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Ai'^k-.CT 

EVMiT, , , H i t . ; t C I i - i-./,F., .liC", Y j ' i l i f - Q . ^ t T >S H/.. I H 

The Thesis set out t o f u l f i l two j.urpoEe;>: 

l ) To further the development of .'t muthodolory f o r the 

study of displaced shorelines. 

Z) To apply the mothodoloQ' to the lo*;er Teoa Bnsin. 

'luthodolofy 

An examination of previous work sur.rested that a methodology 

should encompass ns many facets of a marine environs nt as pos

s i b l e to obtv.in host r e s u l t s . Threo such facets v/or.i selected 

f o r detailed study, morphology, nedinentolo:;y, and f o s s i l 

avidonce, and the value of each was assessed on both t h e o r e t i c a l 

and p r a c t i c a l grounds. 

I t was concluded that the decree of d i f f e r e n t i a l warping 

exhibited by a t e r r tee could in-iic?ite the o r i g i n of the feature. 

S i m i l a r l y the j v i r t i c l e size and ..lineralory of a sand sized 

sediment may indicate i t s depositicnal environment. Although 

both of the a: ove techniques were p & r t i a i l y successful i t vas 

concluded Lhrit " i n s i t u " f o s s i l ovidence provided tha best moans 

of i d e n t i f y i n g a displaced marine environment. 

"'ho i-over '['• es ;*nsin 

The above methodolo"./ \/an applied to both the onshore and 



offr'.'ore cnviro.Tnsr.Lo of Iho T>JOO !3asin, and i t appeared t h . i t 

there VMS no evidence f o r a late or post f l a v i a l sea l e v e l above 

t).b. Uijwlyn, In contrast, thure was evidence f o r ce.-.levels 

lower thun present. 

Sunrcary 

One mfjy concLude that there ware three areas i n neud of 

furt h e r study. A l l three could be applied to the methodological and 

regional aspscts of the present study. 

F i r s t l y th-jre was a d e f i n i t e need f o r improvements i n the 

f i e l d of sedimentolopy. I t was f e l t that a dotailed oui*V3y of 

p a r t i c l e size, shape, and «!onaity groups withi n sand sized uodimants 

would provide the best measure of environmental conditions. 

Secondly, there was a very yreat need f o r f u r t h e r dotailed 

studies c f the offshore environment, whilst t h i r d l y , there was a 

pressing need for an absolute chronology. 

http://th.it


i'HEPACE 

The author has alv.nys maintained an active i n t e r e s t i n 

the sea and t h i s thesis represents a desire t o enhance man's 

understanding of t h i s natural phenomenon. 

Following graduation i n 1966, two specific eventB 

combined to influence the choice of thesis t o p i c . The I n s t i t u t e 

o f B r i t i s h Geographers published a special number on "The V e r t i c a l 

Displacement of Shorelines i n the B r i t i s h I s l e s , " and the B r i t i s h 

Geomorphological Research Group held a stormy but stimulating 

seminar on t h i s same to p i c . This publication, the seminar, and 

the remaining B r i t i s h works on the subject of sea l e v e l change a l l 

served to emphasise a concentration on the study of raised features 

and morphological evidence at the expense of submerged features and 

8edimentological evidence. Further perusal of previous work 

confirmed a basic need f o r a r e l i a b l e methodology enabling a l l 

forms of displaced shorelines t o be recognised and the thesis i s 

dedicated p r i m a r i l y t o f u l f i l l i n g t h i s need. 

The enormity of t h i s task became more apparent as 

research progressed and the selection of the Lower Tees Basin as 

the t e s t region f o r the proposed methodology placed the necessary 

l i m i t a t i o n s on the scope of the thesis. 

The Lower Tees was almost c e r t a i n l y glaciated during the 



Wurm Ice advance, (Beaumont, 1967), and although e a r l i e r events 

are discussed, the need t o examine unmodified features and 

Bediments e f f e c t i v e l y restricted the 3tudy t o the period following 

the r e t r e a t of t h i s ice sheet. 

I t was also acknowledged that factors other than sea 

l e v e l change had played s i g n i f i c a n t roles i n the morphological 

evolution of the Tees Basin and the inclusion of the words "lake 

formation and associated g l a c i a l events" i n the thesis t i t l e not 

only re f l e c t e d t h i s recognition but further allowed f o r comparisons 

t o be rade between morphologically similar marine, lacustrine and 

ice stagnation features* F i n a l l y , the sheltered nature of the 

Tees Basin led t o a greater emphasis being placed upon depositional 

features than might otherwise have been the case. 

I n concluding t h i s preface, one must r e i t e r a t e t h a t every 

care was taken t o avoid the possible p i t f a l l of excessive regionalism. 

This would have obscured the prime aim of the thesis which i s t o 

promote a greater understanding of the mechanisms and consequent 

results of changes i n sea l e v e l . 
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CHAPTER 1 

INTRODUCTION 

"The edge of the sea i s a strange and beautiful place. 
A l l through the long history of the earth i t has been an area of 
unrest where waves have broken heavily against the land, where the 
tides have pressed forward over the continents, receded and 
returned. For no two successive days i s the shoreline precisely 
the same. Not only do the tides advance and retreat i n their 
eternal rhythms but the level of the sea i t s e l f i s never at rest. 
I t rises or f a l l s as the glaciers melt or grow, as the floor of 
the deep ocean basins shifts under i t s increasing load of sediments, 
or as the earth'3 crust along the continental margins warps up or 
down i n adjustment to strain and tension. Today a l i t t l e more land 
may belong to the sea, tomorrow a l i t t l e less. Always the edge of 
the sea remains an elusive and indefinable boundary." 

—Rachel Carson, from "The Sea" (MacGibbon and Kee Ltd.) 

This chapter i s composed of two sections. The f i r s t 
explains the form of the thesis, whilst the second examines the 
causes of sea level change since the retreat of the last ice sheet, 
with special reference to Highland Britain. 



PART I 

The Form of the Thesis 
The aim of the thesis i s twofold. In the f i r s t place, 

an attempt i s made to develop a methodology for the recognition 
of displaced shorelines, and secondly, to apply the methodology 
to the Lower Tees Basin. The text may be separated into four 
parts: 

(1) Introduction 
(2) Methods and results 
(3) Interpretation of results 
(4) Conclusion 

Introduction 

The introductory section examines the causes of late 
and post-glacial sea level change i n Highland Britain with a view 
to determining the nature of displaced shorelines and the 
likelihood of their occurrence i n the Lower Tees Basin. This 
chapter i s followed by an examination of previous work i n an 
attempt to summarise the existing methodologies and their 
application to the present study. In this examination a distinction 
i s made between raised and submerged shorelines because of the 
environmental problems associated with underwater study. Further, 
j u s t i f i c a t i o n i s given for the choice of the Lower Tees as the 



test area for the proposed methodology. The area i s described 
and previous work examined i n order to assess the particular 
problems of study. 

Methods and Results 
This section likewise f a l l s into three parts, examining 

i n turn the morphological, sedimentological, and f o s s i l faunal 
evidence which accumulated from f i e l d and laboratory investigations* 
Where applicable a distinction i s again made between raised and 
submerged features 0 

Interpretation of Results 
The concluding section discusses the significance of the 

thesis findings from both a regional and systematic viewpoint, 

PART I I 

The Causes of Sea Level Change 
One hopes that an understanding of the causes of sea 

level change w i l l provide some guide as to the evidence one may 
expect to find i n the research area, the Lower Tees Basin, 

Isostasy 
This term was f i r s t used by Dulton i n 1889 to explain 

the theory of "crustal equilibrium," This theory relates to the 
balance which exists between the world's continental and oceanic 



crust. Any change i n this balance, as a result of weight 
redistribution, such as the transference by erosion of sediment 
from an upland mass to a deltaic complex i s matched by a crustal 
readjustment effected by the l a t e r a l flowage of sub-crustal magma 
(Bott, personal communication, 1968), By this process, therefore, 
coastal regions may be uplifted or downwarped and a relative 
change of sea level ensue. 

Glacio-isostasy relates to the specific case of crustal 
equilibrium being disturbed by the retention of precipitation on 
land masses as snow and ice. For example, i t was suggested by 
Lawson (1940) that ice one kilometre thick of density 0.917 

added to the surface would be compensated by the removal i n depth 
of 0,278 kilometres of rock of density 3«3o King (1966) summarised 
th i s process, stating that ice depressed the land surface by one 
quarter to one t h i r d of i t s own thickness. Although depression 
i s greatest where the ice attains maximum thickness (normally the 
zone of ice accumulation) there i s a c r i t i c a l threshold value which 
must be reached prior to any crustal deformation taking place. 
There appears to be l i t t l e agreement concerning t h i s value and 
estimates vary from an ice cap 200 miles i n diameter to one ten 
times that value (Charlesworth, 1957). Nye (1969 personal 
communication) i s of the opinion that ice thickness rather than 
area i s c r i t i c a l but gives no precise figure, whilst Broeker (1966) 

supports the view that a 200-mile diameter ice cap would result i n 



crustal deformation. 
Crustal rebound takes place following the melting of 

t h i s ice and consequent removal of i t s weight. I t i s generally 
agreed that the speed at which isostatic rebound takes place 
gradually diminishes as crustal equilibrium i s reached such that 
adjustment may continue long after i n i t i a l commencement (Fig, l ) . 
One cannot determine without detailed geophysical measurements 
whether the rate of u p l i f t decreases as smoothly as Fig. 1 would 
suggest. One should, however, note that some recent workers 
(Broeker, 1966; and Andrews, 1968) have recorded deviations i n 
the curve of u p l i f t coincident with variations i n the rate of ice 
retreat (Fig. 2). 

The Extent of Glacio-Isostatic Rebound i n Britain 
A l l existing diagrams of the l i m i t s of isostatic rebound 

are based on the elevation of raised shoreline features (Fig. 3)* 

The zone encircled by the zero isobase does not delimit the t o t a l 
extent of u p l i f t but rather the extent of u p l i f t with reference to 
present Ordnance Datum. One can observe from Fig. 3 that the 
Lower Tees Basin l i e s i n each case to the south of the zero isobase. 
The occurrence or non-occurrence of raised shorelines i n the region 
could provide further evidence on the position of this isobase. 



The Nature of Isostatically Displaced Shorelines 
This section i s included i n an attempt to ascertain the 

morphological character of displaced shorelines and thus provide 
a guide to the ways i n which one might determine the i r origin. 
I t i s restricted to the effect of isostatic rebound and does not 
include the influence of t i d a l range and the nature of the 
environment, both of which are examined i n Chapter 4* 

I t i s generally supposed that glacio-isostatic u p l i f t 
w i l l distort a once horizontal shoreline so that i t w i l l rise 
towards the centre of u p l i f t . The degree of t h i s t i l t w i l l 
usually increase towards the centre of u p l i f t and with the length 
of time the shoreline i s exposed to isostatic rebound. Thus, one 
may surmise that under similar conditions two synchronous shorelines 
could possess a similar degree of warping provided: 

(1) they l i e between the same isobases 
(2) they possess a similar orientation with respect to the 

centre of u p l i f t 
I t follows that shorelines which vary i n distance and orientation 
from the centre of u p l i f t could possess similar t i l t i n g but a very 
different date of origin. In concluding t h i s section i t i s 
interesting to note that Sissons and Smith (1965) record a 
maximum t i l t f o r a late glacial shoreline feature i n the F i r t h of 
Forth of 6,93' per mile. This degree of d i f f e r e n t i a l u p l i f t would 
be unlikely to occur i n the Lower Tees which i s some 100 miles 
further from the centre of u p l i f t . 



Eustasy 
Eustatic theory recognises that world sea level change 

can result solely from changes i n water level as opposed to land 
level. A detailed history of eustasy was provided by Smith (1966) 
and again, to avoid repetition the early development of the 
subject i s omitted. 

I t i s generally agreed that eustatic changes i n sea level 
may arise as a result of the following processes acting alone or 
in unison. 

(1) A change i n the configuration of the oceanic basins as 
a result of tectonic forces. 

(2) A change i n water volume effected by sa l i n i t y or 
temperature changes. ( I t i s generally accepted that a 
world-wide rise i n oceanic temperature of -t-l°C. would 
raise the water surface by 2 metres.) 

(3 ) Glac io-eust asy • 
Glacio-eustasy was f i r s t developed i n 1842 by McClaren and relates 
to the i n i t i a l lowering of sea level at the onset of glaciation 
as a result of the retention of runoff on the land masses as snow 
and ice, and the gradual rise of sea level as the major ice sheets 
retreated under the influence of the post-glacial climate. The 
particular aspects of glacio-eustatic theory which affect this 
study are: 

( l ) the amount of sea level lowering during the Wiirm 
glaciation 



(2) the rate and amount of the late and post-glacial rise 
i n sea level 

(3) the interrelationships of eustasy and isostasy 

The Amount of Sea Level Lowering During the Worm Glaciation 
Most workers have recognised a pre-Wurm sea level 

coincident or near coincident with that of the present day 
(Charlesworth, 1957). 

The use of this basic assumption, together with formulae 
for the calculation of ice thicknesses (Donn, Farrand, and Ewing, 
1962) has resulted i n a variety of figures for the maximum amount 
of sea level lowering. Estimates vary between 328' and 525' 

(Donn et al) but a recent concensus of opinion by workers using 
C1U dating methods on sea bed materials, favours 375* (Curray, 
1961; Shepard, 1963). 

Despite the greater accuracy obtained by the use of CIA 
dating, one i s forced to conclude that no positive agreement has 
yet been reached on the predbe amount by which sea level was 
lowered during the Wiirm glaciation. 

The Rate and Amount of Late and Post-Glacial Rise in Sea Level 
Figs. 4 and 5 have been included to i l l u s t r a t e the wide 

range of opinion which exists i n regard to the eustatic rise of 
sea level since the last ice age. A comparison of curves based 
on Clit. dating does, however, clearly portray those areas i n the 
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time scale where disagreement exists,, 
Most investigations recognise a rapid rise i n sea level 

during the late glacial period, interrupted by two f a l l s consequent 
upon two readvances, and a less rapid rise i n the post-glacial 
period levelling off after 5000 B.P. For convenient discussion, 
two periods can be distinguished (Fisk, 1955): 17000 to 6000 B.P., 
and 6000 B.P. to the present day. 

17000 to 6000 B.P. 
During this period sea level rose at an average rate of 

25' per 1000 years (Shepard, 1963) and thi s general rise, with the 
possibility of occasional reversals, i s supported by a l l those 
investigators using &4 dating. 

6000 B.P. to Present 
In contrast to the preceding period, a considerable 

degree of disagreement exists amongst workers for th i s time 
section. Fairbridge, 1961, following the lead of Daly, 1920, 1934, 
supported the existence of high stands of post-glacial sea level. 
He considered these to occur at approximately 1000, 2200, 2400, 
3700, 4900 and 5700 B.P., with heights up to 12« above present. 

Leblanc and Bernard, 1954, Fisk, 1959, Curray, 1960, 1961, 
Shepard, 1963, Bloom, 1963, Jelgersma, 1961, 1966, and Andrews, 1968, 
who worked i n widely separated areas, a l l supported a constant sea 
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level at the present height, during the past 5000 to 6000 years, 
Jelgersma (1961), i n particular, who studied i n the Netherlands, 
produced clear evidence that present sea level had not been 
exceeded i n t h i s zone of crustal submergence, as continuous 
growth has been experienced i n coastal peat marshes. 

Whilst the author agrees with workers i n the Northern 
Hemisphere that no evidence exists for late and post-glacial 
eustatic sea levels above that of the present, there i s some case 
for further study i n the Southern Hemisphere where Fairbridge's 
conclusions are supported by Schofield, 1960, 1961, 1962, 1963, 
1964. 

The Interrelationships of Eustasy and Isostasy and the Likelihood 
of Late and Post-Glacial Shorelines Occurring i n the Lower Tees Basin 

I t i s the relationship between eustasy and isostasy that 
creates the major problems i n Scandinavia, Britain, and the Lower 
Tees, specifically with regard to shoreline displacement. 

Following the maximum extent of the Wurm glaciation, 
there i s evidence to suggest that a series of readvances interrupted 
the gradual retreat of the ice (Fig, 6); namely, the Scottish 
readvance, Lammermuir-Stranraer, Perth-Aberdeen, and Highland 
readvance (West, 1968), with each consecutive readvance encompassing 
a lesser area. The immediate effect of ice melt i s the provision 
of meltwater for a eustatic rise i n sea level, followed at a later 



date by the gradual commencement of crustal rebound. 
I t has been argued that the v a r i a b i l i t y of the eustatic 

sea level rise and the rate of isostatic crustal rebound resulted 
i n the numerous raised shorelines of the Firth of Forth (Sissons, 
1962, 1963, 1964, 1965, 1966; Smith, 1965, 1966, 1968; Cullingford, 
1966), North-West Scotland (McCann, 1962, 1963, 1964; Kirk, Rice, 
Synge, 1966), and North-East Ireland (Stephens, Synge, 1963* 1964, 

1965, 1966). 

I t i s possible that peripheral areas of the major ice 
sheets, not overrun by later readvances, underwent isostatic 
rebound whilst regions closer to the centre of the ice sheets 
remained ice covered, (providing the period of relaxation between 
i n i t i a l deglaciation and the commencement of rebound i s exceeded 
by the period between i n i t i a l and t o t a l deglaciation). An absolute 
chronology for Wurm retreat stages i n Britain i s far from complete 
owing to the absence of datable deposits. However, workers 
throughout the world a l l support a marked change i n climate between 
17000 to 15000 B.P., which i s further supported by the evidence for 
a eustatic rise i n sea level commencing at th i s time (Shepard, 1963; 

Curray, 1961; Fairbridge, 1961), The Perth readvance, which appears 
to have close relationships with the late glacial shorelines of 
the Firth of Forth (Sissons and Smith, 1965) i s dated at not 
younger than 12000 B.P. Whilst this chronology i s very tenuous 



indeed, i t can be argued that isostatic u p l i f t could take place 
during the intervening period of 3000 to 5000 years, between 
deglaciation of the peripheral and more central zones of the ice 
sheet. The c r i t i c a l factor i s the amount of isostatic rebound 
which would take place. No C14 dates exist i n the Lower Tees 
for periods prior to the Aller/xl (10851± 500 B.P., Blackburn, 1952) 
but i t i s almost certain that the area was ice free throughout a l l 
four late Wurm readvances (West, 1968)0 

Between 17000 B.P. and 12000 B.P., Shepard (1963) 
records a eustatic rise i n sea level of 180' and thus one can 
argue i n favour of any isostatically uplifted shorelines either 
being later submerged by the continuing eustatic rise, or non
existent as a result of the eustatic rate being i n excess of the 
isostatic rate at this time. 

Proof of th i s hypothesis would necessitate the precise 
dates and maximum extents for each of the four major Wurm 
readvances, plus an accurate date for deglaciation of the Lower 
Tees area. In addition, i t requires a precise estimate of ice 
thickness i n the Tees area and consequent isostatic rebound plus 
a definite figure for the relaxation period between deglaciation 
and commencement of u p l i f t . This proof cannot be obtained within 
the economic and temporal bounds of this thesis but the absence of 
any evidence to suggest raised shorelines above present ordnance 
datum could support th i s hypothesis. 



Tectonic Forces 
Tectonic earth movements refer to endogenic crustal 

movements, a l l of which may influence sea level on a regional 
rather than a world scale. Excluding isostasy, which has already 
been discussed, only the tectonic downwarping of the southern 
North Sea basin can influence the present study. 

Eight major works on th i s phenomenon by Dutch workers 
i l l u s t r a t e the considerable significance attached to negative 
changes of level along the low-lying coasts which form the southern 
boundary of the North Sea. 

The amount of tectonic subsidence i n the Netherlands 
has been approximated by the depth of marine pleistocene deposits, 
tide gauge readings and precision levelling (Jelgersma, 1961). 

Variations i n results suggest from 2 cm. per century 
(Benema, 1954) to as much as 12 cm. per century (Umbgrove, 1950), 
This maximum estimate by Umbgrove of 12 cm. per century compares 
favourably with that of Godwin (1941) who estimates a local down
warping of approximately 9 metres since 8000 B.P. 

Whilst highly significant i n the Netherlands and those 
sectors of East Anglia where coastal erosion i s severe (Godwin, 
1945; Green, 1961), i t must be realised that the above tectonic 
movements have very l i t t l e significance, i f any, i n the areas of 
Britain which underwent, or are undergoing, crustal rebound 
following the retreat of the last ice age. 



In summary, one must, however, point out that tectonic 
forces are not as easily discounted i n the major deltaic regions 
of the world as Fisk (1939, 1940, 1944) demonstrated for the 
Mississippi, or i n the world's "mobile belts" such as Japan 
(Kaizuka, 1958, 1959) where thex*e has been tectonic upwarping i n 
the order of 300 metres. 

Compaction 
Again, Dutch investigations dominate the literature 

because of the close proximity of their country to sea level, 
the considerable thickness of sedimentary structures and the long 
term risks concerning t h e i r reclamation prospects. 

Sediment compaction i s caused by load consolidation as 
a function of time, and by changes i n hydrological condition 
(Jelgersma, 1961), Wiggers (1954) examined the susceptibility of 
different rock types to compaction, concluding that the following 
factors were significant, 

( i ) Grain density*— i.e., the density of constituent 
particles 

( i i ) Bulk density—-the density of the dry rock; that i s , 
the rock plus pore space free of liquids 

( i i i ) Natural density—the density of the rock with pore 
space water f i l l e d 

( i v ) Porousity—the percentage of t o t a l rock volume 
occupied by pores, 
% pore space - 100 (1 - bulk density ) 

grain density 



(v) Void r a t i o — t h e ra t i o of voids to volume of solid 
particles i n a rock. I f porousity i s p and the void 
rati o i s ̂ , then 

and p • 100 £ 

100 - p 1 - £. 
Compaction, therefore, expressed as the % reduction of rock volume 
may be represented by the following equations: 

£-1 ~ ^2 o r b y Pi " P 2 

1 - ^ 100 - p 2 

where £^ s i n i t i a l void ratio 

6-2 z f i n a l void r a t i o 
- i n i t i a l porousity 

Pg z f i n a l porousity 

Wiggers notes that sand exhibits less susceptibility to 
compaction than clays, but i t i s especially significant to note 
that Van Veen, Van Straaten, and Pannekoek (1954) are i n agreement 
that peat can undergo compaction to the order of 65% to 95$ of i t s 
original volume. The significance of this situation is immediately 
apparent when one realises the importance attached to the relative 
levels of coastal peat bands with regard to the chronological 
reconstruction of the post-glacial eustatic sea level rise. Reid 
(1913), Godwin (1943), Godwin, Suggate, and Willis (1958), Curray 
(1961), and Churchill (1965) a l l make use of submerged coastal 
peats i n their relative or absolute chronologies of sea level 



change, Jelgersma (1961) was f i r s t to minimise this complication 

by sampling only at the base of peat beds. 

In summary, whilst one may accept the base level of the 

lowest peat bed i n a submerged sequence as reasonably accurate, 

any significance attached to the depth of subsequent submerged 

peat beds higher up the stratigraphical column must allow for 

compaction. The presence of two submerged peat layers i n the 

research area and their significance with regard to compaction 

and sea level change i s discussed i n Chapter 3. 

Summary 

I t would appear from the foregoing discussion that the 

respective amounts of crustal rebound and eustatic sea level rise 

control the likelihood of late and post-glacial raised shorelines 

occurring in the Lower Tees Basin. 

There i s a general concensus of opinion that the eustatic 

rise of sea level totalled 375 feet. Kendall (1902), Raistrick 

(1931), and Agar (1954), a l l support an ice thickness in the Tees 

of approximately 1000* (based on erratics found on the north face 

of the Clevelands). 

I f one accepts that crustal depression equals 1/4 to 1/3 

of the total ice thickness then i t i s probable that displaced 

shorelines w i l l only occur below present sea level in the Lower 

Tees Basin. Certainly, the existing isobase diagrams (Fig, 3) which 

show the extent of crustal rebound above present Ordnance Datum, 

confirm that the Lower Tees l i e s south of the zero isobase. 



CHAPTER 2 

PREVIOUS WORK 

An Appraisal of Techniques for the I n i t i a l Recognition and Chronology of 

Displaced Shorelines 

In order to assess the validity of the conclusions drawn in 

Chapter 1 i t i s essential that there should be no mistaken identification 

of shoreline remnants. This chapter, therefore, sets out to examine and 

assess the methodologies of earlier investigations.! 

RAISED SHORELINES 

World Studies Based Primarily on Morphological Evidence 

In a l l , 264 works were examined in this section and one was 

able to distinguish between those using a descriptive, and an analytical 

approach. . 
* 

Descriptive Studies 

Field identification of terrace features was used as a major 

technique in the third century B.C. when the existence of terraces 

parallel to existing sea level suggested to Aristotle the li k e l y 

hypothesis that they were of marine origin. This association of coastal 

terraces with past sea levels has dominated the literature well into the 

twentieth century. However, the following examples have been selected 

from widely separated areas, in order to avoid needless repetition. 
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Cooke, in a series of a r t i c l e s (1951, 1952, 1958), 

recognised the existence of a series of terraces on the Maryland 

coast (Atlantic seaboard, U. S. A.), between 215 and 6 feet above 

present sea level. On the basis of their heights above sea level 

they were correlated with other shoreline features, notably i n 

Florida (Cooke, 1945) and automatically presumed to be marine. 

Hack (1955) later proved that the three terraces above ICO feet 

were nonnnarine. 

Wengert (1951), working i n Frobisher Bay, Baffin Island 

(Eastern Arctic Canada), recognised elevated strand lines definitely 

to a height of 900' and possibly to 1400'. Particularly with 

regard to the higher terraces (above 500») his evidence was solely 

morphological and out of harmony with the conclusions of later 

works (tyrtcen, 1962, 1965; Andrews, 1968). 

Only a lijnited selection of Soviet work was available 

for study, but Federov (1943, 1948) exhibited similar faults as 

investigators elsewhere in the world when he used only the 

position of terraces bordering the Caspian to support a marine 

hypothesis. He did, however, introduce supporting stratigraphical 

evidence for his hypothesis in 1952. 

In the above investigations the methodology amounted to 

f i e l d observation and consequent deductions based very largely on 

the premise that the most obvious hypothesis, with regard to 

origin, i s the correct hypothesis. A terrace remnant may develop 
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in one of the following ways:: 

(1) Fluvial origin 

(2) Structurally controlled erosion or bedding plane surfaces 

(3) Marginal drainage channels peripheral to an ice sheet 

(4) Lacustrinal terraces 

(5) Man-made terraces 

(6) Marine origin 

In summary, whilst some of the alternate hypotheses could 

be ruled out almost immediately, as irrelevant to a particular 

environment, one must acknowledge, from this preliminary survey, 

that a composite approach incorporating morphological, stratigraphical, 

and faunal evidence could eliminate some of the errors exhibited by 

previous works. A descriptive morphological approach has the very 

real advantage of leading the researcher to those features worthy of 

further investigation. I t i s questionable whether the morphological 

character of a displaced shoreline i s sufficiently distinctive to 

allow genetic speculation. 

Analytical Studies 

The term "analytical" i s used here to indicate some form 

of measurement over and above the allocation of spot heights. 

Methodologies may be divided into those using surveying techniques, 

those using quasi-statistical or morphometric techniques, and those 

employing sophisticated s t a t i s t i c a l and/or computer methods. 
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Surveying Techniques 

I t would appear from the literature that surveying as a 

technique for the study of raised marine features was largely 

developed i n Fennoscandia and has not been as widely used elsewhere. 

The advantages of precise surveying techniques may be tabulated as 

follows: 

(1) I t allows for the accurate measurement of shoreline 

heights. 

(2) I t enables a more detailed appraisal of the nature of 

up l i f t in cases where differential isostatic or tectonic 

forces are suspected. 

(3) I t enables, in some cases, the differentiation of shorelines 

from f l u v i a l terraces on the degree of t i l t i n g . 

Outside Fennoscandia, Leverett and Taylor (1915) 

recognised the numerous raised shorelines of the Great Lakes by 

completing levelled profiles along the terraces, so determining the 

existence of warping upwards toward the centre of ice accumulation. 

Johnson (1946) completed a similar survey of the shorelines of 

Glacial Lake Agassiz (Manitoba, Canada) and both investigations 

recognised irregularities i n the warped profile of the shorelines. 

In Fennoscandia, Witting had already produced a detailed 

contour map of the extent and amount of post-glacial uplift by 

1918, and the frequency with which precise levellings were completed 

enabled continuing rates of u p l i f t to be estimated by the variation 
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i n height of fundamental bench marks between successive levellings 

(Bergsten, 1930; Gutenberg, 1941; Heiskanen, 1964). 

GiUsberg (1952) and Sauramo (1939, 1955) completed 

detailed levellings along terraces and concluded, as did Leverett, 

Taylor, and Johnson (op. cit»), that uplift was not a simple 

updoming but incorporated anti-clinal and "hinge" line flexures. 

From the above work one learns that the use of precise 

levelling, hand levels, or aneroid barometers, to determine 

whether terraces exhibit variations from the horizontal, was not 

used in the " i n i t i a l identification" of shorelines but did enable 

the nature of isostatic rebound to be determined after identification. 

The introduction of morphometric techniques (hypsometric 

curve, area height analysis) assists identification only as a 

preliminary analysis to suggest areas where f i e l d work might prove 

profitable. Photogrammetrieal techniques, with an error of 

- 10 inches may be similarly classified, whilst computer studies, 

notably trend surface analysis, are best utilized after precise 

levels have been completed to assess significant trends i n upl i f t 

(Andrews, 1968). 

In conclusion, morphological study, whether descriptive 

or analytical, has the obvious advantage that i t leads the 

investigator to a feature which could be of marine origin. But, 

genetic conclusions cannot be drawn solely from this evidence. 
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World Studies Baaed Primarily on Sedimentological Studies 

A total of two hundred and fourteen investigations have 

been reviewed to provide the s t a t i s t i c s for this section, A similar 

distinction i s made between descriptive and analytical studies. 

Descriptive Studies 

The majority of sedimentological work on raised shorelines 

f a l l s into this category. The degree of description varies from 

cursory reference to "terrace deposits" (Jahns, 1954) to detailed 

stratigraphical examinations (Oaks and Coch, 1963; Jahn, 1959). 

The following examples, however, have been selected to i l l u s t r a t e 

the very varied nature of the deposits described as raised marine. 

Coarse Sediments 

Lipps (1964), Coats (1956), Crawford (1963), Schlanger 

and Brookhart (1955) a l l recognised raised marine boulder deposits 

on the Californian, West Alaskan, Southern Australian, and West 

Caroline Islands coasts respectively. 

Fine Deposits 

At the other end of the sedimentological size scale, 

Upson (1954) described a raised marine clay in coastal Maine, whilst 

Gadd (1960) recognised a similar highly fossiliferous deposit from 

the brackish Champlain Sea. Hickox (1962) describes an estuarine 

clay 65' above sea level around the Bay of Fundy and a similar 

deposit i s recognised by Lee (1957) i n New Brunswick. The 



dominance of these fine grained deposits in land-sheltered ice 

protected low energy environments and estuarine conditions, i s 

further supported by the joint work of Mackay, Matthews and MacNeish 

(1961) i n the Yukon, Sjors (1959) i n the Hudson Bay, Miller and 

Drobrovolnye (1959) i n Alaska, Cadilla (1960) i n Puerto Rico, 

Derjatora (1960) i n the White Sea, Dyvyetov and Losyev (1964) in 

the Caspian, and Wyllie (1957) in North-East Greenland. The 

latter worker, emphasising the inadequacy of sedimentological 

evidence alone, recognised that the N.E. Greenland terraces could 

be of marine or lacustrine origin. 

Sands and Gravels 

The extremes of the sedimentological size scale include 

only 10$ of the recognised raised marine deposits incorporated i n 

th i s survey. The remaining 90$ i s subdivided as follows: 

50^—sand 

25#—gravel 

25$—sand gravel 

I t i s also worthy of note that 72# of these works citing marine 

deposits as evidence of raised shorelines support their conclusions 

with faunal evidence. 

I t i s perhaps significant that gravel terraces predominate 

on exposed coasts and sand terraces on more sheltered coasts, where 

the lo c a l rock breaks down to sand size particles, and close to a 

large river where excess sediment i s available. 
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However, despite these conclusions, one must emphasise 

that sedimentological evidence alone i s insufficient to justify a 

marine hypothesis as f l u v i a l , fluvio-glacial, lacustrine, and 

marine deposits are frequently indistinguishable from one another 

on visual and often on analytical grounds only* 

Analytical Studies 

During the twentieth century sedimentological work has 

become increasingly analytical in the fields of mineral identification, 

particle size, shape, density and recognition of depositional 

environments. This work has, however, concentrated primarily on 

present day sediments and environments such that detailed analytical 

studies on " f o s s i l " environments are by comparison exceedingly rare. 

The following investigations are examined as representative of 

studies which assist the recognition of raised marine sediments. 

Cayeux (1941) recognised the link between past and present 

sedimentary environments and Laursen (1950) in Western Greenland 

carried out a detailed petrographic study of highly fossiliferous 

raised marine deposits i n an attempt to provide a l i s t of character

i s t i c s by which such a deposit may be recognised. 

Shukeri and Ph i l l i p (1956), investigating raised features 

in the Egyptian Mediterranean coast, attempted to correlate the 

raised fossiliferous deposits with the Nile River terraces on the 

basis of heavy mineral similarities. In so doing the authors; 

provided one example of the heavy mineral content of raised marine 



deposits. 

McKee (1957), using a slightly different approach, 

attempted to provide a key to the recognition of depositional 

environments by l i s t i n g the structural characteristics of sediments. 

For example, beach sediments exhibited low bedding angles and long 

even surfaces of foreshore laminae, whilst dune sediments exhibited 

more steeply dipping cross-bedded strata. The problem with this 

approach i s the subjective nature of the assessment and the 

occurrence of similar structures i n different environments, as 

with lacustrine and marine. 

Claridge (1961) returned to mineralogical considerations 

when providing a detailed mineralogy of wind-blown raised sands i n 

New Zealand. Neiheisel (1962), working i n Georgia, provided a 

further guide to the heavy mineral content of some Recent and 

Pleistocene sands. 

Colquohoun (1962), in South Carolina, described in detail 

the sea c l i f f , beach, lagoon, bar and shelf deposits in an attempt 

to find diagnostic properties. I t was not un t i l 1964, however, 

that Shepard, produced the f i r s t co-ordinated attempt to enlist a l l 

the possible characteristics of depositional environments recognised 

in present day deposits, which might assist in the identification 

of ' f o s s i l 1 marine deposits. 

Shepard gave the following l i s t of diagnostic properties 

of depositional environments. Dune sands are distinguished by a 



greater percentage of heavy minerals, a greater rounding of 

particles, a total absence of mica, and a high s i l t content. 

Fluvial sands particularly contain a high percentage of mica; 

beach sands, a greater abundance of shell fragments; whilst near 

shore sediments characteristically contain an appreciable amount of 

s i l t and very fine sand, sorting i s rather worse than on beaches. 

In addition, the sediments of the near shore zone are more 

negatively skewed because of the abundance of relatively large 

shell fragments and less erosion of the large foraminifera. 

Shepard further suggested that clay minerals in the finer grained 

sediments gave some indication of environment, but proved 

inconsistent, whilst the orientation of grains proved helpful i n 

some environments. 

One must point out that the above properties are by no 

means wholly reliable and are dependant upon the consistency of 

several variables (Chapter 5)o 

Supplementing Shepard's work, Mddleton (1965) further 

developed the ideas of McKce (op. c i t . ) and Colquohoun (op. c i t . ) , 

i n his work on primary sedimentary structures and their hydrodynamic 

interpretation. 

Sames (1966) applied the study of roundness and shape of 

pebbles to both present and ancient deposits and was partial l y able 

to distinguish between environments. However, despite a l l these 

works on various depositional environments i t was not u n t i l 1967 



that an attempt met with any success* 

Chappell (1967) was able to Identify raised Pleistocene 

beach and dune sediments by a comparison of the sediments with 

those of the present day. The results of particle size analyses 

were subjected to Friedman's (1961) formulae for the calculation 

of moment measures and a 95% separation between beach and dune 

environments achieved when skewness values were plotted against 

grain size frequency. 

Most recently in these studies King and Buckley (1968) 

succeeded i n procuring a meaningful environmental classification 

from roundness and shape measurements of pebbles i n Baffin Island. 

Mean size alone differentiated between deltas, eskers, and ice 

contact features, whilst roundness proved most distinctive of the 

three aspects of stone shape. 

So far only sand and gravel deposits have been considered 

i n any detail, although Shepard (op. c i t . ) did mention that i n 

some instances clay minerals are environmentally diagnostic. 

Pratt (1963) (unpublished Ph.D. thesis, University of California), 

in his detailed investigation into the origins and nature of 

glauconite confirmed the earlier views of Gallagher (1935), Cloud 

(1955), and Keith and Degen3 (1959), that the presence of this 

mineral was indicative of a marine origin or at very least 

indicative of post genetic subjection of the sediment to marine 

conditions as would result from land being inundated by the 



eustatic rise of sea level prior to isostatic recovery. 

In summary, despite a wealth of descriptive stratigraphies, 

there have been very few applications of detailed sedimentological 

analyses to the study of possible raised marine deposits. Techniques 

are available, as the above works testify, to allow a detailed 

environmental assessment of the complete sediment size range and 

one of the major aims of thi s thesis must be to carry out such 

analyses. 

World Studies Based Primarily on Fossil, Fauna! and Floral Evidence 

with Additional Reference to Absolute and Relative Chronologies 

Over six hundred investigations were examined from the 

literature citing f o s s i l , faunal, or f l o r a l evidence as proof of 

high sea levels. This greatly increased number of works, over and 

above both morphological and stratigraphical evidence, i s indication 

in i t s e l f of the greater r e l i a b i l i t y of such evidence. I t i s true 

to say that only f o s s i l , faunal, or f l o r a l evidence can be accepted 

as indication of a higher sea level, without support. The evidence 

may be grouped as follows: 

Percentage of Total Works Examined 

(1) Mammals and f i s h 0.02$ 

(2) Shell and coral % % 

(3) Diatoms, ostracoda, radiolaria, foraminifera 23.93$ 

and in the forthcoming section, each of the above three sections i s 



examined with regard to acceptability and problems. 

Mammals and Fish 

The rare discovery of semi-fossilised fish in Littorina 

clay approximately 6,000 years old and in late glacial clay 

approximately 13,500 years old, by Nybelin (1946) on the East 

Swedish coast i s accepted proof of a higher sea level than present. 

Similarly the occurrence of whale bones on the west coast of 

Sweden, 104 meters above present sea level, embedded in a gravel 

deposit, i s quoted by Bjorsjo (1953) as clear evidence of a marine 

level. The finding of similar bones in Spitzbergen (Birkenmayer, 

1958) at 5 to 8 meters above sea level, must be regarded as suspect 

owing to their association with artifacts of the 17th century 

whaling community. I t i s l i k e l y that carcasses would be dragged 

some height above mean sea level by this community. 

I t i s then the rapid decomposition of fish and the rarity 

of whale bone finds which provides the major restriction to their 

use as marine indicators. 

Shells and Corals 

Several hundred occurrences of f o s s i l molluscs and corals 

are recorded in the literature. In most cases they may be accepted 

as being in situ and, therefore, representative of higher sea 

levels. Exceptions to this rule may be recorded when only isolated 

shells are found, when the distribution of shells i s irregular, or 

in a river terrace such that an archaeological origin might be 



suspected, or when the deposit in which they occur i s not i n situ; 

glacial t i l l or fluvio-glacial deposits, for example. One must 

further accept that sea birds transport shells inland as does man 

when f e r t i l i s i n g coastal areas with seaweed. Emerson (1960), 

working in Baja, California, clearly i l l u s t r a t e s these problems 

when a series of shell deposits gave a C14 date of 100 - 80 B.P. 

A closer inspection revealed that the deposits were shell mounds 

from human inhabitation. In addition, an experiment was carried 

out by the present author on the north-west coast of Scotland 

where numerous small bivalves coated in red paint were placed at 

HWM in an onshore gale with wind speed gusting to 68 mph. These 

bivalves travelled up the beach to heights 20' to 30* above mean 

sea level. I f this experiment i s to be accepted, in some instances 

wind transport may give rise to incorrect conclusions. 

These problems apart, the occurrence of a mollusc or 

coral assemblage i n raised deposits, can indicate, i n addition to 

marine conditions, the temperature, cla r i t y , s a l i n i t y , and depth 

of the water. For example, Addicott (1963, 1964), working in 

California and south-west Oregon, discovered a molluscan fauna on 

a wave cut terrace 22 feet above present sea level. The assemblage 

suggested moderately shallow water and near shore conditions with 

a slightly cooler average water temperature than present. 

Valentine (1956) exhibited even greater precision when 
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stating that Californian marine terraces contain fauna indicative 

of shallow water conditions (not exceeding 5 fathoms) within 

l/2 mile of the shore, and a greater seasonal temperature change 

than at present. 

Thomas (1963) described a 150-foot terrace with fresh 

water fauna, supporting the existence of an ancient high level 

delta of the Colorado River when sea level was at least 100 feet 

above present. 

I t must be remembered, however, that such precise 

environmental classifications are dependant upon the assumption 

that molluscs have not adapted to different environments since the 

Pleistocene. Valentine (1955) argues that such adaptations have 

taken place, thus lessening the validity of environmental zoning. 

The evidence for this conclusion i s based primarily on the occurrence, 

i n present faunal assemblages, of species not found together i n the 

Pleistocene. I t i s possible, however, that this situation reflects 

a transitional stage in climate amelioration and Valentine's 

conclusions must, therefore, be regarded as only tentative. 

Marine Micro Fossils 

Molluscs occur most frequently i n sand deposits and to 

some extent i n gravels, whilst more delicate micro f o s s i l s are best 

preserved in less abrasive clay sediments, although s t i l l occurring 

to a lesser extent in sands. As with corals and molluscs, i t i s 

possible for transported f o s s i l s to mislead the investigator. 
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Stainforth (1952) produced evidence suggesting that 

turbidity currents were responsible for the occurrence of shallow 

water arenaceous foraroinifera at considerable depths. A similar 

problem was experienced by Emery and Terry (1956) off the southern 

California^ coast when coral algae were discovered i n a cote at 

2,670* below present sea level, 2,170' below what i s considered i t s 

normal living depth. 

Despite such hazards, valuable insight into Pleistocene 

conditions has been gained from diatom and foraminiferal studies. 

Numerous works exist on foraminiferal zonation, notably McGill and 

Loranger (1961), Phleger (1960), Stainforth (1952), and Ladd (editor) 

(1957), and the following investigations i l l u s t r a t e their application, 

Gadd (1960), working i n Quebec, was able to recognise the 

existence of Brackish water conditions i n the Champlain Sea, thus 

confirming earlier conjectural writings on i t s marine nature. 

Bandy (1953) recognised the existence of cool, shallow water 

conditions during the formation of some Californian raised 

terraces, whilst Kincaird (1957) recognised shallow water bay or 

estuarine conditions near Seattle, Tinoco (1958) suggested shallow, 

clear, warm water at Rio de Janeiro during the formation of raised 

terraces, whilst Feyling-Hanssen (1964), in south-east Norway, was 

able to discern the slow change from Arctic to Boreal conditions 

from changing foraminiferal assemblages. 



Summary 

These three types of faunal evidence are of great 

significance in the i n i t i a l recognition of raised marine features. 

In each case the technique for collection demands f i e l d researches, 

with only microfossils demanding laboratory methods i n addition* 

In this latter case, the techniques for the concentration of micro-

f o s s i l s from a sediment sample are amply discussed i n works by 

Kornicker, Phleger, and Brady (op. c i t . ) and involve simple 

flotation i n alcohol or carbon tetrachloride. I t may be concluded 

that without faunal evidence great di f f i c u l t y i n proving a suspected 

marine origin, for either a deposit or terrace feature, w i l l result. 

A detailed search for such f o s s i l remains must be included within 

the scope of this thesis. 

Chronology 

Absolute Pleistocene dating re l i e s heavily on the radio

active isotope dating techniques, especially C14. The reliance of 

CIA on the occurrence of organic remains has led to the inclusion 

of this section alongside faunal studies. 

The incorporation of shell, bone, or wood in a sediment 

permits the allocation of a C14 date and i t i s by this means that 

detailed graphs of the eustatic r i s e of sea level during the last 

25,000 years have been constructed (Jelgersma, 1961; Fairbridge, 

1961j Shepard, 1963; Schofield, 1964)• 

The introduction of absolute dating has in fact made three 
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important contributions to the study of sea level change: 

(1) I t has enabled the course of mean sea level to be 

accurately plotted during the late and post glacial 

period. 

(2) In any one locality i t has confirmed that the highest 

raised shoreline i s frequently the oldest, 

(3) In several different l o c a l i t i e s i t has proved that 

similarities in height are of no significance i n 

correlative studies i f differential u p l i f t has taken 

place. 

The specific example of "Tephrochronology" or dating by 

means of a widely occurring easily recognisable volcanic ash or 

tuff layer i s worthy of mention as a highly successful technique in 

the few areas of the world where glaciation and vulcanicity occurred 

i n unison (Auer, 1950, 1959, South America; and Thorarinsson, 1955, 

Iceland). 

The relative and absolute chronologies and associated 

environmental discoveries, developed from palynological studies 

are also recognised but discussed i n greater detail in the later 

section on submerged features, where these studies have provided 

highly significant data. 

I t i s concluded that chronological data has greatly 

assisted the clarification of the history of sea level change. 
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World Studies on Submerged Shorelines 

The majority of investigations of displaced shorelines 

have been instigated by the occurrence above sea level of clearly 

distinguishable terrace and faunal remains. This factor i s a 

reflection of the obvious d i f f i c u l t i e s of environmental access 

encountered by "Man"' in his attempts to study submerged shorelines. 

The following section examines those investigations carried out to 

date i n an attempt to assess the problems and significant conclusions 

which have come to light. A subdivision of investigations on the 

basis of morphology, sedimentology, and faunal and f l o r a l evidence 

i s again used. 

Morphological Studies 

I n i t i a l morphological studies on submerged shorelines owe 

their origin to the hydrographic surveys completed to safeguard 

shipping during the nineteenth and twentieth centuries, but more 

detailed oceanographic surveys i n the twentieth century have added 

considerably to the documentation of submerged terrace features. 

In this brief review, the greater majority of available works have 

been examined, not only in an attempt to determine dominant shoreline 

patterns but also to assess the nature and validity of the? 

methodology. 

Whilst there i s a general agreement of views regarding 



morphological evidence for the maximum lowering of the Pleistocene 

sea level as being between 300' and 4501 (Emery, 1962; Coats et a l , 

1961; Cooke, 1952; Fray and Emery, 1962; Richards and Craig, 1963; 

Vedder and Norris, 1961) i t i s noticeable from the literature that 

investigations off Soviet coastlines and off the Norwegian coast 

record terrace features at considerable depths: 

Soviet Conclusions 

(1) Ganeshin and Chemekov (1960) -1,500' terrace, Soviet Far East 

(2) Kulikov and Martinov (1961) -1,500' Kara Sea 

(3) Lakukov (1954) -1,500' Soviet Arctic Basin 

Kulikov and Martinov (op. ©it.) support their conclusions 

with evidence of submerged river valleys continuing from present 

sea level to this great depth, and further suggest that i t dates 

from the maximum Riss glaciation 110,000 B.P. 

Norwegian Evidence 

(1) Evers i n 1962 recognised a -600' terrace 

(2) Whilst Holtedahl (1955) recognised a terrace at -710« O.D. 

I t seems d i f f i c u l t to reconcile these conflicting results with 

regard to maximum levels of sea level lowering. One can only 

suggest that the continuing development of precise dating techniques-

w i l l enable the distinction to be made between Riss and Wurm 

associated features. 



Despite the world wide distribution of terrace features, 

no attempt i s made to correlate levels owing to the facts brought 

to light i n the previous section on "Chronology." In fact the 

effects of differential uplift and t i l t i n g of submerged terraces 

i s recognised by Rikhter et a l (1961) i n the Caspian, Dannstedt 

(1948) i n the Baltic, and Baczyk (1963) in Polish waters. 

In almost a l l cases, investigations made use of echo 

sounding equipment. The investigations of Federov and Leontin 

(1953) in the Caspian using self-contained underwater breathing 

apparatus and the work of Ewing, Le Pichon and Ewing (1963), using 

a sparker sub-bottom survey to prove the existence of Pleistocene 

terrace features buried beneath recent l i t t o r a l facies, provide 

two alternative approaches, whilst several workers, notably on 

the Atlantic coast of the U. S. A. use the grade of buried river 

valleys to predict the level of lower sea levels. 

One must, i n summary, c r i t i c i s e , not the method, but the 

accuracy of later interpretations. Goreau (1961), investigating 

the continental shelf, provides one alternative hypothesis when 

suggesting that of the five terraces observed, the lowest at 200» 

i s not a submerged shoreline but rather a fault scarp feature. 

The occurrence of submerged terrace features has a similar value 

as raised terraces i n that i t leads the worker to an area where 

further investigations might bear f r u i t . 



Sedimentological Studies 

Compared with morphological investigations which 

constitute 58$ of the studies which were examined, sedimentological 

investigations make up only 18$. A two-fold division may be made 

between those investigations which recognise the existence of 

t e r r e s t r i a l deposits below sea level, and those which recognise 

shallow water marine deposits at depths well below their zone of 

formation. 

Terrestrial Sediments Below Sea Level 

Caldenius and Linnnian (1949), i n a borehole sample from 

southern Sweden, recognise a late glacial lacustrine clay overlain 

by marine deposits at -38 feet 0.0. whilst Blanc, Segre, and 

Tongiorgi (1953) record t e r r e s t r i a l sediments to 310 feet below 

present sea level i n the Mediterranean. Harrison (1962) recognised 

in Chesapeake Bay, Virginia, the occurrence of a sub-aerial erosion 

surface of Pleistocene age corresponding with the base of buried 

channels extending to depths i n excess of 300 feet. Bloom (1963), 

working in coastal Maine, recognised the occurrence of glacio-

f l u v i a l deposits covered by marine clay to depths of 70 feet below 

present sea level whilst Boillot (1964) i s unique in his description 

of periglacially frost shattered pebbles, on the bed of the English 

Channel, as evidence of a lower sea level i n immediate post glacial 

time. Finally, Doeglas (1950) recognised, partly on the basis of 



submarine morphology and partly on the evidence of particle size 

curves, the existence of river and dune sands at -15 meters and 

-25 to -30 meters below present sea level i n the Mediterranean. 

Marine Sediments of a Character Inconsistent with Their 

Present Environment 

Suggate (1958) recognised a sequence of marine estuarine 

and f l u v i a t i l e deposits extending down to -200» O.D. off Christ 

Church, New Zealand, whilst Emery and Niino (1963) recognised r e l i c t 

beach deposits on the continental shelf off Thailand. Fray and 

Ewing (1963), working on the Argentinian shelf, discovered i n bore 

hold cores, remnants of beach sediments at -390' O.D. Some years 

previously Clements and Dana (1944) had used similar evidence to 

support the occurrence of a shoreline at -150 fathoms on the 

Californian shelf. Wimberley (1955) recognised a similar coarse 

grained deposit at -40 fathoms i n Scripps Canyon off La Jolla, 

California. Completing this sequence, Shepard (1956) and Shepard 

and Moore (1965) recognised the occurrence of "bay" deposits at 

-80' off the central Texas coast. 

In view of the considerable d i f f i c u l t i e s experienced by 

sedimentologists, trying to define characteristics of present-day 

beach deposits (Folk, review a r t i c l e , 1966), hypotheses based on the 

recognition of submerged beach deposits must be regarded with 

scepticism i f no other supporting evidence i s available. Turbidity 

offshore and t i d a l currents are a l l documented as carrying large 
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amounts of sediment seawards (Stainforth, 1952, op. c i t . ) and 

transportation should be acknowledged as an alternate hypothesis. 

F o s s i l . Faunal, and Floral Evidence in Support of Sea 

Levels Lower than Present 

As i n the above section, one can distinguish between 

out-of-character marine f o s s i l s and t e r r e s t r i a l species below 

present sea level. 

Terrestrial Species Below Present Sea Level 

One of the earliest evidences cited in support of sea 

leve l change was the "submerged forest" and peat which frequently 

occurs intertidally or just below low water mark. Such deposits 

have been observed in many l o c a l i t i e s on world coasts and C14 dates 

vary from 3,000 B.P. to 8,000 B.P. with a marked concentration 

between 6,000 and 7*000 B.P. The following works include examples 

of such findings together with remains from greater depths. 

Bradley (1953) in coastal Maine records the existence of 

tree stumps 3 to 5 feet below ordnance datum and dated at 4000 B.P. 

whilst Harrison (1962) in Virginia records two peat beds at 42 and 

93 feet below sea level together with a further bed at -30 feet O.D. 

at Churchland, west of Norfolk (U. S. A.). Kaye and Barghoorn 

(1964) similarly record peat beds at -70 feet (10,000 B.P.) and 

-2 feet (3000 B.P.) off Boston (Massachusetts) whilst Dutch workers 

record numerous peats along the north European coast (summarised 

and dated by Jelgersma, 1961, op. c i t . ) . Churchill (1959), in the 



•12 

Swan River d i s t r i c t , Perth, Western Australia, recognised peat beds 

at -68» O.D. dated at 9850 B.P., whilst Te Punga (1954) discovered 

wood remains in a bore hole core at -150 feet and dated at 9900 B.P. 

near Palmerston Worth, New Zealand, Avnimelech (1950) discovered 

"elephas" bones at -36 meters on the Israelian shelf near Yavneh, 

but perhaps the most significant discovery was that made by Brodie 

(1955) off South Island, New Zealand, of a peat bed at -450 feet 0,D, 

and considered by him to be of Pleistocene age. 

These submerged organic deposits are of considerable value 

in the assessment of sea level change providing two precautions are 

observed. F i r s t l y , the problem of compaction i n peat (Wiggers, 1954, 

op, c i t , ) can lead to false levels, and secondly, care must be 

taken to determine whether the peat was formed at or near sea 

leve l . With regard to this second case, Dutch workers (Geol, en Mijnb, 

1954, symposium) record the gradual transition from peat to estuarine 

fossiliferous muds and argue i n favour of peat formation i n these 

cases being a function of the rising water table accompanying the 

ri s e in sea level. 

Marine Species of a Character Inconsistent with Their 

Present Environment 

I t i s important to note that the conclusions drawn from 

the evidence presented i n this section relied upon the basic 

assumption that faunas have maintained similar environmental limits 

during the last 50,000 years. 



McKee (1956) records truncated shallow water coral reefs 

at 10 to 12 fathoms, 14 to 17 fathoms, and 25 to 27 fathoms in the 

Caroline Islands Oceania, arguing that their truncation results; 

from the increasing rate of sea level ris e out-pacing their growth 

rate. Fairbridge and Stewart (1960) i n Melanesia recognise a 

similar r e l i c t coral reef at 10 to 15 fathoms; and Keble i n the 

Bass Strait (1947), one at -276 feet O.D. 

Richards and Craig (1963) support the earlier mentioned 

conclusions of Fray and Ewing (1963) i n their recognition of a 

-3901 shoreline by the discovery of a cold shallow water mollusc 

assemblage i n a core at that depth. Shepard (1960) recognised at 

-40' O.D. r e l i c t near shore and shallow bay micro-organisms in the 

north-western sector of the Gulf of Mexico; whilst Parker and 

Curray (1956), Ckmld and Stewart (1955), and Jordan (1952) 

similarly recognised the occurrence of both submerged r e l i c t corals; 

and a preponderance of Pleistocene shallow water foraminifera at 

depths between 50 and 20 fathoms. 

In summary i t i s worthy of note that a l l the information 

included in this section was the result of dredge and core sampling 

from a surface vessel. There follows a brief summary of conclusions 

regarding world studies of displaced shorelines. 

Summary 

The following conclusions may be drawn as a result of 

this survey of previous work: 



(1) Morphological studies constitute the i n i t i a l stage of 

research and guide investigations to areas where further 

studies are justified* 

(2) Descriptive sedimentological studies emphasise the wide 

range of sediments making up beach deposits, but i t i s 

f e l t that f l u v i a l , fluvio-glacial, lacustrine and marine 

deposits are frequently visually indistinguishable from 

one another, thus questioning the validity of marine 

hypotheses based solely on such evidence. 

(3) Analytical sedimentological studies on raised marine 

sediments have not made maximum use of existing techniques 

developed on present day sediments. Techniques are 

available to allow a detailed environmental assessment 

of the complete sediment size range and should be 

attempted in shoreline studies. 

(4) The value of f o s s i l , faunal, and f l o r a l evidence i s 

paramount when supporting a marine hypothesis and as 

such a detailed search for evidence must be undertaken. 

(5) A brief section on chronology l i s t s three contributions 

of absolute dating to shoreline studies. 

With regard to submerged studies similar conclusions are 

drawn with the exception of sediment studies when doubt i s cast on 

the accuracy of environmental studies on submerged deposits because 

of sampling problems and the possibility of post depositional 

reworking* 



In general terms a two-fold criticism i s levied on 

previous literature: 

(1) There i s a strong tendency towards descriptive studies 

as opposed to sounder analytical approaches. 

(2) Marine hypotheses are too frequently postulated when 

evidence i s only circumstantial. 

The following brief summary examines British literature 

primarily to determine whether there are methodological differences 

or weaknesses. 

Previous Work i n the British Isles 

Raised Shorelines 

Studies Based Primarily on Morphological Evidence 

Descriptive Studies 

From Smith's (1965) examination of early British work i t 

i s clear that morphology was not a major factor in the i n i t i a l 

recognition of raised marine features. An article i n "The Scotsman" 

(1834) discussed the significance of raised shell beds near 

Barrowstowness (Grangemouth) and Murchison (1837), similarly 

described shell beds in south-west England, as suggestive of 

higher sea levels than present. Nor do early descriptions of 

terrace features rely solely upon morphological evidence when 

suggesting a marine hypothesis as Geikie (1861) and Jamieson 



(1865> 1882) demonstrated. Jamieson, i n the latter of the above 

ar t i c l e s , recognised correctly that raised marine terraces i n 

glaciated areas were frequently warped as a result of glacio-

isostatic crustal rebound. Despite t h i s early a r r i v a l at a correct 

and logical conclusion i n the study of Quaternary shorelines, the 

only work between that date and 1962, which recognised this uneven 

uplift and furthered i t s comprehension, was that of Wright (1914) 

whose "isokinetic theory" explained the interrelationship of 

crustal rebound and the eustatic rise of sea level. There was 

instead a series of works frequently supporting a marine hypothesis 

for raised terraces and erosion surfaces. 

Green (1946) describes ten terraces i n the region of 

Bournemouth, ranging between 330 feet and 33 feet above sea level, 

and in a later a r t i c l e (1949) recognises eleven terraces between 

1,150 feet and 12 feet above sea l e v e l i n the Dart Valley (Devon) 

and correlates these with post oligocene high sea levels. Brown 

(1952) discusses the morphological evidence in favour of a 

600-foot shoreline in Wales, whilst Burnaby (1950) recognised a 

raised platform 10 to 15 feet above sea level on the north Norfolk 

coast. Davies (1958, 1960, 1963) recognised sixteen terraces 

between 20 feet and 1,000 feet above sea level in Ireland but does 

acknowledge that there i s no evidence to confirm a marine origin. 



Analytical Studies 

A major criticism, voiced by Sissons (1962) and later by 

Smith (1965) was the lack of precise levels for these terraces. 

Authors were c r i t i c i s e d for the use of aneroid barometers with a 

4 to 5 foot working error (Dormer, 1959, 1963; King and Wheeler, 

1963); for employing the elevation of non-significant parts of 

terraces (Dormer, 1963) and subsequent use of this measure to 

calculate the height and t i l t of shorelines; and thirdly, the use 

of O.D. Liverpool, high water mark, and the upper limit of Balanus 

Balanoids as opposed to O.D. Newlyn (McCann, 1961, 1963). 

This highly significant a r t i c l e by Sissons (op. c i t . ) 

supporting Jamieson's original conclusions of 1882, met with criticism 

from Earp, Read, and Francis (1963) of the Scottish Geological 

Survey, who supported the well established 100' 50» 25' horizontal 

classification but Sissons (1963) produced precisely levelled profiles 

of recognised raised shorelines to confirm his 1962 conclusions. 

The result of this brief interchange stimulated renewed 

interest in raised shorelines and was followed f i r s t by a series of 

arti c l e s — S i s s o n s and Smith (1965), Stephens (1963), Synge and 

Stephens (1965), Jardine (1963, 1964), concentrating on the shorelines 

of upland Britain; secondly, by the publication of a "Special number 

on the Vertical Displacement of Shorelines i n Highland Britain" 

( I966)(lnst. B r i t . Geog.); and more recently s t i l l , by further 

articles by individual workers, Jardine (1967), Smith (1968), and 
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Smith, Sissons, and Cullingford (1969). 

The result of this spate of publication with regard to 

the advancement of morphological studies was the recognition by 

Smith, Cullingford, and Sissons of a series of shorelines far 

greater in number than was previously suspected along the north and 

south sides of the Firth of Forth, each distinguished on the basis 

of i t s different height above sea level. 

This marks a significant development i n morphological 

studies. The original work by Sissons (op, c i t . ) involved recognised 

shoreline features containing marine faunal evidence. In the more 

recent work, terrace features formed in a variety of deposits were 

levelled and on the basis of this evidence alone identified as 

shorelines or fluvio-glacial terraces. Fluvio-glacial features 

possessed gradients 30 to AO feet per mile whilst t i l t e d shorelines 

did not exceed 10 feet per mile, Sissons and Smith (1965) do 

qualify the above evidence stating that fluvio-glacial terraces 

are predominantly of gravel, and raised beaches predominantly sand, 

s i l t , and clay. 

The question arises as to whether one can distinguish 

between shorelines and fluvio-glacial terraces solely on the degree 

of warping. Sissons and Smith together with Cullingford clearly 

support such a conclusion and Sissons and Smith (1965)(page 155), 

observe a "raised shoreline terrace" merging imperceptibly with a 

fluvio-glacial terrace as the sediments gradually become coarser 



and the angle of warping steeper. Sijnilar terraces, however, 

described by Gresswell (1952) in the Kersey Valley at 8, 15, 20, 

and 35 feet above normal river level, are considered by Simpson 

(1958), to represent changes i n load to volume ratio in the river 

and not variations in sea level* 

Whilst the evolution of morphological studies centred on 

this work i n the Firth of Forth, other investigations, by Stephens, 

Synge, Jardine, McCann, Kirk, Rice, Walton, Ritchie, Orme, Smith, 

J . S., King, and Wheeler (1966), made reference to morphological 

features in highland Britain recognising i n most cases evidence of 

warping. 

I t i s concluded that morphological evidence for the 

recognition of raised shoreline features has been used as genetic 

proof of a marine hypothesis in Britain; a method not attempted 

elsewhere. An examination and assessment of this technique i s 

incorporated i n Chapter 4* 

Studies Based Primarily on Sedimentological Evidence 

Descriptive Studies 

The literature emphasises only one significant difference 

between world and Brit i s h studies using sedimentary evidence. This 

i s the very rare use of sedimentary evidence alone as an indication 

of a raised shoreline. The majority of investigations incorporate 
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morphological, sedimentary and faunal evidence: attention frequently-

being f i r s t drawn to the deposit by i t s environmentally displaced 

faunal content and terrace location. Of the exceptions, the 

following are particularly significant. 

Sparks (1953), working i n the Weymouth lowlands, 

recognised the existence of post Pliocene terraces overlain by 

gravels. These gravels, however, did not contain a marine fauna 

and their character suggested a solifluction deposit. Sissons 

(1966), with the aid of numerous shallow boreholes, recognised 

buried shorelines beneath the coarse clay deposits of the Firth of 

Forth. His evidence, i n support of a marine hypothesis for these 

terraces, includes a gravel layer of supposed marine origin, and 

making up the surface deposit of the buried steps, overlain by a 

thin peat layer which Newey (1966) records as representative of 

salt marsh conditions i n their lower parts. The investigation 

contained sufficient accurately levelled borehole sitings to enable 

the t i l t of these buried terraces to be calculated (1,3 feet and 

O.k feet per mile). This t i l t i n g , as with the sub-aerial shoreline 

features i n the Firth of Forth, i s considered to result from post 

glacial crustal rebound. Downing (1959), however, i n a note on 

the Crag deposits i n Norfolk, describes lower Pleistocene 

estuarine clays, on top of the Crag, as dipping east from+20 1 O.D. 

at Norwich to -20 feet O.D. at South Burlingham and -60 feet O.D. 

near Sea Palling (an eastward dip of approximately 2 feet per mile). 
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This dip must be presumed to reflect either the estuarine gradient 

at the time of deposition, or post depositional subsidence i n the 

southern North Sea basin, the latter possibly being more l i k e l y 

(West, 1963). 

In summary, as with world studies, shoreline features 

may include deposits representative of the whole sedimentary size 

range although more recent raised shorelines tend to be composed 

of finer sediments (Sands, s i l t s , and clays). 

Analytical Studies 

Analytical studies of raised marine deposits have 

rarely been attempted i n Britain although D. Kemp (University of 

Edinburgh) i s at present engaged i n such work. 

McCann (1961) examined supposed raised beach gravels at 

Corran, Loch Linnhe, and Loch Etwe and was able to prove by 

orientation analyses on long axes of pebbles that a fluvio-glacial 

origin in a late glacial ice dammed lake was i n fact correct. This 

technique may be added to those used in world studies, by King and 

Wheeler (1966, op, c i t . ) , as a significant test of gravel genesis. 

Studies Based Primarily on Fauna! and Floral Evidence 

Because of the composite nature of most evidence supporting 

marine hypotheses mention has already been made of faunal and 

f l o r a l supporting evidence. Again, as i n world studies, f o s s i l 

organic evidence, in support of a marine hypotheses, carries more 

weight than morphological and sedimentological data. 
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Whale and seal skeletons, molluscs, ostracoda, foraminifera, 

and saltmarsh peat deposits are a l l cited as evidence of raised 

marine shorelines. The works included in this section, however, 

relate only to those investigations interpreting conditions from 

the organic remnant3. 

Anderson (1947) recognised cold water ostracoda and 

mollusc species i n the "100 foot" beach clays of Scotland, whilst 

MacGregor and MacGregor (1948) supported this view and further 

stated that the "25 foot" beach was dominated by temperate species. 

Similarly, Van de Vlerk (1950) recognised in the foraminifera of 

the Crag deposits of Norfolk an increase in Arctic species, when 

compared with present day assemblages. 

Submerged Shorelines 

Morphological Studies 

Heezen, Tharp, and Ewing (1959), i n their detailed study 

of the North Atlantic, recognised at 70 to 100 fathoms, persistent 

bench features, too continuous to be explained as structural benches 

or as a result of faulting, which i t was suggested were formed by 

Pleistocene eustatic sea levels. 

On a more loca l 3cale Cooper (1948) recognised a distinct 

submerged ancient c l i f f near Plymouth, i t s foot at 22 fathoms O.D. 

Flinn (1964) used detailed echo soundings i n a survey of the near 

shore shelf off the Shetlands on which a series of benches were 



recognised, the most distinct being at 40 to 45 fathoms. Hawkins 

(1962) recognised submerged benches associated with the B r i s t o l 

Avon at -23 feet and -50 feet. 

Several investigations cite the grade of buried river 

channels as evidence of lower sea levels. McFarlane (1955) 

recognised the drowned channels of the Erne, Tawe, and Torridge i n 

Devon and suggested a sea level of -150• O.D. at the time of their 

formation. Robinson, 1952, described in detail the character and 

channels of the North Sea bed, and suggested a sea level I4O1 to 

160• below present. Stephens (1958) recognised similar buried 

channel features i n Belfast and Strangford Loughs. 

Sedimentological Studies 

The identification of marine sediments at depths greater 

than that of their formation does not appear to have been used by-

British workers but several records exist of t e r r e s t r i a l l y formed 

sediments below present sea level. 

Mitchell (1963) interpreted four ridges on the floor of 

the I r i s h Sea, as moraines. Stride (1959) describes the Dogger 

Bank (North Sea) as a large moraine on the basis of seismic and 

core sample evidence and i n an a r t i c l e with Bowers (1961) suggests 

two hollows i n the floor of the I r i s h Sea were fresh water lakes 

during deglaciation. 



Fossil» Faunal, and Floral Evidence 

Reid (1913) produced a book l i s t i n g known levels and 

sites of submerged peat and forest beds. These were later dated 

by Godwin, W i l l i s , and Suggate (1945, 1958, 1961) and more 

recently by Churchill (1965). 

This latter work concentrating solely on those deposits 

occurring just below present sea level and a l l dated between 6000 

and 7000 B.P., thus supporting the evidence i n favour of a slowly 

continuing eustatic rise of sea level since that date. 

Flinn (op. c i t . ) recognised peat below sea level in the 

Shetlands down to -38 feet O.D., whilst Ritchie (1966) i n the 

Uists discovered submerged peat beds down to -6 feet O.D. 

Stephens (1958) similarly recognised peat deposits off the Ards 

Peninsula, N. E. Ireland, whilst a most interesting and significant 

discovery of peat beds i n the Dogger Bank i s discussed in some 

detail by Stride (op. c i t . ) . 

Summary 

Should further information on B r i t i s h shorelines be 

required, the reader i s referred to two relevant publications: 

(1) Stephens and Synge, 1966, "Pleistocene Shorelines," in 

Dury, G., Editor, Essays in Geomorphology. 

(2) Inst. Brit. Geog., Special No. 39, 1966, Vertical 

Displacement of British Shorelines^ 



From this section on Britain i t i s suggested that the 

following techniques are worthy of inclusion i n any attempt to 

fina l i s e a methodology for the i n i t i a l recognition of displaced 

shorelines: 

(1) Detailed morphological levelling may have genetic 

properties (Sissons, personal communication)„ 

(2) Orientation analyses may distinguish betiveen beach and 

deltaic deposits (McCann, 1961). 

(3) A search for buried terraces beneath marine transgressive 

deposits (Sissons, personal communication). 



CHAPTER 3 

THE LOVJER TEES BASIN 

In the previous two chapters the problems associated with 

the causes of sea level change and those associated with methodologies 

for the i n i t i a l recognition of displaced shorelines, have been 

examined and discussed. The Lower Tees has been chosen as the area 

i n which to test the various hypotheses and methodologies put forward. 

The chapter w i l l discuss the reasons for this choice, the general 

physiography and stratigraphy of the Tees, and the nature of previous 

work* In addition to sea l e v e l change the g l a c i a l history of the 

region i s discussed i n some de t a i l In view of the close inter* 

relationships of the two phenomena. 

The Choice of Area 

In addition to i t s proximity to the University of Durham, 

and consequent ease of access, the Lower Tees (Fig. 7 ) was particularly 

suitable for this study. 

F i r s t l y , an examination of Fig. 3 which shows the zero 

isobases of late and post g l a c i a l uplift, as demonstrated by the t i l t 

of existing raised shorelines, suggests that the Tees basin i s close 

to thi3 position. The occurrence or non-occurrence of raised 

shorelines i n the area could, therefore, considerably assist the 



accurate positioning of this isobase. In relation to the above 

statement there i s evidence i n previous work (Agar, 1954) for the 

existence of sea levels both above and below that of present, i n the 

Tees area, ranging from + 82* O.D. to -160* O.D. Should the 

occurrence of raised shorelines be proven the following subjects 

Bhould be examined: 

(1) The amount, timing, and nature of post g l a c i a l crustal 

rebound as discussed i n Chapter 1 must be re-examined* 

(2) The relative influence of the various ice sheets, Lake 

District, Scottish, and Scandinavian, which converged on 

the Tees (Raistrick, 1931) might be assessed from the 

direction of t i l t of such features* 

(3) Dateable shoreline features cut into surface deposits could 

determine more accurately the deglaciation chronology of 

the area. 

Physiography and Stratigraphy 

Physiography (Fig. 8a, 8b) 

The Lower Tees Basin, especially below the 100-foot contour* 

i s almost devoid of r e l i e f , a characteristic which contrasts strongly 

with the steep, scarp slope of the Cleveland Hills to the south and 

the hummocky, glacial topography to the north and west* 



This low-lying plain extends 16 miles Inland, gradually 

diminishing i n width from 14. miles at the coast to 4 miles at 

Egglescliffe, and i s partially dissected by the inoised tributaries 

of the Toosj on the northern side, by the Billingham Beck, and on 

the south, by the River Leven, Omesby, and Middlebecks. Apart 

from tlie30 easily distinguished breaks, this lack of r e l i e f i s important 

i n the study of sea l e v e l change as i t permits the easy recognition 

of any widely occurring break of slops, such as might indicate a 

potential marine li m i t . With reference to Fig. 19 i t becomes clear 

that any advantage to be gained from this morphology io very largely 

obliterated by the combined effects of industrial and urban expansion 

together with 18th and 19th century coastal reclamation. Rapid 

urban development continued apace throughout the period of research 

and i t was against this background of rapid destruction of the 

landscape that morphological study was pursued. 

Stratigraphy 

This section deals only with a description of the deposi-

tional sequence i n the research area; interpretations are not attempted 

at this stage. 

The protective form of the Tees estuary, i t s e l f a reflection 

of solid geology, ensured a depositions!, environment on an otherwise 

erosional coastline (Agar, 1960), and has resulted i n the preservation 

of a suite of d e t r i t a l and organic deposits bearing evidence to past 

environments. This natural aid to stratigraphical study, together 
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with the provision of innumerable borehole and excavation records 

from urban and industrial developments, clearly demonstrates the 

particular value of such study i n the Tees basin* 

This wealth of information has, however, rather than 

simplified comprehension of the stratigraphical sequence, confirmed 

and emphasised i t s complexity, and resulted i n several different 

Interpretations of the stratigraphical history* 

Barrow (1833). of the geological survey, was f i r s t to study 

the area in any de t a i l but the resulting map was not accompanied by 

a memoir and the recognition of two boulder clays separated by sands 

and gravels was thus without interpretation* 

Carruthers (1939, 1946, 1953) introduced the "undermelt 

hypothesis." This hypothesis supported a single ice aheot melting 

from the base and resulting in a complex series of shear clays, 

laminated clays, sands* gravels, and boulder clays. 

More recently Smith and Francis (1967)* of the geological 

survey, resurveyed part of the northern sector of the research area 

and recognised the following stratigraphy) 

Prismatic clay 

Tees Laminated clay 

1'oralnic d r i f t and upper gravels 

Middle sands—'upper 

-•lower 

Lower boulder clay 

Lower gravels 
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Loess 

Scandinavian d r i f t 

1 issure deposits 

Their work related primiirily t c the area immediately north 

of the Tecs Basin and the only detailed study of the Lover Tees was 

made by Agar (1954)* whose years i n the region aa a c i v i l engineer 

allowed him access to a wealth of constructional information and 

enabled him to produce the following stratigraphy: 

/ Blown sand 
i 
1 Marine warp 
i 

J Brown alluvium 
Recent \ 

\ 1 Marino sand of raised beaches 
Peat and forest bed of estuary 

V^Grey alluvium 

Late {^Marginal sand 
Glacial \ 

I Laminated clay 

/'Red boulder clay 

Dark boulder olay 

Glacial \ Sand 

Drab boulder clay 

Gravel 

Agar also recognised the occurrence of buried peat i n several of 

the Teos tributary streans dating from Zone Vllb of the palynological 



sequence, and occasionally containing fresh water shells. I t nay 

prove significant to note that these peat beds are restricted to 

the tributaries of the Billingham beck and the beck i t s e l f on the 

north side of the Tees. 

Sunmary 

From th i s brief survey of stratigraphies there would appear 

to be l i t t l e general agreejiKnt between the Tecs basin and surrounding 

areas. Many deposits are aerially discontinuous end several 

laminated clays, red Tees cloy, and coastal peats occur only in the 

Tees Basin (Fig. Hi), Several investigations have attempted to 

interpret the complex sequence of deposits, particularly with regard 

to g l a c i a l history and aea level change and the coming section i s 

devoted to further examination of these two topics. 

Glacial History and Chronology; 

Beaumont (unpublished Ph.D.)(1967) provided a detailed 

summary of gl a c i a l research i n Northern England and in County Durham 

i n particular. Part of this work has since been published (1968) 

and i n order to avoid unnecessary repetition the following account 

deals primarily with works related to the Lower Tees Basin, but does 

make reference to surrounding regions where necessary. 

The Tees Basin lias, to some extent, been avoided by workers 

because of the complexity of the stratigraphical sequence and the 

early realization (Goodchild, 1875) that the area's history was 



complicated by the confluence of three major ice sheets (Lake 

Di s t r i c t , Scottish, and Scandinavian). Kendall (1902) discussed i n 

detail tho f a c i a l history of the Northern Cleveland H i l l s , and 

recognised ovidenco i n favour of Goodchild's earlier conclusion that 

the f i r s t ice to reach the Tecs Basin liad originated lit the Lake 

Dist r i c t , entered the Tees via the Staininore Pass, and flowed out to 

coa beyond the present coast l i n e . Kendall further discussed the 

possibility of the Scandinavian ice sheet reaching the British coast 

but concluded that this was unlikely owing to the intervention of a 

third ice sheet travelling down the coast from the Cheriots. 

This early recognition of three ice sheets which influenced 

the g l a c i a l history of the Tees provides the basis upon which a 

greater understanding of the chronology of events must be established. 

Whilst Woolacott (1905) further supported Kendall's assertion 

that evidence for three distinct ice sheets existed In the Tees Basin, 

I t was not unt i l 1915 that Trechmann brought to light proof of the 

close proximity cf the Scandinavian ice sheet by the discovery of a 

pure Scandinavian suite of erratics In t i l l at Warren House G i l l on 

the Durham co^ot. Beaumont (op. c i t . ) points out that both l^echraann 

and Lamplugh (19C7), the latter working In Holderness, were i n 

agreement that the Scandinavian ice not only readied Britain but did 

so before local ice reached the oast coast and in addition that i t 

represented a separate e«Arlior period of glaciation. Trechmann (1919) 



described i n d e t a i l a "looss" l i k e deposit overlying tho Scandinavian 

d r i f t uhich hn f o l t confirmed a 3?cr.iud of c l i j n a t i c amelioration 

followed by ?.ts deposition. Trechrcann further contributed to the 

understanding of g l a c i a l Idstory in llbrth-lSast 'inland when on the 

basis of e r r a t i c d i s t r i b u t i o n he on^haoised h i s view thp.t tho 

Scottish i c e had not ejetended f a r inland because of the influence 

of tho Pennine and Lako D i s t r i c t i c o sheets, Voolacott (1921) 

ouCTnarised the state of knowledge of g l a c i a l h i s t o r y i n County T)urham 

supporting a four-fold g l a c i a l sequence, notably d i f f e r e n t front 

e a r l i e r work i n h i a separation of Cheviot from Scottish i c e : 

(A) Cheviot 

(3) Lake D i s t r i c t 

(2) S c o t t i s h Ice 

(1) Scandinavian 

A further difference i s Ilia placement of the Scottish Ice at an 

e a r l i e r date tlian the Lake D i s t r i c t advance. F.ai3trick (1931) 

corrooted t h i s statement i n favour of the following sequence of 

events i n asreercent with the conclusions of Kendall and Goodchildi 

(3) Cheviot-Scottish 

(2) Lake D i s t r i c t 

( l ) Scandinavian 

He noted that the Cheviot i c e wan sandwiched between the other two 

i c e sheets but was able to force i t s way south at a l a t e r stage 
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encircling the Cleveland Mills (Fifi. !&)• 

What i s not clear i n Eaiutrlck 1 s account i a whether he 

accepts Trochaann's theory on t/ie existence cf ar. inter-glacial 

•period between the deposition 01 the Scandinavian d r i f t and the local 

d r i f t s . Certainly his ov.n theory demands the presence cf the 

Scandinavia!i ice sheet close cffshore i n order to divert the Cheviot 

ice south. 

Carruthera (1939, 1946, 1953), i n laarted contrast to 

earlier investigations, stated t;iat there v;a6 no evidence to support 

raore than one glaciction i n County Durham. A l l the deposits were, 

he stated, the result cf basal melting of (stagnant ice. Agar (1954), 

working solely i n the Lower Tees, recognised three boulder clays 

which ho correlates with the Hessle, Purple, and Drab of Holdcrness. 

No Scandinavian deposits are recorded, whilst moat recently Smith, 

i n Smith and Francis (1967) cane to the conclucion that eastern 

Durham shared clear evidence of three glaciations, whilst western 

Durham shewed evidence for enly one. 

I t may be sumarised tliat although three deposits exist, 

containing different e r r a t i c suitej there i s no faunal, flora 1., or 

depositional evidence available to allow an absolute chronology of 

events to be established. 

Evidence ir. favour of FJI inter-glacial period bctijccn the 

deposition of the Scandinavian d r i f t and luc a l di'ifts, i a sedimentary 

i n nature and by no means conclusive, whilst a recent find of an 



i n t e r - g l a c i a l peat e r r a t i c i n t i l l a t Hutton Henry, County Durham 

(Roauraont, Turner, and 'Ward, 1969) demonstrates only that the 

i n t o r - f t l a c i a l existed p r i o r to i t s i n c l u s i o n i n the t i l l sheet. 

Catt and Penny (1966) r e c e n t l y dated the Diulinftton nosa, 
4. 

which underlies the Holderness sequence, a t 18,300 - 400 B.P.f thus 

c l e a r l y supporting a l a t e Wurra o r i g i n f o r a l l deposits above the 

Basement t i l l and possibly supporting Carruthers' contention th a t 

evidence f o r only one g l a c i a t i o n e x i s t s i n much of County Durham* 

I n euszaary, although agreement i s reached on a r e l a t i v e 

chronology based on the law of superimposition, the absolute 

chronology i n County Durham i s f a r from complete. 

Deglaciation i n the Toes 

Although Agar (1954) provides for a comparison of events 

with those of County Durhan, h i s inv e s t i g a t i o n does not emphasise 

the d e t a i l s of deglaciation i n the Tees* The following works are 

examined with a view to r e c t i f y i n g t h i s shortcoming. 

ELgoe (1903) recognised the existence of an i c e stream 

from the north holding up small lakes along i t s margin during i t s 

r e t r e a t across the Stokesloy p l a i n insnediately south and west of 

the Teos Basin* 

Fawcett (1916). i n a study of the Tees and i t s t r i b u t a r i e s , 

recognised that the laminated c l a y of the lower Toes Daoin (Fi£* 11) 



was of l a c u s t r i n e or i g i n * The c l a y deposit extonded to 250 f e e t 

above sea l e v e l and was r e l a t e d to a supposed 400-fcot water l e v e l * 

These two investigations by Elgee and Fawcett suggested 

a pattern of events resembling c l o s e l y the stages of deglaelation 

suggested by R a i s t r i c k (1931)(Fig•Li). I t may also be s i g n i f i c a n t to 

note that the i c e sheet occuping the Tees Basin retreated down slope 

and would be capable of blocking the n a t u r a l drainage to give r i s e 

to these l a c u s t r i n e features. The s i t u a t i o n might be p a r a l l e l e d 

by conditions i n Central Canada (Elson, 1956) which gave r i s e to the 

enormouS g l a c i a l Lake Agassiz, again as a r e s u l t of a down slops 

i c e dam. 

The conclusions of t h i s pioneer work i n the Tees were 

supported and added to by Gayner and Kelmore (1934) and Radge (1939). 

Both investigations supported the existence of a l a t e g l a c i a l lake 

but Radge made a f u r t h e r d i s t i n c t i o n between the marginal lakes 

recognised by Elgee up to 400 f e e t O.D., and the lowland basin lake 

which was associated with the deposition of the laminated clay beds. 

Best (1954)* i n support of Radge (op. c i t . ) noted that the 

basin lake i n the Tees was c l e a r l y delimited by the laminated c l a y 

deposit and more p a r t i c u l a r l y by a fringing beach a t approximately 

75 feet O.D. 

Summary 

On the above evidence the deglaciation of the Tees basin 

was dominated by l a c u s t r i n e conditions, i n turn a r e f l e c t i o n of the 
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down slope d i r e c t i o n of i c e r e t r e a t . Alternative proposals have been 

made notably by Agar who suggested that a marine orig i n for the 

laminated clay could not bo overlooked, and by Car ruther3, who, 

i n keeping with h i s undermelt hypothesis* supported a subglacial 

o r i g i n as a "shear c l a y . " A shear c l a y i s s t e l l a r to a laminated 

c l a y i n appearance, but the laminae r e s u l t from supersaturated cl a y 

p a r t i c l e s becoming aligned p a r a l l e l to one another as a r e s u l t of 

i c e pressures. 

Sea Level Change 

P r i o r to an examination of evidence supporting changes of 

l e v e l i n the Lower Tees Basin, I t i s necessary to note the work of 

Harrison (1921). Harrison, i n a de t a i l e d study of the Tees marshes, 

records the chronology of estuarine reclamation practised between 

1740 and the twentieth century. His reproduction of a chart by 

Hewitt (1832) gives a c l e a r i n d i c a t i o n of the o r i g i n a l p osition of 

the c o a s t l i n e ( F i g . 1 9 ) and of the zone i n which any evidence f or 

higher sea l e v e l s must be doubly checked. 

Tute (1883) was f i r s t to notice the occurrence of marine 

deposits above present sea l e v e l i n the Tees basin. He described 

the occurrence of a bed of sandy c l a y containing many s h e l l s of 

Rlssoa ulva with broken mussel and cockle s h e l l s and the vertebrae 

of f i s h e s a t Warrenby, a new v i l l a g e near Coatham on the eastern 



o u t s k i r t s of Redcar. The land surface was 1U f e e t above High Water 

Mark and he concluded that the coast had been r a i s e d some 20 t o 25 

fe e t since the deposition of these faunal remains* Tute described 

the upper l a y e r s of the deposit extending into a peaty material 

overlain i n turn by brown c l a y . There i s l i t t l e doubt that the 

deposit was i n Bitu, but an examination of Harrison's study confirmed 

that i t l a y within the reclaimed zone, and that i t s present height 

above mean Bea l e v e l r e f l e c t s t h i s reclamation. 

Veitch (1883) discussed the s i g n i f i c a n c e of s e v e r a l 

indicators of displaced sea l e v e l s notably on the south side of the 

Tees Basin. He recognised the buried channel of the Tees to a 

depth of 98* below O.D. and the implication that i t was graded to a 

sea l e v e l w e l l below -100 f e e t O.D. His description of the submerged 

peat beds on both northern and southern sides of the estuary s i m i l a r l y 

supports the existence of a sea l e v e l below present. I t was noted 

that the maximum depth at which peat i s recognised was -30* O.D. 

Veitch's most s i g n i f i c a n t contribution, however, was the recognition, 

a t Saltburn, of a band of a l l u v i a l sand containing innumerable s h e l l 

fragments (Purpura, L i t o r i n a l i t o r a e a , Trochus cinerariu3, I.'atica 

globosa. Lachesis minima, and Cypraea Europaea). The deposit 

unconformably o v e r l i e s g l a c i a l d r i f t and i s 35 feet above High ''ater 

Mark, thus supporting a mean sea l e v e l 41 to 46 feet above present O.D. 

Veitch did acknowledge the presence of an ancient kitchen midden 



associated with the deposit containing the s h e l l fragments but did 

not consider the p o s s i b i l i t y that the two occurrences were r e l a t e d . 

Fox (1886) recorded a submerged deposit 30 fe e t below O.D. 

at V/hitby 18 miles south of the Tees, but containing s i m i l a r organic 

remains as the Tees submerged peats, and further supporting the 

continuing r i s e of sea l e v e l since 8000 B.P. (The Tees peat was 

dated using C14 a t between 8100 and 8 7 0 0 ^ 1 8 0 B.P. (Smith and 

F r a n c i s , 1967). 

Barrow (1888) re-examined the Saltburn beach discussed by 

Veitch. I t was noted that although a l l the s h e l l s found i n the 

r a i s e d deposit occurred on the present beach, a number of s h e l l s on 

the present beach did not occur i n the r a i s e d deposit. On t h i s 

evidence. Barrow suggested the existence of d i f f e r e n t conditions 

during the deposition of the present beach and the r a i s e d deposit. 

Barrow further described the occurrence of s h e l l s ( T e l l i n a 

b a l t h i c a ) i n sands and gravels near Guisborough 400 t o 600 feet above 

Bea l e v e l , but did not suggest a r a i s e d marine o r i g i n . 

Some years passed before further reference to displaced 

shorelines occurred i n the l i t e r a t u r e . 

Woolacott (1920) discovered a gravel bed i n the c l i f f s 

a t Easington, 10 miles north of Hartlepool, r i c h i n marine fauna and 

approximately 80 feet above O.D. Woolacott o r i g i n a l l y considered a 

l a t e or post g l a c i a l o r i g i n but Trechmann (1947) demonstrated that 
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the fauna was from a warm temperate environment and a C14 date of 

greater than 38000 B.P. by Smith (Geological Survey) confirmed h i s 

view that i t represented an i n t e r - g l a c i a l or i n t e r - s t a d i a l high 

sea l e v e l * 

Anderson (1939, 1940) described a s e r i e s of meltwater 

channels and f l u v i o g l a c i a l deposits graded to a height of 190 fe e t 

O.D. and noted bench features at 140 1 and 100' O.D. i n northern 

Durham and southern Northumberland. He postulated that there was 

considerable evidence to support l a t e g l a c i a l sea l e v e l s a t these 

heights but the lack of marine faunal remains would appear to t e s t i f y 

against a marine o r i g i n (Beaumont, 1967)* 

Radge (1939), although not g r e a t l y concerned with sea 

l e v e l change, noted that the buried Tees V a l l e y was graded to a 

depth of 160 feet below O.D. supporting a sea l e v e l at that depth. 

More recently Agar (1954) recognised i n the Lower Tees two 

ra i s e d sea l e v e l s , one at 41 f e e t O.D. and the other at 82* O.D. 

The upper l e v e l i s distinguished by yellow sands marginal to the 

laminated cl a y , on both northern and southern s i d e s of the Tees, 

and yet overlying i t . No organic or c h e l l remains are found nor 

does the shoreline form a w e l l defined surface feature. The 41-foot 

l e v e l , s i m i l a r i n elevation to that a t Saltbum, i s recognised on 

the couth side of the Tee3 i n the form of a buried notch i n the 

underlying deposits of the Middle beck bed, i n f i l l e d with a yellow 
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sand, containing randomly d i s t r i b u t e d s h e l l s ( i f y t i l i s edulis* 

Cardium edulo). Agar conoidered that i t was r e l a t e d to the Scottish 

25* beach and noted notches at a s i m i l a r height (40* to 45') on 

the sides of the Dillingham beck north of the Tees* 

Since the publication of t h i s work by Agar the geological 

survey re-napped the northern area and Sr.dth and Francis (1967) i n 

the accompanying memoir devote a small section to a discussion of 

evidence for sea l e v e l change t 

Host s i g n i f i c a n t i s t h e i r recognition of ground Interpreted 

as a "Terrace of Marine Warp" (F i g * 1&) upon which Hartlepool i s 

situated* The feature i s e s s e n t i a l l y e roslonal, cut i n llagnesian 

Limestone which i s overlain by Upper Boulder Clay with marine deposits 

occurring only i n small patches end consisting of brown to grey clay 

plus small rounded stones* This so-called marine deposit consisted 

of reworked material from the underlying d r i f t and graded imperceptibly 

into i t * The terra c e c o n s i s t s of a s e r i e s of i l l defined sub-terraces 

distinguished by s l i g h t changes of slope. North of Hartlepool i t i s 

between 500 and 600 yards wide but i t extends southwards into the 

Tees where i t reaches two miles i n width and grades at i t s seaward 

end into recent a l l u v i a l f l a t s at 12 feet O.D. 

Smith and Gaunt (op. c i t . ) define t h i s terrace as the 

northward extension of Agar 13 02-foot shoreline but noto further 

that Agar's 41-foot shoreline does not e x i s t i n the area mapped. 



Also i d e n t i f i e d arc tho older "marine" planatlons at l/*0 

and 95 foot O.D. Redistributed d r i f t i s recognised on t h e i r surface 

but no m r i n e remnants ore i n evidence. Similar features are 

recognised near Hartlepool betv/een GO feet and 110 f e e t . 

Gaunt ( i n L:Ath and F r a n c i s , 1967) described a sand und 

gravel ridge 300 to 400 yards wide trending north-south between 

Threaten and Grcatham, curving weet»scuth-weBt at i t s southern end 

( F i g . 1£). The ridge l i e s at the inland edge of the e a r l i e r described 

t e r r a c e of marine warp and i s interpreted by Gaunt na a r a i s e d 

storm beach. I n d e t a i l tho ridge i s composed primarily of sand and 

"pea" gruvel but contains medium-sized gravel also. Morphologically, 

i t i s steeper sloped on tho western inland side i n the north, 

becoming sycanetrical further south. Bedding i s described as dipping 

eastwards or horizontal with graded bedding at several l o c a l i t i e s . 

Very few s h e l l fragments occur and the ridge i s observed to drop i n 

a l t i t u d e i n a southerly and s o u t h e a s t e r l y d i r e c t i o n . This l a t t e r 

c h a r a c t e r i s t i c leads Gaunt to suggest that the ridge gradually 

changes from a storm beach i n the north to an offshore bar i n the 

south. 

F i n a l l y , i n the memoir Gaunt and Smith p r e c i s e l y locate 

the submerged peat at Hartlepool a3 ocourring between -35' O.D. 

and * 12• O.D. 



Summary 

I t would appear from the above account t h a t there i s 

abundant evidence i n support of displaced shorelines i n the Lower 

Tees. 

Submerged Shorelines 

(1 ) The buried v a l l e y of the Tees i s graded to minus 160 feet 

O.D., supporting a shoreline at or below tha t l e v e l i n 

Immediate post g l a c i a l timo. 

(2) T e r r e s t r i a l peat beds dated 8100 to 8700 - 180 B.P., 

occurring up to 35 foot below O.D., support a l e v e l a t 

l e a s t 40 f e e t below O.D. (Smith and Francis, 1967). 

Raised Shorelines 

(1) A marine deposit containing contemporary fauna i s 

described a t 20' O.D. near Redcar. 

(2) A marine deposit containing s h e l l s i s described at 41* 

O.D. near Saltburn. 

(3) A marine sand with s h e l l fragments i s s i m i l a r l y recorded 

a t 41* O.D. i n the Middle Deck v a l l e y . 

(4) A marginal sand deposit i s recognised at 82' O.D. (no 

faunal remains) north and south of the Tees. 

(5) A t e r r a c e of marine warp backed by a r a i s e d storm beach 

i s recognised at 80' near Hartlepool. I t i s observed to 

l o s e height i n a southerly and south-westerly d i r e c t i o n . 



(6) Planobion surfaces, considered marine, are recognised at 

95*. 1A0», and 190» O.D. 

A l l the above mentioned features are considered to be 

late or post g l a c i a l i n age. One example only of a boach of inter* 

glacial ago i s recognised at Kasington and i s CIA dated as older 

than 36000 years B.P. 

In general terras* both raised and subaujrged features 

are recognised i n the Lower Tees a U of which ore considered to 

post date the l a s t glaciaticn. Despite the occurrence of the 

Easington Beach, therefore, i t seems l i k e l y that investigation 

w i l l be confined primarily to the post-glacial period* With 

regard to the conclusions drawn i n Chapter 2 i t i s significant to 

note that a wide variety of evidence i s used to support marine 

hypotheses* 



SECTION 2 

MORPHOLOGY 

METHODS AND RESULTS 



CHAPTER 4 

TERRESTRIAL MORPHOLOGY AND THE RECOGNITION OF RAISED SHORELINES 

This chapter s e t s out to examine and t e s t the v a l i d i t y 

of morphological evidence as a means of identifying r a i s e d 

shorelines. Two general observations were made i n the previous 

section: 

(1) That morphological evidence constitutes the i n i t i a l 

stage of research and locates features which are worthy 

of additional study. 

(2) That terraces i n the F i r t h of Forth were i d e n t i f i e d as 

either marine or f l u v i o - g l a c i a l , on t h e i r deviation from 

the horizontal. Precise l e v e l l i n g proved that f l u v i o -

g l a c i a l t e r r a c e s possessed a steeper gradient. 

These two observations explain the d i v i s i o n of the chapter 

into two parts; the f i r s t , a preliminary morphological survey, and 

the second, a more detailed look at previse l e v e l l i n g to a s c e r t a i n 

whether i t can be applied to the Lower Tees as a means of i d e n t i f y i n g 

r a i s e d shorelines. 

Preliminary Morphological Survey 

The object of t h i s preliminary investigation was to 

determine those areas where more detailed morphological studies 

might prove the existence of a shoreline terrace remnant. The 



investigation was approached i n three ways: 

(1) Morphometric studies 

(2) A e r i a l photography 

(3) F i e l d observation 

Morphometric Studies and Morphological Considerations 

A detailed bench mark cover was e s s e n t i a l before 

l e v e l l i n g could commence. The Ordnance Survey provide bench mark 

l i s t s at 10/- per kilometre square or the a l t e r n a t i v e of personal 

extraction from t h e i r o f f i c e s a t £10.10s. per day. I n both cases 

cost was exhorbitant and use was consequently made of 6" and 25" 

maps. These were checked and added to by extraction from 

Stockton, Billingham, Middlesbrough, and Hartlepool Borough 

Engineers' o f f i c e s . A comprehensive cover was thus amassed 

although further problems were encountered i n the f i e l d as a 

r e s u l t of bench mark eradication through road widening, decay of 

objects upon which the bench mark was imprinted and other 

developments. I n cases where several bench marks were missing a 

c i r c u l a r net of l e v e l l e d heights was completed from the nearest 

known bench mark to a suitable point on which to carve a temporary 

bench mark. These bench marks, together with spot heights, were 

used to construct a base map of the area with a 10* contour 

i n t e r v a l on a scale 6" to 1 mile. T h i r t y p r o f i l e s at r i g h t angles 

to the contours were constructed ( F i g . 13). F i g . l£ shows some 

of the p r o f i l e s and c l e a r t e r r a c e features are indicated. F i e l d 



observations, however, demonstrated the inadequacy of form l i n e 

maps based on the above data as the terrace features were non

existent. I t i s thus f e l t that work based on form l i n e a n a l y s i s , 

short of photogramraetric standards, would be valueless i n the 

recognition of terrace remnants, or minor erosion surfaces i n 

areas of gentle r e l i e f . This conclusion agrees with Clarke and 

O r r e l l (1961) who comment on the high l e v e l of s u b j e c t i v i t y i n 

morphometric analyses. 

A e r i a l Photography 

The Lower Tees i s covered by several a e r i a l surveys; 

the most recent and best i n quality was completed i n 1966 for the 

Tees-side development board. Using a stereoscopic viewer, some 

iso l a t e d breaks of slope were recognised but frequently the breaks 

of slope were too gradual to stand out c l e a r l y . 

F i e l d Observation 

The need for permission from the farming populace for 

access to t h e i r land allowed a thorough, f i e l d - b y - f i e l d survey to 

be completed. Even where the farmer refused to allow access to h i s 

land i t was possible to recognise breaks of slope w h i l s t i n the 

process of asking. 

Thus, i t was by t h i s time-consuming and yet invaluable 

f i e l d survey alone that terrace remnants were f i r s t noted. F i g . 1§. 

shows the location of these features which were l a t e r l e v e l l e d . 



Precise Levelling 

The purpose of precise l e v e l l i n g i s to determine the 

exact height of a terrace remnant above O.D. and at the same time 

to determine the degree of warping i f the area has been subject to 

d i f f e r e n t i a l u p l i f t . 

Sissons (1962, op. c i t . ) demonstrated i n the F i r t h of 

Forth that raised shorelines dipped away from the centre of 

u p l i f t . This dip was normally between 2 and 3 feet per mile, 

although Sissons and Smith (1965* op. c i t . ) did record one 

feature with a gradient of 6,93' per mile. This r e l a t i v e l y gentle 

dip was contrasted with a gradient of 15 feet to 40 feet per mile 

for f l u v i o - g l a c i a l t e r r a c e s . 

D i f f e r e n t i a t i o n appears r e l a t i v e l y simple at f i r s t , but 

to apply the technique to the Lower Tees necessitates allowances 

for a whole range of v a r i a b l e s and differences between the two 

areas. 

As was explained i n Chapter 1, the Lower Tees l i e s 

c loser to the periphery of the area subjected to i s o s t a t i c u p l i f t 

and any deformation of shorelines would be minimal when compared 

with those of the F i r t h of Forth. 

Secondly, the predominantly east-west orientation of 

t e r r a c e s i n the Lower Tees r e s u l t s i n a d i f f e r e n t alignment to 

those of the F i r t h of Forth with respect to the centre of u p l i f t . 

Thirdly, the Lower Tee3 was deglaciated at an e a r l i e r 

date than the F i r t h of Forth and consequently features are not as 



f r e s h . 

Fourthly, i t seems probable from the evidence i n 

Chapter 3 that the Tees was deglaciated from west to east i n a 

down slope d i r e c t i o n . The consequent blockage of natura l drainage 

would almost c e r t a i n l y have led to the formation of p r o g l a c i a l 

lakes which i n turn would leave r e l i c t shorelines indistinguishable 

from marine shorelines on morphological evidence alone. 

Also, there i s the added problem of confusion between 

estuarine r i v e r t e r r a c e s and a raised shoreline. The present 

Lower Tees flood p l a i n dips eastwards during i t s l a s t 20 miles at 

an average gradient of 1.25' per mile. The influence of t i d a l 

range on a raised shoreline would s i m i l a r l y r e s u l t i n a gentle 

e a s t e r l y dip. 

Thus, of the two aims of precise l e v e l l i n g , i t appears 

that any dip obtained would be meaningless. 

The height above sea l e v e l of the terrace remnants shown 

i n F i g . 1§ could indicate a common l e v e l or a l t e r n a t i v e l y a s e r i e s 

of apparently unrelated l e v e l s . Even i n t h i s f i e l d , the value of 

morphological data may be suspect. Sediment compaction may have 

res u l t e d i n d i f f e r e n t i a l subsidence, l a t e r erosion may have removed 

a vari a b l e amount of sediment, or a l t e r n a t i v e l y f l u v i a l deposition 

may have shrouded the o r i g i n a l morphology of a terr a c e . 

In two examples, Middle Burn Toft (NZ 457279) and 

Middleton St. George (NZ 355140), fourteen feet of a l l u v i a l 
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deposition and up to 30 feet of channel erosion have respectively 

influenced and modified the o r i g i n a l terrace form. 

Thus, although a detailed l i s t of l e v e l l e d heights i s 

provided i n the appendices the only value the survey possesses i s 

to demonstrate the approximate height of terraces and to determine 

whether there does appear to be a marked l e v e l at any height, or 

i n p a r t i c u l a r at the heights referred to by Agar (1954, op. c i t . ) 

as r a i s e d marine l e v e l s * No genetic c l a s s i f i c a t i o n i s possible. 

The various t e r r a c e s are plotted on graphs ( F i g s . V', 16, 17, 18)19,) 
and the data, along with the sediments on which the terraces are 

formed, i s summarised i n tabular form (Table 83 ), 

Interpretation and Summary 

The survey located 43 terrace remnants i n the Lower Tees 

Basin, From Table 83 the only common c h a r a c t e r i s t i c appears to 

be the discontinuity and short length of the t e r r a c e s . No general 

terrace l e v e l s were noted throughout the Tees Basin, although on 

the south side of the present r i v e r there does appear to be a 

consistent l e v e l between 76' and 84' O.D., the approximate height 

of Agar's (1954, op. c i t , ) l a t e g l a c i a l marine shoreline, and 

coincident with the margin of the laminated cl a y deposit which 

occupies the lower portion of the research area. 

A l l one can suggest at t h i s stage i s that four hypotheses 

may explain the o r i g i n of the t e r r a c e s . 

N.B. A l l Tables are recorded by Page numbers. 



(1) Late and post g l a c i a l run-off 

(2) Sub-glacial meltwater 

(3) Lacustrine shorelines 

(4) Marine shorelines 

Further explanation depends upon the inclusion of 

sedimentary and f o s s i l faunal evidence. 

I t should be mentioned, as a p o s t s c r i p t , that a sequence 

of sub-surface contour maps vrere constructed using the multitude of 

borehole records available i n the Lower Tees. I n a l l , three weeks 

were spent c o l l e c t i n g and c o l l a t i n g t h i s evidence and i t was noted 

that no c l e a r l y distinguishable terraces existed beneath the 

laminated clay. These maps have not been included i n the t h e s i s , 

p a r t l y because of the negative r e s u l t s , but more e s p e c i a l l y 

because the Geological Survey did not wish to have i t s work 

duplicated. The maps w i l l , however, appear i n the memoir which 

i s being prepared by the Geological Survey. 
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TABLE SHOWING MORPHOLOGICAL DATA RESULTING FROM 
FIELD SURVEYS AMU PRECISE LEVELLING 

Location 

Saltburn NZ667215 
Windy H i l l Farm NZ652218 
C l i f f Top, Saltburn to Marske 
Cx Close Farm NZ651211 
Fel l Briggs NZ613210 
Turners House NZ601210 
Black's Bridge NZ621215 
Kirkleathara Farm NZ595207 
Broadway Farm NZ560205 
Town Farm NZ582207 
Lackenby Hall NZ565195 
Normanby High Farm NZ535195 
Spencer Beck Farm NZ540180 

Coulby Manor NZ496154 
Sandy Flat Farm NZ493158 
Stainsby Hall Farm NZ471152 
High Leven NZ450123 
Barwick Farm NZ432146 
Leven Mouth Farm NZ435122 
Howe H i l l Cottages NZ355110 
H i l l House NZ354102 
Girsby Grange NZ385086 

Old School NZ358094 
Low Entercommon NZ335060 
Low Hail Farm NZ309097 
Garden House NZ303106 
Hurworth Moor NZ315121 
Middleton St. George NZ355140 
Long Newton NZ380162 ' 
Elton NZ401174 
Coatham Stob NZ405162 
Coatham Stob NZ405162 
N. Edge Stoclcton NZ445225 
Howden Hall NZ415225 
Warren House Farm NZ437254 
Woodside NZ436273 
Wolviston NZ454258 
Marsh House NZ461256 
Middle Burn Toft NZ457279 
Middle Burn Toft NZ45727V 
Claxton NZ476287 
Cowpen Bewley NZ483247 
Throston Grange NZ492341 

(Feet O.D.) 
Height Length 

16' 1,758 
133 1 400 

131' to 95' 1,950 
1411 to 170" 3,340 

156 
84 
47 
55 
80 
93 
76 
50 

100 
106 
99 
77 

122 
76 

118 
78 

122 
144 
133 
174 
334 
119 
131 
132 
115 
106 
94 
80 
59 

132 
111 
176 
109 
59 
53 
73 
61 
30 
60 

1,300 
10,000 
2,630 

870 
3,100 
2,410 
1,130 
1,390 
1,260 

890 
3,800 
1,640 
2,920 

120 
4,240 
2,050 
2,210 
2,910 
1,060 
1,050 
1,250 

950 
820 

10,600 
10,400 
3,750 

640 
1,200 

350 
1,130 
2,150 
1,750 
10,000 
1,385 

580 
600 

1,200 
150 

3,150 

Sediment 
Alluvium (floodplain) 
Red Stony Boulder clay 
Red Stony Boulder clay 
Red clay, some stones, some 
evidence of water sorting 
Red clay, sand and s i l t lenses 
Patchy occurrence, sand 
interbedded with clay 
Laminated clay with five sand 
layers 
Laminated clay 
Coarse d i r t y sand 
Reddish-brown washed t i l l 
Red-brown stony clay 
Laminated clay 
Sandy deposit, clay rich with 
depth 
Red stony clay plus sand lenses 
Clean yellow sand 
Clean, and medium-grained sand 
Si l t y sand 
Pockets of sand on laminated clay 
Unbedded sand 
Red stony clay plus some gravel 
Sand 
Sand interbedded with laminated 
s i l t y clay 

Fine s i l t y clay 
Sand and s i l t 
Laminated clay 
Red-brown stony clay 
Red-brown stony clay 
Reworked, washed, red-brown t i l l 
Red-brown stony clay (washed) 
Red clay, upper layers washed 
Sand 
Sand 
Sand 
Resorted t i l l 
Red stony clay 
Red-brown stony clay 
Washed red stony clay 
Laminated clay 
Alluvium 
Brown alluvium 
Brown alluvium 
Laminated clay 
Washed boulder clay 



CHAPTER 5 

SUB-AQUEOUS MORPHOLOGY 

Purpose of the Study 

So many of the problems of Bri t i s h Quaternary history stem 
from the I n a b i l i t y to envisage Britain as anything but an Island. 
L i view of the accepted lowering of sea level during the Wurm 
glaciation (Shepard, 1963) i t i s almost certain that Britain was 
then part of the European continent. I t i s also probablp that many 
of the answers to unsolved problems of east coast glaciation, such 
as the westward extont of the Scandinavian ice sheet, and the 
chronology of Wurm events, l i e buried beneath the waters of the 
North Sea. 

Apart from these general considerations Sissons (1967, 
personal communication) considers that the t i l t i n g of the late and 
post glacial shorelines recognised on the east coast of Scotland, i s 
sufficient to place them below present ordinance datum well to the 
north of the Tees Basin. Certainly there i s definite evidence of 
t e r r e s t r i a l deposits and shallow water shell bands at depth off the 
Tees coastline. I f , therefore, the topic of Quaternary sea level 
change i s to be f u l l y understood, the sub-aqueous environment must 
be explored. This i s especially true i n the peripheral areas of 
glaciation, vrhore the eustatic rise of Bea level i s offset by only 



a limited amount of crustal rebound. Thus* there i s an obvious 

need for an underwater survey and the choice of area and detailed 

aims are discussed i n the coming section* 

Alms of Survey and Choice of Area 

The prime aim of the sub-aquatic survey was to determine 

the degree to which the submerged glacial landscape had been modified 

by post glacial marine processes and to discover whether offshore 

terraces exist, which represent sea levels lower than present. 

In Chapter 2, reference was made to several articles 

( G i l l , D. G., 1960, Australia; Falrbridge, 1948, 1953J Uchupi, E„ 

1961, Pacific Coast, U. S. A.J Cuerda, 1960, Spain), acknowledging 

the existence of terraces below present sea level and which date 

from the post glacial eustatic rise of sea level. 

Unlike the t e r r e s t r i a l survey outlined In the previous 

chapter, which was largely restricted to the Lower Tees, the 

sub-aquatic survey was extended north of the Tees Bay into Scotland. 

The reason for the extension reflected the author'B belief that any 

terraces found may rise northward towards the centre of rebound. A 

terrace which was only recognised In the Tees Bay could have several 

origins, but i f i t were recognised over an extended distance, one 

could possibly determine the degree of warping. I t was also hoped 

that the shorelines of the Firth of Forth might be traced after they 



dipped beneath O.D. Newlyn. 
For economic reasons the survey was limited to a zone 

extending three milea offshore and to a depth of 180'. This depth 
of 180* was chosen for three reasonsi 

(1) I t was the maximum depth to which the author was prepared 
to dive to check the v a l i d i t y of soundings* 

(2) The buried valley of the Toes extends to this depth 
(Radge, 1939). 

(3) I t marks the maximum calibration of the most accurate 
echo-sounding equipment which could be afforded. 
The choice of methods* and problems which emerged, are 

discussed i n the l i g h t of these controls* 

Methods Chosen and Problems Encountered 

Several echo-sounding devices were tested and the 
ferrograph "Inshore Graphic" sounder proved superior i n both accuracy 
and quality of result. The major problems with regard to the survey 
are discussed below. 

(1) Survey errors: (a) Instrumental and Operator 
(b) Surface water conditions 
(c) State of the tide 

(2) Navigation errors 
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Description of the Instrument 
The "Inshore Graphic" sounder operates on the principle 

corcmon to a l l echo soundoro, that the velocity of sound waves i n 
water i s sensibly constant. A pulse of sound enorgy la triggered 
by a rotating arm, carrying a pen, at the moment i t passes the zero 
position on the recording paper. This sound wave takes approximately 
l/i+Oth of a second to make the two-way t r i p from sounder to sea bed 
and back i n 60 feet of water. (See Fig. 29) 

Instrumental Errors 
(1) Reference Plane 

A l l readings are related to the position of the transducer 
below the water surface. This depth, which i s a constant, 
must be allowed for when calculating the absolute depth 
at any given location. 

(2) Variation i n Velocity of Sound 
The velocity of sound i n water i s not constant. I t can 
vary as a function of two factors, temperature and s a l i n i t y . 
For any fixed velocity, depth w i l l appear greatest i n cold 
fresh water and least i n very warm, salty water. The 

"~N- theoretical difference between these two extremes could 
conceivably exceed % but i n the Tees estuary and Firth 
of Forth salinity and temperature differences account for 
only a 2.o error. Even so, a sudden change i n sa l i n i t y as 



occurs under estuarine conditions could give the 

impression of a s n a i l 3tep i n the sea bed. Where- v i s i b i l i t y 

permitted scuba divers investigated any recorded changes 

i n sea bed topography. 

(3) Speed of Stylus Rotation 

This t h i r d error i s a function of the constancy of speed 

of the rotating 3tylus. The most frequent v a r i a t i o n 

r esulted from water getting i n the drive mechanism causing 

the drive belt to s l i p . A second possible v a r i a t i o n could 

be f a i l i n g battery voltage. To prevent t h i s l a t t e r , 

frequent hydrometer checks were taken to determine the 

battery charge and a replacement battery used d s necessary. 

The problem of drive belt slippage was a l s o solved quite 

e a s i l y by sealing the face of the sounder with waterproof 

adhesive tape. 

Surface Water Conditions 

I n excessive swell and heavy seas the o s c i l l a t i o n s of the 

ocean surface are transferred to the chart making interpretation 

d i f f i c u l t . Providing a swell was uniform i n terms of wave height 

.and length, charts were e a s i l y interpreted. Soundings were not, 

however, attempted i n choppy seas with variable wave height and 

length. 

State of the Tide 

To obtain the absolute depth r e l a t i v e to O.D. Newlyn, i t 

was necessary to determine the state of the t i d e . The elapsed time 

of the cru i s e was noted and the state of the t i d e computed from the 



nearest t i d e gau^e recordo. 
The following table suMiarioes the effect of the errors 

discussed: 

TABLE OF ERRORS 

State of Surface Reference Sound Speed of Stylus 
the T3.de Conditions Plain Velocity Rotation 

±0.5» -2» +0.5 1 2% 0.05% 

Total error i n 20' v/ater -3«6» 
60* water - 4.2» 

100* water - 5 • 
160» water - 6.2* 

Navlftation Errors 
To determine the precise location of a traverse and the 

position of any change i n bottom gradient, a sextant was used i n 
preference to a navigation compaBS because of the much greater 
accuracy which can be obtained. Horizontal angulation was checked 
for accuracy against an aerial photograph of known scale, and the 
Tna-y^nnTffl error recorded. 

http://T3.de
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A. Charted Position of Rock. B. Air Photo on Same Scale. 
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Seventeen tests using the air photo comparison showed positions up 
to 30 1 i n error at one mile distance from the shore and 120 feet i n 
error at three miles distanco from the shore* 

Summary 
One may conclude that i n terms of horizontal and v e r t i c a l 

accuracy the aquatic survey cannot compare favourably with t e r r e s t r i a l 
levelling of visible features. There i s , however, no doubt that 
significant changes i n gradient And depth are visible on recordings 
and i t was found that 80# of the recorded changes were valid when 
checked by divers. 



Method of Approach 

After determining the f e a s i b i l i t y and accuracy of the 
survey methods, use was made of a Royal Navy inshore rescue craft to 
complete numerous traverses at right angles to the sea bed contours. 
In a l l , 71 days were spent at sea, 45 of which were devoted Bolely 
to echo-sounding. A detailed map showing one-foot contour intervals 
was constructed for the Tees Bay, but elsewhere the time involvement 
and the de t a i l necessary made this task impossible. Fig. 21 shows 
the location of a l l traverses but detailed profiles from each area 
are only shown i f there i s evidence of a change i n bottom gradient. 
In a l l cases use was made of Admiralty and commercial soundings t o 
supplement the coverage. (Fig. SSP) 

Results 

A five-fold division of the area was used, for ease of 
study: 

(1) Tees Bay (Fig. 25) 
(2) Tees Bay to Tynemouth (Fig. 23) 
(3) Tynemouth to Berwick (Fig. 2$) 
(4) Berwick and the Fi r t h of Forth (Fig. 2&) 
(5) F i r t h of Forth to Stonehaven (Fig. 25) 



(1) Tee3 Bay 

The results of detailed soundings In the Tees Bay are 
portrayed In Fig* 2ft using a one-foot contour interval. One can 
immediately observe that no significant change of gradient exists 
between O.D. Nowlyn and a depth of 108 feet. The existence of both 
valleys and spurs transverse to the coastline was noted but the 
cause of these features was not apparent. At a depth of 70 feet 
several mounds were identified, their position coinciding with the 
area of "rough around" identified by fishermen and i n which were 
found sharp granite "erratics." Perusal of documentary records, 
coupled with diver investigation, confirmed that many of these 
features represented ballast dumps* 

Fig. &9, whilst i l l u s t r a t i n g a typical sounding i n the Tees 
Bay, also indicates a slight lessening of the bottom gradient at 
-70' O.D. west-north-west of Hartlepool. This feature was recognised 
to the north of Hartlepool but not to the south which suggests that 
the depositional environment prevailing i n the bay had successfully 
obliterated Nony evidence which may have existed. Evidence from the 
channel of the Tees and from probes by scuba divers indicated at 
least 8* to 9' and i n one instance 37* of recent sandy deposits 
overlying boulder clay. 

In Fig. 29 profiles transverse to the coastline indicate 



that two changes of gradient exist within the Tees Bay. at -701 

and -180• respectively ( l a t t e r recognised from Admiralty soundings)* 
I t i s sufficient to note* at this stage, that these features exist* 
The degree of accuracy of the soundings i s inadequate to determine 
whether the gradient change maintains a constant depth. 

(2) Tees Bay to Tynemouth 

Many of the detailed soundings i n t h i s area were derived 
from commercial surveys completed by Wimpey and by Land and ferine 
Contractors Ltd. Some use was also made of detailed Admiralty 
soundings i n the area immediately offshore from Tynemouth. For 
convenience the results of soundings i n t h i s area are examined i n 
three groups: 

(1) Sundorland-Seaham 
( i i ) Souter Point 
( i l l ) Tynemouth 

( i ) Sunderland-Seaham 
Fig. 29 shows a detailed contour map of the sea bed 

completed by "Wimpey" whilst surveying the sea bed i n search of 
commercially exploitable gravel deposits. Two levels were of 
interest at -90' and -1351 respectively. In both instances divers 
noted coarse sand on the sea bed* 

( i i ) Souter Point 
Solid rock which crops out at the coast was noted to a 
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depth of -351 by divers. At that depth i t was covered with a veneer 
of medium to fine sand. Soundings showed a gradual drop to -18' 
where a dis t i n c t wave cut platform exists. A second platform was 
noted at -110* and a t h i r d , at -170'. I t was possible to determine 
that the shallowest platform was cut i n solid rock, but i n the l a t t e r 
two cases sand and s i l t made up the bottom deposits, 

( i l l ) Tynemouth 

Two very detailed surveys completed by Land and Marine 
Contractors Ltd. were available for examination) one, to the north 
of the navigable channel, and one, to the south (see Figs. 31, 30). 
I t I s perhaps significant to note that the southern area has a 
more uniform gradient. This i n turn i s a reflection of excessive 
sedimentary deposition from the River Tyne, In the northern section 
the contours of the sea bed are not masked by recent deposition and 
a change of gradient I n the sea bed was noted at -50' O.D. with 
others at -70• and -80* O.D. Divers noted a wide variety of deposits 
on the sea bed i n this area and i t was concluded that the sea bed 
surface resembled the late glacial landscape more closely than In 
other areas. 

Admiralty Soundings 
In the areas between these detailed surveys Admiralty 

charts recorded the following features of interest! 
( i ) A change i n bottom gradient at -68' to -72* 

between Hartlepool and Sunderland. 
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(11) A similar feature at approximately *70* north 
of Sunderland. 

Admiralty, commercial, and the current poundings suggest 
that a widely occurring terrace feature exists at a depth of 
approximately ̂ O1. In the Tees Day I t s absence may be explained 
by the strong depooitlonal environment which could have led to I t s 
obliteration. 

(3) Tvnercouth to Berwick 

The evidence compiled for t h i s region cones predominantly 
from Admiralty sources, supplemented by work completed during the 
presont study and by the Dove Marine Laboratory (Newcastle University). 
(Fig. 2$ depicts the precise location of traverses.) 

In addition, two terrace levels were noted from Admiralty 
soundings at •»10OI and -2761. The l a t t e r narks the existence of a 
very extensive level. Soundings from the Dove Marine Laboratory 
(Fig* 33) do not, however, confirm the existence of these two 
levels east of Dlyth. 

Detailed Inshore sounding of the Fame Islands and Berwick 
recognised two levels at -58» O.D. and «8&* O.J)., and i t i s particularly 
Interesting to note that these two levels can be traced northward 
to St. Abbs Hood where they occur at and «*60* O.D. 

I t would so era l i k e l y that these two levels are wave cut 
platforms. No evidence exists to 



suggest that they are of pleistocene age, particularly as thoy are 
etched into solid rock at St. Abbs, not glacial deposits* Also at 
St. Abbs two deeper levels were recognised at -126' and -180' O.D. 

U) Berwick and the Firth of Forth 

This area was of particular significance i n view of the 
many raised shoreline features along the shores of the Firth. As 
i n the case i n the Tees, however, excessive deposition from the 
estuary has successfully obliterated any evidence of submerged levels 
i n shallow water. Two levels were noted at depth, ab -1261 and -1861 

respectively, along the southern shore of the F i r t h between St. Abbs 
Mead and Worth Dowick. Again, there was no evidence that they 
wero etched into g l a c i a l deposits* 

(5) F i r t h of Forth to Stonehaven 
I t was originally intended to terminate the offshore 

survey at the Firth cf Forth, but the singular lack of success i n 
finding submerged shallow water terraces led t o the completion of a 
series of traverses I n St. Andrews Bay* 

In the bay only one level was noted between -421 and -54* 
O.D. This level was obviously of post pleistocene origin since i t 
was cut i n bculder cloy and^covered with a discontinuous layer of 
recent sandy deposits. Further north, Admiralty soundings recorded 
a very distinct terrace at -162' O.D. although i n t h i s instance i t 
was not possible to determine the nature of the deposit. 
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Summary and Interpretation, (Fig 33) 

In summary, these results have been f a i r l y satisfactory 

insofar ae they did give indications of several submerged terraces* 

The major ones wore found at -20' O.D., -40' O.D., -70*. 

•126» O.D.« -1B0', and •276* O.D*. but were too discontinuous to 
allow oast coast correlations* 

Some oocurred quite widely whilst others were recognised 

i n only one or two traverses* A major problem was the inability to 

determine the existence of any terrace remnants In the areas of 

recent deposition* One would expect terraces to be preserved more 

readily in these depositions! environments and both the Tees Bay and 

the Firth of Forth were i n this category* In order to combat th i s 

situation attempto were made to obtain seismic soundings i n theBe 

two areas* The following section outlines the problems encountered 

i n this attempt and discusses the significance of the results* 

Selgnic Soundingo 

(1) Method and eost 

(2) Existing surveys 

(3) J* 0* and D. W. Watson 
J 
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Equipment 

The "sparker" system for obtaining underwater geological 

information i s a modified seismic reflection technique. In essence, 

the main differences between the Perrograph sounder, usod i n the 

previous section, and the "sparker" are increased sensitivity and 

power (see Fig. 314). I t i s possible, using this method, to distinguish 

between sand, gravel, boulder clay, and solid rock. Thus, any 

terrace cut in glacial clays and later obliterated by recent 

deposition w i l l ehow up on the chart recorder. 

The complexity of the equipment, itB size, and the 

necessity of a large power generator, make i t s use impossible i n 

any ship smaller than a 30-foot fishing vessel. The Natural 

Environment Research Council does possess such a vessel equipped 

with sparker equipment. The author was unfortunately unable to 

obtain i t s use. The reason given (a just one) was that the vessel 

was designed for deep sea oceanography and was i n great demand for 

Buch work which was carried out by research teams studying many 

aspects of the ocean environment. Had the author's own work been 

part of a team project i t would have been possible to make use of 

the vessel; as i t was, the return from a single project did not 

ju s t i f y the time or cost involved. 

A second possibility, the "Alexander Meek," a converted 



f i s h i n g vessel operated by the Dove Marine laboratory, was available 

at a nominal cost of £s50 per day. Permission was obtained t o use 

t h i s vessel i n conjunction with the Spartor belonging to tho 

CJeophysics Department at Durham. Doth the vessel and the equipment 

were i n almost constant tioo and although careful arrangeiwnts were 

iiade, technical f a u l t s prevented t h e i r use as tho vessel and the 

equipment were not available simultaneously. 

Two sources li&ving proved negative, the major o i l companies 

and consultant engineers vera contacted t o deter;?.:ine i f th?y would 

allow tho perusal of t h e i r records pertaining t o the research area. 

Despite some detaiJLed negotiations with George Wir/r^ey and Co. Ltd., 

and the Shell O i l Company, neither would agree, f o r security reasons, 

t o allow examination of t h e i r records, 

A f o u r t h p o s s i b i l i t y , t h a t of h i r i n g a commercial company 

t o complete the survey t was investigated but rejected i n view of the 

cost (is200 per day). 

Following these f a i l u r e s the author l e a r n t i n December 

1967 of a proposed Bparksr survey t o be carrie d out j n the Tees Bay, 

at the request of a committee representing the f i v e Teoside Local 

Authorities by J. D, and D. M. Watson Ltd., Chartered C i v i l Engineers. 

The nature of t h e i r work was t o present a report regarding the 

f e a s i b i l i t y and economics of a swage system f o r Tee snout h and 
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entailod a considerable amount of work on flow nsasurement, offshore 

currenta, and t h o i r s f f e c t n on effluent, d i s t r i b u t i o n . 

An aqualung snjnplinr; survoy of rxintSng nediiicntary 

ervironnentfi i n the Toes Bay had already been cosipleted as part o f 

t h i e t h e s i s , and a f t e r drlscusoion w i t h n rnpronsntatlve of the 

compary, t h i o data on eub-avrfaco currenta and eediment d i s t r i b u t i o n 

was exchanged f o r the fiparker records* The following section 

examines the reoultc of four "Sparker" traverses i n the TeeB Day 

(see Fig, 22)» For convenience oach travorso i s censiderod 

Boparatoly. 

PROFILE 1 Trending Faat-Morth-Eaot from tho Ccant Between 

T'arske and P.e<V.ar 

Extending approximately three miles out t o sea and t o a 

depth of -106* O.D., t h i s southernmost p r o f i l e i s unique amongst 

the four as the chart shows no evidence of g l a c i a l deposits between 

the bedrock and a t h i n , discontinuous veneer of recent sand deposits 

(F i g . 3$). The surface of the bedrock i s seen t o be most i r r e g u l a r 

and contains no evidence of any marine planation. 



PROFILE 2 East-Worth-East from the Coaat Midway Between West 

Scar Rocks and the South Gare Lighthouse (Fift. 35) 

The p r o f i l e Bhows two minor terraces at -25' and -35* O.D. 

cut i n t o the sandy deposits on the sea bed* Whilst these have, i n 

themselves, very l i t t l e significance, i t would appear from the 

p r o f i l e that they might be related t o a s i m i l a r p a i r of terraces 

i n the underlying boulder clay* This relationship i s not easy t o 

determine as the features i n the sand do not correspond precisely 

i n e i t h e r looation or depth t o the underlying boulder clay terraces 

which occur at -28* and -38 1 O.D. respectively. (A f u r t h e r terrace 

i s noted at -49' O.D. etched i n bedrock.) 

The following laboratory experiment was set up t o determine 

whether the two sand terraces might be related t o the two features 

etched i n the underlying boulder clay. (Fig. 3%) 

A clay deposit was moulded i n t o the shape of two terraces, 

i n a glass tank 2 ' x 3 ,xlO n, roughly proportional i n size and r e l a t i v e 

l o c a t i o n t o those cut i n the Tees Bay boulder clay. The tank was 

f i l l e d w i t h water t o a depth of 6" and at 12-hour i n t e r v a l s a 50-gram 

sample o f defloculated clay was added t o the water and allowed t o 

s e t t l e . Care \*a3 taken t o use a l t e r n a t i v e red and grey clay samples 

and i t i s most i n t e r e s t i n g t o note the r e s u l t . The gradual 

sedimentation of the clay resulted i n a layer of uniform thickness 
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p a r a l l e l i n g the moulded clay BUTface. The p o s i t i o n of the break of 

slope was displaced towards the deeper water. One may, therefore, 

suggest t h a t the sand terraces are r e f l e c t i o n s of the underlying 

boulder clay topography* Ho f u r t h e r conclusions can be drawn from 

t h i s p r o f i l e other than t o note t h a t the terrace notched i n the 

bedrock could be of p r e g l a c i a l o r i g i n , w h i l s t those notched I n 

boulder clay must date t o l a t e or post g l a c i a l time. Genesis can 

not be determined from morphological evidence alone* 

PROFILE 3 East-IIorth-East from a Point One Mile South of the 

South Gare Lighthouse (Fig. 35) 

The most s i g n i f i c a n t occurrence i n t h i s p r o f i l e was the 

recognition o f a large buried v a l l e y , presumably th a t of the Tees, 

cut i n t o the boulder clay beneath the sand layer. The presence of 

t h i s v a l l e y Indicates that sea l e v e l must have been lower than a t 

present during the lifespan of the v a l l e y . Two valleyslde terraceB 

are noted and may indicate other baselevels during the eustatic r i s e 

of sea l e v e l . The v a l l e y i s located l£ miles offshore I n 35' of 

water, w h i l s t i t s bed and terraces ore recorded at -87' O.D., 

-66' O.D., and -45' O.D. respectively. 

I n addition t o the v a l l e y , the surface of t h i s upper layer 

of boulder clay also shows evidence of planation when compared w i t h 
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the more irregular surface of tlie lower boulder olay which i s 

similarly recorded i n the profile* Bedrock i n this profile i s 

notably deeper than in the previous profiles and shows no evidence 

of planation. 

In summary, the most significant evidence provided by th i s 

profile i s the confirmation of the existence of a low sea level 

indicated by the presence of a river valley cut into the boulder 

cloy surface to a depth of -87» O.D. I t i s probably that this 

valley extends beyond the point where i t crosses the profile but 

this extent cannot be determined from the above evidence. 

PROFILE U riorth-Morth-East from the North Gare Lighthouse (Fig. 3'S) 

This profile indicated a sandy sea bed with almost perfect 

grading interrupted only by a amall break at -29.5' O.D. I t i s 

possible that this break reflects some irregularity in the underlying 

glacial deposits not portrayed by the record. Tlte most interesting 

evidence shown by this profile, however, relates to glaoiation and 

the presence of three distinct layers of boulder clay. Even more 

interesting, each layer exhibits several valley forms some of which 

show evidence of terracing. I t may be possible that each boulder 

clay layer was separate!? by a period of sub-aerial weathering and 

erosion. Beaumont (personal communication) recognised evidence for 
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a narked weathering p r o f i l e on a boulder clay found approximately 

36* beneath sea l e v e l , near Seaton Carew (N£ 536272). 

Summary o f Findings from Seismic P r o f l l l n f f 

Although few i n number, tho following valuable pieces o f 

evidence have emerged from the seismic p r o f i l e s . 

(1) A r i v e r v a l l e y extending beyond the e x i s t i n g coastline 

i n d i c a t i v e o f a lower sea l e v e l than present. 

(2) Terraces on the side slopes o f thiB and other v a l l e y 

forms, possibly i n d i c a t i n g the existence o f several base 

levels during the eustatio r i s e of sea l e v e l . 

(3) The recognition o f terraces cut i n the buried boulder 

d a y surface, possibly i n d i c a t i n g a lowor sea l e v e l a t 

-28» 0.0. and -33• O.U. 

(4) Confirmation o f bore hole records, i n d i c a t i n g tho presence 

o f several layers of boulder clay beneath the sea bod. 

(5) Acceptance of the p o s s i b i l i t y t h a t i r r e g u l a r i t i e s I n the 

sandy sea bed deposits may r e f l e c t s i m i l a r i r r e g u l a r i t i e s 

i n the underlying deposits. ^ 

General Summary Relating t o the Sea Tied Survey 

One concludes t h a t both seismic and sea bed p r o f i l e s are 



valuable means of locating terrace fom3* The accuracy of the 

sounding equipment does not match the onshore survey and nor does 

the method of execution ( a t r i g h t angles t o the contours) match the 

e f f i c i e n c y of l o v e l l i n g along the contours p a r a l l e l t o the break o f 

slope* This problem, w i t h the offshore survey, of constantly searching 

f o r a sea bed break of slope, i n v i s i b l e from the surface, was t o 

some extent a l l e v i a t e d by the continued use of divers t o confirm 

suspected changes of gradient* 

The major i n t e r p r e t a t i o n a l problem i s , however, common t o 

both the t e r r e s t r i a l and marine survey* I n neither case i s i t 

possible t o determine the o r i g i n of the terrace without supporting 

evidence. Many hypotheses can be entertained w i t h equal merits and 

few, i f any, can be discounted on morphological grounds alone. One 

should r e - i t e r a t e , therefore, the conclusion drawn i n Chapter 4, 

t h a t morphological surveys of t h i s nature cannot be described as 

morphogenetio. Supporting evidence, i n the case of the sea bed 

survey may take the form o f shallow water fsunal evidence or "beach 

sorted" sedimentB. 

A fu r t h e r c r i t i c i s m of both surveys i s t h a t no absolute 

chronological evidence emerges from morphological studies* The most 

s i g n i f i c a n t conclusion t o emanate from t h i s section on t e r r e s t r i a l 

and aquatic morphological surveys, i s t o emphasise the importance 



and relevance t o the thesis of tho forthcoming sections 

cedimsntology and f o c s i l , faunal clironology evidence. 



CHAPTER 6 

DEPOSITIONAL ENVIRONMENTS: PREVIOUS WORK AND METHODS OF RECOGNITION 

This chapter examines the d i f f e r e n t characteristics of a 

sediment which have been used to determine i t s depositional 

environment. Some attempt i s made t o assess the weaknesses of 

each characteristic and technique t o determine i t s value t o the 

present study. 

Introductory Statement 

With notable exceptions, the majority of work on the 

recognition of a depositional environment has been completed by 

geologists working outside the B r i t i s h I s l e s . These workers have 

assumed t h a t a sorting agent (wind, wave action, running water, 

g r a v i t y s e t t l i n g ) i s capable of depositing sedimentary p a r t i c l e s 

of d i f f e r e n t sizes, shapes, and densities, i n such a way that the 

dominance of these respective agents w i l l be re f l e c t e d i n the 

nature and structure of a deposit. The f a c t t h a t no universal 

characteristics have been i d e n t i f i e d t e s t i f i e s to the complexity 

of the problem and as an introduction t o the topic the work of 

F. P. Shepard i s reviewed. 

Shepard (1964) made the only attempt to examine the 

c r i t e r i a i n modern sediments useful i n recognising ancient 

sedimentary environments. Much depends on the basic assumption 



t h a t the present i s the key to the past and diagenic processes 

have i n many l o c a l i t i e s successfully prevented environmental 

recognition. The following table of environmentally s i g n i f i c a n t 

characteristics summarises Shepard's work: 

A. Dune sand may be distinguished from a beach sand by: 

(1) Greater roundness 

(2) Greater number of heavy minerals 

(3) Higher s i l t content 

(4) Smaller s h e l l content 

(5) Aeolian cross bedding 

B. Beach sands are distinguished from shallow water deposits by: 

(1) Lower s i l t content 

(2) Better sorting 

(3) Greater rounding 

C. Lagoon and estuarine deposits are distinguished from shallow 

shelf deposits by: 

(1) Scarcity or absence of glauconite 

(2) Presence of sandy clays, low i n s i l t 

D. Marine de l t a facies are i d e n t i f i e d by: 

(1) Abundant laminations 

E. _. Glacial marginal deposits can be d i f f e r e n t i a t e d from marine 

deposits of the same depth range by the presence of numerous 

scattered stones, mostly angular, and often s t r i a t e d . 



F. Deep water sands d i f f e r from shallow water sands as they contain 

(1) More numerous alternations between sand and mud 

(2) A sharp lower boundary of the sand layers 

(3) The graded nature of the sand beds 

(4) The differences between shallow and deep water r i p p l e 

marks 

The above c l a s s i f i c a t i o n was adopted f o r the study of the 

following characteristics i n t h i s thesis: 

(1) P a r t i c l e size and sorting 

(2) P a r t i c l e shape 

(3) P a r t i c l e density 

(4) P a r t i c l e composition 

(5) Surface texture of p a r t i c l e s 

(6) Sedimentary structures 

Four v i t a l problems are common t o a l l s i x t o p i c s , and these 

must be discussed before attempting any work i n t h i s f i e l d . They are: 

(1) Sample c o l l e c t i o n 

(2) Methods of analysis 

(3) Presentation of r e s u l t s 

(4) I n t e r p r e t a t i o n of r e s u l t s 

Only the l a t t e r three are discussed i n t h i s chapter as the f i r s t 

i s s u f f i c i e n t l y important t o warrant a separate chapter. 
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P a r t i c l e Size Analysis 

Methods 

Methods of analysis i n p a r t i c l e size studies vary w i t h 

the nature of the sample and i n p a r t i c u l a r w i t h the range of grain 

size i t e x h i b i t s . The standard method f o r gravel and sand sized 

frac t i o n s involves dry or wet sieving through a nest of sieves of 

successively f i n e r mesh. The weight of sample retained on each 

sieve i s weighed and recorded a f t e r f i f t e e n minutes on an automatic 

sieve shaker. 

There are several errors involved i n t h i s technique, the 

solution of which provide f o r improved analysis. The I n s t i t u t e of 

Chemical Engineers (1947) noted t h a t experimental error i s related 

t o three factors: 

(1) The accuracy of the sieve mesh 

(2) Variations i n the shape of grains 

(3) Variations i n the time the sample i s sieved 

The accuracy of the sieve mesh can be checked under the 

microscope against a micrometer but the shape of the grains cannot 

be accounted f o r . Of the three, the l a t t e r i s most easily controlled 

and several workers have suggested a time period which allows an 

accurate r e s u l t . 

Another error which has only recently been acknowledged 

(Folk, 1966) relates t o the size range between the sieves; t h a t i s , 

i f ten sieves are used, then the size range i s divided i n t o ten 
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GRAIN S I Z E SCALES FOR SEDIMENTS 

The grade s c a l e most commonly used, f o r sediments i s the Wentworth 
(1922) s c a l e which i s a l o g a r i t h m i c s c a l e i n t h a t each grade l i m i t i s 
twice as l a r g e as the next s m a l l e r grade l i m i t . The s c a l e s t a r t i n g a t 
1mm and changing by a f i x e d r a t i o of 2 was Introduced by J.A. Udden (I898), 
who a l s o named the sand grades we use today. However, Udden drew the 
gravel/sand boundary a t 1mm and used d l f f e r e n t t e r m s i n the g r a v e l and mud 
d i v i s i o n s . For more d e t a i l e d work, s i e v e s have been c o n s t r u c t e d a t i n 
t e r v a l s 2 /2 and 4/2. The 0 (phi) s c a l e , d e v i s e d by Krumbein, i s a much 
more convenient way of p r e s e n t i n g d a t a than i f the v a l u e s a r e expressed 
i n m i l l i m e t e r s , and I s uded almost e n t i r e l y I n r e c e n t work. 

U.S. Standard 
S i e v e Mesh # 

Use . 
wire 

M i l l i m e t e r s Microns Phi (00 Wentworth S i z e C l a s s 

- 2 s — 1 / 2 — 

squares I — 
7 
8 
10 

3 12 
14 
16 
18 
20 
25 
30 

lo 
*5 
50 

- 60 
70 
80 

100 
120 
140 
170 
200 
230 
270 
325 

4096 
1024 

256 
64 
16 

4 

1/4 

1/8 

_ 1/16 _ 0 .0625 _ 

1/32 . 
1/64 

Analyzed 1/128 
by I /256 

P i p e t t e 

or 

Hydrometer 

3 .36 
2 .83 
2 .38 
2 .00 
1.68 
1.41 
1.19 
1.00 
0 .84 
0.71 
0 .59 
0.50 
0 .42 
0 . 3 5 
0.30 
0.25 
0.210 
0.177 
0 .149 
0.125 
0.105 
0.088 
0.07** 
0 .0625 
0.053 
0.044 
0.037 
0.031 
0.0156 
0.0078 
0.0039 
0.0020 
0.00098 
0 .00049 
0 .00024 
0.00012 
0.00006 

- 0 .75 

- 0.25 

0.12 

Boulder (-8 to -12CH 
Cobble (-6 to - 8CT) 

Pebble (-2 to - 60) 

Granule 

Very coarse sand 

Coarse sand 

Medium sand 

F i n e sand 

Very f i n e sand 

Coarse s i l t 

Medium s i l t 
F i n e s i l t 
Very f i n e s i l t 

Clay 



classes. Any increase i n the number of sieves w i t h i n the extreme 

range of the sample size w i l l obviously improve the accuracy of 

the technique. Folk (1966) stated that the gap between sieves 

should not exceed 0.25^ units"'" i f the r e s u l t s are required f o r 

genetic predictions, although Moiola and Weiser (1968) were 

successful w i t h a 0.5^ sieve separation. 

Two methods of analysis are available f o r f i n e r sediments 

the Andreasan pipette and hydrometer analysis. The methods are 

similar insofar as both involve the gradual s e t t l i n g i n water of a 

sample suspension maintained at a constant temperature. In the 

hydrometer method the density of the suspension i s recorded at 

specif i c time i n t e r v a l s , w h i l s t i n the pipette method a sample of 

the suspension i s siphoned o f f and the weight of sediment i s 

recorded by evaporating the water. Of the two, the p i p e t t e method 

i s subject t o fewer experimental e r r o r s ; - 1.58# as compared with 

- 1.75* f o r the hydrometer technique (Reineck, 1967). 

Although the pipette method was available during the 

l a t t e r months of research the present study used the hydrometer 
o 

method throughout f o r comparative consistency. 

1 A 4 (phi) u n i t i s the negative logarithm t o the base 2 of the 
mean diameter, of grain size, i n millimeters. 

2 Detailed outlines of the methods of analysis are included i n 
the Appendices. 



Presentation of Results 
A variety of graphical and s t a t i s t i c a l techniques have 

been applied to the results of particle size analyses i n order to 
display the differences between sample populations. Although 
the most recent trend has been towards the increased use of 
computers and consequently more complex s t a t i s t i c a l analyses, 
there are s t i l l different schools of thought concerning the 
merits of graphical and s t a t i s t i c a l presentations. This section 
compares these methods and progresses from the least to the 
greatest level of sophistication. 

Graphical Analysis 
Fig» £Q portrays the most common graphical presentation. 

(1) The histogram and arithmetic graph. 
These two methods were amongst the f i r s t to be used 
(Udden, 1898, 1914) and allow for the easy recognition 
ofr 
( i ) The modal grain size 
( i i ) The presence of a bimodal distribution 
( i i i ) Negative or positive skew 
(i v ) The concentration of grain sizes into a central 

group (peakedness) 
(v) The range of grain sizes present 
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One must remember that visual appraisal can only be 
relative and where differences between samples are slight 
the visual method rapidly becomes ineffective. Doegla3 
(1946, 1955% 1962), one of the pioneers of recent advances 
i n sedimentology, argues, with some success, that i f the 
difference between two particle size graphs 1B not readily 
vis i b l e i n a graph, then stat i s t i c s which are based on 
percentile readings from the graph w i l l be ineffective. 
Certainly during the current work one could frequently 
recognise a depositional environment from the shape of the 
graph. 

(2) The Triangular Graph. 
In many ways the triangular graph i s less sensitive than 
the simple bar graph. I t s prime use i s to indicate the 
r a t i o of 6and, s i l t , and clay. One can quickly demonstrate 
t h i s by referring back to page 112 and Folk's (op. c i t . ) 
statement that 0.250 should be the maximum gap between 
sieves. A l l that i s required for the triangular graph are 
three sieves. 

Pluroley and Davis (195*>) adapted the triangular diagram 
to estimate the median, mean, standard deviation and 
skewness of sediments, from a three-component plot of sand, 
s i l t , and clay percentages. The method is not suitable for 
detailed environmental study as i t lacks the necessary 
degree of precision. 
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(3) The Three- or Four-Gycle Semi-Logarithmic Graph and the 
Arithmetic Probability Graph, 

I t i s commonly aclmcwledged that the grain size 
distribution of a sediment approximates to the log-normal. 
Udden (19H, op. c i t . ) was f i r s t to recognise th i s property 
and made extensive use of th i s graph. However, the semi-
logarithmic graph was largely superceded i n the 1930'3 by 
the uso of the arithmetic probability graph. 

Krumbein and Pettijohn (1933* P« 223) outline tho 
value of tho probability scalej 

. ( i ) The normal distribution plots as a straight l i n e . 
( i i ) Drawing errors are thus reduced. 

( i i i ) Any deviation from a normal distribution i s immediately 
recognised. 

( i v ) The end members of the size distribution are 
exaggerated. As they represent the extreme range of 
the sorting agent they frequently provide the most 
sensitive environmental indicators. 

(v) The probability scale should not be used for analysing 
samples which cannot include the end members. For 
example, boulder clay size analyses cannot be plotted 
on t l i i s paper. A cumulative plot would present a 
false picture i f the coarsest 1Q£ and finest 5% were 
omitted from the analysis* 



The use of the probability scale evolved i n conjunction with 

phi (0) units* The phi unit was i n turn developed specifically 

as a s t a t i s t i c a l device to permit the direct application of 

conventional s t a t i s t i c s to sedimentary data.^" 

One may conclude this brief synopsis by referring to 

the close relationships between graphical and s t a t i s t i c a l 

studies. In particular* the 0 probability plot allows one 

to observe, nunodality. peakedness, and skewnesso Folk 

(1966, op. c i t . ) further mentions the value of graphical 

presentations i n detecting experimental weighing errors and 

faulty sieves. Even more important, i t i s often possible to 

detect genetic relationships which are not reacfily observed 

from s t a t i s t i c s . 

S t a t i s t i c a l Analysis of Grain Size Data 

S t a t i s t i c a l analyses emerged from the desire to test the 

significance of differences between sediment size populations. Before 

disoussing the different procedures one should note that s t a t i s t i c a l 

tests r ely on a representative sample and an accurate method of 

processing to ensure valid results. The s t a t i s t i c a l method inherits 

a l l sampling and processing errors involved i n obtaining the data, 

as well as i t s own l e v e l of significance (7<j£ to 99# as the case may be). 

1 0 - - lOgg^ where J- • diameter of the grain in millimeters. 



For convenience the methods, used to date, can be reviewed 
under three headings: 

(1) Intercept sta t i s t i c s 
(2) Moment measures 
(3) Computer analyses 

(1) Intercept Statistics. 
The mean, median, mode, and standard deviation vrare f i r s t 
used by Udden (1898) and were of l i t t l e or no value for 
distinguishing between environments of deposition. I t 
was primarily to improve the situation that led Krumbein 
(1937) to make use of moment measures* 

(2) Moment Measures* 
These s t a t i s t i c s , which relate to the arithmetic mean, 
standard deviation, skevmess,^and kurtosis of a frequency 
curve were later elaborated upon i n a series of articles by 
Ihman (1952), Folk and Ward (1957), Friedman (1961, 1967), 
McCammon (1962), Chappell (1967), and Moiola and Weiser 
(1968)* Some of these articles test the parameters whilst 
others attempt to improve upon them, and i t i s the l a t t e r 
which merits discussion i n t h i s section* 

Inman (1952, op* c i t . ) used percentiles to compute 
his results and the main weakness lay i n the selection of 
too few percentile values* 
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Folk and V/ard (1957) improved upon Innan's work by 
using the following formulae: 
Arithmotie Moan M? s 016 + 050 + 084 

3 
Standard Deviation a, - 084 - 016 | 095 - 05 

A 4 6.6 
Skewness 3k. s 016 > 084 - 2*50 - 05 f 095 - 2050 

A 2(084 - 016) 2(095 - 05) 
Kurtosia IC, - 095 - 05 

2.44(075 " 025) 
These formulae have been used by many workers with varying 

degrees of success. The best means of differentiating 
between environments was achieved when skewness was plotted 
against kurtosis or mean size againet standard deviation. 
The students " t " test was used as a probability check and 
values greater than 0.05 were not accepted. 

Friedman (1961, 1967) developed the following formulae 
i n preference to the graphical approach: 
Mean x0 s 1 n £ fm0 

100 
f • frequency of different grain size grades present 
m0 B mid-point of each grain size grade i n 0 values 
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Standard Deviation 00 f (m0 - xdf 
100 

Skewness a.0 • 1 o.~^ <£f(m0 - x0)** 
J 100 ' 

Kurtosis a.0 s 1 o."*£f(m0 -Stf/1, 

4 160 * 
Chappell (1967) noted that a separation between beach 

and dune sands was 7Q# successful using Folk and Ward's 
formulae for skewness and 95% successful using Friedman's. (Fig 40.) 

McCananon (1962) also noticed limitations i n the work 
of Folk and Ward and suggested the following improvements 
for the calculation of the mean and standard deviation: 
97% e f f i c i e n t M~ - 05 4- 025 4- 035 4» 045 4- 455 4- 065 4» 075 j» 465 4. 095 

10 
87% e f f i c i e n t St.Dev. - 470 4» 080 + 090 + 097 - 43 - 010 - 020 - 030 

9.1 
McCanmon's 97$ and S?£ efficiency levels may be 

compared with 86% and 79% levels^for Folic and Ward's 
formulae. I t has been argued that the low improvement did 
not warrant the extra calculation (Folk, 1966) but the 
present writer would strongly maintain that any improvement 
i s worthwhile, especially when one considers the pre-existing 
sampling and processing errors which are inherited by the 
s t a t i s t i c a l data. 

The most recent improvement was introduced by Kane 
and Hubert (1963) who used a computer to eliminate errors 



which result from using only soire parts of the size 
frequency curve. The present study makes use of t h i s 
programme not only because i t eliminates t h i s error, but 
also because i t i s considerably quicker and allows a much 
greater number of samples to be analysed. 

In summary, one should remember that many s t a t i s t i c a l 
tests are used to compare populations (Chi square, 
Kolmogorov-ai'irnov, students' *t* t e s t , and analysis of 
variance). This section has been concerned only with 
those st a t i s t i c s which provide the data for the above testB. 
Computer Analyses. 

In the previous section the computer enabled moment 
measures to bo calculated with greater accuracy and much 
greater efficiency than other methods. The same i s true 
of more refined and more complex s t a t i s t i c a l studies. 

Tho following section outlines the major computer 
techniques which have been adapted to sedimentology, and, 
i n particular, appraises the programmes selected for use 
i n the thesis* 
( i ) Factor and Vector Analysis. 

Factor analysis was used by Spearman (1904)» 
but only began to resemble modern factor analysis 
i n the nineteen-thirtios. Thurstone (1947) was 
responsible for popularising multiple factor analysis, 



which has since provod suitable for ^eolosical data. 
Tte principle concern of factor analysis i s to 

simplify a group of variables to determine the 
underlying causes or factors responsible for the 
co-efficients observed i n a similarity matrix (Inbrie 
and Van Andel, 1964). Two types of factor analysis 
are currently i n favour, "R" mode, and "Qn modes 

"R» Kode "Q" Kode 
(1) r-aiatrix (1) C03 © matrix 
(2) I n i t i a l factor matrix (2) I n i t i a l factor matrix 
(3) Rotated factor matrix (3) Rotated factor matrix 
(4) Oblique vector resolution (4) Oblique vector resolutio 

Host published studies involve only steps (1) to (3)J 
onoe the fourth step i s included, the programme 
ceases to be factor analysis and becomes vector 
analysis* With specific reference to grain size 
data, Visher (1965) and Klovan (1966) use »Q" mode 
factor analysis to determine the primary variables 
c o n t r o l l i . ^ deposition* 

Bri e f l y , the rationale behind the technique 
i s as follows. A sample of elastic sediment may be 
considered as a vector i n N dimensional space, where 
N i s the number of size grades into which the sample 
has been divided* The position of the sample i n 
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15 space i s detcnrdtied by tho anicunb of sedir..ent i n 
each of these size fractions (Solohub, 1967)* 

One measure of similarity between any two 
saicples i s the cosine of the angle between the two 
sample vectors. Imbrie and Furdy (1962) defined 
thi s similarity co-efficient and noted that i t s 
value rcjigcs from 0.0 indicating camplste dissimilarity 
to 1.0 indicating perfect similarity between samples. 
"Q" modo factor analysis specifically evaluates 
relationships between saiuple vectors baaed on N 
variables. Klovan (op. c i t . ) applied "Q™ mode 
analysis to 69 samples fron! Dorataria Bay (Krumbein 
and Aberdeen, 1937) avid recognised three differing' 
typos of energy responsible for their characteristics. 
These were wind-wave energy, curreirt energy, and 
gravitational energy. I t was f e l t that the relative 
importance of these three factors determines the 
characteristics of a sediinent. 

ICLovan (op. c i t . ) further ascribed the following 
advantages to the technique. 
(1) I t makes use of the entire spectrum of the 

grain size distribution. 
(2) Arbitrary s t a t i s t i c a l descriptions are not 

required and hence analytical methods can be 
more objective. 
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(3) No "a p r i o r i " knawlod:$e i s required cf tho 
environmental and geographical location of tho 
osrtplo. 
One must acknowledge that factor analysis i s 

superior to the descriptive s t a t i s t i c a l raethods 
already discussed. A possible weakness nay bo i t s 
reliance only on particle siae data. The present 
study r i l l encompass shape, density, composition, and 
surface texture, as well as else analysis and by 
incorporating a l l these variables into the analysis 
one may achieve a greater degree of environmental 
separation, 

( i i ) Discriminant Function Analysis. 
Discriminant function analysin i 3 desloped to 

determine a serJ.es of lines alons which previously 
established groups of satrples can be separated 
(Sevon, 1966). Each suits of similar samples may 
be thought of as forming a cluster of sample points 
i n multidimensional space (Solohub, 1967). The 
maximum number of discriminant functions f o r a 
particular problem i s the ltaser of tho two numbers 
G-1 and N (where G i s the number of groups and N i s 
the number of variables measured for each sample). 

http://serJ.es
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The scores f o r a sample are the co-ordinates 

of the sample point alon# the discrimimxnt functions. 

After r e s u l t s have been computed "unknown" samples 

may be assigned to the group to which they show the 

most s i m i l a r i t y . This degree of s i m i l a r i t y depends on: 

(1) The dispersion of the group i n discriminant 

space 

(2) The distance, i n discriminant space, between 

the sample and the group. 

The results of factor analysis may be subjected 

to t h i s analysis to determine the l e v e l of separation 

between factor loadings (Klovan and B i l l i n g s , 1967). 

In t h i s way, a more refined solution i s obtained, and 

one t o which degrees of p r o b a b i l i t y can be assigned. 

I f Chi square i s used a value of 0.00 indicates that 

an "unknown" sample conforms precisely with a group 

w h i l s t larger values indicate that the sample i s 

less similar t o the group, 

( i i i ) Trend Surface Analysis. 

I t i s p e r f e c t l y feasible to map valuer, from 

sediment analyses. The use of trend surface analysis 

ho\\revcr, w i l l reduce the l e v e l of s u b j e c t i v i t y and 

may improve the l e v e l of i n t e r p r e t a t i o n . 

The s t a t i s t i c a l base of trend surface analysis 



i s discussed i n detail by Whitten (1959, 1961) 
and Peikert (1963). In essence, i t i s a form 
of generalised three-dimensional mapping (two 
map co-ordinates plus a t h i r d dimension which 
represents the values of the variable) which 
effectively eliminates local variations or 
"noise." In th i s way a trend can be determined 
which might otherwise have remained unnoticed. 

Apart from general trends the recognition 
of residuals may be highly significant. 
Andrews (1968) demonstrated the value of 
residuals when explaining the pattern of 
glacio-isostatic rebound i n Northern Canada. 
In fact, trend surface analysis may be applied 
to any mappable data and i t i s used on a 
variety of sedimentary results i n an e f f o r t to 
discover meaningful trends. 

Interpretation 
Two schools of thought have emerged i n the interpretation 

of particle size analyses. In the f i r s t , source material and 
natural breakdown supposedly control the size frequency range, 
and i n the second, sorting agents are considered responsible for 
size characteristics!. 
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Although there i s strong evidence i n favour of source 
material controlling the basic character of sediments (Geer and 
Yancey, 1938j Aleva, 1956; Tanner, 1958) this does not prevent 
sorting agents from modifying the basic curve and producing 
environmental characteristics. The influence of source material 
i s , nevertheless, c r i t i c a l to the success of the present study. 
I t i s the author's belief that one of the reasons for a lack of 
success i n the search for a universal characteristic of a 
particular environment has been the failure to realise that 
source material i s not a constant. I t i s much more l i k e l y that 
environmental differences w i l l emerge when the source of sediment 
i s restricted. This would explain why local studies have achieved 
a successful environmental classification when studies incorporating 
a wider sample area have failed (Mason and Folk, 1958j Moiola 
and Weiser, 1968). 

One must, i n conclusion, support Sevon (1965) in his 
belief that no single textural parameter can be successful and 
state further that i t i s doubtful i f a single sediment character
i s t i c — e . g . , particle size—can possibly differentiate between 
environments formed essentially of similar source material. The 
same composite methodology which i s being applied to displaced 
shorelines i s equally necessary i n the study of sediments. 
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Particle Shape and Roundness 

No sedimentary characteristics have been studied as much as 
particle size analysis but particle shape has warranted considerable 
attention as an environmental indicator. I t i s certainly more 
d i f f i c u l t and tedious to obtain satisfactory particle shape measurements 
and previous works f a l l into two groups—objective and subjective. 
Each approach w i l l be discussed i n turn to indicate i t s relative 
merits. 

Objective 
Krumbein (1941) determined the sphericity of particles by 

using the formula j^/bc/a? where "a" i s the length of the long axis, 
and "b" and "c" the length of the intermediate and short axes. The 
result gives the cube root of the ratio of the stone volume to that of 
a circumscribed sphere. Zingg (1935) defined shape by setting up 
four di s t i n c t classes. Each class was determined by the ratio of the 
b/a and c/b stone axes. 

TABLE SHOWING ZINGG»S CLASSIFICATION OF PARTICLE SHAPE 

b/a > 2/3 c/b < disc 
b/a > 2/3 c/b > sphere 
b/a < 2/3 c/b < blade 

w
2 

b/a < 2/3 c/b > rod 
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King and Buckley (1968) note that a graphic representation 
of sphericity i s obtained by plotting b/a on the "y" axis and c/b on 
the "x" axis. The relative position of any point on the graph 
determines i t s Zingg class* 

Cailleux (1945) produced a method for determining roundness 
which provides a better means of recognising environmental differences* 
Roundness i s calculated from the formula 2 R/a x 1000, where R i s the 
minimum radius of curvature i n the principle plane and "a" is the long 
axis. In a sphere 2R i s equal to "a" so that the roundness value i s 
1000. Cailleux further suggostcd a flatness formula* a f b x 100/2o. 
The result increases with flatness and may exceed 1000 i n rock with a 
slaty olearage. 

Cailleux 1s formulae were used, i n the present study, on 
particles greater than sand size. This choice was p a r t i a l l y influenced 
by the recent study of arctic pebble assemblages completed by King and 
Buckley (op. c i t . ) , which uses Cailleux's approach. 

Subjective 
Subjective techniques for analysing particle roundness arose 

as a result of the tedious, time consuming nature of precise measurement. 
Krumbein (1941, op. c i t . ) developed a rapid technique for the analysis 
of roundness where particles were compared with a chart showing ten 
grades of increasing rotindneos. Rapidity i s a major advantage when 
i t allows the measurement of very much larger, more numerous, and hence 
more representative samples. 
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Thus, an objective technique i s used f o r shape measurements 

and a subjective approach i s chosen f o r roundness. The loss of 

accuracy i n the l a t t e r choice i s compensated f o r by the larger 

number of samples. In both instances, highly s i g n i f i c a n t r e s u l t s 

were obtained by separating the sample i n t o size grades and 

comparing shape and roundness wi t h size. I n the current work 

the data i s presented i n tabular form, i n preference t o a 

graphical approach, and differences between samples are tested 

s t a t i s t i c a l l y . 

I n t e r p r e t a t i o n 

Cleavage, matrix structure, j o i n t pattern and 

composition have always been recognised as the major factors 

influencing rock breakdown and resultant shape. I n t h i s way, 

shale, grey wacke, schist, and slate may be equated with d i s c 

shaped pebbles, and the more granular species, sandstone, granite, 

w i t h a shape approximating t o an oblate spheroid. 

Thus, a similar problem arises to that of p a r t i c l e s i z e — 

the r e l a t i v e influence of source material and sorting agent. An 

appraisal of previous work would suggest that roundness studies 

which re f l e c t e d the rate of abrasion had greater environmental 

application than shape. One can also determine that both 

characteristics are most e f f e c t i v e i n a l i m i t e d l i t h o l o g y . 
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Surf tic o Texture of r a r t i c l e s ^ 

Very l i t t l e - previous work hau used surface texture as a guide 

to provenanco although some electron nicrosccpe work Li s boon completed 

(sorter,1J62; Bird rnd yrce.n...Ji,l ) In t'io current work two ::ioro p r i m i t i v e 

methods were tested : s i t was not possible to USG an electron microscope. 

For p r a c t i c a l reasons analysis v/as r e s t r i c t e d to the sand size f r a c t i o n . 

F i r s t l y , t h e degree of polish emitted by grains under direct l i g h t 

wes subjectively evaluated. This proved t o be exceedingly inaccurate i f a l l 

samples were not compared siraoultaneously. The following technique i s 

suggested to introduce o b j e c t i v i t y . 

(1) I'ineral grains from each size f r a c t i o n were placed on black, opaque 

p l a s t i c . 

(2) The degree of refl e c t e d l i g h t was recorded with a ^eston Mark IV 

l i g h t metor. 

(3) Before each period of work the l i g h t meter was calibrated by recoraing 

the degree of refl e c t e d l i g h t from a p l a i n dark surface. 

(4) This process was aided by the use of a rheostat controlled lamp. 

(5) The l i g h t meter was clamped ct 45°, two inches above the grains. 

The meter recorded l i g h t v a r i a t i o n at ASA 100 from 1.6 to 25.0 on 

the l i g h t scale with maximum polish giving the highest reading. One precautio 

taken wes to eliminate a l l minerals but quartz to prevent the percentage 

of mafic minerals rrom influencing tne result. 

A l l results were presented i n tabular form and s i m i l a r i t i e s 

tested with comparative s t a t i s t i c s . 



P a r t i c l e Density 

I t has been proved i n laboratory t e s t s , and l a t e r 

confirmed i n the f i e l d , that sorting agents are sensitive t o 

grain density differences (Leliansky, 1955; Bagnold, 195A, 1956; 

King, 1954). This f a c t has led to speculation that p a r t i c l e 

density differences should occur i n various depositional 

environments. Studies have been completed which d i f f e r e n t i a t e 

between environments on t h i s basis, notably by Bradley (1957), 

White and Williams (1967), and Hand (1967). Several methods * 

are available f o r the separation of l i g h t from heavy minerals 

and t h e i r r e l a t i v e merits are discussed i n the following section. 

Methods of Separation 

(1) F l o t a t i o n . 

Rogers and Powell (1958) explain, i n d e t a i l , the 

f l o t a t i o n technique: 

( i ) A 15-gram sample i s crushed with a mortar and 

pestle. 

( i i ) Dispersal i s achieved by b o i l i n g i n NaOH f o r 

20 minutes. 

( i i i ) Clay i s removed by allowing the sediment t o 

s e t t l e i n water f o r 2.5 minutes. 

( i v ) The sample i s d r i e d , then boiled f o r 20 minutes 

i n a 20 ml. solution of concentrated HC1 

containing 10 gram3 of Stannous Chloride to 

remove c a l c i t e and iron oxide. Both of these 
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minerals hinder bromoform separation, 

(v) The remaining residue i s floated i n bromoform 

to separate the l i g h t from the heavy minerals. 

This approach i s unsatisfactory f o r three reasons 

i f the aim i s t o d i f f e r e n t i a t e between environments. 

F i r s t l y , the destruction of some l i g h t minerals prevents 

l a t e r mineralogical studies of the l i g h t f r a c t i o n . 

Secondly, the tine period involved makes quantity 

sampling impossible and, t h i r d l y , a fifteen-gram 

sample i s too small t o be representative of the true 

population. 

A modified approach (Rogers and Adams, 1959) uses 

a 50-gram sample and involves sieving i n t o size 

f r a c t i o n s . Each size f r a c t i o n i s separately centrifuged 

i n bromoform f o r 5 minutes at 2500 rpm. This technique 

i s more rapid and more representative i n i t s sample size. 

Bradley (1957) emphasised the necessity f o r a 5-hour 

f l o t a t i o n period t o obtain accurate separation. Although 

t h i s time i s a maximum, i t does emphasise the problems 

of a multi-sample approach. 

(2) Ele ctro-Magnetic• 

An alternative separation technique f o r sand size 

p a r t i c l e s i s provided by the S. G. Frantz Isodynamic 

separator. This u n i t i s p r i m a r i l y a large electro magnet. 



Minerals which respond t o the magnetic a t t r a c t i o n are 

drawn to one side and separation i s effected i n a 

matter of seconds. I t should be noted t h a t by varying 

the angle of the side slope one can separate a greater 

number of minerals. One should also note that not a l l 

heavy minerals are magnetic. 

The experimental procedure i s as follows: 

( i ) A 100-gram sample i s sieved i n t o size f r a c t i o n s . 

( i i ) The 72, 100, 150, and 200 mesh fractions are 

washed t o remove dust. 

( i i i ) A hand magnet i s used to remove magnetite and 

p y r o t i t e , as both could block the electro-magnet. 

( i v ) The size f r a c t i o n s are each passed through the 

magnetic f i e l d twice to ensure a perfect 

separation. 

(v) The f i n e r size grades took longer t o run but d i d 

not exceed 200 seconds. On the other hand, a 

coarse sample may only take 7 seconds. 

( v i ) Variations i n the % magnetic minerals can be 

recorded between samples from d i f f e r e n t 

environments and also between the d i f f e r e n t 

size fractions of a single sample. 



The Isodynamic separator i s used p r i m a r i l y t o 

separate specific minerals. I t has not been adopted 

f o r the precise purpose of environmental determinism. 

The r e s u l t s of the analysis are presented i n tabular 

form and the weight percentages recorded alongside such 

key low density indicators as s h e l l and coal fragments. 

In b r i e f , density studies are a form of abbreviated 

mineralogy and the following section examines the value 

of a more detailed mineral count. 

I n t e r p r e t a t i o n 

Allen (1948) observed t h a t i t was i n v a l i d to compare 

modern and ancient heavy mineral assemblages as the heavy minerals 

are more susceptible t o weathering than the more common l i g h t 

minerals. This observation was supported by a 500$ decrease i n 

heavy minerals towards the surface of a weathered p r o f i l e i n 

I l l i n o i s . 

Bradley (1957), who worked on present-day coastal 

environments, noted that i t was possible t o distinguish heavy 

mineral zones on Mustang Island, Texas. 

(1) Bamer Island sediments 0,1+5% heavy minerals 

(2) Gulf sediments 0.04$ heavy minerals 

(3) Beach sediments 0.34$ heavy minerals 



Sub-aerial sediments i n the same l o c a l i t y contained 

0.36$ heavy minerals. Bradley's conclusions are, however, of only 

l o c a l significance as the a v a i l a b i l i t y of heavy minerals p a r t i a l l y 

controls the r a t i o of heavy to l i g h t minerals. I t i s i n t e r e s t i n g 

t o note t h a t he explains the greater concentration of heavy 

minerals i n sub-aerial deposits as a r e s u l t of wind action. The 

percentage of heavy minerals i s always greater i n wind blown 

rather than water l a i n deposits, either as a r e s u l t of the greater 

roundness of heavy minerals, or by the selective removal of l i g h t 

minerals. 

Carrol (1957) argued against the environmental control 

of heavy mineral content, as he observed that the heavy mineral 

content of r i v e r sands i n d i f f e r e n t t r i b u t a r i e s of the same basin 

varied as a function of source material. 

Poole (1958) compared heavy mineral suites s t a t i s t i c a l l y 

and observed four d i s t i n c t zonations i n San Antonio and Mesquite 

Bays on the Central Texas coast. Rogers and Adams (1959) f u r t h e r 

recognised that l o c a l environmental conditions could create very 

marked differences i n the heavy mineral content of coastal sand 

deposits. 

I n the same year Andel cast f u r t h e r doubt3 on the 

environmental significance of heavy mineral counts by suggesting 

that a v a i l a b i l i t y , weathering, abrasion, and post depositional 

so l u t i o n outweigh selective sorting i n the co n t r o l of heavy 
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mineral concentration, 

Martin and Long (1960) analysed numerous beach and dune 

sands whilst prospecting f o r commercially exploitable concentrations 

of heavy minerals. The results of t h e i r work, i n South Island, 

New Zealand, showed no discernable difference between the two 

environments. De Graafe and Woensdregt (1963), who worked i n 

north-west Spain, s i m i l a r l y noted that the percentage of heavy 

minerals i n beach sands reflected the proximity of igneous rocks. 

This conclusion casts fu r t h e r doubts on the value of heavy 

minerals i n the recognition of a depositional environment. 

Imbre and Van Andel (1964) used vector analysis t o 

demonstrate that heavy mineral d i s t r i b u t i o n i n the Gulf of 

Califo r n i a i s explicable i n terms of coastal currents and energy 

zones. Bruckner and Morgan (1964) confirmed t h i s conclusion on 

the continental shelf o f f Accra, Ghana. 

Hand (1967) demonstrated the value of s e t t l i n g 

v e l o c i t y experiments as a means of distinguishing between beach 

and dune sands. A p l o t of the delta value"'" indicated that the 

heavy minerals i n dune sands s e t t l e d faster than those i n beach 

sands. White and Williams (1967) completed si m i l a r experiments 

on f l u v i a l sediments. They quote Ruhkin (1937): "differences 

i n the mean grain size of minerals of d i f f e r e n t densities i n a 

1 Delta value - log median s e t t l i n g v e l o c i t y of a mineral 
minus the log median v e l o c i t y of associated 
quartz against the log median quartz v e l o c i t y . 



sample i s a more sensitive indicator of environmental processes 

than the o v e r a l l d i s t r i b u t i o n . " The reader should bear t h i s 

quotation i n mind as i t proved very true of sediments i n the 

Tees Basin. 

In summary, a si m i l a r s i t u a t i o n e x i s t s , as with other 

properties, whereby source material and sorting agent are 

a l t e r n a t e l y favoured as the c o n t r o l l i n g agent i n heavy mineral 

concentration. I t i s perhaps s i g n i f i c a n t t o note the recent 

success of s e t t l i n g v e l o c i t i e s as a means of distinguishing 

between two environments. I t i s f e l t t h a t t h i s technique i s 

simply a refinement of heavy mineral content and i n the present 

study heavy mineral separations are completed from the d i f f e r e n t 

size f r a c t i o n s to demonstrate and t e s t t h e i r value as a means of 

recognising a depositional environment. 

P a r t i c l e Composition 

A detailed mineralogy of a sample may indicate 

provenance but i s more l i k e l y t o r e f l e c t source material. Both 

microscopic and macroscopic examinations were completed t o 

determine whether sorting agents could produce mineralogical 

differences, given si m i l a r source material. Not a l l minerals 

were i d e n t i f i e d , especially as the deposits were predominantly 

sand size and contained a high percentage of rock fragments. 

Thus, the following categories were used: 



Sandstone 

Limestone 

Quartz 

Mica 

Heavy minerals (as a group) 

Coal 

Igneous and metamorphic rock fragments 

Shell fragments 

Beaumont (1967) noticed that the r a t i o of rock-

fragments t o mineral grains frequently explained the shape of 

boulder clay p a r t i c l e size curves. This same r a t i o may prove 

useful as an environmental i n d i c a t o r . Results are presented i n 

grains per thousand and comparisons made betv/een known environments. 

F a r t i c l e Orientation 

Orientation studies may be applied t o gravel, sand and 

clay p a r t i c l e s . I n the current work only gravel o r i e n t a t i o n was 

attempted as i t was not necessary t o discover the o r i e n t a t i o n of 

clay p a r t i c l e s and not possible t o examine that of unconsolidated 

sands. Potter and Pett i j o h n (1963) summarise the technique f o r 

gravel o r i e n t a t i o n , 

(1) The long axes of at least 100 pebbles must be 

analysed. 

(2) These may be taken from a horizontal or v e r t i c a l 

section. 

(3) The results may be presented on polar graph paper. 
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In previous v/ork the choice of a v e r t i c a l or horizontal 

section has not received a great deal of a t t e n t i o n . Kirby (1967) 

chose a horizontal section w h i l s t Beaumont (op. c i t . ) chose a 

v e r t i c a l section. From the present study i t was demonstrated 

that the o r i e n t a t i o n f a b r i c altered as successive layers were 

deposited. This was p a r t i c u l a r l y true of f l u v i o - g l a c i a l 

deposits which were l a i d down i n a braid ed, d e l t a i c environment. 

For t h i s reason a horizontal section was preferred. 

Sedimentary Structures 

Sedimentary structures have been described i n the 

l i t e r a t u r e at considerable length. Recent works of note include 

those of Middleton (1965), Bagnold (1954), and McKee (1966), 

Van Straaten (1954, 1964), Krumbein (1956), and Potter and 

Pettijohn (1963). These workers deal respectively with f l u v i a l , 

aeolian, d e l t a i c , t i d a l mud f l a t s , and beach environments. 

Included under the general heading of structures are: 

r i p p l e s , cross-bedding, laminations, and f o l d s ; and two approaches 

to t h e i r i d e n t i f i c a t i o n may be recognised. In the f i r s t , 

d i f f e r e n t structures are noted i n recent sediments of known 

o r i g i n . In the second, t h i s c l a s s i f i c a t o r y approach i s foresaken 

i n favour of a genetic one, which attempts to understand the 

dynamics of structure formation. Middleton (1965, op. c i t . ) 

suiimarised progress i n these two f i e l d s as: "encouraging, but of 

continual disappointment t o geologists who seek clear cut answers 

to the problems of environmental i n t e r p r e t a t i o n . " The absence 
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of flumes and back up f a c i l i t i e s resulted i n the f i r s t method 

being used. Emphasis was placed on s t r u c t u r a l assemblages as 

the possible key t o environmental i n t e r p r e t a t i o n , rather than 

i n d i v i d u a l structures. 

Other Approaches 

Other methods f o r recognising a depositional environment 

have been attempted with varying success. Pratt (1962, 

unpublished Ph.D. thesis, University of Southern C a l i f o r n i a ) 

studied the o r i g i n and d i s t r i b u t i o n of glauconite and confirmed 

the b e l i e f t h a t t h i s mineral i s formed only under marine 

conditions and i s very unstable once exposed t o the a i r . I f one 

was to analyse the clay mineral content of a sediment and discover 

no n - d e t r i t a l glauconite, a marine o r i g i n may be assumed. 

Link (1967) recognised three depositional environments 

- - d e l t a i c , mid-bay, and bay m a r g i n a l — i n northern Port P h i l l i p 

Bay, V i c t o r i a , Australia. The environments were recognised by 

depth, sediment structures, carbonate and organic content, l i g h t 

and heavy mineral content, geochemistry, and faunal content. For 

example, the d e l t a i c environment was characterised by 4$ sand, 

55% s i l t , 41$ clay, t h i n laminations, abundance of plant 

fragments, and very low carbonate content. 

By comparison the mid-bay environment contained a much 

higher carbonate and organic content and the bay marginal a much 
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higher sand content. The essential value of the Link approach 

i s not i t s obvious success, but rather i t s composite nature. One 

must draw on a wide v a r i e t y of characteristics to support any 

proposed environmental zonation. This work by Link ( i b i d . ) 

serves to emphasise not only the value of a composite approach 

but also t o stress the need f o r a similar approach i n the present 

study. 

Summary 

I t i s u n i v e r s a l l y true that no technique f o r the 

recognition of depositional environments has yet proved 

s u f f i c i e n t l y sensitive t o succeed i n t h i s task. This lack of 

success has arisen despite a sound understanding of hydrodynamic 

pr i n c i p l e s and may be explained either by a lack of understanding 

of the sorting agents, or by attempts t o f i n d a u n i v e r s a l l y 

acceptable approach rather than one which i s regionally acceptable. 

One may suggest t h a t four c r i t i c a l factors control 

the success of environmental determination. F i r s t and foremost 

one must recognise that the nature and a v a i l a b i l i t y of source 

material i s of f a r greater significance than any amount of 

sorting. Secondly, the sample i s the key to f u r t h e r analysis. 

Thirdly, the processing methods must be as sensitive as possible, 

and, f o u r t h l y , that only the most refined s t a t i s t i c a l and computer 

analyses should be used on the processed data. 

Of these four, processing and analysis have already 

been discussed i n d e t a i l , and sampling theory i s discussed i n the 
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This leaves source material as the possible key t o an 

understanding of environmental sorting. 

The Lower Tees Basin provides an excellent study area 

as source material i s sensibly r e s t r i c t e d to material available 

w i t h i n the watershed and i n the immediate offshore environment. 

Comparative surveys have been completed i n areas of diverse 

source material, to prove the need f o r a control on source 

material. Thus, t h i s survey of previous work has provided the 

present study w i t h the following aims. These i n t u r n provide a 

key to future chapters. 

(1) The r e s t r i c t i o n of environmental comparisons to a 

zone of common source material 

(2) The need f o r representative samples 

(3) The need f o r accurate processing techniques 

(4) The need f o r highly sophisticated a n a l y t i c a l techniques 
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CHAPTER 7 

A DISCUSSION OF SAMPLING PROCEDURES AND THEIR INTERPRETATION 

Introduction 

An examination of previous work In environmental sedimentology 

demonstrates a lack of concern for representative sampling* I t goes 

without saying that, i n any subject, analyses and resulting inter 

pretations depend upon the original sample for their validity* Even 

the most sensitive and sophisticated processing methods, or s t a t i s t i c a l 

techniques, w i l l inherit the shortcomings of an inadequate sample* 

Thus, this present study examines the following aspects of sampling 

theory in an attempt to obtain more meaningful results i n the f i e l d 

of environmental sedimentology* 

A* Previous work 

B, ( i ) The number of samples required to obtain meaningful 

results 

(11) The positioning of these samples 

( i l l ) The size of the individual sample 

( i v ) The nature or shape of the individual sample; e.g., 

channel, or sedimentation unit 

(v) When the sample Bhould be collected 

C. The choice of sampling plans 

D. The particular problems of sampling offshore 

E, The Interpretation of results 



Previous Work 

This discussion i s limited to works pertaining to sediment 

sampling and concentrates on beach sampling because of i t 8 greater 

relevance to the present study. 

As early as 1937 Tho;.pson demonstrated that the grain size 

distribution of a sample of beach sand which contained a mixture of 

several laminae was distinctly different from the grain size 

distribution when the laminae wore sampled individually. Both Otto 

(193^) and Apfol (193C) supported stratified sampling of layered 

deposits; Apfol used the term "phase," Otto, the term "sedimentation 

unit." Emery and Stevenson (1950) similarly provided evidence which 

Bupported Thompson's conclusions that individual laminae give resultB 

which may be much coarser or finer than the median diameter for the 

entire sand sample, or a spot sample from the same location. 

Krumbein (1953* 1956) produced a series of works devoted to the 

problems of sampling a geological population and the influence of 

these works may be judged from the following discussion. 

Krumbein (1953) argued successfully that the sampling of 

beach sand involved far more than the merits of a scoop sample versus 

a sedimentation unit sample. I t was demonstrated that the size, 

depth of penetration, spacing, and time of year, would a l l c r i t i c a l l y 

affect the eventual result. Work completed on the beacheB of Lake 

Michigan suggested that a beach may be divided into zones, which 



parallel the shoreline, v/ith each zone displaying certain population 
characteristics. The results of t h i s work are tabulated belowi 

(1) Choice of sampling plan 
Zone boundaries may be located by sample traverses at 

right angles to the beach. Once delineated, a s t r a t i f i e d random 
design ensures equal coverage of the zones. Alternatively a 
regimented grid network may be used* An entirely random approach 
could result i n a failure to sample a l l zones* 

(2) Sample spacing 
ThiB should be controlled i n part by the size of the beach 

i n question, and i n part by the purpose of the survey* For example, 
a study of mean particle size would involve samples from a wide area, 
whilst a study of inter-zonal differences would demand a more r i g i d 
control* 

(3) Size of sample 
Once the sample location was chosen Krumbein (Ibid.) 

proved that i t was more eff i c i e n t to collect four small samples from 
each point rather than one larger sample. 

(A) Depth of sample 
Sample penetration i s also controlled by the purpose of 

the study. For example, an analysis of seasonal energy variations 
would demand a series of single lamina samples from each location* 
A study of present conditions would involve a surface skim sample. 
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and a study of mean particle size would require a sample of as many 
layers as possible. 

In brief, Krunbein's (Ibid.) work brings to l i g h t some of 
the problems of sampling geological data and certainly makes the 
complexity of the situation more apparent. 

Krumbein and Slack (1956) published a detailed study of 
sampling efficiency on beaches. Their work was organised with one 
or more of three objectives i n minds 

(a) To estimate the mean particle size of the beach 
(b) To estimate the v a r i a b i l i t y of deposits with lo c a l i t y and 

season 
(c) To estimate systematic changes from one l o c a l i t y to another 

The second objective may be equated with the purpose of 
t h i s present study and the eight suggested sampling approaches are 
assessed with t h i s purpose i n mind. 

(1) Simple random sampling 
(2) Stratified random sampling 
(3) Cluster sampling 
(4) Multi level "nested" sampling 
(5) Systematic sampling 
(6) Random i n cells 
(7) Purposive selection 
(8) llixed designs 



Before comparing tho3e plans one should remember that In 
most instances one has to make a practical compromise between coats, 
time, and the desired degree of r e l i a b i l i t y . 

Of the eight approaches i t was observed that s t r a t i f i e d 
random sampling was 80£ more ef f i c i e n t than either random or purposive 
selection with cluster sampling least e f f i c i e n t at 53% below purposive 
selection* I t was further observed that sampling for v a r i a b i l i t y 
estimates i s commonly a function of sample spacing. The results 
suggest that cluster or multi level samples are most effective on 
th i s task, providing at least ten different clusters or sanqplinft 
units are involved. (See Figs. 4#, 42, 43) 

One may summarise that this work proved extremely valuable 
when setting up a sampling design for the present study, although 
some minor modifications were made after i n i t i a l testing. 

Although Krumbein (1953* op. c i t . ) was clearly aware of 
the various sampling problems, he tended to concentrate on the 
location of samples, rather than the character of the individual 
sample. I t i s interesting to note that his individual samples weighed 
approximately 500 grams, whilst those taken by McIntyre (1959) 

weighed only 15 grams. This vast difference i n sample size has led 
to much speculation and caused G r i f f i t h s (1967) to observe that "no 
satisfactory d e f i n i t i o n of the size and shape of the primary sampling 
unit has yet been offerred." Kost recently, Gees (1969) attempted 
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to overcome the practical problems of obtaining a large sample from 
a single ound lamina. A special frame and pan was designed to 
f a c i l i t a t e the collection of a 1,000-gram sample. One must conclude 
that a larger sample w i l l represent a population more effectively 
than a lesser one (Cochran, Hosteller, Tukey, 1954). The following 
l i s t incorporates some of the problems which prevent the acquisition 
of a reliable sample, 

(1) A s t r a t i f i e d random sampling plan which USOB cluster samples 
at each point should provide the most efficient measure 
of "within" environment v a r i a b i l i t y * 

(2) There i s no satisfactory size for an individual sample 
although a larger sample must naturally be more representative 
than a leaser one, provided i t i s from the same population* 

(3) The t o t a l number of samples i s controlled by cost, tdjne, 
and the size of the study area. Again, no definite ruling 
has been formulated regarding the minimum number required 
fo r the results to be s t a t i s t i c a l l y significant* 

(4) The nature of the sample varies according to i t s purpose* 
The most frequently used" types include the channel sample, 
which incorporates several laminae to obtain an overall 
picture of the sediment character, and the sedimentation 
unit which i s restricted to single laminae to record 
"inter-laminar" v a r i a b i l i t y * 
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(5) In an active environment seasonal differences i n current 
energies can influence the nature of a sample* Samples 
should be taken, therefore, frcta laminae or units l a i d down 
under similar conditions* I f this io not dono then comparisons 
may be invalid* 
Although these conclusions do provide some guidelines, i t 

i s interesting to note how the various workers, who studied environ
mental sedimentology, chose their samples* 

Sevon (1965, op* c i t . ) selected beach samples "from somewhere 
near the mid-tide mark, dune sands from near the crests of dunes, 
and r i v e r sands from convenient l o c a l i t i e s within the boundaries of 
the environment*" This approach, to perhaps the most important aspect 
of environmental study, i s unlikely to produce significant results, 
especially i n view of the conclusions drawn by Krumbein (1953> 

op* c i t . ) , Harris (1959* op. c i t . ) , and Kiddleton (1965, op. c i t . ) 
on the environmental zonations which occur under beach, dune, and 
f l u v i a l conditions respectively. 

Chappoll (1967, op. c i t . ) , i n his study of Hew Zealand 
deposits, does not refer to the sample locations, but does acknowledge 
that each sample was sp l i t into four to reduce standard experimental 
error. Similarly, Moiola and Vfeiser (1968, op. c i t . ) refrain from 
describing the i r choice of sampling plan or nature of the sample• 
Klovan and Solohub (1970, op* c i t . ) , who are, at present, best 
versed i n the analysis of particle size data, also f a i l to recognise 
the importance of the original sample. 
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The number of samples chosen also varies* Sevon ( 1 9 6 5 , 

op. c i t . ) took 174 from three environments, beach, dune, and rive r , 
whilst Hoiola and Weiser (op. c i t . ) took 120 , and Krumbein (op. c i t . ) 
took 125* I t would appear that the number of samples has been given 
very l i t t l e attention. One i s faced, therefore, with a situation of 
almost unparalleled seriousness. The key works on environmental 
differentiation frequently f a i l to consider the most important aspect 
of their study, the original sample. I t i s no wonder that results 
to date have proved inconclusive. 

Other specific cases include Hails ( 1 9 6 7 ) whose 1 ,500 

samples came largely from borehole samples (a borehole sample outs 
across several laminae and is unlikely to produce results which 
represent the depositional environment as the population may be 
po!ygenetic)j and Solohub ( 1967) who completed what i s probably the 
most comprehensive survey of analytical techniques applicable to 
the study of depositional environments. In the l a t t e r example very 
few sampling controls were used. The samples were collected purpbsively 
rather than randomly, and l i t t l e or no attention was given to the 
nature or BIZO of the individual sample. Thus, many problems 
remain unsolved and beforo the present study was begun a series of 
tests were run to determine the most suitable sampling approach. 
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Sampling Approaches Adapted for the Present Study 

The purposes of the present study include: 
(1) The analysis of present day sedimentary environments to 

determine t h e i r characteristics, 
(2) To identify late pleistocene and early holocene environments 

on the premise that the present is the key to the past* 
In the following discussion i t i s demonstrated that no 

simple formula could be used to sample a l l deposits* 
Present Day Beach, 
A test area, 300* x the distance from High Water Mark to 

Low v&ter Mark, was randomly chosen i n the Tees Bay, and analysed 
to discover which sampling approach gave the best indication of 
environmental characteristics* I t was unnecessary to repeat Krumbein 
and Slack's (1956, op* c i t . ) detailed study of sampling plans and 
thus a s t r a t i f i e d random plan was used, with surface skim samples. 
The l a t t e r were taken to ensure a result i n close harmony with present 
conditions. The major problem, therefore, centred on the number and 
size of the individual samples (see Fig* ££). Sampling theory 
demonstrates conclusively that a greater number of large samples i s 
considerably more eff i c i e n t than fewer, small, samples (Cochran, 
Hosteller, Tukey, 1954, op. c i t * ) * The following samples were taken 
primarily to determine what effect different numbers would have on 
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the results and demonstrates that larger number of samples did not 
necessarily provide the most accurate assessment of the population 
extremes. 

I n i t i a l l y , fifteen samples were taken, each weighing 
approximately 500 grams. These samples were r i f f l e d down to 100 

grains before sieving as the excessive amounts of fine sand i n a 
large sample frequently blocked the finer mesh sieves. For comparison, 
cluster samples were taken from each sampling point, with each sample 
again r i f f l e d down to 100 gram3 before sieving. 

TABLE SHOWING RESULTS OF SAMPLING TESTS ON REDCAR BEACH 

fS mean sf st. dev. xf'ekew jt kurtosis 
Max. Mean Kin. Max. Mean Iiln, i Max. Mean Min. Max. Mean Min. 

15 samples 2.38 2.29 2.20 0.63 0.49 0.36 -0.51 -0.38 -0.25 3.04 2.42 1.80 

30 cluster 
samples 2.49 2.36 2.23 0.59 0.45 0.32 -0.47 -0.33 -0.19 3.02 2.29 1.57 

60 cluster 2.47 2.35 2.23 0.61 0.47 0.33 -0.49 -0.33 -0.18 3.04 2.37 1.71 

120 cluster 2.53 2.37 2.21 0.62 0.47 0.32 -0.57 -0.39 -0.21 3.03 2.29 1.56 

Although a larger number of samples w i l l give a closer 
approximation to the mean (Krumbein, 1953)* the above table suggests 
that whon variation from the mean value i s required the 30 samples 
are almost as effective as the 120 sample plan. This result may 
reflect the restricted sample area but does at least indicate that 
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30 samples would appear to be representative of the population. 
Similarly, Table 151 owjgests that 100-gram samples are as 

effective as 500-gram samples and i t would appear to be unnecessary 
to take a sample larger than 100 grams for the present study. 

TABLE TEST OF VARYING SAMPLE SIZE 

Sample Size j/mean st . dev. ff skew ft kurtosls 
Max. Fin, Max. Nin. Max. Kin. Max. Min. 

12x 50 grams 2.51 2.30 0.72 0.41 -0.49 -0.21 3.04 2.01 
12x100 grams 2.48 2.25 0.63 0.34 -0.52 -0.24 3.01 1.5 
12x500 grams 2.49 2.26 0.64 0.32 -0.51 -0.20 3.01 1.56 

One should note that the original 500-gram sample was 
r i f f l e d to 5x100 grano to prevent the finer sieves from becoming 
choked. In consequence, each 500-gran sample was composed of fi v e 
separate sieve analyses. 

Present Day Dune Belt 
The windward and leeward sides of the dune belt were 

treated as separate environments, as a result of studies by Udden 
(1898, op. c i t . ) , Harris (1959, op. c i t . ) , and McKee (1966, op. c i t . ) 
Only the windward side of the coastal dune belt could be analysed 
as the leeward side was either modified by man or obscured as a 
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number of samples again gives best results and one must conclude 
that the minimum number of samples chosen should be decided by the 
v a r i a b i l i t y of the deposit. Once the v a r i a b i l i t y between samples 
becomes sensibly constant one has reached the optimum number* 
Table353 demonstrates that the size of a dune sample between the 
extremes of 50 and 500 grams does not greatly Influence the results. 
This was only the case when surface skim samples were taken i n 
preference to spot samples, and most probably reflects the more 
consistent nature of wind energy. I t was further noted that the 
deposit was sufficiently consistent t o enable 12 samples to give as 
adequate results as 120* 

TABLE RECORDING THE RESULTS OF SAMPLING TESTS OH DUNE SAND (CRIMDON) 

d mean st. dev. ff skew p kurtosls 
Max., Mean Mln. Max. Mean Mln. Max.. Mean Mln., Max., Mean Min. 

12 samples 2.19 2.05 1.S9 0.36 0.33 0.315 0.23 +0.09 -0.04 0.98 0.95 0.84 
30 cluster 

samples 2.21 2.09 1.91 0.34 0.33 0.31 0*24 40.09 +0.01 0.99 0.96 0.85 
60 cluster 

samples 2.18 2.03 1.80 0.34 0.33 0.31 0.28 +0*12 +0*03 0.98 0.95 0*85 
120 cluster 

Bamples 2.22 2.04 1.82 0*33 0.31 0.27 0.21 +0.08 -0.02 0.99 0.95 0.83 
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TABLE RECORDING THE INFLUENCE OF VARYING SAMPLE SIZE 

ON THE ANALYSIS OF DUNE SANDS 

jd[ mean, 4 ot. dev, sf skew kurtosis 

Hln. Max. ran. Max. Kin. Max. Hln. 

12x 50 grama 2.13 1.80 0.34 0.31 40.10 40.01 0.99 0.87 
12x100 grams 2.20 1.87 0.33 0.31 40.08 -0.02 0.985 0.85 
12x500 grams 2.22 1.81 0.34 0.31 f>.09 0.00 0.99 0.85 

From Table 153» one may observe that the dune sand proved 

more consistent i n i t s grain size distribution although the beach 

sands gave higher kurtosis values. 

Samples of wind-blown sand were collected from the surface 

of the beach to confirm that differential sorting took place. The 

sampling device consisted of a 10" high by 2" wide frame covered i n 

polythene on a l l sides, leaving a 2"xl0" aperture at the front. This 

streamlined form minimised wind eddy and was used to collect suspended 

material e A j a r 2" i n diameter was sunk into the surface of the 

beach and used to collect material which was rolled or jumped along 

the surface. These two fractions were combined, analysed for particle 

size, and then compared with surface skim samples, which were taken 

varying distances i n front of the sampler. 



CR3MD0N DUMB AMD BEACH 

Wind Blown Sample (One Sample) Beach Skim (Mean of 3 Samples) 
flf mean if st.dev. d skew kurtosle d mean 4 st.dev. ff skew d kurtosls 

2.14 0.34 0.02 0.92 1.61 0.39 0.13 1.56 

These results prove not only that wind does selectively 
sort the beach Band, but also that wind-sorted deposits possess a 
finer mean, less skew and a lower kurtosis value. In summary, i t 
would appear that wind-blown deposits are sufficiently consistent 
that twelve samples gave representative results. 

Present Day River 
This t h i r d of the major onshore environments created more 

problems as samples should be taken across the width of the channel, 
to be f u l l y effective. In shallow water I t was f a i r l y easy to obtain 
surface skim samples from the river bed. In deeper water, particularly 
where the current was fast flowing, i t was necessary to resort to 
underwater diving, from a boat, and using the anchor ropo to maintain 
position whilst the sample was taken. Some extremely interesting 
results were obtained and these are recorded i n table |55, Per hapB most 
significant io the observed effect of clanging current flow. 

In flood conditions, the grain size frequency was coarser 
but maintained a similar sorting pattern about the mean as did the 
finer deposit associated with normal flow. In several instances i n 
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the Tees and i n the tributaries, samples exhibited identical sorting 

but a very variable mean size depending on current exposure rather 

than source material (see Chapter 8). 

TABLE SHOWING RESULTS OF RIVER SAMPLING1 

s6 mean fl'st. dev. d Bkew jf kurtosis 

Max. Mean Min. Max. Mean Hin. Max. Mean Mln. Max, Mean Mln. 

40 samples 2.12 1.32 0.85 1.45 1.2 0.73 -0.17 -0.11 -0.33 1.53 1.3 1.15 

TheBe results support Krumbein's (1953* op. c i t . ) contention 

that i t i s c r i t i c a l to sample the extreme range of environmental 

conditions. River samples contained a wider range of grain sizes 

than either beach or dune environments. This fact i s most probably 

explained by the much greater range of current flow i n the river 

channel. In summary, a s t r a t i f i e d random sampling plan proved most 

successful provided that at each point samples were taken across the 

f u l l width of the channel (see Fig. 63 )• (Chapter 8) 

1 Only one set of samples was taken because of the sampling d i f f i c u l t i e s . 
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Lacustrine Shore and Hearshore 
The possible presence of a late glacial lake i n the Tees 

Basin makes i t imperative that a present-day water body should be 
examined to determine the environmental characteristics of lake 
shore and nearshore deposits. A major problem arose i n thiB instance 
as there i s no large fresh water body i n the Tees Basin. I t was not 
feasible to analyse samples from outside the Tees as there i s no 
guarantee that source material i s similar. Work by Krunbein and 
Slack (1956. op. c i t . ) suggested that marine and fresh water beach 
and nearshore deposits possessed essentially similar sorting 
characteristics with the exception of the surf zone on the oceanic 
coast l i n e . 

TABLE SHOWING RESULTS OF LACUSTRINE-MARINE COMPARISON 

ft mean ft st. dev. tf skew p( kurtosis 
Max. Mean Mln. Max. Mean Mln. Hax^ Mean Min. Max,. Mean Mln. 

12 marine 
shore samples 1.87 1.63 1.48 0.66 0.53 0.49 -0.14 -0.05 +0.03 1.24 1.11 1.01 

12 marine 
nearshore samples 1.87 1.54 1.23 0.67 0.51 0.43 -0.49 -0.2 40.06 1.67 1.32 1.11 

12 lacustrine 
shore samples 2.34 2.2 1.91 0.73 0.51 0.29 -0.04 0.02 40.07 1.24 1.13 1.07 

12 lacustrine 
nearshore samples 2.30 2.25 1.98 1.03 0.62 0.32 -0.09 0.01 40.1 1.22 1.12 1.06 
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In an attemptfcto test t h i s conclusion and to overcome the 
problem i n the Tees the sea coast and a loch shore sand were compared 
on the north-west coast of Scotland. This region was selected as 
the present author was familiar with the local source material and 
hard rock geology. Table 156 shows the results of the analyses and 
i t would appear that Krumlein and Slack ( I b i d , , 3op. c i t . ) are 
correct. The lake deposits show greater consistency. This one would 
expect as the sorting i s controlled by wave action and would not 
possess the fetch of the Atlantic winds. Perhaps more significant 
i s the positive skew of the fresh water deposits as compared with the 
negative skew of the marine deposits. This difference i s discussed 
i n the section on interpretation, which follows the discussion of 
offshore sampling. 

Offshore Deposits 
The collection of offshore samples with similar precision 

to those onshore caused some concern. A variety of samplers were 
tested but none procured an acceptable sample• The various grabs 
collected spot samples, which were less l i k e l y to portray environmental 
characteristics than a surface sldm sample. The dredges bounced 
along the bottom i f i n s u f f i c i e n t l y weighted and could not be l i f t e d i f 
excessively weighted. Core samplers disturb an unconsolidated sand 
and i n the Tees Bay failed to obtain a single sample. The results 
of these tests are recorded i n Table 158. The considerable degree of 



158 

variation, and obvious sifting of fines from both dredge and grab 

samples led to the author learning, f i r s t , to swim, and secondly, 

to use an aqualung. The only problem experienced using this 

technique was the author's fjonuine fear of water. In a l l , over 

thirteen weeks of training ensued before any samples were collected. 

TADLE SHOWING THE RESULTS OF ANALYSES ON OFFSHORE SAMPLES 

Grnb^ Dredge, and Core Samples 

o mean o s t . dev. o skew p kurtosis 

Max., Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean Min. 

5 samples GRAB 3.52 2.81 1.0 1.93 1.29 0.91 -0.47 -0.23 -0.09 2.97 1.91 1.32 

5 samples DREDGE 3.41 2.73 1.12 1.84 1.12 0.87 -0.51 -0.26 -0.11 2.89 1.87 1.08 

CORE - - - - - - • - - - - -

140 samples SCUBA 3.2 2.08 1.06 1.55 0.65 0.30 -0.48 -0.16 -0.18 2.7 1.33 0.68 

This time loss was compensated for by eliminating test samples and 

using a Btratified random plan with 20 to 30 cluster samples from 

each point. 

Table 158 shows the resultB of the aqualung samples. 

Despite the greater number of samples "involved the mechanical samples 

gave a much coarser mean size which was only explained when S.C.U.B.A. 

divers observed the sifting which takes place whilst the sample 

i s being hauled to the surface. The faults of the grabs and dredges 
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were p a r t i c u l a r l y obvious when watched by S.C.U.D.A. divers. One 

should, i n f a c t , be extremely c a r e f u l when Interpreting samples 

obtained by such means and the r e s u l t s obtained i n t h i s present study 

must place i n question the works of Udden (1914, op. c i t . ) and 

Robinson (1968). Both workers used mechanical samples f o r 

environmental studies. 

Summary and Interpretation of Results 

The e f f i c i e n c y of moment measures aB a means of separating 

depositional environments may be assessed from the following table 

which shows the percentage overlap of values. 

TABLE SHOWING PERCENTAGE OVERLAP OP STATISTICAL VALUES 

jg mean sSt st., dev. f f skew ef kurtosls 

Beach over dune 
Dune over beach 
Beaoh over r i v e r 
River over beach 

0 
0 

15 
100 
98 
24 
50 
84 
19 

100 

5 
6 

44 
33 
0 
0 

25 
100 

0 
0 

58 

0 
46 
77 

100 
46 
53 
70 
33 
68 

0 
0 

0 0 
0 
0 
0 

56 
78 
0 
0 

19 

Beach over offshore 
Offshore over beach 
River over dune 
Dune over r i v e r 
River over offshore 
Offshore over r i v e r 
Dune over offshore 
Offshore over dune 

100 
5 

66 

100 
79 

100 
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A low value indicates greater success as a means of 

d i f f e r e n t i a t i n g between two environments. I t would appear that a l l 

values may be successful i n some instances. This would seem to 

confirm that a uniform source material i s needed before separa

tion becomes successful. However, i n Chapter 8 the f u l l survoy 

of the Tees present day environments does not achieve the high 

l e v e l of separation obtained i n t h i s sample survey. One must 

assume, therefore, that only i n a very r e s t r i c t e d area can moment 

measures suc c e s s f u l l y d i f f e r e n t i a t e between environments. 

At t h i s stage, one i s able to consider the significance 

of these r e s u l t s i n terms of the individual p a r t i c l e s i z e curve. 

F i g s . 46 and 47 portray the mean and extreme curves for each 

environment and one may observe that each has a d i s t i n c t i v e shape. 

I n Chapter 6 i t was suggested that moment measures are an i n e f f i c i e n t 

means of analysing the c h a r a c t e r i s t i c s of these shapes and i t would 

appear that very l i t t l e work has been completed on the explanation 

of a curve. 

Beaumont (1967, op. c i t . ) did notice a consistent break 

i n the p a r t i c l e s i z e d i s t r i b u t i o n of a boulder clay. This break 

was equated with the t r a n s i t i o n from rock fragments to single mineral 

grains. I f one considers Ruhkin's statement (1937) that sorting 
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agents respond to density differences more than s i z e t h i s can have 

a major e f f e c t upon the resultant p a r t i c l e s i z e curve. For example, 

i t i s generally considered that beach sanda are negatively skewed. 

The current survey suggests that offshore sands are also negatively 

6kewed. In each case t h i s negative skew i s not so much r e f l e c t i o n 

of wave action, i t i s rather a treasure of the a v a i l a b i l i t y of s h e l l 

and organic fragments. I n a s i m i l a r way samples i n any environment, 

which contain a high coal content, possess a negative skew. 

This means that a r i v e r sand with a high coal content may 

w e l l display a p a r t i c l e s i z e d i s t r i b u t i o n s i m i l a r t o e i t h e r a beach 

or offshore or even a dune sand which has an equally high s h e l l 

content. This statement agrees with the contention proposed i n 

Chapter 6, that i t i s the r e l a t i v e influence of source material and 

sorting which control a p a r t i c l e s i z e curve. Thus, i t would appear 

e s s e n t i a l that one should remove heavy minerals, c o a l , s h e l l fragments, 

or any mineral of extreme density i n order to t r u l y determine 

whether di f f e r e n t depositional agents produce c h a r a c t e r i s t i c a l l y 

sorted sands. 

I f the above hypothesis i s correct then the d i f f e r e n t i a t i o n 

between environments could be greatly s i m p l i f i e d i n a region of 

s i m i l a r source material. Cer t a i n l y there i s tentative evidence 

a v a i l a b l e to suggest that p a r t i c l e s i z e a n a l y s i s may be a measure of 

composition. 
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In b r i e f , the conclusions drawn i n t h i s chapter are as 

follows: 

(1) A s t r a t i f i e d random sampling plan w i l l provide the best 

measure of "within environment" v a r i a t i o n . 

(2) A c l u s t e r of 100-gram samples i s a more e f f i c i e n t means 

of eliminating sample errors than a single 500-gram 

sample• 

(3) Samples taken f o r environmental i d e n t i f i c a t i o n should be 

r e s t r i c t e d to single laminae as they would otherwise be 

composed of a polygenetic population which may r e f l e c t 

d i f f e r e n t current energies* 

(4) The number of samples needed to obtain a representative 

sample of a population depends on the area and v a r i a b i l i t y 

of the deposit. 

( 5 ) I t would appear th a t source material may control the 

p a r t i c l e s i z e c h a r a c t e r i s t i c s of a deposit* 

(6) Environmental comparisons may only be v a l i d when source 

material i s uniform throughout the sample region* 

(7) I t i s inadvisable to compare samples deposited a t d i f f e r e n t 

times of the year as current energies vary seasonally 

(see F i g . 4 s ) . 

(ft) A l l minerals and p a r t i c l e s of d i f f e r e n t d e n s i t i e s nay have 

to be eliminated from a p a r t i c l e s i z e a n a l y s i s * i f a true 

reading of sorting energy 1B required* 
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(9) The time fa c t o r seems more l i k e l y to l i m i t the number of 

samples from present day environments than any other single 

f a c t o r . The r e s u l t s i n t h i s chapter involved 27 days of 

laboratory work* 
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CHAPTER $ 

THE APPLICATION OF SEDB1EHTOLCGICAL TECHNIQUES TO 

DEPOSITIOIIAL EWPtONKKNTS OF KNOWN ORIGIN 

Introduction 

The section on sedlmentology has involved some apparent 

deviation from the c e n t r a l theme of sea l e v e l change* However, i f 

one hopes to recognise a displaced marine environment by i t s 

sedimentary c h a r a c t e r i s t i c s i t i s e s s e n t i a l to determine, p r e c i s e l y , 

what these c h a r a c t e r i s t i c s are. Equally Important, one must determine 

that the sedimentary character of other environments i s recognisahly 

d i f f e r e n t from a marine l i t t o r a l deposit. This chapter, then, i s 

o r i t i c a l to the t h e s i s aim! i f one cannot recognise d i f f e r e n t present 

day environments there i s l i t t l e hope of doing so f o r l a t e pleistocene 

environments which w i l l have undergone some post depositional 

a l t e r a t i o n . 

The chapter i s organized into f i v e sections, each dealing 

with one of the major present day environments: 

(1) L i t t o r a l 

(2) Aeolian 

(3) Offshore, Hearshore 

(4) F l u v i a l 

(5) Lacustrine 



In turn, each environment i s examined from seven d i f f e r e n t 

aspectsi 

(1) P a r t i c l e s i z e 

(2) % Heavy minerals 

(3) S h e l l content (grainaAOOO) 

U) Coal content (grains/1000) 

(5) % Rock fragments 

(6) Mica content (grain a/1000) 

(7) Surface texture ( l i g h t readings) 

L i t t o r a l Marine Sediments i n the Tees Basin 

The beaches of the Tees Bay are composed primarily of sand 

and cover an area from Hartlepool i n the north to Saltburn i n the 

south. Random number tables were used to seleot s i x sample areas 

( F i g . 4$ ) , and the samples from each area are discussed i n turn. 

(1) Orlmdon Peach (3 miles north of Hartlepool) NZ 495365 

Twelve major sampling points were seleoted on a 

s t r a t i f i e d random basis within a zone, bounded by High Water 

Mark, Low Water Hark, and 300 feet i n length. At each of 

these points twelve c l u s t e r samples were taken over an area 

10 feet i n radius. These c l u s t e r samples were used only 

as a check. A l l were skim samples t o ensure close harmony 

with present conditions and i n t o t a l 156 samples were 
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analysed. The r e s u l t s are based on the twelve major 

sampling points but each of the twelve samples was i n 

fa c t a composite a n a l y s i s of t h i r t e e n samples* (Fig.5£r) 

P a r t i c l e S i z e . 

Textural parameters indicate that the dominant zoning 

of the beach p a r a l l e l s the shore ( F i g * 51 This agrees 

with previous work by Krumbein (1953) and King (1965, 

op* c i t . ) * 

Heavy Minerals. 

The heavy mineral content appeared to increase inversely 

with grain s i z e * This trend may possibly be interpreted 

as the e f f e c t of wave action carrying away a l l but the 

denser fines* 

S h e l l Content* 

The e f f e c t of s h e l l fragments on the d i s t r i b u t i o n of 

the mean i s apparent from F i g . 51 , where a belt of coarser 

ma t e r i a l i s associated with a zone immediately se^jward of 

High Water Mark. 

Rock and Coal Fragments. 

Neither showed a trend which could be explained on 

environmental p r i n c i p l e s . 

Surface Texture* 

Quartz p a r t i c l e s displayed a f a i r degree of uniformity 

using the technique described i n Chapter 6* The high degree 

1 F i g . 51 and s i m i l a r diagrams for other B i t e s are e s s e n t i a l l y 
schematic* 
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of polish may be equated with the constant swash and 

backwash of wave action (see Table 173)•* 

P a r t i c l e Shape* 

Only mica and s h e l l fragments possessed a d i s t i n c t i v e 

"platy" shape. In both cases transportation i s e a s i e r . 

Mica Content. 

The mica content was minimal and no s i g n i f i c a n t 

conclusions could be drawn with reference to i t s d i s t r i b u t i o n . 

(2) Saltburn Beach ( F i g . 53) 

P a r t i c l e S i z e . 

The zoning of t e x t u r a l parameters demonstrated the 

influence of the Skelton beck. This was e s p e c i a l l y true of 

skewnesB, and to a l e s s e r extent, of k u r t o s i s , where the 

zones turned inland up the l e f t bank of the beok. 

Heavy Minerals. 

The d i s t r i b u t i o n of heavy minerals contrasts d i r e c t l y 

with the above values. I t v a r i e s i n v e r s e l y with i l z e , s h e l l , 

and rock fragment content. 

Rock Fragments and S h e l l Content. 

Rook fragment and s h e l l content were s i m i l a r l y influenced 

by beach contours. Both were concentrated i n the coarser 

sediment inmediately seaward of High Water Mark. 

Coal Content. 

The source area for coal i n the Tees Bay i s the c o a s t a l 

* Table3 are l i s t e d by page numbers0 
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c o l l i e r y waste t i p s at Easington and Horden to the North. 

Although Bone c o a l moves south with the longshore current, 

very l i t t l e reaches Saltburn. 

Surface Texture. 

The l i g h t s e n s i t i v e technique, which was described i n 

Chapter 6 produced r e s u l t s consistent with those on Crimdon 

Beach (Table.173). 

Mica Content. 

Mica a l s o ocourred infrequently and i t was not possible 

to discern any s i g n i f i c a n t trends. 

(3) Hartlepool Yacht Club Beach ( F i g . 5$) 

This small bay i s sheltered by rocky promontaries to 

both the north and south and may w e l l prove significantly-

d i f f e r e n t from the more exposed beaches i n the Toes Bay. 

Textural Parameters. 

Skewness provides the mo3t i n t e r e s t i n g pattern of the 

t e x t u r a l parameters, with maximum negative skew coinciding 

with a zone j u s t below High Water Mark. 

Heavy Minerals. 

The concentration of heavy minerals close to low t i d e 

compared favourably with r e s u l t s from the previous two s i t e s . 

S h e l l Content. 

The 8he11 content, s i m i l a r l y , was highest i n the zone 

immediately below High Water Mark. 
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Rock Fragments and Coal Content, 

No meaningful trend resulted from a plot of rock 

fragments but coal content showed a concentration i n the 

same region as negative skew. 

Surface Texture. 

A s i m i l a r l i g h t reading to Saltburn and Crirolon seems 

to support a f a i r l y constant polish on beach sands (Table 17JL 

(4) Marako Beach ( F i g . 54) 

Marske l i e s between Redcar and Saltburn and possesses 

one of the more exposed beaches south of the estuary. The 

beach i s backed by a low break of slope composed of boulder 

cl a y . This deposit '-as been eroded i n places and may, 

therefore, have contributed to the beach sediment. 

Textural Parameters. 

The o* mean, standard deviation, skewness, and kur t o s i s 

a l l show zoning p a r a l l e l with the shore. This trend i s 

e s p e c i a l l y noticeable with ekewness which v a r i e s Trom 

-0.394 near H.W.M. to 40.054 close t o L.W.M. 

S h e l l Content and Heavy Minerals. 

Values for 3 h e l l content and skewness again appear to 

be r e l a t e d with the highest s h e l l content corresponding with 

negative skew. Heavy minerals demonstrate an opposite 

trend, and increase seawards. 
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Reck Fragments* Coal and I-Iica. 

A l l threo proved i n s i g n i f i c a n t a s a means of 

environmental recognition (Tables 101 and 183)* 

Surface Texture* 

The p o l i s h exhibited by quartz grains was again 

comparable with other beach s i t e s (Table 173% 

(5) Redcar Beach ( F i g . 5-5) 

The northern sector of t h i s beach was created a r t i f i c i a l l y 

i n the l a t e 19th and e a r l y 20th centuries, by the construction 

of the South Gare Breakwater. Prior to that date the Tees 

estuary eccfcended to Redcar. The present beach i s w e l l 

exposed i n a l l but i t s southern extremity which i s protected 

by a rocky outcrop which may be a wave cut platform* 

Textural Parameters* 

A l l four parameters show p a r a l l e l zonations more 

c l e a r l y than the other s i t e s * This zonation i s p a r t i c u l a r l y 

noticeable with skewness which v a r i e s from -0*454 to -O.20* 

This trend may be correlated with an abnormally high s h e l l 

content (for the Tees)—200 to 400/LOOO p a r t i c l e s * 

Coal Content and Heavy Minerals. 

Coal content p a r a l l e l s the d i s t r i b u t i o n of s h e l l 

fragments w h i l s t heavy minerals again provide the opposite 

trend, with maximum concentrations i n the f i n e r sediments 
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closer to Low Water Hark, 

Rock Fragments and Mica* 

These p a r t i c l e s constitute so small a f r a c t i o n t h a t , 

l i k e mica, they produce no s i g n i f i c a n t trend. 

Surface Texture. 

The p o l i s h of quartz grains i 3 so consistent that one 

can suggest that surface texture may provide a key to 

environmental character. Tables 173 and 174 demonstrate 

that a l l f i v e s i t e s examined so f a r show l i t t l e v a r i a t i o n . 

(6) Seaton Carew Boach ( F i g . % ) 

The e f f e c t of increasing pollution may be observed on 

the beaches north of the presont estuary. Seaton Cai-ow i s 

one such area and the s h e l l content of the beach 3ediment 

i s only U0% that of the previous s i t e . 

Textural Parameters. 

P a r a l l e l zonation i s poorly defined on t h i s boach. 

Onlor kurtoaia shows a gradation from higher valuta at H.'J.M. 

to lower value3 at L.V7.M. 

Hock Fragments, Heavy Minerals, Coal, and Mica. 

Of the above,heavy minerals and rock fragments f a l l 

to exhibit any marked trend p a r a l l e l to high and low water 

marks. Coal valueo, although low, do appear to bo s i m i l a r 



to ths d i s t r i b u t i o n of s h e l l fragments. 

S h e l l Fragincnts* 

I n contrast to the above properties* s l i e l l content 

c l e a r l y r^.phasisss the p a r a l l e l aonationa observed i n 

previous s i t e s . A narked concentration (150/LOOO) towards 

K.W.M. i s reduced to (9C/L000) at L.'i.M. 

Surface Texture* 

Again a high degree of p o l i s h gave s i m i l a r l i g h t 

r e a d i n g t c the other beach 3 i t e s . 

The Significance and Interpretation of Beach Analyses 

The value of the previously described analyses may be 

assessed from the following tables* Their f u l l impetus w i l l not emerge, 

however, u n t i l the r e s u l t s can be compared with those from other 

environments* 
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SUMMARY TABLE OF TEXTURAL PARAMETERS FROM BEACH ANALYSES 

6 Mean 6 at.dev. 0 Skew 4 Kurtosls 

Max. Mean Mln. Max. Mean Mln. Max. Mean Mln. Max. Mean Min. 

Crimdon 1.69 1.63 1.57 0.43 0.40 0.36 -0.23 -0.11 -0.06 2.17 1.71 1.38 
Seaton Carew 2.65 2.57 2.48 0.3 0.29 0.26 -0.16 -0.01 -0.09 1.43 1.20 1.09 
Hartlepool 

2.23 2.16 Yacht Club 2.31 2.23 2.16 0.49 0.44 0.4 -0.24 -0.18 -0.11 1.07 0.98 0.90 
Redcar 2.53 2.41 2.21 0.63 0.45 0.32 -0.57 -0.35 -0.L4 3.04 2.06 1.57 
Marske 2.28 2.04 1.87 0.69 0.52 0.34 -0.39 -0.25 -0.05 1.23 1.01 0.71 
Saltbum 2.16 2.06 1.98 0.49 0.44 0.38 -0.49 -0.18 0.0 1.26 0.93 0.76 

Grand Values 2.65 2.16 1.57 0.69 0.42 0.26 -0.57 -0.14 -0.23 3.04 1.31 0.71 

Textural Parameters. 

Textural parameters denote a f a i r degree of uniformity 

with the grand mean i n excess of 20, a r e l a t i v e l y consistent 

standard deviation and a dominantly negative skew. Kurtoeis 

was l e a s t consistent, and varied from 3.044 to 0.714. The 

mean p a r t i c l e s i z e curves were plotted for each environment 

and show an excellent degree of uniformity I n a l l cases but 

Seaton Carew. At t h i s l a t t e r s i t e the p a r t i c l e s i z e range 

compared more favourably with the windblown sands described 

i n Chapter 7. The reason for t h i s was not immediately 

apparent. 

Heavy Minerals. 

Some success was achieved with a r e a l plots of heavy 

mineral content. I f one considers basic hydrodynamic 
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principles i t i s probablo that heavy minerals w i l l tend to 
dominate i n those size fraotions close to the threshold 
value of a given current energy. This w i l l be true of the 
fines, where the energy available may be only sufficient to 
remove the li g h t e r density minerals on a l l but vary rare 
ocoaoions. Consequently, separations were completed i n the 
fine r sand range from 2.3d to 3.80 and Table 342records the 
results.'-

One should note that most beach sands are truncated at 
3.44. In only seven samples was there a residue on the 
3.41 to 3.8^ sieve* 

% Heavy Minerals (3.a to 3.80) 
( i ) Seaton Carew 37 % 
( i i ) Redear 23.9* 
( i i i ) Saltburn 27.5% 

( i v ) Marske 22.3# 
Even BO, the 1.66 to 2.30, 2.31 to 2.750, and 2.76 to 

3*40 fractions provide sufficient evidence to confirm that 
the percentage of heavy minerals does increase inversely 
with size. 

21.255 
28.62 
31.2* 

1 Detailed results i n the appendices. 
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SUMMARY TABLE OF PERCENTAGE H"AVY CTiERAL CCNCFJiTRATIONS IN BEACH SANDS 

Crimdon Hartlopool Seaton 
1.66 2.31 2.76 3.41 1.66 2.31 2.76 3.41 1.66 2.31 2.76 3.41 
to to to to to to to to to to to to 
2.30 2.7?6 3.46 3.86 2.36 2.756 3.46 3.80 2.36 2.756 3.46 3.80 
2.1 4.9 28.9 m 2.1 2.4 5.2 *» 0.9 1.4 4.8 37.3 
2.1 5.7 22.9 m 2.1 2.6 4.5 mm 0.9 1.2 7.3 
4.2 3.7 15.7 - 2.4 2.9 6.1 - 0.8 1.1 4.6 
2.2 5.1 - - 2.2 2.7 4.9 mm 1.2 1.3 4.5 mm 

1.8 9.6 • 3.1 4.1 8.7 - 0.7 1.1 4.5 -
2.5 4.2 0.0 - 1.8 2.1 2.7 0.5 1.85 7.8 mm 

4.3 4.0 22.3 - 0.9 1.8 4.1 mm 1.8 2.1 1.9 21.2 
3.5 4.4 18.1 mm 2.8 3.2 4.8 - 0.15 0.7 3.6 
3.8 7.7 29.3 mm 3.2 3.0 4.8 - 0.9 0.5 3.8 • 
2.2 5.5 27.8 - 1.4 1.9 3.3 1.2 1.8 4.7 • 
4.1 9.3 33.2 - 2.9 4.2 7.8 1.7 2.3 4.1 
hi kii 12*1 m 1.8 hi hi - hi -

Mean 3.0 5.7 24.3 - 2.2 2.9 5.2 - S79& 1.35 4.8 29.2 

Redcar Harsko Saltbum 

1.66 2.31 2.76 3.41 1.66 2.31 2.76 3.41 1.66 2.31 2.76 3.41 
to to to to to to to to t o to to to 

2 ^ g^^hM 2*2± l^m hiAlM h2± g*mhkLh& 
1.5 0.8 2.5 - 1.7 1.3 8.2 - 1.8 2.3 9.6 27.5 
1.2 0.8 3.0 - 2.0 1.5 3.8 - 2.4 2.2 17.4 -
1.2 0.9 10.8 - 2.3 1.6 8.4 - 2.0 1.9 21.7 -
1.3 4.9 4.4 - 1.6 7.9 5.7 - 2.0 1.2 8.3 -
0.9 4.5 12.3 23.9 1.6 1.7 11.4 - 2.6 5.1 18.5 -
1.4 2.4 0.1 - 1.5 1.8 3.4 - 2.2 1.6 11.5 -
1.3 0.9 4.8 - 2.1 1.5 9.3 22.1 2.3 1.8 4.9 -
1.6 2.7 5.3 - 1.8 1.4 3.1 - 2.1 5.2 11.2 -
1.1 0.8 10.1 - 1.7 8.2 9.6 - 2.5 4.7 16.1 31.2 
0.8 4.3 12.9 28.6 2.2 1.7 5.4 - 2.4 1.9 10.8 -
1.0 4.1 8.3 - 1.9 1.2 3.5 - 1.9 2.3 9.4 -
1.2 1.2 0.9 - 2.0 2*1 7.8 - - 2.0 L.l 14*2 

Mean 1.2 2.3 6.3 26.2 1.9 2.7 6.6 22.1 2.2 2.9 12.8 29.3 

- no size fraction 
0.0 - no heavy minerals 
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Conversely, therefore, one can envisage the availability 
of heavy minerals effectively modifying the "fine t a i l " 
of a frequency distribution.^" 

Shell Content. 

Shell fragments behave in a similar fashion to coal 
when oubjncted to a current energy. Their lighter density 
and "platy" shape both lend themselves to easy transportation. 
I t was observed that shell fragments tend to dominate the 
coarser grades (Table 17$ although they cover a wide range 
of sizes. In the previous chapter on sampling i t was noted 
that negative skewness may be related to shell content. 
Although this was not universally valid, i t did occur in 
samples from N. W. Scotland (Table 223.). Both marine and 
lacustrine samples were taken and the former were 
characterised by a negative skew and high shell content. 
The removal of shell fragments from the analyses resulted in 
a particle size curve very similar to the lacustrine 
environment and with a much reduced Bkewness value. 

1 This possibility was explored in an area of N.W. Scotland where 
much of the country rock i s metamorphic and granitic. The excess 
of heavy minerals produced an abnormally well developed fine t a i l 
and In fact made up 95£ of the A. 10 fraction. 
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Coal Content 

The coal content of beach laminae varies considerably. 

One nay suggest that t h i s i s a function of a v a i l a b i l i t y . The 

majority of coal on the Durham beaches i s derived from coastal 

waste t i p s at Easington and Horden, some miles north of the Tees 

Bay. Table ( 1 8 1 ) indicates the general decrease i n coal 

content i n a southerly d i r e c t i o n . One should also note that coal 

has a lower specific gravity than quartz and as a r e s u l t can be 

transported by a current which i s unable t o carry quartz grains of 

a s i m i l a r size. In t h i s manner i t i s possible to envisage coal 

grains being instrumental i n c o n t r o l l i n g the e x c e n t r i c i t i e s of a 

frequency d i s t r i b u t i o n of p a r t i c l e size. 

The summary table ( 181) indicates that the d i s t r i b u t i o n 

of coal i s not controlled by p a r t i c l e size. The most l i k e l y 

explanation f o r t h i s difference between coal and heavy mineral 

d i s t r i b u t i o n i s that heavy minerals may be genetically smaller 

than coal, which can occur throughout the whole size range. I n 

some at y p i c a l laminae the coal content exceeded 90% i n the - l . l r f 

and -o.4/4 size f r a c t i o n s . One must conclude that coal content can 

modify the p a r t i c l e aize curve considerably, i f s u f f i c i e n t i s 

available. 

Percentage Rock Fragments 

Pigs. (50. to 5$) demonstrate that l i t L i e can be learnt 

from an areal p l o t of rock fragment content. I f f however, one 
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r-ocK ! ::;A^r r.-KT CO ' C'.v J KAC:! ivs/iooo) 

Cr \ melon H n r t l f :nool Sen t o n 
1.66 2.31 2.76 3-41 1 . (•( ' 2.31 2 .?6 3 .4 i 1.66 2.31 2.76 3.4' 
t o t o t o t o t o t o t o t o t o t o t o t o 

?.y 2 . 7 ^ 3.W 3. erf •- ' < 2 . 7 ^ 3.4gf 3.yV 2.3rf 2.75t<3.4gf 

2 1 1 — 15 10 0.0 - 15 2 2 0.0 
5 2 2 - 22 12 3 11 4 3 0.0 
3 1 1 - 6 35 0.0 10 15 20 -
7 3 2 - 1.2 10 3 - 32 21 10 2 
5 2 1 - IP 12 - 30 25 14 0.0 
1 35 2 - 9 7 0.0 9 17 21 — 

35 24 29 - 7 7 0.0 21 1*1 2 _ 
19 11 2 - 14 9 2 16 q 4 _ 
21 10 3 - 20 13 1 - 29 27 3 0.0 
11 7 2 - 16 14 3 - 32 14 2 1 
15 10 3 - 7 6 0.0 - 17 3 7 0.0 
•7 
1 

2 1 - 17 6 0.0 20 15 4 0.0 

Red c o r Karaite Salfrhurn 

1.66 2. 31 2.76 3-41 1.66 2.31 2.76 3-4l 1.66 2.31 2.76 3.4 
t o t o t o t o t o t o t o t o t o t o t o t o 

2.3rf 2 . 7 ^ 2Jyf 1 ^ 2.3rf 2 . 7 ^ 3.*V 2 .3^ 2.J13^.H UL 
38 20 4 3 4 l 5 4 _ 28 19 11 0.0 
17 8 5 - 47 29 21 - 32 31 20 — 
16 7 0.0 - 25 4 3 - 32 31 2F — 
10 4 0.0 - 56 5 3 - 18 19 2 — 
20 P 0.0 - 3? 21 13 - 20 11 0.0 
31 12 r. - 47 20 4 - 10 9 1 
25 Q 0.0 - 41 17 5 - 11 2 0.0 _ 
32 R 3 - 29 3 3 - 30 19 0 • — 
17 16 1 - 33 14 4 - 47 7 1 
19 12 0.0 - 37 11 6 - 29 13 10 — 
21 3 0.0 - 28 4 3 - 32 17 4 
14 7 2 - 39 12 7 - 14 0 3 -
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examines the size fractions separately, the rock fragment content 
i s greatest i n the range -1.1/ to + 1.5/ (Table 1$3). At 
approximately 1.5/ there i s a break i n most particle size curves 
( f i g . 5%) and this may be equated with the change over from rock 
fragments to a dominantly mineral grain composition. 

A more careful investigation revealed that rock fragments 
decrease i n number, throughout the whole size frequency distribution, 
from coarse to fine. I t i s the sudden increase i n mineral grains 
at 1.5/ which creates the characteristic break. 
Surface Texture 

The surface texture of quartz particles i n beach sediments 
may be subjectively described as "highly polished". A quantitive, 
objective reading of reflected l i g h t gave a reading of IB on a 
scale from 1.6 to 25 at A.S.A. 100. I t i s not yet known whether 
th i s characteristic w i l l prove useful as a means of distinguishing 
between environments. The consistency of values, at least, does 
not eliminate the technique. 
Mica Content (grains /lOOO) 

Very l i t t l e mica was present i n the samples and i t 
could have no effect on the frequency curve. (Table 173) One can 
only assume that i t s main value w i l l be a negative one; i.e. i t s 
complete absence from wind blown deposits. (Shep&rd 1964 op.cit.) 
Summary 

In brief, the main value of this exploratory survey has 
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been to define the v a r i a b i l i t y of beach sand i n the Tees Basin, and 
to discover some of the factors which control i t s character. The 
problem which must be solved i n t h i s chapter i s , the influence of 
source material composition over sorting agent. 

I f the l a t t e r dominates then i t may well be possible to 
identify a l l beach sands from the evidence amassed i n t h i s pre
sent study. I f , as i s more l i k e l y , the former dominates then tho 
present study w i l l have only local significance. In the following 
sections other sand environments are b r i e f l y examined to determine 
their salient characteristics. 

Aeolian Sands; Their significance and interpretation 
The dune belt i s not continuous along the present coastline 

and thus only two sites are examined. The distinction between 
windward and leeward sides was not made, as the leeward side had, 
i n both cases, been a r t i f i c i a l l y modified by man. The f i r s t site 
l i e s between Hartlepool and Crimdon, to the north of the Tees 
estuary, whilst the second site i s located on an a r t i f i c i a l l y 
created peninsula. In this l a t t e r example the whole dune belt 
must have developed during the 20th century. The northern dune 
belt has also formed quite recently, again, as a result of reclam
ation i n the estuary. In fact, a previous dune belt lie s inland 
of the sample site. ( f i g . 5"B) 

Particle Slzo (Toxtural Parameters) 

Figs. $Q and 59 demonstrate that parameters ore zoned 
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parallel to tho duno crost. The mean noticeably increases i n size 
towards the dune crest. Possibly this may reflect the increasod 
exposure of the upper portion. The ft standard deviation increases 
towards the foot and crest of the dune from a midway point. The 
f& skewness i s greatest at this same midway point, whilst the fl 

kurtosis i s most strongly developed at the crest and foot. The 
summary tables provide a key to their interpretation and allow a 
comparison with the adjoining beach sediments. (186} 187) 

Beach and dune sands appear to have a similar mean size. 
The standard deviation i s greater for beach sands (o.42 ̂  as com
pared with 0.31 for dune sands). The negative skew of beach sands 
may differentiate between the two environments. The kurtosis value 
of dune sand similarly appears to be consistently lower than 
corresponding beach samples. In general the figures for dune sand 
indicate a less variable sorting agent with the positive skew, 
possibly indicative of the reduced shell and coal content, 
( f i g . 6d) 
Ecrcontare Heavy Minerals (189) 

The heavy mineral content increased i n the finer size 
fractions. Presumably this distribution may have been caused by 
the removal of similar sized, lighter density material, leaving the 
"heavy" residual. The percentage values of 157- at Hartlepool and 
3.8^ at South Care were much less than the 95'X figure i n Sutherland. 
This would suggest that the av a i l a b i l i t y of heavy minerals waB a 



TAliLft RKCCRDIHO PHftCEWTAGK 
IFJAVY MINERALS IN DUKE SAt!D3 

Hartlerxwl-Crjjndon, 
1.66/ 2.31/ 2.76/ 3-/4/ 
tc to 

2.75/ 
to to 

?.8/ 

1.5 3.0 13.9 
2.02 5.6 . 34.3 -
1.3 4.4 2.8 -
1.1 2.2 9.5 -
1.21 2.3 10.3 Mb 

1.48 2.1 17.12 -
1.43 4.8 2.95 -
1.71 2.71 8.6 -
1.29 6.32 36.29 -
0.93 5.1 27.47 -
1.31 3.2 14.9 Up 

0.98 4.02 3.4 mm 

South Gore 
1.66/ 
to 
2.3/ 

2.31/ 
to 

2%75/ 

2.76/ 
to 
?.*/ 

3.41/ 
to 
?.«/. 

0.8 0,7 3.7 -
1.4 1.2 4.6 -
0,8 0.6 3.05 -
1.7 1.13 4.71 -
1.12 1.00 3.12 -
0.0 0.32 1.98 -
0.78 1.2 3.83 -
0.91 0.6 3.09 -
1.52 1.33 4.78 -
1.2 1.41 4.12 -
0.34 0.4 2.1 Mf 

1.18 0.7 2.84 

Mean 1.27 3.81 15.13 0.98 0.88 3.5 
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c r i t i c a l factor and further augments the view that a common source 
material i s essential i f one hopes to differentiate between environ
ments. 
3hell Content (grains /lOOO) (191) 

The shell content varied between 6% and 12$ although there 
was a progressive change with size. 
Coal Content (grains /lOOO) (192) 

Coal occurred infrequently i n the South Gars samples but 
at the Hartlepool-Crimdon s i t e , coal content increased inversely with 
particle size. The amounts involved would not greatly influence the 
particle size curve [1,6% i n the 3.4 fH fraction). 
Percentage Rock Fragments (193) 

A comparison of rock fragment values indicates l i t t l e or 
no significant difference between the environments. 
Surface Texture (186) 

The surface texture was measurably less polished than beach 
sands. 



T A P I S HBC01U)I!X; TIPS SHT5LL CONTENT 

(CHAINS/ IOOO) OF DUNB SANDS 

Hart].apooI~Crl|ndor^ South Oare 

1.66;* 2.31^ 2.76^ 3.4M 1.66^ 2.31j* 2.76^ 3.41^ 
Sisae to to to to to to to to 

fraction 2 ^ ^M. 2 ^ hJ££ I t M - I t M . 
3.0 39.0 42.0 - 84.0 89.0 89.0 -
32.0 80.0 56.0 mm 155.0 121.0 152.0 -
1C1.0 70 .0 48.0 mm 131.0 110.0 92.0 -
71.0 35? .0 &?.o mm 78 ..0 109.0 130.0 mm 

110.0 98.0 110.0 mm 150.0 123*0 78.0 -
55.0 77.0 50.0 - 121.0 119.0 93.0 -
78.0 33.0 49.0 - 138.0 122.0 103.0 -

114.0 71.0 42.0 - 142.0 103.0 121.0 mm 

91.0 101.0 63.0 mm 109.0 121.0 87.0 -
31.0 28.0 38.0 - 156.0 102.0 95.0 -
27.0 57.0 121.0 vm 63-0 138.0 156.0 -
m.o 63.0 71.0 _ 51.0 75.0 122.0 

Mean 68.6 62.9 64.3 115.7 110.1 109^8 
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Size 
Range 

TABLE K S C C B D I X COAL CCMUgTT 

(CRJ'IL 'BAOOO) OF DUUK BAUDS 

/ifttfelppool^rirodon South Garo 

Mean 

to 
2.31/ 
to 

2.76/ 
to 

3.41/ 
to 

1.66/ 
to 

2.31/ 
to 

£.76/ 
to 

3.41/ 
to 

3.a/r_ 

0.0 11.0 20.0 - 0.0 1.0 0.0 -
0.0 3.0 15.0 - 0.0 0.0 0.0 mm 

0.0 2.0 25.0 - 0.0 4.0 0.0 -
2.0 15.0 2.0 - 0.0 2.0 0.0 -
0.0 12.0 20.0 - 0.0 0.0 0.0 -
0.0 10.0 30.0 1.0 5.0 1.0 mm 

4.0 3.0 11.0 - 0.0 0.0 0.0 mm 

1.0 1.0 4.0 mm 1.0 2.0 3.0 mm 

2.0 4.0 19.0 - 0.0 0.0 0.0 -
0.0 15.0 31.0 - Trace 1.0 0.0 mm 

0.0 7.0 5.0 - 0.0 3.0 2.0 -
1.0 6.0 9.0 - 0.0 0.0 0.0 -
0.83 15.92 - 0.17 1.5 0.5 -



0 T?n T •' T;* r * j 111 PATrnAooo) 

Cri nrton-TT nri;l=!r,ool So uth G 

2.31 2.?6 3.'!1 1.66 0 t. • 31 2.76 3.^1 
to to to to to to to to 

2. 3t< 1.. 

I B 10 2h - 5 8 2 

3 21 23 - >4 32 2 

5 0.0 10 - 21 n 
( 

6 

10 20 15 - 8 5 2 

2 3 0.0 - 22 20 10 ' 

38 38 37 - 9 6 il 

12 13 17 - 11 8 7 

17 15 19 - Ik 12 i : . 
9 11 20 - 18 13 9 

18 6 - U 21 7 

22 1? 18 - 5 9 8 

19 21 13 — 17 12 
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Mica Content (grains /lOOO) (186) 

The absence of Mica i s typical of windblown deposits 

(Shepard 19&* op c i t ) and in keeping with previous works (Bagnold 

1954 op c i t ) . 

Summary 

In brief, i t would Appear that textural parameters, % 

heavy mineral content, surface texture and mica content may prove 

useful as aids to environmental recognition. 

Fluvial Samples 

Five sites were selected for study and once again samples 

were collected using a stratified random approach. (Figs. 62,63 > 64.) 
Two of the nites were tributaries of the Tees, one, the Skelton Beck, 

was part of a small catchment basin on the Northern Slope of the 

Cleveland H i l l s and two were from the Tees i t s e l f , (Fig.64.). Again 

the summary tables may be used to discover any significant characteris

t i c s . (195, 196) 

Particle vSlze (Textural Parameters) (Figs. 6̂  to 6(9) 

The 4 mean indicated that river sands are usually coarser 

grained than either beach or dune sands. The standard deviation again 

proved interesting as there was very l i t t l e overlap between dune and 

river sands. Skewness proved positive i n a l l sites but the South 

Gare estuary. The samples from this l a t t e r s i t e suggested that wave 

action could be the dominant sorting agent. There was l i t t l e overlap 

between the kurtosis values of the river and dune samples but only 
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skewness values appear likely to provide a means of separating river 

Mid beach sediiaonts. (Fic.79')» 

Percentage Heavy Minerals (19$) 

The heavy mineral content of river sands showed l i t t l e con

centration i n the finer size grades, (with the exception of the South 

Oare s i t e ) . This characteristic may well as s i s t in the differentiation 

of river sands from other environments. 

Coal content (nroin3 /lOOO) (200) 

The coal content of river sands tended to increase inversely 

with size but this trend was not consistent. I t was not possible to 

distinguish between environment3 on coal content; only location, with 

respect to the source of coal to the north. 

Percentage Rock Fragments (.202) 

The percentage content of rock fragments in river sands 

averaged 600$ more than either beach or dune sands. This major d i f 

ference may partially be the result of wave action in the surf zone 

which breaks down the rock particles more effectively than current 

energy. Alternatively the coarser nature of the f l u v i a l deposits may 

account for the greater percentage of rock fragments. The South 

Care site contained a similar number of rock fragments as beach 

samples and serves to further emphasize the influence of wave action 

in this s i t e . 

Surface Texture (196) 

Quartz grains from rivor sands possessed a coarse matt 
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rcci< V" WXVT cor:"'̂ ;T or m\'^p. CKDTPE."".? (c r
 \T I T / t o c o ) 

81- P I t on Perk S.Cpve F.i 11.1 nphi^i ?cc:--

2.31 2.76 3.4i 1.66 2.31. 2.76 3 .4i 1.66. ?.3l 2.7 ' T It 1 
to to to to to to to to to to to j . _ (••, 

2.3^ 2.-7^ 3.4rf 3.8^ 2.3^ 2 . 7 ^ 3.4^ 
130 40 28 4 3 2 130 30 y. 

30 11 9 6 11 4 3 - 40 10 65 r> "*> 
t #< 68 52 44. 6 14 12 2 - 3c 1.7 1.4 i i 

U3 100 83 24 9 4 2 - 121 27 31 3.? 
95 64 ^5 13 40 12 4 - 114 109 71 
78 41 31 15 7 4 3 - 98 13 17 /•r. v 

114 88 78 32 9 5 4 - 111 41 38 20 
126 111 64 31 14 8 6 - 91 17 21 33 
123 103 51 29 31 14- 8 - 122 61 35 30 

65 27 18 10 17 11 4 - 35 24 IP 15 48 14 12 6 19 11 3 - 71 41 40 
Q4 29 13 11 12 8 7 - 92 56 58 ~rP 

Thome Thewles .Tens 
1.66 2.31 2.76 3.41 1.66 2.31 2.76 3 • 4 
to to to to to to to to 

2.3'/ 2.7r
?cf 3 . h i 3.8^ 2.3ef 2.71?; 2JJL 

33 14 12 10 198 121 62 
530 361 239 219 210 96 78 RA 

90 50 26 8 201 14 5 71 40 
23 42 21 48 176 103 hq 22 

4 21 302 153 59 148 65 32 1 f. 
338 216 114 46 1.50 94 30 ?-\ 
515 403 230 201 191 i l l <r- in 
296 174 93 20 l 4 i 87 16 0 
49 17 12 Q 59 47 31 14 

271 139 81 51 132 66 ^1 21 

447 378 202 138 204 1 R>9 76 4? 
329 261 1.16 0 0 t<- 163 78 47 17 



finish which pave light readings in the range 7 to 8 with the South 

Care site pivin^ a reading of 12. One nay s u r e s t that the highor 

decree of polish in beach sands does appear to separate i t from other 

environments. 

Mica Content (grains /lOOO) (196) 

The nica content was too snail to be significant. 

Sumnary 

In surcmary i t would f>eem feasible to differentiate between 

beach and river sands on the basis of surface texture, s h e l l content, 

heavy mineral distribution and soma textural parameters. 

Offshore Samples 

Fig. depict8 the major collection sites for offshore 

samples. These were selected on a str a t i f i e d random plan with con

trols of depth (160 feet) and distance from the shore (2 miles). In 

a l l , 130 samples were collected from 40 s i t e s . One can determine 

the characteristics of this environment from the summary tables and 

also the characteristics which may prove significant as means of en

vironmental determinism. (204, 205) 

Particle Size (Textural Parameters) (Fig. 7%) 

The offshore samples tend to be finer grained than the 

environments previously examined. (2.59*4 as compared with 2.16*4, 

1 Loc. S.L.S. Have no significance other than locational. 
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2,06/ and 1.73/ Tor beech, dune una river s a n d 3 respectively). 

(Table 201*). 

The standard, deviation i s greater than that of beach aands 

but lees than that of river sands. 

Skewnoss end kurtosis, unfortunately, are almost identical 

with value? obtained for beach sand. Toxtural parameters therefore, 

can only be partially successful a3 a means of distinguishing between 

beach and offshore environments. (Fig. 7£). 

Percentage Heavy Minerals (Fig. 7*) (207) 

Heavy minerals were concentrated in the finer size grades 

of both beach md dune sodinonLs. This was not trus of offshore 

samples where the content did not show a specific trend with size. 

This character compared favourably with the previously discussed 

fl u v i a l samples. 

Shell Content (grains /lOOO) (208) 

There i s no significant difference between the two environ

ments, beach or offshore. 

Coal Content (grains /lOOO) (209) 

The coal content at Rcdcar averaged l£ of each sample, 

whilst at Hartlepool i t was occasionally over 1C£. Although coal 

was available from bculder clay in the late pleistocene period, the 

increase in mining activity in the 20th century has provided much 

greater quantities, such that the coal content of present day and 

pleistocene environments i s not directly comparable. 
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TABLE RECORDING SILT COOTENT 

OP OFFSHORE 3EDIMEHT3 

SITE 56 SILT SITE H SILT 

S *L.S • 1 6.5 LOC. 4 13.48 
S .L.3. 1 7.3 LOC. 4 14.28 
S *L.S • 1 0.4 LOC. 4 14.58 
S *L *S . 2 18.88 LOC. 4 12.82 
S .L.S • 2 17.0 LOC. 4 14.77 
S.L.S. 2 23.0 LOC. 4 6.65 
S .L .S • 3 10.25 LOC. 4 14.12 
S »L .S • 3 12.12 LOC. 4 13.11 
3.L.S. 3 13.15 LOC. 4 12.28 
S .L .3 . 6 2.19 LOC. 4 12.7 
S.L.S. 6 2.65 LOC. 4 12.2 
S.L.3. 6 2.02 LOC. 4 14.25 
S *L eS • 7 1.98 LOC. 5 12.43 
S.L.S. 7 2.29 LOC. 5 10.43 
S.L.S. 7 2.09 LOC. 5 10.76 
S.L.S. 8 0.52 LOC. 5 11.1 
S .L.S. 8 0.68 LOC. 5 13.21 
S.L.S. 8 0.71 LOC. 5 10.0 
S.L.S. 9 1.42 LOC. 5 14.28 
S «L*S • 9 1.35 LOC. 5 13.41 
S.L.S. 9 1.21 LOC. 5 13.36 
S .L.S. U 3.1 LOC. 5 11.8 
S «L.S • A 2.43 LOC. 5 10.52 
S .L.S. 4 2.92 LOC. 8 0.9 
S .L.S • 10 6.67 LOC. 8 0.61 
S «L «S • 10 7.42 LOC. 8 0.6 
S *L «S • 10 10.13 LOC. 8 0.68 
S *L*S • 11, 12 6.09 LOC. 9 0.93 
5 tL«S • 11, 12 4.68 LOC. 9 1.0 
S «L«S • 11, 12 7.36 LOC. 9 0.78 
LOC. 1 16.7 LOC. 9 0.85 
LOG. 1 20.5 LOC. 7 0.71 
LOC. 1 18.5 LOC. 14 0.41 
LOC. 2 5.4 LOC. 15 0.1 
LOC. 2 0.91 LOC. 15 1.22 
LOC. 2 6.88 LOC. 15 7.98 
LOC. 4 12.9 LOC. 15 1.05 
LOC. 4 18.13 LOC. 17 1.7 
LOC. 4 14.2 LOC. 17 4.4 

LOC. 17 0.14 
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Percentage Rock Fragments (.210) 

Beach and offshore environments had a similar rock frag
ment content. 
Mica Content 

Mica content was not significantly different from beach 
sediments, (Table 911). 
Summary 

None of the above characteristics proved particularly 
successful i n distinguishing between beach and offshore environments. 
A greater success was achieved by comparing the % s i l t content 
(finer than 4 rf) (Table 212). This method was not suitable for the 
zone within the influence of wave base (to a depth of 45 feet) as 
s i l t was absent from the size range. 
Synthesis 

The following discussion considers the relative merits of 
the various properties of sand-sized sediment to determine the most 
successful means of environmental identification. 

TEXT URAL PARAMETERS 

SITE & Mean j ST .Dev. j Skew i Kurtosis 
Max. Mean Min. Max. Mean Kin. Max. Mean Min. Max. Mean Hln. 

Beach 2.65 2.16 1.57 0.69 0.42 0.26 -0.57 -0.14 -K>.23 3.04 1.31 0.71 

Dune 2.33 2.06 1.0 0.35 0.31 0.25 -0.28 40.03 +0.35 1.09 0.96 0.84 

River 2.3 1.73 0.85 1.45 0.73 0.31 -0.18 +0.09 +0.33 1.78 1.24 0.82 

Off- 3.23 2.59 1.0 1.55 0.55 0.29 -0.48 -0.12 +0.18 2.7 1.54 0.9 
Shore 
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Tables (2$ and fcn$ make i t quite clear that textural 
parameters are an inefficient means of distinguishing between en
vironments. This i s particularly the case with displaced marine 
environments, and only wind action i s sufficiently inflexible to 
provide a f a i r l y distinctive sorting range, 

TEXTUit.iL PAHAMliTiatS 
ft Overlap 

& Mean o* St. Dev. 6 Skew i Kurtosis 
Beach over Dune 100* 9956 81$ 100$ 
Dune over Beach 4956 2156 63$ 11$ 
Beach over River 5058 2956 81$ 100$ 
River over Beach 68$ 89$ 52$ 422 
Beach over Offshore 48$ 32$ 100$ 100$ 
Offshore over Beach 100$ 9356 83$ 77$ 
Dune over River 4556 456 100$ 26$ 
River over Dune 9856 4056 81$ 100$ 
Dune over Offshore 2456 556 70$ 10$ 

Offshore over Dune 10056 60$ 73$ 76$ 
Offshore over River 9056 100$ 71$ 92$ 
River over Offshore 5956 90.5$ 55$ 49$ 

There may well be some aspects of sorting which moment 
measures cannot pick out but i f one was to attempt an identification 

http://TEXTUit.iL


of a raised marine sand using the above technique the result would be 
as follows: 

(1) Beach over dune - Skewness successful 19 times out of 
100 

( i i ) Beach over river - Standard deviation successful 79 
times out of 100 

( i i i ) Beach over river - kurtosis successful 89 times out 
of 100 

(iv ) Beach over offshore - Mean successful 52 times out of 
100 

(v) Beach over offshore - Standard deviation successful 
68 times out of 100 

These five most successful separations w i l l average 61$ successful) 
a level which one cannot accept. 
Percentage Heavy Minerals (Table 176) (189) (.198)(207) 

Heavy mineral content i s meaningless u n t i l individual size 
fractions are compared. One can observe from the respective tables 
that wave action and wind are more selective than current flow and 
the concentration of heavy minerals i n the fine fraction of these two 
environments may prove to be a valuable means of identification. 
Shell Content (grains /lOOO) (Table 178) (19D(208) 

Three environments, l i t t o r a l , nearshore and offshore, and 
coastal dune contain shell fracxients. The most significant trend 
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observed was the influence of shell content on skewness values. A 
high negative skew could frequently be explained by the percentage 
of shell fragments in the coarser fraction. 
Coal Content (grains /lOOO) (Table 18L) (192)(200)(209) 

The absolute coal content cannot be used on a comparative 
basis because of the very real differences between past and present 
a v a i l a b i l i t y . The relative distribution of coal within a size 
distribution may, however, prove more valuable. 
Percentage Rock Fragments (Tables 183, 193, 202, 210) 

The percentage rock fragment content would appear to 
provide a sure means of identifying a f l u v i a l deposit from the 
three other basic environments. The f l u v i a l sedioents of the Tees 
Basin contained up to 600$ more rock fragments than occurred i n 
other environments. One can hypothesise that the greater efficiency 
of wave action, breaks down rook fragments into the mineral com
ponents more rapidly than current flow. This i s probably only true 
on a relative scale since the gentle gradient of the drainage net
work i n the lower Tees basin i s unlikely to encourage rapid erosion. 
A problem i s also envisaged with wind blown sediment i n a deltaic 
complex where the material which composes the deposit, w i l l not have 
undergone wave action l i k e i t s coastal relation. Such a wind blown 
deposit may contain a greater number of rock fragments than i s 
indicated by the present survey. 
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Surface Texture (Tables 173, 186, 196, 205) 

There was l i t t l e difference between environments with the 
exception of beach. In th i s l a t t e r , a high polish appears to be im
parted by the continual swash and backwash of wave action. This high 
polish was consistently present i n a l l beach samples. Dune samples 
showed an intermediate degree of polish, largely because their popula
tion i s beach derived. The most distinctive environmental character
i s t i c s of each environment are listed i n the following sub-section. 

1. ) Beach 
a) A high polish on the surface of quartz grains. 
b) The character of the particle size curve i s influenced by 

coal, shell and heavy minerals. 
0 ) Heavy mineral content i s concentrated i n the finer size 

grades. 
2. ) Dune 

a) The only environment which can successfully be recognised 
using moment measures. 

b) Complete absence of mica. 
c) Heavy minerals concentrated i n the finer size grades. 

3. ) River 
a) A very high concentration of rock fragments. 
b) A more variable and yet better balanced particle size curve 

i.e. i t 1B the only environment where the coarse and fine 
t a i l s are symmetrical when plotted on arithmetic probability 
paper. 

c) Absence of shell fragments. 
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4.) Offshore 
a) No single parameter can be considered as unique to the 

offshore environment. 
b) The above conclusion resulted i n further study and i t was 

discovered that the % s i l t content (finer than 4 4) was 
uiuch greater i n offshore sediments than i n comparable 
rive r , dune or beach sediments. 

Mica Content 
The complete absence of mica from a wind blown sediment 

provides useful negative evidence, i f mica is f a i r l y common i n 
other environments within the immediate v i c i n i t y . The tables (186,173,196,205, 

m l 
demonstrate that very l i t t l e mica i s present i n the sandy deposits 
of the lower Toes basin. This Burvey agrees with recognised studies 
(Shepard 1964) that mica usually settles i n standing water and i s 
usually f a i r l y common as a coarse fraction i n lake muds. 
Lacustrine Environment 

At this stage one must consider the problem of the 
lacustrine environment. In the previous chapter a comparative study 
of marine and lacustrine shorelines was used to make up for the lack 
of a suitable fresh water body i n the lower Tees. The Sutherland 
survoy can have some value providing one makes allowances for the 
source material differences (Figs. 74, 75) . The most significant 
result related to the similarities between marine and lacustrine 
particle size curves once the shell content was removed from the 



former. The results may be assessed from the following tables and 
graphs. (Tables 220, 221, 222, 223) 
1. ) The surface texture of marine sand grains i s more highly polished. 
2. ) The shell content of marine sands allows immediate recognition of 

the sample. 
3. ) The gradual increase of % heavy minerals with decreasing size i s 

more easily recognised i n the marine samples. 
Othar Samples 

So far, samples have been heavily concentrated i n the 
Tees basin and the question can be raised as to the representative 
qualities of such a localised environment. In part, this problem was 
acknowledged.in Chapter 3 when beach samples from Ireland, the Firth 
of Forth, and Durness (Sutherland) were graphically compared to 
demonstrate the regional differences which arise from exposure and 
source material. (Fig. 72) . A similar extension of sampling to con
trasting areas produced the following results. (Figs. 7? to 83). 

The particle size curves suggest that sorting agents w i l l 
create uniformity within each environment unless there i s an ab
normally different source material. More specifically the Ireland 
beach sample showed an unusual degree of truncation, whilst the 
Sutherland offshore sample possessed a wider range of grain sizes, 
than those from the Tees. Mineral comparisons did not provide any 
evidence which contradicted the conclusions already drawn from the 
Tees Samples. (Appendix 5 ) • 
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Other Salient Characteristics 
The Bingular lack of success i n discovering a charac

t e r i s t i c unique to offshore sands led to the examination of other 
factors. 

1) Shape of the particle size curve 
Figures {§ and % show that each environment possesses 

a characteristic curve when plotted on arithmetic proba
b i l i t y paper. This curve i s more sensitive to slight 
differences i n particle size than moment measures and I t 
may well be that this could provide a means of i d e n t i f i 
cation. For example, the lacustrine and marine offshore 
environments each have a distinctive "reverse L." shaped 
curve, a dune curve i s closest to the v e r t i c a l , whilst a 
a f l u v i a l curve i s generally much f l a t t e r and a beach curve 
usually exhibits a sudden levelling of the curve gradient 
i n the fine size grades. The main problem i s to find a 
technique capable of quantifying t h i s data to determine the 
s t a t i s t i c a l significance of such characteristics* 

2) Percentage s i l t content (212) 
Samples taken below U5 feet i n the Tees Bay contained a 

high degree of s i l t which was absent from beach sands. The 
s i l t content varied from at k5% depth to U2% at 120 feet 
depth. Reach and surf zona sediments were usually truncated 
at the 3.8^ or L,l£ fraction. 



Conclusion 
The problem which emerges from t h i s survey relates t o 

the complex interrelationships of the many variables both "within" 
and "between" the five major present day environments. The need lo 
clearly for some integrated approach where a l l variables from each 
environment can be incorporated into a single analysis with the 
result proving or disproving the concept of sorting agents and 
regimes. To th i s end, the author turned to trend surface analysis, 
factor analysis and discriminant function analysis. 
Results 

Trend surface analysis produced several distinctive 
trends. Coal content notably decreased i n a southerly and westerly 
direction, whilst the s i l t content i n offshore samples increased 
to seaward. On the other hand, heavy mineral content, rock fragments, 
and shell content did not appear to possess any trend. 

I t was concluded that trend surface analysis could not 
be used in the Tees basin as an aid to environmental recognition. 

Factor analysis has already been discussed i n chapter 
seven and was used to good effect by Klovan (1966 op.cit.) and 
Solonub (1967 op.cit.) to define the major energies controlling the 
different despositional environments. One can see i t s immediate 
application to the current situation as i t can include a l l the 
variables which have been previously discussed and produce a factor 
loading rat i o to explain the variation between individual samples. 



Two separate analyses were performed) The f i r s t used 
only particle size as Klovan (ibid) and Sclohub (ibid) and the 
second incorporated the additional variables analysed i n the present 
study. The results obtained wore most encouraging and were more 
successful than either of the two previously mentioned works. As 
the fa c t o r i a l technique was identical this improvement must be 
attributed to improved sampling, improved processing, or both. 
Klovan used Krumbein's data from Haratarla nay (op.nit.Chapter 
whilst Solohub's data from Lake Winnipeg nay have been sampled 
inadequately. Also, Solohub's samples were processed using only 
\£ sieve units. The author wrote to Solohub to enquire about his 
sampling methods but received no reply and vies later advised that 
he was i n Nigeria. Certainly, his thesis makes no reference to 
sampling theory and as fur as can be gathered hie samples were 
purposefully selected spot samples. 

Klovan (1966 op.cit.) noted three dominant factors 
which were designatedt ( l ) Wind-wave enerpy 

12) Current energy 
(3) Gravity settling 

The present study B i r d l a r l y recognises three dominant 
factors but on the basis of the results would separate wind from 
wave action and accord gravity settling to a fourth factor. This 
l a t t e r i s common to e l l environments and ray dominate ary of the 
fitfa major environments. 

In the majority of cases (Table .228 ) throe factors 
give a 90£ level of explanation of the variation but i n some 
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instances a furthur factor was significant. The triangular graph 
proved to be an adequate means of presenting the results of three 
factor plots providing the three factors explained 90$ of the v a r i 
ation. (Fig.8S) 
Interpretation of Results 

Factor Analysis ( l ) Particle Size Data 
The f i r s t factor analysis used only particle size data 

(see table ). 
Figs. (87) and (86) show the i n i t i a l plot and zoning 

of the present day environments i n the Tees. Immediately, one can 
observe the separation of samples into environmental groups. In 
addition, each environment may be further subdivided. For example, 
Fig. (66) shows one offshore group, one dune group, but three beach 
and two r i v e r . The three beaoh zones appear to be those parallel to 
the H.W.m,, whilst the two separate river groups appear to represent 
the respective influence of current flow and gravity s e t t l i n g . The 
factor loadings also prove that the influence of wave action extends to 
45 feet below low water mark. A l l offshore samples i n t h i s shallower 
water f a l l within the beach plot. Those offshore samples which f a l l 
between the two f l u v i a l groups are the deep water samples taken below 
100 feet. The s i l t content was omitted from the input data and con
sequently they gave a factor r a t i o similar to the river samples which 
involved gravity settling as the major factor. Fig.($$) clearly demon
strates the close a f f i n i t i e s between marine and freshwater l i t t o r a l 
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TABLE RECORDING SAMPLE LOCATION, COMPUTER NUMBER AND FACTOR LOADINCS, 
BASED ON PARTICLE SIZE DATA. 

% 

SAMPLE LOCATION COMPUTER NUMBEK Fl F2 F3 

Crimdon Dune 5' to 10 »0D 1 D01 0.76 35.5 64.0 
Crimdon Dune 5' to 10 'OD 2 D02 5.4 27.6 66.8 
Crimdon Dune 5' to 10 •OD 3 D03 3.0 31.5 65.39 
Crimdon Dune 33'OD 1 D04 0.7 36.8 6C.4 
Crimdon Dune 33*OD 2 D05 0.7 35.9 63.26 
Crimdon Dune 18«0D 1 D06 6.7 57.16 36.08 
Crimdon Dune 18 •OD 2 D07 6.8 57.7 35.6 
Crimdon Dune base 1 D08 6.0 50.9 43.4 
Crimdon Dune base 2 D09 6.0 50.5 44.0 
South Care Dune 1 D10 1.5 35.25 63.2 
South Care Dune 2 Dll 1.5 35.1 63.5 
South Care Dune 3 D12 1.0 37.8 61.5 
South Care Dune 4 D13 0.7 33.2 61.1 
Crimdon Beach 1 B01 3.3 83.6 13.1 
Crimdon Beach 2 B02 3.3 82.3 14.4 
Crimdon Beach 3 B03 2.7 78.1 19.5 
Crimdon Beach 4 BOA 2.6 77.0 20.4 
Crimdon Beach 2A B05 3.7 71.1 25.1 
Crimdon Beach 2A B06 3.9 70.3 25.8 
Crimdon Beach 4A B07 3.9 68.7 27.4 
Crimdon Beach 4B BOH 3.3 65.4 30.8 
Crimdon Beach 1A B09 3.6 69.9 26.5 
Crimdon Beach IB BIO 3.9 71.8 24.4 
Crimdon Beach 3 B l l 3.1 72.0 24.9 
Crimdon Beach 3 B12 3.5 69.3 27.2 
Marske Beach 6 B13 10.0 36.9 53.5 

p 
Marske Beach 6 

B14 10.7 32.9 56.4 
Marske Beach 5 ̂  B15 9.6 33.7 56.7 
Marske Beach 5 2 B16 7.5 43.0 49.5 
Marske Beach 4 B17 6.7 41.6 51.6 
Marske Beach 4 B18 9.8 32.2 58.0 
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TABLE RECORDING SAMPLE LOCATION, COMPUTER NUMBiifl AND FACTOR LOADINGS 
BASED ON PARTICLE SIZE DATA. (Continued) 

% 

SAMPLE LOCATION COMPUTER NUMBER Fl F2 F3 

Marske Beach 3 B19 8.7 38.4 61.6 
Marsko Beach 3 2 B20 13.8 23.0 63.2 
Marske Beach 2 1 B21 2.6 43.8 53.6 
Marske Beach 2 2 B22 1.6 48.6 49.7 
Marske Beach 1 1 

1 2 

B23 14.4 15.3 70.3 
Marske Beach 

1 1 

1 2 B24 12.5 18.3 69.2 
Redcar Beach l 1 B25 26.4 6.2 67.4 
Redcar Beach l 2 B26 27.1 5.1 67.8 
Redcar Beach 2 1 B27 27.4 5.6 67.1 
Redcar Beach 2 2 B28 26.4 6.3 67.4 
Redcar Beach 3 1 B29 29.5 2.4 68.1 
Redcar Beach 3 2 

•i 
B30 31.5 0.07 67.8 

Redcar Beach 4 1 B31 34.0 0.9 65.1 
Redcar Beach 4 2 B32 33.8 0.2 66.0 
Redcar Beach 5 1 B33 30.6 2.6 66.8 
Redcar Beach 5 2 30.5 4.9 64.6 
Redcar Beach 6 1 B35 27.3 7.4 65.3 
Redcar Beach 6 2 B36 29.1 4.4 66.6 
Hartlepool Yacht Club 1A B37 17.5 24.7 57.8 
Hartlepool Yacht Club IB B38 17.5 24.3 58.2 
Hartlepool Yacht Club 2A B39 10.5 29.9 59.6 
Hartlepool Yacht Club 2B B40 12.4 27.1 60.5 
Hartlepool Yacht Club 3A Bi»l 20.2 18.9 60.7 
Hartlepool Yacht Club 3B B42 16.4 22.8 60.8 
Billingham Beck 2 1 R01 8.6 87.6 3.8 
Billingham Beck 2 2 R02 9.1 83.8 7.1 
Billingham Beck 1 1 R03 19.3 48.3 32.4 
Billingham Beck 2 2 R04 17.6 51.4 31.0 
R Tees 1 R05 18.6 80.9 0.6 
R Tees 2 R06 15.4 78.6 6.0 
R Tees 3 R07 18.7 74.7 6.6 
R Tees 4 Roa 17.2 72.5 10.3 



TABLE RECORDING SAMPLE LOCATION, COMPUTER NUMBER AND FACTOR LOADINGS, 
BASED ON PARTICLE SIZE DATA. (CONT'D) 

% 

SAMPLE LOCATION COMPUTER NUMBER Fl F2 F3 

Thorpe Thewles 1 R09 12.6 80.3 7.1 
Thorpe Thewles 2 RIO 14.8 73.7 11.5 
Thorpe Thewles 3 R l l 12.5 76.2 11.3 
Thorpe Thewles 3 R12 10.3 85.4 5.0 
Hartlepool Yacht Club 1 W01 87.6 10.2 2.1 
Hartlepool Yacht Club 1 1 W02 87.4 11.8 0.8 
Hartlepool Yacht Club 2 W03 88.4 6.4 5.2 
Hartlepool Yacht Club 2 2 W04 88.4 6.5 5.1 
Hartlepool Yacht Club 2 2 W05 76.7 2.9 20.4 
Loc 2 W06 63.9 1.2 34.9 
Loc 2 W07 51.2 9.3 39.5 
Loc 1 W08 73.1 13.1 13.8 
Loc 14 W09 0.6 52.4 47.0 
Loc 16 W10 6.8 40.0 53.2 
Loc 1 Wll 82.2 12.6 5.2 
Loc 1 wi2 75.9 15.3 8.8 
Loc 12 W13 6.3 36 .5 57.3 
SLS 4 w u 53.3 17.7 29.0 
SLS 4 W15 54.1 17.8 28.2 
SLS 4 va6 51.9 19.1 29.1 
SLS 1 W17 S8/0 7.56 4.4 
SlS 1 W18 88.9 8.3 2.8 
SLS 1 W19 63.2 6.9 29.9 
SLS 2 W20 81.4 7.3 11.3 
SLS 2 W21 77.0 6.2 16.8 
SLS 2 W22 83.6 7.0 9.4 
SLS 9 W23 80.6 4.1 15.3 
SLS 9 W24 81.5 4.5 14.0 
SLS 9 W25 76.3 3.6 20.2 
SLS 3 W26 76.7 3.3 20.0 
SLS 3 W27 75.0 3.2 21.8 
SLS 8 W28 73.6 2.5 23.9 
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TABLE RECORDING SAMPLE LOCATION, COMPUTER NUMBER AND FACTOR LOADINGS, 

BASED ON PARTICLE SIZE DATA. 
% 

SAMPLE LOCATION COMPUTER NUMBER F l F2 F3 

R6 W29 22.6 11.4 66.0 
R6 W30 26.8 8.4 64.8 
R6 W31 24.1 11.7 64.3 
R6 W32 24.9 10.9 64.2 
SLS 10 W33 85.2 4.7 10.1 
SLS 10 W34 83.1 4.5 12.7 
S*6 10 W35 79.6 7.3 13.1 
Loc 15 W36 0.5 71.2 28.3 
LOC 15 W37 4.8 40.6 54.5 
LOC 15 W38 24.7 66.1 9.2 
LOC 15 W39 9.8 45.0 45.2 
R 5 W40 35.9 2.4 61.7 
R 5 W41 34.1 2.2 63.7 
R 5 W42 35.9 2.7 61.4 
R 5 W43 32.1 2.8 65.1 
R 4 W44 26.7 60.8 12.6 
R 4 W45 24.1 62.9 13.1 
R 4 W46 16.2 71.0 12.8 
R 4 W47 25.8 1.7 72.5 
LOC 7 W48 31.0 24.3 44.8 
LOC 7 W49 34.4 20.9 44.8 
LOC 7 W50 33.8 17.4 48.7 
LOC 7 W51 40.7 11.4 47.9 
R ?? W52 38.3 2.8 58.8 
R ?? W53 36.4 1.5 62.0 
R ?? W54 40.6 2.8 56.6 
R ?? W55 42.3 3.3 54.3 
LOC 5 W56 63.6 6.0 30.5 
LOC 5 W57 59.4 8.8 31.8 
SLS 11, 12, W58 84.4 5.9 9.7 
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TABLE RECORDING SAMPLE LOCATION, COMPUTER AND FACTOR LOADINGS, 
BASED ON PARTICLE SIZE DATA. (CONT'D) 

t 

SAMPLE LOCATION COMPUTER NUMBER F l F2 F3 

SLS 11, 12, W59 87.4 6.5 6.1 
SLS 11, 12, W60 85.7 6.3 8.0 
SLS 7 W61 93.3 5.2 i.5 
SLS 7 W62 92.8 5.3 1.9 
SLS 7 W63 91.8 5.8 2.4 
SLS 3 W64 49.1 15.4 35.5 
SLS 3 W65 50.4 17.2 32.4 
SLS 3 W66 50.9 14.9 34.2 
SLS 6 W67 67.7 11.3 21.0 
SLS 6 W68 71.5 10.3 18.2 
SLS 6 W69 69.4 10.7 19.9 
LOC 5 W70 59.9 9.0 31.1 
LOC 5 W71 56.8 8.6 34.6 
LOC 5 W72 59.3 8.8 31.9 
LOC 5 W73 61.4 8.5 30.2 
LOC 5 W74 59.3 9.0 31.7 
LOC 5 W75 57.6 9.5 32.9 
LOC 5 W76 57.7 11.2 31.1 
LOC 5 W77 61.7 8.7 29.6 
LOC 5 W78 55.5 10.8 33.7 
LOC 5 W79 56.8 8.8 34.5 
LOC 5 W80 60.6 8.1 31.3 
LOC 8 W81 46.2 15.1 38.7 
LOC 8 W82 42.6 15.6 41.8 
LOC 8 W83 37.6 20.3 42.2 
LOC 8 W84 44.8 15.3 40.0 
LOC 10 W85 6.0 42.5 51.4 
LOC 10 W86 5.8 42.6 51.6 
LOC 10 W87 5.3 43.2 51.6 
LOC 10 W88 7.9 38.8 53.3 
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TABLE RECORDING SAMPLE LOCATION, COMPUTER AND FACTOR LOADINGS, 
BASED ON PARTICLE SIZE DATA. (CONT'D) 

% 

SAMPLE LOCATION COMPUTER NUMBER Fl F2 F3 

LOG 4 W89 76.6 15.1 8.4 
LOC 4 W90 65.8 21.3 12.9 
LOG 4 W91 79.0 11.3 9.7 
LOC 4 W92 78.5 9.2 12.3 
LOC 4 W93 81.6 8.0 10.4 
LOC 4 W94 80.7 7.3 11.9 
LOC 4 W95 80.8 8.4 10.8 
LOC 4 W96 80.7 7.7 11.7 
LOC 4 W97 67.4 5.5 27.1 
LOC 4 W98 81.3 7.1 11.5 
LOC 4 W99 81.5 6.2 12.4 
LOC 4 WlOO 79.1 7.3 13.6 
LOC 4 W101 80.0 5.9 14.1 
LOC 4 W102 80.4 5.0 14.6 
LOC 4 W103 77.3 6.6 16.04 
LOC 15 W104 3.2 41.5 55.4 
LOC 15 W105 4.8 40.4 54.9 
LOC 15 W106 7.7 36.6 55.7 
LOC 9 W107 54.5 8.3 37.2 
LOC 9 W108 55.7 8.2 36.1 
LOC 9 W109 52.3 8.8 40.0 
LOC 9 WllO 51.7 8.9 39.4 
R 1 v a n 35.2 2.9 61.9 
R 1 W112 36.0 0.9 63.2 
R 1 W113 39.7 2.3 58.0 
R 1 W114 37.6 3.6 58.8 
R 2 W115 36.9 1.7 61.4 
R 2 W116 37.3 0.6 62.1 
R 2 W117 38.6 1.1 60.3 
R 2 W118 38.8 0.6 60.6 
LOC 6 W119 4.1 52.1 43.5 
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TABLE RECORDING SAMPLE LOCATION, COMPUTER AND FACTOR LOADINGS, 
BASED ON PARTICLE SIZE DATA. (CONT'D) 

SAMPLE LOCATION COMPUTER NUMBER Fl F2 F3 

LOC 6 . W120 3.8 59.4 36.8 
LOC 6 W121 1.2 59.7 39.2 
LOC 6 W122 1.4 64.0 34.6 
LOC 17 W123 15.4 62.7 22.0 
LOC 17 W124 28.5 57.9 13.7 
LOC 17 W125 10.6 80.6 8.9 
LOC 17 W126 10.5 67.3 22.2 
R 13 W127 1.7 43.4 54.9 
R 15 W128 0.0 53.4 46.6 
R 9 W129 31.2 1.0 67.8 
R 9 W130 31.1 2.1 66.9 
R 9 W131 32.7 0.3 67.0 
R 9 W132 29.5 2.3 68.2 
R 7 W133 38.5 3.9 57.6 
R 7 W134 41.1 2.2 56.7 
R 7 W135 40.8 1.9 57.3 
R 7 W136 43.9 1.5 54.6 
R 8 W137 74.2 0.4 25.4 
R 8 W138 71.9 0.1 28.0 
R 8 W139 72.7 0.2 27.1 
R 8 WHO 71.6 0.2 28.3 
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deposits. This similarity creates a major problem which must be 
solved i f one i s to draw positive conclusions concerning the lat e -
glacial history of the Tees Basin. The recognition of marine de
posits from lacustrinul deposits l a i d down under similar conditions 
may have to rely on the discovery of indicator fossils. 
Discriminant Function Analysis (Particle Size Data only) 

This technique i s useful for a variety of problems 
involving classification and i s applied i n this instance to the 
results of the previously discussed factor analysis. The aim was to 
determine the number of groups or fades into which one could classify 
the samples. 

• 

The following table show the results which were obtained. 
(Table 236)• In a l l . 14 groups can be recognised but these may be 
grouped into six "supar-facies". 

To explain the significance of the above results one 
must f i r s t c l a r i f y exact nature of discriminant function analysis. 

Discriminant functions may be described as lines which 
best separate samples into groups. The maximum number of discrimi
nant functions for a particular problem i s the lesser of two numbers. 
G-l, and N, (where G i s the number of groups and N i s the number of 
variables measured for each sample.) The similarity of a sample to a 
group depends on:-

1) The dispersion of the group in discriminant space. 
2) The distance i n discriminant space between the sample 

and the position of the mean of a l l samples forming the group. 
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The technique may be applied to several claseificatory 
problems and i n the present study i s used for:-

(a) Distinguishing between established sample categories. 
(b) Placing "unknown" samples within the above categories. 

A careful examination of (Table 236) suggests that the 
technique i s only p a r t i a l l y successful. Possibly i t i s too sensitive 
for the data, as i t recognises several groups within each environ
mental zone which do not emerge from the three factor plot (Fig. 8§). 

However, the main test of the teohnlqus w i l l be i n the 
following chapter when the samples of unknown origin are f i t t e d 
into the previously categorised "known" samples. 

Factor Analysis (2) A l l Sedimentary Characteristics 

I f one examines Table 2.$8 and Fig. .87) one can see that 
the results of this analysis have not proved successful. The only 
exception i s the river samples which have a consistently high loading 
on factor 2. Whilst the other three environments are dominated by 
factor 1. 

Possibly one can explain this failure by the inclusion of 
shell fragments i n the analysis. The f l u v i a l samples were the only 
group which did not contain shell fragments. Alternatively, the i n 
clusion of the extra variables may have resulted i n one variable can
celling out a second one such that neither gave a high loading. One 
possible solution could be to run each set of variables, en. heavy 
minerals, or rock fragments, separately. Host probably the sedimentary 
date was inadequate and should have included the whole size range rather 
than only the central values. 
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•FACTOR ANALYSIS 2 ( A l l Sedimentary Data) 
% Factor Loading 

Sample 
BEACH Seaton Carew Beach 2 

Saltburn Beach 
Beach North of Saltburn 
Marske Beach 1 
South Gare Seawardside 10 
Redcar Beach 3 

(FIRTH OF Musselborough Beach 1 
FORTH) Hartlepool Yacht Club Beach 3 

Hartlepool Yacht Club Beach 1 
Crimdon Beach 1 
Crimdon Beach 3 

SUTHERLAND,Droman Beach A 
SCOTLAND n _ . n [J „ Droman Beach B 

DUNE 

(FIRTH OF 
FORTH) 

South Gare dune D. 
South Gare dune A 
C l i f f Slip hunt c l i f f 
Musselborough sand dune 
Crimdon dune 2 
Crimdon dune 18'OD 
Crimdon dune 33'OD 
Crimdon dune 5'0D 

(SUTHERLAND,Droman dune 
SCOTLAND) _̂ 

' Droman dune 
RIVER Saltburn River sand 

Thorpe Thewles River sand 4 
Saltburn flood sand 1967 
Thorpe Thewles 1 
Thorpe Thewles 2 
Billingham Beck 1 
Billingham Beck 2 

Factor 1 
96 
82 
85 
85 
85 
87 
63 
33 
98 
85 
55 
85 
85 

82 
87 
54 
66 
65 
72 
92 
77 
85 
85 

9 
14 
6 
6 
18 
12 
9 

Factor 2 
0 
9 
1 
2 
4 
2 
19 
33 
1 
5 
5 
5 
5 

5 
2 
32 
18 
31 
13 
1 
12 
5 
5 

72 
54 
68 
71 
81 
68 
74 

Factor 3 
4 
10 
14 
13 
11 
11 
18 
34 
1 
10 
45 
10 
10 

13 
11 
14 
16 
4 
15 
7 

11 
10 
10 

19 
32 
26 
23 
1 
20 
17 
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OFFSHORE 

DROMAN 

FACTOR ANALYSIS 2 (AH Sedimentary Data) 

* Factor Loading 
Sample Factor 1 Factor 2 Factor 3 

S.L.S. 10 32 17 51 
S • L. S • 4 65 17 18 
LOC 2 35 17 48 
S • u.S • 3 84 5 11 
LOC 12 74 13 13 
R 5 89 3 8 
R 1 90 3 7 
LOC 16 94 4 2 
S.L.S. 9 64 19 17 
R 2 80 12 8 
R 8 90 4 6 
LOC 7 49 28 23 
LOC 1 27 22 51 
S.L.S. 6 64 19 17 
LOC 10 88 4 8 
R 9 86 2 12 
A Site 1 84 2 Ik 
B Site 1 75 10 15 
A Site 2 85 4 11 
B Site 2 87 2 11 
C Site 2 

Cumulative * of v a r i a b i l i t y accounted f o r by siz factors 

F l 
42* 

F2 
82* 

F3 
92* 

F4 
95* 

F5 
97* 

F6 
99* 
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In summary, when the author f i r s t became Interested 

in factor analysis the only programme available,was for 60 samples 

and the present study involved several hundred samples and the 

author i s indebted to Dr. J . E. Klovan, who rewrote his existing 

programme to encompass 200 samples and who also performed the d i s 

criminant function analysis. One should point out that i t i s not 

possible to compare two different factor analyses as the factor 

loading ratios are the result of the interactions of a l l samples 

included i n the analysis. Theoretically, the removal of one sample 

could alter the factor loadings of a l l other samples. Although the 

author i s studying to master both factor and discriminant function 

analysis, at the time of writing only 289 samples including unknowns 

were able to be analysed and this restriction effectively curtailed 

the efforts made to obtain representative samples* Even so f the 

results have proved fairly encouraging and are summarised along with 

the remainder of this chapter in the following discussion. 

Conclusions 

This chapter set out to tost the fe a s i b i l i t y of iden

tifying a known depositional environment from i t s sedimentary character. 

I f successful i t w i l l provide the key to an understanding of the late 

and post-glacial history of the Tees Basin. Each variable i s considered 

in turn and i t s value carefully assessed. 

1) Particle Size 

Detailed analyses of several hundred samples from different 

known environments demonstrated that each environment has a 
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typical "curve" when plotted on arithmetic probability paper. 

The "curve" may succeed i n identifying two samples when moment 

measures f a i l . The mineralogy of deposits indicated that par

t i c l e size measurements may, in part, reflect sample composition* 

This was particularly noticeable i n samples which contained 

abnormally high percentages of light density shell and coal 

fragments. 

2) Particle shape 

A pilot survey indicated that the shape of sand size 

quartz grains has no environmental significance i n the lower 

Tees Basin. This conclusion disagreed with the work of 

MacCarthy (1935) and Beal and Shepard (1956)I The shape of 

shell fragments and mica, did however, result i n differences 

in the distribution of each. Both may occur as coarse frac

tions i n a deposit composed predominantly of much finer material. 

Surface Texture 

The reflected light from quartz grains was measured using 

a Western Mark IV light meter. The degree of polish i n the marine 

l i t t o r a l deposits exceeded a l l other environments. Including lacustrine, 

and would appear to be a valuable means of recognising a beach Band. 

Percentage Heavy Minerals 

I t was not so much the total content, but the distribution 

of heavy minerals within the sample size range which provides the key 

to environmental identification. In both dune and beach sands selective 

sorting results in a concentration of heavy minerals i n the finer eize 
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f r a c t i o n s * This selective sorting did not appear t o occur i n 

f l u v i a l and offshore deposits. I n Sutherland (M.W.Scotland) the 

sands are composed very largely of weathered g r a n i t i c and meta-

morphio "shield" rocks which contain a high percentage of heavy 

minerals. The e f f e c t of t h i s source material on both beach and 

dune sands. 1B most d i s t i n c t i v e . 

SUTHERLAND (H.W. SCOTLAND) 

Percentage Heavy Minerals 

Dune Sf-nfl Beach Sand 

1.66*4 2.31K? 2.764 3.414 1.66/$ 2.314 2.764 3.414 
t o t o t o t o t o t o t o t o 

2.3 4 2.754 3.4 4 3.a 4 2.3 4 2.754 3.4 4 3.8 4 

1.1 4.7 49.4 95.0 0.9 2.5 7.3 .. 
0.99 3.19 50.52 95.45 0.2 0.5 3.0 mm 

Coal Content 

Coal content showed a marked decrease i n a southerly and i n 

land d i r e c t i o n s . This r e f l e c t e d the location of source area (Coastal 

waste t o the n o r t h ) . Thus, coal content cannot be used f o r the 

present study as the a v a i l a b i l i t y of coal was less i n the l a t e 

Pleistocene and early Holocone. The d i s t r i b u t i o n of coal fragments 

w i t h i n a sample may be of value independently of the t o t a l content. 

For t h i s l a t t e r reason coal content was calculated f o r the samples of 

unknown o r i g i n which occur i n the Tees. 

Shell Content 

Three environments, dune, offshore, and beach contain s h e l l 

fragments. The most noticeable concentration occurs along the H.W.M. 
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of beaches and may be equated with an increased negative Bkew and more 

extensive "coarse t a i l " in a sample. One should note, however, that 

i t i s unlikely that shells w i l l occur as extensively i n late Pleistocene 

and early liolocene time. The coastal tract w i l l only recently have been 

flooded by the eustatio rise of sea level and the water would be less 

saline and probably very muddy as a result of the rapid influx of 

glacial meltwater. 

Mica Content 

Mica tends to concentrate i n standing water bodies. I t does 

not occur frequently in sandy deposits but i s present in the Tees in 

small quantities i n a l l but windblown deposits. 

Rock Fragments 

The rock fragment content appears to be related to two factors: 

1) The ercsional efficiency of the environment. 

2) The proximity of the sample to the rock source. 

1. ) The beach samples contained very few rock fragments probably 

because wave action i s the most efficient erosional agent i n the Tees. 

An exception to this occurred close to the Long Soar Rock (Seaton Carew) 

where both beach and offshore samples contained a greater percentage 

of rock fragments. 

2. ) The f l u v i a l deposits in the Tees basin contained 600£ the 

number of rock fragments that occurred in other environments. This 

high content would appear to reflect the low rate of erosion i n the 

lower Tees drainage basin, which i s in turn a function of the very 

gentle gradient of the lower reachee. (Chapter 4>) 
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Concluding Statement 

One should reiterate that despite the many, varied results 

obtained from the analyses, two factors stand out in significance* 

1) The strong evidence i n favour of particle size analysis 

being partly a measure of Individual sample composition. 

This fact would explain, along with the three factors of 

sampling, processing and analysis, why previous works have 

proved inconclusive. 

I t would appear that current energy responds to density and 

8haps as well as size. This fact has been known for some time, 

Ruhkin (1937 op.cit.) but does not appear to have been given 

the attention i t deserves i n studies of environmental sedi

ment ology. 

2) The second important point refers to the success of factor 

analysis as a means of distinguishing between environments. 

This success was achieved using only particle size and later 

improved upon by the inclusion of other mineralogical variables. 

I t remains to observe whether these conclusions may be applied, 

with similar success, to the late and post-glacial environment of the 

lower Tees Basin, 



CHAPTER 9 

THE APPLICATION OF SEDDiENTCLOGlCAL 

TECHNIQUES TO THE DEPOSITS OF THE LOlfER TEES BASIN 

Introductory Statement 

The primary aim of t h i s chapter i s t o determine whether 

displaced marine deposits occur i n the Tees Basinj both above and below 

present Ordnance Datum, by using the sedimentary techniques 

outlined i n Chapters 6 and 8. In the i d e a l s i t u a t i o n positive 

i d e n t i f i c a t i o n should bo supported by both morphological and 

f o s s i l , faunal or f l o r a l evidence. 

The study can be divided i n t o s i x basic sections: 

(1) General coranentary on the " f o s s i l " sedimentary 

environments i n the Tees Bay. 

(2) Specific sites which have been i d e n t i f i e d as marine 

deposits by previous workers. 

(3) Sites which could possess marine terrace deposits. 

(4) Other sand and gravel deposits i n the Tees Basin. 

(5) Buried sands below the present sea l e v e l . 

(6) Synthesis: Factor analysis, discriminant function 

analysis; and conclusion. 



Before proceeding one should note the following 

changes i n approach which have been instigated as a resu l t of the 

findings i n Chapter 8. 

(1) Detailed discussions of i n d i v i d u a l sedimentary 

characteristics have been avoided; unless they are of 

p a r t i c u l a r significance. 

(2) Moment measure values have been omitted as they proved 

t o be an i n e f f i c i e n t measure of the p a r t i c l e size 

curve. 

1) "Fossil" Sedimentary environments i n the Tees Bay 

The conclusions drawn i n Chapter 1$ suggest that two 

related processes wers responsible for the surface deposits i n the 

lower Tees; the deglaciation pattern, and i t s e f f e c t on meltwater 

drainage. I t was suggested that some of the higher terraces 

90' OD and above) were related to i n d i v i d u a l marginal lakes ponded 

back by the easterly r e t r e a t i n g ice tongue, whilst the lower 

terraces could be related t o a single water body which could have 

been ei t h e r marine or fresh water. I t seemed more probably that the 

l a t t e r was correct as the ret r e a t i n g ice tongue would c e r t a i n l y have 

formed a drainage plug i n the mouth of the Tees basin. Some 

preliminary investigations were carried out to see i f i t was 

possible to p o s i t i v e l y i d e n t i f y the depositional environment of the 



l&uiinateu clay which occupied j ^ L of the lover Teas basin 

^ha;,,tar 3). 

The Land tad Sls,y 

JTRVIOUS workers have s\igr»sted throe origins f o r t h i s 

dcpot.it: 

1) A lticu&trine clay of l a t e g l a c i a l age (Radge 1939 op. c i t . ) 

2) A shear clay foru-od under prcesure beneath an active ice 

shsot and l a t a r nsltod out under condition) of otognftnt 

ice. (Cnrruthera 1953 op. c i t . ) 

3) An ootuarine or marina clay (Agar 1954 op. o i t . ) 

Any of the&i nay bo corroot, but c o r t a i n characteristics may 

negate. 2 and j. 

A shear clay i s usually deposited i n naturuteu conditions 

beneath a stagnant ice lr-e&e. When t h i e occurs i t i n usual f o r 

the laninue t o be contorted and discontinuous with no size or 

density gradient. (.Jorgeuson 1965) I n contract to the above 

Htutomfint tho louer Tees laminated clay haa reasonably continu

ous isxidnuu which possess r i p p l e marked surfaces. Each laminae 

is; separnted from i t a neighbour by a t h i n tandy layer which i n 

ECHO CF.SCU contains up to 2G'̂  mica. Although the leuninae are 

not necessarily vcrv«3 t h i a den&itj' hovting between them v;ould 

ccCM to favour a water l a i n o r i g i n . 

Agar 1754 (op. c i t . ) rioted t h a t the laminated clay was 

http://dcpot.it
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interuodded with ziliy zzr/A towards i t i i outer l i m i t s . I t i s 

l i v e l y that coarser p a r t i c l e s v;oulc increBt?** towards the uhore-

l i n e or a water i;ody and the following exporiment was conducted 

to confirm t h i s trend. Spot samples were purposefully taken 

from the lajcin^ted clay every two feet from v e r t i c a l sections 

i n various cluy p i t s and temporary seotione (see f i g . g$ A.) 

Each sample was analysed f o r i t s s i l t content and (Fig. 8® B) 

indicates that the s i l t content does increase towards the p e r i 

phery of the deposit. 

This evidence, combined with the e a r l i o r observations 

confirms that the deposit i s almost c e r t a i n l y water l a i n . 

Isolated boulders also occur i n the d u y tmd one p a r t i c u l a r 

specimen of Snap Granite (Agar 1954 op. c i t . ) suggests very 

strongly that f l o a t i n g icebergs occupied the surface of the 

water body. The boulders most probably f«li froa: bergs ao 

they gradually welted, and the laminae wound the bovldero 

are contorted. 

One i e u t i l l faced with the problem of a lacustrine ver

sus marine o r i g i n una carries were teuted on an "X" ray d i f f -

ructortoter to discover i f nodular glauconite was present. This 

• i n e r o l has been rscognlsed ns a Marine ind i c a t o r by ccrveral 

workers, Lietz 1942, rovers 1957» *'ratb 1962, and Jorgenson 

1965. I'ig. 82 shows tha characteristics of glauconite and 

Fig.9Qi';, the s i m i l a r i t i e s between glauconite and b i o t i t e , the 
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ttLneriil to which i t raj'irily a l t e r s under jioue-nmrjno conuitionH. 

i " i f r . -.91'. lihov.'L. ths result? of flna];> son on the Tees laminated 

cloy and i t vould appear that b i o t i t e i s preoent but not glau-

conite. Although t h i o i s negative evidence, i t does not 

cor.trc.dict the aoct l i k e l y hypothesis to explain the o r i g i n 

of the Teoa laminated clay; that of an ice-dammed lake. Cer

t a i n l y , s a l i n i t y , temperature, and t u r b i d i t y requirements do 

not oli-.. inate the Tees as an area of glaucanite formation. 

S i m i l a r l y i t i n u n l i k e l y that oxidation w i l l have destroyed 

any glfcucnnito which may have previously axiuted, as samples 

were taken from a freshly excavated s i t e . 

TAGL'; R̂ C::?:JI::G ?.r>':'?,iT.i')v.z ^vir.su FOR OLAI-COMITS 

70K; :ATT-IN (After Pratt 1962.) 

1) Stratigraphic llenge - Pre-Carcbrian to r'rosent. 

2) [-resent araal d i s t r i b u t i o n 65° 5 to 60° H o f f most 
oceanic coasts and mainly on the continental shelves 
&vay froru Large s t r e s s . 

3) C a l i n i t y . Known to originate only i n marine waters of 
normal s a l i n i t y (33.8 to 34.4 parts per thousand) 

4) Oxygenation. Formation requires s l i g h t l y reducing 
conditions. 

5) Formation i s f c c i l i t t t e d by the presence of decaying 
organic matter. 

6) Depth - mainly n e r i t i c - moderate to s,hr.llow (10 to 
400 Cathoras i s most comaon occurrence) 

?) ?er.pernturs - Viae toleranco but formation r.ot favoured 
by markedly warm waters (11°C. to 2°C most favoured) 

http://cor.trc.dict


8) Turbulence. Evidence of turbuienco i s commonly found 
i n associated sediments 

9) Sedimentary i n f l u x - probably B l i g h t , preferably j u s t 
enough t o supply needed elements 

One very i n t e r e s t i n g f a c t , which came to l i g h t during the 

perusal of borehole records, was the occurrence of what ap

peared to be a f a i r l y continuous layer of laminated clay 

extending beyond the present coastline t o a maximum depth of 

116' 0.0. (Fig. 92.)- I f t h i s i s genuinely the same deposit, 

or a deposit of si m i l a r age i t would appear that s u f f i c i e n t 

i s o s t a t i c u p l i f t had taken place by the time the Tees wt-.a 

deglaciated such that tho l a t e g l a c i a l sea l e v e l was at least 

116' below that of present. I f t h i s was the case then tho 

82' 0,1)» l a t e g l a c i a l raised shoreline would require some 

rapid sea l e v e l movements. Hopefully the following chapter 

on the chronology of events w i l l c l a r i f y t h i B s i t u a t i o n . 

Marginal Sands 

Agar (1954 op. c i t . ) , Smith (personal communication) and 

Land (personal communication) a l l noted the occurrence oi' t\:o 

sand layers marginal t o the laminated clay. One was i n t e r -

bedded with the clay, and the other overlay i t unconforaably. 

Agar ( i b i d . ) described t h i s upper sand as a shoreline deposit 

because i t occupied a notch cut i n t o the surface of the under

l y i n g bouluer clay, and suggested that i t marked the l e v e l of 
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an +82* O.D. l a t a g l a c i a l raised shoreline. The deposit was 

noted to be discontinuous and was not necessarily related t o 

the laminated clay. I n addition, the notch was only observed 

on the south side of the present Tees, although sand deposits 

were recognised at a s i m i l a r height on the northern side. This 

sand crops out near Park End Farm (NZ 520175) and Agar (personal 

communication) described tho deposit as a d i s t i n c t notch cut 

i n boulder clay at 75* O.D. and 10' above the l i m i t of the 

laminated clay. This deposit warranted p a r t i c u l a r a t t e n t i o n 

as i t s character and mineral content could give some ind i c a t i o n 

of the dopositional environment. 

Agar (1954) f u r t h e r noted the occurrence of sand at the 

fo l l o w i n g locations! 

1 
2 
4 

k 

5 
6 
7 
8 
9 

10 
11 

West Hartlepool 80' O.D. 
Wolviston Orange 70' O.D. 
Roseberry Road Norton 50' O.D. 
titainsby school. Middlesbrough 55' O.D. 
Bowesfield Land 60* O.D. 
Acklan, Mddlesborough 55* O.D. 
Berwick H i l l s , 30« O.D. 
Thorntree (Middlesbrough 60' O.D. 
Park find (MiddlesbroughJ 70' O.D. 
Kston Cemetary 70' to 85' O.D. 
riarske 7<-' O.D. 

A l l were regarded as marginal sands, possibly related to 

the body of water i n which the laminated clay was l a i d down. 



These wide occurrences of sand deposits adjoining and over

l i n g the lairdnated clay led Smith (personal communication) 

to conclude that a sand bed probably overlay the laminated 

clay. I f one was t o recreate the conditions during deglacia-

t i o n one could envisage an i c e dammed lake being fed by 

numerous meltwater streams gradually receding as the i c e 

melted and the meltwater streams and runoff flowing over 

the laminated clay bed of the lake leaving braided delta 

deposits on i t s surface. V.hilet t h i s layer need not necessari

l y be continuous i t would c e r t a i n l y provide a very l i k e l y 

explanation f o r the current bedded sand deposits which occur 

i n t e r m i t t e n t l y over the lower reaches of the Tees basin. 

Summary 

These two depositional groups, the laminated clay and 

the marginal sands l a r g e l y dominate the lower reaches of the 

Tees basin. Several i s o l a t e d laminated clay beds occur else

where i n the Tees (Hurworth, Coathom Stob., low HaiL) but the 

remainder of the surface deposits are largely g l a c i a l or 

f l u v i o - g l a c i a l . -o^ie warrant specific comments i n section 

four of t h i s study (chronology) but i t would appear that the 

laminated clay and i t s marginal sand deposits r.iay hold the 

key to the l a t e and post g l a c i a l h i s t o r y of the Tees basin. 



2) SPECIFIC SITES RECOGNISED AS MARINE BY PREVIOUS V/ORKERS 

In a l l , there are seven records of marine deposits above 
the influence of the present t i d a l range i n the Tees basin. 

1) Veitch 1883. A sandy deposit containing shells at Saltburn. 
Later confirmed by Barrow 1888. 

2) Tute 1883. A marine or estuarine shelly deposit northwest of 
Redcar at V/arrenby. 

3) Marine or estuarine f i l l i n the t r i b u t a r i e s of the Tees. 
(Agar, 1954) 

4) A 75' t o 82* sand notch on the south side of the Tees. (No 
marine faunal remains.) (Agar, 1954) 

5) A 41' notch containing a yellow sand with occasional shells. 
(Agar, 1954) 

6) A raised storm beach grading into an offshore bar on the north 
side of the present basin. (Gaunt, 1967) 

7) A terrace of marine warp at Hartlepool. (Gaunt, 1967) 

Each of the above s i t e s i s examined i n t u r n to assess 

i t s v a l i d i t y . Sediment analyses are discussed and compared where 

possible. 

l ) The Saltburn deposit containing a d i s t i n c t s h e l l assemblage 

The deposit was recognised near the mouth of the Skelton 

Beck i n the side of a conical mound of g l a c i a l deposits, named 

Cat Nab (NZ667216). There are, i n f a c t , two deposits; one a fin e 

clayey sand, and the other a medium sized gravel. Both deposits 

contained some shells and s h e l l fragments and ce r t a i n l y appeared 

t o suggest marine conditions. 

However, a careful investigation of the precise stratigraphy 



and tha surrounding area suggested that an al t e r n a t i v e explanation 

was possible. Fig. °&« demonstrates that the gravel bed i s not 

on a wave cut notch but i s an i n t e g r a l part of Cat Nab. The eaiue 

f i g u r e also shows the position of the sandy clay deposit which also 

contained s h e l l fragments. 

Cat Nab was o r i g i n a l l y exposed t o the influence of high 

spring tides before the construction of the present coast road and 

breakwater. Even at the present time i t s surface i s covered with 

a t h i n veneer of sand and s h e l l fragments; which are probably wind

blown. The surface sheet flow which i s shown i n Fig. 9$. (Section 

A-B) (photo i n Appendices) has carried with i t shells and s h e l l 

fragments and given the impression of ;m " i n situ'* occurrence. 

Sedimentary analyses on the sand leno suggest that i t could be a 

washing l i m i t of the Skelton beck. (Table 255) Not only i s there 

evidence of current bedding (Fig. .92); the p a r t i c l e size curve 

does not resemble that of a normal beach. (Fig. 9$) An examina

t i o n of sand deposits throughout the Durham region has l e d the 

author to believe that s h e l l fragments wii.l respond as sand grains 

when subject to water sor t i n g . I n t h i s way, f l u v i a l or f l u v i o -

g l a c i a l sands and gravels may serve to concentrate s h e l l fragments 

which occurred i n the source material. The g l a c i a l clays of County 

Durham frequently contain s h e l l fragmenta which were probably ab

sorbed by the ice as i t passed over deposits l a i d down on the sea 

bed during the preceding i n t e r - g l a c i a l period. Thus, i t i s possible 
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for shell fragments to occur i n a non-marine-deposit. 
Barrow (1888) noted that the Saltburn deposit contained 

a wide range of shells, a l l of which occurred on the present beach. 
Some of the present day shells were absent from the raised deposit, 
and this led Barrow (ibid.) to suggest that environmental conditions 
were different when the raised deposit was formed. However, a collec
tion of the shell fragments enabled one to demonstrate that a l l could 
have been blown i n a 30-mile-an-hour v/ind. 

Thus, i n summary, one must suggest that the close proximity 
of this site to present sea level is an equally l i k e l y explanation 
of the shell content as a raised shoreline. Rose (pers. comm. 1967) 
also examined thi s site and similarly concluded that the supposed .-
raised shoreline deposit was of questionable origin. One should 
acknowledge, however, that road alterations and landscaping have 
taken place since both Veitch and Barrow examined the site and i t 
may also be possible that the marine deposit was destroyed. 

TABLE SHOWING SEDIMENTARY CHARACTER OF 
SUPPOSED MARINE DEPOSIT AT SALTBURN 

Surface 
2.3$ to 4.1$ 2.3$ to 4.1$ 2.3$ to 4.1$ 2.3$ to 4.1$ 2.3$ to 4.1$ Texture 

SITE % Heavy Minerals % Rock Fragments % Coal % Shell % Mica 
Sample 1 4.1 21 - 2 0.2 9 
Sample 2 3.2 33 - 4 0.8 11 
Sample 3 3.5 18 - 2.5 0.2 12 
Sample 4 3.4 25 - 3.8 0.6 10 
MEAN 3.5 24 3.75 0.45 10.5 



2) Marine or Sstuarine mud with shells at Warr9nby. near Redcar. 
Warrenby, (MZ 581249) i s situated west of Redcar on lund 

which v;aB reclaimed from the estuary* Tho area was examined and i t 
is certain that Tute (1333) was describing a deposit which occurred 
within the reclamation dyke. I t i s possible that the deposit wua 
estuarine mud used as f i l l or alternatively that i t was an "in 
s i t u " deposit overlain by f i l l . In either case i t was not f e l t 
necessary to analyse the deposit. 

3 ) Marine or Estuarine f i l l i n tho lower Tees and Tributary Valleys 
This deposit was described by Agar 1954 as a grey alluvium 

and was observed to occur to a maximum depth of -84 O.D. i n the 
present estuary, rising to the base of a peat bed just below Ord
nance Datum. This same grey alluvium i s recorded i n the tributary 
valleys as far inland as Wynyard Park (NZ 420250), 5 feet below 
ground le v e l , at 55' O.D. At this 6ite and several others organic 
debris was observed (tree debris and roots), but there i s no 
evidence of marine remains above present O.D. The deposit would 
appear to be associated with the gradual rise of sea level from 
-84' O.D. to present O.D., where i t grades into a freoh water poat 
bed. 

Some confusion has occurred with this deposit as i t 
appears to be continuous from eBtuarine to a l l u v i a l environments. 

A l l the organic regains are t e r r e s t i a l (leaves, nuts, branches, 
antlers, (Agar 1954) and the name estuarine alluvium relates to i t s 



location at depth, not I t s node of origin. Almost certainly t h i s 
deposit was l a i d down when the streams gradually silted up as sea 
level rose from -34' O.D. to i t s present level. 
O A sand deposit notched i n boulder clay at 75* to AO* O.D. on 

the south side of the Tees 

Agar (1954 op. cit.) i s again responsible for the inte r 
pretation of this deposit as a marine notch. I t was suggested that 
the sand could have been deposited i n either a lacustrine or marine 
environment. However, the notch i s incorporated i n a graph of sea 
level change, despite the absence of any supporting evidence, (be 
can only surmise that this decision reflected Agar's knowledge of 
the original sequence of 25', 50', and 100* levels which were re
corded in Highland Britain. Agar (pers. coram. 1967) did, i n faot, 
suggest that the 82' level WBB related to the supposed "100,H level 
i n Scotland. This nomenclature and height classification (25', 50', 
100») i s no longer popular. 

The following analyses were performed on those sites 
l i s t e d on page which Agar considers as marginal sands, and 
which are s t i l l accessible. (The majority of sites were exposed 
in temporary excavations during urban and irjduetrial expansion 
whilst Agar was employed by Middlesbrough Corporation and are now 
inaccessible.) 



(a) West Hartlepool 100' O.U. (N". VT7299) (Brlerton) 

This site consistB of a large mound of eand containing 

current bedding and some t i l t e d gravel beds. In addition there 

were distinct zones i n the sequence where the laminae were 

noticeably finer and more horizontal. 

As a result of these variations a detailed s t r a t i f i e d 

random sampling plan was used to obtain 1*2 sedimentation unit 

samples. (Fig. 9i>») Tables 259and £60demonstrate that these 

samples may be divided into groups, eaoh of which may be re

lated to a different depositional environment. 

The inadequacy of textural parameters i s emphasized when 

the results are compared with that of factor analysis. Factor 

analyses of t h i r t y of the samples reoognises three di s t i n c t 

groups t -

1 ) Samples A and C 

2) Sample B 

3) Samples 1 , 2, 3 , 

The three groups coincide with the site stratigraphy 

(Fig. 95 .) and i t would appear that "A" and "C" were deposited 

under similar energy conditions. A comparison with (Fig. 8$.) 

(Chapter 8) would suggest that the throe distinct zones, which 

are recognised at Brier-ton, may be equated with present day 

offshore, beach, and river conditions, on the basis of factor 

loading ratios. 
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TABUS RECORDING TKXTURAL PARAMETERS OF SAMPLES 

FROM BRIEKTON (WEST HARTLEPOOL 477299) 

Sample Number & Mean 4 Standard Dev. 6 Skevmess i Kurtosis 

3 
IB 
2C 
l a 
l b 
1A 

4C above 3C 
u< 2> 

2 

2A 1 

2C 
2B f g 
2A2 

A 3 1 

A32 
2B, 
CK 
C22 
A2l 
A2 2 

A l l 
Al2 

Top 3A 2 

Top 3AX 

4C above 30^ 

C5 1 

C52 
C4 1 

C4? 
C6l 
C62 
C2 1 

C l l 
Cl2 

B3 2 

B2l 
B2 2 

B l 2 

2.35 1.46 -0.14 1.01 
2.6 1.17 -0 .21 1.0 
2.53 1.2 -0.18 1.04 
2.56 1.22 -0.26 0.93 
2.25 1.4 -0.29 0.99 
2.59 1.16 -0.12 1.53 
2.37 0.68 -0.04 1.07 
2.55 1.37 -0.25 0.97 
2.65 1.17 -0.18 1.03 
2.57 1.33 -0.2 0.97 

0.87 0.85 -0.27 0.94 
1.37 1.05 -0.08 1.1 
1.2 1.13 -0.08 1.11 
1.11 0.89 -0.24 1.23 

1.78 0.99 0.16 1.54 
1.72 0.95 0.14 1.41 
1.52 1.1 0.09 1.11 
1.97 0.54 0.23 1.03 
1.97 0.6 0.19 1.17 
1.95 0.96 0.29 1.49 
1.88 0.96 0.21 1.56 
1.72 1.0 0.15 1.68 
1.63 1.0 0.0 1.64 

2.32 0.74 0.22 1.01 
2.2 0.72 0.08 1.12 
2.32 0.68 0.11 1.0? 

2.03 0.51 0.17 0.93 
2.08 0.52 0.19 0.92 
2.02 0.57 0.22 1.03 
2.13 0.54 0.2 1.04 
2.08 0.55 0.11 1.04 
2.09 0.52 0.14 0.95 
2.04 0.63 0.23 1.22 
2.34 0.7 0.19 1.28 
2.38 0.7 0.24 1.37 

2.88 0.65 0.16 1.0 
2.85 0.65 0 .1 0.99 
2.57 0.68 0.09 1.02 
2.67 0.62 0.12 1.11 
2.54 0.7 0.12 1.02 



TABLE RECORDING SEDIMENTARY CHARACTERISTICS OF 
BRIERTON (WEST HARTLEPOOL NZ477299) 

Mica (grains/1000) Coal (grains/lOOO) 

Loop* 2.31ft 2.76^ 3.41/f 1.661 2.31j* 2.76a7 3.41ff 
Sample to to to to to to to to 
Number 2 . t f 2.7# ?M 2-3f* 2.7# Mf* 
C6 0 0 0 0 0 0 0 0 
C4 1 Trace Trace 1 5 0 0 19 
2B 1 8 1 1 1 12 Trace 1 

4C above 3C 1 2 1 Trace 28 10 8 8 
A2 Trace 10 9 11 0 Trace 1 2 
C5 0 0 1 5 Trace Trace Trace Trace 
C2 10 0 3 5 10 11 8 3 
2C 0 1 7 5 11 12 10 10 
2A 0 0 3 3 12 12 39 5 
C3 0 0 5 0 2 Trace 4 12 

3C Bottom 0 4 9 8 27 30 20 10 
4A 0 0 6 17 132 61 70 110 

Top 3A 0 0 2 5 3 15 9 12 
Mi 53B 1 20 8 11 40 21 11 6 

? % Rock Fragments % Heavy Minerals 
1.66jrf 2.31j4 2.76^ 3.4ljrf 1.66*4 2.31ft 2.76ff 3.41a' 

Sample Surface t o to t o t o to to t o to 
Number Texture 2.3^ 2.7tf M*T ?.8f* 2.75f< Mf* 

C6 8 119 42 38 17 2.6 2.6 2 .4 2.1 
C4 6 20 13 9 39 2.2 4.3 2.8 9.7 
2B 7 110 47 21 28 5.7 3.1 10.4 13.4 

4C above 3C 9 71 22 11 2 2 .7 2.1 1.3 1.3 
A2 8 28 28 7 0 3.8 3.0 2 .6 2.1 
C5 7 62 54 41 13 3.0 3.5 4.0 2.2 
C2 8 28 31 30 5 4.4 3.9 4.5 5.4 
2C 6 130 42 20 0 7.2 4.0 13.0 3.2 
2A 9 37 18 15 17 23.0 16.6 6.4 9.0 
C3 6 64 47 38 17 2.5 3.3 3.8 32.7 

3C Bottom 8 61 40 12 2 1.7 2.2 1.6 1.1 
4A 8 160 50 41 50 1.9 1.4 1.8 11.0 

Top 3A 7 165 45 3 2 2.5 2.3 2.6 2.0 
Mid 3B 10 52 30 19 3 2.5 2.2 2.6 1.5 

No Shell Content. 
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The absence of shell fragments, and the presence of a 
veneer of red stony clay overlying the deposits would seem to 
favour an origin marginal to an ice sheet. In this way one 
can explain the wide variety of environmental conditions i n 
such a limited area. Raistrick (1931 op. c i t . Chapter 3) 
described the deglaciation stages i n the Tees (Fig. Ife.) and 
Oeaumont 1970 (in press) suggested that the ice margin may 
have followed the contours quite closely on the northern side 
of the Tees. The ice would, of course, be thicker away from 
t'e snout and the ice margin would probably rise i n a N.N.E. 
direction. 

Certainly, a comparison of one group of Urierton samples 
with the sand content of boulder clays from the Tees and 
Northumberland suggests that an ice marginal origin i s 
possible. There would appear to be very l i t t l e difference 
indeed. The particle size graphs of the two other 
environmental groups appear to confirm an origin in standing 
water (Fig. 9?.) and running water (Fig. 9$). This three
fold environmental complex could possibly be explained as an 
ice contact Kame delta where the energy was sufficient to 
separate the three size fractiorie of bouluer clay, gravel, 
sand and clay. The height of the mound, which stands 20 feet 
above the surrounding area io d i f f i c u l t to explain i f one 
discounts an ice contact origin. Only wind action could create 



such a fnature, and the &treti£raphy, rjica content, and 
sorting characteristics would seem to preclude the influence 
of wind action. 
(b) Park Knd Farm (Middlesbrough. N.Z. 520175) Eeton 

Cemetary (NZ. 548138) (Table 263) 
Doth of the above Bites are described by Agar (op.oit.) 

as examples of marginal sand. In each oase some d i f f i c u l t y 
was experienced i n procuring undisturbed samples. Tide was 
particularly so at Eston Cemetary. Two samples were analysed 
from eaoh si t e and the results of particle size analyses alone 
were sufficient to confirm that the sands most probably 
represented a washing l i m i t of a low energy environment, over
l a i n by a coarser sand which was possibly of deltaic origin. 
(Fig. -9$ . ) . The sorting pattern of either of these samples 
could not possibly be confused with a marine beach similar to 
the present day environment and i t would seem more logical to 
equate the lower sand with the washing l i m i t of an ice dammed 
lake and the upper sand with a meltwater current entering the 
lake when i t had receded to a lower lev e l : 
(See Table) Sedimentary analyses suggest that the two coarse 
and two fine deposits are similar And may extend along an 
BX IB parallel with the contours. This distribution pattern 
agrees with findings by the Middlesbrough Corporation (Agar 
Personal Comm. 1967) and augments Agar's conclusion that the 
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deposits concerned were marginal to a water body which occupied 
the lower reaches of the present drainage basin. 

5) A 41* notch i n the laminated clay, composed of yellow, clean 
sand and which contains occasional shells 

Agar (1954) recognised this deposit which occurred i n the 
Ormesby (NZ498188) and Middle Beck Valleys (NZ508186). There was no 
evidence of the sand notch on the land between the two valleys, and 
Agar (ibid . ) based his marine hypothesis on the presence of isolated 
shells, identified as Cardium edule. The deposit was discovered 
during a sewer excavation and consequently the present author was 
only able to locate the layer i n hand dug holes. Samples were 
taken from three such holes i n the Ormesby Beck Valley but the 
deposit could not be found i n the Middle Beck. The analyses of the 
three samples suggest that the dominant energy was running water 
(Table 265). 3oth the particle size curves (Fig. 9$), and rock 
fragment content seem to confirm this and again one could hypothesise 
that the sand was l a i d down i n a deltaic complex associated with 
the ice-dammed lake which probably occupied the lower Tees. The presence 
of shell fragments i n sandy deposits i s not unusual i n the Tees as 
some of the stony clays originated offshore. Fluvial and f l u v i o -
glacial sand and gravel deposits, which are formed from these stony 
clays, frequently contain several shell fragments. I t would seem 
that the shell fragments are concentrated i n the sand and gravel 
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fractions when the clay i s broken doxvn by current flow. This would 
explain the occurrence of shell fragments i n many sands and gravels 
to heights of 200' O.D. i n North East England (Anderson, 1939). 

Sissons (personal communication, 1967) considered that the 
sand at 1+1 O.D. was most l i k e l y to be of f l u v i a l origin and that the 
shell fragments may be derived from an archaeological site. 

In summary, i t would appear that there i s some reason to 
doubt that the 4 1 ' O.D. deposit i s marine. There i s no other 
evidence to support a post-glacial sea level at this height. I f 
Agar's identification i s valid then the notch must be of late glacial 
age. Smith and Francis (1967, op. c i t . ) note that the 4 1 ' O.D. sea 
level i s absent from the north side of the Tees and i t would seem 
that a similar conclusion should be drawn for the south side. 
6) The Raised Storm Peach which grades into an offshore bar on 

the North side of the River Tees, between Throston (NZ490335) 

and Greatham (NZ492284) 

Gaunt, (i n Smith and Francis, 1967, op. c i t . ) described 
the occurrence of a sand ridge, with some gravel, which was 300 to 
400 yards wide, and trended north to south for over 3h miles 



between Throeston :ind Grestha.n. I t was widest (65^ yards) near 
Rift House (NZ 495310) wharo i t possessed an asymmetrical profile, 
with the steeper slope facing west. ISlaewhere, Gaunt (ibid) des
cribed the ridge as rounded and roughly symmetrical. 

The constituent sediments were described as clean sand 
and pan gravel, both horizontal and current bedded. The gravel 
was well rounded and occasional shell fragments (possibly a 
Cardium species) were recognised. (Trechraarm had previously 
recorded shells i n a currented bedded gravel at Throston (1915)). 
The deposits became noticeably finer i n a southerly direction and 
the ridge dipped south from 140' 0D to 80» 0D. (a gradient of 
17.2 feet per mile). This relatively steep dip, for a shoreline 
deposit led Gaunt (ib i d ) to suggest that the storm beach 
gradually became an offshore bar towards i t s southern l i m i t . 

In the present study i t was noted that, the ridge did not 
end at Groatham as Gaunt (ibid) suggests, but continues inland 
almost parallel with the A689. Wolviston to Hartlepool road and 
consists of pea gravel, coarser gravel, sand, B i l t , and clay 
lenses, a l l frequently overlain by a thin layer of reddish stony 
clay. The ridge also continues to drop from 80' 0D north of 
Greatham to 70' 0D at Newton Bewley (NZ465267) and to 65' 0D 
immediately east of Wolviston (N"460260). An excellent exposure 
of the ridge occurs i n a gravel and sand p i t east of Newton fiewley 



at the junction of the A689 and the road to Dalton Piercy 
(NZ482278). ThiB excavation produced the following stratigraphy. 
(See Photographs Plate 3). 

5'7" medium gravel 
5'6" red stony clay 
2*0" coarse gravel 
5*0" pea gravel 
2'6" current bedded sand 
2,0,4medium gravel 
This stratigraphy i s not what one would expect to find i n 

a raised storm beach, or even an offshore bar. In both cases these 
high energy environments are very well sorted. 

In order to discover the origin of these deposits i t i s 
almost unnecessary to complete detailed sedimentary analyses. 
Both the morphology and location of the feature would suggest an 
ice marginal or ice-contact feature, paralleling the north west 
facing slope of the ice tongue as i t retreated i n a north easterly 
direction. This explanation f i t s i n with the assumed pattern of 
ice retreat i n the Tees Basin (Raistrlck 1931, Beaumont 1970 i n 
press). 

In further support of thiB alternative explanation are 
two similar sand and gravel ridges. These are especially distinct 
at Sadberge (MZ342169) above 2001 0D), and at Long Newton (NZ382164) 
(120* 0D). The three ridges most probably represent successive 



s t i l l stands i n the i c e r e t r e a t with the lowermost being the 

supposed r a i s e d storm beach near Hartlepool. 

I f one examines c l o s e l y Gaunt's reasons for describing 

the deposit as a raised storm beach one i s forced to conclude that 

they are both very tenuous indeed. The f i r s t was the presence of 

s h e l l fragments, and the second was the close proximity of the ridge 

to a terrace of marine warp upon which Hartlepool was situated. 

Gaunt ( i b i d . ) f e l t that the terrace and the sand and gravel ridge 

were g e n e t i c a l l y and chronologically related. On sedimentological 

grounds alone, i t i s highly u n l i k e l y that a current energy capable 

of creating a r a i s e d storm beach up to 650 yards wide would deposit 

an Qstuarine mud i n the nearshore environment. 

The accompanying table 442 of sedimentary analyses, p a r t i c l e 

s i z e curves ( F i g . 99) and factor analyses (Fig.199) a l l suggest that 

running water was the dominant sorting energy. The author was also 

able to discuss the o r i g i n of the ridge with both Smith and Francis 

o£ the geological survey and Francis accompanied the author to the 

Newton Bewley s i t e . Both agreed with the author that the feature 

was of f l u v i a l or f l u v i o - g l a c i a l o r i g i n and discounted any marine 

influence. 

7) The Terrace of Marine Warp 

This deposit forms a continuous planation from the Crimdon 

Beck (NZ485367) i n the north and follows the contours of the present 

Tees v a l l e y , i n the south. Smith ( i n Smith and Francis, 
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196? op. c i t . ) describes the feature as a d i s t i n c t break of the 

slope at about 80" 0D (the base of the break of slope, i n f a c t , 

occurs at 60' 0D) and which was composed of a series of i l l -

defined subterraces. I t varied i n width from 500 yards at Hart 

Station (NZA80361) to 2 miles south of West Hartlepool. The 

feature i s considered t o be la r g e l y erosional and the "marine" 

deposits consist of isolated patches of brown t o grey clay. This 

clay r a r e l y exceeds 3 feet i n depth, i s stoneless or contains a 

few small, w e l l rounded stones and grades imperceptibly i n t o the 

underlying boulder clay. No marine shells have been found but 

some small encrustations of calcium carbonate, thought t o have been 

produced by marine worms, are present i n cracks and on the upper 

surface of the underlying limestone. Some patches of sand end 

gravel were noted i n temporary excavations at the northern end of 

the terrace and interpreted by Anderson (1947) as a raised beaoh 

deposit. 

One can suggest several possible o r i g i n s f o r t h i s terrace, 

and associated deposits, and the merits of eaoh are c r i t i c a l l y 

assessed i n the following section. 

(1) A terrace of marine warp. 

(2) An embayment created by mel*wate" draVnage flowing 

from NNE t o SSW alongside an ic e plug i n the lower Tees. 

(3) A f l u v i a l terrace related t o the present r i v e r Tees. 

(4) The ponding beds of meltwater by an ice plug t o form 

an ice dammed lake. 



1) A terrace of marina warp 

One must discover a marine deposit to support t h i s hypo

thesis. The author feelo that t h i s has not been done. The so-

called marine warp i s described as reworked boulder clay without 

any occurrence of marine fauna or f l o r a : The limestone encrustations 

are u n l i k e l y to be related to t h i s planation as they occur beneath 

the "upper" boulder clay ( i i . E, Durham Geological Purvey Kemoir 

1967). Andorcon (1947 o p . c i t . ) was f i r s t t o describe a raised beach 

deposit on the terrace and a recent housing development on the north 

west o u t s k i r t s of Hartlepool provided e eeriea of temporary exposures 

of the stratigraphy: -

IS" s o i l , subsoil, and s h e l l s , s h e l l fragments 
Victorian pottery, clay pipe cteres 

7'9" red boulder clay 

Lima fit one s o l i d 

The s h e l l content which occurs only i n the s o i l layers 

most probably stent; from the comwon habit of using seaweed as 

f e r t i l i z e r . Further, i f one looks more closely at the seuimentology 

of the supposed 'erosional' terrace i t seems strange t h a t a predomi

nantly erosional environment should produce a marine warp and not a 

sand or gravel deposit. 

In consequence, one mUBt conclude that the geological 

survey were largely influenced i n t h e i r i n t e r p r e t a t i o n of t h i s 
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deposit by the previous "marine" hypothesis proposed by Anderson 

(l9/*7> op. c i t . ) , by the close proximity of the terrace to the 

present coastline, and by the s i m i l a r i t y i n height between t h i s 

terrace and the supposed l a t e - g l a c i a l l e v e l on the south side of 

the Tees, which was described by Agar (195A, op. c i t . ) . 

I n both instances there was no positive evidence t o 

favour a marine o r i g i n and the author has already made known his 

opinion that the 82' O.D. l e v e l on the south side of the Tees i s 

more l i k e l y t o be l a c u s t r i n a l than marine. One must, i n fairness 

t o the geological survey, acknowledge that the terrace i s remarkably 

uniform. 

2) An embayment created by meltwater drainage flowing alongside 

an ice plug i n the lower Tees or an ice dammed lake 

This hypothesis can be used t o good e f f e c t to explain 

many of the more undulating planations at higher levels i n eastern 

county Durham. The most l i k e l y sequence of events was one of an 

almost stagnant ice mass preventing the seawards drainage and 

enforcing meltwater t o move along the ice margin. 

There i s no doubt that there was an excessive amount of 

meltwater i n the south Durham area, as the many spillways and melt

water channels t e s t i f y ( F e r r y h i l l Gap NZ302320, A y c l i f f e NZ285225, 

Hope House NZ333251). The presence of an eastward r e t r e a t i n g ice 

sheet i n the lower Tees must have prevented much of t h i s meltwater 

from reaching the sea. Thus i t i s possible f o r the supposed terrace 



of marine warp to be formed p a r t l y by marginal meltwater drainage 

and p a r t l y by meltwater ponded back to create a p r o g l a c i a l lake. 

The terrace could possibly have formed contemporaneously with other 

levels i n the Tees either by a single large water body or by a 

smaller marginal lake. The four t h hypothesis i s preferred t o the 

second because of the very gentle gradient exhibited by the terrace. 

3) A f l u v i a l terrace related t o the present drainage basin 

I t i s possible that the terrace was formed by run o f f 

during the early stages of the evolution of the present drainage 

basin. 

I n summary, the Hartlepool terrace of marine warp t y p i f i e s 

the problem which was discussed i n Chapter 2j that any terrace i n 

a coastal location i s too frequently presumed to have originated 

under marine conditions. 
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The previous discussion has shown that none of the seven 

deposits can be regarded as d e f i n i t e l y of marine o r i g i n . In f a c t , 

those deposits which occur on the north side of the Tees can be 

i d e n t i f i e d as f l u v i o - g l a c i a l or l a c u s t r i n a l , w i t h a f a i r degree 

of certainty. On the south side of the Tees, Agar's 4 1 1 O.D. and 

82' O.D. sand f i l l e d notches can both be more l o g i c a l l y explained 

as l a c u s t r i n a l and d e l t a i c features related t o a l a t e - g l a c i a l ice 

dammed lake, which gradually receded as the ice melted. The 

occurrence of s h e l l frag ments i n the lower of these notches i s 

not unusual f o r t h i s region. I t seems that the Cheviot ice which 

occupied t h i s region had been diverted down the coast by the 

Scandinavian ice which was standing offshore, and i n the process 

had assimilated marine deposits. 

The Saltbum deposit which contained a wide range of 

shells v/as no longer v i s i b l e , and was probably destroyed early i n 

the 20th century when the coast road was widened and re-routed. 

Two deposits i n the same l o c a l i t y were examined and neither was 

considered t o be marine. 

Two factors were taken i n t o consideration when discussing 

t h i s raised beach deposit. 

( l ) The s i t e was s u f f i c i e n t l y close t o the present range of 

sea l e v e l to have been w e l l w i t h i n the range of a high 

spring t i d e assisted by an onshore wind. Even today, 



the spring tides break against the promenade and cause 

sand and shells t o be deposited on the surface of Cat Nab. 

The deposit contained shells which occur on the present 

beach and Veitch i n his a r t i c l e expresses concern t h a t 

the Saltburn Improvement company had exposed the a l l u v i a l 

sand which contained the s h e l l fragments and at the same 

time destroyed the evidences of ancient kitchen middens 

which once existed. The present author examined t h i s 

a l l u v i a l sand, which s t i l l e xists on Cat Nab, and i s 

convinced that i t represents a washing l i m i t of the Skelton 

Beds. Only a few s h e l l fragments were observed and the 

author i s equally convinced t h a t the supposed raised 

beach deposit at Saltburn i s of archaeological o r i g i n . 



SPECIFIC SITES RECOGNISED AS POSSIBLY MARINE AFTER THE MORPHOLOGICAL 
SURVEY 

Sand deposits, which could possibly be compared with the 

present day shoreline, did not occur on a l l terraces and the 

following section concentrates on these s i t e s which: 

(1) possessed a gradient which d i d not preclude a marine 

o r i g i n 

(2) contained a sand or gravel deposit which could have been 

l a i d down under marine conditions 

The following Table 451 divides the levelled terraces 

i n t o three sediment groups: sand, washed stony clay or laminated clay 

and red stony clay. One can observe that the majority of terraces 

were composed of washed boulder clay and laminated clay which i s 
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f a r mora l i k e l y to re s u l t from a low enorgy environment such as 

would exist i n an ice dammed water body, or as a res u l t of 

meltwater run-off. 

TABLE KKCQRLiING THE SKUh';ENTS OH TBiltACES 
IN THE TKBS BASIN 

* The number i s similar t o that used i n Chapter 4. 

A. SAND B. WASHED CLAY C. RED STONY CLAY 

6 Cat f l a t 84' 
10 I.C.I. Wilton 78', 80', 
13 Spencer Beck Farm 100' 
15 Sandy Flat 99.63 
16 Etainsby Hall 77', 93' 
17 High Leven 122', 116' 
19 S p i t t a l Flat 118' 
32 Coatham Stob 94' 
33 Coatham Stob 79' 
34 Stockton-Norton 59' 
41 Claxton 45' 

Windy H i l l 
Mareke C l i f f 
Garden House 
Hurworth Moor 
Warren House Farm 
WoodBide 

4) up and down p r o f i l e 2 
5) Ox close to Pontac Furm 3 
7 Blacks' Bridge 47' 27 
10 I.C.I. Wilton 93', 58» 28 
11 Lackenby Hall 75' 36 
12 Normanby 50« 37 
14 Coulby Manor 106', 108', 
15 Sandy Flat 46' 
18 Ingleby Barwick 76' 
20 Howe H i l l 77' 
20b Howe H i l l 108' 
23 Girsby 145' 
24 Old School Girsby 130' 
25 Low Entercommon 174', 166', 
26 Low Hail 134' 
29 Middleton St. George 134' 
30 Long Newton 113' 
31 Elton 106' 
35 Howden Hall (33 1 per mile) 
38 Wolviston 109» 
39 Marsh House 59' 
40 Middle Burn Toft 53!,73',63', 
42 Cowpen Bewley(17.64' per mile) 
43 Throston 60' 

These water bodies need not necessarily have existed f o r 

a great length of time as the author has observed quite d i s t i n c t 

shoreline terracettes and washed deposits, to a depth of 6", res u l t 

from temporary flood water on the Canadian Prairies. 
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One should note th a t sedimentological studies cannot 

provide a positive means of distinguishing a marine beach from a 

lacustrine beach and one must, therefore, r e l y on the morphological 

survey and f o s s i l , faunal or f l o r a l evidence. (The v a l i d i t y of 

negative evidence, the absence of s h e l l fragments, and absence of 

the surface polish which a marine beach sand possesses are discussed 

l a t e r , ) 

The t h i r d group, which occur on unaltered stony clay, 

a l l possess gradients which preclude a l i t t o r a l o r i g i n , and i t i s 

the f i r s t group which possess sand deposits that could possibly 

be formed under marine conditions. 

Sandy Flat (Fig. Ib2; 

Three samples were taken at approximately 99' O.D., from 

a drainage trench. The sand deposit was structureless and no s h e l l 

fragments occurred. Table 280 records the sedimentary character

i s t i c s of the sand and together w i t h the p a r t i c l e size curves 

(Fig. 102) these characteristics suggest that running water was 

responsible f o r i t s deposition: 

(1) The symmetry of the coarse and f i n e 

(2) The apparent absence of a distinguishable trend i n the 

heavy mineral content. 



TABLE RECORDING SEDIMENTARY CHARACTERISTICS 

OF THREE SAMPLES FROM SANDY FLAT (NZ 493158) 

Mica (Grains/lOOO) % Rock Fragments 

Sample 
Number 

Surface 
Texture 

1.66* 
to 
2.3* 

2.31* 
to 

2.75* 

2.76* 
to 

3.4* 

3.41* 
to 

3.8* 

1.66* 
to 
2.3* 

2.31* 
t o 
2.75* 

2.76* 
to 

3.4* 

3.41* 
to 

3.8* 

1 9 1 2 Trace 0 75 57 34 6 

2 11 Trace Trace 0 0 20 13 9 3 

3 10 1 Trace 1 0 64 24 7 1 

Coal (Grains/lOOO) % Heavy Minerals 

Sample 
Number 

Surface 
Texture 

1.66* 
t o 

2.3* 

2.31* 
to 
2.75* 

2.76* 
t o 
3.40* 

3.41* 
t o 

3.8* 

1.66* 
t o 

2.3* 

2.31* 
to 

2.75* 

2.76* 
to 
M * 

3.41* 
to 

3.8* 

1 9 5 0 0 0 7.2 4.0 12.0 4.2 

2 11 1 Trace 1 0 2.5 2.3 2.6 1.8 

3 10 1 Trace 1 0 5.0 3.5 3.3 6.0 

S p i t t a l Flat (Fig.rpp) 

This terrace occurred at 118* O.D. Two sand samples were 

taken from separate hand dug holes. There was some evidence of 

fine bedding but no d i s t i n c t s t r a t i f i c a t i o n . Table 281 records the 

sedimentary characteristics and i t i s i n t e r e s t i n g to note that the 

p a r t i c l e size curves (Fig, 102) appear s i m i l a r t o some offshore 

samples. The most dominant characteristics of a marine beach sand 

(a high polish on the grains, and s h e l l content) are both absent 

and the p a r t i c l e size curve indicates a f i n e r grained deposit formed 

under lower energy conditions than occur along the present coast. 
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Cat F l a t . Spancer Beck and Stal-iso.v Hall (Fig. 109 and Fig. 10) 

Exactly the bium problem occurs w i t h the above three bites 

as d i d with S p i t t a l F l a t deposits. A l l four sites possess the 

characteristics of a low energy wave deposited environment but do 

not possess the high polish and s h e l l content which characterises 

the present aay beach. The deposits therefore could be c l a s s i f i e d 

as l a c u s t r l n a l on t h i s negative evidence. However, i t would be 

preferable to have t h i s c l a s s i f i c a t i o n supported by f o s s i l faunal 

or f l o r a l evidence as well as morphology. 

High Leven. and Stockton-Uorton (Fig. 102.) 

Both of the above B i t e s produced results which suggested 

running water as the depositional agent. This was especially true 

of the Stockton s i t e where the samples were taken from two trenches 

excavated i n current bedded sand and gravel. These trenches l a y t o 

the north of a very short, but nevertheless very d i s t i n c t break of 

slope which occurred at 59' OD. I t 6eems probably that the sample 

s i t e represents d e l t a i c sediment entering the water body responsible 

f o r etching tho terrace. 

The High Leven deposit was I O S B easily recognised, but 

the p a r t i c l e size curve i s perhaps the most positive moans of 

i d e n t i f i c a t i o n . 

The symmetrical coarse and f i n e t a i l s a r e t y p i c a l of 

deposits l a i d down i n running water and the terrace was probably 

formed by meltwater or runoff. 



Coatham Stob 

This s i t e was examined separately because i t was the only 

levelled s i t e , which could be a shoreline, where there was no problem 

of sample c o l l e c t i o n . Primarily, two deposits were recognised; 

a s u p e r f i c i a l sand deposit w i t h increasing coarse material to the 

north, and an underlying laminated clay which contained occasional 

boulders, some of which were s t r i a t e d . The sand was observed t o 

change i t s texture from coarse sandy gravel i n the north to a f i n e 

sand i n the south, and t h i s transgression could possibly be 

explained as the influence of a current energy which gradually 

reduced i n strength as i t met with the influence of the standing 

water i n which the laminated clay was deposited. The laminated 

clay was most probably a deep water deposit and the sand a shallow 

water deposit which was l a i d down a f t e r the water body started to 

recede. I t seems probable that t h i s laminated clay was of s i m i l a r 

age and o r i g i n to the large deposit on the south side of the 

present Tees and i f so then the d r i f t geology shown i n Fig. 11' 

(Chapter 3) should be modified t o show t h i s continuation of the 

laminated clay. A t o t a l of ten samples confirmed t h a t the s i l t 

content of the deposit increased towards the periphery of the clay 

p i t and t h i s was taken to indicate a water l a i n o r i g i n . 



Tfible showing tha % s i l t content of the lr.iriiistecl clt\y e.t 

Coathan £tou. 

Distance from the /oriphery % S i l t 

150' 
120' 
90 • 
60' 
50' 
40« 
30' 
20' 
10' 
1' 

0.7£ 
1.23 
2.8% 
2.6# 
k.Q% 
6.9* 

18. l£ 
21.5* 
20.8* 

Fig. (104) shows the precise location of camples, 

Fig. 105, the p a r t i c l e size curves, and table <22#. the results of 

sediment analyses. 

Site Description 

The samples were collected on a s t r a t i f i e d random plan 

and each sample s i t e i s ueBcribad i n the following section. 

Sites 1. 2. 3. and 5 

These four sites were disregarded as evidence of recent 

t i p p i n g and reworking suggested that results would be meaningless. 

Stratigraphy 

1" laminated clay 
l j " sand 
1'8" red f i l l + mg lmst e r r a t i c s 

2" angular gravel 
1" sand 
2" gravel 

Site U 



The stratigraphy i s complex and would seam t o indicate a 

very variable influence of water sorting such as one would expect i n 

a braided delta where channels are constantly changing. Running 

water i s indicated, rather than wave action, by the presence of 

turbulent flow structures i n the deposits. 

Site 6 

A t h i n bed of coarse sand and f i n e gravel was recorded 

with several coal bands incorporated i n t o the sand. These 

segregated coal bands could possibly indicate the influence of 

density upon gr a v i t y s e t t l i n g rates. The presence of these density 

layers could possibly be interpreted as evidence of d e l t a i c or 

equilibrium conditions i n the transporting agent. 

Site 7 

The upper k f e e t consisted of a s t r a t i f i e d gravel 

containing well rounded stones. Several s t r i a t e d pebbles were 

noticed and even more i n t e r e s t i n g , several f l i n t s occurred. These 

most probably came from the offshore environment north of the Tees 

ana werw carried to t h e i r present location by the Cheviot i c e sheet. 

Also i n t h i s gravel were several "armoured mud b a l l s " which consist 

of a nodule of bo\tlder clay r o l l e d along by running water or v/ave 

action and which c o l l e c t s small pebbles on i t s surface. Below the 

gravel was a 6* to 3' th i c k bedded sand which gradually became 

f i n e r towards i t s base. An increase i n sediment size towards the 

top of a stmtigraphio column i s usually taken as evidence of a 



regressive sequence which indicates the gradual drying out of a 

water body. This would c e r t a i n l y appear t o agree with the supposed 

pattern of events envisaged f o r the Tees Basin, of an i c e dawned 

lake, gradually receding ae the climate ameliorated and the i c e 

melted. 

Si ee 8 

A s i x foot layer of orange sand occurred at t h i s s i t e , 

interbedded with several f i n e coal bands. 

Site 9 

The sand bed i n Site 8 was appreciably thicker ( 6 1 t o 10') 

and was underlaid by a f i n e sandy clay, gradually merging i n t o the 

underlying laminated clay. A s i m i l a r regressive sequence as occurred 

at Site 7 f u r t h e r supports the hypothesis of a receding water body, 

although the gravel layer i s absent i n t h i s s i t e . 

Site 10. I I . 12. 13. l i * 

A l l the above c i t e s possessed a s i m i l a r stratigraphy of 

6' t o 10' of f i n e l y bedded sand overlying a t r a n s i t i o n layer of 

laminated sandy s i l t , which i n t urn overlies true laminated clay. 

The sand v i s i b l y becomes f i n e r at one moves south and i t i s i n t e r e s t i n g 

to note the mineralogical changes which accompany t h i s trenu. (Table 288) 

The most s i g n i f i c a n t one i s the increasing content of l i g h t density 

coal fragments i n a southerly d i r e c t i o n which could possibly be 

interpreted as evidence of a weaker transporting energy. 
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Tablo showing the location of sampler, at 
Coatham Stop 

Site U Sample 1 
Site 6 " 2 
Site 7 " 3 , 
Site 8 " same as 3 
Site 9 " B w a e aa 3 2 

Site 10 " Yellow iianU 1 
Site 11 » Yellow Sand 2 
Site 12 11 Yellow Sand 3 
Site 13 " U, hi, k2 
Site 14 "5i,52, 5 3 5 4 

One may observe that the high polish and shell content of 
marine beach Bands are again absent but should noto that shell 
fragments do occur occasionally. The individual characteristics 
are again of l i t t l e significance on their own, although the 
variable range of coal content i s most easily explained by 
di f f e r e n t i a l settling i n standing water or possibly deltaic 
conditions. 

The particle size curves possess the reverse L shape 
of lacuutrinal and some offshore sands and the former i s considered 
a more l i k e l y origin because of the close a f f i l i a t i o n with the 
adjoining laminated clay. 

Factor analyses were performed on some of the Coathem 
Stob samples, and with the exception of two samples which possessed 
almost equal 30-30-30 factor loadings, suggested a lacustrine or 
marine nearshore origin. The two aamples with almost equal factor 
loadingb may possibly have been resorted after their original 
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deposition and the absence of a dominant factor could be ind i c a t i v e 

of a polygenetic deposit. ( F i g . 99) 

Three other l e v e l l e d terraces were factor analysed and 

the r e s u l t s conformed with morphological evidence i n supporting a 

l a c u s t r i n a l or offshore ori g i n for Cat F l a t and S p i t t a l Flat, S&BS&L 

t S M W n , and a f l u v i a l o r i g i n for Sandy FlatjgAoafenMpi 

Summary 

This survey of the sediments associated with l e v e l l e d 

terraces has proved i n t e r e s t i n g . There s t i l l remains the problem 

of la c u s t r i n e versus marine, although the absence of marine f l o r a 

and fauna and the predominance of poorly sorted, fine s i l t y deposits 

does seem to favour a much lower energy environment than one would 

expect from l a t e g l a c i a l marine conditions. 

OTHER SANDY DEPOSITS IN THE TEES 

These samples include sediments which were discovered 

during f i e l d work, and which were not associated with a terrace. 

I t i s possible that these sands could provide further evidence of 

environmental conditions i n the l a t e and p o s t - g l a c i a l periods. 

(1) Hurworth NZ315114 

(2) V/ynyard NZU5246 

I n i t i a l l y , each s i t e i s described and l a t e r i t s 
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sedimentary characteristics discussed and compared with earlier 
analyses. 

Hurworth 
This site was located at 120' 0D just north of the present 

river Tees floodplain. The 6ite was very similar to Coatham Stob as 
a sand deposit was associated with a laminated clay. As at Coatham 
Stob the extraction of clay for brick making allowed easy access to 
the deposits, and the following stratigraphy was recorded 

13" SoU 
2*9" contorted laminated clay 
5*0" fine sand, current bedded i n part 

10«0" + laminated clay 
The sand deposit was sampled i n two groups, one from tho 

current bedded sand laminae, and one from the unbodded sand 
(prefixed "H.") The sand lay unconformable' on the clay deposit 
and therefore need not be chronologically related to the underlying 
deposit. 

Analyses 
Table 292 records the sedimentary characteristics and one 

can observe that the imbedded samples possess a greater surface 
polish, on exceptionally high mica concentration, and an equally 
high content of rock fragments and coal when compared with other 
sample locations. 

Shepard (1964 op. c i t . ) suggested that a high mica content 
occurB i n low energy deltaic environments and i n standing water. The 
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high coal content could similarly be explained B B the influence of a 
weaker current energy giving way to gravity settling. 

However, the particle size curves (Pig. J0&) show quite 
clearly a consistent difference between the bedded and unbedded 
deposits. Doth are extremely fine grained and also cover a restricted 
range of grain sizes. This almost certainly reflects a consistent 
current energy rather than restricted source material. The unbedded 
deposits show the reverse L shape of lacustrine or marine nearshore 
and offshore deposits whilst the bedded deposits show this coarse 
t a i l to a much lester extent. One can tentatively suggest that the 
environment of depositions could be a deltaic complex with near 
equilibrium conditions between erosion and depordtion such that only 
a very restricted range of grain sizes would be transported. 

In this way, one could envisage the mica rich deposit 
being l a i d down i n Btanding water and the associated current bedded 
eanda being deposited i n a braided delta. Certainly the dip of the 
current bedding varied considerably from K.N.K. to W.N.W. ( as one 
would expect i n a braided delta). 

Fig. 10©.;, which shows the factor loadings of the two 
deposits clearly separates the mica rich offshore or near shore 
deposit from the current bedded deposit. This l a t t e r i s d i f f i c u l t 
to interpret as i t f a l l s within the range of marine beach, 
lacustrine beach, and some offshore samples. (See Fig. &$ chapter 
e i ^ t ) . The absonce of any present day a l l u v i a l fan or deltaio 
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deposits i n the Toes makes i t d i f f i c u l t to predict where i t s deposits 
should f a l l on the triangular graph, but a logical position would be 
between l i t t o r a l and f l u v i a l deposits. 

One must conclude that this fine, current bedded deposit 
from Hurworth does not resemble any of the known environments, 
previously encountered i n the Tees and thus oannot be identified on 
the premise that the present i s the key to the past. 

Vfrnyard Sand Pit (NZ415246) 

Tliis sand p i t i s exposed on the south facing bluff making 
the northern l i m i t of the liillIngham beck flood plain approximately 
one mile north east of Thorpe Thewles (NZ40223U). The p i t has been 
f i l l e d i n during the past few years but the following stratigraphy 
was observed 

16* to 20* red stony clay (striated stones) 
4'0" current bedded sand and gravel 
1'2" hard almost consolidated sand with 

occasional clay nodules towards the base 
3" clayey sand 

8'0" coal and sand interbedded (2" sand 1" 
coal at regular intervals 

1*6" + basal layer of large boulders, some 
striated 

Samples were taken from the two main sand beds with a th i r d 

sample unit from the thin layer of fine sand which marked the basal 
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layer of the stratigraphy i n moBt parts of the p i t . Table 469 
records the sedimentary characteristics and the most destructive 
characteristic i s the very high rock fragment content which was 
found to ocour i n present day f l u v i a l environments i n the Tees. 
In t h i s case, i t i s possible that the rock fragment reflects the 
close proximity of the sand to the boulder clay from which i t 
probably originated. Beaumont (pers. comm. 1967) suggested that the 
sediments were probably deposited i n an ice oontaot aone as this 
would explain the large boulder layer. 

The particle size curves show the two main sand beds with 
very similar size distributions, whilst the clayey sand stands apart 
(Fig. 102). Factor analysis, (Fig.lO?>) similarly shows thi s 
difference and i t i s noteworthy that the two main layers possess the 
same factor loading ratio as present day f l u v i a l sands, but seems 
also to overlap with l i t t o r a l sands. One must return to the particle 
size curves for further explanation, and the symmetrical fine and 
coarse t a i l s are a noted characteristic of f l u v i a l sandB. 

Summary 

These two sites, Hurworth and Wynyard, were easily 
accessible and enabled one to complete a f u l l sampling program. In 
th i s way i t was possible to test the v a l i d i t y of identifying f o s s i l 
environments by comparing their factor loading ratio with those of 
known environments. One must conclude that the technique ie not 
f u l l y satisfactory as the current bedded sand at Hurworth defied 
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positive identification. One explanation f o r th i s f a i l u r e could be 
the absence of a l l u v i a l fans and deltaic sediments from the present 
day environments i n the Tees. 
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Data Processing 
Factor analysis 1. (Particle Size Data) 

Fig. 86 (Chapter eight) shows the throe factor ratio's of 
known and unknown environments and Table 299 records the loading ratios 
for unknown environments. 

In t h i s chapter the factor loadings of each sample site have 
been plotted individually to aid interpretation, (Fig. LOQ) and i t was 
only partly successful. The main problem was to distinguish betwjen 
sands of marine and of lacustrinal origin. This problem had arisen 
because there was no large freshwater body i n the Lower Tees, and 
partly because there was no positive means of distinguishing betwjen 
the two environments. The absence of a high polish on the grains, and 
the absence of shell i n the terrace samples can only be regarded as 
negative evidence. 

A seoond similar problem was the recognition of deltaic 
sediments which occur frequently i n the f o s s i l sands and which are 
absent from the present daysands i n the Tees basin. 

Discriminant Function Analysis 
A discriminant function analysis was performed on the 

results of factor analysis to determine which groupa of known samples 
the unknown samples resembled. Table 305' records the results of the 
analysis and i t i s immediately apparent that the unknowns f a l l into 
four major facies (Group 3# Group 7, Group 13, and Group 14). The 
majority of unknowns are concentrated i n groups 13 and 14, which are 
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Table Recording Sample Location. Computer Number and Factor 
Loadings of "Unknown" Samples From the Tees 

(Based on i a r t i c l e Size Data) 
Sample Location Computer Number 
Wynyard Sand C ^ U 0 L 

2 
Wynyard Sand C U02 
Wynyard Sand A ^ U03 
Wynyard Sand A ^ U04 
Wynyard Sand B ̂  U05 
Wynyard Sand fi ̂  U06 
Wynyard BaBal Sand ^ U07 
Wynyard Basal Sand ^ U03 
Coatham Stob (2) ̂  U09 
Coatham Stob (2) U10 
Coatham Stob (1) ̂  Ull 
Coatham Stob (1) U12 
Coatham Stob 4 ^ 103 
Coatham Stob 4 ^ U14 
Coatham Stob 3 ^ U15 
Coatham Stob 3 ^ U16 
Wynyard (1) U17 
Wynyard 1A U18 
Wynyard 2 U19 
Wynyard 2A U20 
Wynyard 3 U21 
Wynyard 3A U22 
Wynyard 4 U23 
Wynyard 4A U24 
Brierton Al ^ U25 
Brierton Al ̂  U26 

F l 
JL. 
F2 

3.1 85.2 11.7 
4.3 80.4 15.3 
2.0 82.8 15.2 
1.2 84.2 14.6 
1.1 79.0 19.9 
0.8 78.7 20.5 
77.5 3.4 19.2 
76.0 3.1 20.9 
62.3 0.9 36.8 
71.7 0.1 28.2 
54.9 7.4 37.7 
52.9 9.0 38.2 
42.1 12.0 46.9 
40.7 13.2 46.1 
34.0 30.4 35.6 
34.8 29.6 35.6 
6.4 87.7 5.4 
6.6 86.0 7.4 
4.4 82.6 13.0 
3.7 86.1 10.2 
4.5 80.9 14.6 
2.9 87.4 9.7 
1.8 89.7 8.5 
1.4 92.4 6.2 
U.O 63.5 25.4 
12.7 59.6 27.6 
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Sample Location 
Brlerton A2 ^ 
Brierton A2 
Brierton A3 
Brierton A3 
Brierton Bl 
Brierton Bl 
Brierton B2 
Brierton B2 
Brierton B3 
Brierton B3 
Brierton CI 
Brierton CI 
Brierton C2 
Brierton C2 
Brierton C6 
Brierton C6 
Brierton C3 
Brierton C3 
Brierton C4 
Brierton C4 
Brierton C5 
Brierton C5 
Hurworth 1 
Hurworth 1A 
Hurworth 2 
Hurworth 2A 
Hurworth 3 
Hurworth 3A 
Hurworth 4 

(2) 

(1) 
(2) 

(1) 
(2) 

(1) 
(2 ) 

(1) 
(2) 

(1) 
(2) 

(1) 
(2) 
(1) 
(2) 

(1) 
(2) 
(1) 
(2 ) 
(1) 
(2) 

Particle Size Data) J L 
Computer Number Fl F2 

U27 14.3 55.8 29.9 
U28 15.2 54.6 30.23 
U29 14.8 58.4 26.8 
U30 15.2 57.4 27.4 
U31 43.5 11.7 44.8 
102 35.0 20.1 44.9 
103 43-1 13.2 43.7 
U34 36.3 19.3 44.5 
105 53.1 8.7 38.2 
U36 52,5 10.2 37.3 
U37 20.9 27.3 51.8 
108 20.2 28.7 51.1 
109 6.9 47.1 46.0 
U40 6.8 46.8 46.4 
U41 9.2 40.3 50.44 
U42 7.5 43.6 48.9 
U43 6.9 47.4 45.7 
U44 6.1 49.0 44.8 
U45 7.4 43.2 49.1 
U46 7.6 48.4 51.4 
U47 7.9 41.3 50.8 
U48- 7.2 42.7 50.1 
U49 4.7 38.1 57.2 
U50 6.2 37.1 56.7 
V51 6.9 35.1 58.0 
U52 4.3 38.3 57.5 
U53 8.7 30.9 60.5 
U54 5.9 34.0 60.1 
U55 13.1 25.4 61.5 
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(Basse! on Partiole Size Data) 
Sample Location Computer Number 
Hurworth 4A U56 
Hurworth 5 U57 
Hurworth 5A U58 
Hurworth 6 U59 
Hurworth 6A U60 
Hurworth H1A U6l 
Hurworth H1A ^ "62 
Hurworth H2A U63 
Hurworth H2A ^ U64 
Hurworth H3A U65 
Hurworth H3A ^ U66 
Hurworth H4A U67 
Hurworth H4A ^ U68 
Hurworth H5A U69 
Hurworth H5A ^ U70 
Hurworth H6A U71 
Hurworth H6A ^ U72 
Brierton 2A 1 U73 
Brierton 2A ^ U74 
Brierton 2B ^ U75 
Brierton 2B ^ U76 
Brierton 2C ^ U77 
Brierton 2C ^ U78 
Newton Bewley Gravel Pit 

Red Sand 1179 
Newton Bewley Gravel Pit 

Red Sand U80 
Newton Bewley Gravel Pit 

Red Sand U81 
Newton Bewley Gravel Pit 

Yellow Sand U82 

X 
F l F2 F3 

12.2 26.1 61.7 
9.9 29.2 60.9 
7.1 32.7 60.3 
5.6 37.2 57.2 
5.7 36.0 53.3 
89.9 3.7 6.4 
89.9 3.8 6.3 
84.4 2.5 13.2 
87.1 3.8 9.1 
90.5 4.0 5.6 
91.9 4.5 3.7 
89.6 3.5 6.9 
91.0 4.0 5.1 
94.7 5.0 0.3 
94.0 4.3 1.7 
92.4 4.2 3.4 
90.9 3.7 5.4 
6.3 91.0 2.7 
7.7 88.3 4.0 
14.6 74.3 11.1 
17.8 61.3 20.9 
11.7 35.5 2.8 
15.9 68.5 15.6 

32.8 54.0 13.3 

29.6 55.8 14.6 

30.5 53.0 16.4 

6.6 55.2 38.2 
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(Baaed on Particle Size Data) 
Sample Location Computer Number F l 

JL 
F2 *3 

Sandy Flat U83 31.2 55.8 13.0 
Sandy Flat U84 34.5 51.3 Ik. 2 
Sandy Flat U85 28.9 54.0 13.1 
Spittal Flat U86 6k.1 8.1 27.8 
Spittal Flat U87 61.2 9.2 29.6 
Cat Flat U88 53.7 U.1 33.2 
Cat Flat U89 52.5 7.8 39.7 
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composed entirely of offshore samples. Tliis result emphasises the 
problem which has boen reiterated on several occasions that there i s 
no positive sedimentological means of identifying a freshwater from 
a marine deposit l a i d down under similar conditions. 

Group 3 oonsiats primarily of present day beach sands and 
i t i s interesting to note that the following unknowns occur i n t h i s 
group 

1) three Wynyard samples 
2) four Brierton samples 
3) one Newton Bewley sample 

This relationship cannot be readily explained as the respective 
partiole size curves of the beach samples and the unknowns do not 
appear similar. 

Group 7 i s predominantly composed of river samples and the 
four Drierton samples which correlate with this group do possess the 
character!utic partiole size curve of a f l u v i a l sand. 

In summary, discriminant function analysis has not succeeded 
i n simplifying the classification of 'unknowns1', despite the main con
centrations of samples into groups 13 and 14 which aro oompoued of 
offshore samples. I t i s hoped that multiple factor analysis 
incorporating a l l sedimentary values may prove suocecoful. 

Factor analysis 2. ( A l l Sedimentary Data) (i)ee Table 306). 
The results of t h i s analysis show a l l samples except for 



306 

ice i n t e r r a c i a l r a i t e d beach ivy.n Ireland, v/ith a high loading 

on Ttc'cor 2. This was what ouo couiu expect a f t e r the results of 

a sim i l a r analyses on known samples. (Fig. ifR) Almost c e r t a i n l y , 

the cause of t h i s f a i l u r e wae the s h e l l fragment content whiuh v/aa 

high i n a l l the known samples but fLuvial and low or absent i n a l l 

the unknown samples but f o r the Ireland i n t e r g l a c i a l raised beach. 

I n consequence one must conclude that i t would be better 

to complete a separate factor analysis f o r oach variable and then 

assess i t s value independently. I n the i d e a l caoo one should 

extend the study over the whole size ound rongo so that there would 

be ten variables f o r each mineral group rather than four ac was 

the case i n the present study. 

TAijLfi RSCOI-JJIKO THE RESULTS OF FACTOti ANALYSIS ON 

SAMI-'LISb OF UNKN0V.W OPICIN ( A l l sedimentary Data). 

% Loading 
Sample Factor 1 Factor 2 f a c t o r 3 

Coatham Stob Yellow Sand 1 2 92 6 
M it M n 3 2 96 2 

Coatham Stob 1 1 96 3 
Coatham Stob 4 4 66 30 
Coatham Stob 4^ 4 86 10 
Coatham Stob 4-̂  2 96 2 
Coatham Stob 5r, 2 94 4 
Coatham Stob Sai:>e as 3 3 96 1 
Coatham Stob 3 6 73 21 
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T»di.z hiiC3i.-I.N0 Til'.:: I^LT-IT:: OF FACTOK AHALVSIK ON 

oAi-;jL.-.:» JP IMMOwK Ol.ltJl',: ( A i l L.adlinentary Data). (CONTD.) 

% Loading 
bample Factor 1 Fact o:- 2 Fi.ct 
Brierton Top 3A 1 96 3 

Brierton 2C 2 95 3 
Brlerton Mid 3B 2 93 5 
Brierton 3C Bottom 2 94 4 

Brlerton C4 5 90 5 
Brierton AC above 3C 1 98 1 

Brierton A2 8 78 1 4 

Brierton C2 3 95 2 

Brierton C5 3 90 7 
Wynyard Basal Sand 1 92 7 

Vjynyard C 3 89 8 

Wynyard A 2 90 8 

Wynyard 3 1 90 9 

Wynyard 2 1 90 9 
Hurworth 3 4 8 6 1 0 

Hurworth H3 4 84 12 

Hurworth 1 1 97 2 

Hurworth 5 2 97 1 

Hurworth H6 6 67 27 

Newton Bewley 4 89 7 
Girsby Flat 4 92 4 

Eaglescliffe 3 7 90 3 

Eaglescliffo 4 2 97 1 

n a d c l i f f e 1 3 79 18 

Jatockton-Norton 1 48 43 9 

Ireland - supposed i n t e r g l a c i a l 
. J . M , beach Jiairi Raised marine snnd 

82 1 6 2 Ireland - supposed i n t e r g l a c i a l 
. J . M , beach Jiairi Raised marine snnd 2 30 68 
Fluvo Glacial Land Carron Valley 

Edinburgh 1 93 6 
Edin raised marine sand 2 96 2 

Bdin raised marine sand 5 8 1 14 

http://hiiC3i.-I.N0
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Chapter 

The results of t h i s chapter have proved f a i r l y satisfactory. 

I t would appear that the p a r t i c l e si?.e curvo, and the factor 

analyses based upon i t provide tha most sucoeseful rae&ns of 

i d e n t i f y i n g f o s s i l environments. Une must conclude i h a t the i d e a l 

Barnplinn conditions which were experienced with present oay 

environments could not be applied t o f o s s i l environments f o r the 

folloviing reasons. 

1) Access 

2) Time factor 

3) Limitations to the number which could be 
fac t o r analysed. 

Access 

Several of the f o s s i l sand deposits i n the Tees had been 

destroyed by urban and i n d u s t r i a l development. Also, fanning 

pr£.ct.i;:i33 frequently prevented the neceesary excavation to gather 

representative samples from accessible s i t e s . 

The Tine Factor 

Tho time factor not only l i m i t e d the number of samples, 

but also tho number of analyses which could be performed on each 

sample. Frequently, n i l samples v:ore analysed f o r p a r t i c l e r i s e 

and thon grouped by factor analysis. Samples were thon purposefully 
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selected from the di f f e r e n t groups for further sedimentary analyses. 

In t h i s way the emphasis on sampling moved away from the number of 

samples to the nature of the individual sample (e.g., channel, 

spot, skims, sedimentation unit , s i z e ) . 

Factor Analysis 

As was previously mentioned there were severe r e s t r i c t i o n s 

on the number of samples which could be analysed. These r e s t r i c 

t ions were p a r t l y a r e f l e c t i o n of the s i z e of the computer and 

pa r t l y the a v a i l a b i l i t y of programmes. At the time of writing the 

author was able to run over 200 samples on one programme at 

Edmonton (Alberta, Canada) with ten v a r i a b l e s . I t i s hoped that 

a programme to handle 500 samples with 15 variables w i l l be avail a b l e 

i n the very near future. 

Despite these l i m i t a t i o n s i t would appear that sedimentary-

analyses of terrace deposits tend to confirm the r e s u l t s of the 

morphological survey. The majority of terraces i n the lower Tees 

would appear to have been formed p a r t l y by i c e marginal drainage 

and partly by the washing l i m i t of i c e dammed or moraine dammed 

lakes. There would appear to be l i t t l e evidence for raised shore

l i n e s , despite the seven s i t e s which previous workers had c l a s s i f i e d 

as marine. 

The absence of marine s h e l l s and the poorer sorting of 

deposits does suggest that a l e s s powerful energy v/as responsible for 
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the sandy deposits which occur on come of the terraces. Hopefully 

the following chaptor on f o s s i l faunal or f l o r a l evidence w i l l 

provide more conclusive information on the o r i g i n of the terraces. 

SedlmantoloKy Lection 

This section on oediwentology was l a r g e l y experimental 

and i n retrospect the author recognises many l i m i t a t i o n s i n the 

completed work. I t was d i f f i c u l t t o foresee those l i m i t a t i o n s 

u n t i l a f t e r the samples had been analysed and i t i s at least 

g r a t i f y i n g that more recent work completed i n Canada has benefited 

from t h i s present study. 

The l i m i t a t i o n s referred t o re l a t e p r i m a r i l y to the 

minerttlogical i d e n t i f i c a t i o n s which were r e s t r i c t e d t o the medium 

to f i n e 6and f r a c t i o n s . This r e s t r i c t i o n was imposed p a r t l y by 

the time fac t o r , but mainly t o ensure that a l l samples could be 

compared with one another. During the course of the study i t was 

realised that p a r t i c l e size analyses of environmental deposits have 

proved inconclusive p a r t l y because of sampling inadequacies but 

mainly because workers f a i l e d to realis e that p a r t i c l e size analysis 

was i n part a measure of sample composition. The current stud}' went 

part way to solving t h a t problem by axamining the d i s t r i b u t i o n of 

nlnerals of d i f f e r e n t shapes and densities e.g. mica, coal, heavy 

minerals and s h e l l fragments. 

Tho success of factor analyses on the p a r t i c l e size data 

was mosit euo-juraging f o r tho study of present day environment, and 



was p a r t l y successi'r.l i n a study of " f o c o i l " environments. Thia 

success haB led the author t o tuggeet the following approach to 

future work i n the f i e l d of environmental sedimentology. 

1) f a r t i c l e size analysis should be apt-lied t o 

minerals of d i f f e r e n t densities and shapes, 

wi t h i n each cample. 

For example 

Particle size analysis of quartz grains 
1 ' a r t i c l e size analysis of coal grains 

it P a r t i c l e size analysis of s h e l l fragments 
£(4 P a r t i c l e size analysis of heavy minerals 
\4 P a r t i c l e size analysis of rock fragments 
£$f P a r t i c l e size analysis of mica 

Once s u f f i c i e n t samples have been analysed from both 

known and unknown environments a 1 0 variable f a c t o r analysis should 

be completed on a l l samples. ( 1 0 variables f o r each mineral group 

1 variable - 1 size f r a o t i o n ) 

I n t h i s way one i s more l i k e l y t o achieve perfeot 

environmental separation, than has been achieved t o date. I n 

conclusion one may l i s t the important results which have emerged 

from t h i s eedimentological study: 

A. Systematic 

l ) Moment Measures have recently been usou to 

describe p a r t i c l e sixe d i s t r i b u t i o n s . The prosent study 

woula suggest that they are an i n e f f i c i e n t means of 
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describing these curves. The author must support 

Doeglas ( 1962 op. c i t . ) i n his b e l i e f t h a t the p a r t i c l e 

size curve 1 B a -Jiore discerning means of sample 

description, when plott e d on arithmetic p r o b a b i l i t y 

paper. 

What i e required i s some means of computerising the curve 

to produce a descriptive mathematical equation. Thie would eliminate 

tho present s i t u a t i o n where one has to r e l y on subjective camparisan. 

2 ) F a r t i c l e size analysis should take i n t o account 

compositional differences. Current energies respond 

t o density and shape as w e l l as size (Ruhkin 1937 op. c i t . ) 

I t i s the d i s t r i b u t i o n of eaoh mineral withi n a 

sample which provides the environmental character, 

not the t o t a l amount. 

The f a i l u r e of previous workers t o recognise the 

importance of t h i s factor i s considered t o be a major weakness and 

although i t has not been f u l l y exploited i n t i l l s thesis, a 

frequency curve of each density group should provide a f a r more 

sensitive ueusure of environmental sorting. 

3) Multivariate f a c t o r analysis of a l l data proved t o be 

a f a r more valuable and e f f i c i e n t means of comparing 

samples than attempting t o compare i n d i v i d u a l sample 

properties. 

U) Discriminant function analysis proved t o be a sensitive 



c l a s s i f i c e t o r y technique which subdivided known 

environments i n t o sub groups. I t was employed as 

a means of c o l l e c t i n g the unknown samples with the 

known samples and the results were only p a r t l y 

successful. 

Regional 

1) A study and analysis of previously described marine 

deposits i n the Tees led t o the author questioning 

t h e i r a u t h e n t i c i t y . 

2) Sedimentary characteristics succeeded i n d i f f e r e n t i a t i n g 

f l u v i a l l y formed terraces from lacustrino or marine 

terraces, with a s i m i l a r degree of success as was 

experienced with precise l e v e l l i n g . The major 

problem was how to distinguish between the essentially 

s i m i l a r deposits which can occur under i d e n t i c a l 

conditions i n both marine and freshwater conditions. 

I t was concluded that only f o s s i l faunal or f l o r a l 

evidence oould p o s i t i v e l y distinguish between the 

two environments, although t h e o r e t i c a l considerations, 

circumstantial and negative evidence appeared t o 

favour a l a c u s t r i n a l o r i g i n . 

3) Offshore 

The author was unable to obtain equipment to c o l l e c t 

core samplet, from depth beneath the sea bed and must 



therefore r e l y solely on the descriptive analyses 

of commercial boreholes. These are discussed i n 

the following section which deals with f o s s i l faunal 

or f l o r a l evidence and chronology. 



SECTION 4 

FOSSIL FAUNAL AND FLORAL EVIDENCE 

AND 

CHRONOLOGICAL CONSIDERATIONS 



CHAPTER 10 

FOSSIL FAUNAL AND FLORAL EVIDENCE. AND THE 

CHRONOLOGY OF EVENTS IN THE LOWER TEES BASIN 

Introductory Statement 

In t h i s chapter f o s s i l evidence and chronology have been 

combined as the l a t t e r i s based very largely on the former i n the 

Lower Tees. The aim of the study was to f i n d further evidence which 

might prove or disprove the existence of raised and submerged shore

lines i n the research area. 

Fossil Faunal and Fl o r a l Evidence 

The f o s s i l evidence i s considered under f i v e headings:-

1) Marine f o s s i l evidence onshore 

2 ) Freshwater f o s s i l evidence onshore 

3) Freshwater f o s s i l evidence below present O.D. 

k) Shallow water marine f o s s i l s offshore at depth 

5) Conclusion 

The most important aim of t h i s study was to determine 

whether marine or l a c u s t r i n a l conditions dominated the l a t e and post

g l a c i a l evolution of the lower Tees basin. 

Hopefully, one may be able to assess the v a l i d i t y of the 

t h e o r e t i c a l considerations i n chapter one, the morphological analyses 

i n chapter four, and the sedimentological studies i n chapter nine. 



1) Marine f o s s i l evidence onshore 

A search f o r nuirine macro-fossils was carried out 

during both the morphological and sedircentological surveys. The 

results of t h i s search have already been described, and took the 

form of isolated occurences of s h e l l fragments i n both coastal 

wind blown deposits and i n Borne s u p e r f i c i a l sand and gravel 

deposits. 

Shell fragments i n coastal wind blown locations 

(a) Hartlepool 

An example of t h i s sediment occured at Hartlepool 

where the boulder clay c l i f f s were frequently coated with a t h i n 

veneer of sand, which contained numerous small s h e l l fragments. 

(b) Saltburn and H u n t c l i f f 

The ground surface was strewn with sand, shell3, 

and s h e l l fragments at both these s i t e s , which occur i n the 

southernmost portion of the research area. Polyethylene bags were 

used to capture samples of sediment i n suspension during a wind 

gusting t o Z»5 mph. The samples contained between 2$ and 7.5% s h e l l 

fragments. 

The main value of the above si t e s i s t o demon

strate the carrying capacity of wind energy and t h i s confirms that 

the s h e l l fragments on Cat Nab could e a s i l y have been wind blown 

and not necessarily washed out of a raised beach deposit. 
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S h e l l fragments i n sands and gravels 

Several of the sand and gravel deposits i n the 

lower Tees basin contained i s o l a t e d s h e l l fragments. 

1) Throston (Trechmann 1915 op.cit.) 

2) Coathan. Stob (present study) 

3) Newton ttewley (present s tudy) 

k) Middle Beck, Ormesby Beck (Agar 1954 op.cit.) 

5) Saltburn (Veitch 1883 op.cit., Barrow 

1358 op.cit.) 

A l l were discussed during the relevent sediraentolo-

g i c a l s t u d i e s , and i t was f e l t that one could postulate two o r i g i n s . 

1) G l a c i a l o r i g i n 

2) Archeolo&ical or i g i n 

The l i k e l i h o o d of t h e i r being " i n s i t u " marine 

deposits was considered and rejected for s e v e r a l reasons (chapter 

nine). The most d i f f i c u l t s i t e to examine was the supposed raised 

beach at Saltburn, which was described by Veitch 1883 op.ct., 

and Barrow 1888. The "beach" contained a wide v a r i e t y of i d e n t i 

f i a b l e s h e l l fragments, a l l of which were common on the present day 

beach, and was adjacent to two ancient kitchen Middens. Both t h i s 

s i t e , and the middens have since been destroyed by road improve

ments. The sedimentology of a continuation of t h i s "beach" which 

was described by Veitch ( o p . c i t . ) suggested running water rather 

than wave action was responsible for i t s deposition. 
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The laminated Clay deposit 
This deposit occupies much of the lower Tees and i t 

has already been suggested that i t was formed i n an ice dammed 
lake (fadge 1939 op. c i t . ) . Many Isolated terrace fragments sur
round this deposit, are superimposed on, or cut into, i t s surface. 
Very few indeed contain any marine shell fragments and th i s led 
the author to consider whether shells would be present i n a late 
glacial raised beach. Certainly the occurrence of shells i n i n t e r -
glacial sands and gravels suggests that they would easily have 
survived the ravages of weathering. One should also note that the 
Firth of Forth contains a low lying clay of post glacial origin 
(the Car30 clay) and although i t does contain shells, the supposed 
late glacial shorelines which surround i t are non-fos3iliforous 
(Sissons pars comm 1967)* I f one considers the probable se
quence of events i n the late-glacial history of the two regions, 
the Firth of Forth and the lower Tees, i t i s possible that shells 
would not occur i n late-glacial deposits. The immediate coastal 
environment would have only recently been Inundated by the eustatic 
rise of sea level and the less mobile murine species would take 
some time to colonise the newly acquired t e r r i t o r y . This time may 
be greater than the time for isostatic crustal rebound to commence 
and thus the higher shorelines would not possess any shell content. 
This situation almost certainly occured i n the Charaplain Sea, 
(St. Lawrence Valley, Quebec, Canada) where the clay deposits were 
the subject of much conjecture u n t i l foraminiforal micro fossils 



wore found. Ahese f o 3 s l l r ; confirmed that the Champlain Liea was 
i n fact fin urn of tho Bea and not a freshwater lake, (O.idd 19&v). 

On (similar grounds one would expect the Tees 
laminated clay to contain evidence of these highly mobile tr.icro-
f.os3ils i f i t was l a i d down during a marine incursion. Twenty 
fresh samples of the clay were analysed using the f l o tat ion 
techniques described i n chapter seven (alcohol, or carbon t e t r a 
chloride). Coal was the main constituent of the li g h t density 
f l o t a t i o n , whilst a microscopic examination of the mixture 
revcabd only pollen spores, which ware identified as of carbon-
ftirous origin (Beaumont 1967). The absence of foraninifera from 
this deposit and from sands associated with i t does lend weight 
to the lncustrinal hypothesis which the present author favours, 
especially i n view of their presence i n the Champlain Sea deposits. 

Summary 
No.further narine f o s s i l renains were discovered in 

the Tees and one nay conclude that i t i s more l i k e l y that the late 
and post glacial history of the lower TONS was dominated b-.r 

lacustrinal conditions than b- successive L-te and post-glacial 
marine incursions as suggested bv Agar (195A op. c i t . ) . 

2) Freshwater f o s s i l eviden^o onshore 
The purpose of this section i s to determine whether 

me I t water lakes l e f t any record i n the form of f.taxt deposits. 
Throughout this thesis tho emphasis has always been on 



finding displaced r-irine deposits. The i n a b i l i t y to find any 
"in a l t u " marine fossils has resulted in the surgestion of an 
alternative hypothesis to explain the surface features and deposits. 
Thi3 hypothesis calls for the r-radual retreat of an ice tongue i n 
a coastward direction, which would prevent the natural drainage uf 
the neltwater. This meltwator would drain around the margin of 
this ice tongue .and collect i n hollows to form small, proglecial 
lakes. In the l a t t e r stages of deglaciation i t was possible that 
a large water body occupied the lower roaches of the present 
drainage basin and Lhe laminated clay was most probably laid down 
in this lake. 

One would expect some of the Bmaller marginal lakes, 
which occured i n hollows on the higher land (above 90'0.D), to have 
taken longer to dry out than a solely ice dammed lake, and i t is 
possible that some of these may contain organic mud or peat 
deposits. I t i s similarly possible that some of the lower basins 
may also contain organic deposits. 

I t i s possible that the discovery of such deposits 
could provide positive evidence of former locustrinal conditions i n 
the Tees, and may also provide some indications of lnte and post 
glocial environmental conditions. 

Previous literature 
Previous workers record the occurrence of two buried 

peat deposits, both on Lhe north side of vho Tees, in the valley of 



the Billin/jham Beck (NZ43Q236) (Agar, op. c i t . ) and North Burn 
( N Z 4 6 0 2 7 2 ) (Smith, personal communication, 1 9 6 7 ) . In addition to 
the above sites Blackburn ( 1 9 5 2 , op. c i t . ) recognised zone I I 
deposits near Heasham ( N Z 3 3 2 1 1 2 ) , whilst there i s evidence of 
larger lakes at Bradbury Carrs ( N Z 3 1 3 2 5 6 ) and Morden Carrs 
( N Z 3 2 1 2 6 0 ) , where peat i s close to 4 0 ' thick. Agar, ( 1 9 5 4 , op. c i t . ) 
also recorded buried peat beds at a similar height above sea level 
as the North Burn and Billingham Beck valleys ( 5 4 1 O.D.) i n the 
valleys of the Middle and Ormesby Becks on the south side of the 
Tees. 

The Present Study 
Two further peat deposits were discovered during 

f i e l d work. One was an extension of the bed which i s exposed i n the 
North Burn, and the other a kettle hole at Dinsdale (NZ327105), 
not far from where Blackburn (op. c i t . ) discovered the elk skeleton 
i n zone I I peat. Each of the above-mentioned sites i s examined i n 
the following section. The stratigraphy is described and the pollen 
zone determined. 

Billinsham Beck Valley 

Agar (1954, op. c i t . ) describes the stratigraphy of 
th i s site as: 

l'O" Brown alluvium 
4'0" Black peat 
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3,On Croy s i l t y clay - sone sand lonoes 

?ho pont contained tree debris end fresh water 
shells, whilst the grey 3 i l t y clny contained i n s i t u tree roots. 
Doth deposits occurnd over Lhe whole of the flood plain of the becks, 
between Wolviston r i l l (sz 42923?*) and the tributary which flows 
through V,ynyard Par!; (N2 4H213) . 

A pollen aonple from the base of the peat recorded 
a reed dominated vegetation with few trees. The presence of sone 
domestic-'ted grass pollen sut~£csted that the site post dated the 
development of agriculture i n the local area. Dr. J. Turner of the 
Durhap. Botany Dept. placed the basal layer i n zone VI and the upper 
most layer i n zone Vllb. This would sugge&t that the lake was on 
a reed swamp which existed from 7000 3F to 3000 BP and si l t e d up 
during aubboreal conditions. This s i l t i n g was possibly hastened by 
deforestation which accompjinled the expansion of agriculture. 

In conclusion, this site serves only to indicate 
that lac.u3trinal or swampy conditions occupied t h i s beck valley, 
u n t i l 3000 BP, with a shoreline at 54' * 2.53*. 

Worth Burn 
A s i l t y peat bod, rich i n fresh water shells occurs 

in this bock valley near Stob House farm (HZ 458272). The bed was 
12 feet thick and was overlain by 7 feet of brown alluvium inter-
bedded with sand and gravel. Tho site was particularly interesting 
as i t occured quit.0 close to a major break of slope near Middle Bum 



Toft (MZ /»57279). The associated terrace hid b^en modified by the 
deposition of H feet o f alluvium and thus could not be levelled. 
However, the occurrence of a nearby peat bed could moan that ths 
break of slope had been marginal to a freshwater lake. 

Thin possibility was furthor utrongthened when the 
peat bad W.TS found to extend over the whole of the terrace f l a t , 
beneath the brown alluvium. However, the pollen assoubloga shows 
that the deposit was l a i d down i n zona VZIb and not i n the late 
glacial period when reltwater was.at i t s peak. However, i t i s 
possible that conditions woro too muddy for peat to form u n t i l the 
laka was beginning to s i l t up (the peat i s up to 25* s i l t ) . 

The following hypothesis aay explain both the 
oxiatenco of a lake i n thi s l o c a l i t y and the formation of ttus 
several terrace remnants which surround i t . 

The ridge which Craunt (1967 °P« c i t . ) described 
as a raised storm beach runs from S.W. to N.3. between Wolviston 
(NZ />5^5S) and Croatham (NZ /»91278). This ridge provides an 
effective barrder which could easil:' have held back meitwator. The 
sequence of terraces which were recorded near Middle Uurn Toft 
(chaptor four) .-.ould a l l be rolated to a water body i n this enclave. 
The highor terraca occurs at 74' and i s very short and i l l defined. 
Possibly i t roachod the highest l i ~ i t of the water before i t broke 
through the ridge at the present location of the Worth Burn. The 
successively lower lcvols down to the main one at 52' could a l l 



reflect the different stares i n the gradual 3 i l t l n g of the lake. 
Middle and Ormesby Pecks 

Agar (195'+ op. c i t . ) recorded the occurrence of 
organic remains and a peat bed i n these two beck valley's, where he 
also described a raised beech Band containing shells. The presence 
of several ar t i f a c t s , the peat bed, and a prehistorie hearth a l l 
point to the likelihood of the supposed marine notch being a 
lacustrinal feature and the prehistoric hearth may well support 
Sisf.on'a (pers corom 1967) view that the shells ere of archaeological 
origin. The present author was unable to locate the bed, despite 
assistance from Ager regarding i t s location, es urban development 
hod obliterated the natural features. 

Dinednle 

The discovery of t h i B site could mark the wost 
significant find of organic material in the lower Toes. The Bite 

was located quite by chance when the author stepped onto the sur
face of the s t i l l ect.ivcly growing basin pent end noticed the nearby 
birch trees swaying with the irpact of his shovel. An i n i t i a l 
boring attained a depth of 33 feet below ground le\'el r>nd the 
following detailed stratigraphy was latt?r recorded when i t wss 
realised that the hnsin possessed a contiguous pollen cequence 
from zone I to the present day (including the possibility of zone I 
oscillations). The site is fit present being studied i n d e t c.il by 
a monber of the Cambridge Potnny Dept. who h^s taken r.ajnplQ3 for 

http://detc.il
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Stratigraphy of the Peat In the Dlnsdale Kettle Hole 
Centilitres 

0 10 grey glayod organic clay, down-washed from f i e l d and rootlets 
10 - 20 mainly peat - a l i t t l e clay 
20 - 25 more clayey 
26 - 46 peat (36 - 38 - wood fragments and some clay) 
46 - 48* clay layer 
48* - 51* peat 
51* - 56 some clay bands i n peat 
56 60 peat 
60 - 80 Fen peat with loaf fragments and seeds 
80 - 90 transition - highly humose peat. Nig. 3, Humo. 3* 
90 mm 119 Detritus mud - Limus Detrituosus - leaf fragments 

100 - 119 - moro plant fragments 
119 - 168 peat with abundant leaves 
168 - 226 as 90 - 119, with less fragments towards the bottom 
226 317 Detritus mud (LAraua Datrituosus) 
317 - 337 more compact - greenish-brown - Llrous humuosua 
337 - 338* mid-khaki organic mud 
3386 - 342 l i g h t khaki organic mud 
342 - 343 transition 
343 - 370 pink clay (grey after exposu.ro to air) 
398 darker pink with buff coloured bands at 

41A - 417 
430 - 432 
450 
471 - 473 
491 - 494 
530 - 532 
545 - 547 

574 - 578 transition 
578 — 5*6 organic layer (black) 
586 - 594 transition 
594 - 611 pink clay with some organic bands (Argilla steatodes) 
611 - 616* organic layer 
618* 700 pink clay with a l o t of organic bands 
700 - 765 pink clay with several minor organic bands 
765 - 815 pink-grey clay - possible evidence of organic bands 
815 - 850 pink clay, amorphous 

http://exposu.ro


Cl/». dating, (at the time of writing no results are available). The 
present author did complete some basic studies on the lower pollen 
zones and Dr. Turner of the Durham Botany Department was able to 
confirm a late glacial assemblage. 

The ground level of the kettle hole i s 125' O.D. and the 
pollen sequence provides evidence of the site being permanently 
deglaciated before 12000 B.P. I t i s also possible that the many 
organic layers i n the pink clay could provide valuable information 
regarding the late glacial micro environment. (There i s f u l l y 230 

centimetres of sediment below the organic band which was thought to 
represent the B i l l i n g interstadial. 

Sunmary 
The f u l l significance of this site w i l l not be known u n t i l 

i t has been f u l l y analysed. Nevertheless, i t would appear that the 
Tees may have been free of ice at a relatively early stage i n the 
retreat of the Vfeichselian ice. 

Summary of f o s s i l , faunal and floraJL evidence above 
present Ordnance Datum 
I t would appear that there i s more f o s s i l evidence for 

lacustrinal conditions i n the Tees than marine. Therefore, one can 
suggest that the alternate hypothesis of a late-glacial lake complex 
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i s mora feasible than a marine incursion to 82' OD. This lake complex 
would probably have consisted i n i t i a l l y of a series of smaller i n d i 
vidual marginal lakes i n the early stares of deglaciation (in tho 
levelled zone 170' to 90') with a gradual amalgamation of the 
meItwater into one water body as tho ice retreated east into the 
v i c i n i t y of the prosent estuury (levelled terraces S5' to 35*)• 

3) Freshwater f o s s i l evidence below present Ordnance Datum 
Previous work 
Cameron (1078) f i r s t discussed the sc i e n t i f i c impli

cations of the occurrence of a submerged peat bed at West Hartlepool. 
Ho noted 8' of poat and observed tree remains up to 12 feet i n 
circumference and 18' - 20' inlength. 

Ingram (1909) further described this peat bed which had 
been recognised i n 1833 during dook excavations. The area which 
had been excavated was known as the "Slake" and was described as a 
shallow stretch of water which became an urm of the Ben at high tide. 
The peat bsd appeared to be lnterbeddod with est ua tine muds i n i t s 
upper layers and would appear to have l a i n very close t o sea level 
during i t s formation. Ingram described sizeable tree debris and 
noted that the peat occurred to a depth 20' below Low Water Murk. 

Meanwhile, Simpson (1904) described a similar deposit at 
Kedcar on. the southern side of the Tees mouth. Simpson (ibid) notes 
that tho Jiedcar deposits are rsoro extensive than the Hartlepool 
deposits and ..ire covered by a variable thickness of beach sand. 
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Simpson (i b i d ) did not record the depth of peat but noted that on 
very rare occasions i t WBB exposed at low tide. 

Trechmann 1947 examined the f l o r a , fauna and 
archaelogical remains i n the Hartlepool peat and placed i t s age 
between 8000 and 9000 BP. Smith (in Smith and Francis 1967 op.cit.) 
obtained a C.14 date on an antler from the deposit and the results 
ranged from 8100 I 180 HP to 8700 t 180 BP. This date agrees well 
with Trechmann's figure. 

Smith and Gaunt (in Smith and Francis op.cit. 1967) note 
that the deposit occurs at a maximum depth of -35 ' OD and thus 
sea level must have been at least 40' below ordnance datum 9000 years 
ago. I f one examines the graphs of the euetatic rise of sea level 
(figs. 14 and 15( i t would appear that sea level was between 90' and 
120' below present O.D. at 9000 BP. 

Jelgersma (1961) suggested 65' below O.U. for the Dutch 
coast but even thi s figure i s deeper than the Hartlepool peat. I t 
would seem, therefore that the peat deposit did not occur precisely 
at aea level but at least 25' i f not 80' above mean sea level. 

The present author was unable to locate the d eposit at 
Redcar but was able to s tudy the many borehole and excavation records 
at the offices of the Tees and Hartlepool Port Authorities. One 
such record provided the following stratigraphy. 
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Ground Level 1 1 . 9 9 foo t ( j . D . 1 1 . 9 9 ' bolaw ?-.L.) 
Depth bolow G.L. 

Made Ground 15' 
Grey eandy s l i t 33' 
Dark Uue e i l t 42' 
Soft l i g h t brown peat 50' 
Soft dark brown peat 55'6" 
Soft l i g h t grey s i l t y 

(organic content) 53 '6 B 

Brown sandy stony clay 64 '0" 
Boulder clay 69 

The organic layers occur to a depth of -48.60 O.D. and thus 
would suggest that sea level must have been below that level 9000 

years ago. Also, the deposit rests on Boulder clay, not marine 
deposits, and i s not interbeddod with marine deposits. This would 
suggest that the eeashore was Boms distance away. I t seems proliable 
that the eustatic rise of sea level exceeded the rate of peat growth 
as isostatic rebound lessened. This would explain the estuarine mud 
and shells which are interbedded with the upper layers of the peat, 
i n nearly borehole records, 

Summary 

A l l one can conclude from this evidence i s that sea level 
was ut least 55* to 60' below present Ordnance Datum Circa 9000 13.P. 

4) Shallow Water Marine Deposits at Depth 

The author was unable to obtain samples of this or any 

other sub bottom sedinentB below ordnance datum. Agar (1954) does 

record the existence of a sandy shell bed buried beneath the pre-



sent estuary at -24' O.D. which may have been a beach or which may 
simply have been a shell bed covered by f l u v i a l deposition. 

Chronology of events i n the Tees 
The evidence presented i n this thesis does suggest that 

no raised shorelines occur i n the Tees. If. one refers back to 
Figs. 4> 5, one can see that at 9000 B.P. only 85' of eustatic sea 
level rise remained and sea level was probably close to -90' at 
that time (average figure based on radio carbon graphs by workers 
li s t e d on Figs. 5.i). Thus, there i s no likelihood at a l l of 
a post-glacial high sea level i n the Tees Basin. The pollen 
sequence at Dinsdale suggests that the deglaciation of the 
research area was probably complete before 12000 B.P. The only 
raised shorelines which could exist in the Tees.would, therefore, 
be late glacial and would occur close to present sea level. This 
being the case, one can eliminate the supposed Saltburn raised beach 
as i t s fauna i s not late glacial. I t is known that the Holderness 
region was s t i l l glaciated after 18500 - 400 B.P. (Penny and Coope, 
Catt., 1969) and this would imply a f a i r l y rapid rate of ice melt. 
Possibly the present near shore zone was s t i l l occupied by Cheviot 
ice for some 



tine after the area between the 250 contour and the coast was ice 
free. The inland ice tongue would certainly have been much 
thinner and thus melt more rapidly. 

Despite the above hypotheses, the deglacial chronolo«?y 
of the Tees basin i s s t i l l far from complete. The author searched 
every site for late-glacial f l o r a l and faunal evidence which 
could have provided a radio carbon date. 

At Coathan Stob a tree root layer was discovered i n 
the upper layers of the laminated clay. However a close 
examination of the overlying snnd showed evidence of heavily 
oxidised "in s i t u " roots extending down to the laminated clay 
where they spread out l a t e r a l l y . A sample was sent to Kew Garden 
and i t turned out to be Alder. Probably the reducing conditions 
i n the laminated clay led to better preservation than i n the 
overlying sand. In addition, the various sites where shell 
fragments were discovered did not yield sufficient amounts to 
enable one to attempt a radio carbon date. 

Summary 
In this brief but valuable chapter, further evidence 

was pained in support of lacuslrinal conditions i n the lower 
Tees Basin during 1Mto and post-glacial time. This i s certainly 
what one would expect i n a basin which saw the confluence of the 
Lake District and Cheviot ice and would consequently bo subjected 
to raeltwiter inundation when the Cheviot ice retreated down slops 



and effectively blocked the natural drainage. I t i s probable 
that many of the terraces i n the Tees, the laminated clay, and 
associated sands and gravels a l l resulted from these conditions. 

The evidence for raised shorelines i n the Tees i s very 
tenuous indeed and on theoretical grounds alone, could only occur 
close to present O.D. and be of late-glacial age. 

In conclusion, the need i s for radio-carbon dates to 
c l a r i f y the chronology of events. 
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CONCLUSION 

introductory Statement 

Each chupter and section of the thesis was provided with 
an Individual conclusion* The aim of this last chapter, therefore, 
is to draw overall conclusions regarding the respective successes 
and failures of the various techniques. Ono must remember that the 
aims of the thesis wore twofold: 

1) To further the development of a methodology for the 
study of displaced shorelines. 

2) To test the methodology on a solectod region, tho lower 
Toes basin* 

Consequently, this conclusion i s subdivided into two sections; 
systematic and roglonal* 

A * Systematic B * Rogional 
( I ) Introduction ( I ) Introduction 

( I I ) Morphology ( I I ) Morphology 
( I I I ) Sedimentology ( H I ) Sedimentology 
(IV) Fossil Faunal, Floral, (IV) Fossil evidenco, 

Chronology Chronology 
(V) Future Work (V) Future Work 



Systematic 
I t was realised at an early stage of the thesis that an 

integrated approach, which involved morphological, sedimentological, 
and f o s s i l evidence, was essential i f one wished to obtain reliable 
results. 

Morpholoffi-
(a) Onshore 

Sissons (1963) demonstrated that one could distinguish 
fluvio-glacial terraces and raised marine shorelines i n the 
Firth of Forth, on their deviation from the horizontal. I t was 
suggested that a raised shoreline would be warped by isostatic 
crustal rebound and would dip coastward with a maximum t i l t of 
6.28 feet per mile. In contrast a fluvio-glacial terrace 
possessed a much steeper dip (e.g., 30 feet per mile). 
Obviously the technique was limited to areas which had been 
subjected to isostatic rebound sufficient to exceed the late 
and post-glacial eustatic rise of sea level. 

In the present study, the results of a test survey 
suggested that certain factors had to be determined before one 
could obtain meaningful results. 

( l ) I t was most important that one should determine the 
precise nature of the isostatic u p l i f t . The technique 
could not be used for inter-regional comparisons 



unless the two regions had the following factors i n 
common: 
(a) Identical time of deglaciation. 
(b) Uniform amount of u p l i f t . 
(c) A l l shorelines compared f e l l between the same 

isobases and were identically orientated with 
reference to the centre of u p l i f t . 

The technique has v a l i d i t y once the above conditions are 
f u l f i l l e d . I t w i l l not, however, allow one to determine the chemical 
content of the water. Thus, whilst one may be able to distinguish 
between a fluvio-glacial terrace and a raised shoreline, i t is not 
possible to determine whether the raised shoreline was formed by a 
marine or fresh water body, 
(b) Offshore 

Very l i t t l e work had been completed on the offshore 
environment and in the present study an attempt was made to 
locate bottom and sub-bottom terraces. 

One could not emulate the accuracy of the land survey, 
but nevertheless i t was possible to recognise submerged terraces 
to depths of 1#0'. The seismic survey proved costly but the 
limited number of sounding runs did reveal the presence of 
terraces cut i n the surface of the boulder clay. 



Sod linont olofy 
This aspect of the thesis involved by far the most work and 

yet produced the least conclusive results* 
(a) Known Environments 

A variety of mineralogicol tests were completed following 
a study of methods and approaches* The emphasis was placed on the 
recognition of the depositional environments of sand deposits* I t 
was suggested that a depositional agent responded to the size, 
density, and shape of particles. One could thorefore fault previous 
studies of particle oize analysis for f a i l i n g to place sufficient 
emphasis upon the composition of each sample* Jiinphasis was also 
placed on the nature of the individual sample* In a f i n e l y boddod 
sediment i t was essential that each lamina should be regarded aB a 
sampling unit. I t was easier to obtain a surface skim from present 
environments than to obtain a nono-^onotic sample from a f o s s i l 
sand* 

The results of particle oiae analysis were processed 
using factor analyoio. This multivariate technique classifies 
sediments according to tho dominant factors responsible for t h e i r 
deposition* I t was f i r s t applied t o particle sise analysis by 
Klovan (1966) with encouraging but only p a r t i a l success* One must 
attribute the ^roater success of the present study to the nature of 
the individual sample and the restriction of samples to a l o c a l i t y 
with uniform source material. 
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An attempt was mado to achieve even better separation by 
including other irinernlogical data mot with f a i l u r e , largely because 
shell fragments dominated a l l but one environment ( f l u v i a l ) . The 
following table records the most valuable indicator characteristics 
of known sands from the Tees basin. 

TABUS RECORDING INDICATOR CHANACT;TJKTICS OF 

KNOWN SAHUS FROM THK TEES BASIN 

Beach 
1) High polish on the surfaco of quartz grains. 
2) Concentration of heavy minerals i n the fine sand fraction. 
3) Concentration of shell fragments i n the coarse sand fraction. 
U) Distinctive cut o f f of particles i n the range 2.75^ to 3.Uft 

Dune 
1) Complete absence of mica. 
2) Very restricted grain size distribution (Leptokurtic). 
3) Distinctive particle size curve on Arithmetic Probability 

paper (almost v e r t i c a l ) . 
k) Marked concentration of heavy minerals i n the fine sand 

fraction. 
River 

1) Very hiah rock fragaent content. 
2) Symetrical coarse and fine t a i l s on the particle size curve. 
3) Wider range of grain sizes than either beach or dune. 
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Offshore 
1) ]\\ch higher o i l t content than beach wiiich i t otherwise 

reaomblos i n a l l facets but the hi^h polish on the 
surface of quartz grains. 

Lacustrine 

1) Identical sorting pattern t o a marine beach without shells. 
2) Finer grain 3iae than beach. 
3) Resembles offshore samples i n particle sice distribution. 

Fossil Environments 
The many f o s s i l sands which occur i n the Tees were sub

jected to similar analyees as the known environments. Factor 
analysis of particle size data again proved valuable, but failed 
when other data was included. One must conclude that factor 
analysis i s a more efficient means of describing a particle size d i s 
t r i b u t i o n than moment measures which were found t o be inadequate; 
The shape of the particle size curve was also sensitive t o environ
mental differences and one could frequently identify a deposit on 
this characteristic alone; 

The survey ran into some d i f f i c u l t y with samples which f e l l 
between the f l u v i a l and l i t t o r a l environments when factor loadings 
were plotted on a triangular graph. I t was f e l t that these were most 
probably deltaic sands. One would certainly expect deltaic conditions 
to occur frequently around the shorelines of a laeustrinal basin. 



Future Work 
I t was concluded that factor analysis probably held the 

key to environmental studies and tho following approach was sug
gested as a result of the present study. 

1) Analysis of the mineral content of the f u l l sand 
size fraction. 

2) Factor analysis of the distribution of each mineral 
group within the sample. 

Again one should stress that sedimentological evidence alone would 
be inadequate. However, when combined with morphological and f o s s i l 
evidence i t provided a very valuable additional source of information 
i n the study of displaced shorelines. 
Offshore studieB 

The present study was unable to extend i t s sedimentological 
techniques to anything but the surface sediments on the sea bed. I t 
was demonstrated that mechanical samplers were less e f f i c i e n t than 
a S.C.U.B.A. diver who was able to observe the nature of the deposit 
before taking a sample. 

Fossil Kvidonce ux\d Chronology 
Fossil Evidence 

The main factor t o emerge from the study was the very 
great care which was noceosary to determine whether a displaced 
marine fauna was t r u l y indicative of a chango i n sea l e v e l . I t was 
also considered important to examine possible marine deposits f o r 



microfossil content as well as for the more obvious macro-fossils. 
Microfossils are more mobile and would inundate a newly submerged 
area more rapidly. Similarly one must also examine sites for 
evidence of fresh water peat or organic beds which would provide 
positive evidence of freshwater conditions. This positive approach 
is far sounder than using the absence of marine fauna or flora to 
prove a displaced marine environment did not exist,, 

There i s no doubt that f o s s i l evidence is s t i l l the most 
conclusive means of determining the existence of a displaced marine 
environment, above sea level, and a displaced t e r r e s t r i a l deposit 
below sea level. 
Chronology 

I t was proved that one could only correlate displaced 
shorelines i n different areas by the use of absolute dates. 
Similar height above present sea level or a similar degree of 
isostatic warping were not necessarily indications of a similar 
age. One cannot overemphasise the need for absolute dates i n any 
study of the Quaternary, not only sea level change. 

REGIONAL 

Morphology 
The topography of the lower Tees contains l i t t l e r e l i e f . 

A f i e l d survey located several short terrace remnants which a l l 
approximated to the horizontal. I t was f e l t that they represented 



the shoreline terraces of a series of ice dammed proglacial lakes 
(90* to 170' O.D.) probably combining i n the later stages of deglacia-
tion to form a single water body (80' to 35' O.D.). 
Sedimentology 

I t was f e l t that the key to the late and post-glacial 
history of the lower Tees lay with the origin of the laminated clay 
which occupied much of the lower reaches of the present drainage 
basin. The sedimentological evidence tended to confirm that this 
deposit was laid down in an ice-dammed lake which was formed by 
meltwater trapped i n front of an eastward retreating ice tongue. 
The majority of terraces which occur around this deposit were most 
probably formed during i t s maximum extent whilst the lower terraces 
and deltaic deposits were laid down during the l a t t e r stages of 
deglaciation. Above 85' O.D. the height of some terraces suggested 
that they were not related to this single water body, but to 
lesser individual lakes which had dried out independently of the 
larger body. 



F03B11 evidence and Chronoloffi 

The study of the Lower Toes led to a rc f u t a l of previous 

workers hypotheses concerning the existence of a late-glacial and a 

later P°Jt-glucial marine incursion. None of the seven supposed 

marine sites containod satisfactory marine evitionce, i n f a c t , 

several contained v i r t u a l l y irrefutable evidence of a non-marine 

origin. 

Several freshwater peat deposits suggested that much of 

the area widen was occupied by meltwator drainage had remained as 

low lying marshy ground, suitable for peat formation u n t i l the end 

of zone VIlb i n the pollen acne sequence. Peat deposits also con

firmed the existence of a low sea l e v e l , at least -60* 00 9000 years 

ago. 

Summary of Sea-Level Channe i n the Lower Toes pas in, 

I t would appear from this study that no sea levels, above 

that of present, have occurred i n the Lower Tees Basin since the 

retreat of the last ice sheet. There i s evidence to suggest that 

the buried post glacial valley of Tees i s graded to a soalevel of 

-160 1 0D and i t could be interpreted that t h i s level marked the 

frooing of the natural drainage from the restrictions imposed upon 

i t by the ice retreat. Tliis i s however unlikely as there would have 

been a considerable tiioe lag between the onset of normal drainage 

and the erosion of the buried v.illoy. At the present time i t i s 
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impossible to determine history of the late glacial sea level but 
after the year 9000 DP t o present one could obtain the dates t o 
graph the j 0 9 t glacial rise. One could possibly determine the rate 
of isostatic u p l i f t and hence the t o t a l amount of u p l i f t and there
fore the ice thickness i n the Toes i f one compared this rise with 
the known rate of the eustatic rise of sea level. 

One i s forced to conclude that the major disappointment 
turned out to be the absence of raised shorelines i n the Toes. The 
area had been chosen specifically because there was evidence of 
high sea lovola. This discovery meant that i t was not possible t o 
test the methodology which was devised for the recognition of a 
raised marine deposit. However, i t was equally as valuable to 
disprove the existence of raised shorelines i n the Tees as i t would 
have been to confirm them. An area which must now be examined i s 
the s t r i p of coastland between Tyne mouth and St. Abbs Head whore 
several persons (sissons, pers. comnu G.A.M. King pers. comm.) have 
noted marked coastal torraces. 


