which precede it, and evidently marks a considerable deepening
of the chalk sea. In Norfolk, the presence of several thick marl bands,
particularly in the north, may indicate a local shallowing. Conditions
evidently favoured echinoids (e.g. Holaster planus sets in immediately
above the Plenus Marls) but Terebratulina lata itself—so abundant
elsewhere—is here rare. Not all faunal groups show differences between
the northern and southern Provinces, but seldom are these more obvious
than among the echinoderms. The boundary between the two Provinces
probably lay near Swaffham; here Infulaster excentricus (of regular
occurrence in Lincolnshire and Yorkshire, but unknown from southern
England) appears in some abundance; in Westphalia it is common
enough to have been cited as an index-fossil and Moskveena (1959)
records it from the Caucasus. In the north of Norfolk, the monotonous
lithology of hard platy chalk with mottled grey slab-like flints is like that
of Lincolnshire and Yorkshire (and this persists until the lower part of
the M. coranguinum Zone).

North of Swaffham the Chalk Rock and Top Rock disappear.
Asteroid ossicles from Swaffham include two forms characteristic of the
H. planus Zone of Yorkshire—

-

Metopaster exulptus Spencer (which does
not occur in the south until the M. cortestudinarium Zone) and a form
which has been described as an early type of M

.
quadratus Spencer (see

Wright and Wright, 1940). North from here many of the Micraster are of
“ northern-Province ” type, i.e. with some or all of the features of the
test, other than the ambulacra, not following the southern English
pattern (although a group seen from Swaffham itself appear to do so).

The upper part of the M. coranguinum Zone is of southern facies, i.e.

relatively soft chalk with many lines of black flints, conical forms of

Conulus albogalerus common towards the top and Hagenowia rostrata

very rare, in contrast to the hard flintless chalk of Yorkshire with H.
rostrata abundant, and conical C. albogalerus absent. The soft flintless

and poorly fossiliferous chalk of the Zones named after the free-swimming
crinoids Uintacrinus and Marsupites differs little from that of south

Suffolk; only in Sussex, Hampshire and Dorset are these Zones truly

flinty, and they are there succeeded by up to 1 10 feet of the Ofjaster pilula

Zone, characterised by its name fossil and by belts with Echinocorys of

distinctive shapes. In many parts of southern England the O. pilula

Zone shows signs of condensation—e.g. numerous marl bands in Wilts,

Hants and Sussex; pebble-covered erosion surfaces at Culver in the Isle

of Wight, and phosphatic chalk at Taplow in Berkshire. In East Anglia

(as in Yorkshire) there is no trace of the characteristic pilula-Zone forms

of Echinocorys beyond one, the low-zonal E. tectiformis Brydone
(
— E.

striata Smiser non Lambert, from the basal Craie de Triviere). All but

this one are also absent from Belgium, where there appears to be a gap
within the Craie de Triviere between the basal pilula-Zone horizon and
the chalk above with G. quadrata. High-zonal Gonioteuthis with deep
alveoli are found at WT

ells not far above the top of the Marsupites Zone
and the Echinocorys from Wells are also more like those from the (re-

stricted) Zone of G. quadrata of the south. We feel that in Belgium, East

Anglia and perhaps Yorkshire, chalk of the greater part of the O. pilula

Zone may not have been deposited.
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TABLE 3—

Stage Southern England Northern Ireland Belemnites

Upper
Maastrichtian

Belemnella
casimirovensis

(not represented)
Belemnitella junior

Lower
Maastrichtian

“ Pellet ” Chalk
of Ballycastle

Belemnella licharewi

(not represented)

(not represented) Belemnella lanceolata

-(3)-

Belemnitella langei
dominant

White Limestone

Upper
Senonian Belemnitella mucro-

nata minor and
allied forms com-
mon

Highest chalk of Isle

of Wight and
Dorset —

B. mucronata Zone

Base of Zone in Hants

(2)

Possibly present only
in north Antrim
(Ballintoy Harbour)
and near Dungiven,
Co. Derry

Belemnitella mucro-
nata sensu stricto

Top of Llibernian

Greensands near
Belfast= basal
White Limestone at

Magheramorne
G. quadrata Zone Gonioteuthis quadrata
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TABLE 3—cont.—

Echinoids Norfolk Western Belgium (4) Eastern Belgium (6)

(not represented)

E. aff. limburgica Grey Beds

E. ciplyensis

White Chalk with
O. lunata

White Chalk

Sponge Beds

E. belgica

Porosphaera Beds

E. (passage forms) (Sidestrand chalk)

E. pyramidata
Portlock (7)

Paramoudra Chalk

E. conoidea
Galerites roemeri-

abbreviatus

E. aff. conoidea
Cardiotaxis ananchy-

tis

E. ovata auett.

E. gibba and
M. stolleyi

E. subglobosa

fonticola

E. subglobosa and
C. heberti

E. pyramidata auct.

var. quenstedti

E. marginata
approaching
subglobosa

E. lamberti (8)

E. lata fastigata

Beeston Chalk

Catton Sponge Bed

Weybourne Chalk

Eaton Chalk

Basal Mucronata
Chalk

Tuffeau de St.

Symphorien

Craie de Ciply
(P. pulchellus band
and above)

?

Craie de Ciply
(below P. pul-

chellus band)

Craie de Spicnnes

Craie de Nouvclles

|

Craie d’Obourg

- (5)
-

Tuffeau de
Maastricht

Craie grossiere

Tiger Chalk
Grey Chalk

Lacune

”

Hard Ground

Conglomerat
d’Obourg

Lacune

”

N.R.?

White Chalk

Lacune ”

Glauconitic Chalk

“ Lacune

”

Gonioteuthis Zone Craie de Triviere Smectite de Herve
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The B. mucronata Zone is absent in both Lincolnshire and Yorkshire,
and even in Antrim and the Isle of Wight is incomplete (see table 3),

although the upper part of the Zone represents the widest extent of the

Cretaceous sea in western Europe. The Echinocorys and Belemnitella

sequences are most easily compared with those of the Mons Basin in

western Belgium, although our limited study suggests that the White
Limestone in Northern Ireland shows a succession which is complete for

the upper two-thirds of the Zone. But the western Belgian succession has

a number of breaks marked by submarine erosion surfaces which are

sometimes capped by a fossil-rich bed. The “ sponge-beds ” in Norfolk
probably indicate similar but minor shallowings of the sea resulting in

condensation of the sediment and preservation of aragonite-shelled fossils,

but without submarine erosion. We have no idea if any Norfolk sponge
bed can be correlated with a particular erosion surface in Belgium. In
Ireland, the glauconitic and burrow-marked “ green bands ” in the

White Limestone are the same type of phenomenon. All three regions are

close to or over ancient massifs. By contrast, such phenomena are absent
in the Isle of Wight which is a centre of thick Mesozoic depression; here,

the greater part of the 400 feet of mucronata-chalk contains E. lamberti

and the top is no higher than the lowest part of the Weybourne Chalk
(Spencer, 1913); the corresponding beds in Norfolk occupy hardly more
than 100 feet.

Unfortunately we know little about the top of the Beeston Chalk
and even less about the Paramoudra Chalk, so that a horizon corresponding
with the presumed Nouvelles-Spiennes gap in Belgium cannot be indicated.

As E. belgica, characterising the lower part of the B. lanceolata Zone, is

said to appear in the upper part of the Craie de Spiennes, then we may
reasonably put the Spiennes-Ciply gap above this horizon. Erosion
surfaces within the overlying Sponge Beds of Sidestrand (see Fig. 5) mark
a regressive phase, but they are succeeded by the deeper-water White
Chalk, which brings in O. lunata itself. The “ Pellet ” Chalk of Bally-

castle, Co. Antrim (in which we have found E. ciplyensis

)

perhaps
belongs to this horizon, which would thus mark another (albeit temporary)
transgressive phase. The Grey Beds at the top of the British Maastrichtian

succession contain Trigonosemus and Pecten pulchellus and correspond
to part of the Craie de Ciply—but the highest beds of the latter which are

Upper Maastrichtian, appear to have no Norfolk equivalent. All the

horizons preserved in Norfolk are still chalk, whilst the nearest equivalents

in Belgium are already shallow-water tuffeau.

NOTES ON THE CORRELATION TABLE
(1) Thicknesses of formations are not to scale. To save space, Echino-

corys has been written as “ E,” Micraster as “ M,” and authors
omitted.

(2) Brydone (1912) placed the boundary in Hampshire at the uppermost
occurrence of Gonioteuthis quadrata, although Belemnitella mucronata
appears (rarely) about 12 feet below this.

(3) We have Echinocorys belgica from the top of the White Limestone
west of Ballycastle, but no Belemnella has been found in Ireland.

(4) There are possibly more gaps in the succession in western Belgium
(cf. Jeletzky, 1951).

(5) Basal Craie d’Obourg contains E. lamberti, which correlates with the
Basal Mucronata Chalk. On the other hand the Conglomerat d’Obourg
contains Belemnitella langei, and the belemnite fauna suggests that
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the* Conglomerat d’Obourg extends higher—possibly as high as the
top of the Eaton Chalk.

(6) This correlation is based on Schmid (1959).

(7) 'This is the true E. pyramidata of Portlock, figured by T. Wright
(1864-82) from Portlock’s (unfigured) type-specimen.

(8) E. lamberti appears to range higher in Belgium, and probably in the
isle of Wight and Northern Ireland.

LIST OF EXPOSURES IN THE CHALK OF NORFOLK
These are selected from 340 recorded exposures used in preparing the

Zonal Map, and are mostly marked upon it. The numbers following the six-
figure National Grid References are those from the MS. list deposited with the
British Museum (Natural History), H.M. Geological Survey and Norwich
Castle Museum. The prefixes indicate the present condition of exposures
(where known) as under:

excellent section, still accessible.

fsome chalk still visible in 1960.

Jsite exists, but no chalk currently visible.

||site obliterated. Those listed formerly showed important
sections from which much museum material was obtained.

Note: The inclusion of a pit in this list is no indication that permission to
visit will be granted, nor is the omission of an owner’s name intended to imply
that permission is not required.
Varians Chalk, with Totternhoe Stone and Subglobosus Chalk above:

TF/673415 * Cliff-section for 1 mile N. from Hunstanton, with many fallen

blocks. See pp. 299, 301 and fig. 4. Cliffs form part of LeStrange
estate—permission from Estate Office, Heacham, Norfolk.

TL/690885 *229 By Blackdike Farm, 2 miles SW. of Feltwell Church. See
p. 301. The new Fen Drain, now being cut, will pass through this

pit.

Subglobosus Chalk:
TF/727200 *304 Limeworks, W. side of 131 153, 1 mile N. of Gayton Church.
Subglobosus Chalk, with Plants Marls and Inoceramus labiatus Zone above:
TF/687367 *145 Heacham, large old pit at end of lane, E. side of A149,

i mile S. of bridge over Heacham River. Details given by Jukes-
Browne and Hill (1887, p. 570 and 1903, p. 213) and Whitaker
(1899, pp. 53, 65).

TF/724249 *40 Hillington, near King’s Lynn. W. side of B1153, \ mile S.

of Church. Large pit worked by West Norfolk Super Lime Co.
See fig. 4.

TF/715051 *109 Barton Bcndish, I mile SSE. of Church.
TF/705080 *111 Marham, Limekiln Plantation, 1^ miles S. of Church. See

p. 303.

Zone of Inoceramus labiatus:

TL/736880 f 257 Flooded pit (E. C. Thompson, Esq.) adjoining Wilton
Church. Rubble heaps yield many small fossils.

Zone of Terebratulina lata:

TF/773140 f31 3 Narford, small pit by entrance to The Kennels, on N. side

of road, £ mile E. of Narford Hall (permission from the latter).

I noceramus abundant.
TL/788863 *216 Brandon (Suffolk), Whiting Pit, F. W. Mount & Sons,

48 Thetford Road. Deep face—includes section through very old

limekiln.

TL/793855 f 21 5 Linghcath, 1 mile S. of Brandon (Suffolk). Old mineshafts,

normally inaccessible, show the “ Brartdon Flint Series ” at top
of Zone.

Zone of Holaster planus:

TF/731247 f34 Thornham, Parish Pit. W. side of road, 4 mile SSW. of

Church. Partly filled with rubbish. Shows “ northern province
”

type chalk.
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TF/762433 f33 Titchwell, Parish Pit. W. side of road, 4 mile S. of Church.
Partly filled with rubbish. As above.

Zone of Alteraster cortestudinarium:
TF/851273 *58 Flelhoughton, E. side of road halfway to East Rudham.

Large working by Wm. Howes & Sons, of Frettenham, Norwich.
Very barren.

Junction of Alteraster cortestudinarium and M . coranguinum Zones:
TF/836150 *309 Newton-by-Castleacre, 4 mile SE. of Church, on road to

Great Dunham. Agricultural Contractors Ltd., of Sudbury,
Suffolk.

TL/895776 *303 Euston (Suffolk), Willowmere Spinney, W. side of A1088,
4 miles SSE. of Thetford. Euston Lime Co., of Walton Hse.,
Fordham, Ely, Cambs.

Zone of M. coranguinum:
TF/843432 *65 Burnham Overy, Parish Pit. E. side of Mill Road, J mile N

TF/853419
of Church. Deep face—not now worked.

f311 Burnham Thorpe, in grounds of Manor House, 100 yards
NE. of Church. Small pit w'hich yields occasional fossils.

TF/873042 *84 Ashill-near-Watton, N. side of B1077, 1 mile W. of Church.
Ashill Lime Co.—worked irregularly.

Uintacrinus Zone:
TM/004869 127 East Harling. Large but shallow old pit in glacially-

disturbed chalk. Another, 300 yards to the west (242).

Gonioteuthis Zone:
TF/928429 *280 Wells, S. side of A149, immediately E. of level-crossing SE.

TF/975428
of town. Leicester Lime Co. Ltd. (Plead Office).

J283 Stiffkey—in yard of Hall Farm, 200 yards S. of Church.

TG/129184
Small pit near topi of Zone. Another (284), 300 yards NE. of it.

f 1 36 Several old pits on Alderford Common, 1 mile N. of Attle-

bridge.

Zone of Belemnitella mucronata—pits arranged in ascending order of horizon
TG/175132 *152 Drayton, N. side of Costessey Lane, 4 mile SW. of “ Red

Lion.” Leicester Lime Co. Ltd., of Wells, Norfolk. See p. 314.

TG/201093 155 Dereham Road. A former pit here (“ Stonehills ”), and
another to the east of it (156, Earlham Limeworks) yielded manv
fossils of the Eaton Chalk horizon.

TG/208063
f"
158 Eaton Limeworks, opposite Police Sportsground. Chalk
was formerly worked from extensive tunnels, now sealed off.

TG/212048 *294 Keswick, beside lane, 300 yards S. of Mill. Leicester Lime
Co. LtcL, of Wells, Norfolk. Eaton Chalk of slightly higher
horizon.

TG/221057 ||161/162 Two pits at Harford Bridges, now filled-in, exposed
top of Eaton Chalk, and fair thickness of Weybourne Chalk.
See p. 317.

TG/110438 * Cliff-section for 2 miles E. from Weybourne Hope. See p. 317,
and fig. 5. Top of Eaton Chalk (?) beneath beach at Weybourne

TG/229109
Hope.

*327 Catton Grove, on private ground. Permission only from
Robt. Campling, Limekiln Garage, Sprowston Road, Norwich.

TG/231111

Mainly topmost Weybourne Chalk, with Sponge Bed near top of

pit, and a few feet of Beeston Chalk above it. See section in fig. 6.

||159 Attoe's Pit, New Catton. 300 yards N. of above, on N. side

of Woodcock Road. Exposed Catton Sponge Bed near base, and
yielded many museum-specimens marked “ Catton.”

TG/160436 f Foreshore exposures, generally sand-covered, show topmost
Weybourne Chalk for 1 mile W. of Sheringham, and Beeston
Chalk for two miles E. of it to West Runton (site for “ Flint
Circles ”).

TG/238046 *166 Caistor St. Edmund. E. side of road, 4 mile S. of Arminghall
turn. Frettenham Lime Co. Ltd., of Frettenham, Norwich.
Beeston Chalk only just above Catton Sponge Bed horizon. See
section in fig. 6.
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SW. of Church. William Howes
Worked from Hooded excavations

TG/246173 J199 Frettenham, 200 yards
& Son, Frettenham, Norwich,
by dragline.

TG/292094 |192 St. James Hollow, opposite Nelson Barracks. Originally
vast, two small exposures at base show Beeston Chalk. Lollard’s
Pit (187), S. of it, and behind gasworks, yielded Mosasaurus.

TG/276090 1 1 53 Thorpe St. Andrew. Pit NW. of railway-bridge over
Yarmouth Road formerly showed high Beeston Chalk, with many
fossils. See p. 317.

TG/270078 +154 Whitlingham, due S. of above, on S. side of river. See
p. 317.

TG/275173 ||194 Little Switzerland, N. of Wroxham Hall. Showed Para-
moudra Chalk, and was figured (“ Horstead ”) in Lyell's
“ Elements.” See p. 318.

TG/220420 ^Sporadic L.W.M. exposures from East Runton to Cromer, and
derived material thence to Overstrand, yield Paramoudras, etc.

TG/255406 |332 Cliff erratics beneath former Overstrand Hotel. Top
Senonian. See p. 325.

Zone of Belemnella lanceolata

TG/255404 *333/335 Masses at Sidestrand show lowest Maastrichtian. See
fig. 8, and accompanying text, and section on fig. 7.

TG/298379 J337/339 Foreshore chalk generally sand-covered. Single bluff

(338) within minefield. Special permission sometimes possible

(at some risk!) by prior arrangement with War Department.
Portions of Eastern Mass sometimes seen outside barrier and
a few feet of “ Rib 1) ” (340).

The following pits (mostly now obliterated) arc also mentioned in the text

(page numbers quoted in brackets) or shown upon the map—pi. 1 (” M ”):

8 Docking (TF/768380) (p. 309)
21 Houghton St. Giles (TF/928354) (M)

22 Thorpland Hall (TF/936321) (M)

24 f Swaffham railway cutting (M)

25 \ (TF/979094 to 805094) (p. 309)
31 Bintree Mill (TG/001241) (p. 313)

32 North Elmham (TF/990219) (p. 312)

49 Tharston (TM/188948) (M, p. 314)

51 Newton Flotman (TM/211983) (M)
*62 South Creake (TF/862358) (M)

74 Great Walsingham (TF/942376) (M)

||82 Cley Green, Wiveton Road (TG/048433) (p. 314)

|96 Holt (TG/069379) (M, p. 324)

98 Quiddenham (TM/021871) (M)

129 High Starlings (TM/046875) (M)
*139 Sedgeford (TF/709361) (M)

189 St. Giles Street, Norwich (TG/228086) (p. 319)
*198 Frettenham, Spixworth (TG/237167) (M)

218 Hiss Farm, Lakenheath (TL/725861) (M)

J220 Thetford, Kilverstone (TL/888850) (M)

238 Rushford (TL/940830) (p. 311)

||247 Santon Warren (TL/841876) (p. 309)

||279 Banharn limekiln (TM/065878?) (p. 313)

J287 Deighton Hills, Attlebridge (TG/149156) (p. 314)

|296 Cley, by A149 (TG/054440) (M, p. 314)

*301 Weybourne Mill (TG/1 12431) (p. 324)
*302 Hevdon, Corpusty (TG/120289) (M, p. 324)

f329 Beeston Hill, S. side (TG/169432) (p. 324)

f330 H.W.M. beneath ditto (TG/178433) (p. 330)

*331 Betwreen E. and W. Runton (TG/194429) (p. 325)
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THE PALAEOGENE AND EARLY PLEISTOCENE
OF NORFOLK

By B. M. Funnell
The Caenozoic deposits of Norfolk fall naturally into three groups,

the Palaeocene and Eocene, the early Pleistocene, and the late Pleistocene

and Holocene. The Palaeocene and Eocene deposits occur at depth under
eastern Norfolk, and are principally marine in origin. The early Pleisto-

cene deposits are also marine in origin, and characteristically consist of
“ crag ” or shelly sand. The later Pleistocene and Holocene are represented
by glacial, interglacial and post-glacial deposits, which are largely

terrestrial in origin. Only the first two groups are considered in this

section.

THE PALAEOGENE
History of investigation

Palaeogene (=Lower Tertiary) is a convenient term used by
Continental geologists to refer jointly to the Palaeocene, Eocene and
Oligocene. Only Palaeocene and Eocene deposits are present in Norfolk.
Attention was first drawn to these by Prestwich (1860), when he described
the samples obtained from a deep boring made at Great Yarmouth. No
further information was obtained during the course of the official geological

survey (Woodward 1882a, p. 31 ;
Whitaker & Dalton 1887, p. 3; Blakel890,

pp. 7-11, 81-82), but Boswell (1916, pp. 540-44, Pis. L-LI; 1920, pp.
38-39, 46, 55, 57-58, PI. I) later gave a fuller account of their distribution

which incorporated information obtained from three further borings
at Southwood, Cantley and Wheatacre.

Subsequent publications have added little to this account. Whitaker
(1921, pp. 69, 119) classified the deposits at Southwood and Cantley as
“ Glacial Drift,” but this interpretation is probably incorrect. Woodland
(1942, p. 36) recorded Eocene deposits beneath Crag at Burgh St. Peter,

and part of south Norfolk is covered by his general description of the

Eocene (including Palaeocene) deposits of Suffolk and Essex (1946, pp.
21—27, Figs. 7, 9, 10). The occurrence of London Clay at Great Yar-
mouth was referred to by Davis & Elliott (1958, pp. 256-57) and Downing
(1959, Fig. 1) has published a revision of the western boundary of the
Eocene in Norfolk, presumably based on unpublished Geological Survey
records.

Summary of present knowledge
Palaeocene deposits are known only from beneath Great Yarmouth,

where they rest on Chalk at —506 feet O.D. They are 46 feet thick, and
consist of green sands at the base, passing up into brown and grey clays

with lignite. (The figures given by Chatwin (1961, p. 39) are inaccurate.)

They have usually all been referred to the Reading Beds, but the green
sands at the base contain green-coated flints, and in Suffolk such
sediments have been referred to the Thanet Sands (Boswell 1916, p. 552).

No fossils have been recorded, and the attribution to formations known
from the London Basin is based simply on similarities in lithology and
stratigraphical position. The green, probably glauconitic, sands below,

indicate marine conditions, whilst the lignite-containing clays above
suggest a possibly fluviatile environment. If the suggested correlation is

correct, these would correspond to the Upper Palaeocene (Thanetian)
marine transgression and subsequent (Sparnacian) regression in the
North Sea Basin.
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Overlying the Reading Beds at Great Yarmouth are 310 feet of
Eocene London Clay. At this point its base lies at —460 feet 0.1)., but the
formation thins westward, and comes to rest directly on the Chalk.
Beneath the Crag at Ludham it is 38 feet thick, and its base rests on
Chalk at —208 feet O.D. (cf. Forbes 1952, p. 362). At its western feather-
edge, at a maximum of approximately 10 miles from the present coast,
its base has risen to roughly — 100 feet O.D. (Fig. 10). It consists of
brown, brown-grey and grey clays, sometimes micaceous and sandy, with
pyrites and courses of septaria, exactly like the same formation in the
London Basin. No fossils are known, but there is little doubt that, like

the London Clay further south, it represents a Lower Eocene (Ypresian)
marine transgression in the North Sea Basin.

The Palaeogene—Pleistocene interval
No Neogene

(
= Upper Tertiary, i.e. Miocene and Pliocene) deposits

are known from Norfolk, and this was probably a period of extensive
erosion, even greater than that which intervened between the Cretaceous
and the Palaeocene (Boswell 1916, p. 544; Baker 1918, p. 415).

THE EARLY PLEISTOCENE
History of investigation

In accordance with the recommendation of the XVI 1 1th International
Congress (1948), the Crag of Norfolk is now referred to the Pleistocene
(Boswell 1952; van Yoorthuysen 1957). Originally “ crag ” was a Suffolk

dialect word designating shelly sands (Arkell & Tomkeieff 1953, p. 31),

but its geological application has been extended to the formations
containing such deposits. The marine shells contained in the Crags
attracted attention as early as the eighteenth century, and, in the mid-
nineteenth century, their systematic study gave rise to some of the earliest

monographs of the Paleontographical Society. This early period of

intensive investigation (see bibliographies of Woodward 1882a, pp. 171—

204; Reid 1890, pp. 290—312) culminated in the official geological survey
of the latter half of the nineteenth century (Woodward 1882a, 1884;

Reid 1882, 1890; Whitaker & Dalton 1887; Blake 1888, 1890).

Subsequently the gifted amateur, F. W. Harmer, returned to the

study of the Crags, and, in 1899, proposed a stratigraphical classification

which has not been substantially modified since. His later work, com-
pleted by the posthumous publication of the final part of his revision of

the Crag mollusca in 1924, was a remarkable vindication of the views he
had earlier expressed. In 1896 (1896/;, p. 10) Harmer had said: “ The
information which has been gained during so many years by so many
able geologists concerning the Crag beds in East Anglia, is not, I think,

likely in the future to be largely added to.” Although this statement is

somewhat belied by his own later work, events since his death have
largely confirmed the prediction.

Since 1925 little has been added to our knowledge of the Crag of

Norfolk. However, in 1957, research was started on the foraminifera of the

Crag, and more recently Dr. R. G. West has commenced an investigation

of the pollen. Some results are already available from these investiga-

tions, and, as far as possible, these have been incorporated in the ensuing

account.

The Base of the Crag
The contour map of the base of the Crag (Fig. 10) has been compiled

exclusively from published sources. The outcrop line has been taken from
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the ten miles to one inch “ Geological Map of England & Wales ” (1957).

The somewhat generalised contours to the west are taken from Boswell

(1920, PL I); the contours for north-east Norfolk are after Downing
(1959, Fig. 1), and those for south-east Norfolk and Suffolk are from
Woodland (1946, Fig. 7).

[It has been found necessary to modify Downing’s contours around
Loddon in order to effect a junction with Woodland’s further south; the

course of the western boundary of the Eocene has also been modified
thereabouts, where it seems to have been extended by Downing to include
the questionable occurrence of London Clay at Ellingham (cf. Whitaker
1921, p. 84). Small portions of the +50 ft. contour, around Postwick,
and of the —50 ft. contour, inland from Mundesley, have been omitted.
It is unfortunate that the basic data for Downing’s maps has not been
published, although it is presumably contained in the unpublished
hydrogeological survey of Norfolk completed by him in 1955 (Buchan
1956, p. 65). Woodland’s boundary for the Crag is followed south of

Diss, but elsewhere this is taken from the 1957 map. An alternative

interpretation of the borehole data is possible in the vicinity of Spexhall,

indicating that the closed basin shown on the map may open northwards
into the depression which runs under Ellingham (O. T. Jones, personal
communication)

.]

Three features of the base of the Crag particularly claim attention:

1. A series of S.S.W.-N.N.E. trending depressions, extending to

depths greater than — 150 ft. O.D.

2. An apparently uniform plain, inclining gently eastwards from
about +100 ft. O.D. in the west, to depths of —50 ft. O.D. in north-east

Norfolk, and O.D. in south Norfolk.

3. A N.W.-S.E. trending bevel in north Norfolk.

There is so far no satisfactory explanation of the origin of the

S.S.W.-N.N.E. trending depressions. Woodland (1946, pp. 17-19, 31-33)

referred to them as synclines, and considered them to be “ the result of

actual folding, which took place under conditions of continual subsidence
when the Norwich Crag was being deposited ” (p. 32). It is clear from his

account (pp. 31, 45-47) that he regarded the low yields of water obtained
from the Chalk beneath these depressions as the result of the tectonic

closure of fissures. However, it is also possible that the closure is the

consequence of depth of burial, and the relative opening on the inter-

vening elevations the result of ground-water solution rather than
tectonism. There is therefore a possibility that these depressions had a

topographic origin, at least in part.

The question cannot be resolved until more is known of the succession

of deposits in the depressions. At Ludham it has been found that the
Till horizon, which lies between—82 ft. and—95 ft. O.D. in the Ludham
Pilot boring, was probably represented at about —45 ft. O.D. in a boring
little more than a mile to the south. This implies either an original

difference in level, or subsequent folding. As the foraminifera in the
southern boring indicate, if anything, a rather greater depth of water at

the time of deposition, there is a slight preference for the tectonic

explanation, but much more evidence is required before any definite

conclusions can be made.

The progressive deepening of the depressions towards the North Sea
may be the consequence of subsequent (lownwarping in that direction.
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Fig. 10. D.—Diss, G.Y.—Great Yarmouth, L.—Ludham, M.—Mundesley,
S.—Spexhall, Sz.—Sizewell
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The inclined plain to the west of the depressions probably represents

a peneplain, developed in Chalk during the Palaeogene—Pleistocene

interval, and inundated by the Norwich Crag sea. Its inclination may be
partly the result of downwarping towards the centre of the North Sea
Basin subsequent to its inundation.

The N.W.-S.E. trending bevel, underlying the Weybourne Crag
in north Norfolk, appears to be distinct from the surface overlain by the
Norwich Crag. Burnaby (1950, pp. 239 -40) has given reasons for believing

that the Weybourne Crag inundation only slightly modified a pre-

existing Chalk land surface of low relief. The present eastward inclination

of the presumed pre-Weybournian water-table (Burnaby 1950, pp. 228-

31) may be evidence of subsequent tilting towards the North Sea Basin.

If this is so, the trend of the north Norfolk coast in Weybourne Crag
times must have been very much the same as it is at present.

The Succession at Ludham
The classic investigations of the Crag were concerned almost ex-

clusively with its surface outcrop, and the deposits occurring at depth
under eastern Norfolk have remained almost completely unknown.
Samples from borings have rarely been preserved, and when they have
the mollusca have almost invariably been too few or too fragmentary for

satisfactory interpretation. Prestwich, for instance (1860, p. 451)
regarded the 120 feet of shelly sands and clays underlying Great Yar^
mouth as “ Recent Estuarine,” whereas only Harmer (1896a, p. 750)

attributed them, almost certainly correctly, to the Crag.

At the end of 1950, the Ludham Pilot boring was put down for

exploratory water supply purposes at a site, now the Smallburgh & Rural
District Council’s Waterworks, between Ludham and Catfield (N.G. ref.:

TG 385199). Samples from this boring were preserved, and in 1957 an
examination of the foraminifera was commenced. Subsequently, in

1959, the Royal Society of London financed a boring at the same site to

enable a comprehensive investigation of the pollen, foraminifera and
mollusca of this important sequence to be undertaken. Work on the

1959 samples is still in progress, but investigation of the samples from the

Ludham Pilot boring is essentially complete, and this, unless otherwise
specified, forms the basis of the following account.

Lithology

Between —32-5 ft. and —165-5 ft. O.D. the Ludham Pilot boring

passed through 133 feet of more or less fossiliferous Crag deposits, which
here rest on London Clay. The sediments are grey in colour, and consist

of shelly sands, and silty and micaceous clays, which sometimes also

contain shells. The sequence of deposits is as follows:

L VII Grey clay —32 • 5 ft. to —38 • 5 ft. O.D.

L VI Grey sand with a few shells to —43 ft. O.D.
Grey sand with shells

> i
—54 -5 ft. „

L V Fine grey sand with a few shells,

and thin seams of grey clay to -58 -5 ft. O.D.
Fine grey sand

» t
-64 ft.

Grey sand and grey clay ,,
-72 -5 ft. „
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L IV Grey silty sand to —77 -5 ft. O.D.
Grey silty clay

t >
-82 -5 ft. „

L III Grey silty sand with shells

Grey silty clay with shells, and
to —86 -5 ft. O.D.

thin seams of sand
> >

—91 -5 ft. „

L 11 Grey clay, and sand with shells to 1 14 -5 ft. O.D.
Grey sand with shells

» >
-119-5 ft. „

L I* Grey sand with shells, and thin

seams of grey clay to — 124-5 ft. O.D.
Grey clay and sand
Grey sand with shells, and thin

) 1
-128 ft.

seams of grey clay
Grey sand with shells, and small

151 -5 ft. ,,

pebbles
} t

152-5 ft. „
Grey clay, sand and shells

> t
—155-5 ft. ,,

Shells and pebbles
1

1

156-5 ft. ,,

Grey sand with comminuted shells
» 1

160-5 ft. ,,

Grey sand with shells
1

1

165 -5 ft. ,,

(* Indices of corresponding palaeontological horizons, tentatively recog-
nised on the basis of the assemblages of foraminifera; the approximate
vertical limits of these horizons are given by the horizontal lines).

The sediments between —91 • 5 ft. and — 165 • 5 ft. O.L)., subsequently
referred to as the Ludham Crag, consist of coarse, shelly sands, with thin

gravelly layers, composed of Hint and phosphate (coprolitic) pebbles, in

the lower portion, and with thin seams of clay in the upper portion.

In these respects the sediments closely resemble the Red and Scrobicularia

Crags of Suffolk. The level of the base of the Crag in the boring is

exceptional; in the Ludham district generally it lies at about 100 ft.

O.D. (Downing 1959, Fig. 1). There is no marked basement bed of large

flints as there is where the Norwich and Weybourne Crags rest on Chalk.

The sediments above —91 -5 ft. O.D. contain much more clay than
the Crag at outcrop in Norfolk (cf. Prestwich 1860, p. 451). In the

Ludham Pilot boring it is not possible to recognise either of the two clay

beds described by Downing (1959, p. 85, Fig. 3). Extrapolation of the

structure contours on the base of Downing’s northern clay bed to the

site of the boring indicates that it would be expected at about —55 ft.

O.D., but the two principal clay beds in the boring extend from—32 • 5 ft.

to —38-5 ft. O.D. (horizon L Y1I), and from —77-5 ft. to —82-5 1't. O.D.
(horizon L IV), the intervening sediments being mainly sandy.

The Foraminifera
The small size, numerical abundance, and wide distribution of the

foraminifera of the Crags, makes them particularly suitable for quantita-

tive studies, and for the study of samples from borings. Their intermediate

diameter is generally less than a millimetre (1,000 g), and a thousand, or

more, can usually be obtained from 50 grammes of original sediment.

They occur in almost all Crag sediments, including those in which

mollusca are rare or absent.

The quantitative distribution of the Ludham Pilot foraminifera in

the 500-250g size range is given in Fig. 11 and Table 4. Fig. 11 shows
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Table 4

LUDHAM PILOT BORING 500—250^

Sample No. 8 9 10 12 14 15 16 18 20 21 23 25 27 28 31 32

No. in Sample 90 200 133 304 193 226 201 352 1448 249 275 250 262 1227 238 374

Buccella frigida
1 2 1

B. inusitata
Bulimina aculeata

2 1 4 1 1 0 0 2 5 4 3 3 5 4

Bulimina 1 0
0

0

Cassidulina laevigata var. carlnata 2

Cibicides lobatula
C. lobatula var. grossa
C. pseudoungeriana

1 12

1

15

2
26 17 10 4 19 7

2
1

9
4
o

12

12
10

21

1 1

g

18

5
25
5

27
5
g

23
5

< . subhaidingerii
]

•) 4 •) 3 4 3
Dorothia gibbosa var. alleni 0 0 0

Klphidiella hannai
F.lphidium cf. bartletti

90 62
2

54 24 50 62 64 57 53 38 20 26 35 28 23 26

E. clavatum
i 3 1 2 () 4 1 1 1

E. crispum 0 0 i 2 2 1 1
E. excavatum 0 0 1 1 3 3

E. frigidum 3 7 2 0 2 4 3 4 3 1 0 2 2 1 0 1
I . haagensis 0 1 0 o J

E. maeellum var. granulosum
E. orbiculare 2 12 2

5 2 3 7 2 i 3 2 3 0 0

E. pseudolessonii 2 5 11 10 7 8 7 0

F . selseyensis
1 5 4 7 6 O

1 o 1 1 1 0
Elphidium

1 2 1 0 1 0 0 () 0
Eponides repandus 0 2 5 2 2 «>

1 1

Faujasina subrotunda
Gaudryina (Siphogaudryina) tumidula

0
1 i 1

Globigerina bulloides
I ()

Globulina aff. inyristiformis
G. gibba

0 0 0 1 0 0
0

G. gibba var. longitudinalis
G. inaequalis

0
0 0 0

G. minuta
G. rotundata
Globulina 2

0

-

0

Guttulina lactea

G. problema
1 3 1

0

Lenticulina rotulata
Lenticulina

0 1 0 0 0
0

Neoconorbina millet tii

Nonion boueanum
0 0

0
N. crassesuturatus 0 0

N. lamarcki
Non ion

0
(

0
Oolina acuticosta
O. williamsoni
Oolina

1

0
|

0

Pararotalia serrata 1 i 3 4 3 3 3 3
Planorbulina mediterranensis

1 0 o
1 0

Pseudopolymorphina
Pullenia sphaeroldes 0 0

0

Quinqueloculina dunkerquiana 0 1

Q. seminulum o
1 0 0 1 3 1 3

Q. aft. seminulum 0 3
Quinqueloculina 0 2 3 2
Rosalina mediterranensis 0
R. parisiensis 0 1 0 1 1 i

[

2 3 2

“ Kotalia ” beccarii 3 9 33 18 2 2 5 15 16 15 10 7 s 7 9
“ R.” perlucida
Sigmomorphina williamsoni

I 0
0 0

Textularia sagittula 0 0 0 4 2 2 0 3 0
T. suttonensis 0

T. cf. truncata
Textularia 0

1 0 0 0

Tcxtulariella trochoides 0 2
0

j

0 0
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the distribution of families and genera, Table 4 the distribution of

species. (All results are given to the nearest percent: -f on Fig- 11, and
0 on Table 4, indicate less than 0 • 5 per cent.) Seven palaeontological

horizons have been tentatively recognised in the Ludham Pilot succession

on the basis of the foraminiferal assemblages. The approximate vertical

limits of these horizons are indicated on Fig. 11.

The lowest horizon (L I) contains an abundant fauna, which exhibits

high percentages of the Anomalininae and Elphidiella, substantial

amounts of the Lituolidea, Miliolidae, Discorbinae, Elphidiidae, Rotaliidae
and Pararotalia, and numerous examples of the Lagenidae, Polymor-
phinidae, Buliminidae, Nonionidae and Planorbulinidae. The Globi-

gerinidae are also represented. In all these respects the assemblages
resemble those obtainable from the Red Crag of Suffolk; they differ from
all known Icenian (Chillesford, Norwich and Weybourne Crag) assem'-

blages. They particularly resemble Newbournian-Butleyan Red Crag
assemblages, but there is no evidence of the apparently cold episode,

which is indicated by foraminifera from the Neutral Farm pit at Butley.
The specific composition of the assemblages also resembles the New-
bournian-Butleyan Red Crag. Pararotalia serrata and the Lituolid species

referred to Dorothia and Gaudryina have West Indian, or at least Mediter-
ranean affinities, and represent a Pliocene-relict fauna, left over from the

period of the Coralline Crag. Other species which are confined to the two
lowermost horizons at Ludham, also belong to the same category. The
persistence of these forms indicates a comparatively warm climate, but the

strong representation of Elphidiella hannai is evidence of the deterioration

which had set in at the beginning of the Pleistocene. The fauna as a whole
indicates a shallow, sub-littoral environment. The abundance of the
Anomalininae, amongst other things, suggests a depth of about 50 feet

(15 m.).

Horizon L II contains a similar fauna to L I, but the reduction of

the Anomalininae, Lituolidea, Discorbinae and Pararotalia, and the

virtual suppression of accessory groups, indicates significant differences.

The assemblages of this horizon resemble those found in the Scrobicularia

Crag of Suffolk. The Scrobicularia Crag, which was referred by Harmer
(1900, p. 721) to the latest Butleyan, undoubtedly includes material

derived from the nearby occurrences of Coralline Crag. There are some
erratic fluctuations in the foraminiferal assemblages, caused by the
incorporation of Coralline Crag foraminifera, but these do not entirely

obscure an underlying similarity to the L II assemblages. The specific

composition of the L II and Scrobicularia Crag assemblages is also

comparable. The continued presence of small percentages of the Lituo-

liclea and Pararotalia suggest a continuing warm climate, but the in-

creasing importance of Elphidiella, and the Elphidiidae generally, is

indicative of deteriorating conditions. The rise of the Elphidiidae and
Rotaliidae, at the expense of the Anomalininae and certain accessory

groups, would be consistent with shallowing water, now probably less

than 50 feet deep. The Anomalininae and Discorbinae commonly exist

attached to algae, whereas the Elphidiidae and Rotaliidae are more
characteristic of estuarine, tidal-flat, and beach environments.

L I and L II differ from all the succeeding horizons in the Ludham
Pilot boring in containing Pliocene-relict forms, particularly Pararotalia

and Lituolid genera other than Textularia. They also differ in this

respect from all known Icenian assemblages. For these reasons it would
be both inappropriate and misleading to refer to them as Norwich Crag.

The term Ludham Crag is therefore introduced for these deposits, pending



THE PALAEOGENE AND EARLY PLEISTOCENE OF NORFOLK 349

a possible definitive correlation with the Butleyan Crags of Suffolk. It
should be noticed that, if the Ludham Crag is equivalent to the Butleyan,
it is the first known occurrence north of Aldeburgh, a distance of approxi-
mately 40 miles, and it poses a question concerning the age of at least the
lower levels of the Crag occupying the S.S.W.-N.N.E. trending depressions
under east Norfolk and Suffolk. However, the Ludham Crag occupies a
hollow, below the general level of the base of the Crag in the Ludham
district, and may be an isolated occurrence. The thickness of the deposit
is approximately equivalent to the amount of shallowing indicated by the
foraminifera it contains, and this may imply a static sea-level during its

accumulation.
Horizon L III contains the first assemblage in the boring which is

comparable with any Iceman assemblage. The abundance of Elphidiella,
and the absence of almost all other groups, except for the Anomalininae
(Cibicides lobatula only), Elphidiidae and Rotahidae, is characteristic of
the impoverished Icenian assemblages. Pliocene-relict forms are no longer
found. However, the presence of “ Rotalia ” perlucida, and, in the
250-125(j. size range, Textularia suttonensis and Nonionella turgida, links
this horizon with L 1 1. Similar assemblages are found in theCrag of Thorpe
(Aldringham) and Sizewell (Rifle Range) in Suffolk. The first of these
occurrences Harmer (1900, p. 708) classified in the Lower Division of the
Norwich Crag (zone of Spisula [Mactra] subtruncata) . Horizon L III also

seems to be represented by a sample obtained by Dr. \V. A. Macfadyen
at a depth of —45 ft. O.D., from a boring made south-east of Ludham
(N.G. Ref.: TG 390182), by the Royal Engineers in 1941. His slide

No. 292 contains the following species:

Buccella inusitata (1%), Bulimina cf. aculeata (3%), Cassidulina
laevigata (3%), Cibicides lobatula (11%), C. subhaidingerii (1%), Elphi-
diella hannai (26%), Elphidium haagensis (1%), E. macellum var.

granulosum (4%), E. pseudolessonii (5%), E. selseyensis (26%), E. sp.

(1%), Globulina gibba (2%), G. aff. myristiformis (3%), Guttulina lactea

(1%), G. problema (1%), Rosalina globularis (1%), R. williamsoni (2%),
Rotalia ” beccarii (6%), Textularia suttonensis (3%). Total: 116

specimens.
Specific determinations are by the present author, and the per-

centages are based on the specimens in the 500-250^ size range only.

The numerical representation of the species on the slide is probably
approximately quantitative, with the common species rather under-,

and the rarer species rather over-represented. The combination of a lack

of Pliocene-relict forms and the presence of Textularia suttonensis

(“ Rotalia ” perlucida is also present in the 250-125ji. size range), clearly

relates this to the L III horizon, but in this boring it occurs 40 to 50 feet

higher relative to O.D., whereas the presence of Bulimina cf. aculeata

and Cassidulina laevigata may imply deposition in originally rather

deeper water (see p. 342).

In spite of the marked impoverishment of the fauna, those species

which remain at the L III horizon are in substantially the same proportions

as before. This, together with the appreciable percentage of “ Rotalia
”

beccarii, and the presence of Planorbulina mediterranensis, indicates that

the climate was still equivalent to that which characterised subsequent

interglacials. Possibly the impoverishment is largely the result of local

ecological changes. The high percentages of Elphidiella, and the Elphi

diidae, and the presence of the two species Elphidium excavation and
“ Rotalia ” perlucida, which are also present in L II, indicate a very

shallow water, estuarine or bay-head environment. On the other hand
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the impoverishment may be related to two other phenomena which
characterise the transition from the Butleyan to the Icenian Crags. Not
only are a large number of southern forms not found above this boundary,
but the tests of the foraminifera, and the shells of the mollusca, are

generally thinner above it than they are below. It is possible that all

these phenomena are a consequence of the closure of the southern, or

Channel, entrance to the North Sea Basin from the Atlantic.

The L IV horizon represents the culmination of the trends shown by
L III. No surface outcrop of Crag yields exactly comparable assemblages,
although the Crag of Easton Bavents in Suffolk, which was referred by
Harmer (1900, p. 708) to the Upper Division of the Norwich Crag (zone

of Astarte semisulcata [borealis]), presents some analogies. The further

reduction of the Anomalininae and Rotaliidae, with a concomitant increase

in cold-tolerant Elphidiella and Elphidiidae, brings the assemblages
very close to glacial in their indications. Only the presence of 2% of
“ Rotalia ” beccarii, which appears to be restricted to the Post-Glacial in

the North Sea Basin, suggests that the climate should not be defined as

glacial, although it is also true that the assemblages lack definite cold-

water indicators such as Elphidium orbiculare. It is possible that there is

a disconformity above this horizon in the Ludham Pilot sequence.

Foraminifera from this level are brown in colour, suggesting that, at

some time subsequent to deposition, they have been in the zone of

oxidation, whereas foraminifera from the overlying horizon (e.g. sample

12) are grey, suggesting that they have been continuously in the zone
of reducing conditions since deposition. It seems reasonable to infer that

the L IV horizon must have been brought into the zone of oxidation before

the overlying sediments were deposited, and this indicates a probable
disconformity. Such a disconformity might be the consequence of a

(? glacio-eustatic) lowering of sea-level at the end of the L IV horizon, and
possibly a period of more severe cold is therefore unrepresented. The
foraminifera of the L IV horizon indicate much the same shallow-water
conditions as those of L III.

There is a definite recovery of the foraminiferal assemblages at the

L V horizon. A decrease in the cold-tolerant Elphidiella and the Elphi-

diidae generally, is accompanied by a reciprocal increase in the Ano-
malininae and Rotaliidae, and some accessory groups are present again.

There is, however, nothing like a return to the assemblages of the Ludham
Crag (L I and L II). The specific composition of the assemblages shows
considerable similarities with those of the BI horizon at Bramerton
(see Table 5), and the faunas of both horizons suggest a full interglacial

climate. Textulavia, which is apparently the only genus of the Lituolidea

present in the Icenian, is represented by T. sagittula—the most persistent-

species of the genus, but nevertheless apparently confined to periods of

interglacial-type climate in the North Sea Basin. Apart from the climatic

implications of the increase in the Anomalininae and Rotaliidae, they may
also indicate a more open-sea, sub-littoral environment, which may be
correlated with the transgression of the sea to the vicinity of Norwich
(cf. p. 354).

The trends which produced the L V horizon are soon reversed, and
Elphidiella and the Elphidiidae again increase at the expense of the
Anomalininae and Rotaliidae in L VI. Two new cold-tolerant species

occur amongst the Elphidiidae, namely Elphidium orbiculare and E. cf.

bartletti, and there are some exceptionally large specimens of Elphidiella,

E. aff. sibirica, in the 1 ,000—500 jjl size range. Elphidium orbiculare has
been found at only one level earlier than this, and that is in the Butleyan
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Reel Crag of the Neutral Farm Pit (see p. 348); at the present day it only
ranges as far south as the Orkneys in appreciable numbers, whilst E. cf.

bartletti can be found in the fjords of Spitsbergen. The specimens referred
to Elphidiella aff. sibirica may simply be overgrown specimens of E.
hannai, which have postponed reproduction, while continuing to grow,
under unfavourable conditions (see Bradshaw 1957, p. 1145). In the
entry of Elphidium orbiculare, and other respects, L \ 1 resembles the
B II horizon at Bramerton. Increasing cold is clearly indicated, and the
reduction of “ Rolalia ” beccarii suggests that the cold was verging on,
but not quite, glacial in intensity. The large, carinated specimens of
Cassidulina laevigata var. carinata in the L VI horizon are intermediate
in character between the two types described by Feyling-Hanssen
(1954, p. 133) from the Late-, and Post-Glacial respectively, of the Oslo
region. However, the carination, like the thickening of the test of
Cibicides lobatula var. grossa, may be simply an adaptation to existence
in coarser sediments, and the indications are that the L VI horizon
accumulated under open-sea, possibly stormier conditions, than L V.

The final horizon in the Ludham Pilot boring is L VII. This contains
a very impoverished assemblage dominated by Elphidiella hannai. All

the remaining species are also cold-tolerant, and are found commonly in

Arctic seas at the present day. “ Rolalia ” beccarii is absent. The fauna
therefore resembles the B III horizon of Bramerton; it also resembles
assemblages obtained from the Crag of both Sidestrand (see Fig. 13 and
Table 5) and Weybourne (Macfadyen 1933, pp. 486 87). The Weybourne
Crag was classified as the uppermost part of the Icenian (zone of Macoma
[
Tellind

]
balthica

)

by Harmer (1902, pp. 430-31), but its status at present
is a little uncertain (see p. 357). The exclusively cold-tolerant character

of the L VII assemblage indicates very cold conditions, and the absence
of “ Rolalia ” beccarii suggests that the climate was truly glacial. Shallow-

water is also indicated, although it is not possible to specify the nature of

the environment more precisely on account of the extreme impoverish-

ment of the fauna.

Mollusca
The proportion of identifiable mollusca obtained from the Ludham

Pilot boring was rather low, and a definitive account must await the

outcome of an examination of those obtained from the Royal Society

boring in 1959. The Ludham Crag yielded plentiful remains of Chlamys
(Aequipecten) opercularis, Mytilus ednlis, Calyptraea chinensis, and
Nucella lapillus, but very little of immediate significance for its strati-

graphic or climatic interpretation.

Echinodermata
The Ludham Crag contains many examples of the small echinoid

Echinocvamns pus illus.

Ostracoda

These occur almost throughout, but are much less frequent than

the Foraminifera. “ Cythere ” hoptonensis, an interesting, coarsely

ornamented, species, which was recorded first from the Corton Beds, and
subsequently from off Portugal, is common in the Ludham Crag.

Bryozoa
The Ludham Crag contains a number of species recorded by Lagaaij

(1952) from Pliocene and early Pleistocene deposits in the Netherlands,

but no determinable specimens have so far been obtained from the

overlying horizons.
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Cirripedia

The Ludham Crag contains an abundance of barnacle remains, but,

for the most part, these have not yet been identified.

Pollen

The unoxidised clayey sediments of the Ludham succession have
proved to contain appreciable amounts of pollen, associated with
hystrichospheres (marine microplankton). A preliminary examination of

samples from the Ludham Pilot boring, carried out in 1958, showed that

the lower part of the boring, corresponding to the Ludham Crag, contains
substantial amounts of the Pliocene-relict genera Tsnga, and Pterocarya.

In this respect the flora resembles the Tiglian of the Netherlands’

succession. L III also contains Tsuga and Pterocarya, and, in general,

the pollen of the three lower horizons indicates the presence of mixed
coniferous and deciduous forest. Above this there are high percentages of

Pinus, indicating a deterioration of climate. Subsequent analysis of the

samples from the Royal Society boring has shown that in this upper
part of the boring there are indications of two cold and two warm phases,

which correspond essentially with those indicated by the foraminifera,

except that the uppermost warm phase is above the limit of occurrence of

the foraminifera. Evaluation of these later analyses is still in progress, but
at this stage it appears unlikely that there will be any marked disagree-

ment with the conclusions based on the evidence of the foraminifera.

The Succession at Bramerton
The Bramerton Common section has long been regarded as a type-

section of the Norwich Crag (Reid 1890, p. 124), although the locality

was referred to the Upper Division of the Norwich Crag (zone of Astarte

semisalcata [borealis]) by Harmer (1900, p. 708). It was first described by
R. Taylor (1823), and has subsequently been described by S. V. Wood
junior (1865, section 24), S. V. Wood junior & F. W. Harmer (1872,

section XVI), and H. B. Woodward (1882a, p. 82). Superficially R.
Taylor’s description differs considerably from the later ones, and it also

appeared to differ from an 1825 manuscript description by S. Woodward
(fide H. B. Woodward 1882a, p. 82). The later descriptions have several

features in common, which were also evident in the section excavated in

1958. These are: (a) a lower shell bed, resting on a basement bed of

large flints (5 to 8 feet thick), (b) a middle bed of sand, more or less

without shells (12 to 15 feet thick), (c) an upper shell bed (up to 3 feet

thick), separated by about 3 feet of sand from (d) a clay bed (up to 5 feet

thick). None of the published descriptions, except R. Taylor’s, appear
to include any higher deposits.

A full description of the section excavated in 1958 is given in Fig. 12.

It was located towards the southern end of the degraded, tree-covered

face, on the east side of the road (N.G. Ref.: TG 29450595), and at no time
was it more than 2 yards wide; it was therefore impossible to make any
extensive observations on lateral variation. Samples were collected for

foraminifera throughout. Subsequent examination of the foraminifera 1

assemblages has suggested the tentative recognition of three palaeonto-

logical horizons in the Bramerton succession. The general and specific

compositions of the foraminiferal assemblages (500-250 fi. size range only),

are given in Fig. 13 and Table 5 respectively.

Horizon B I includes the lowest part of the section, and contains

the lower shell bed. The foraminiferal fauna is somewhat restricted, as

is usual in the Icenian, with an abundance of Elphidiella hannai. How-
ever, the Lituolidea, and the Discorbinae other than Buccella, are
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represented, and amongst the Anomalininae Cibicides lobatula is accom-
panied by C. lobatula var. grossa, C. pseudoungeriana, and C. subhaidingerii.

Together with other species these comprise quite a varied fauna for the
Icenian, and the faunal lists (e.g. Prestwich 1871, pp. 457-58) show that

this is also true for the mollusca. In the presence of the Lituolidea, and
the Discorbinae other than Buccella, the B I foraminifera resemble those

from the L V horizon of Ludham, and the species of Elphidium are

virtually the same in both instances. The presence of “ Rotalia ” beccarii,

together with Textularia sagittula, Eponides repandus, Rosalina parisiensis

,

and Cibicides pseudoungeriana, indicates a climate corresponding to full

interglacial conditions and not substantially different from the present

day. It is clear that the marine transgression which brought the Norwich
Crag sea to this point coincided with a period of comparatively warm
climate (? glacio-eustatic rise in sea-level). Notice also the apparently
corresponding return to more open-sea conditions at Ludham at the

L V horizon.

Foraminifera are plentiful in Horizon B II, between the lower and
upper shell beds, although remains of mollusca are scarce and fragmental.
The foraminiferal assemblages are, however, impoverished with respect

to B I; Elphidium orbiculare enters, while the representation of “ Rotalia
”

beccarii decreases, and some species such as Rosalina parisiensis disappear.

In these respects, and particularly in the entry of Elphidium orbiculare,

this horizon resembles the L VI horizon of Ludham. Like that horizon too,

the foraminifera of B II indicate a trend towards a glacial climate. There
are some exceptionally large specimens of Elphidium pseudolessonii and
E frigidum in the l,000-500[x size range, which may result from the slow
continuation of growth, pending retarded reproduction, under un-
favourable (cold) conditions. A northward increase in the size of species

of Elphidium in the Pacific, probably caused by this phenomenon, tuis

been demonstrated by Nicol (1944).

The B III horizon is based on an assemblage preserved as limonitic

replacements. It occurs above the clay bed, and consists almost entirely

of Elphidiella hannai, which is associated with only a few other cold-

tolerant species. Similar impoverished assemblages lacking “ Rotalia
”

beccarii are characteristic of the L VII horizon of Ludham, and the
Crag of Sidestrand (Fig. 13 and Table 5) and Weybourne (Macfadyen
1932, pp. 486-87). The impoverishment and lack of “ Rotalia ” beccarii

suggest that the climate was by this stage glacial, and indicate that a
further cooling had taken place since the B II horizon.

The two lower horizons at Bramerton (B I and B II) contain numerous
abnormal foraminifera, which have distorted chambers or coiling. These
features indicate stagnant waters at the head of a bay, possibly combined
with a freshwater influx (cf. Arnal 1955a, 19556). Similar conclusions have
been arrived at by previous authors on the basis of the presence of

freshwater mollusca, and the distortion of marine mollusca, in the lower
shell bed at Bramerton (Reid 1890, p. 115). The evidence of the fora-

minifera, outlined above, also supports J. F. Taylor’s much-criticised

contention that the upper shell bed represents colder conditions than the
lower (Reid 1890, pp. 114, 116).

It should be noticed that, although it is not possible to recognise the
exact lithological divisions described by R. Taylor for the upper part of

the section, the measured distance of the B III assemblage above the
surface of the Chalk is approximately the same as that of his third shell

bed (Stratum 5). It is therefore reasonable to suppose that the section

which he saw may have been fossiliferous, i.e. unleached, to a higher
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ICENIAN LOCALITIES 500—250^

S B EB SRR TA
1

cc

Sample No. 12 6 1 19 78 84 3 8 15 14 1 2 1 10 15

No. iii Sample 120 90 96 236 293 258 275 47 245 142 356 241 455 208 231

Buccella frigida 2 0 0
B. inusitata

Bulimina marginata
0 0 2 0

0

Bulimina 0 0

Cibicides lobatula 2 5 0 4 2 1 2 9 7 10 4 2 0 2

C. lobatula var. grossa 2 i

C. pseudoungeriana 2 1

C. subhaidingerii
Cibicides 1

1

Elphidiella hannai 93 79 83 90 70 69 88 81 56 70 59 58 75 16 16

Elphidium cf. bartletti

E. clavatum 2

1

3 0 1 1 1 4 5 0 6 6

E. crispum 1 0

E. excavatum 1 2 0 0 0 2 0 i 3

E. frigidum 2 9 2 0 7 4 0 2 0 4 5 0 0 0

E. cf. gunteri 1 0
E. macellum var. granulosum 3 0 1 6 0 2

E. orbiculare 2 i 0 0

E. pseudolessonii 1 2 3 17 15 3 4 1 4 1 12 8 2 12

E. selseyensis 3 1 0 1 0

Eponides repandus 2

Globulina gibba 0

G. aff. mvristiformis
Globigerina bulloides

0
0

Guttulina lactea 0 0 0

Lagena striata

Lenticulina rotulata 2 0 1 1

0

Nonion
Nonionella turgida
Oolina melo 1

0

1

O. williamsoni
Planorbulina mediterranensis
Quinqueloculina seminulum 3

0
1

Rosalina parisiensis
“ Rotalia ” beccarii

0 0

1 5 4 9 16 4 19 22 10 75 61

“ R.” perlucida
Textularia sagittula

T. cf. truncata
0 1

1

1

i

S= Sidestrand B = Bramerton EB= Easton Bavents SRR= Sizewell Rifle Range TA= Thorpe (Aldringham)
CC= Chillesford Church.

Table 5. Specific composition of foraminiferal assemblages

level than any seen subsequently. Once this has been conceded it is

clear that his description of the lower part of the section is essentially

similar to those of later authors, in the presence of a lower shell bed
(Stratum 10), and an upper shell bed (Stratum 8), with 15 feet of inter-

vening sand (Stratum 9). Taylor does not record a clay bed, but, as

Woodward has remarked (1882a, p. 82), this has by no means always
been present in the exposures, and the higher part of the succession, which
Taylor describes, has apparently not been included in the descriptions

of later authors.
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The Weybourne Crag
In common with other deposits occurring at the base of the north

Norfolk cliffs, the Weybourne Crag is somewhat vicariously exposed.
Knowledge of its contents and relationships is almost restricted to the
observations of Clement Reid (1882, pp. 11-19), which were collected
over a period of several years. He selected the occurrence at East Runton
as typical (ibid., p. 15), but this section has not been adequately exposed
for critical examination in recent years. In 1958 a series of samples
was obtained from an exposure of Crag between Overstrand and Side-
strand, subsequently visited by the Geologists’ Association (Baden-
Powell & West 1960, p. 73). The results of an examination of the fora-

minifera in the 500-250g size range from this locality are given in Fig. 13
and Table 5. An essentially similar assemblage was described from the
Crag of Weybourne by Macfadyen (1932, pp. 486-87). These impover-
ished assemblages, dominated by Elphidiella hannai, and containing only
cold-tolerant species, suggest cold conditions. The combination of the
presence of Elphidium orbicular

e

and the absence of “ Rotalia ” beccarii

indicates semi-glacial (i.e. equivalent to Late-Glacial) conditions.
Elphidiella aff. sibirica (1,000-500 jz), Elphidium cf. bartletti and E.

frigidum are characteristic Arctic species. Like the Bill assemblage at
Bramerton, and the L VII assemblage at Ludham, they would seem to

imply a Scandinavian ice-cap, and probably valley glaciers in Scotland
and Northern England (see Godwin 1956, p. 306).

There is some question as to whether all the deposits which are

attributed to the Weybourne Crag (because of the occurrence of the
mollusc Macoma balthica) belong to one horizon, and there is a possibility

that an impoverished marine fauna of this type may be a recurring one
at the end of the early Pleistocene in Norfolk. Only detailed studies can
resolve this problem, and the result of these cannot be anticipated here.

The western (marginal) facies of the “ Norwich Crag Series ”

The samples obtained from borings put down along the line of the

proposed North-West Intercepting and Rising Main Sewers under
Norwich and Trowse in 1951, provided, amongst other things, an excellent

opportunity for the study of the lithological variation of the marginal
facies of the Crag. These samples were examined by the author in 1952,

and are preserved, together with an annotated copy of the boring records,

at the Castle Museum, Norwich. The variations in lithology are portrayed

diagrammatically in Fig. 14; the line of the borings is indicated on
Fig. 10.

The description which follows includes all those deposits which
H. B. Woodward included in his “ Norwich Crag Series ” (1882«, p. 31).

Along the line of the borings the Series in general shows a lateral transi-

tion from a sandy gravel in the west, to a series of beds of gravel, sand and
clay (the sand and clay sometimes also occurring as rapid alternations)

in the east. Shells occur at or near the base towards the east, whereas

an influx of quartz and quartzite pebbles is typical of the top of the

Series, particularly in the west.

[West of the Yare the Series is essentially a sandy gravel. The gravel

component is of medium size (2-4 cm. intermediate diameter), rarely

large (4-6 cm. intermediate diameter), and typically well-rounded,

sometimes sub-rounded. The pebbles are usually flint, but small (1-2

cm. intermediate diameter) quartz and quartzite pebbles occur virtually

throughout the Series in this westernmost sector. Above 70 ft. O.D.,

however, up to 50% of the pebbles may be medium well-rounded quartz
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and quartzite pebbles, and the associated flint pebbles are no longer
rounded, but usually sub-rounded or even sub-angular. Furthermore, the
quartz-quartzite-flint gravel has quartz grit rather than sand in the
interstices. Beds of sand and shells are absent from the sequences, but
they contain both clay and mica.

I mmediately east of the Yare the Series contains much sandy gravel
with medium, rounded flint pebbles. However, the constituents of the
gravel component are more varied and there is greater variety in the
accompanying sediments. The flints are, if anything, less well-rounded
than those in the lower part of the westernmost sequences, and some-
times retain portions of cortex. Small pebbles and granules of flint, both
rounded and sub-angular, may be present and the medium pebbles are
sometimes angular. Small quartz and quartzite pebbles occur occasion-
ally, and exceptionally, medium quartz and quartzite pebbles occur at
the base of the Series. Medium quartz and quartzite pebbles are again
found generally above 70 ft. O.D., but rarely make up even 25% of the
total pebble content. Clay is not abundant, but occurs at all levels,

except the highest, and characteristically contains mica. Considerable
beds of sand occur at levels about 10 feet above the base, but, with one
exception, shells are absent.

Further east still, from approximately Rising Main 12 onwards, the
Series continues to contain much sandy gravel with medium, rounded,
flint pebbles and other types of pebbles, mainly as described for the
previous sector. In general, however, all traces of flint cortex seem to
have been removed. The high-level, quartz-quartzite-flint gravel seems
to be represented only by the occurrence of small quartz and quartzite
pebbles. One boring (R.M. 15) revealed an exceptionally low level for the
Chalk surface, with an overlying sequence which included small and
medium quartz and quartzite pebbles in the uppermost layers. This is

consistent with solution-pipe subsidence, and the consequent preservation
of medium quartz and quartzite pebbles at the top of the sequence shows
that their absence in this easternmost sector is the result of erosion rather

than non-deposition. Clay increases in importance in this sector and
there are fewer beds of sand, although a considerable amount of sand
occurs intercalated in rapid alternations of sand and clay. Shell beds
are commonly found immediately above the base of the Series. Samples
from the base of the Series, consisting of a mixture of chalk, chips and
angular pieces of flint, probably result from the breaking-up of the

basement bed by boring operations. This bed may be less well-developed,

or even absent, in the more westerly sectors.]

The high-level quartz-quartzite-flint gravels have been variously

referred to as the Pebbly Sands and Pebble Beds, the Bure Valley Beds,

and the Westleton Beds. These gravels are almost certainly distinct

from the Norwich Crag (sensu sti icto), but are considered here, as criteria

for their separation have not yet been satisfactorily worked out. There
appears to be a progressive increase in the content of quartz and quartzite

pebbles as the “ Norwich Crag Series ” is ascended, commencing with the

introduction of small quartz and quartzite pebbles, and culminating in

the presence of up to 50% of medium quartz and quartzite pebbles.

This trend, first observed in the boring samples just described, has

subsequently been investigated by members of the Paramoudra Club

at the City of Norwich School, in the Whitlingham pit (N.G. Ref.:

TG 268077). They found that, almost without exception, up to 10 feet

above the base, the gravel content greater than 1-3 cm. intermediate

diameter consisted almost exclusively of flint, and the very small gravel
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(0*6-1 -3 cm. intermediate diameter) contained only 5% quartz and
quartzite. Observations above this level shew up to 25% of quartz and
quartzite in the very small gravel, up to 15% in the small gravel (1-3-
2-2 cm. intermediate diameter), and up to 10% in the medium gravel

(2 -2-3 -2 cm. intermediate diameter). Counts of medium-large gravel

(2-5 cm. intermediate diameter), made by the author from the highest

deposit visible on the east side of the pit, gave 40% of quartz and quartzite

pebbles.

It should be emphasised that quartz and quartzite pebbles, particu-

larly small pebbles, may be found in small proportions even at or near
the base of the Norwich Crag (s.s.), as mentioned above, but high propor-
tions of medium quartz and quartzite pebbles are only found at high-

levels in the “ Norwich Crag Series.”

The quartz-quartzite-flint gravels have often been referred to as the
Bure Valley Beds (e.g. Baden-Powell & West 1960, p. 71), and it is clear

that they must be regarded as belonging to this division as it was origin-

ally applied (S. V. Wood jun., in S. V. Wood sen. 1866, p. 547). However,
the Bure Valley Beds also, and perhaps more specifically, include those
deposits which contain Macoma balthica and are probably equivalent to

the Weybourne Crag (Wood & Harmer 1872, pp. xv-xvii; Woodward
18826, pp. 453-54). Excavation of deposits of this type east of Crostwick
(N.G. Ref.: TG 272161), referred to by Woodward (1882a, p. 63), revealed
that the medium-large (2-5 cm. intermediate diameter) gravel contained
only 3% of quartz and quartzite. It therefore differs in this respect from
the high-level quartz-quartzite-flint gravels of the “ Norwich Crag
Series,” but is lithologically indistinguishable from the gravels of the

Norwich Crag (s.s.).

Apart from the instances already mentioned, 25% of quartz and
quartzite pebbles of medium-large size was recorded as the result of a

small count just below the soil at the Pound Lane pit (N.G. Ref.: TG
275090), and high proportions of quartz and quartzite pebbles can also be
seen beneath Norwich Brickearth at Catton brickworks (N.G. Ref.:

TG 234130) and Horsham St. Faiths (N.G. Ref.: TG 221150). High
proportions of quartz and quartzite pebbles have also been observed by
the author in temporary exposures beside the Rackheath road (N.G.

Ref.: TG 275139), in the grounds of the West Norwich Hospital (N.G.

Ref.: TG 208090) and elsewhere. All these occurrences are at a similar

stratigraphical level high in the ‘‘ Norwich Crag Series.” The advent of

large numbers of quartz and quartzite pebbles in Norfolk is probably
indicative of an event of some considerable palaeogeographical significance.

Reid recorded approximately 40% quartz and quartzite pebbles from
the ‘‘ Cromer Forest Bed Series ” of Bacton (1890, p. 170). It is likely that

the quartz and quartzite pebbles in both the " Cromer Forest Bed
Series ” and the *' Norwich Crag Series ” originate from the Rhine
drainage basin. This is not to say that the proto-Rhine necessarily

extended as far as the Norwich district—the pebbles may in this instance

have been introduced by long-shore drifting—but it does indicate a change
from an earlier regime when the pebbles consisted almost exclusively of

flint, presumably derived locally from the erosion of the Chalk. It is

probable that the erosional relationship sometimes observed beneath
high-level gravels in the “ Norwich Crag Series ” may have a greater
significance than was attributed to it by Woodward (1882a, p. 34). It

would also be interesting to know whether the occurrence of quartz and
quartzite pebbles is related to the presence of tourmaline-staurolite, as

opposed to garnet-amphibole-epidote heavy mineral assemblages. Both
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assemblages were recorded from the “ Norwich Crag Series ” by Solomon
(1935, p. 221), when he attributed the uppermost part to his Westleton
Series. However, l am inclined to agree with Woodward (18826, pp.
453-56; and in Prestwich 1890, p. 118) that these beds should not be
equated with the Westleton Beds of Westleton (in which quartz and
quartzite pebbles are both small and infrequent), even though they may
be correctly referred to the Westleton Series as defined by Solomon.

The “ Chillesford Clay ” of Norfolk
I he Chillesford Clay was first described from the locality of Chilles-

ford in Suffolk (Prestwich 1849). It was subsequently correlated with
various clay beds throughout Norfolk and Suffolk, until the term became
practically synonomous with the lithological description “ clay with
mica.” H. B. Woodward (1882a, pp. 34-35; 18826, pp. 452-53) made
some outspoken comments on the practice of arbitrarily correlating clay
beds in such demonstrably variable deposits. And, although reliance oil

the occurrence of “ Chillesford Clay ” for the purposes of correlation was
never again taken to the extremes that it had been (e.g. Wood & Harmer
1872, pp. viii-xi), nevertheless Harmer’s conception of an estuary of the
Rhine (1896, pp. 768-71; 1902, pp. 446-48, Fig. 76) is tacitly based on a
general correlation of the Icenian clay beds of Norfolk and Suffolk.

It is clear that in the western (marginal) facies of the ” Norwich
Crag Series,” with which H. B. Woodward had most intimate experience,
clay beds are not confined to any one horizon but occur at almost all

levels in the succession. In the eastern facies however, where clayey
sediments are generally more common, it is possible that definite beds of
clay do occur. Downing (1959) has interpreted unpublished boring records
as demonstrating two such beds, but in view of the difficulty of recognising
these in the Ludham borings there must remain some uncertainty as to

whether they are either continuous or distinct.

The Chillesford Clay of the type area appears to be devoid of a
determinable fauna, but the immediately underlying Chillesford Crag
does contain a limited fauna of foraminifera, mollusca, etc. Two Chilles-

ford Crag foraminiferal assemblages are shown in Fig. 13 and Table 5

(cf. Macfadyen 1932, pp. 486-90; van Voorthuysen & Pannekoek 1950,

pp. 210-11). They indicate an interglacial-type climate, and the abund-
ance of “ Rotalia ” beccarii is suggestive of a tidal-fiat or lagoonal

environment. In fact the specialised character of the foraminiferal fauna
makes it almost impossible to allocate it to its correct position in the

stratigraphical succession. The restricted molluscan fauna is equally

unhelpful in this respect. (Only the earliest lists of Chillesford Crag
mollusca refer to the type locality.)

The Chillesford Crag has commonly been placed between the Nor-
wich and Weybourne Crags, ostensibly on the basis of the mollusca

(Harmer 1900, p. 723), but probably chiefly on the basis of the supposed
widespread occurrence of the overlying Chillesford Clay at the top of

Norwich Crag sequences. However, the B II horizon of Bramerton,
which underlies the so-called bed of “ Chillesford Clay,” is, on the basis

of the foraminifera, too cold in its indications to be correlated with the

Chillesford Crag, and moreover, there appears to be no sufficiently warm
episode between the Norwich and Weybourne Crags to be even a potential

correlative of that Crag. The same is true of the L VI horizon which

underlies the L VII clay bed at Ludham, but the assemblages of L III,

which underlie the L IV clay bed, might be equivalent to the Chillesford

Crag, climatically at least. The Chillesford Crag foraminifera themselves
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would be consistent with the possibility that it is most closely related to

the Lower Division of the Norwich Crag of Thorpe (Aldringham) and
Sizewell (Rifle Range), but this suggestion is extremely tentative.

In the present state of knowledge it may be concluded:
(a) that the term Chillesford Clay should be restricted to the formation
outcropping in the type area. Even the clay of Easton Bavents, less than
15 miles further north, is reported to contain Scandinavian heavy
minerals (Solomon 1935, p. 223), and on those grounds cannot be equiva-
lent to the Chillesford Clay (sensu stricto),

(b) that there is at present no evidence for correlating any clay bed in

Norfolk with the Chillesford Clay,

(c) that there may be a widespread clay-bed horizon in Norfolk, but, if

there is, it seems most likely to be that of the L VII horizon of Ludham,
which contains a fauna so far indistinguishable from the Weybourne
Crag (cf. Reid 1890, p. 131).

The prospect of future investigations
Many important investigations of the Palaeogene and early Pleisto-

cene deposits of Norfolk will almost certainly be carried out on samples
from borings. Although occasionally it may be possible to put down
borings specifically for scientific purposes, to test particular theories, at

critical junctures, in general it will remain most important that samples
from borings put down for other purposes should be preserved, even
though they may not be immediately utilised. This particularly applies

to borings made in Palaeogene and early Pleistocene deposits. Un-
fortunately the techniques involved in the detailed examination of

samples from borings are such that they will never be widely available,

but there is ample opportunity for initiative in seeing that potentially

valuable samples from borings are not lost or destroyed.

It is hardly possible, or desirable, to continue studies on the mollusca
in the classical manner. The number of exposures now available is very
small, and apart from the excavation of old sites, only the Whitlingham
pit, and the ephemeral exposures of Weybourne Crag on the coast
between Weybourne and Sidestrand, are readily available. Even with
such restricted opportunities, however, there are still considerable
possibilities for the quantitative study of the mollusca, preferably accord-
ing to the method of Sorgenfrei (1958, p. 33). Collection of quantities of

material foot by foot should give interesting information on the succession

and distribution of molluscan assemblages in the Norfolk Crag.

There is also opportunity for zoologists to study the distribution of

foraminifera, mollusca and other suitable marine invertebrates around
the coasts of Norfolk, and compare them with their distribution in the
Crag. It is in fact the detailed information on the fascinating, inter-

related changes in faunas, floras and climate, which can be derived by
comparison with their modern counterparts, which makes the study of

the palaeontology of the Norfolk Crag such an interesting subject.
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THE GLACIAL AND INTERGLACIAL DEPOSITS
OF NORFOLK
By R. G. West

The general succession of glacials and interglacials of East Anglia
is shown in the table of strata (Table 1). This classification forms the
basis of the following account, although, as we shall see, in many instances
it is impossible to correlate particular deposits, especially those in north-
east Norfolk, with the general East Anglian sequence.

The Cromer Forest Bed Series
This sequence of intercalated organic and inorganic, freshwater and

marine deposits, which lies immediately beneath the earliest East Anglian
glacial deposits around the coast from Weybourne to Kessingland, in

Suffolk, was described in great detail by Clement Reid (1882, 1890). He
subdivided the Series into a Lower Freshwater Bed, a middle Estuarine
Bed and an Upper Freshwater Bed. Reid commented at length on the
flora and fauna of the Series. In particular he showed that the plants
and terrestrial fauna indicate temperate conditions, but the marine fauna
a decidedly colder climate. Reid envisaged no major climatic changes
during the formation of the Forest Bed Series. He suggested that the
differences between the terrestrial and marine biota resulted from changes
in the relative levels of land and sea during the Early Pleistocene, which
effected a connection between this country and the continent and closed

the English Channel. The former allowed the appearance of a large

mammalian fauna and a flora with continental connections, the latter an
increase in the number of northern marine species.

Reid’s views on the Cromer Forest Bed Series have to be modified
in the light of two recent pieces of research. The first is the pollen

analysis of the Upper Freshwater Bed by Thomson (in Woldstedt 1951),

and the second an investigation of the deer by Azzaroli (1953). Thom-
son’s pollen diagram shows vegetational and climatic changes during
part of an interglacial climatic cycle, with boreal pine and birch forest at

the base, an increase of temperate mixed oak forest trees (oak, elm, lime)

in the middle, and a final dominance of pine and spruce at the top. The
significance of the diagram is that it shows climatic and vegetational

changes following an early cold period, which presumably may be
represented in part by the Estuarine Bed. It is clear that the Upper
Freshwater Bed is interglacial in the accepted (climatic) use of that term
(West & Godwin 1958), even though there is no true glacial deposit below
it. This being so, the Lower Freshwater Bed, with a flora strongly

indicative of temperate conditions, must represent an earlier pre-

Estuarine Bed temperate period.

Azzaroli ’s work on the deer also points to the complexity of the

Cromer Forest Bed Series. He showed that the so-called Forest Bed deer

fauna could be split into three distinct faunas of considerable difference

in age, one from the Weybourne Crag, one from the Estuarine Bed and
one from the Upper Freshwater Bed.

The relation of the Cromer Forest Bed Series to the beds above and

below is not at all clear. The Lower Freshwater Bed was described by
Reid resting on the Weybourne Crag at Trimingham. This suggests a

change from cold marine conditions in the Weybourne Crag to temperate

freshwater conditions in the Lower Freshwater Bed. The Leda nivalis

Bed and the Arctic Freshwater Bed w ere described by Reid. They overlie

the Cromer Forest Bed Series, and suggest both cold marine and cold
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terrestrial conditions after the Upper Freshwater Bed temperate period.

But the exact relations between these three in terms of climate and
land/sea-level changes is far from clear.

The relations of the Cromer Forest Bed Series to the Weybourne
Crag and Leda myalis and Arctic Freshwater Beds requires re-investiga-

tion, as does the detailed stratigraphy and palaeobotany of the Cromer
Forest Bed Series itself. Pollen analysis of all these deposits offers a
very encouraging line of research, and this work is now in progress at the
Subdepartment of Quaternary Research at Cambridge. Once the detailed

palaeobotany is known, it may then be possible to elucidate the relative

land- and sea-level changes which evidently took place during the
deposition of the Cromer Forest Bed Series.

It is unfortunate that the term Cromerian has come into use as a
general term to describe an early interglacial in Europe. It seems probable
that there are in fact two temperate horizons within the Forest Bed
Series. Which is the Cromerian Interglacial? As a distinctive pollen

diagram has been obtained from the Upper Freshwater Bed, it is this

horizon that is referred to as Cromerian by continental authors when
correlating interglacials defined by pollen analysis. It therefore seems
best at present to continue to regard the Upper Freshwater Bed as the
type deposit of the Cromerian Interglacial.

Lowestoft Glaciation
In Suffolk there is a clear tripartite division of the deposits lying

between the Cromer Forest Bed Series, which is exposed on the coast

between Corton and Kessingland (Blake 1890), and the succeeding
interglacial deposits at Hoxne, near Diss, the type site of the Hoxnian
Interglacial. This is the succession “ Comer Till ”—Corton Beds (Mid-
glacial Sands)—Lowestoft Till. I consider that there is not yet enough
evidence to characterise the Corton Beds at their type site as representing
interglacial conditions of climate, and for this reason all the deposits

between the Cromerian and Hoxnian Interglacials must be interpreted

as belonging to one glaciation, which included two periods of ice advance,
the Cromer Advance and the Lowestoft Advance. The question of the
Corton Beds is considered in more detail later.

The tripartite succession clearly extends northwards into east

Norfolk, as seen in the coast sections of Flegg (Green, Larwood & Martin,

1953). Here the lower till, described by Green, Larwood & Martin as

Norwich Brickearth, was deposited by an ice advance from the north-
west, while the upper till (Lowestoft Till) was deposited by an ice advance
from the west; stone orientation studies suggest that these two ice

advances should be correlated respectively with the Cromer and Lowestoft
Advances of West and Donner (1956).

Further north in Norfolk the Lowestoft Till gives place to a boulder
clay with a chalky matrix. This chalky boulder clay is correlated with the
Lowestoft Till, as its erratics (Baden-Powell 1948) and the orientations of

its stones (West & Donner 1956) indicate a general west to east ice

movement tallying with the general direction of the Lowestoft Advance
further south.

It will be convenient at this stage to discuss the North Sea Drift

(which includes the Cromer Till proper and the Norwich Brickearth), the
Contorted Drift and the Corton Beds in turn. It must be emphasised that

it is not at all certain how the coastal glacial succession of the north-east,

with the North Sea Drift, Contorted Drift and so-called Corton Beds,
should be correlated with the clear tripartite succession of southern
Norfolk and Suffolk.
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North Sea Drift
This drift comprises the Norwich Brickearth and its supposed

correlative the Cromer Till. The former occurs mainly inland, the latter
on the coast in the north-east. They are distinguished by the red-brown
colour and apparently more advanced weathering of the Norwich Brick-
earth compared with the fresher and greyer Cromer Till. However,
although the Norwich Brickearth is generally brown and decalcified
where it occurs at the surface, elsewhere it is not. The following observa-
tions are contributed by B. M. Funnell: “ At Hevingham (TG 183202),
where the stone orientation measurements gave a direction of 120 deg.
(Grid N.), and where a rhomb porphyry boulder was found in situ, the
Norwich Brickearth is distinctly grey towards the base as it extends below
the local water-table. Beneath Norwich the Brickearth may contain
grains of chalk, as shown by samples from borings (TG 233078, TG
236077), and at Old Costessey Brickyard pebbles of chalk can be found
in it. This last locality was recorded by Woodward (1882, p. 118) as
chalky boulder clay, but stone orientation measurements show a preferred
direction of 135 deg. (grid N.). As at Hevingham, this is close to other
measurements made on the Norwich Brickearth in this region, but is

distinct from directions given by the local equivalent of the Lowestoft
Till. (Measurements made on such a till at Old Costessey (TG 147120)
gave a preferred direction of 65 deg. (grid N.).)” The calcareous type of

Norwich Brickearth is also present on the coast of Flegg. Stone orienta-
tion diagrams from both the Norwich Brickearth and the Cromer Till

give a similar north-west to south-east direction for the ice movement
which deposited them. The similarity of direction may be evidence for

their contemporaneity in spite of the differences in appearance. On the
other hand, Boswell (1916) found that the Norwich Brickearth had a
characteristic mechanical composition not shared by the coastal drifts.

Possibly they were contemporaneous but deposited by different lobes of

ice.

The North Sea Drift sequence is, however, far more complicated
than it would so far appear. This is shown by the descriptions of the
coastal sequence by Reid (1882) and Solomon (1932). Reid subdivided
the Cromer Till into First and Second Tills. Solomon divided his North
Sea Drift into a lower and an upper till, which were not identical with
Reid’s two tills. Only much detailed study of the coastal till sequences
can resolve the complicated history of the North Sea Drift.

Contortions in the drift and the Contorted Drift
The Contorted Drift was separated from the Cromer Till by Reid

(1882) and subsequent authors. However, it is difficult to distinguish

in some of the north-east coastal sections where contortions affect all the

tills. Solomon (1932) correlated the brown boulder clay of the Contorted
Drift with the Lowestoft (Great Eastern) Till. If this is correct the

Corton Beds of the more southerly coastal sections are missing from the

north-east. We may note that there is no positive evidence in these

cliff sections of true interglacial conditions between the North Sea Drift

and the Contorted Drift.

The contortions seen in the cliffs have a complex origin. Two causes

can be distinguished. First, the melting of dead ice of a down-melting

ice sheet, causing the slumping of englacial and supraglacial material;

secondly, the contortion of sediments by ice pushing near the margin of

an ice sheet, to form the kind of end-moraine known as a push-moraine.

In some sections two periods of contortion can be distinguished, as, for
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example, near the walls of the large sand-basins in the cliffs near West
Runton. Here the bedding of the sands lies at a very steep angle indeed
against an eroded surface of the Contorted Drift. In many coastal

sections narrow bands of till are seen. These are known to form next to

shear-planes near the margins of present-day ice sheets in Spitsbergen
(Donner & West 1957), and their presence in the contorted drift also

suggests the end-moraine character of the deposits. The apparent strati-

fication of many tills of the contorted drift probably results from deposition

in shear-planes in ice. Stone orientation results in such tills are difficult

to interpret as narrow band tills may give an orinetation transverse to

the direction of ice movement, as has been found in a narrow band till

near Sheringham, and in such tills in process of formation in Spitsbergen
(Glen, Donner & West 1957). On the other hand, a study of the structure

and orientation of the contortions themselves should give much-needed
information about the age and direction of the ice advances to which the
contortions are related.

Corton Beds and the interval between the upper and lower tills

of the Lowestoft Glaciation
The Corton Beds (Mid-glacial Sands) at their type site are obviously

interglacial in the stratigraphical sense that they lie between two tills,

but whether they indicate true (climatic) interglacial conditions has long
been a matter of dispute. Some have considered the considerable fauna
to be indigenous, others that it is derived. From a stratigraphical point
of view the Corton Beds indicate a retreat of the ice and the deposition

of water-laid sands between the Cromer and Lowestoft Ice Advances.
It is the magnitude and climate of this retreat stage which is in question.

If the fauna is largely or entirely derived, the sands may be glacio-marine

or glacio-fluvial, with no large amelioration of climate proven. If the
fauna is not derived a temperate climate and marine deposition is

indicated. D. F. W. Baden-Powell, P. Cambridge and B. M. Funnell have
very kindly contributed the following notes dealing with the faunal
evidence. These make the nature of the controversy cjuite clear.

Note 1 by D. F. W. Baden-Powell
When geologists started to subdivide the Norfolk Drift in the

1850’s, two main types of glacial till were recognised in eastern Norfolk,

now known as the North Sea Drift and the Lowestoft Till. Between these

two tills a thick sand formation was also noticed; this was named the
Middle Glacial Sand by Searles Wood, and was mapped by him and by
the officers of the Geological Survey over an area measuring 50 by 20
miles between Lowestoft and Sheringham, with a maximum thickness of

about 80 ft.

The Middle Glacial Sand is now known as the Corton Beds, and where
it is fossiliferous, contains a peculiar marine fauna only known in a few
other places in Britain. The assemblage of shells is essentially inter-

mediate in type between that of the Crag and that of the present day, as

it contains a few extinct species, especially Nucula cobboldiae, Tellina

obliqtia and Nassa reticosa, although many other Crag species which might
have been expected to be present if this were redeposited Crag, are

unknown in the Corton Beds. Two other extinct shells, Woodia hoptonensis

and Trophon mediglacialis, are unique to this fossil horizon. These
peculiarities are combined with the first appearance in East Anglian
stratigraphy of modern shells unknown in the Crag, such as Chlamys varia,

as well as other shells which indicate that the climate was warmer than
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to-day. A similar assemblage is also known from the Isle of Man and
from the Wexford Gravels of Southern Ireland, and probably occurs also
in the Drift of the Yorkshire and Aberdeen coasts.

The warm climate is confirmed by the presence of Prehistoric Man
represented by Hint implements found in the intertidal beds near the
base of the Corton Beds; these implements were made from flakes in a
very primitive way and are of earlier type than the Clactonoid flakes of
the succeeding Hoxne Interglacial. A warm climate is also suggested by
the find of Bos remains at Davey’s Pit, Bungay (Baden-Powell 1950),
though it is not certain these came from the Corton Beds as a veneer of
valley gravels is also found in this section.

Note 2 by P. Cambridge
Sands occurring in the glacial series at various points on the coast

between Lowestoft and Sheringham have been referred to as Corton
Beds. However, it seems certain that these beds are not all at exactly
the same horizon and certain anomalies in the types of mollusca found
make it unlikely that this is a natural assemblage. The vast majority of
the shells fit in well with the theory that these beds contain the debris
of Icenian Crag, with a few species derived from earlier deposits. Almost
all the shells of these sands are fragmentary and worn and no polyzoa or
cirripedes are found attached to them. Large, heavy shells are almost
entirely wanting. Generally speaking, bi-valves predominate, but the
valves are always separated. Small Chalk fossils, such as valves of

Crania, polyzoan fragments and echinoid remains are fairly frequently
found.

From an examination of collections in the Castle Museum, Norwich,
the following species are fairly typical of these beds at Corton (an

asterisk indicates an extinct species)

:

Cardium edule

Chlamys opercularis

Arctica islandica

Mya arenaria

Glycimeris glycimeris

Nassay i us reticosus

*

Nucella lapillus

Turritella incrassata*

Astarte semisulcata (= borealis)*

Acila cobboldiae*

Macoma obliqua*

Venus fasciata

A somewhat different fauna has been found in the cliff south of

California Gap (TG 549126), where the writer identified the following

species:

Cardium edule Scaphella lamberti* (fragment)

Glycimeris glycimeris Balanus spp.

Nassarius reticosus* (valves very common)
Turritella incrassata*

A starte montagui

A large contorted mass of sand, which has been referred to the Corton

Beds, occurs at the top of the cliffs just before reaching West Runton
Gap from the east. The following shells were identified by the writer:

Cardium edule (common
Arctica islandica (fragments)

Macoma balthica (very common, frequently fairly complete)

Littorina sp. (fragments)

Mya sp. (fragments)

Nassarius reticosus costatus* (one fragment)

M. P. Kerney identified the following species of freshwater shells,

which were better preserved than the numerous marine shells:
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Viviparus sp. (one example), Valvata goldfussiana (one example)
The latter is a Cromerian species. At this point on the coast the assemblage
has changed considerably. Derivative (?) Red Crag material still occurs

rarely, but the remainder of the admittedly limited fauna would agree
better with a mixture of Weybournian and Forest Bed Series species.

Somewhat similar shelly sands occur about Sheringham, but the fauna
is even more limited and consists mainly of large numbers of Macoma
balthica with fragments of Cardium edule, Arctica islandica and Mya sp.

Note 3 by B. M. Funnell
Foraminifera have been recorded from the Corton Beds by Mac-

fadyen (1932, pp. 486-90). He described two assemblages, one from
Corton (locality 10) and another from Ormesby (locality 8). The Corton
assemblage contained representatives of forty-four species from the
Chalk and six species from the Jurassic. It contained sixteen species

which Macfadyen classed as indigenous, one species which he classed as

Lower Pliocene, and ten which he classed as of doubtful age. I have
examined examples of the twenty-seven species contained in these last

three categories which are mounted on Macfadyen’s slides nos. 100, 100a
and 100b. Almost without exception these can be matched with species

occurring in the Ludham borings, although several are confined to the
Ludham Crag. The exceptions are those determined by Macfadyen as

Bulimina affinis, B. brevis, Cristellaria papillosa, Reussia spinulosa var.

glabrata, Nodosaria obliquestriata
,
and Vaginulina legumen; none except

the first two species are represented by more than two specimens. The
Ormesby assemblage contains no Mesozoic species, and although examina-
tion of Macfadyen’s slide no. 95 (cells 1-11) indicates that his published
list is incomplete, all of the species represented occur in the Crag of

Norfolk. The list of species from the Leda myalis Bed
(
loc . cit. locality 9)

is strongly reminiscent of those from the Corton Beds, and all could be
largely derived from the Crag of Norfolk, with the addition of other species

from Jurassic and Cretaceous sources.

Many of the Ostracoda of the Corton Beds, which were described

by Brady, Crosskey & Robertson (1874, pp. 103-04), also occur in the

Crag of Norfolk; the occurrence of the distinctive species “ Cythere
”

hoptonensis in the Ludham Crag has already been mentioned in the
account of the Early Pleistocene.

The next point about the Corton Beds to be considered is whether
the sands of the sand-basins of the West Runton area are correctly

correlated with the sands of the type area. Baden-Powell & Moir (1942)

support this correlation. If it is correct then the Contorted Drift belongs
to the North Sea Drift and not to the Lowestoft (Great Eastern) Glacia-

tion, as was suggested by Solomon (1932). The field evidence suggests to

me that it is not possible to make a positive correlatioir of the West
Runton sands with those of the type area. It seems more likely that these

sands are outwash sands, perhaps sub-glacial, and perhaps connected with
the outwash episode which formed the Briton’s Lane Gravels of Baden-
Powell & Reid Moir (1942), in the Cromer Ridge south of Sheringham.
This latter correlation was indeed suggested by Baden-Powell & Reid
Moir on the basis of finding similar implements in both the deposits

concerned. It is also supported by the finding of fragmentary, and
evidently derived, marine shells of the same species in both deposits (see
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Baden-Powell & West, 1960 pp. 74, 76). If Baden-Powell & Moir (1942)
are correct in their correlation of the Norfolk occurrences with the type
deposits at Corton, the finding of implements in the sands and gravels
of this outwash episode suggests an interval of deglaciation between the
North Sea Drift and the Lowestoft Till, as noted by Baden-Powell &
Moir. On the other hand, if Solomon is correct in associating the Con-
torted Drift with the Lowestoft (Great Eastern) Glaciation, then the
basin sands may have been formed during a retreat stage of the Lowestoft
Ice Advance or during the later Clipping Glaciation. The finding of
implements in the sands supports the latter correlation rather than the
former, and if this correlation was correct, it would follow that the
implements were made in the Hoxnian Interglacial. However, the
Briton’s Lane type of gravel, rich in erratics, occurs under and related to
the chalky boulder clay or marly drift further west in Norfolk. This
chalky boulder clay has been correlated with the Lowestoft Till (see above),
which would suggest that the Briton’s Lane outwash gravels (and the
basin sands if they are contemporaneous) are of Lowestoft age.

Finally, we should consider the often-cited “ interglacial ” period
of erosion between the North Sea Drift and the Lowestoft Till evidenced
by the buried channel in the Yare Valley which is cut through North
Sea Drift and Crag into Chalk and contains Lowestoft Till and outwash.
Funnell (1958) has recently discussed this buried channel and he con-
cludes that it was formed not sub-aerially but sub-glacially in relation
to the Lowestoft Ice Advance.

Hoxnian Interglacial

The interglacial temperate period following the retreat of the ice of

the Lowestoft Advance is well known from lake deposits lying on the
Lowestoft Till in Suffolk, particularly those at Hoxne, near Diss (West
1956, 1960). This is the type site for the interglacial. In West Norfolk
the interglacial is also recorded in the freshwater and estuarine beds of

the Nar Valley, which have recently been studied by L. A. Stevens
(1960). The deposits overlie a till correlated with the Lowestoft Till on
the basis of stone orientation and erratic content. The vegetational
succession of the Nar Valley beds, as discovered by pollen analysis,

closely resembles that found at Hoxne, with an early park-tundra stage
(zone I), followed by a mixed oak forest stage (zone II), and finally a

mixed oak forest-coniferous stage (zone III) with pine, spruce and silver

fir. The change from freshwater to estuarine sedimentation, indicative

of a relative rise of sea level, takes place near the transition from zone II

to zone III, and the maximum height of the transgression, as indicated

by the highest estuarine sediments found by Stevens, was at least 75 ft.

0.1). The presence of the estuarine deposits on the east margin of the

Fens indicates that in Hoxnian times a precursor of the Wash was already

in existence.

A further pollen diagram from this interglacial is presented in Fig.

15. This is from a lake deposit overlying the Lowestoft Till at Saint

Cross, South Elmham, 2 miles south-east of Homersfield in the Waveney
Valley. A boring in the old brick-pit at Saint Cross (TM 303840) showed
the following succession:

0-50 cm. Made ground
50-1 12 cm. Red and grey sandy clay with flints

112-210 cm. Calcareous grey-brown clay-mud with shell frag-

ments
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210-275 cm. Calcareous dark brown clay-mud, sandier at the
base

275-290 cm. Calcareous black clay-mud
290-330 cm. Pale blue stiff sandy clay with chalk pebbles

(Lowestoft Till)

The zonation of the pollen diagram from this boring exactly parallels
the zonation at Hoxne, 8 miles to the west. The diagram covers a part of
the interglacial, only the Early-Temperate Stage (zone II), which is

characterised by the development of mixed oak forest, being represented.
It is unfortunate that no organic deposits of Hoxnian age have yet

been discovered in the centre and north-east part of Norfolk, where the
glacial stratigraphy is so hard to interpret. The finding of such a deposit
in the coastal section would greatly facilitate the interpretation of the
glacial sequence.

Gipping Glaciation
Tills of this glaciation have been distinguished in west Norfolk only.

In the Nar Valley, Gipping Till and related outwash (cannon-shot)
gravels were described by Stevens (I960). The gravels overlie the Nar
Valley interglacial beds. In Breckland, Gipping Tills have been described
by Baden-Powell (1948) and by West & Donner (1956). From the evidence
of the distribution of the till, its erratics (Baden-Powell 1948) and the stone
orientation (West & Donner 1956), it appears that the Gipping ice

advanced over the western part of Norfolk down towards Ipswich -the

eastern part of a large ice sheet which extended south nearly to London
and west into the Midlands.

Many of the spreads of cannon-shot gravel in central Norfolk may
be related to the outwash of the Gipping Glaciation, but these gravels

still await detailed investigation.

In the Waveney Valley old kame terraces occur in the region from
Diss to Homersfield, and near and to the east of the latter place. Funnell

(1955) has described a terrace, at least partially fluvio-glacial in origin,

the gravels of which contain a “ cold ” fauna, with mammoth, woolly

rhinoceros and Irish elk. In 1960, plant remains indicating similar

climatic conditions were also discovered in these sands and gravels at

Broome, and are now being examined. It seems most likely that the

outwash terrace is of Gipping age, otherwise we have to postulate a lobe

of ice down the Waveney Valley during the Last Glaciation. It may
prove possible to obtain evidence on the age of the terrace by a radio-

carbon measurement of the organic deposit containing the plant remains.

Ipswichian Interglacial
Organic deposits of this interglacial are known from Suffolk, from

near Cambridge, and from several places in the south of England. As
yet none have been discovered in Norfolk 1

. However, it is possible that

the peaty Mundesley River Bed (see Reid 1882) is of this age. The River

Bed deposit lies in a valley cut in the Contorted and older drifts. An
interesting fauna has been found in it, including Emys lutaria and

Hydrobia marginata. Both these were found in the Ipswichian Inter-

glacial deposit at Bobbitshole, Ipswich (Sparks 1957; West 1957). The

water fern Salvinia natans has also been found in both these deposits.

Determination of the age of the River Bed by pollen analysis would be

very valuable for the interpretation of the coastal glacial sequence, and

the deposit should be easily accessible by boring.

1 Interglacial freshwater deposits of this age were discovered in August 1961 in the Fen Flood Relief

Cut-Off Channel excavations near Stoke Ferry.
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The raised beach between Morston and Stiffkey (Solomon 1932) has
been correlated with this interglacial. Evidence for the age of the shingle

is provided by the presence of weathered Hunstanton Till over it. The
low height of the shingle implies no great difference of the interglacial

sea-level from present sea-level.

Hunstanton (Last) Glaciation
The Hunstanton Till of the north-west and north coasts of Norfolk

has been correlated with the Hessle Till of east Lincolnshire and east

Yorkshire by many authors. Recent work by Suggate & West (1959) on
the stone orientation of the till and on Late-Glacial deposits lying on its

Lincolnshire correlative provide further evidence of the Last Glaciation

age of the Hunstanton Till. The fine esker in Hunstanton Park is also

related to this final stage of glaciation in north Norfolk, as are marginal
drainage features elsewhere on the coast, as at Stiffkey.

The topography and gravels of north-east Norfolk
East of Stiffkey the glacial topography is still fresh enough to

suggest a possible Last Glaciation age for the karnes, kame terraces,

outwash plains and the Blakeney Ridge. A preliminary description and
discussion of these constructional features has been given by West
(1957a). It appears that they are related to a lobe of ice which stood in

the Glaven Valley and abutted against the rising ground to the east and
west along the coast. The boulder gravels forming these features are the
erratic-poor Blakeney Gravels of Baden-Powell & Moir (1942). They
differ very much from the outwash gravels associated with the Hunstanton
Till and also from the gravels of the Briton’s Lane type, both of which are
rich in erratics. In addition, the gravels near the surface of the features

are considerably disturbed by cryoturbation. It therefore seems probable
that these glacial features are older than the Hunstanton Glaciation and
that they belong to a retreat phase of the Gipping Glaciation, which in

this part of Norfolk may have reached its southern limit in this area.

The preservation of such glacial features of the older glaciations is also

known from Europe, where topographic features related to later stages

of the Saale Glaciation are well known.
If this correlation is correct then a yet older stage of glaciation

(Lowestoft?) is suggested for the erratic-rich Briton’s Lane Gravels,

which take part in an older topography dissected heavily by periglacial

valleys, as described by West (1957a). Such a correlation of the Briton’s

Lane Gravels agrees with the dating of the chalky boulder clay associated
with it, mentioned on p. 371. Tha t a significant interval occurred between
the chalky boulder clay and the Blakeney Gravels is also shown by the
unconformable relation between this boulder clay and the constructional
features formed by the Blakeney Gravel in the Glaven Valley area.
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POSTSCRIPT
In April 1961, during a survey of the cliff sections from Weybourne

to Happisburgh, the Arctic Freshwater Bed of Reid (1882, 1890) was
rediscovered in the cliff section 50 metres south-east from the south-east
end of the beach defences at Mundesley. The Arctic Freshwater Bed
was in a channel cut in the underlying gravels and silts. The section

towards the base of the cliff can be summarized as follows:
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Grey chalky till (Cromer Till) of variable thickness, averaging 100 cm.
thick.

Yellow-brown stratified sand, with scattered comminuted shells, and
thin seams of organic detritus, 200 cm. thick.

Grey laminated peaty silt, with mosses, fruits and seeds, and leaves
of Salix cf. polaris, lying in a channel about 50 cm. deep and 4 m.
wide cut in the underlying bed. The peaty silt varies in thickness
from 5 to 30 cm.

Rusty and yellow gravel and sand, with lenses of grey sand and grey
clayey silt. At the top next to the channel is a band of grey clayey
silt 30 cm. thick.

(Beach level)

Analyses of the pollen, fruits and seeds, leaves and mosses from this

section are as yet unfinished.

The Arctic Freshwater Bed clearly represents a phase of cold climatic
conditions prior to the ice advance which deposited the grey till. The
sand below the till, with scattered communited shells and organic detritus
is probably an outwash deposit. Such sand is frequently found below the
till around the coast. There is no evidence to support a correlation of this

sand with the Leda myalis Bed of West Runton.
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