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ABSTRACT. 

In this thesis the Recent sediments deposited in the 

vicinity of Gibraltar Point on the Lincolnshire coast are 

described and the factors influencing their texture, 

composition and structure are discussed. 

The first part of the thesis deals with the aim and 

nature of the investigation, and the geographical setting of 

the area studied. The physiography of the area and its 

general evolution over the past two centuries are then 

described in detail. 	It is shown that the area can be 

sub-divided into a number of physiographically distinct 

environments and sub-environments of deposition. The 

Sediments which characterise these are described with 

emphasis on the significance of their grain size frequency 

distributions. The sedimentary structures are described 

and their origins discussed, and the compositions of the 

sand fractions (greater than 0.62 m.m.) are presented along 

with the results of a brief study of the mineralogy of the 

deposits. 

The latter part of the thesis is concerned with a 

general discussion of the dynamics of the sedimentation and 

an interpretation of the stratigraphy of the deposits studied. 
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CHAPTER 1. 

Introductions.  

General. 

An investigation has been made of the Recent sediments of 

the Lincolnshire coast between Skegness and the outfall of the 

River Steeping. 

The work forms part of a programme of research on the 

sedimentology of the Wash and adjoining coasts of Norfolk and 

Lincolnshire being undertaken at Imperial College. This study 

is the second of a proposed series. The first was made by 

Evans (1960) who studied the intertidal sediments near the 

Witham outran. It has since been found that this area studied 

by Evans is broadly typical of much of the intertidal zone 

bordering the Wash. 

During an early reconnaissance it was noted that 

different types of sediment were forming in response to 

different processes on the north east corner of the Nash 

embayment in the vicinity of Gibraltar Point, where the wide 

intertidal flats which characterise the sheltered coasts pass 

into the narrow more exposed beaches of the Lincolnshire coast. 

Records show that in this area, the Gibraltar Point area, there 

has been a considerable build out of sediment over the past 

two centuries, and the process appears to be still continuing. 

This thesis describes the characteristics of these sediments 

and attempts to explain their mode of formation. In the latter 

part of the thesis a suggested stratigraphy of the deposits has 

(1) 



been made. 

Aim of the Study. 

The purpose of the work has been to make a study of the 

sediments accumulating in certain modern environments of 

deposition, and the various processes which affect their 

distribution and characteristics. 	The study has been made 

in such a way that the results may be used as an aid to the 

identification of ancient sediments which may have 

accumulated in similar environments of deposition. 

Nature of the Study. 

In the early stages of the investigation, the 

physiography of the area was studied, and it was found 

that the area could be divided into a number of physiographic 

units. 	These units were also found to be distinct 

environments and sub-environments of deposition which are 

characterised by particular types of sediments and organisms. 

Hence these physiographic units will be described as 

environments and sub-environments of deposition. 

A map of the area was produced from air photographs 

taken in 1955 and the distribution of the various 

physiographic units and sub-environments were plotted on 

this. 

The composition, texture and structures of the sediments 

and flora and fauna of the various environments and sub-

environments were studied and compared. The distribution of 
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the surface dwelling and burrowing organisms was studied and 

appears to be related to a number of factors including grain 

size. The effects of these organisms on the sediments and 

processes of sedimentation were also examined. 

Stratification and other sedimentary structures were 

studied in shallow cores and by making wax impregnations of 

vertical sections of the sandy deposits obtained by driving 

large metal boxes into the sediments& It was found that the 

bedding characteristics of the deposits of the various 

sub-environments differ markedly from one another. 

From the information gained it has been found possible to 

present conclusions concerning the processes of sedimentation 

and the source of materials. 	Although the study was 

essentially limited to the top 2 - 3' of sediment, the 

information gained from shallow cores and sections combined 

with historical data and records of earlier borings provided 

a basis upon which a reasonable picture of the strAtigraphy 

of the recent sediments could be developed. 	However this 

picture is in part hypothetical and more information about the 

three dimensional aspects of the sediments is required before 

many of the conclusions can be confirmed. 

49o4aollical Se4tinb, 

The area studied forms the north east corner of the Uash 

embayment on the east coast of England, at the point where the 

trend of the coastline swings abruptly from approximately 
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nertgsauth to north-east, south-west (see Fig. 1). 	It 

extends from Skegness in the north to the River Stooping 

(Wainflect Haven) in the south, a distance of about four miles. 

It is bounded by extreme low spring tide line to the east and 

the western boundary taken is the road running along the river 

edge of the westerly dune ridge. This artificial boundary is 

also a significant natural one, as it separates the wide 

marshlands of Lincolnshire from the beaches and dunes which 

characterise most of the coast as far north as the Number 

estuary. The average distance between these two boundaries 

is approximately mile, being about mile in the north and 

increasing to about 1 mile in the south. 

It will be seen therefore that Gibraltar Point is en 

extremely interesting area since it is there that the 

relatively sheltered environment of deposition - the intertidal 

flat of the Wash - pass into a much more exposed environment -

the beach and dune coast of Lincolnshire to the north. 

History of ?besearell. 

The Gibraltar Point area has received considerable 

attention from botanists, zoologists and geographers in recent 

years. 	In particular King an) Barnes (1951)and King (1953, 

59) have made detailed physiographie studies and topographic 

surveys of the spit and associated features, but previous to 

the study made by the present author no work on the geological 

aspects of the area have been undertaken. 
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CHAPTER 2. 

Physiokraphy. 

At the commencement of the study the writer nadea 

physiographic survey of the area and confirmed the 

observations of King and Barnes (1951. 57) and King (1959). 

In the following chapter the physiography and physiographic 

evolution of the Gibraltar Point area over the past two 

centuries are reviewed. Although this has already been 

described by King and Barnes, it is redescribed with minor 

alterations and additions, as it forms an essential background 

for the study of the sediments. 

In the area, several distinct physiographic units can be 

distinguished. As stated earlier, these will be referred to 

as sub-environments of deposition and are as follows3- 

1. Beach. 

2. New dune capped ridges and marsh strips. 

3. Mud flats and new saltuarsh. 

4. Storm beach ridge. 

5. Older dune capped ridges. (ITUfte ,' dune I-4420 

6. Mature marsh. 

The general distribution of the sub-environments is 

shown in Fig. 2, Map. 1 (in folder at back of thesis) and can 

be seen on the air photograph. 

In the west a dune belt runs the whole length of the 

area. In the extreme north another major dune belt diverges 

southwards from it and encloses a complex of smaller lower 

dune ridges which also fan out to the south and pass into and 

(5) 



interfringe with a mature marsh. 	The major dune ridges and 

the mature marsh are abruptly terminated at their southern 

ends by a strikingly anomalous sandy feature, the storm beach 

ridge, which is orientated east-west and hence cuts across the 

predominant north-south trend of the main features. South of 

this, extending to the Steeping is an area of mudflat on which 

a salt marsh is developing in the west. 

Fronting the complex of the mudflats, marshes and dunes 

and to the east of them is a wide sandy beach. 	In the centre 

of the area however, the sigmoidal trend of the eastern dune 

belt results in a concavity which is occupied by a relatively 

new complex of dune capped ridges and marsh strips. 

The Beacti. 

The beach, which is sigmoidal in its trend, has an 

overall width from low to high spring tide levels of 

approximately * mile. It is composed mainly of sand and 

gravelly sand but mud tends to accumulate occasionally on the 

lower areas. 	It may be divided physiographically into a 

relatively featureless lower part . the forebeach; and an 

upper part - the backbench, which shows a seasonal development 

of elongate ridges anti depressions which arc orientated 

sub-parallel to the coastline. 

According to King (1951) the overall gradient of the 

beach is approximately 1/85. 	In its detail however, this 

general gradient is actually found only on the lowest part of 

the beach for in the upper part it is only an average value 

(6) 



PLATE.1.Forebeach to seaward of outer backbeach 

ridge. NB Rippled surface and Arenicola 
marine casts. 

PLATE 2 Mudcliffs on lower forebeach . 



PLATE 3 Lance covered hummocks 



because of the seasonal development of ridges and depressions 

2811. Elg• 10 • 
Forelwch, 

The forebeach is a uniformly shelving area approximately 

* mile wide imediately above low spring tide level. 	The 

air photographs (1955) were taken at approximately mid-tide, so 

they do not show the full extent of the forebeach. It is a 

relatively featureless area throughout the year except for a 

ripple marked surface, and randomly scattered casts of Arenicolg 

marina (see plate 1). 	At periods of low tide however, rill 

marks and shallow creeks formed by ebb waters draining from the 

depressions on the backboach, extend across the forebeach to 

low tide level. 	Sheets of mud are occasionally deposited 	on 

the area during periods when wave and current action are at a 

rielmum. 	These are later reworkea as wave and current action 

increase producing small mud cliffs soLetines as much as If . 51' 

in height (see plate 2). 

In the south, at low spring tide level, there is an 

occasional patchy distribution of low huenochs (see plate 3). 

These are colonised by Lpnice Conchilgga, whose cemented tubes 

are found in large numbers projecting above the surfaces of 

the hunmocks. Pilamentous algae also occurs many of the 

filaments being attached to the Lenice tubes. 	The author 

suggests that these organisms act as sediment traps, and their 

activities result in the formation of hummocks whenever they 

occur in large nunbers. It was noted that the isolated panic°  

tubes, which lie away from the hummocks, project further above 

(7) 



the forebeach surface. This suggests that reworking by wave 

and current action resulted in a lowering of the forebeach 

surface excepting isolated patches where the organisms tended 

to concentrate. 	Other organisms occasionally found in the 

area are: Nereis sp., Pectinaria sp. and small hermit crabs. 

The surface of the forebeach is characterised by an 

absence of pebbles, although scatteredshells, particularly 

those of molluscs are occasionally found. 

ppckbeach.  

The topography of the backbeach changes seasonally.- 

throughout the winter., there is no marked break in slope 

between the Terebeach and backbeach. During the early 

sunmer however, a series of long ridges, separated by elongate 

depressions, form on the ,backbeach and attain their maximum 

development by the late Summer. 	These features are coLmonly 

destroyed by the storms of late autumn and.early Winter. 

The air photographs Were taken during April and show the ridges 

at an early stage of their development. 

King observed that the ridges are arranged gn ech.p,,on  so 

.that only two rides and runnels are present in any one 

traverse normal to the shoreline. This is not strictly true 

as can be seen from the air photograph. However, the 

en eglaelop  arrangement appears to be characteristic. None 

of the ridges exteudsthe full length of the beach; their 

continuity being broken by small ebb channels (see air photo.) 

During the .umer when the ridges and runnels roach their 

(8) 



FIG 3. Diagram showing form of a back beach ridge. 



; a. 

Poll 	eAcKSERch RI 061 SriowiNcr RippLeb cRE5-r 

AND 	RUNNELS To LA NOW R RD AND SE R \"/ AR D • 

PLATE 5 	STEEP LANowARO f-'AcE of 8PicKesEALH 

RIDGE- N3. TE fiRfAc_ES.  



BACK BEACH 
RIDGE 

BACK BEA 
RIDGE 

FIG.4. Diagram of backbeach runnel  



PLATE . 	LOWER PAR-T OF RUNNEL- 	MB. EBB cHANNEL 

PLATE.7. 	MECrA - RIPPLE. NI RRIC& ON LOWER PART 

OF 	RUNNEL. NB. OR t ENTRT1ON AORMAL.  

WINICr f)<I5  or RUNNEL.  



maximum development, the ridges are markedly asymmetric in 

cross section. EactOidge has a smooth seaward or swash 
6ǹ it slope, not exceeding 20°1(a wide flattened crest, the surface 

of which is ripple marked, and a very steep landward face with 

inclinations up to 60°  (see Fig. 3 and plates 1, 4e4 5). The 

landward face may show erosion scars or may be terraced while 

beach cusps often develop on the seaward facing slopes. The 

origin of these features will be discussed in a subsequent 

chapter. Each runnel is also asynretric in cross section 

with a flat floor (see Fig.4 plate 6). They all slope south-

wards along their lengths and it is at the lowest points that 

tidal creeks, which flow in the bottoms of the runnels, swing 

sharply seaward cutting a channe#hrough the beach ridge to 

seaward. The floors are ripple marked and symmetrical mega 

ripples aligned at right angles to the long axis of the runnel 

are sometimes found in the lower southern parts (see plate 7). 

The upper part of the backbeac ontinues southwards 

past the point, where eastern dune bait ends, as a low ridge 

of gravelly sand. This is about 600 yards long, 30 yards 

wide with a crest height of about+11.5,0.D. and shows two 

recurves. This ridge is the so called "spit" of King (1951). 

In reality it is a beach ridge and is probably continous with 

a similar feature which lies under the main eastern dune belt 

(see air photo). Like the beach ridges the spit tends to 

attain a maximum development during suLmer but during winter 

it is considerably lowered and flattened by more destructive 

( 9) 



PLATE 8. 	DEBR IS DEPOSITED Low, THE 

STRAND LINE .  



waves. 

Vegetation, largely Aeroparron ,lunceum  (sea couch grass) 

and Salvia ;cal&  (saltwort) (see Chester 1950 rep. P.57) has 

sparsely colonised the southern end of the spit on two 

occasions. Firstly in the surer 1950; disappearing again 

by the end of August, 1951. There is no evidence of their 

reappearance to date: indicating the relative instability of 

the spit. 

South of the spit and to landward of the ridges and 

runnels the backbeach forms a broad sandy and gravelly plain 

extending to the River Steeping (see air photo.). During 

Surer asymmetric mega ripple marks are formed on this surface. 

The backbeach is characteristically devoid of organisms 

except for sand hoppers on the highest part in front of the 

dunes. 	On one occasion however, the author found a few 

Arenieo4 AI?. casts in the lowest part of one of the runnels 

but these disappeared and have not been noticed since. 

Pebbles and shells, particularly those of molluscs and 

gastropods are often found scattered in large numbers over 

the surface of the area, while considereble accumulations of 

bryozoan (skeletons' and echinueernItests .are often found 

along the strand line (see plate 8). 
peN:Duno Canoed, Beach Ridges and narqh Stripp. 

Midway along the coast section and occupying the 

concavity formed by siemoidal trend of the eastern dune belt 

(see air photo.) the beach does not pass inland into the high 

(10) 



PLATE. 9 	
NEW DUNE RIDGES AND MARSH STRIPS. 

    

PLATE .i0 ',JEW DUNE R10G-ES. AND MARSH STRIPS 

  

-view FROM EASTERN DUNE BELT 

      



PLATE 11. WASik OVER FANS ONTO MRRSK 

STRIP. 



eastern dune belt as it does to the north and south but 

into a complex of dune capped rides and nersh strips (see 

plates 9 and 10). 

The low sandy ridges are aliened sub-parallel to the 

coastline and vary in the length from approeirntely 500 to 

1500 yards. 12ach one is about 20 ynrds vide and their 

crest heights vaey from 13 to 18' 0.D. Ocensioaelly, when 

stormy weather coincides with high spring tides, veshover 

fans develop which extend onto the surface of the marsh strips 

behind the outer ridges (see plate 11). 

The ridges are not continuous but are interrupted by ebb 

channels. These are characteristically deflected to the 

south where they cut through the ridges7  in the samo manner 

as the ebb channels cutting through the ride es on the 

baekbeach (see air photo.). To the north and south the 

ridges abutt against the eastern dune belt. The low dunes 

which cap these ridges are colonised by marran grass during 

the eerly stages of development. As the dunes become stabilised 

this is replaced by ieeioneron jeema and plepophep rhemnoides. 

The areas between the ridges are occupied by strips of 

salt narsh. Their surfaces vary in elevation from +10 to 

+ 11' 0.1). and they nay be as much as 50 yards in width. They 

are colonised by agAgEnaLLEft, Sa1icomie sp. Glaux learitimet  

and Giveeria markups. Flarrow channels up to 6 - 81  wide and 

2' deep drain along the outer marsh strips. In places these 

have degenerated into a series of isolated saltpans, which are 

devoid of vegetation. The inner varsh strips show no creeks 
(11) 



PLATE . 1 '2-  • nREAICAL- IR rARRINA CASTS IN BoTT0P1 or  cREE K-

IN riAksi4 STRIP  

PLATE. 13. TARENiCotA tIRR‘1411 CASTS ErrilvDe o miro 

w 11 TE R. 



PLATE 14, 	REMAINS or 1779 SPIT ON SOUTHERN END 

OF WESTERN DUNE BELT, 



but merely saltpans. 

Large Apenicola casts are often found on the floors of 

creeks (see plates 12 & 13) and casts of Heteromastus sp. are 

occasionally seen. 	The floors of saltpans and sides of 

creeks were sometimes covered by large numbers of nydrobias. 

The marsh strips are only inundated by high spring tides, 

and during these periods the sandy ridges stand out as islands. 

The most northerly of the marsh areas, which is the largest, 

has been artificially sealed and is now permanently covered 

with brackish water. 

The two major dune belts that diverge southward from 

Skegness, enclose a complex of minor dune ridges, which die 

out southward as they pass into the mature marsh. (see map 

and aerial photo.) Near Skegness the dunes form a single 

coMplex, the details of which are largely obscured by building 

and the construction of rA golf course. Each ridge of the 

complex has an undulating crest line and is conposed of a 

series of hummocky dunes which are classified as iforedunesli 

according to King (1959) and Smith(1954). 1,ach dune ridge is 

symmetrical in cross section. 

The western dune belt is composed of two well defined 

ridges in its central part which attain a maximum height of 

201  0.D. and a width of about 30 yards. They become lower 

southwards and pass into a series of low dunes covering a 

gravelly ridge which curves to the west. (see plate 11f). This 

(12) 



gravelly ridge which is exposed in the banks of the River 

Steeping, was interpreted as an old snit by King (1951). The 

writer agrees with this interpretation. 	These dune ridges 

have been stabilised by a thick cover of vegetation, in which 

the grass Azronyrqp ;Iunceurti, predominates with occasional 

shrubs, particularly Sambucus Akhta (elder) iiubus, caaplAA  

(dewberry) and Hiervehae rhamuoides (sea buckthorn); the latter 

being more prominent irlkhe slacks running between the ridges. 

The eastern dune belt is sigmoidal in trend and consists 

of three well developed ridges inthe south but when traced 

northwards they are less easily defined from one another. The 

inner ridge is the most conspicuous attaining a height of 25' 

O.D. in the south. 	When they are followed to the south the 

ridges swing sharply towards the southwest and at the same time 

they become lower and narrower and eventually die out as they 

merge into the dunes of the storm beach ridge. Here they are 

truncated along the line of the storm beach ridge. Where 

the dune ridges terminate, traces of features which appear to 

be the former continuation of these ridges can be seen 

extending in the south westerly direction across the mudflats 

south of the storm beach ridge (see air photo.). 

The eastern dune belt varies in width along its length. 

In the south, where it is directly fronted by the beach, it 

attains its maximum width of approximately 250 yards. Vurther 

north 	where it is fronted by the lower dune capped ridges 

and marsh strips, it is narrower. 

Stabilisation of the dunes by vegetation is shown in a 

traverse across the southern part of the eastern dune belt. 
(13) 



PLATE 15 c.LtFFS CUB" 	ourtES. 

PLATE .16. 	SMALt- cLiFFS cArr IN NE +,./ 

ouNE P.10(7E. 



The newest foreaunes to seaward are colonised by Sjalsolgt ioll 

which appears to be the primary coloniser of accumulations of 

wind blown sand in the area. This is only found on dunes, 

the crest of which are less than 151  0.D. As the height 

increases above 141  0.D. ALropyroil lunceum  end  jr192Wal.t 

aranaria occur and these two plants with patches of Elymup  

arenarig in higher places form the characteristic vegetation 

of the frontal ridge. Behind this ridge the surface tends 

to become increasingly protected from wind action by the 

spread of HionoDhae xtarnoides, Rubus,  caesius and occasionally 

clumps of Spmbucus niEra.  

The dune ridges are separated by dune slacks which may 

be as low as 12' 0.D. and which are continuous throught the 

length of the belt. 	Einoonhge rhamnoides is characteristic. 

ally prominent on these lower areas. 

Occasionally when storms coincide with periods of high 

spring tides, the seaward face of the northern and southern 

ends of the easterqdune belt is notched by small cliffs where 

it abutts directly onto the beach (see plates 15 & 16). 

These cliffs may be as much as 10' in height in places but 

are rapidly obliterated by slumping and addition of fresh 

wind blown sand. 

In the northern part of the area, near Skegness, this 

erosion which influences the exposed parts of the eastern 

dune ridge and outer ridge of the dune capped ridge and marsh 

strip complex has been very severe. A system of groynes has 

beep sconstructed and the dunes have been artificially planted 
(14) 
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with marran grass in or,-Ler to protect the coast at this 

point Prot: further erosion. 

A series of rinor dune ridges occurs hutmon the eastern 

and western dune belts. rieveu ridGes cf,?: be distinguished 

(see aerial photo. and map). Yach shows a sinilar sicmoida1 

trend to timt of the eastern dune belt. 	'hey be-cote more 

conspicuous southwarOs vherc they fan out, in pnrt by virtue 

of the tones of marsh which e.--:tend nerthmrC,:s in the 

depressions between then. Like the eastern dune. bolt they 

curve southwestwards at their southern e:,:trerities, but they 

do not extend as far south as the letter. These ridges are 

relatively minor fentures beinc lower than the rid e5 of the 

western and erstern dune belts (cce plated 17a, b,,). 

Uowever, they become successively hiOter towards the eastern 

dune belt, 11,creasin, in height fron approxirttely 10 U.D. 

to 181  0.D. These ridges are colonised by ALropzga trice=  

a grass which resembles the A. pungeus  so provinent in the 

mature mash to the south. 

Twe strikingly sicnoidal salt pans ore soon cutting 

across the tread of the minor ridges (see rap and aerial 

photos.). Those bear a striking rescmblmce to the ebb 

chnnnels which drain the strips of salty arsh of the new dune 

capped ridges and marsh strip corplez, which in turn, as 

pointed out earlier sore similar' to the ebb channels of the 

backbench. 

Hattwe hc..rqh. 

The mature marsh forms the low area betweeu the 

(15) 
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southernmost ends of the eastern and western dune belts. 

To the north it interfingers with the minor dune ridges while 

to the south it is abruptly terminated by the storm ridge 

(see aerial photo. and plate lb). The surface is 

essentially flat; varying from 4-11.2* O.D. to i-11.5 0.1). 

The most significant feature is the system of creeks which 

occurs in the west of the marsh. These lead into 'main Creek' 

which flows southwards through the storm beach ridge to the 

Aeeding. (see map and aerial photos.). The two northern 

tributaries extend back into the marshes between the lower 

minor dune ridges. The east-west tributary running alongside 

the path across the marsh appears to be artificial. The 

southernmost tributary, called 'South Salting Creek,' runs 

northwards from the storm beach ridge. King(1951,1957) 

suggested that this was formerly a southward flowing creek which 

suffered a reversal of drainage. 	This suggestion is in part 

supported by the fact that the creek becomes narrower 

northwards. The reversal probably resulted from the 

development of the storm beach ridge across the marsh. 

The creeks have as average depth of about 6' and may be 

more than 12' in width. They are bordered by natural levees 

which rarely rise more than a foot above the general level of 

the marsh but because of the extreme flatness of the latter 

the levees form striking features. They are further 

emphasised by the distribution of vegetation (see aerial photo. 

and plate 19). The marsh is colonised by FalDloae portula-

coides and 1 rol4von pvivela but other plants are locally 

dominant e.g.  Artemesia maritima?   Simmoniam sp. Glaux mari4ma  

(16) 
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and Glyceria maritime. The creeks are always fringed along 

their inner banks by Halmione portulacoides while the levees 

are covered by Agronyron pnneens. 

The general surfaco of the marsh is below spring tide 

level but the storm beach ridge forms a'natural barrier'to 

advancing tidal waters which consequently normally only have 

access to the marsh via the main creek. During these periods 

of high tides the sea floods over the levees and inundates the 

greater part of the marsh. During neap tides the sea only 

covers the creek floors. Here end there on the marsh 

surface there are small depressions — saltpans which are 

generally devoid of vegetation. Those are of two types; 

primary and secondary pans (Chapman 1937) (see plate 20). 

The primary pans are circular or slightly elongate features and 

appear to have been formed by tidal scouring during the 

earlier stages of marsh develoinont. The secondary pans are 

often sinuous and presumably were formed by the sealing off 

of old crooks near their heads. 

Mudflats and New Salt 1;eirsh'. 

The imidflats and new salt marsh occupy the area 

enclosed between the storm beach ridge to the north and the 

spit to the east and extend southward to the river Steeping 

(see aerial photo.). The mudflats form the lower south east 

part of the area and extend from 71  0.D. at a point just to 

the west of the southern end of the spit, up to aeproximately 

1-11' 0.D. whereas the new salt marsh forms the north west 

part and extends from approximately 1-81  0.D. up to 4-11'. 

This small area of mudflats and new salt marshes forms the 
(17) 
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north easterly part of the wide area of mudflats and salt 

marshes which extends for many miles to the southwest but 

the two are separated by the meanderinu Steeping. 

Nudflats. 

The surface of the mudflats 31002 gently towara the 

southeast. Throughout much of the year it is an essentially 

uniforn.• surfce apart from Uilalar features such as ri7ple marks 

and tracks and other roc 	of SgmliculglA sp. Tvdrooia sp 

GorophitT and. UrJs etc. It . is characteristically devoid of 

veoiion ey:ept for scattered .iltches of the filaentous 

cif a gptvoorilil. 

During winter and after storms the rTnrfae may be broken 

up into a series of shallow elongate depressions (see plates 

21 and 22). They we tvivally about 6" deep and about 31  to 

5' respectively in width and length. These are primary pans 

referred to earlier. 	These rang sometimes coalesce to form 

minor araineze channels but they are ephemeral features an°  

soon become infilled during normal calm conditions. 

A few small. creeks, which are found at all seasons of 

the years  meander across. the lower mudflats and drain into the 

1.2.ver Steeping. 

In the east, washover fans of gravelly sand and sand 

spread out fror the spit onto the mudflats surface, and in 

the north similar outwash fans spread out southwards from 

the storm beach riuge. (see plate 27) • These features are 

formed during; periods of stormy weather. 

The essential difference between the rudflats and new 

salt marsh is that the latter possesses a dense plant cover. 

(18) 
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The boundary between the two, although relatively sharp, is 

gradational as the plant cover thins out$  and its position 

may vary seasonally (ems pi***). As in other welt marsh 

areas descriad by Chapman (1937, 1960), Chesters (1950), King 

and Barnes (1951) and others, there are well marked plant zones 

closely related to the height of the marsh., 

The outer and lower part of the marsh is colonised by 

4partina sp. and sAligornia  sp• but in the extreme northwest, 

that is the inner or high part, it possesses a denser cover in 

Which Sueda ragAp4  and Halmione sp. dominate. 

Salt pan depressions are not often found in this area and 

apart from Main Creek (see plate 24) the area has no well 

developed drainage pattern. 

Storm Beach RiAgp. 

The storm beach ridge is made up of sand nnd gravelly 

sand capped by small hummocky dunes. It trends approximately_ 

east-west extending from, the end of the eastern dune belt to 

the southern end of the western dune belt and separates the 

mature marsh from the new salt marsh and mudflats (see aerial 

photo.), Its crest is some 41  high ranging from 11' to 

15' 0.1). and has an average width of 50 yards. In the 

west it is cut by Hain Creek and about half way klong its 

length it has been breached apparently by storm waves which 

formed a small channel through it called South Salting Creek. 

The ridge is asymmetric in cross section, the seaward south 

facing slope is relatively steep, 20-30°  and the back slope 

(19) 
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more gently rarely exceeding 100. The bare seaward face is 

devoid of vegetation and forms a beach which grades seaward 

into the uudflats and new salt marsh. Sometimes well 

developed beach cusps form on this face (see plates 25, 26 

and 27) and outwash fans spread out southwards onto the surface 

of the rudflats. This beach continues eastward and westward 

across the southern ends of the eastern and western dune belts. 

The crest is capped in the main by small hummocky dunes. The 

back slope consists of a complex of sand and gravelly sand 

fans which have been washed over by 'storms, together with wind 

blown sand (see plate 28). The bare surfaces of recent 

washover fans can be seen on the air photograph. 

It is important to notice here, that the line of the 

storm beach ridge- is continued on the west side of the 

Steeping by a marsh cliff. This latter is strictly not in 

the area studied but it will be shown later that it is the 

continuation of a feature upon which the storm beach ridge 

rests. 

(20) 
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plAPTM A.  

Coastal Lvolution of eibraltar Point Duriue the Last 
Two Ce4MNPV,  

In the folluwin paces the raps of the area rime over the 

last two centuries will be described with emphasis on the chances 

which occurred between the respective surveys. This was done 

by Kink and Lernea (1957) who also interpreted these changes. 

!towever in the light of the present inveetieation some of their 

interpretations will be contested. 

The earliest reliable Lap of Lincolnshire apeeers to be 

that rade by Armstrone (1779). The zap showed a sinele belt 

of dunes extending approximately north-south in a relatively 

straight line from Skeeness to Gibraltar Point (see Fie. 5), 

The dunes separated the Lincolnshire marshlands frol„ a sandy 

beach to seaward. 	The coastline at that tire was about a 

mile west of the present one anf the dunes shown on Arestroncts 

Lap now forz the western dune belt. i lone spit capped by 

wine blown sand projected south from the site of the old inn at 

Gibraltar, at the southern end of the dune belt. iipproxiLately 

1 rile offshore a large sandbank, the Knock, extended for four 

Liles, alined approximately northeast-outhwest sub-parallel 

to the coastline. 	Kink. end i3arnes (l);$7) believed that the 

lore() areal extent of the Knock pvovided the shelter which 

allowed the forratioe of the spit, the ecvelopeent of which 

caused the outran of the Steepine to be dtverted southwards. 

The first edition U.S. 	rep (1b01-) (sec lie. 6) shows 

three siolfieant chaueese there was a pertial brealulowu of the 

(21) 
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southern end of the Knock, the spit was split up into four 

separate segments, and Vainfleet sand to the south was enlarged. 

'tine and Barnes sue vested that the breakdown of the 1:nock 

occurred under stormy conditions. 	This left the coast 

relatively exposed and led to the breakdown of the spit. 

Tho eroded material so produced, was transported southwards 

and caused the extension of 7,elinfleet sand. 	The present 

writer draws the attention, at this point, to the drainage 

channels on the beach shown on this nap. These are similar 

to those occurring on the present beach and they suggest that 

the beach in 1624 also possessed a ridge and runnel form, The 

writer also suggests that the sigmoidal salt pans, now seen 

cutting across the mature marsh and miner came ride complex, 

are relics of these runnels and ebb channels (see 2ie, 6 and 

aerial photos. 1955). 

lit) further reap was produced until 1897, 73 years later, 

and a cor:parison of the 18.24 and 1697 O.S. maps shows that 

most profound changes occurred during these years (see Fig. 6) 

There had been a considerable build up of material on the wide 

beach, particularly at the Point, where the coastline had also 

built out seawards. 	A prominent dune belt had become 

established and this now forms the eastern dune belt. it had 

much the some siemoidal configuration as it shows to-day, 

being joined onto the western dune belt in the north but 

swinging away seawards from it in the south. Although the 

groun between the two dune belts which now forms the present 

mature marsh, was represented on the 1897 0.S. nap es a marsh 

(22) 



area. It is reasonable to suppose that the ninor dune ridges 

which interfinger with the mature marsh must also have been in 

existence at that time. Furthermore the present writer has 

pointed out in an earlier paragraph that the beach, which was 

the site of accretion between 1824 and 1897, appears to have 

possessed a ridge and runnel form. 	It has already been 

shown that the physiographic evidence suggests that these dune 

ridges evolved from a beach ridge and runnel complex. It can 

also be seen from the maps that during the latter part of the 

19th century, Wainfleet sand and the Knock became considerably 

reduced in area. According to King and :Denies, these 

changes, which they believe were the result of storms, were 

largely responsible for controlling the form of the coastline 

as we see it to-day, because they exposed the southern and 

northern parts of the area to wave attack. The modifications, 

which occurred in these two areas, and the reasons for the 

changes, will, for clarity, be discussed separately. In the 

southern part of the area there appears to have been a 

northward recession of the coast. The southern end of the 

western dune belt and the remnants of the 1779 spit were 

eroded, only the basal portion of the 1779 spit remained as a 

markedly hooked feature on the southern end of the western dune 

belt. King and Barnes suggested that the stormy conditions at 

this time wore also responsible for the construction of the 

storm beach ridge, which resulted in a reversal of some of the 

marsh drainage. Lvidence collected during the present study 

shows that this feature does, in fact, rest u?opt a small mud 

(23) 



cliff which it seems logical to suppose was formed as the 

result of the cutting back of the narsh which developed 

between the eastern anti  western dune belts. 	As pointed out 

in the discussion earlier, this feature follows the line of 

the 3torm beach ridge and continues westward across the 

River Steeping. 	King and Barnes also suggested that the 

material to build the storm beach ridge was derived in part 

from a second and newer spit which developed at the southern 

end of the eastern dune belt after 1824. They state that 

pebble patches found in the new salt marsh aro suitably 

disposed to represent parts of the foundation of such a spit. 

However, there is no cartographic evidence to support this 

theory and any field evidence has since been destroyed or 

covered up by later deposits. It is reasonable to suggest 

however, that such a feature may have existed and provided the 

shelter that allowed the accumulation of the marsh deposits 

presumably destroyed during the formation of the storm beach 

ridge, but its exact location and form remains uncertain. 

King and Barnes stated that, as a result of the removal 

of the remnants of the 1779 spit, the outfall of the Steeping 

was no longer diverted southwestwards and in 1897 entered the 

sea close to its present day outfall. More will be said 

about the migrations of the outfall of the liver Steeping 

later in the discussion. 

According to King and Barnes the destruction of the 

northern end of the Knock shown by comparison of the 1824 
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and 1897 maps, exposed the northern part of tie area to 
erosion. However, while both southern and northern parts 
of the area suffered erosion the coast between them was still 
protected 1-dr the remaining portion of the Knock and continued 
to build out seawards. This they believe resulted in the 
concavoeconvex form of the coastline expressed by the 
sigmoidal trend of the eastern dune belt. This interpretation 

implies that erosion was responsible for the embayment of the 
eastern dune belt where it swings inland and northwards to 
join the western dune belt, just south of Shegness. 
Superficially this embayment appears to truncate the minor 
dune ridges. However )  when traced in the field and on the 

air photographs (1955) the minor dune ridges show a similar 
trend to that of the eastern dune belt and there is no clear 
indication of truncation. Consequently the present writer 
suegests, as an alternative to King and :3arnos sut Lostion, 
that the sigmoidal trend of the coastline has been a natural 

trend of accretion since sometime before 1697. 	at this 

is so, is expressed by the sigmoidal form of the minor dune 
ridees, which ante-date the eastern dune belt. It is 
further supported by the fact that the accretions of more 
recent years and particularly the present beach also possess 

a parked sigmoidal trend, although it may be argued that 
this would still be the case if erosion was responsible for 
the initial sigmoidal trend in development. 

The 1919 0.S. map shows that after 1697 and during the 
early part of the 20th century accretion continued, despite 
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the fact that there was further slight reduction in the size 

of the Knock and Vainfleet sand. At the Point the beach, 

built out seawards and the eastern dune belt generally 

increased in width. 	The marsh between the western and 

eastern dune belts appears to have been reduced in area during 

this time, probably as the result of the addition of wind blown 

sand carried inland from the rapidly growing beach and eastern 

dune belt to seaward and by development of the storm beach 

ridge. The outfall of the Steeping in 1919 was situated 

further north than in 1897 and, according to King and Barnes, 

entered the sea as a point equivalent to the southern end of 

the present spit. 

The latest map to be produced by the survey was that in 

1951. 	When compared with the 1919 map it shows that 

considerable changes again occured in the years between these 

surveys. 	The Knock has been broken down into a number of 

smaller offshore banks; the two larger ones being called the 

Inner and Outer Knocks, according to their respective 

positions relative to the coastline; the former being i mile, 

the latter l miles offshore. 	Wainfleet sand, however, 

showed little modification. 

The storm beach ridge and southern end of the eastern 

dune bolt appear to have suffered erosion after 1919 which 

according to King and Barnes was again associated with the 

breakdown of the Knock. nowever, the coastline north of the 

Point, although more exposed during these years, continued to 

build out and by 1951 was as such as i mile to soaware of its 
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position in 1919. Also now dune ridges and marsh strips 

had developed in the northern erbayments The rarsh area 

between the eastern and western dune belts also aplears to 

have become nore extensive. 

Pinally the writer draws attention to the fact that 

since 1951 up until the present, the Gibraltar Point area has 

been more exposed than ever in the previous two hundred years. 

The offshore banks, now even further diminished in area, 

afford little protection, and although the area has boon 

effected by several severe storms in recent years (e.g. that 

of 1953), accretion has still been dominant (see aerial 

photo. and 1951 G.S. rLap). Therefore the present writer 

suggests in opposition to King and Barnes' conclusions, that 

the breakdown of the offshore banks has not been the 

controlling factor in the development, and in partictlar the 

siemoidal form of the coastline, are lareely the result of 

the natural trend of accretion. That the area has built out 

more at the Point than further north is due to the fact that 

the Point Larks the terminal point of lonLshore drift. The 

break in trend of coastline at the Point is responsible for 

considerable wave refraction and as a result of the reduction 

in wave energy such of the load transported by loneshore 

drift is deposited there. This will be discussed in greater 

detail in a later chapter. 

The River Steepine outfall, running across the 14}S trend 

of the coastline just south of the Point ray also have been a 

(27) 
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considerable influence. It can be shown (see Fig. 7) that 

the Steeping outfall has changed position quite markedly 

throughout the last two centuries. Its constant migration 

may have been responsible for many of the changes in the 

southern part of the area attributed by King and Barnes to 

the breakdown of the southern and of the Knock which exposed 

this part of the area to storm waves. 

The present writer, however does not discard the 

suggestion that storm waves have played a part in 

controlling the trend of development of the area, and for 

example, supports King and Barnes' belief that such waves 

were responsible for the formation of the storm beach ridge 

and marsh cliff upon which it rests. 

(28) 



C H Pre- 
"rt4(e. 5E0 	. 

Grapnloretrj.c AIi817,Ys .s9. 

General.. 

The grain size freQuency distributions of over 100 surface 

samples, covering all environments and sub-environments, have 

been determined, but in order to avoid repetition only about 

sixty have been plotted. The sampling stations are shown on 

a rap (see rap 1) and the results presonteu in tables (see 

tables 1-4) at the back of the thesis. 

S, milling. 

The surface samples were collected by pushing small waxed 

cartons into the surface sediment. These provided small cores 

of the top 2 inches. Essentially, the sampling was done on a 

series of traverses across the area, but in audition, samples 

of features of specific interest were also collected. Care 

was taken to use only the top inch for analysis. 

?retreetment and Eethods of Analysis. 

The "apples were treated with 30°  1242. to breel: aown the 

binding effect of the organic matter. This treatment was 

repeated until all the organic natter was oxidised. This was 

not necessary with the sands, but in order to attain 

uniformity, all samples were so treated. 

The smples were then washed, dried, weighed and dispersed 

using a dilute solution of Calgon (30 gns./litre) as a 

dispersing agent. 	:illerever material greater than 2 Em was 

present this was sieved off ani weighed. The remainder was 

transferreu to a 1000 El cylinder and pipette analysis was made 

(29) 
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to detemine the proportions of material in the Lrades 0.062- 

0.U31; J.U31-U.016; O.U16-0.6 Lalu 6.L.06-0.00lf I; 	.iaterial 

less than U.062:; Lail in size was then decanted oi'f. • it was 

Usually ibUilu Wlat ten ducantations were reLluired for the 

clayey sedii4ents. 

The remaining sand fraction was dried, and weighed and 

then split on a rotary 5i.i.LIJiC Zplitti: into fractions each 

aporoxiLately 4 glils. in wei6ht. 

ewe uf these splits was then analysed for Late2ia1 

between the grades 	Q.5; 0.1.5-.3:5; 1..i.3'5-0.25; U.25-0.177; 

0.177-G.125'i 0.12-U.0e6; j.u6L--J.L1625 mI., usin6 a settling 

tube Lethod (see itliery 19;;&). 	The volu:i;:,, o 1Naterial 

accuzulated .-,einil, plotted adinst time. 	The rsults of the 

pipette, settlin6 tube and sieve methods of analysis :Iare 

coLbined and the prec.enta6cs of the various i.,25 calculated 

and presented in tables (sae tables 1-10. 

Presentation ofeults. 

The results arc plotted in severai yo. 	iiiley arc 

plotted on triangular diaras with si:uld, slit and clay as the 

end members, usin6 the terLinoloi;y of Shepard (i9)) (see 

6). 	However:. due to a wide ran6a of train sizes and 

considerable quantities of Lravol in certain candles it is 

zore convenient to it “posits with gravel, sand Lad silt 

+ clay as end iLembers. 	In ad.ition the sediLcats have clso 

been described using the terminology su6gested by '.crilit (see 

Lota 193). This systoz of nor:onclature is ,ain based on a 
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triangular plot of the ratios between the main components of 

sediment. The critical limits are 5y, and 30i,, the naming 

does not include the components representing less than 	of 

thllotal sediment. If a component forms more than 30;; of the 

whole, the name is generally a noun; if it makes up 5.3(4, of 

the sediment it is indicated by an adjective. However if two 

components mcd,._e up more than 30;:; of the sediment the finer 

grained component is indicated by a noun, the other by an 

adjective with the adverb 'very'. 	For example "silt, very 

sandy" and not";,:and, very silty." "Polite" is the collective 

name for totally turrigenous material smaller than 0.05 mm. 

Apparently the quantitative limits of 5;,; and 30, which 

includeabroadly spaced central interval, were chosen for 

several reasons. Virst the discrepancies between estimates 

and analyses of the ratios of the main components are greatest 

in the central part of the gradation series. Secondly, a 

mixture of two sediment components in ratios of 40;, and 6o 

will not differ essentially from a mixture of the same two 

components in ratios of 6.();; and 40;,:) respectively; however, a 

mixture of the same two components in ratios of 80; and 20 

will clearly differ in structure from a mixture of the same 

two components in ratios of 60% and Iloi; respectively. 

Cumulative curves have been constructed for each sample. 

These have been drawn in two ways. In the one2  the diameters 

are plotted in linear mm. units on arithmetic probability paper 

using the method devised by Doeglas (19412'46,'50). In the 
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other, they are plotted in phi units on arithll.stic probability 

paper. The r.ccian diaretery standard deviation and skewness 

neasures have been calculated wherever possible. (These are 

presented ii. tables at the back of the thesis). 	They were 

calculated usinL the nethod of Iman (l949, 152, '53). 

Inman recohtended the use of five parametsrs, colrputed from 

the five percentile diareters 0  '5, 016, 65(,), Of and 

95. 	These parameters are the mean (or Lledian), standard 

deviation, kurtosis and two m-Isures of skewness (see 

The second of the two latter mulsures is sen$itivc to the 

skew properties in the "tails" o1 a sedir=t distritution. 

These represent five sit nificant points on the curulc,tive 

curve anti accordinL to Inn.= not only increase the value of 

the data listed for a sediment but in many cases elirinates 

the need to incluie the complete mechanical analysis of the 

seciment. 	intran's method, however, has a severe liLitation 

in that it is often Lot possible to determine the 16th, 84th and 

sometizes even the 50th percentiles of 1:.any coarse and fine 

grained sediments, so that the redian,standard deviation and 

si:euness measures cannot be calculated. 	This is i.Lmistradeu 

by a coiLparison of raj.n size freluency distribution curves 

of sediments studied in the present investigation, which cover 

a wide rialLe of train sizes (see Fie.10). 

Van Adel (l954) pointed out that Inman's paraLeters are 

only applicable to nniLodal sedinent distributions and were 

of no significance when dealing with bimodal and polymodal 

(32) 
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distributions. The sedirents of the forebeach and dunes, 

in the arev. studied, cre essentially unih.odal but those of the 

bacltheach, spit and. storm bcch ride arc stronay bimodal. 

The latter aro lvrbely slid and Ervel distrilmtions with only 

very snail overlap. This is shown by the shapes of the 

curu19.tive curves which r essentially flat between 0.25mm 

and .57m. It is evident in the field tht the bacnench, 

snit aryl tor bench ride would mist rAnd contin7le to develop 

ev,:,n if Eravel Fas not available. 	Further, alt:-.1311 the sand 

fraction is in voveront undc3r all conditi,-)ns c)f un.wi activity, 

the :_ravel frnetion is only roved by strcrAIE wavo iction. 	It 

was (Zeitied therd7ore to analyce the Oenosits of the backbeach 

spit anti storm bench ride in two ways:- 

1. The sand zmd L7ravc1 were annlyscd tocct'ocr. 

2. 711.E., snnq fractiolic were iSolated and treted ar. a 

sennrnte dictribtion. 

The latter nethod allos the f.,,,and of the forcbesch;  7:fickbeach 

spit:  storn beach ride 71nd dunen to be nornar&j and ,n1so 

allows then to he con7ard with sinilar deposits fr other 

parts of the -ror1CLI  which ere stndied by I-.13on and ]'olk (1958) 

Stewart (195T)1  She77ird c.ntl 7ounc (19E1),7rionn (1961) and 
curaCkcN:w.ber latIN 	' 

Inran4(1955). 

As rontioned earlior:  th rr:s,ults 	also 7,1ottrd on 

vrithmetic probability nafmr of the type 11:: by ioejas 

(1941 etc). 

	

	!Te vered en the Ipsis that the transporting 

noaia sopnrate the f3-36irent lord into veil Cofincd fractions 

(33) 
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FIG.12. 
Curve A-B is the result 
of mixing fractions 	t5  
NB.The straightness of 
the curve.  
( after Doeglas 19 41) r 

e 
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FIG.14 
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which he termed "r" "s" and "t" distributions (see Fig. 11). 

He realised that natural processes rarely differentiate the 

sediment into these simple fractions, but that more often in 

nature these fractions were mixed, giving rise to composite 

size frequency distributions. However he *ad that mixing 

of two or all of the r, s and t distributions resulted in a 

straightening of the size frequency curve (see Fig. 12). 

Also if coarser particles are added to themixeduoeunmixed" 

sediments, say of the argillaceous type they pvduce a concave 

curve rather than the convex and straight curves shown by the 

unmixed and mixed sediments respectively (see Fig. 13). 

Doeglas also demonstrated the effects of mixing of two 

sediments with symmetrical grain size frequency distributions 

(see lig. 14)1  and showed that the size frequency distributions 

of both could be deduced from the curve. However, this was 

not possible for mixtures of three or more components. 

His method shows that grain size frequency distributions 

can be interpreted in terms of the two processes "differentiation" 

and "mixing" and cumulative curves of sediments of r$  s and t 

types or their mixtures can be related to the conditions of 

deposition and so can be valuable indicators of facies. 

The results of the granulometric analyses made during the 

present investigation are presented in the various ways 

described in order that they may be compared with those of 

Dutch geologists such as Note (1957), Koldewija (1950, Van 

Andel (1954) and Doeglas (1941, 246, '50, '51), who favour 

arithmetic probability paper, and also with those of such 
(34) 



American workers as Inman and Chamberlain (1955), Stewart 

(1956) and Shepard and Young (1961) who in recent years have 

tended to favour the use of triangular plots ana various 

computed parameters. 

interpretati.on. 

The sediments of the Gibraltar Point area, are termed 

sandy gravels, gravelly sands, sands, pelitic sands, sandy 

pelites and pelites according to the nomenclature of Kruit, 

but in the terminology of Shepard (1954) the sands, politic 

sands, sandy pelites and pelites of 'ulit are called sands, 

silty sands, sandy silts, clayey silts and silty clays. It 

was found that the sediments of certain environments such as 

the dunes and marshes possess relatively limited ranges in 

grain size and are easily distinguished from one another, 

while others, such as those of the spit and storm beach ridge, 

although easily distinguished from the above cannot be 

separated from one another in terms of granulomotry alone. 

When compared with sediments of dunes, beaches and 

intertidal flats described by Doeelas (1940, '41 etc.), the 

deposits of the Gibraltar Point area are mainly ',composite" 

or "mixee sediments. They consist essentially of a seedy 

component (s type of lioeglas) with either a finer or coarser 

component (t type or r type of Doeglas), or both. Some of the 

deposits, particularly those of the marshes consist almost 

entirely of find material (t type of Doeglas), and being well 

lerieated, each lamina may represent esimple" sediment. No 

(35) 



pure sands (s type of Doeglas) were found. This may be due 

to the fact that bulk samples were used for analysis, in which 

sands with Hsi' type distributions may have been present as 

individual laminae. However, Doeclas pointed out that sandy 

deposits invariably contain smaller amounts of finer or coarser 

material. 

Although a more detailed description and interpretation 

of the granulometric analyses of the deposits of the respective 

environments and sub-environments will be made in the following 

chapters, it is necessary at this point to discuss the 

possibility of modifications to the cumulative curves as a 

result of the method of sampling and techniques of analysis. 
(iamir ueA ors K.QY.1- `kT42.). 

(36) 



As stated earlier, care was taken to use only the top 

inch of each se i° collected for analysis. However, this 

was extracted and analysed in bulk, consequently it way be 

argued that such treatnent of finely laminated deposits, as 

mak of the samples were, would be responsible for many of 

nixed and composite sediment. types shown by the resulting 

cumulative curves. However, in the case of samples of Inter-

laminated sane and pelite or silt and clay, the laminae were 

too thin to separate and analyse individually and so had to be 

subjected to bulk analysis along with the other samples. 

In the present study the sand grades (2 mm - 0.625 mm) 

were analysed by a settling tube method, as opposed to the 

more commonly used sieve method. The combination of the 

methods, sieve-settling tube-pipette, instead of the two 

methods sieve and pipette nay have increased the possibility 

of abrupt breaks in the cumulative curves which sometimes 

occur when more than one method is used. However, a careful 

study of the curves st4Ts that whenever a break occurs at the 

two points at which the samples were split i.e. 2 mm and 0.625 

mm, the break probably has a genetic significance. It may be 

noteu that many of the curves continue across these points 

without any marked deviation, the break, if there is one, 

occurring above or below these two points. 	The writer 

therefore suggests that splitting the sample into 3 major 

fractions, each of which is analysed by a different method, 

does not have any apparent effect upon the cumulative curve, 

(37) 



which may render its interpretation inaccurate. 

IYurthermore the writer feels that the use of a settling 

tube method rather than sieves for the sandy material is 

justifiable on the basis that it takes into consideration the 

effective densities of particles rather than their diameters. 

Consequently as for example, in the present study, sand 

sized particles of coal and nica with relatively low effective 

densities are concentrated with the silt and clay, by using a 

settling tube method. 	This is in accordance with their 

natural hydrodynamic conditions of deposition. If however 

sieves are used the coal and mica would be fractionated away 

as sand, thus producing an extended coarse "tail" on the 

cumulative curves for the sands. 	heavy minerals on the 

other hand, having treater effective densities would, although 

less than sand size, be concentrated with the silt and clay if 

sieves were used; thus producing an extended "tail" on the 

finer end of the cumulative curve. 	This again is contrary 

to the natural conditions of deposition and may, if sieves 

arc used, result in the iLipression that the sand fraction is 

badly sorted when in fact the converse is true, 

CompositApp. 

Coarse Fraction inalys.s. 

The compositions of the sand fractions of fifty samples 

of the sediments of the various sub-environments were 

investigated using the method of Shepard and hoore (1954). A 

split of each sample was soaked in Calgon solution to disperse 

(38) 



the silt and clay and after standing overnight was washed 

through a 0.0625 mm sieve. 	The residue was dried and split 

into smaller fractions, after which each was spread in a small 

tray and examined under a binocular microscope, fitter with a 

mechanical stage. 	Lstimates were race of significant 

constituents, each being calculated as a percentage of the 

total. 	Three counts of 300 grains were rage for each sample. 

Constituents making up less than l of the total are 

regarded as insignificant but when they serve as further 

indicators of gab-environmental conditions of deposition they 

are given due consideration in the text. 

It was found that terrigenous sand, consisting largely of 

quartz grains with smaller amounts of felspar anti rock fragments 

made up the bulk of the sediments in all sub-environments 

except the new salt marsh and mature marsh. 	The reasons for 

this and other differences are discussed in the following 
* yeauoW. spGlerico.e bodies ce_tked. "S.3) ft truaec arm bound  

chapters,  tarn-sC. ateposetz • Teem are erieckfeEe /to& • it) 4.2-5-mm 	44%m-1.44er. TIA.10 
Alkike ÷o -trews ra,revut porous bodies, a rsci swtoc44., 

pineraloi1 v.  ekoaa..4 	late.cic apaea•es • Ticey ur-e non.-cau2c,...reouts etn ci a re 

3.,..osac-ivey _seed cases . 

In the present investigation a cursory examination of the 

light and heavy minerals was mace. 	Previous to this, Baak 

(1936) studied the heavy minerals of the Recent sediments of 

the North Sea area including the 1:ash. Hardy (1920) and 

Evans (1960) made limited studies of the Recent intertidal 

sediments of the :Wash. 	The results of the present 

examination correspond very closely with those of the earlier 

workers. 

It was found that heavy minerals formed 10-15a, by weight 

(39) 



of the terrigenous fractions of all the samples examined. 

Of these, amphiboles, pyroxenes, carnets, zircons, epidote and 

opaques were the most common constituents. The pyroxenes 

consisted in the main of augite and the amphiboles mainly of 

hornblende. 	Opaques and garnets were notably more common in 

the coarser trainee sediment, while zircons were more common 

in the finer. This agrees with the results of Beak (1936) 

and ivans (1960). Other minerals found less frequently were:.. 

anatase, andalusite, brookite, clinozoisite, corundum, 

kyanite, rutile, silliinanite, staurolite, tourmaline and 

zoisite. 

The light fractions were found to consist of quartz, 

mica and felspar. quartz was found to be the dominant 

constituent in most sub-environments making up as much as 

80-90i, of the total light minerals in many cases, particularly 

in the coarser sediments. ace however, was found to be 

abundant in the finer sediments of the marshes, particularly 

in the new salt marsh and mature marsh. 

Stainina showed that felspar was present in small amounts 

in all samples, but never exceeded 16 of the total light 

fraction. Estimates showed that orthoclase felspar was 
4k0ft 

for more commonAplaaioclase and in one case made up as much 

as 11v of the total while the plagioclase rarely exceeded 5;,  

and was sometimes absent. 

The author feels that a more intensive study of the 

mineralogy may prove to be a further means of distiaguishing 

(14.0) 



between sub-environments. 

8edimentayy aructures. 

A great deal of the writers time was spent studying the 

sedimentary structures of the deposits of the various sub-

environments. Attempts have boon made, whenever possible to 

relate their origin to sub-environmental conditions (see later 

chapeters). 

Lethods of ,tudv. 

A study was made of all the surface features, such as 

ripple marks, trails etc. and these were photographed and 

sketched. 

Following this the sub-surface features wore studied; 

several methods were used in this investigation. 

1. In the early stages of the research;trenches were dug at 

various localities to e;:pose the stratification. The 

surfaces so exposed were left to dry and wind currents 

allowed to etch out the structures. 

2. Approximately sixty shallow cores each :bout V in length 

were collected. 	These were split open in the laboratory 

and allowed to dry until the structures were best displayed. 

They were photographed and sketched.. It was found that 

cores of sandy deposits, containing relatively little or no 

silt and clay showed little evidence of sedimentary 

structures when treated as described as above. 

However a method devised by Reineck (1961) for the study 

deposits was used with considerable success. 	In this method 

(41). 



(see 	15).;. 	bz)::es were (,rlven vel-tically into the 

an(1 the bo:rns and the unisttlrbeU sar:des t,hey 

contained 1:Cf then (111, out. 	L. the laborZtory the bo::es 

placcu LL an overLuntil the sale was (?Cfy an,L the sand 

then ireLnated with Lilten parLifin wax. 	The 	sol.:s 

into the 	I1T).Lu anu :lent2ates 	reaui]y zaonL, certin 

struct7:i.ral planes than othells. 	It 	LZ:i13 on colin.„ and 

wilen the unircLnated sand is cL.1.ful)y m:-Lshod away 1roi. the 

bac. of the 	surf;.to is 	which 0.isplys the 

seciirenttlJv struc171-ees in relic?f. 	rThec 13- nteU savples 

u;1.e. DI.:1tou:cLbhed. 	the fielcL v.-tent3 wcro 	Lo 

co3lect the :1.111G3 Vit 	ericntti.ins in ovUer to 

stuuy 

	

	 .JJ 

< .;ilerr.......„.)1  

Uep):its o:7: the uibritLI.. Point 	in 	ne:I.-'a1 
46. 

well stratified 	 .:&.t 	)loLy 92J7,JOO by 	Lnd 

(3)M (Ccc 	16) was foul ctcnttc :..or thel-il description. 

Locally the trz:tificatin ha.s ben disturbed by inor,anic tsnd 

or orLanic 	(.;asecAletly the st2lIctures 3:,ny ho 

&eviL.0(2. into tw :,-,rouF)s acc,A2dinL 	Lheir Lode of ol'iLin 

i.c. inoriienic and_ orLanic forr51. 	L:y be 3i:-,ted es 

Cal 

7.)rotfliced oy wave cul'i'ent and wind action. 

anti CrJ2 

b. cliz:.ste 	Z_Ind SC;:j-M' anU i±ll struicta2s. 

C. unconfofities. 

CL. 	Like. 



e. L.:).cicrcie6o. 

f. iyu6.dilets, fL,'i:..s Lad bLlis. 

L.. air entraocnt structures. 

h. penccol.,tel.:...porc;neeus ccforLatin structures. 

1. I'iscellaueolls L;trcturo c.L. rill 1..r:' , lieLeL cusds, 

lineation 11.s etc. 

ut-Luic.  — :Nzt?uctures prLALuced by: 

ulluscs. 

b. cnrielis. 

c. a,rthrous. 

L. birds. 

O. 2:alis. 

I. llants. 

'Alose will 1_) Lecribed iii t:tetail iiri the Zoliowil-4:, 

cha;3ters. 
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QUALITATIVE TERMINOLOGY FOR LAYERED SEDIMENTS. 
v  HorIZOUltally frnt d /Pr/  Cross-stratified 

BASIC UNIT; SINGLE LAYER STRATUM CROSS-STRATUM 

FalparilTBRLAETteRFIROSS STRATA) IN SET(OF STRATA) 
_ 

SE T(OFCROSS STRATA) 

LAYER COMPOSED OF TWO OR MORE SETS CO - SET CO-SET J 
LAYER COMPOUNDED FROM STRATA AND 
CROSS-STRATA COMPOSITE SET 

QUANTITATIVE TERMINOLOGY FOR LAYERED SEDIMENTS. 

Strati !motion 	Cross stratth cation 	Thi.ckness 

VERY THICK-BEDDED 

* 

VERY THICKLY CROSS- 
BEDDED GREATER THAN 120 cm 

THICK- BEDDED TH IOW CROSS-BEDDED 120- 60 cm 

THIN BEDDED.. 	' THINLY CROSS BEDDED 60 - 5 cm 

VERY THIN BEDDED VERY THINLY CROSS- 
BEDDED 5-1 c m 

LAMINATED CROSS-LAMINATED 1.cm-2mm 

THINLY LAMINATED THINLY CROSS-LAMINATED 2mm or less 

The classification of cross stratification used is primarily based 
on the lower bounding surface of a set of cross strata. It includes 

three basic types: SIMPLE PLANAR,  and *TROUGH. 
• 

FIG16 THE CLASSIFICATION AND TERMINOLOGY FOR STRATIFICATION 
AND CROSS-STRATIFICATION AS PROPOSED BY McKEE and WEIR  
1952. 
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FIG15 Diagram showing  how metal boxes are used to  
collect undisturbed sand samples.  (NB see also Reineck 

(1961).) 
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CHAPTER 5. 

peach Deaosits. 

The beach deposits are dominantly sands. On the back- 

beach the sand is locally gravelly and on the forebeach it 

tends to be ruddy. 	There is a considerable areal variation 

in nedian diameter. 	It increases in value in a direction 

normal to the shoreline and shows a gradation from the 

forebeach to the backbeach (See Fig. 17). 

The sand fractions of the forebeach are usually finer 

grained than those of the backbench, but since these deposits 

are gradational there tends to be considerable amount of 

overlap in 0 median diameter values. The 0  deviation 

measure values show a similar irregular pattern, although 

the sands of the forebeach tend to be better sorted,(see Fig. 

18 (a)). 	Skewness values usually differ markedly from 

forebeach to backbeach. 	Whereas the forebeach sands tend 

to have a positive skewness, those of the backbeach tend to 

have a negative skewness (see Fig. 18 (b & c)),(F"'a7.19.) 

The beach deposits, as a whole, are well laminated, but 

whereas the forebeach deposits show abundant evidence of 

organic disturbance the backbeach sediments are virtually 

unaffected. 

Forebeacp Deeesits. 

Oranulometric AnaPsis. 

The deposits of the forebeach are sands with small 

amounts of silt and clay. 	According to the terminology of 

Shepherd (1954) they are sands (see Fig. 20), but according 

(LAO 



CLAY 
004mm 

SAND 
1mm- •0625mm 

SILT _ 
•0625mm-•00 4mm 

FIG20 SANDISILTICLAY RATIOS OFFOREBEACH DEPOSITS. 
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to Kruit (see Nota 1958), they are dominantly politic sands. 

Approximately 80 of each sample consists of very fine and 

fine sand (Wentworth 1922) that is, between the grade limits 

0.0625 mm - 0.25 mm, of which the greater part is fine sand 

0.125 mm - 0.25 min. 

The median diameter values range from 2.57 - 3164, with 

an average value of 3.17. 	They are fairly well sorted 

sediments; the deviation measure values range from 0.42 

1.05 with an average of 0.67 and the 	skewness measure values 

range from -0.48 to -1-0.66, with an average of 4-0.07 (see 

2iga. 21, 22, 23). 

The deposits are unimodal (see Fig.24). 	All the grain 

size frequency curves possess coarse 'tails.' 	They increase 

in steepness at about 0.125 mm (2510/A ) and rise consistently 

until they bond sharply to the right to form sub-horizontal 

saddles between 0.09 mm and 0.0625 mm. ( ie. 99and 

They finally rise abruptly to 100; in the finest grades (see 

Fig. 25). 	Irregularities in the curves are due to small 

amounts of silt and clay or coarser sand intermixed uith the 

main sandy component PSI type of Doezlas). The maximum 

sizes of the coarser components vary from 0.3 to 0.5 mm. 

(i.e. 300/A. to 500,). 	This and the variation in the 

amounts of silt and clay indicate variations in current 

velocity. 

Although the deposits of the forebeach are dominantly 

sandy they are termed "mixed" sediments in accordance with the 

01-5) 
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norenclature of Doeglas, because of the small amounts of silt 

and clay. 	The latter are deposited at high slack tide 

periods and particularly when wave and current action are at 

a minimum. 	They are mixed with the sand by gentle wave and 

current action which, when strong, often removes much of the 

finer material. 	Further mixing is produced by Arenicolp  

marina which lives in large numbers in these deposits, although 

this organism is continually casting sediment onto the surface 

where it may be reworked by waves and currents during the 

following tidal inundation. 

Copositi9n. 

The coarse fractions of the deposits of the forebeach 

i.e. iaterial) 1/16 mm, consist largely of terriEenous 

material)  mainly quarts with smaller amounts of felspar, 

mica)  heavy mineral grains, lithic and coal fragments. 

Foraninifera and broken shell fragments (mainly molluscan) 

are also found and occasiopally echinoderm spines and ostracod 

tests (seeFig. 26). 

aructurcp. 

The structures of the forebeach may be split up into 

inorganic and organic types. The characteristic inorganic 

structures are, stratification, ripple marks, rill marks, mud 

balls and lineation rrks)  whereas the organic structures are 

the burrows and surface features produced by iirenioola raring, 

Lanice coachilei4a and Nereis so.  

(1+6) 
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ImprApnle itructurep. 

Stratification,. 

The sediments of the forebeach are well stratified, being 

generally laminated or very thinly bedded, but locally this 

stratification is interrupted or destroyed by ripple marks and 

burrows (see Plate A at back of thesis). 	The strata vary 	in 

thickness from 0.05" to 0.5" and tend to thin end die out 

laterally over distances varying from several inches to several 

feet. 	They possess a general dip seaward at angles never 

exceeding 5°  and are generally parallel to the forebeach 

surface. 

Occasionally muddy laminse are found, usually occuring 

at concavo.couvex lenses infilling the troughs of ripple marks 

(see Plate A Section C). 

PIDPIA,Mark. 

The surface of the forebeach is conspicuously ripple 

marked (see Plate 29). 	These are asymmetric in form with 

wave lengths of approximately 3.6 inches and heights of about 

2 inches. They are generally orientated with their crests 

parallel to the shoreline and with their steeper lee or stoss 

slopes facing landwards. Usually the crests are sharp but 

may be flattened. 

Similar ripple marks have been described by many writers, 

including Beineck (1961), Euenen (1950) and Van Straaten (1953) 

who observed them on German and Dutch north sea beaches, and 

Evans (1941, 1949) who noted their presence on the beaches of 

fresh water lakes. 	It is generally accepted that these ripple 

(47) 



marks can be formed by variety of processes. 

Some writers believe that the orientation and form of 

these ripple marks indicates that they are formed by the 

flood tide current and any modifications such as flattening 

of the crests, are due to the action of the ebb tide current. 

Others suggest that they are formed by wave action when the 

velocity of the swash exceeds that of the backwash. Under 

such conditions the water, landward of the breakpoint of the 

waves, is asymmetrically oscillated. The ripple marks 

suffer a vigorous landward push with each swash movement and 

so will develop with their steep slopes to landward. 	There 

will probably be little or no modification of their form by 

the gentler backwash. 

The present writer agrees with Reineck (1961) that both 

tidal currents and wave action are responsible for the 

formation of these ripple marks. 	They are best developed 

when the directions of the awash, backwash and tidal currents 

are all essentially normal to the shoreline. They are 

initially formed during the flood tide inundation but are 

modified by the action of the awash, baCkwash and ebb tide 

currents of the outgoing tide. 

The ripple marks exposed on the forebeach surface at low 

tide periods are asymmetric with steep slopes facing landwards 

because the awash velocity is greater than the combined 

velocities of backwash and ebb current. 	When the velocity 

of the awash, during the outgoing tide, is equal to or less 

(+8) 
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than the combined velocities of the backwash and ebb tide 

current the resulting ripple marks will be symmetric or 

asymmetric with steep slopes facing seawards respectively. 

Occasionally crossed or interference ripple marks are 

found on the lower part of the forebeach (see Plate 3C1.11). 

These are probably due to the combined effects of longshore 

currents and wave action at a late stage of outgoing tide. 

The longshore movement is related to the water movements in 

Boston Deep, a channel which lies immediately to seaward of 

the forebeach (see Fig. CIO. 	Tidal waters enter and leave 

the Wash embayment along such channels. This movement is 

only effective on the lower part of the forebeach because 

as the tidal eaters rise and fall over the higher parts of 

the forebeach they tend to move in a direction essentially 

perpendicular to the coastline. At a low stage of the ebb 

tide, ripple marks formed by wave action with crests 

orientated approximately parallel to the coastline are 

crossed by others formed by the longshore current and 

orientated normal to the coastline. 

Double crested ripples are sometimes found (See Plate 31). 

It is reasonable to suppose that these are the result of 

weaker current action subsequent to initial ripple nark 

formation. 	Smn11  terraces are occasionally cut on the 

sides of the troughs of ripple marks. 	These result from 

the oscillation, by wind action, of water retained in the 

troughs as the tide recedes. 

(49) 



It has been possible,with the aid of vax-impregnated 

sections, to show that the development of ripple marks on the 

forebeach surface often results in the interruption or pr.rtial 

destruction of the original stratification (see Plate A at 

back of thesis). 	lIcKee (1957), who noted that the surfaces 

of the forebeaches around the southern coast of the U.S.A. 

are practically always ripple marked, suggested that forebeach 

deposits are characteristically completely ripple beaded. 

The present study however, shows that this is not the case, 

but further work will be necessary before a satisfactory 

explanation can be found. 

It was observed that cross laminae, produced during the 

formation of ripple marks, often extend to depths of 4-5 inches 

below the surface and similar cross laminae were to be found 

atrvarious lower levels. At the base of each set of ripple 

formed cross laminae there is a rippled or irregular surface 

which' wasproduced by erosion marking the depth to which the 

sediment was reworked during the formation of the ripple 

marks. This surface cuts the underlying stratification. 

In certain cases ripple formed cross strata may, thenselves,may 

be reworked. The latter reworking may affect the sediment 

to a lesser extent than on the previous occasion and remnants 

of earlier formed cross strata may be retained as lenses or 

incomplete ripple marks. Such features have been termed 

"Linsen schistune by Reineck (personal communication). In 

some cases several erosion surfaces may be seen separating 

(50) 
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successive sets of cross laminae and normal gently inclined 

strata. 

The average thickness of ripple formed cross laminae in 

the forebeach deposits, is approximately 0.1 inches and 

rarely exceeds 0.25 inches. IndividUal lajiiinae vary in 

length from 1 - 9 inches depending on the size of the ripple 

marks. 

)Iak_. 14uds Zalls and Lineation Marks. 

Other inorganic structures found on the forebeach are 

rillmarks, mud balls and lineation marks. 

Rill marks are formed by ebb tide waters flowing from 

the runnels on the backbench out across the forebeach to 

low tide level. 	They widen seawards, often being as much 

as 30 feet across at low tide mark. They undoubtedly 

disturb the stratification and are probably responsible 

for minor washout structures and cross bedding. 

Unfortunately it was not possible to demonstrate this in 

sections. 

Eud balls, varying in diameter from 0.5 - 4 inches, 

were often found on the forebeach. They are rounded by 

being rolled back and forth in the swash zone and are often 

left on the forebeach surface after the tide has retreated. 

Invariably they are armoured by pebbles, sand grains and shell 

fragments picked up during transport (See Plates 33 and 34). 

Lineation marks of various types were also common. 

These develop as a result of the orientation of pebbles, 

shells or other debris in the direction of tidal flow. 

(51) 
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Organic Structures. 

Aripniloolet marina.  

The surface of the forebeach is often covered by large 

numbers of casts and feeding holes of brenicola marin% (See 

Plate 1,-). 

Impregnated sections show that the burrowing activities 

of Areqicola often interrupt or completely destroy the 

original crossed or gently inclined stratification (See 

Plate A Sections 3,  C, D etc.). The burrows often reach a 

depth of more than 1 foot and may be several inches in 

diameter. They have a characteristic U.shape (See Fig. 28) 

and each burrow has a disturbed periphery in which the strata 

are drawn downwards to form characteristic drag structures. 

/mice qopeWegas 

As pointed out in an earlier chapter Lanice tubes, 

consisting of cemented sand grains (See Plate 36 & Fig. 29), 
are found occupying i'enelJ hummocks on the lower forebeach 

in the south of the area studied. The influence of these 

organisms upon the processes of sedimentation has already 

been discussed. 

The tubes are approximately 0.25 inches in diameter and 

extend for 6 . 9 inches below the surface. Their 

resistance to erosion may be shown by the fact that they often 

protrude for several inches above the surface when the latter 

has been reworked and lowered by the scouring action of strong 

waves and currents. When they occur in large numbers they 

(52) 
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appear to act as sediment traps and as such nay possibly be 

responsible for the formation of huLmocks on the forebeach. 

Ablereis SD. 

liepeX; qe is not found in large numbers in the forebeaeh 

deposits and unlike Arenic4a and ionic, is more commonly 

found in muddy sediments such as those of the mudflats and 

new salt marsh. 

It is a relatively small organism when compared with the 

above and its burrows are narrower. The burrows ratify in 

all directions but only disturb the original stratification 

to any degree when the organism is present in large number 

(see later). Its burrows are only occasionally found in the 

forebeach deposits (See Plate A Section E ), 

?etric9la SD.  

This mud-boring bivalve is found on the forebeach near 

the low spring tide line in the north of the area studied. 

At this point silty mud tends to accumulate in leases 

approximately 2 - 3 inches thick. They are usually covered 

by sand but are often exposed by strong wave action. Large 

numbers of petricolg produce almost vertical bore holes 

along the seaward eroded edges of the silty Lud lenses. 

Blocks of this bored sediment are often broken off and 

carried southward by longshore drift to be distributed over 

the beach to the south (See Plate 37). 

rackbeach Deposits. 

In the following pates the texture, composition and 

structure of the backbeach deposits, including those of the 

(53) 
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spit, will be described. 

firanulometric AnalY;is. 

Although they are gradational the deposits of this 

sub-environment are generally much coarser than thoseof the 

forebeach. 

According to the nomenclatures of Shepard and Kruit 

the sediments of the backbeach are gravelly sands and sands, 

but on the spit sandy gravels are also found (See Figs. 30 

and 31). 

it is not always possible to calculate precisely the 

medianIdeviation and skewness measures of the backbeach 

and Particularly the spit deposits, because the 50th and 

16th percentiles cannot be fixed accurately. however, 

these measures have been calculated for the sand fractions. 

The 4  median diameter values for the send fractions of the 

backbeach deposits range from 0.75 - 3.05 with an 

average value of 	2.2+. 	Those sands are usually coarser 

than those of the foreboach. The 4  deviation and skewness 

measures range from 0.35 - 1.4 and from -0.5 - 4-0.16 with 

average values 0.72 and -0.19 respectively. They are not 

so well sorted as those of the forebeach and unlike the 

latter nearly always possess negative skewness values (See 

Figs. 32, 33 and 34). 

The sand fractions of the spit deposits are often 

coarser. They possess 0 median diameters which range from 

-1.5 to *2.6 with an average value of +1.42. They are 

poorly sorted with deviation and skewness measures 

010 



60 

°/. 

Frequency 

30 

.35 •25 .177 .1 .088 .06 -03 -016 -008.004 

FIG3aHistogram showing grain size distribution of sample PSA 48 

from beach runnel. 

60 

0 /0 

Frequency 

30 

-31 -25 -177 •1 •088 -062.031 .016 .008.004 
mm 

FIG35Histogram showing grain size di stribution of sample P SA s f 

from crest of spit. 



60- 

0 /0 

Frequency. 

304- 

•35 •25 •177 •1 •095 .06 •03 , 016 .008 .004 

60 — 

010 

Frequency. 

30 

•5 	•31 .25 •177 •1 •088 •062 •031 .016 -008 •004 
	mm 

FIG.36•Histogram showing grain size distribution of sample PS A. 32. 

from beach ridge crest. 

FIG37. •Histogram show: ng grain size distribution of sample P SA.20. 

from swash slope of beach ridge. 



99.5% 

951. 
 

-.. .1-  1-agdllIllIlIllrrllAIPII  

9 0 I. 

A01( 801. 	 

....,. 
50 1 4,1sro___,------. 

RA  aLag 

PSA.-r 

10% 6"2.1 
loSA 2.4" --------------- 5% 

50 0 i't  

. 	. 	i a• 

it?..._.8 
0 0 f" 2 5 0 t-̂  200/" 150/-4  1 00 PA 	- 501"1  0/-4  3 5 0 /-'3 

a- 
4 0 0 /"" *50D' 

— 
FIG3gaGrain size frequency  distribution of back beach deposits. 



99.5% 

--- - 

r  

,11...-- 

950/. 

90° ..."-- 

80% 
, r 

. ; 	i 
6. 

et 
501. 

i' 	'' 40.0114, 

20% 

10% 

5°/• 

0.5% 
500/' 450/A 4001A  350N 300N 250/A 2001' 501-4  100/A  50 N` ON 

FIG39b Grain size frequency distribution of spit deposits. 



ranging from 0.5 1,35 and .0.6S - +0.2 respectively with 

average values of 1.1 and -0,33. 

Field observations showed that the gravel tends to be 

concentrated on the crests of the beach rides and spit. 

The deposits in these localities generally have bimodal grain 
(a_ 

size distributions and possess small amounts of median, 

coarse and very coarse sand Olentworth) between the limits 

0.25 ram and -0.5 mm; 0,5 mm - 1 mm and 1 mm - 2 mm respectively 

(S")  Figs. 35 and 36). 	The deposits of the seaward facing 

swash slopes of the ridges are not gravelly and are similar 

to the deposits of the forebeach. 	They are clean well sorted 

sands, with unimodal grain size distributions; as much as 

80;; is fine sand betwaen the limits 0.25 rum - 0.125 mm (See 

Fib. 37). 	The deposits of the runnels are similar to those 

of the ridge crests but generally possess less gravel and 

more fine sand. (See Fig. 38). 

The grain size frequency curves show that some of the 

deposits, particularly those.on the crests of the spit and 

ridges, are similar to the "r" type of Doeglas (See Fig. 394b) 

Generally however, the deposits of the backbeach are mixtures 

of yr" and "a" types and therefore are referred to as mixed 

deposits in this thesis. 

The relative coarseness of the backbeach deposits in 

contrast with those of the forebeach is due largely to wind 

and wave action. Although these factors are discussed in a 

later chapter dealing with the process of sedimentation, a 

brief note of them is made here. 

(55) 



As the flood tide rises, the breakpoint of the waves 

moves steadily landwards across the forebeach and backbeach 

and it is the disparity between swash and backwash actions of 

the breaking waves which is largely responsible for the 

sorting of the beach material. 	When the swash is stronger 

than the backwash, only the finer material of the total load 

deposited by the swash will be removed seaward by the backwaeh. 

If this condition exists during each tidal inundation, there 

will be a general transport of coarser material landwards 

and finer material seawards. Although this simple condition 

may not always be the rule its effect is shown by the Gradual 

increase in median diameter from forebeach to backbeach. 

The concentration of gravel on the crests of the ridges 

is attributed to two factorss 

1. The winnowing effects of gentle waves breaking 

over the ridges which remove some of the sand and 

probably wash it into the runnels to landward of 

the ridges. 

2.. Wind action is often an effective agent in 

removing sand from the crests of the ridges when 

they dry out during low tide periods. 

Wind end wave action have similar effects upon the spit, 

but the higher proportion of gravel on this feature is 

thought to be also due to the fact that the spit marks the 

terminal point of longshore transport of gravel sized material 

in the littoral zone along this part of the coast. The abrupt 

(56) 
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change in trend of the coastline at Gibraltar Point is 

responsible for considerable wave refraction and with the 

consequent decrease in wave energy, much of the coarser 

material transported by longshore drift is deposited on the 

spit at the Point. 	Furthermore, the River Steeping outfall 

flowing seawards across the trend of the beach and spit may 

be responsible for preventing the transport of coarser 

material southwards: only the sand and finer material 

continues in that direction across the Steeping and into the 

Wash. 

Comegsitim,  

The coarse fractions ( 2 - 1d16 mm) of the backbeach 

consist largely of quartz with smaller amounts of felspar, 

rock, shell and coal fragments. Those of the spit possess 

slightly higher percentages of rock and shell fragments and 

lesser amounts of coal (See Figs. j46 and 41). 

All the samples examined differed from those of the 

forebeach by the absence of mica, foraminifers, ostracod 

tests, echinoderm and bryozean fragments. This may be due 

to the fact that these more fragile components are crushed 

when subjected to the vigorous awash and backwash action on 

the backbeach, or because of their low effective densities 

they may be removed by the winnowing effects of wind and 

wave action. 

Structure,.  

Generally the backbench is characterised by a greater 

diversity of types of surface and sub-surface structures 

(57) 



than the forebeach. 	There is a pronounced difference in 

the character of the stratification because of the 

development of ridges, runnels and mega ripple marks. Duo 

to the increase in grain size of the backbeach deposits very fine 

laminae are not found. The stratification, unlike that of 

the forebeach is not destroyed by burrowing organisms. 

j tratification. 

peach Ridges. 

The external form of a backbeach ridge is broadly 

speaking an expression of its internal structure (See Plate 

B at back of the thesis). 	Bach entire ridge is coarsely 

laminated and the laminae vary from 	1 inch in thickness. 

On the seaward side of the ridge crest the laminae dip 

gently seaward at angles up to 5°  or 10°. 	This angle 

decreases landwards in a direction normal to the crest of 

the ride until at the crest itself the lAvieae are nearly 

horizontal. To landward of the crest they at first dip 

gently landward but the angle of dip increases gradually away 

from the crest until it reaches a maximum of 10°  - 300  or 

more on the leeward side of the ridge. In sections parallel 

to the crest all the laminae appear to be nearly horizontal. 

Close inspection of impregnateu sections however, shows 

that individual laminae are rarely continuous from the 

seaward to 144ward sides of the ridges. Fiore often in 

sections normal and parallel to the ridge crest, a single 

lamina may be traced for only a few feet before it is 

(50 



terminated by a surface on which rest other similar laminae. 

Ripple marked laminae are occasionally seen. These 

form on the broad crest of the ridge at an earlier stage of 

its development, but due to the continual reworking of the 

sediment on the crest, only truncated or incomplete ripple 

marks are usually found. Their restricted occurrence is 

due in part to the fact that only the surface of the ridge 

crest is ever ripple marked. 

The ridges are best developed during summer and are 

built up on a surface flattened by strong waves during 

winter, that is, the "winter profile" of other writers. 

This surface dips gently seaward and the landward and seaward 

dipping lallinae of the ridges meet it at varying angles, 

giving rise to a distinctive form of cross stratification 

which is termed "planar cross stratification" according to 

the nomenclature of hcKee (1957). (See Fig. 16). 

Unfortunately it was not possible to show this surface in 

cores and impregnated sections but it was revealed rather 

indistinctly in sections dug in the field. 

host writers agree that the ridges are formed by gentle 

wave action. This is supported by the fact that they are 

only found on beaches exposed to a small fetch and attain 

their maximum development during Summer when wave action is 

usually less severe. However Johnson (1919) who 

summarised the reports of earlier writers showed that their 

mode of origin was not clearly understood and even to-day 

(59) 



opinions on this subject differ markedly. 

Evans (1940) who studied ridges on the shore of Lake 

Michigan suggested that they are formed at the breakpoint 

of the waves whore the sand transported seaward by the 

backwash, accumulated with the material moving landward 

outside the breakpoint. But, Lake Michigan is tideless, 

and as pointed out recently by Guilcher (1958), King (1959), 

Williams and King (1949) and Williams (1960) this 

explanation is not strictly valid for tidal beaches such as 

the one studied in the present investigation, because in such 

cases the breakpoint is constantly moving with the tide. 

King draws attention to certain tank experiments which 

show that the swashiaction of gentle waves will form beach 

ridges. Apparently such waves move material towards the 

land in all depths both outside and inside the breakpoint. 

This material accumulates on the backbench and as the tide 

rises the swash continues to push more material over the 

first accumulation until a ridge is formee. 

The present writer agrees very largely with King's 

explanation and the internal structure of a ridge as shown 

in this thesis may well suggest that each lamina represents 

a small washover fan thieh is spread over those beneath it 

by some process similar to the action of the swash. However 

the writer feels that on particular occasions 	such as 

higher spring tide periods when the ridges are completely 

inundated, the breakpoint of the waves will pass over the 

( 6(4 
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ridge crests and may well have some control on the form of the 

ridge, particularly in the development of steep landward 

facing slopes (See Fig. 

;t8chraku,nels. 

The deposits of the ruiaxis are also characteristically 

stratified. The individual laminse are similar in 

dimensions to those of the ridges but the overall internal 

structure appears to be more complex than that of the ridges. 

The laluinae dip gently to seaward but in sone places 

there is a marked cross stratification (Sec Plate C at back 

of the thesis). This, it appears, results from the infilling 

of an ebb channel and is termed "trough stratification" in 

accordance with the nomenclature of Ed Kee. 

The deposits infilling the old ebb channel consist of 

laminae which dip seaward at angle of about 30°. 	These 

are separated by two erosion surfaces from an upper and a 

lower set of laminae also dipping gently seawards but at very 

low angles not exceeding 5°. 

The lower surface of erosion is parallel to the dip of 

the steeply inclined laminae and cuts across the underlying 

gently dipping ones. It probably represents the floor of 

an old ebb channel cut by low ebb tide waters which drained 

southwards in the bottom of the runnel. The ebb channfas 

increase in depth and width southward down the gradients of 

the long axes of the runnels and in the lower parts, often 

show' well developed meanders. 	Lrosion takes place on the 

outer concave sides of the bonds and is accompanied by 

(61) 
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deposition of cross strata on the prograding convex sides (see 

Rig.43). 

The upper surface of erosion (See Plato C) cuts across the 

channel deposits and is parallel to the upper set of gently 

inclined laminae. 	It probably marks the depth to which 

those deposits were reworked by later wave action. 

An interesting feature of the Lore steeply inclined ebb 

channel deposits is the occurrence of pebbles and shells, all 

of which tend to have a common orientations their long axes being 

parallel to the dip of the laminae giving rise to a 

characteristic imbrication. 

The orientation of cross stratification and the imbrication 

of pebbles are often used to reconstruct the current 

directions in palaeqoographic interpretations of sediments. 

The assumption usually made is that the direction of dip of 

the cross strata and the alignment of the long axes of pebbles 

coincide with the current direction. 	Thisorobably true in 

many cases but in the deposits of the runnels, the cross 

stratification and imbrication of pebbles produced by the ebb 

current tend to show a net dip across the runnel at right 

angles to the current direction. 

Stratification 	• 
Unfortunately it was not possible to make wax 

impregnated sections of the spit deposits because of the larger 

amounts of gravel sized material. Consequently the following 

interpretation of its structure is based largely on sections 

dug in the field. These revealed that the deposits of the 
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spit are thinly bedded and laminated in accordance with the 

nomenclature of ivicKee, and the present writer believes, as 

a result of a study of the sections, that the internal 

structure of the spit is essentially similar to that of the 

beach ridges. The strata on the seaward side appear to dip 

gently seaward at angles of about 50, becoming horizontal on 

the crest and dipping away from the sea on the landward side 

at angles up to 300. 

The stratification is again typical of the planar cross 

stratification of McKee. This suggests, as in the case of the 

beach ridges, that swash action plays a considerable part in 

the building up of the spit. 

Stratifiegtion of kleatOtipplep. 

Syrmetric and asymmetric mega ripple marks are often 

found at different localities on the backbeach. 

The asymmetric mega ripple marks develop and disperse 

on the highest part of the backbeach, south of the spit 

(See Plates 	39, 40 and 41). They possess an irregular 

cuspate fort: with their crests aligned approximately parallel 

with the long axis of the spit to the north. They have an 

average height of about 1 foot and they may be as much as 8 

feet tide. 

Similar features have been described by Kindle (1917) 

and have been calleu "sand waves" by Vaughan Cornish (1914) 

"metaripples" by Bucher (1919) and "transverse mega ripples" 

by Van Straaten (1953). 

The internal structure of these transverse mega ripples 

(63) 
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is much more complicated than an examination of their exterior 

form would suggest. They are Lade up of several sets of 

variously inclined laminae; each lamina is about inch thick 

and each set is separated from the one above and below it by 

a surface of erosion (See Plato D at back of the thesis). 

The strata .may dip in the direction of the steep or gentle 

slopes of the mega ripple giving rise to a "herringbone" type 

of stratification, or they may be curved in a manner typical 

of "festoon" stratification. 

although no precise measurements were made, examination 

of these mega ripple marks, over a period of time in which 

they were affected by many tides, suggests that they do not 

move but appear to build up and break down on the same spot. 

However, whereas the main Loga ripple form remains relatively 

static it appears that the surface layers of sediment are 

often reworked. This is indicated by the compliceted 

internal cross stratification and it is suggested that this 

is the result of alternate erosion and deposition. 

The location of the mega ripples suggests that they have 

been produced by strong tidal currents (See fig. 44). 

During periods of high spring tides the flood tido waters 

-spread rapidly over that part of the backbeach where the 

toga ripples occur, as they pass inland up the River Steeping 

and into the embayment behind the spit. 	The large volume 

of water which thus accumulates inland flows rapidly seaward 

as the tide ebbs. 	These strong currents would be capable 

of forming the mega ripples, This agrees with the 
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suggestions of other writers and is swnorted by the fact that 

the long axes of the mega ripples arc aligned at right angles 

to the current directions and during low tide periods, 

following the ebb tide, their steep slopes face seaward. 

The various sets of differentially inclined laminae 

suggest that both flood and ebb currents play a part in 

eroding and depositing Laterial on the crests of the mega 

ripples. However, wave action may also be an important 

modifying agent. 

Symmetric mega ripple marks are occasionally found on 

the lower parts of the runnels. 	As stated in an earlier 

chapter, these are aligned with their crests at right angles 

to the long axis of the runnel, that is, normal to the flood 

and ebb current directions and it is suggested that these 

currents are responsible for the formation of the Lega ripples. 

Unfortunately, uue to their infrequent appearance, it was not 

possible to make a detailed study of their internal 

stratification. 

4pole ii;arkp. 

The surface of the backbeach, like that of the forebeach, 

is conspicuously ripple marked but there is a greater 

variation in the types found. 

Asymmetric ripple Larks are by far the most common, They 

are found on the tops of the ridges and in these places their 

crests are long and orientated roughly parallel to the long 

axis of the ridge. 	Their steep or stoss slopes face 

landward and their heights and lengths are comparable with 

(6$) 
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those found on the forebeach. It is suggested that they are 

formed by wave action during high spring tide periods and 

their asymmetric form as observed at low tide periods, is due 

to swash action as the tide ebbs. Like those on the 

forebeach they are equivalent to the transverse asymmetric 

current ripples of other writers. 

Similar ripple marks are found on the surfaces of the 

runnels. Their crests are orientated parallel to the long 

axes of the runnels but whereas those on the landward sides 

of the runnels possess steep slopes facing seaward, thoseon 

the seaward sides have steep slopes facing landward. The 

ripple marks between these two types tend to symmetric in 

form (See Fig. 44). These ripple marks are probably formed 

by oscillation of the waters within the runnels during high 

spring tide periods. 

Two other types of asymmetric ripple marks are found in 

the runnels. 	They occur on the lowest parts and are 

closely related to the ebb channels. The first type 

possesses parallel crests which are orientated at right 

angles to the long axes of the runnels (See Plate 42 and Fig. 

45). They have wavelengths of about 7 inches and heights 

of about 0.25 inches. Their steep slopes face southward 

towards the mouths of the runnels. The second type 

possesses short cuspt shaped crests (See Plate 43) with the 

same orientation at right angles to the long axes of the 

runnels. 	These ripple marks are undoubtedly produced by 

the ebb tide currents which flow southwards within the 
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PLATE 4.7• BEACH CUSPS, 



confines of the gunnel. 

Asymmetric ripple marks are also found on the crests of 

the mega ripples south of the spit. 	They have the same 

orientation as the mega ripples. They probably form as a 

result of the decreased water velocities when the mega ripples 

cease to develop. In the troughs of the mega ripples both 

asymmetric and symmetric ripple marks are found and are 

probably formed by oscillation of the water in the troughs. 

Rhomboid ripple marks are periodically found on the 

flat seaward facing slopes of the ridges (See Plate344,45) 

Their origin has been explained by Woodford (1935) and appears 

to be connected with the diagonal patterns of standing waves. 

Wind.anti.ripplets, so called by Van Straaten (1953), 

are found on the moist surface of the backbhore, particularly 

in the runnels during low tide periods when strong winds are 

blowing. 	They nay be as much as i inch in length and + 

inch in height. (See Plate 40, 	They are asymmetric with 

their steep slopes facing the wind direction. The wind 

deposits dry grains on their steep sides, thus adding to 

their development. 

illash and Trjckwash Structures. 

Structures produced by the swash and backwash of the 

waves are commonly found on the backbeach after the tide has 

tetreated. 

Beach cusps are commonly found on the seaward facing 

slopes of the beach ridges (see Plate 47). Nost writers 

agree that they are formed by the swash and backwash of 

(67) 



breaking waves and that the size of the cusps is related to 

the size of the waves, but some doubt exists concerning the 

actual method of sormation. 

Johnson (1919) collected most of the earlier theories 

on their origin and reached the conclusion that they are 

formed by the selective erosion of the swash working on 

irregular initial depressions. 	Evans (1936) who classified 

cusps suggested that they are formed by erosion of small 

breaks in beach ridges by the waves. However, Bagnold (1940) 

notes that the awash piles up against the horns of the cusp 

and is divided into two streams which flow around the head of 

the bay and unite to flow back as backwash Ow 	4010. 

Kuenen (1948) who re-examined the problem stressed the 

importance of deposition as well as erosion; the horns being 

built up of material washed from the bays. This is effected 

by the refraction of the swash which carries material towards 

the horns. 	The sideways component of the swash helps to 

concentrate the backwash along the edges of the horns (Om 

Miss WOO). Cusps appear to be formed by waves approaching 

the coastline both normally and obliquely. The present 

writer founu that they generally form at points where there 

was previously no evidence of a break or irregularity)  in 

fact on the backbeach in the area studied, they tend to form 

only on the seaward facing slopes of the ridges which are 

smooth and regular; thus suLgesting that the theories of 

Johnson and Evans are not strictly valid. The writer agrees 

with i3agnold and Kuenen that the lateral movement of water 

(68) 
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within the cusp is of great importance but after cursory 

observations in the field tends to favour Kuenents theory for 

the development of beach cusps. 

Lines marking successive stages of retreat of the swash 

as the tide falls, are regularly found on the seaward facing 

slopes of the beach ridges. They are fine ridges of light 

minerals and shell fragments. 	These are winnowed from the 

surface sediment by the quiet swilling action of the awash 

as it climbs the seaward slopes of the ridges and are 

deposited at the upper limit of the swash action (See Plate 410. 

Froth and air bubbleS are often left stranded at the upper 

limit of awash action. 	These burst as the sediment dries 

producing small circular pits in the underlying sandy surface. 

The backwash of a wave often produces marked striations 

on a sandy or pebbly surface. These striations are always 

orientated in the direction of the backwash(See Plate 49). 

Structures Produced bb 14n0 Ltchigg. 

These are common features on the backbeach when a strong 

wind is blowing during periods of low tide. Under such 

conditions the sediment dries quickly and the sand is rapidly 

winnowed away by the wind. 	Larger particles such as 

pebbles and shells of molluscs may not be transported. All 

the sand is carried away except for that beneath and to 

leeward of these large particles. The material to leeward, 

which is shielded by the pebbles or shell1 forme9a small 

"spur" or "tail" sloping downwind (See Plate SP). 

(69) 
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As deflation continues sand is slowly eroded from 

beneath the windward side of each pebble or shell, until the 

degree of undercutting reaches a critical point and the pebble 

or shell tips over to become steeply inclined in a windward 

direction (See Fig. 47 and Plate 50). 	On pebble rich 

surfaces such as those of the crests of the spit and beach 

ridges marked imbrication may be produced in this way. 

r Eantrampnt Structures. 

Structures produced by escaping or entrappeu air or gas 

are sometimes found in the deposits of the beach ridges. 

Similar features have been described by Kindle (1935) and Emery 

(1945)* Two types were observed in the area studied, The 

first called "sand Holes" are produced by the expulsion of 

air or gas from the pore spaces of the beach ridge sediment 

as a result of the p+re set up by the rising water table 

as the title comes in. 	The escaping air tends to be 

concentrated in steady streams flowing upwards. These form 

sand holes varying from 1/10 * inch in diameter on the 

surface (See Fig. 48a and Plate 51). 

The second type of structure called "cavernous sand" is 

formed during periods when the swash action of the waves 

spreading rapidly over the flat crest of the ridge, wets 

the surface sediment above the rising water table. Air is 

often trapped between these two wet layers as small pockets, 

giving rise to a loosely packed sand with a characteristic 

honey comb or cavernous texture. (See fig. 48 b). 

Hiscellaaeous 1norianic StructuresA  

(70) 
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u 0  

Many other structures, other than those already described, 

are found from time to time on the backbeach. These aret— 

rill marks. 

raindrop prints. 

armoured mud balls. 

Or4149  Structures.  

The backbench is practically devoid of organisms except 

for the occasional appearance of send hoppers nne.  seals. 

These have practically no effect upon the stratification 

but do produce characteristic surface trails. (See Fig. 49 

and Plate 51). 

The soul  hoppers sometimes occur in immense numbers 

along the strand line where they burrow in the damp sand 

under weed and other debris. They nay jump for distances 

of several feet by a sudden straightening of a normally 

bent body producing smAll irregular pits on the surface. 

(71) 
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CHAPTER 6.  

Dune$.  
The deposits of the dunes are generally much better sorted 

than those of the beach. 	They are easily distinguished 

from those of the forebeach but it is not always possible to 

distinguish them from the backbeach deposits by grain size 

alone, except when pebbles are present in the latter. 

The stratification of the dunes is distinctive. Apart 

from local variations the morphological shape of a dune is 

the exterior expression of its internal structure. 

Gmulometri9 Ana4pe;,,, 

The dune deposits are sands (Shepard and Kruit)(See 

Fig 50). They contain very small amounts of very fine 

grained material which rarely exceeds 1% of the total and 

most of it is lass than .004 mm in grain size. All the 

samples studied consist in the wain of material between the 

grade limits 0.125 0.25 mm, that is fine sand (Wentworth). 

These deposits have 0 median diameters ranging from 

1.75 - 2.35 with an average value of 2.11. The 0,  deviation 

measurer have a similar narrow range from 0.22 - 0.65 with 

an average value of 0.4. The 0 skewness measure values are 

usually negative but range from +0.08 to -0.48 with an 

average value of -0.22 (See Figs 51, 52 and 53). 

Plots of 0 median diameter against 0 deviation and 

Skewness measures and 6 deviation against skewness show 

that the dune sands are easily distinguished from the 

forebeach deposits, whereas only plots off median diameter 

(72) 
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against 0 deviation measure proved to be useful in 

distinguishing between dune and backbeach deposits (See Fig.54), 

Some of the backbeach samples appear to be intermediate between 

those of the forebeach and dunes, but an examination of the 

0 median diameter ranges shows that the backbeach completely 

overlaps the dunes. This suggests that the dune sand is 

derived only from the backbeach. 	Observations in the field 

show that during low tide periods, the surface deposits of 

the forebeach remain extremely wet, whereas those of the 

backbeach dry out rapidly and so can be easily affected by 

the winnowing action of the wind. 

Similar distinctions have been observed by Lason and 

Folk (1958) who studied beach and dune deposits on Eustang 

island, Texas; and by -Friedman (1961). Shepard and Young 

(1961) however, who compared beach and dune sands from 

various parts of the world show that it is generally only 

possible to differentiate between these deposits in areas 

where there are predominant onshore winds. The dunes in 

the area studied are, as shown by King (1959) formed by 

onshore winds. 

Eason and Folk and Friedman found that dune sands 

usually show positive Skewness values, whereas Shepard and 

Young and the present writer generally observed negative 

Skewness values. 	As pointed out by Shepard and Young 

this may be caused by the effects of the settling tube 

method of analysis used by them and the present writer, as 

(73) 
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compared with the sieve method used by the others. However 

providing only one method is used it affects the analysis 

of both beach and dune samples in the same manner so that a 

comparison is justified. 

Unlike the present writer the others found that the 

beach and dune sands showed similar ranges of 0 median 

diameter and 0 deviation Leasure and plots of these 

parameters rarely proved useful in distinguishing between the 

two. 	This similarity is probably nue to the fact that in 

the areas they studied, the variations in wind, wave and 

current velocities are very much the same. 

In the Gibraltar Point area however, the ranges of 0 

median diameter and cib deviation measure of the dunes are 

much smaller than those for the beach. This is due in part 

to the fact that the sediments are derived largely from nearby, 

Pleistocene fluvio-glacial deposits (See last chapter). 

The short distance of transport, the wide range of grain 

sizes available in the source areas and a considerable 

variation in wave and current velocities result in poorly 

sorted beach sediment with an extensive range of grain sizes. 

The variation in wind velocity is probably very limited when 

compared with the variation in wave and current velocities with 

the result that the wind winnows only material within a omell  

grain size range from the beach. 

The dune sands show unimodal grain size distributions 

(See Fig 55). An examination of the cumulative curves 
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FIG5613Grain size frequency distribution of old dune deposits .  



99•5% 

95% 

90% 

80% 

50% 

• 

. i li 	II 	II 	IIIYI. 

. 

20 % __.....in 	. L: .: ,--il ril iipPr_... lpv 

10% 

P017` 450P 

' /°°°.-- 

400P.  350P` 300P 250P-  200P 

• 

150/A 1001 50P- 	OP 

FIG56a  Grain size frequency distribution of new dune deposits.  



shows that although the lower grain size limits are fairly 

sharply defined, there is a marked variation in the upper grain 
size limits (See Fig. 56b,b). Although relatively very much 
better sorted than the backbeach sands, the dune sands are 
not quite as well sorted as one might expect. This at first 
is surprising for one might anticipate that the wind blowing 
over the beach would pick only the smeller grains and hence 
a dune sand could be easily distinguished from the parent 
beach material by its smaller grain size. The process is 
obviously not so simple and the wind is evidently capable of 
transporting large grains as well as smaller..  

The absence of finer grain sized material, and. in 

particular silt, is undoubtedly due to the fact that the 

smaller grains are kept in suspension by even slight air 

turbulence (bagnold (1940) and entirely by-pass the dunes., 

If silt is deposited the dune sediment being dry is subject 

to more sorting from the wind which may remove these finer 
grains.. The small amounts of fine particles less than .064 
mm are probably carried into the dunes while adhering to the 
surfaces of sand grains. 

coroopiti24. 
The coarse fractions ( 2mm 1/16 mm) of the dune 

deposits consist of quartz grains in the main with smaller 
amounts of felspar, rock, shell and coal fragments. 
Occasionally foraminifers tests and bryozoan fragments are 
found. Surface samples from the older dunes are stained. 

( 75) 
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brown by humus. There is an absence of mica bat this does 

not strictly indicate that the wind picks up rounded rather 

platy grains because mica is also absent from the backbeach 

deposits“SeeF 3c) 

itoptina of Gretna.  

Although the shell fragments and foraminifera tests showed 

evidence of abrasion, frosting of the mineral grains appeared 

to be practically non-existent. This agrees with the results 

of Kuenen (1960) and Shepard and Young(1961). 

Atructures. 

Stratifichtion• 

All the dunes as far as could be deduced were entirely 

laminated. 	The Laminae vary in thickness from about 1/10 

to 1 inch in thickness. 	Nany were found to be more than 

10 feet in length. 	The inclination of the laminae rarely 

exceeded 300  and is considerably less near the base and crest 

of any dune (See Plate E at the back of thesis). 

A correlation exists between the direction of 

inclination of the laminae and the dominant winds. Although 

the dune ridges are generally affected by winds from two 

directions that is, onshore and offshore, the gross structure 

of the dunes is siniple and syrmotrical. The general dip of 

the laminae is to landward or seaward and the angles of dip in 

both directions are approximately equal. This arrangement 

may be explained by the fact that the dunes sands are 

rapidly colonised by vegetation which stabilises the dune 

and prevents any migration. 	This structure contrasts 

(76) 



PLATE 53. Wisp coRMED RSYrImETRIG 

RIPPLE HARKS. 



markedly with that of migrating dunes described by various 

other workers. Any diversity of direction of inclination 

of laminae results from deposition on local surfaces of 

erosion. Truncating surfaces are formed as the result of 

deflation or by storm waves. The wind erodes the dunes in 

places where the vegetation cover is sparse and storm waves 

cut small cliffs in the seaward faces of new dunes forming 

behind the backbeach. Those surfaces are ldbr obliterated 

by slumping and depostion of more sand. 

An interesting feature of the dunes at Gibraltar Point 

noted by King (1953) is the fact that the new dunes develop 

on masses of debris, deposited along the strand line by 

waves. 	This material consists largely of the remains of 

bryozoa (Flustra sp.) echinoderms and driftwood etc. (See 

Plate 53). Occasionally a bed 6 inches or bore in 

thickness made up of this wave borne debris mixed with wind 

blown sand separates the basal dune laminae from the 

underlying backbeach ridge deposits. 	Where dunes can be 

seen to rest on old backbeach ridges, there is a disparity 

between the angles of inclination of dune Prld  backbeach 

laminae. 	These exposures show that the dune stratification 

is equivalent to the "planar cross stratification" of i•cKee 

and 1:7eir (1953) 

Bipple varks. 

Wind formed asymmetric ripple marks are found 

periodically on the more exposed surfaces of new dunes (See 

Plate 53). 

(7'7) 
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As shown by Kindle (1917) and Thompson (1937) these 

ripple marks are easily distinguished from water formed 

ripple narks 	the fact that the ratios of their heights 

to their lengths is very small. Also coarser sand is 

concentrated on the crests as a result of the winnowing 

action of the wind which carries away finer grained material 

from the crests, depositing it in the troughs to leeward. 

When strong winds occur, the finer material from the crests 

is carried completely out of the area but that in the more 

sheltered areas of the troughs remains. 

Structures _aroduce4 by Plaqp. 

Plant roots do not extensively disrupt the 

stratification and the only evidence of their presence are 

the remains of cylindrical root burrows (See Plate E 

sections C and E). 

The vegetation cover on the new dunes consists largely 

of marram grass. In many places the cover is thin and the 

tips of individual leaves tend to rest on the surrounding 

surface and drag backwards and forwards when disturbed by 

the wind. This movement produces concentric grooves which 

may be preserved for considerable periods of tivo (See 

Plate 54). 

(78) 
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ClUPTI,41  

planate.  

The deposits of the mudflats are similar to the deposits 

of the intertidal flats of the Wash embaynent described by 

Evans (1960). 	They are generally much finer grained than 

the deposits of the beach and dunes and their stratification 

is often almost completely destroyed by burrowinc organisms. 

ciraoulometric AnaXyggp. 

The deposits of the mudflats are sandy pelites according 

to Kruit (See Note, 1958). In the terminology used by 

Shepard (1954),they are largely sandy silts and silty sands 

despite the fact that they sometimes contain as much as 20% 

clay, (less than .004 mm in grain size) (See Fig. 58). 

Shepard's nomenclature therefore provides an inadequate 

description of these sediments. 

They have 0 median diameters ranging from 4,99 - 2.3 with 

an average value of 4.0. Unfortunately in nany cases the 

0 deviation and skewness measures could not be accurately 

calculated because of the difficulty in deterring the 84th 

percentile. 

The lower limits of the grain size frequency 

distribution curves are very well defined but the upper ones 

are extremely variable (See FiL•59). 

Curves for samples collected from the mudflats near the 

stormbeach ridge and spit (e,g; PSA 96, 95, 101 ) show 

extended coarse tails due to the presenee of material coarser 

than 0.16 mm (160/A ) and even sometimes coarser than 0.5 rum 

(79) 
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(500)a. ). These coarser materials arc carried from the 

stormbeach ridge and spit during periods of strong wave and 

wind action. They are mixed with the finer materials 

deposited by the tidal waters during calmer periods. The 

resulting deposits are poorly sorted and have marked bimodal 

distributions (See Fig. 6o), comparable with mixtures of r, 

and t tyne deposits of Doeglas (1946, '50. 

The amounts and the median diameter values of the coarser 

sandy raterial diminish away from the stormbeach ridge and 

spit (See Fit,. 61), until the deposits consist in the main 

of silt with small amounts of fine and very fine sand (0.25 —

0.062 mm(Wentworth)) and clay (less than .004mm). They are 

much better sorted (e.g. PSA 97, l04) and less bimodal in their 

grain size distribution (See rig. 62). They approximate to 

mixtures of sand t type deposits of Doeglase 

The mudflat sediments are deposited as 4:coaposite" 

sediments, composed of separate laminae of sand and silty clay 

but they are subsequently mixed by the burrowing activities of 

organisms, particularly Cor9ahiukvolutgip9r, and to a lesser 

extent Scrobicularia eXana and ilereis divers, olor. 

Comaositi9n. 

The coarse fractions (2mm — 0.0625 mm) of the mudflat 

deposits consist mainly of terrigenous material, dominantly 

quartz with smaller amounts of felspar, mica, coal and rock 

fragments. 	They also possess small amounts of plant and 

shell fragments, foraminifera tests and spheres. Occasionally 

echinojierm and bryzoan fragments and ostracod tests are found 

(See Fig. 63). 
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2tructures,  

Stratifleations 

The deposits of the mudflats are generally well stratified 

and consist mainly of laminae and thin laminae of mud and sand. 

The proportion of sandy laminae increases towards the spit and 

storm beach riage (See Plato E cef.Sections I) and E and Plate 

55), The stratification is often interrupted or destroyed by 

the action of burrowing organisms. The laminae are separated 

by stratification surfaces resulting from the drying of the 

surface before the deposition of the succeeding lamina. They 

may be uniform in thickness across the width of a core or 

sampling box but sometimes are lenticular or have a rippled 

form. 	Generally it is the sandy laminae which are rippled. 

The thin muday laminae which usually cover them show negative 

ripple-marked bases, which are the impressions of the underlying 

ripple marks (See Plate 56). 

Van Straatan (1954) sul_aested that the sand laminae of 

the intertidal flat deposits of the Dutch 1:Tadden Sec may be 

direct products of sedimentation, or they may be residual 

concentration of an original mixture of sand and mud; that is 

mixed sand and mud deposited by a tidal current may be further 

sorted by gentle wave action to produce laminae of well sorted 

sand. 	On the Dutch intertidal flats it appears that mud is 

largely deposited as faecal pellets;  which because of their 

higher effective densities may be deposited with the sand. 

However;  no faecal pellets wore found iia the mudflats deposits 

in the Gibraltar Point area and the present writer believes 

(81) 



that the laminae and thin laminae of mud are, unlilte the sand, 

probably formed by deposition from suspension under calm 

conditions when wave action is at a minimum. 

Transitions from sandy to muddy laminae are usually 

sharp, except in the places whore burrowing organisms have 

destroyed the stratification. 

"Cross Stratification" is a common feature of the 

sediments associated with the creeks. The sets of cross 

strata are wedge shaped or like sigmoidal louses in cross 

section. 	They may be inclined at varying angles up to 600  

depending on the inclination of the surface on which they are 

deposited; are 1.45-30-S, 	 1- 30 feet in length and usually 
2 - 4 feet approximately in thickness. 

The base of each set of cross strata is marked by a thin 

horizontal bed made of blocks and pebbles of marsh or mudflat 

sediment mixed with shell debris. (See Plate E:Section F apd 

accompanying Fig.). 	At the base of this bed is an irregular 

surface of erosion. This is produced by the undercutting 

action of the creek on the concave banks of meanders before 

deposition begins on the prograding convex bank. The sets of 

cross strata which develop in the progradiug bank meet the 

basal bed at an angle. The cross stratification is often 

interrupteu by slump phenomena. The latter will be 

discussed later in the chapter. 

Similar structures in Dutch and eferman tidal flat 

deposits have been described by Van straaten (1950, 54) and 

Reineck (1958). It has benerally been assumed iu most 

(82) 
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palaeogeographic reconstructions that the dip of cross strata 

coincide with the current direction« Although this may be 

true in many cases, the exarples of cross stratification 

found in the creek deposits of the mudflats are always normal 

to the current direction. 

Ripple Ilars. 

Asymmetric ripple marks of the types described in 

chapter 5 on beach sediments are found in the sandier 

deposits of the mudflats. They also occur in the sandy 

deposits of the bottoms of creek channels. Their crests 

are orientated normal to the channel sides with their steep 

stoss sides facing downstream in the direction of ebb flow. 

They are probably formed by the ebb tide current. 

Occasionally symetric ripple narks are found on the 

ruddier surfaces. They,are generally orientateu with their 

crests approximately normal to the coastline. The crests 

are long Lad straight and the ripples have short wavelengths 

and low amplitudes and show round troughs (See P1 to 57). 

They may'be formed by the tidal currents flowing across the 

mudflats roughly at right angles to the coastline at higher 

stages.of the spring tides (See 2ig. 96 Chapter 13). The 

crests are sometimes quite sharp but usually became rounded 

by later wave or current action. 

Other writers including .Liichter (1926) Frebold (1928) 

Trusheim (1929) and Van Straaten (1)57) have described 

similar symmetric ripple marks. 	They are terirud 

longitudinal ripple marks. 	They may be formed by small 

(83) 
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eddies developed during the flood or ebb tide durreut due to 

friction between the muddy surface and boundary layes of water 

(See Fib; 64), 

pu4cracks.  

iluderdas are common features on the mudflat deposits. 

They are formed by dossication and attain their maximum 

development when hot dry weather coincides with periods of 

neap tides. At these times the higher parts of the mudflats 

may be continuously exposed to the air for periods of a week 

or more. 

The cracks usually show a polygonal, or chequered pattern. 

Under very dry conditions and fairly long exposures  the 
at 

cracks may widen and the upper Lost lalainae curl overAthe 

edges (See Plate 58). The cracks sometimes extend as much 

as 9 inches or more below the surface. :Carrie hydroxide 

may be deposited on the wells of the fissures. This appears 

to age tb form ferric oxides which are relatively rilore 

resistant to erosion than the sediments and often protrude 

above the surface where a local phase of erosion has 

occurred. 

Seeds of 24icornia  sp. are often washed into newly 

formed muderacks and may lead to a polygonal pattern in the 

vegetation cover (See Plate 59). burrowing organisms often 

concentrate along the cracks in search of moisture during 

very dry periods and colonise the soft Dud which infills the 

cracks. 

144d APAres:140. 

Ruddy sediments rapidly develop cohesion and tend to 
(84) 
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resist breakdown into constituent particles when eroued. 

They often form what have been referred to as "muddy aggregates" 

(Pettijohn 1949), Shrock 1948). 	During the present study 

several types were observed on the mud flats. They ores 

angular mudblocks, mud flakes and mud pellets. 

Angular mudblocks are formed by the undercutting action 

of tidal waters on the concave banks of creeks. The blocks 

break off and accumulate)  sometimes in large quantities, in 

the creek charnels at the base of the bank (See Plate 60 )s 

because of their size they are rarely transported and often 

retain their angularity. 

1.4d pellets or small rounded pebbles of mud, produced by 

erosion of the mudflat depositsoften accumulate on the sides 

and in the bottoms of creek channels. These when preserved 

give rise to characteristic mud conglomerates (See Plate F. 

section F). 

Superficial laminae of laud often peel away from the 

underlying sediment when mudcracks form. 	They are often 

picked up by later tidal currents and transported elsewhere 

on the mudflat surface (See Plate 61). 
jr Entrapment Structwep. 

Entrapped air or gas often produces characteristic dome 

like features on the surface of/the mudflats. These mud 

blisters as they are termed, have been described by Schafer 

(1954). 	They may be as much as 6 inches in diameter and 

* inch in height. 	They are produced by the dovi,ng up of 

the surface laminae by an air pocket which has a characteristic 

(85) 
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laccolith like shape (See Plate 62). 

They occur near the spit whore thin ruddy laminae often 

cover sane. 	Air or Las escaping upwards through the sand 

as the tine rises tends to collect under the moist, plastic 

surface layer of mud. If the pressure inside the dome so 

formed becomes e:cessive, the crest of the dome splits and 

the entrapped air or as escapes. Under such conditions 

the domes may deflate or sometimes, then the release of 

pressure is suuden, Lay burst open and form round saucer 

Jike depressions with irregular raised rims. 

eue,contezpovineous Defpfma4on0  

Structures produced by penecontemporaneous deformation 

have been described by Shrock (1948), Pettijohn (1949) pnd  

Kuenen (1950). 	They are usually produced ander the 

influence of gravity by differential loading or by the 

Lovement of water or gas through the seeiment. Features 

produced by the latter process have been describea separately 

because of their particular Lode of origin. 

Penecontemporaueous faulting often occurs along the 

sides of creel: channels due to erosion by creek waters. 

As a result of the reLuval of supporting masses of sediment, 

slumping occurs and small rotational slips or normal faults 

develop (See Plate 63 and Fig. 65). 

41s described earlier undercutting of the banks may 

also result in the production of axu 	blocks and they 

Lay be included in this category. 

"Valley bulges" produced as a result of release of 

(86) 



load, often develop in the bottoms of crook channels (See 

Fig. 65)4 Their formation is often accompanied by the 

vertical intrusion of sand from b3low into the muddy deposits of 

the channel floor. (See Plate K core 24). As pointed out 

by :Evans (1960) differential loading nay play a part in the 

formation of these features in as much as the weight of the 

extra thickness of scairent on both sides of the channel, 

in comparison with the channel floor, will result in a 

downward pressure on both sides of the channel, with a 

correspondina upward pressure beneath the channel. 

Omani° 9trRctures. 

structures Produced by Iolluses. 

Qcrobicularia planet. 

This bivalve mollusc is a deposit feeder. It is 

coal only found living in the muddier sediments and is 

particularly abundant along the sides of creeks. 	The 

organism burrows beneath the surface by means of a foot. 

It sad= changes its position and oves upwards and 

downwards rather than laterally. It generally lives a few 

inches below the surface. (See Plate e cores 2 and 7). 
Two retractable siphons are extendea upwards to the 

surface when the organise is feeding. 	They form a V shape 

diverging upwards from the shell. When the deposits in 

which it lives are uncovered by tidal waters the siphons are 

retracted deep into their cylindrical cavities or oven 

entirely into the shell. During sigh tides the siphons are 

extended to the surface and one of them protrudes into the 

(87) 
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water while the other moves over the surface sucking up the 

sediment in search of food. These two siphons produce two 

circular apertures on the surface around one of which is 

found a characteristic stellate pattern made up of small 

scours radiating outwards from the aperture of the siphonal 

cavity (See Pig. 67 and Plates 64 	, 

The organism produces a wiee vertical burrow. The* 

laminpe on all sides of the burrow as shown by Van Straaton 

(1950 and Seilacher (1953) Aeineck (1956) are 

characteristically drawn downwards forming excellent "bottom 

and top" criteria. 

The walls of the siphonal cavities are platered with mud 

cemented by mucus end often are coated with iron hydroxide. 

This renders them more resistant to erosion and they often 

project as tubes above the surface after tidal scouring has 

removed the surrounding sediment. The tubes and burrows 

remain after the death of the organism and often become 

filled with sediment deposited at a later date (See Plate 66) 

)44991ma kalthioilr  

This is less commonly found In the mudflat deposits 

than Scrobicularia p1ana. It is smaller than the latter 

and lives ae lesser depths below the surface. It is also a 

deposit feeder and produces similar burrows with two siphonal 

cavities but on a small scale. 	The surface markings are 

different (See rig. 6b); instead of the stellate pattern 

(88.) 
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around one of the siphonal cavities there are a series or 

small depressions which are irregular in distribution 

(Seilacher (1953) and Yonge (1940). 

,Lutraria  

This is the largest of the lamellierEic
n 
 hs living in the 

area but is only occasionally found. It is restricted in 

distribution to the sides of creek channels and lives buried 

in the sedinent at depths up to 6 inches or Lore. It 

possesses two siphons whch are enclosed in a single fleshy 

sheath. Ibis reaches the surface along a single vertical 

channel. The organism is a suspension feeder and the 

siphons project above the surface and consequently do not 

disturb the sediment around the elliptical aperture of the, 

siphonal cavity whilst feeding. During periods of low 

tide the siphons are retracted and the only indicati,pn of 

the organism's presence below the surface is the elliptical 

aperture of the siphons' channel. hoOre (1939) reported 

faecal pellets fore eci by lutraria but none In 	been found 

by the present writer. 

HYdrobig Muse.  

This snail gastropod is individually insignificant but 

frequently iLpressive in its abluktzuwo in the nudflat 

deposits. In places the surface ay have a granular 

appearance due to the vast number of these creatures. The 

organisn feeds on organic debris of all kinds. 

Their burrows arc shallow, usually less than 5 mm in 

depth and they are only found below the surface when. tidal 

(89) 
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waters cover the areas  When below the surface HYdrobia u;ype  

takes up a horizontal position (Paineck 1956). During periods 

of low tide it returns to the surface and often moves about 

producinti, characteristic surface trails (See Plates 60 and 61). 

Since the burrows are shallow the sediment is not greatly 

disturbed except when they occur in large numbers. When 

below the surface a characteristic pepper pot structure 

surrounds the aperture to the burrow. :.2his was also 

observed by Yong° (1949)vud Thandrup (1935). 

Structures Produced by 4innelids. 

Nerej.s diversicolor.  

hereis divers color is found in consieerable numbers in 

the deposits of the nudflats. It is a deposit feeder but 

does not live in a single burrow like irenicola marl n  and 

Ipanice couchilega (Schafer 1956); the burrows have a branching 

Y shape near the surface but below this level show no regular 

pattern and raplify in all directions (Sec Fig. 69). 

The walls of the burrows are mudlined and ill defined 

"drag structures" are often found associated with them. 

The worst drags muddy sediment along the burrows which are 

preserved as mudlined tubes. These may be infilled by 

sediment washed in at a later date. 

Structures Produced by Arthropods. 

ceroehlum volutater. 

Coroehlur is found in great numbers in the muudier parts 

of the mudflats and in the sides of creeks. 

(90) 
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Structures produced by this creature have been 

described by Thamdrup (l935) and Hantzshel (1939). It's 

burrowing activity is so intense that the lamination is 

alEost comeletely destroyed. (See Plates Fend Cr sections A, 

B and C and cores 1 to 7). 	The burrows have a 

characteristic U shape and are lined with Lud and often 

with iron oxide and hydroxide. On the surface, the 

apertures to the burrows are surroundeC by small turret like 

accumulations of sedinent (See Plate 69 Fig. 70). 	At 

periods of high tide the animal crawls out onto the surface 

to feed producint, irregular surface trails. 

pecapods. 

Crab burrows are common along the sides of creeks* 

Sixilsr features have been described by Schafer (1956) 

from the madflets of the German Wadden Sea. They vary in 

form from alr.ost cylindrical burrows to irregularly shaped 

pits which may be 9 inches or more deep and about 4 inches 

wide (See Plat© 70). 

ptractures eroduced by biros.  

any typos of wading birds are found in the Gibraltar 

Point area. 	They walk about over the area during periods 

of low tine in search of food, leaving abundant bird foot 

impressions on the surface (See Plate 71). Some feed on 

malluscs, and occasionally small mouncs of broken shell 

fragments are found on the surface of the mudflats and 

spit. These are accumulations of regurgitated material 

(91) 
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after the birds have aiLested the soft parts of the organisms 

(See Plate 7k). 

Structures i)roduced by plats. 

On the lower parts of the nudflats colonies of 

Enteronorpha grow in scattered mats, each consisting of a 

large number of filaments. 	They form well developed 

vounds4 somotines as such as + inches high and several square 

feet in surface area.. The algal rat probably protects the 

underlying sedirent fron erosion and possibly accentuates 

accretion on the rounds by filtering fine sediLent from the 

sea water. 

(92) 
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CHAPTER 8. 

actuatikaup 
9ranu;Lometric AnallTepe  

In the terminology proplsed by Kruit the deposits of the 
now salt marsh are pelites, but in that used by Shepard they 
are silty clays and clayey silts (See Fig. 71). They do 
contain small amounts of very fine sand. The median diameter 
can only be defined approximately and often may be less than 
8 0 . The 84th percentile is unobtainable because of the 
high percentage of materials less than .004 rin (4/40 . 
consequently neither the 0 deviation nor the iskewness 
measures can be determined. 

The grain size frequency distribution curves show 'ell 
defined coarse and fine limits (See Fig. 72). They are 
directly comparable with those described by Evans (1960) as 
being characteristic of the outer part of the saltmarsh near 
the Witham outfall in the Wash. However one difference is 
noticeable; Evans found that there are small tails on the 
coarse ends of several of his distribution curves duo to the 
presence of coal and mica. 	The absence of such tails in the 
samples studied by the author results from the different 
method of analysis used in the present study. Whereas Evans 
separated materials coarser than .062 mm by sieving; the 
present writer used a settling tubes  so that grains of coal 
and mica although often of sand size were sorted 
hydrodynamically with the silt and clay because of their low 
effective densities. If sieves had 'bemused, as they were by 

(93) 
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Evans, these grains would have been separated with the sand 

fraction. 

The curves are essentially similar to those of "simple 

sediments" of the 't' type of Doeglas (1940 etc.). The 

sediments result from the deposition of the fine grained 

load remaining after the tidal waters have deposited the 

coarser fractions on the mud flats to seaward. 

The fairly dense cover of vegetation in this sub-

environment not only helps to prevent erosion of these 

deposits by storm waves, but also increases the rate of 

sedimentation by filtering fine grained material from the 

tidal waters. 

Very little sand is carried into this sub-environment 

because the currents are ao weak;the small amounts present 

are probably carried in during stormy periods. 

Comsoaltiqa. 

The coarse fractions (between amm and 1/16 mm in size) 

consist mainly of the three components mica, coal and plant 

fragments (See Fig 73). 	They also contain small amounts of 

quartz, felspar$  shell fra6ments and foraminifera tests. 

Considerable numbers of hollow spherical bodies termed "spheres" 

described in an earlier chapter are also fouud.(seaT,  

Echinoderm and bryozoan fragments and ustraeod tests 

may or may not be present. 

ptracuRes.Imori .c. 

Stratificatiqp. 

The sediments of the new salt marsh are finely 

(94) 



laminated. 	They differ from the mudflat deposits in as 

much as there are loss sandy laminae and they are less 

disturbed by burrowing organisms. Individual laminae may 

be either uniform in thickness over a distance of several 

inches or lenticular in form. There is a general absence 

of ripple marked laminae. This is due, in part, to the fact 

$hat wave and current actions are generally not strong in 

this sub-onvironment and the surface sediment is largely 

protected from these agents by the thick cover of vegetation. 

Cross stratification of the type commonly found in the 

mudflat deposits, produced by rieandering creeks, is found 

in association with hain creek. Erosion is constantly 

taking place on the outer concave bends and is accompanied 

by deposition on the inner convex bank producing sets of 

cross strata inclined at angles up to 300  (See Plate K core 

25). 	The meandering crook produces a bevelled planar surface 

of erosion which is met at angle by the overlying cross strata. 

This surface is generally covered by a shell and mud pellet 

bed approximately 3 . 6 inches thick. The sets of cross 

strata have been observed to have in places a horizontal 

extent of 35 feet or more. The total thickness of the cross 

stratified unit may be as much as 6 feet. Since the lower 

bounding surface is a planar surface of erosion this structure 

is equivalent to the planar cross stratification of McKee 

and 	(1953). 

Cores and sections from the now salt marsh show that 

these deposits rest uncomfortably upon older mud flat 
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deposits (See Plate I sections A, and C). The sections 

show that the surface between the two is usually quite sharp, 

but in places it is penetrated by plant roots and the borings 

of worms and molluscs. 

Apple Na  pits. 

Ripple marks are occasionally found in areas whore 

there is a lack of vegetation. The surface in these areas 

is Ilightly lower than that of the surrounding marsh. 

Although poorly developed the ripple marks are generally 

symmetric in form with wavelengths of 3 - + inches and heights 

of about * inch. 	The orientation of the crests varies from 

time to time and they are probably formed by oscillation of 

water retained on these parts by wind action after the tidal 

waters have retrceted. 

l'iudernoks. 

These are connonly found during dry spells, particularly 

on the exposed surfaces along the sides of Main creek. They 

are similar in every way to those found in the mudflat 

deposits. 

DrieWiga.09=-1.01  • 

The fauna of the now salt rarsh is similar to that of 

the mudflat except that there is rarked decrease in the 

numbers of various forms found. 	Dcrobicularia Plana and 

Navels diversicolor are cornea only in areas where the 

vegetation cover is poor and in the deposits along the sides 

of Main creek. Corophiuz volutator, and crabs have a 

(96) 
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similar distribution. Consequently the subsurface and 

surface structures produced by these organisms are more 

common in the sediments in these areas and less common in 

vegetated parts of the marsh away from them. This is due to 

several factors (YOnge119)+9). 	Although all the organisms 

are deposit feeders and prefer muddy sediment, they also 

required an environment having a high degree of water 

setuTation. The degree of saturation is reduced in the 

new salt marsh as opposed to the mudflats and the sides of 

creek chaxnnels because the new salt marsh is not so regularly 

inundated by tidal waters and the dense population of plants 

is responsible for taking considerable amounts of moisture 

from the sediments. 

However unlike the mudflat deposits structures produced 

by plants are very courion. Around the outer fringe of the 

new salt marsh, where the vegetation cover is sparse, the 

plants are often greatly affected by water movements. 

Currents and the streaming motion of flood and ebb waters often 

induce a svirlink, movement in those isolated plants, particu. 

larly Salicorn4.  The plants are bent over to touch the 

surface of the surrounding sediment and their swirling motion 

produces a series of concentric drag marks. 

Sometimes swirline eater currents scour the sediment 

around isolated plants, forming small circular depressions. 

These later become infilled with sediment brought in by 

succeeding tides and if preserved appear as small lens like 

structures (See Fig. 74 a). 

(97) 



Annual plants such as Salieornia die out during the 

autumn and their roots decay leavinz cavities in the sediment 

which also become thrilled with sediment (See Fig. 7 b). The 

cavities so formed are often wider than the actual plant root, 

probably due to the motion of the plants wider the influence 

of waves and wind (Van St:eaten l9:;11-). 

(98) 
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CHAPTER 9. 

Piature  

Dranulopetrlc Apalvsu. 

The deposits of the mature marsh are pelites and sandy 

pelites (bruit) or clayey silts, silts and sandy silty clays 

(Shepard)(See Fig. 75). They have median diameters 

ranging from 2.5 to 6.8 with an average value of 6.62. 
The 844ercentiles are again unobtainable so that the 

deviation and skewness measures cannot be calculated. 

The grain size frequency curves usually have well 

defined lower limits. Curves of certain samples, however, 

such as PSA 84 and 79 (See Vie.76) possess marked 'tails' 

at their coarser ends: these are due to the presence of 

small amounts of fine and very fine sand. 

The sediments are largely the result of the deposition 

of the fine grained load carried by the high spring tidal 

waters which rise up halm creel: and flood over the mature 

marsh. The dense cover of 

acts as an effective filter 

Occasionally when very 

high spring tides the storm 

materials are swept over it 

winds blow small amounts of  

vegetation in this area again 

for this material. 

stormy conditions coincide with 

beach ridge is eroded and sandy 
a 

onto the 411116 marsh. Strong 

sand into the area from 

surrounding dunes but because these are now stabilised, very 

little material is introduced in this fashion. 

The deposits are mainly t'aimpic" scaimeaLs comparable 

with the 't* type of '.0oe6las, but when small amounts of 

(99) 
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coarser materials are present they are comparable with 
mixtures of 's' and 'V types. 

Copposition. 

The coarse fractions consist mainly of plant detritus 

which has accumulated in sitlo. 	Small percentages of 

terrianous materials - quartz, felspar, mica and lithic 

fragments, of which mica is by far the most abundantlare 

found (See Fig. 77). Other components present are coal 

fragments, and to the lesser extent ostracod tests and 

echinoderm fragments. Those and the nice are deposited 

from slew moving spring tide waters when they flood the area. 

The other components are carried from the dunes and storm beach 

ridge by strong wind and wave action during occasional stormy 

periods. 

roraminifera tests are found to be slightly more 

abundant than in the coarse fractions of the deposits of the 

other sub-environments. Many of these belong to species 

living in the ta.,turo marsh e.g. Trochamina sn. 

Stratification. 

The deposits of the mature marsh are finely laminated 

(See Plate :r at back of the thesis). However the 

transitions from skidy to silty clay laminae are novas sharp 

as they are in the mudflat and now salt marsh. sediments. 

This is probably because the area is sheltered to such a 

degree by the storm beach ridge that, unlike the mudflat 

deposits, the deposits of the mature marsh are rarely, if 

ever, reworked and sorted by gentle wave and current action. 

(100) 
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Also unlike the new salt marsh, the vegetation cover is so 

dense that particles can rarely settle out evenly onto the 

underlying surface. 

r.dia.E ,,E"SLatini=gAL 

An interesting feature in'this connection is the infilling 

of the head of the stream which suffered a reversal of drainage 

as a result of the formation of the storm beach ridge. This 

channel is now filled by val aminated deposits to produce a 

type of "Scour and fill" or "washout" structure (See Fig. 78). 

The primary and secondary salt pans also become infilled 

with well laminated deposits. 

ude /sacks. 

The salt pans and sides of creek channels are often 

muderacked during periods of neap tides when tho weather is 

hot and dry. 

Organic Structurov. 

Practically none of the organisms which flourish in the 

mudflat deposits are to be found in the ralture marsh. The 

stratification is not disturbed by burrowing except locally in 

the salt pans where Rvdrobia, and Fereis, which can withstand 

a certain amount of dessication, are found, and in the sides 

of creeks where occasionally ScrobiculLria arc seen. 

The stratification is however interupted by ramifying 

Plant roots. 

(101) 
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QAPTIA19. 

storm Beach Ridge. 

Granulomstric Analyse,  

The deposits of the storm beach ridge are generally very 

similar granulowetrically to those of the spit. According 

to the nomenclatures of Kruit and Shepard they are sandy gravels, 

gravelly sands and sands (See Fig. 79). 	They have an 

average 0 median diameter 0.52, but as in the ease of the 

spit deposits the 16th percentile is not always obtainable 

and so the deviation and skewness measures cannot be 

calculated. 

The cumulative curves show that the deposits cover a 

wide range of grain sizes (See Fig 80). 	The deposits of the 

south facing slop of the ridge are rich in gravel and show 

distinctive bimodal grain size distribution (See Fig. 81). 

Curves for the deposits of the washover fans behind the 

ridge show that they are relatively well sorted fine sands. 

They show marked unimodal distributions (See Fig. 82). 

The cumulative curves are similar to the 'r' or mixtures 

of Irt and 's' types of Doeglas. 

The material forming the storm beach ridge was probably 

carried in and deposited by storm waves during periods of 

high spring tides. 	The high concentration of gravel is 

attributed to the winnowing action of such waves and the wind 

which sarry finer sand inland depositing it on the mature 

marsh as washover fans and small dunes. 

1102) 
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Compositioli. 

The sand fractions of the storm beach ridge are very 

similar in composition to those of the spit deposits (See Fig. 

83). 

They consist largely of terrigenous material, particularly 

quartz grains with smaller amounts of felspar, rock and coal 

fragments. Molluscan shell fragments are also frequently 

found. 	As in the case of the spit deposits, the absence of 

more fragile particles of low effective density such as mica, 

foraminifera etc. is probably due in part to crushing and in 

part to the winnowing effects of waves and wind. 

Structur9st koprganle.  

Stratification. 

Unfortunately due to their coarseness, it is not possible 

to take cores or impregnated sections of the storm beach ridge 

deposits. However sections dug in the field reveal that they 

are well stratified, bedded and thinly bedded deposits. The 

strata on the southern side of the ridge tend to dip at angles 

of 100  or more southwards, becoming horizontal on the crest 

and then dipping very gradually northwards towards the mature 

marsh at angles of less than pro. 

Other structures. 

Beach cusps are found occasionally on the southern slope 

of the ridge after high spring tide periods. The distance 

between the tips of the horns being as much as 3 .5 feet, and 
heights of the horns above the bays being about 6 . 9 inches. 
,runic Structures. 
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The storm beach ridge is characteristically devoid of 

structures produced by organisms except for plant root burrows. 

These are rarely discernable and have little or no effect upon 

the stratification. 	Some concerntric drag marks, formed by 

the leaves of marram grass scratching the surface when blown 

by the windore occasionally found on the accumulations of wind 

blown sand behind the storm beach ridge. 

(104) 



SILT 
•0625 mm - .004mm 

SAND 
lmm- 0625mm CLAY 

4.004mm 
FIG 84 SAND SILT CLAY RATIOS OF MARSH STRIP DEPOSITS  



9.95 

95 

0.5 

PSAS4 

P SA 42 

PSA 43 

PSA 55 

450p 400? 350? 300p 250p 200p 150y 1 00 p 50p 	0 500p 

90 

80 

50 

20 

10 

5 

Fl G.84 Grain size frequency -distribution of marsh strip deposits. 



AI
DECREASING CAPAC ITY

DECREASING COMPETENCY
..

LATERAL TRANSPORT

jF SAND BY WIND
........--- WIND ACTION --....,..~ AND'WAVES

LATERAL TRANSPORT ALa NG
LATERAL RANSPOR T STORM BEACH RI DGE BY WAVES

SAND S'( WIND DURI NG PERIODS OF HIGH SPRING TI DES,

A

-:•. ':1,
6 • • .. • •

I ~ I MATURE
1 \ I MARSH
CREEK
~

NEVER DRY GREAT
VARIATION 1/'1
VELOCI TY

SHELTERED
ENVIRONMENTNO SAND BROUGHT

IN EXEPT BY \VIN D, PLANTS AC T
AS SEDIMENT TRAPS, LI TTLE
REWORKING BY ORGANI SMS, NO
FtEWORKI t~ G BYWAVE S '

MATU~E

MARSH.
'-'.

B B.

HSTL

, .
.<I ", .... ,', ,~ LSTL......... : .. :...-....~-~

I FC'REBEACH ' .. ", ':.'.
I EXTENSIVE REWORKIN
I BY WAVES AND ORGANISMS

HSTL

r.... L·,.... ":Er] 31TE t, ; , .-- J,bE/,Cn
RU~l~JELS A ~D t:tl FOREBEACH AT
HIGH S~.AC TIDES:WHEtl WAVE
;:..,. i _ .. ~(.. t~- ~ • T :. ~ T I r: ~ I .l ~ F ~

MIt~lt.I'_ 1.\' II
I

.. I
SAND WAS H~DOVER

BY WAVES DURING HdGH SPRING
TIDES AND STon~s,

WIND ACTION

EASTERN DUNE BELT "':":r-:";; : :.:: : .. ':-' .: .. : ..y : :..... . I
I NEW DUNERIDGES AND I······· '.' :". ".:-" : ;1':.:-, -: ::. ; .. .::". :.;. '.

DUNES STABILIZED BY DENSE VEGETATIONI MARSH STRIPS , BACKBEACH I ' '::'.'::;,.'
COVER, NO REWORI<ING BY WIND, PLANTS NEW DUNE RIDGES COVERED B'Y I FOREBEACH '
ACT AS SEDIMENT TRAPS, PLANTS WHICH TfQAP SAf'JD BLOW~1

BY TRE wmo FROM BACKBEAC H RI DGES '
OCCASIONAL REWORKING BY WIND AtH.I

WAVES DURING HIGH SPRING A~IO STOHM TI DES.

MARSH STRIPS-UTTLE REWORKING BY ORGANISMS
PLANTS ACT AS SEDIMENT TRAPS, MIXttK; a=-WASHOVER SAN D· .
WIN D CARRIED SAND AND SIL T AI'1D Q.AY SETTLED OUT F'ROM HIGH SPRING TlDE WATERS.
CREEKS SOMETIMES DRY,GREAT VARIATION IN VELOCITY,

c

FlG94 SCHElv1ATIC PRESENTATION CF THE DYNAMICS OF SEDIMENTATION IN THE GIBRALTAR POINT AREA



•

) .

..
(

(

. ..... /

) .



COAL 
FRAGMENT 
ROCK 

FRAGMENT 

PLANT 
DEBRIS 

SHELL FRAGMENTS 

TERRIGENOU S 
MINERALS (Mainly quartz 

with some felspar) 

FIG 86a COMPOSITION OF THE COARSE FRACTION 
( greater than 0.0525mm) OFMARSH STRIF 



are carried from the dune ridges by the wind or washed over 

by lit= waves. The silt and clay are deposited by high spring 

tide waters which frequently flood the marshes. The dense 

plant cover acts as an effective trap for these materials. 

The deposits are composite sediments comparable with 's' and 

't' types of Doeglas. 

Cogpos4ion.  

The coarse fractions consist in the main of terrigenous 

material in which quartz grains are dominant, with minor 

amounts of felspar, rock aid coal fragments. 	Plant fragments 

are also present in conspicuous proportions and shell fragments, 

largely molluscan are common. Occasionally echinoderm skeletal 

fragments and ostracod tests are found. 	The high proportions 

of terrigenous material are carried from the dunes by the wind 

and storm waves. (4,e Fi(-86a) 

structures:InorRagc. 

StratificaU.on. 

The deposits of the new marsh strips are well stratified, 

consisting of fine laminae of sand and very fine laminae of 

silt and clay. 	There is very little disturbance of the 

lamination except by plant root structures. 

Cross stratification or typical planar "cross 

stratification" of McKee and Weir (1953) formed by meandering 

creeks is characteristic of these deposits. 

Organic Structurpg. 

Burrowing organisms, particularly Zrenicola marina, 

HYdro4a,and Teteromastus sp. are restricted to the areas 

(106), 



FIG.87. Diagram showing cast and burrows of 

Heteromastus filitormis. 



occupied by the creeks. The casts and feeding holes of 

ArenicAla are only found on the floors of the creeks and 

particularly in the lower parts which are rarely uncovered by 

water. 	The casts and feeding holes are vuch larger than those 

forind on the forobeach and due to their poor cohesion tend to 

loose their irroLularly coiled forE and take up the appearance 

of small sand volcanoes (See Plate J3). 

The worn Feteromvtus sp. is occasionally found in the 

creek beds. It forms snail conical mounds of faecal pellets 

around the entrance to its burrow (Sec Fi 87). 

VIdro4Rs are often found in considerable numbers alone 

the sides of creeks and on the marsh strip surface producing 

abundant trails and small burrows. 

(107) 



CHAP= 1. 

Stratigranhy.  

Many geologists have laid emphasis on the importance of 

three dimensional studies and the spatial relationships of 

accumulations of modern sediments. 	These it has been shown 

yield information most valuable in the stratigraphical 

interpretation of many ancient sediment bodies. No4able 

amongst such works are those of Russell (1936), Fiak (1938, 

144, '47 etc.), Fisk and others (1954), Fisk and }iacfarlan 

(1955), Kolb and Van Lopik (1958), Swinton (1955) and  Van 

Lopik (1955-'57). 

It has been shown in earlier chapters that the Gibraltar 

Point area is one of particular interest because it can be 

subdivided into a number of sub-environments of deposition. 

This account has, so far)  dealt with some of the surface and 

near surface characteristics of the sediments. It has boon 

shown that each sub-environment is characterised by a 

particular subfacies. This in itself provides a basis upon 

which similar ancient sediments can be distinguished, bat the 

picture is incomplete and the information already given of 

little value to the stratigrapher unless the spatial 

relationships of the various subfacies are given. 

In the following pages a three dimensional picture of the 

Gibraltar Point area will be presented. This picture is 

based mainly on information gathered from cores, sections, 

shallow excavations, anger borings, some deep bore holes 

made by the Lincolnshire River board and finally historical 

(106) 
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evidence. 

Examination of those data has shown that the sediments 

of the Gibraltar Point area are dominantly sands. These are 

mainly beach deposits which rest uncomfortably upon older 

Holocene and Pleistocene sediments. 	The beach deposits in 

turn arc covered by dune sands, mudflat and marsh deposits 

(See Fig. 98 at back of the thesis). 

Historical evidence au6gests that following the 

deposition of the Pleistocene sediments and during the earlier 

Holocene the pattern of sedimentation in the area was 

completely different from that of the present. 

Evidence collected by Swinnerton (1936) suggests that 

during this period the East Lincolnshire region of which 

Gibraltar Point is part)  and much of the present offshore 

area were shielded from the onslaught of the -waves approaching 

from the open ;;orth Sea by some sort of offshore barrier. 

This barrier probably consisted of a broken range of partially 

submerged morainic hills which extended from the Norfolk coast 

to Spurn. Point, along the general line of a series of present 

day offshore barrier islands, called the Protector Outfalls and 

Inner Dowsing which lie some ten miles seaward of the present 

coastline (See Fig 88). In the shallow lagoonal area behind 

this old barrier, tidal flat and salt marsh  deposits 

accumulated. 

However, according to Skertchly (1877), during the latter 

half of the thirteenth century and opening of the fourteenth 

(109) 



century the Lincolnshire coasts erns suffered an increasing 

number of inundations by the sea. Swinnerton (1936) and 

King (1953) believe that these indicate the destruction end 

removal of the offshore protecive barrier by storms, with 

resultant erosion of much of the Pleistocene and early Holocene 

sediments and initiation of the present coastline with sandy 

beaches Prui  dunes. 

Cartographic evidence, shows that accretion, with 

resultant build out of the beach seawards, has been the 

dominant process in the Gibraltar Point area over the last 

t centuries. 	Many writers including Thompson (1937), 

Martens (1955) and licKee (1957) have drawn attention to the 

fact that beach deposits usually possess a characteristic 

three dimensional form and rarely attain great thicknesses. 

Barrell (19061 1909), pointed out that such deposits are 

generally loss than 1000  thick while Thompson stated, after 

examining ancient beaches in California that they rarely 

exceed +O' in thickness. This is due to the fact that as 

a beach is forming its thickness is limited essentially by 

the tidal range. It must develop with one small and two larger 

dimensions which results in, an overall sheet or lens like form* 

Thompson also showed that ancient 

not continuous for long distances 

of the variation in conditions of 

along a coastline. 

Such undoubtedly is the case 
stratigraphically consists in the 
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gravelly sand which according to evidence collected from bore 

holes (Lincolnshire River Board) has a maximum thickness of 

slightly more than 30 feet (See Fig. 89). The writer suggests 

that the present beach is merely the seaward face of the lens, 

This lenticular body attains maximum development at Gibraltar 

Point, decreasing in width northwards to Skogness, north of 

which point and as far as Mablethorpe, the beach is merely a 

thin covering of sand on a shoreline of erosion, which is 

receding rather than building out. South of Gibraltar 

Point, across the Steeping Outfall, the beach deposits pass 

laterally into tidal flat sediments. It is suggested also, 

that the lens thins out landwards as it again passes laterally 

into older tidal flat and marsh deposits, because landward of 

Gibraltar Point the low lying relief of the rinland appears to 

be unbroken by dune or gravelly sand ridges. However further 

information from more bore holes will be necessary before the 

presence and extent of the subsurface part of the lens can be 

deduced. 

The base of the sand lens rests on Pleistocene boulder 

clay. This is shown in the two bore holes put down by the 

Lincolnshire River Board. Further north of Gibraltar Point a 

surface of erosion separates the beach deposits from the 

underlying Pleistocene and Holocene deposits. The two 

boroholes were put down on the sides of the River Steeping, 

and the present writer feels it is possible that the absence 

of older Holocene deposits from the two bore holes may be due 
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to local reworking of the sediments by the River Steeping. 

If such is the case then further bore holes put down away from 

the river should reveal remnants of the older Holocene deposits 

beneath the more recent beach sediments (See Fig. 90). Clayey 

deposits similar to the Holocene clays observed by Swinnerton 

at Chapel Point to the north were found below low tide mark at 

Gibraltar Point. 

It is unfortunate that the only complete sequence from 

Pleistocene boulder clay up to the surface is provided by just 

the two bore holes, which as already pointed out are not ideal 

sections, but they do show that the sand lens can be divided 

into two distinct parts, an upper one consisting of sand and 

gravel and a lower one consisting of sand. These the author 

feels are old backbench and forebeach deposits, although the 

possibility that they are fluviatile in origin cannot be ruled 

oute  

It has hot been possible to demonstrate the boundary 

between the, two in the field except in these bore holes, but 

as pointed out in an earlier chapter, the evolution of the 

Gibraltar point area has been characterised by a steady build 

out and vertical development of the beach. 

It seems logical to suggest therefore that the lens of 

beach sediments which makes up the greater part of Gibraltar 

Point area consists of two major units. The lower one 

consisting of sediments typical of the present forebeach, 

that is, scalds which are laminated, the laminae inclined 

gently seaward since they were deposited on the gentle 
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forebeach slope with occasional ripple formed cross lamination 

and large numbers of Arcnicola burrows. Overlying these, the 

upper unit consisting of sands and gravelly sands typical of the 

present backbeach which show a more complex internal structure, 

of variously inclined and crossed laminae, produced as a result 

of the development of ridges and runnels, mega ripple marks etc. 

at various stages of development of the beach. It is 

suggested that the surface between the two units is equivalent 

in level to the ;junction between the forebeach and backbeach at 

the present. 

It has been demonstrated that the ridges become capped 

by dune sand and the runnels infilled with finer marsh deposits. 

It was possible to observe the boundaries between these deposits 

in auger holes, sections dug in the field and cores. In all 

cases it was found that dune sand rested on the gravelly sand 

of an older backboach ridge, while the marsh deposits rested on 

similar deposits of older runnels (See Fig. 91). 

The Upper surface of the lens of beach sand is irregular 

because of this development of ridges and runnels which have 

since been incorporated in the succession. 	The surface in 

all cases is sharply defined and easily distinguished because 

of the marked difference in character between the older 

backbeach and younger marsh and dune deposits. 

In the southern part of the area a more complex relationship 

exists between the underlying beach deposits and overlying new 

salt marsh, mudflat, storm bench ridge and mature marsh deposits. 
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Although a spit and ridge 11114  rwatel beach exist at present 

there is little evidence to indicate similar older features 

preserved beneath these new deposits to westward of the present 

beach except for the remains of the 1779 spit at the southern 

end of the western dune belt. 

There are two possible explanations for this. Virst, the 

River Steeping outfall has continually changed its position 

over the last two centuries. It may well have been responsible 

for reworking these deposits and destroying any older beach and 

marsh features. Older inclined strata similar to those found 

forming on the prograding banks of the river meanders at present 

are to be seen exposed by erosion in the side of river channel 

to the west of the present spit (See Plate 74); suggesting that 

the river has cut back northwards in the southern part of 

Gibraltar Point area, at an earlier date. 	This is also 

suggested by the cartographic evidence (See Fig 7 Chapter 3). 

Secondly the absence of older ridges and runnels, 

beneath the present mudflat and new salt marsh aeposits, may 

be attributed to the action of storms, as discussed in an 

earlier chapter, which affected the area during the nineteenth 

and early twentieth centuries. 	These appear to have resulted 

in erosion of the southern part of the area. The storm beach 

ridge itself is believed by Ling (1951) to have been formed as 

a result of the breakdown of a spit, very much like the present 

one, which developed further to the west, and the present 

investigation has shown the great similarity in composition and 
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grain size of material of both storm beach ridge and spit. 

Sections cut through the storm beach ridge showed that it 

rests upon an eroded surface and the remains of an old marsh 

cliff (See Fig. 92). 

It is possible that reworking by both the river and storm 

waves have been responsible for the complex relationship of the 

various subfacias in the southern part of the area. 

Following the formation of the storm beach ridge, new 

mudflat and salt rersh deposits have developed to the south 

of it and this development is continuing at present. 	The 

storm beach ridge has been further modified by storm waves 

which occasionally sweep over it spreading much of its 

material ovLr the mature marsh as weshover fans. Sections 

dug in the mature marsh behind the storm beach ridge show 

wedges of sand representing a series of washovor fans 

spreading as tongues into the mature marsh and decreasing in 

thickness away from the storm beach ridge (See Ftcee 92 and 

Plate 75). Similarly, the seaward face of the storm beach ridge 

is frequently reworked by waves and fans of sand and eravel 

are often spread out over the mudflats. Those form wedges in 

the mudflat succession and are easily picked out in cores from 

the mudflats in front of the storm beach ridge. An 

irregular covering of dune sand covers the deposits of the 

storm beach ridge, the relationship between the two being 

similar to that between dune sand and older beach ridge 

deposits. 

Evidence from cores and sections shows that the deposits 
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of the new salt marsh overlie those of the mudflatse In all 

eases it is possible to show a well defined boundary between 

the two subfacies. 	The new salt narsh deposits are finely 

laminated fine sands and silty clays and are generally less 

disturbed by burrowing organisms than the mudflat sediments. 

%he latter are also well laminated but generally have a greater 

proportion of sandy laminae particularly near the storm beach 

and spit; in many cases the lamination is almost completely 

destroyed by burrows particularly those of OoroelAum volutator  

(See Plates 	F, G and H). Evidence collected by repeated 

jsuzfaces over the last fifteen years or more by King (1951 etc.) 

indicate that the new salt marsh deposits are building out 

over Lhe nudflats (See Fig. 93). 

It was possible to demonstrate in sections (See Plate 76) 

that the nudflat deposits south of the spit overlie sandy 

sediments, w4ch the present writer suggests are older beach 

deposits because they pass laterally seaward into the present 

beach deposits without any apparent break. 	They may, 

however, be sediments reworked by the Elver Steeping. 

Theinudflat deposits pass laterally eastward into the 

deposits of the present spits again evidence from cores and 

sections shows that, as the spit is approached, a number of 

sandy laminae appear, which increase in thickness towards the 

spit. 	These are wedges of sandy sediment representing 

washover fans from the spit which were formed on occasions 

when strong wave action washed material from the spit onto the 

mudflats. 
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Apart from the River Steeping, the creeks and bordering 

regions form narrow belts which often cross the boundaries 

separating different sub-environments. They are interpreted 

as irregular zones in cross section. 

Unfothnately, no survey of the area with particular 

reference to the heights of boundaries between sub-facies was 

made during the present investigation, consequently assessments of 

the thicknesses of the deposits of the various subfacios shown 

in the accompanying sections are very approximate and are based 

largely on surveys made by King, observations in the field by the 

present writer and borehole date. 

The beach deposits form a lens which has a maximum thickness 

of approximately 30 feet in the Gibraltar Point area. 	The 

dune sands on the old backbeach ridges vary from a few inches 

to 10 feet or more in thickness. The deposits of the mudflats 

are rarely more than 4 feet in thickness, whilst the new salt 
marsh deposits form a wedge shaped body with a rraximum 

thickness of approximately 2 feet in the west but thinning 

out eastwards over the mudflats. The deposits of the mature 

marsh are about 3 - 4 feet in thickness behind the storm beach 
ridge but thin out northwards between the minor dune ridges, 

where they are practically only a thin covering of 1 - 3 inches 

in thickness on older backbeach runnel deposits. The marsh 

strip deposits are rarely more than 1 foot in thickness, 

forming thin lenses of fine sediment between the new dune capped 
a 

ridges and,like the tongues of mature mph between the minor 

dune ridges, rest on backbeach runnel deposits. 
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The boundaries between the various sub-environments are 

drawn essentially horizontal in the accompanying sections, as 

they are thought to be related to tidal levels. However, if as 

it has been suggested by certain workers, including Fowler 

(1940), Godwin (1940) and King (1953) etc., that sea level is 

steadily rising, then the boundaries between the various 

sub-facies will also rise gradually seawards. A feature of 

significance is the fact that the subfaeies are diachronous. 

The present author feels that the deposits of the various 

subfacies are distinctive and could be easily recognised if 

preserved. It is difficult to point out any one criterion 

that may prove that a certain formation was a beach, dune or 

marsh deposit but as shown in the present investigation a 

careful study of the many features of the sediments can Give 

a very strong indication of their node of origin. 

(1.18) 



CHAPTER X1 

Processes of Sedimentation. 

In the preceding chapters the sediments found in the 

Gibraltar Point area have been described and it has been shown 

that there is a remarkable lateral and vertical diversity of 

sediment type. These differences are a result of a number of 

factors including direction and intensity of waves and 

associated currents; tidal variations, wind action and the 

effects of organisms. In particular, the variation in 

intensity and relationship of these factors is reflected in 

the sediments accumulating in the different sub-environments. 

In this chapter the area will be treated as a whole and 

with a knowledge of the grain size frequency distributions of 

the deposits an attempt will be made to account for the general 

pattern of sedimentation (See Fig. 94). For such an analysis 

to be complete, it would be necessary to possess data on the 

strength of the various currents at various states of the 

tide, wave amplitudes and periods etc. 	Although these are 

not known in quantitative terms it is possible to discuss them 

on a qualitative basis. 

Hydrography. 

The dominant direction of wave approach is from the 

northeast quadrant, the direction of maximum fetch. These 

waves suffer refraction as they reach the beach but the greatest 

degree of refraction is at the Point where the trend of the 

coastline changes from north-south to east-west. As a 

result of the refraction, the crests of the wmes tend to swing 
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around parallel to the coastline end approach the coastline in 

the southern part of the area frolL a southerly direction (See 

Fig. 95). 

Tidal waters flood parts of the area twice every 2 hours. 

According to Admiralty charts mean high spring tides have a 

renee of approxiLletely 20 feet and me nn high neap tides a 

range of 9 Feet. 111,h spring titles inendete the beach, spit, 

vudflats, new selt nersh, nature marsh end mrsh strips, but 

high neap ti es only inendete the forobeech and lower parts 

of the runnels on the le,e;xiech. 	The velocity of the flood 

tide current is generally ilieher then that of the ubb tide 

current in the vicinity of Gibraltar Point, (Earth :'ea Pilot 

lD48). 

There is a longshore mover-eat releted to the weter 

tovelJuats in -3,ostou ileep a cliennel to zeawerd of the fore. 

beach. This is one of several charnels alone which the tidal 

weters enter and le ;_eve the Wash. As the tide - es the waters 

euve landweres es veil as clongshore 	!hareee the water 

If.oveLents in Beeton beep are ele-e3atially parallel to the 

coaatline, the directions of noverent over the intertidal 

come form coeplex pattern duo to the considerable variation 

in the configuretion aria Lerpholoey of this Lone (See Fig.96). 

Daring periods of high spring tides7  when e.aximum 

inundation oaeurs, the wetere floou across the forebeach in 

a direction :erpendiculez to the coastline while south of the 

spit the waters flew inland and up the channel of the 

UoopiLg. 	Later the rising tide begias to Lrendate the 
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runnels on the backbeach and in these the direction of 

movement is northwards sub-parallel to the coastline. At 

about the same tine the tide floods around the southern end 

of the spit and overflows the banks of the River Steeping 

to cover the lower parts of the nudflats. 

At a higher stage of the flood tide, the beach ridges 

become inundated. '/:hen this occurs the northward longshore 

movement in the runnels ends but there is probably still 

a general longshore movement eliouthwards over the lower 

part of the beach. 	The common landward movement of 

floating objects and the rapid movement in that direction 

in the breaker zone show that the surface water over most of 

the area is moving landward. 	At this stage there tends 

to be a piling up of water in the runnels as the waves 

pass over the ridges. This appears to be compensated by 

a southward movement of water in the runnels. This 

southward longshore current sweeps seawards through the 

gaps in the beach ridges and where it meets the general 

incoming water, rip currents are produced. 	Similar rips 

have been observed by Shepard, Emery and Lafosd (1941) on 

the beach at La Jolla, California. 	These currents may 

be responsible for cutting the gaps in the beach ridges. 

As the backbeach beeTnes inundated, the waters 

continue to spread in all directions behind the spit. At 

the peak of spring tides the waters flood through the gaps 

in the dune capped beach ridges to cover the marsh strips 

and the water moving northwards up Lain Creek, overflows 
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its banks to cover the mature marsh in the area behind the 

storm beach ridge. 

After a short period of standstill at high tide the ebb 

tide begins during which the directions of water are largely 

reversed, except for the southward flowing current in the 

runnels which continues in that direction and increases in 
strength as the tidal level falls. 

Processep. 

;find action has clearly played a very important part in 

the development of this area, particularly in the distribution 

of the dunes. 	Apart from the knowledge that the prevailing 

winds are westerly and that there are remarkable variations 

in wind strength in the dune areas, little information is 

available at the present. 	However the observations which 

are being made by King (See King1951) with the object of 

determing the amounts of sand being transported and the 

variations in wind velocity at particular tines on the beach 

and among the dunes will ultimately be most valuable. 

;Source of Sediments. 

Very little information exists concerning the source of 

the material deposited in the area. According to the 

Lincolnshire River Board (Personal communication) relatively 

no material is contributed by the Aver Steeping. All the 

available evidence sugeests that the sediment is derived in. 

two ways:- 

1 By erosion of the coast to the north. 

2 By erosion of older sediments on the floor of the 

North Sea. 
(122) 



Many writers such as Sheppard (1912), Kendal and Wroot 

(1924), Valentin (19514), King (1959) etc. have drawn 

attention to the fact that apart from qm:411  areas in the 

vicinity of Donna Nook, Spun Head and hablethorpe the coast-

line north of Skegness as far as flamborough 'lead is one of 

erosion, and has been since Roman times. This section of 

coast consists largely of Pleistocene boulder clays and early 

Miocene deposits. 

King (1959) believed that the eroded material probably 

moves offshore or to the south by lougshore drift in the 

littoral zone. In support of the long shore movement of 

material she stated that the beach ridges in the area studied, 

move southwards during their developisent in the summer months. 

Stride and Cartwright (1958) and Stride (1959) found that 

the sediments on the flour of the southern part of the North 

Sea are being continually reworked by tidallcurrents, and the 

reworked material transported landwards. It is possible that 

waves are also responsible for reworking these deposits since 

the North Sea is shallow (Ludors 1939). 

That the sediment comes from these twosources is 

suggested by the composition of the sediments in the Gibraltar 

Point area. Peat and mud balls found on the beach are 

probably transported blocks eroded from older Holocene 

deposits further north or offshore. 

During the present investigation it was found that the 

results of the heavy mineral analysis a6zocd with those of 

Bank (1936), who showed that the suite of minerals which he 
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called the "E group" is fairly uniform over the whole of the 

western North Sea and is similar to that found in the 

Pleistocene glacial deposits exposed on the coast to the north 

of the area studied. 

Differentiation or Sediment in the Area. 

The sedinent is carried to the area by the flood tide and 

wave action plays a major role in transporting the material 

alongshore and from offshore. 	The transported sediment 

consists of gravel, sand, silt and clay. Ujulotrori (1935, 

'36, '39), Inman (1949) and Nenard (1950) have shown that 

gravel and sand usually move as the bed load by traction and 

saltation, and the silt and clay in suspension. The gravel 

is only moved under strong wave action. 

The material when it reaches the area is probably not 

differentiated very much becauee of the short distanoe of 

transport from the source areas, and probably at this stage 

has a grain size frequency distribution of the or', ist and 

't' typos of. Doggies . However it is markedly differentiated 

in the area by wave action, wind and tidal currents. 

Wave action is the dominant process controiiing the 

pattern of sedimentation on the beach. EeTeriments 

described by King (1959) show that under practically all wave 

conditions sediment is moved shorewards outside the breakpoint. 

This is because maximum velocity is attained in a shoreward 

direction ander the crests of the waves. Inside the breakpoint 

swash and backwash become the important elements in 

transporting and sorting material (See Fig. 97). The 
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direction of movement may be landward or seaward depending 

on the ratio between the heights and lengths of the waves. 

If the ratio of height to length is high, material tends to 

be moved seaward, if low the movement is generally shoreward. 
a 

Ongrograding beach such as the one studied, it is 
the 

reasonable to suppose thattswashas generally stronger than 

the backwash, with the result that only the finer material 

of the total load deposited by the swash is moved back 

seaward by the backwash. 	As pointed out by King, for such 

a condition to exist the ratio of h/i of the waves aust be 

small. 

Due to the considerable tidal range in the area the 

effects of swash and backwash arc exerted over the complete 
id. ta of tine beach. 	However, ivt a Comptet-e 

cycle of neap and spring tides the lower part of the beach, 

that is the forebeach, is more regularly inundated and 

therefore affected by wave action to a Greater degree. 

These conditions arc reflected in the areal distribution 

of the sediments over the beach in as much as there is a 

gradual increase in the median diameter from forebeach to 

backbeach and the sands of the forebeach are generally better 

sorted than those of the backbeach; whereas the former have 

0 deviation measures which range from 0.42 - 1.05 and 

generally show positive Skewness values,tho deposits of the 

backbeach have gS deviation measures which range from 0.35 a. 

1.4 and show negative skewness values. 

The areal distribution of the sediments on the beach 

also appears to be partially controlled by seasonal variations* 

During Summer time the waves tend to be flat and the swash 
(125) 



action of these waves as described in an earlier chapter 

results in the production of ridges and runnels on the 

badkbeach. 	The swash action of gentle waves breaking over 

the ridges during high spring tide periods removes sand from 

the crests and deposits it on the base of the steep landward 

slopes of the ridges and on the runnels beyond. 	This and the 

winnowing action of the wind during neap tides and low tide 

periods result in a concentration of gravel on the crests 

of ridges and the production of deposits more typical of the 

Ir* type of Doeglas. 

During high spring tides in summer, the water is 

shallower over the ridges but quite deep over the runnels 

and forebeach. 	If the waves are flat, the surfaces of the 

runnels and forebeach may be well below wave base and silt 

and clay 't' type of Doeglas, carried in suspension may settle 

out and be deposited on these areas. Host of this will be 

removed by wave action as the tide falls, but some 1111 be 

mixed with the sand by the gentle wave action thus giving rise 

to mixed deposits of 's' and 't' types of Dooglas. 

During winter)  storms are common along this coast and 

the steep waves associated with them tend to flatten the ridge 

and runnel profile of the backbench. 	These waves have high 

ha ratios and since the backwash is stronger than the awash 

generally tend to move sand seaward inside the breakpoint. 

At the same time however)  these waves are responsible for 

carrying gravel onto the badkbeach. 	Such strong waves are 

capable of picking up the gravel as suspended load. This 
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gravel is thrown inland by the swash of the breaking waves 

and due to the rapid percolation of the waters into the 

'underlying sediment, the backwash moves only finer material 

seaward, leaving the gravel at the upper limit of swash action. 

During high spring tide periods, the waters flood up the 

Steeping and around the southern end of the spit to spread 

across the mudflats and new salt marsh. 	As high spring tide 

level is approached they floOd into the mature marsh and marsh 

strips between the new dune capped ridges. 

Wave action is of little significance in these sheltered 

sub-environments. 	The total load transported by these waters 

has by this time been largely differentiated. All the gravel 

and sand with grain size frequency distributions of 'r' and 

tsi types of Doeglas have been deposited on the beach. The 

remaining load still carried by these waters consists largely 

of silt and clay with a grain size frequency distribution 

similar to 'la' type of Doeglas. 	As the waters move gradually 

inland over these sub-environments their velocity decreases 

with a consequent decrease in capacity and competency. As a 

result of the low velocities:: the absence of wave action and 

the frictional effects of the plants on the marshes, a large 

amount of this fine material ia suspension settles out. 

Following the period of standstill at the high water stage, 

the tidal waters drain off these areas and the ebbing waters 

sometimes erode and carry away material deposited by the 

flood. However accretion appears to be the dominant process 

suggesting that flood tide deposition exceeds ebb tide erosion. 
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Two factors operate which tend to prevent the erosion of 

the load deposited by the flood tide, by the ebb currents, 

They are the "settling lag" of suspended material and "scour 

lag" of deposited material. These have been discussed by 

Hjulstroem (1935), Postoma (1950, Sundborg (1956) and Van 

Straaten and Kuenen (1957:'58). 

ThOsettling lag" is the time between the movement when 

a current of decreasing velocity is no longer able to hold 

a particle in suspension and the moment when this particle 

reaches the bottom. As a result the particle is deposited 

further inland than the point where the current decreased to 

such a velocity that it was unable to carry it. 

"Scour lag" refers to the difference between the maximum 

current velocities allowing sedimentation of suspended 

particles and minimum velocity required to erode the same 

material from the bottom. 

If the scour lag effect is zero then as a result of the 

settling lag, mtbrial deposited by the flood current cannot 

be eroded by the same mass of water during the ebb period 

because this attains the required velocity when it has 

reached a point to seaward. However it may be eroded by a 

more landward mass of water. 

Hjulstrom (1939) pointed out that a stronger current is 

required for the erosion of material than for its deposition 

and Van Straaten and Kuenen(1957-58) showed that the scour 

lag effect is greater for silty or clayey materials because 

of the smoothness of the bottom and the resulting tendency for 
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the lowermost layers of water to move in laminary flow. 

Therefore both settling and scour lag effects tend to 

promote the build up of the mudflat and marsh deposits. 

Brenulonetric analyses of these deposits show that the 

it' type fractions deposited by the flood tide waters are 

generally mixed with smaller amounts of sand of the Is' type 

of Doeglas. These are brought in when storms coincide with 

high spring tides or by wind action. 

Storm surges are common in the North Sea. When these 

coincide with periods of high spring tides, the actual high 

tide level may be as much as 10 feet above the predicted 

level. Under such conditions the spit, storm beach ridge 

and outer new dune capped ridges are severely eroded and 

considerable amounts of sand are washed over these features 

and spread over the surfaces of the mudflats, mature marsh and 

marsh strips. 	These conditions are reflected in the grain 

size frequency distributions of the sediments, in as much as 

the proportion and median diameter of the sand present in the 

mudflat deposits particularly increases towards the spit and 

storm beach ridge (See Fig. 61). 

The wind, apart from its major function of generating 

waves, plays an important role in the transport of the beach 

sand. The inward and upward surge of the swash following 

the break of the waves is the agent which places the sand 

on the backbeach where it is subject to further transport by 

the wind. 	At periods of low water, the sediment on the 

backbeach and particularly on the crests of the beach ridges 

dries and can then be ctigid away by the wind. King (1951,59) 



drew attention to the fact that the dunes along the Lincolnshire 

coast are the result of accumulations of sand blown off the 

beach by occasional onshore winds blowing from the east. 

The present writer has noted that winds blowing from the 

north, and south will transport sand alongshore and thus 

become an important agent of longshore movement of sand. 

The grain size frequency distribution of the dune sands 

showsthat they are generally better sorted than thoseof the 

backbeach, although there is quite a considerable overlap 

(See Fig. 54). This is to be expected since the dune sands 

are derived from the backbeach. A comparison of the plots 

of 6 median diameter against 0 deviation and skewness 

measures shows that the 4 deviation andlto a lesser extent, 

0 Skewness values are a function of the median diameter. 

In all cases samples having median diameters near 2.50 

(0.18mm) are better sorted and the deviation measure in 

particular increases in value for median diameters greater 

or less than 2.5 gb . This fact is well illustrated by the 

studies made by Krumbein and Aberdeen (1937) of Barataria 

Bay sediments, Hough (1942) of Cape Cod Bay sediments, 

Shukri and Bigamy (1944) of Red Sea sediments and  Inman 

(1949) of California beach sediments. Inman points out 

that particles coarser land finer than 2.556 are more 

difficult to move, and very fine material is readily carried 

in suspension so that bottom sediment in the process of 

transportation tends to become progressively better sorted 

as its median diameter approaches 2.5 g5 
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The wind as well as being an effective agent in 

differentiating the dune sands is also an effective mixing 

agent. It transports material from the spit, storm beach ridge 

and dunes and deposits it on the neighbouring mudflats, mature 

marsh and narsh strips. This material is thus added to the 

silt and clay deposited by the tidal waters and the sand washed 

over into these areas by storm waves. 

Animals and plants act as agents in controlling the grain 

size frequency distribution of the sediments. On the 

forebeach, the worm Arepicola marina, is continually burrowing 

through the sediment and probably results in a certain amount 

of mixing of the deposits, particularly by dragging fine 

material downwards. 	Also 4anice conchilepA found on the 

lower part of the forebeach, often occurs in large numbers on 

well developed mounds of sand and probably acts as a trap for 

the sediment and may well be an effective agent in preventing 

erosion in these localities. 

On the mudflats, the wormpereis diversicolor,)  the mollusc 

)Scrobj„claaria Alan and particularly the crustacean Ooroehiun 

yolutato; occur in large numbers. 	As a result of their 

burrowing activities these organisms aro responsible for nixing 

the silt and clay depositedby tidal currents with the sand 

deposited by wave and wind action during stormy periods. 

No suspension feeding organisms are found in the Gibraltar 

Point area, except for an occasional Lutyaria v. This is 

in contrast with the intertidal flats of the Wash to the 

southwest where, as Evans (1960) point4out, Hxtilus adulis  
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occurs in large numbers and may be responsible for filtering 

considerable amounts of mud from the tidal waters. 

The dense cover of Vegetation on the silt marsh, mature 

marsh and marsh strips acts as an effective trap for the 

sediment carried in suspension by the tidal waters, and by 

binding the sediments together protects them from erosion. 

Marram grass which quickly colonises newly developed 

accumulations of wind blown sand is an important agent in the 

development of dunes in the area. It grows best when it is 

being continually covered by fresh wind blown sand. It not 

only stabilizes the dunes but promotes their growth by acting 

as a trap for the wind blown sand. 
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