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Abstract

An attempt has been made to define the Quaternary development of a
tidal delta system and the surrounding area of the Menai Strait and
Caemarfon Bay. The morphologies and processes of a tidal inlet and
its associated flood and ebb-tidal deltas are described and a model of
sediment transport pathways prevailing in the study area has been
proposed.

Seismic  stratigraphic evidence suggests that the Quatemary deposits
in Caemarfon Bay are primarily composed of three depositional
sequences i.e. glacial, postglacial, and recent. The oldest sequence
ie. glacial sequence, lies unconformably on bedrock. The bedrock
topography was successfully defined using a sparker seismic system and
the results suggest that the bedrock surface is very uneven in nature
and that there are two NE-SW trending valley features which can be
linked to the Berw and Dinorwic faults. However, their typical
U-shaped form may be attributed to erosion during the late Devensian
ice =~ advance. Various types of progradational reflection  patterns

within the postglacial sequence suggest a rapid rise in sea level
after c. 9000 years B.P.

It appears that the completion of the present morpho-hydrodynamic
Systtm most probably took place c. 5000 years B.P. The newly evolved
morpholgy and flood and ebb tidal currents resulted in the
accumulation of thick deposits of recent sediments in and outside the
inlet ie. flood and ebb-tidal deltas. A comparison of these tidal
deltas with standard models suggest that whilst the flood-tidal delta
shows hardly any resemblance to the standard model, the ebb-tidal
delta is strikingly consistent in morphology and processes with the
standard model.

A model of the sediment transport pathways, proposed on the basis of
comprehensive studies of bedform characteristics, grain size
distribution trends, and to some extent on the basis of sediment
transport  calculations, suggests that there is a net sediment
transport towards the southwest through the Menai Strait. The study of
temporal  variations in the characteristics of bedforms within  the
Menai  Strait during a neap/spring tidal cycle suggest that the
bedforms are ebb-oriented during most of the tidal states. A partial
flood orientation occurs only during high spring tide. The extensive
occurrence of sand ribbons with superimposed small scale megaripples
(1-2m In wavelength) in the deeper parts of the Caemarfon Bay suggest
a relatively lesser net sediment transport northeastwards which turns
towards the north as it approaches the ebb-tidal delta body.
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CHAPTER 1

GENERAL INTRODUCTION

In the last (late Devensian)) glaciation, the growth of 1ice
sheets removed sufficient water from the oceans to produce a

eustatic lowering of over 100m (Fairbridge, 1961l). As the
temperature rose at the end of the late Devensian, the 1ice

sheets started to melt giving way to a widespread melt water
erosion which resulted in deepening of the many areas which
served as melt water channels. As the ice thinned, the melt
water continuously flowed into the neighbouring seas and/or
oceans. This phenomenon resulted in the deposition of

fluvio-glacial sediments in many parts and also resulted in the
worldwide rise of sea level. Such a rise in sea level, during

the early and middle Holocene period, submerged some of the
overdeepened melt water channels and other low 1lying coastal
areas around the world (Embleton (1964), Shennan et al (1983),
Park et al (1991)).

Within this project, the Quaternary history of an area of the
Menai Strait and Caernarfon Bay has been investigated in this
general context. The study area 1is related to a complex
morpho-hydrodynamic system and its formation is thought to have
been a direct result of the above mentioned phenomena. The Menai
Strait is a long narrow channel which flows between Caernarfon
Bay (in the SW) and Beaumaris Bay (in the NE). The exact
location of the study area is shown in Fig: 1.1. On the
southwestern side, :the Strait forms a narrow inlet (about
250-300m wide) through which strong flood and ebb tidal currents
(of up to 250cm/s velocity) flow twice a day. Under the
influence of the local morphology, these strong tidal currents

control the formation of large tidal sand deposits in and
outside the inlet.

Hayes (1969) suggested the terms, flood and ebb-tidal deltas for
the sand bodies in and outside an inlet. On the basis of his
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extensive studies of tidal inlet systems along the USA coast,
Hayes (1980) put forward standard model of flood and ebb-tidal

delta formation and morphology. He reported that these types of
tidal deltas are formed around tidal inlets associated primarily
with barrier islands or rivers. By contrast, the tidal inlet
system in the Menai Strait studied here is associated with the

flow of tidal waters through an extended inlet constrained by
coastal barriers on both sides. In this way it differs from the

basic model of the tidal inlet system proposed by Hayes (1980).

The purpose of the research reported in this thesis was;

l) to study the late Quaternary history of the Menai Strait and

Caernarfon Bay regions;
2) to find out when and how the present hydrodynamic regime

became established; |

3) to study in detail the resulting tidal deltas on either side
of the inlet and, by examining the role of the complex
local morphology on the development of these deltas, to
compare them with the standard models of flood and
ebb-tidal deltas suggested by Hayes (1980);

4) to determine the net sediment transport pathways prevailing

in the study area.

In order to achieve the above aims, various types of field
techniques were employed over a period of three years to survey
the study area. The details of each technique and the associated
results will be discussed in the coming chapters. However, in
order to introduce the reader to the nature and type of the work
to be discussed and to give an early idea about the layout of

the thesis a synopsis of each chapter is given below.

Following on from this introduction, CHAPTER 2 reviews the
setting and late Quaternary history of the study area. This
commences with a description of the general setting, followed by
a detailed section on the solid geology of the study area and
surroundings. The implications of late Devensian glaciation and



deglaciation processes are also thoroughly covered in this
chapter. A detailed section 1is devoted to a review of the
existing hypotheses on the origin of the Menai Strait.

CHAPTER 3 describes the field techniques and the results of

extensive seismic surveys employed to study the thickness of the
Quaternary cover and the nature of the individual sub-bottom
layers and their internal reflection patterns in the Menail

Strait and surrounding area of Caernarfon Bay. The results
obtained by using three different marine seismic sources 1i.e.
pinger, boomer, and sparker, designed to examine different
subsurface features are described and discussed individually,
and then the data for specific areas compared with each other in
terms of the resolution and penetration. Finally a detailed
section is given over to the stratigraphic analysis of the

seismic data in order to define various sequences deposited

during the Quaternary period.

CHAPTER 4 examines in detail the morphology of the tidal inlet
system and of its associated bedforms. This chapter begins with
the description of the various processes related to the tidal
inlet systems and bedforms found in shallow water environments
such as the Menai Strait and Caernarfon Bay. Following on from
this, the tidal flow patterns prevailing in the study area are
reviewed and the results of the tidal current measurements
obtained during the current project are discussed. A section 1is
also included on the geomorphology of the tidal inlet system
and associated sand bodies in the study area. This  section
describes and compares various morphologic features of the flood
and ebb-tidal deltas with special reference to the standard
models of flood and ebb-tidal deltas suggested by Hayes (1980).
The next two sections in chapter 4 deal with the bathymetric and
bedform studies undertaken in the current project. The results
are obtained from comprehensive side-scan sonar and
echo-sounding data collected over a three year period. Various
types of bedform features, such as megaripples, sand waves, and

sand ribbons, are discussed not only in terms of their



occurrence and morphologic characteristics, but also in terms of
temporal variations over neap/spring tidal cycles.

CHAPTER 5 deals exclusively with the study of the seabed grain
size distributions. It describes in detail the results obtained

from the analysis of 240 bottom sediment samples collected from

the study area. This chapter commences with a review of the
literature regarding the importance of the grain size analysis

and its applicability in morphologic and hydrodynamic studies of
areas similar to the one under examination. There then follows a
review of the various techniques wused for sampling and
preparation of the sediment samples. Various laboratory
techniques used for the analysis of gravel, sand, and silt and
clay~-sized fractions are then described and discussed. A number

of small sections are also devoted to describe various grain
size parameters and their significance, before the detailed

results of the grain size analysis are presented.

CHAPTER 6 deals with sediment transport in the area with special
reference to sand movement around the tidal inlet. This chapter
begins with a review and discussion of wvarious techniques used
for the determination of sediment transport and various other
important aspects such as sediment transport equations and
threshold velocity used for the calculation of sediment
transport rate and direction. Following on from this, the next
section presents the results of sediment transport calculations

carried out during the present study.

CHAPTER 7 brings the various results (presented in the previous
chapters) together and discusses their implications. The order
of presentation is designed to explain the various phenomena
occurring during the late Quaternary period and in present times
in the study area. A model of the sediment transport pathways in
the study area 1is also presented and is comprehensively
discussed in the light of bedform and grain size studies, and

sediment transport calculation results.



CHAPTER 8 concludes the thesis and presents a list of key points
drawn from the overall study. Some suggestions for future work
are also included at this stage.



CHAPTER 2

SETTING AND GEOLOGICAL BACKGROUND

2.1 General setting.

The most prominent feature of the study area and the feature
which led to the choice of the present study area is the Menai
Strait. It is a long, narrow stretch of water which separates
the Isle of Anglesey from mainland Wales (Fig: 1l.l1). The Strait
runs from Fort Belan to Puffin island, a length of some 28km,
and opens out into Beaumaris Bay to the northeast and into
Caernarfon Bay to the southwest. The Menai Strait is 3just one of
a series of depressions that cut across Arfon and the Isle of
Anglesey. A similar parallel depression runs from Malltraeth to

Pentraeth but in this case it lies above sea level (Greenly,
1919) . The average width of the Menai Strait between Bangor and
Fort Belan is about 800m. The narrowest part of the Strait
occurs between the Britannia and Menai bridges (the Swellies).
The average water depth along the Strait varies from 1 to 2m at

low water spring tide (Boitier, 1982).

For this project the study area covers the southwest end of the
Menai Strait (extending from ijust off Port Dinorwic) and out
into Caernarfon Bay. Southward from Port Dinorwic the Strait
gradually broadens out and adjacent to Caernarfon Town large
sand banks are present (known locally as the Traeth Gwyllt).
Being flat topped banks, they undergo a relatively quick
submergence in the later stages of the flood tide. During low
tide the sand banks are exposed to the prevailing southwesterly
wind whose strength is shown by the large wind blown sand dunes
of Newborough Warren and Belan, and the large sand spit which
forms Aber Menai point. At Aber Menai point, the Menai Strait
forms a narrow channel (Fort Belan inlet) which opens into
Caernarfon Bay. At the mouth and further offshore of the inlet,
large sand deposits form north-south trending sand banks which
are exposed to a considerable height during low tide, and the



associated shallow water depth and shoaling outside the Belan

inlet inhibit navigation from a southwesterly direction to all
but small boats.

2.2 Solid geolocjy.

The solid geology of the Menai Strait and Caernarfon region 1is
related to the pattern of sedimentation and structural

deformation along the northwest region of Wales. Much about the
geology of Anglesey is covered in the works of Edward Greenly
(1919) in his comprehensively written two wvolume Geological
Survey Memoir and solid and drift geological maps. The principal
papers published since are by Shackleton (1969), Maltman (1975),

and Barber and Max (1979) on the Precambrian, Bates (1968, 1972,
1974) on the Ordovician, and Allen (1965) on the Carboniferous.

Anglesey contains a fascinating variety of solid rock types and
geological structures, ranging in age from Precambrian to
Carboniferous (Fig: 2.1). The Precambrian rocks are dquite
scattered and are exposed at various localities. The major group
of Precambrian rocks in Anglesey has been g:n.ven the name ‘Mona
complex’ and contains various types of metamorphn.c and igneous
rocks such as gneisses, tectonic breccias (Gwna melange) and
Granife (Coedana). On mainland North Wales the Precambrian rocks

form surface exposures in the Lleyn Peninsula and in two small
areas i.e. between Bangor-Caernarfon and Bethesda-Penygroes.

On Anglesey, small isolated exposures of Cambrian rocks have
been recorded at a few localities and are represented by the
Trefdraeth conglomerate and the Careg~onen and Coch-y-miei beds.
All these beds are wunfossiliferous and are lithologically
dissimilar to those on the mainland, where Cambrian rocks are
represented by Llanbedr s:late, grit, conglomerate and mudstones.

The Ordovician rocks in Anglesey rest directly on the Mona
complex (unconformably) and are again quite scattered with a
wide variety of rock types eg. basal conglomerate, breccias and
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sandstones. The deposits are related to two transgressions of
Arenig and Caradoc age. On the mainland the Ordovician rocks
extend northeastward to Conwy and Penmaenmawr, and westward to

Caernarfon Bay and the Lleyn Peninsula. The Ordovician rocks of
this area are characterized by layers of lava and volcanic ash

interbedded with mudstones and slates.

The Caledonian orogeny produced much of the tectonic deformation
in the area, resulting in folding, faulting and thrusting of
variable intensity. As a result of the Caledonian orogeny,
deposition ‘of Carboniferous rocks in Anglesey was largely
controlled by the underlying Caledonian structures; thus
sediments were deposited in narrow gulfs trending northeast to

southwest. The Caledonian earth movements caused a
characteristic NE-SW direction of deformation. However, later

Hercynian earth movements further emphasized this trend, and it
1s this which largely contributed towards the present day
outcrop - pattern on Anglesey. Two parallel downfolds may be
recognized, one forms the floor of the Malltraeth depression and
the other in part underlies the Menai Strait. Associated with

these are major strike faults, the Berw fault along the southern
edge of the Malltraeth syncline, and the Dinorwic fault flanking

the Menai Strait.

Carboniferous rocks form the third extensive rock system and are
well exposed at various places on the island. The Carboniferous

rocks are mainly composed of fossiliferous limestone and red
brown sandstone with some mudstone. Excellent outcrops of
Carboniferous rocks are present on the northeast coast of the
island, in the Penmon area, and along the border of the Menai
Strait on the - Caernarfon side. Carboniferous rocks mark the
upper limit of the solid rock deposits on Anglesey, since no
Mesozoic rocks are reported from the island. However some
igneous activity resulted in intrusions (reported from several
localities on the 'island and Snowdonia area), suggesting that

the uplift of Snowdonia occurred after intrusion of dykes.
Marine geological research in the Irish sea suggests that



Anglesey may well have been a.land mass during the Mesozoic and
Tertiary times, and along with the adjacent more major landmass,
may have contributed to the supply of sediments to the Irish sea
basin (Bates and Davies, 1981).

2.3 Glacial history.

The last widespread glaciation which affected northwest Wales
and other parts of the United Kingdom occurred during the
Devensian stage of the Pleistocene period. Jehu (1909)

identified two different ice sources affecting North Wales and
later Greenly (1919) reached similar conclusions from studies of
erratics and contrasting till lithologies in the area. One
source is linked with a large ice sheet spread over Scandinavia,
the North Sea and Scotland. The coalescing and dispersion of the

ice sheets from the Scottish highlands and Lake District caused
the formation of a large body of ice in the northern section of
the Irish Sea (the Irish Sea ice). This flowed down the Irish

Sea depression and impinged on North Wales.

The second ice sheet (the Welsh ice) developed locally in the
Snowdonia region of North Wales. There has been ﬁuch controversy
concerning the boundary between the Welsh and Irxish Sea ice.
Mapping of the boundary between the two ice masses 1is very
complicated,. since it was continually changing with time due to
oscillations of the ice bodies. Greenly (1919) first mapped the
zone of contact between the two ice bodies as more or less
coinciding with the present day Menai Strait. He supported his
idea with the evidence that there is a lack of Anglesey deposits
and erratics on the mainland and a corresponding absence of
Snowdonian material on Anglesey. On the same basis Saunders
(1968) also suggested that the local Welsh ice may have
deflected on the intervening lowland area before it even reached
the Menai Strait. Bowen (1977) also came to a similar
conclusion. He states that, the Menai Strait is thought to form
a complex zone between the Aber Ogwen and Seiont (pre-glacial
river valleys), 'where there was once contact between the two



opposing ice bodies.

On the basigs of a study of erratics and till fabrics Greenly
(1919) concluded: that, on Anglesey, except in a few areas
showing 1local variations due to topography, the general
direction of Irish Sea ice movement had been from the NE towards
the SW. In contrast the Snowdonian ice initially flowed north
and north-westwards. This was then deflected southwards, by the
Irish Sea advance, in the vicinity of the Menai Strait
(Saunders, 1968): Within the literature there appears to have
been a disagreement over the number of ice advances associated
with the two sources. However, most of the workers agreed that
there were essentially two main ice advances in the area. Jehu
(1909), whilst working on the Lleyn Peninsula, recognized a
tripartite sequence which appears to be repeated over much of
Noxrth Wales. On the basis of this three layer sequence;

upper boulder clay,
intermediate sand and gravel,

lower boulder clay,

he concluded that there had been two ice advanceé, the lower and
upper ‘boulder clays representing first and second ice advances
respectively. The intermediate sand and gravels were postulated

to be outwash deposits, characteristic of a period of temporary
ice retreat. Greenly (1919) identified a similar three layer
sequence in Anglesey and supported the idea of two ice advances
in the area.

2.4 The origin of the Menai Strait.

As stated previously, the Menai Strait is one of a series of
parallel depressions which cut  across Anglesey and the Arfon
mainland. These depressions coincide with faults and abrupt
lithological changes and- were overdeepened due to the erosion
associated with the glaciation of the last ice sheet. The last
widespread deglaciation caused a worldwide eustatic sea level
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rise and, as a result, many low lying areas were inundated by
the sea. The uniqueness of the Menai Strait lies in the fact
that, unlike other depressions in the area, it was completely
flooded during the Holocene sea level rise (another 13m rise in
sea level would flood the Bangor-Dinorwic depression and,
similarly a rise of 30m by the sea would unite Malltraeth with
Red Wharf Bay (Embleton, 1964)).

The origin of the Menai Strait has always been a very
controversial subject. However, it 1is generally agreed that,
originally, parts of it had been pre-glacial river wvalleys.
Ramsay (1860) noticed that the trend of the Menai Strait
coincided with his postulated ice movement direction of NE-SW.

He concluded that the Menai Strait had been overdeepened due to
erosion during the last glaciation. Edward (1905) suggested that

an ice dammed lake may have been an important factor in the
evolution of the Strait and he believed that there had been two
watersheds which were cut back due to water entering the Strait
to the east'and west. Though the initial work was done by Ramsay
and Edward, the most quoted hypotheses on the origin of the
Menali Strait are those by Greenly (1919) and Emb%eton (1964) .

On the basis of sounding studies in the Menai Strait, Greenly
divided the Strait into three areas: the eastern and the western
reaches, with the third and shallowest area forming the middle
reach. Greenly’s theory of the origin of the Menai Strait 1is
illustrated in Fig: 2.2. He suggested that the eastern and
western reaches had been independent pre-glacial river valleys,
and the middle reach was also predetermined in pre-~-glacial
times. Both river valleys had a NE~SW trend and were separated
by a watershed composed of resistant Gwna green schist. The
river valley on the western side was once joined with the
Bangor-Port Dinorwic depression and ran along the Dinorwic fault
into Caernarfon Bay. The eastern reaches were formed from a
river valley that ran in the opposite direction, along the edge
of the Mona complex and out into Beaumaris Bay. Though the two
rivers followed the general structural trend of NE-SW, they had

11



tributaries with 90 degree confluences (the Cadnant and the
Braint) . The presence of boulder clay on the floor of the
tributaries date their formation as pre-glacial. It is the lower
reaches of the Braint which now form the middle reaches of the
Strait. It is believed that during the last glaciation there was
deepening of the eastern reaches by the Irish Sea ice movement.
Greenly argues that at the later stage the Irish Sea ice
retreated and decayed, whilst the Welsh ice started to expand
from the main wvalley glaciers (the Ogwen and the Llanberis
valleys) . He suggested that the Welsh ice advanced far enough to
block the flow of the eastern reaches towards the Conwy area.
With the eastern reaches blocked by Welsh ice and the presence
of the. higher ground on the Llanfair and Vaynol side, meltwater

continued to accumulate and resulted in the formation of an ice
dammed lake. The evidence for this lake is a series of laminated

clays described in the Bangor area (Greenly, 1941). Continuous
accumulation of meltwater forced the lake to overflow towards
the southwest, where it was diverted to 3join the course of the
river Braint which flowed out towards the western reaches and
into Caernarfon Bay. Erosion and deepening continued until the
eastern reaches had been drained to the watershed, and the
middle reaches were formed. After deglaciation tile Menai Strait
remained as a dry valley until the subsequent rise in sea level

drowned the valley and resulted in the formation of the present
day Menai: Strait.

Greenly’s theory remained unchallenged, for decades until
Embleton (1964) - put forward a new interpretation. Embleton
agreed with some of the basic ideas forwarded by Greenly eg. the
formation -of the pre-glacial river valleys, but he rejected the
idea of an ice dammed lake and an advancing local glacier during
an overall glacial retreat. To support his new interpretation
Embleton put forward evidence of the Irish sea ice esker and
moraine deposits found at Penrhyn and around the mouth of the
river Ogwen. He argued that any readvance of a local glacier
from the Ogwen valley would have removed the above evidence.
Embleton also argued that the present day Braint river is too
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small for its lower reaches to have once been the middle reaches
of the Strait.

Embleton (1964) believed that, either in the pre-glacial or in
the last interglacial, there were two parallel rivers (Cadnant
and Braint), both flowing southwestwards. Later, the Cadnant
changedaits course and flowed northeast towards Beaumaris (Fig:
2.3) . He postulated that the formation of the Menai Strait
occurred during the downwasting of the last Irish Sea 1i1ce sheet,
and pre-glacial river capture was responsible for determining
the route of the Menai Strait. During deglaciation, as the ice
thinned, parts of Anglesey and Arfon became ice free, and the

resulting topography and ice sheet slope directed the meltwaters
southwestwards. Initially the meltwaters flowed through the

Pentraeth-Malltraeth and Bangor-Port Dinorwic depressions. At
later stages these were abandoned when the watersheds had been

lowered to 13m. The Braint river was overdeepened by the flow of
meltwaters and, when the ice was no longer continuous between
the eastern and western reaches, the meltwater was forced to cut
a divide Dbetween them forming the middle reaches. Once the
Strait was formed it remained as a dry valley until it was

submerged during the Flandrian (6000-7000 years ago) sea level

rise.

From both the hypotheses it can be concluded that it 1is
generally agreed that parts of the Menai Strait were originally
pre-glacial river valleys which were further deepened by erosion
associated with the last deglaciation, and a subsequent rise 1in
sea level submerged the depression, thus establishing the
present day outcrop pattern. However, the controversy over the
melt water f£low pattern of the Irish Sea ice and Welsh 1ice

remains.ﬂ

Since 1its formation, the Menai Strait has been modified by
various processes including tidal currents and wave action.
These processes result in extensive erosion in some areas eg.
Penmon area, and in accumulation of sand deposits in other areas
"eg. the ' Lavan sands, Traeth Gwyllt sand banks (opposite
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Caernarfon Town), and in Caernarfon Bay. In the coming chapters,
an attempt will be made to study the late Quaternary development
of Menai Strait. Its role in the deposition of thick sediment
deposits in the southwest end of the Menai Strait and in the

Caernarfon Bay will also be examined.
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CHAPTER 3

SUB-BOTTOM STUDIES IN CAERNARFON BAY

3.1 Introduction.

Over the years, studies undertaken by various scientists eg.
Emerson and Phipps (1968), Van Weering (1975), Vittori et al

(1981), Carlson (1989), have revealed that seismic surveys of
the sub-bottom sedimentary layers under the sea can provide
valuable information about the bedrock depth and Quaternary

history of any particular area.

Continuous reflection profiling (CRP) provides one possible
means for studying the structure and thickness of the

sedimentary layers in areas such as the deep oceans, continental
shelf, shallow seas, harbours, estuaries, lakes and rivers
(Emerson and Phipps, 1968). The wvalidity of continuous
reflection profiling methods for surveying shallow water areas
is testified by many workers: Knot and Hersey (1956), Moore and
Shumway (1959), Leenhardt (1967), Blundell et al (1969, 1971),
Kummer and Creager (1971), Van Weering (1973). ‘

After a study of the above mentioned literature it was concluded
that continuous reflection profiling should be able to be
successfully applied to solving a number of problems in the area
chosen for the current study. That is, within Caernarfon Bay the
late Quaternary sedimentary deposits are of a suitable thickness
to allow internal reflection information to be obtained by CRP,
and the prevailing water depth should not preclude its use.

Within this project the major aim of the CRP exercise was to
acquire knowledge about the configuration and the geometry of
the recent sedimentary cover and distribution of the glacial and
postglacial deposits. This combined with other results obtained
by various methods (to be discussed in the later chapters) would
provide a better understanding of modern and past sedimentary
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depositional environments with special reference to the

Quaternary - tidal delta system of Caernarfon Bay and the Menai
Strait.

Although the main emphasis was given to continuous marine
reflection profiling, some land seismic measurements were also
carried out at two coastal sites: the beaches of Newborough
and Dinas Dinlle. The prime aim of this additional exercise was
to acquire some information about the seismic velocity of the
sub-bottom sediments which could then be used to convert travel
times to depth for the marine profiles. Furthermore, it was felt
that the information about the nature and thickness of the
layers at these two points would prove helpful when carrying out
a geological interpretation of the total offshore data.

3.2 Land seismics.

To obtain the required data two refraction and two reflection

lines were shot at the Newborough and Dinas Dinlle sites.
3.2.1 Position fixing.

The layout of each line was determined using compass bearings.
The end points were tied in by taking bearings of a few fixed
landmarks which allowed the lines to be plotted onto the site
map (Fig:3.1).

"thh'i'[ﬁ ,,E"I{*

3.2.2 Field equipment.

An ABEM Terraloc seismograph coupled to a 12 take~-out geophone
cable was used for the land seismic work at both the sites. The
Terraloc - allows various parameters such as spread details,
record number, record length, delay time, channel gain, etc. to
be entered into the header information of the system memory
before a seismic record is produced. Other features of the

Terraloc -include independent stacking of each signal, frequency
filtering and individual channel gain ad-justment. It also has a
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facility to allow records to be stored on magnetic tape as well
as providing a hard copy record (via a portable printer unit).
Compressional waves were generated using a vertical impact
between a sledge hammer and a metal plate on the ground surface.
Timing of the first arrival was initiated wusing a trigger
geophone buried in the surface sediment near the metal plate.

Geosource Sensor SM-4 geophones of natural frequency 10Hz were
used to detect the signals.

Instrument specification sheets for all the above can be found

in appendix I.
3.2.3 8Site 1 (Newborough beach).

Refraction survey.

To avoid the disturbances and noise interference produced as a
result of the human activity on the beach, an area north of the
car park entrance was selected for the seismic survey. The
location of the survey lines is. shown in Fig: 3.1. Two profiles
WW/ and XX’ were shot in a roughly northwest to southeast
direction (290 degrees magnetic) using a geophone interval of
10m. This geophone interval was chosen with the‘expectancy that
the  thickness of the unconsolidated sediments would be in a
depth range of a few metres. Shots were taken at both ends of
each line with the source offset 10m from the first geophone.

Interpretation of refraction data.

The refraction records were initially analyzed by picking first
arrival times using the ABEM Terraloc’s inbuilt viewing facility
in combination with variable trace records and digital time
readout. Time-distance graphs were plotted for each profile.
Each straight -line portion of the graph is taken to represent an
individual refractor (excluding the initial slope which relates
to the direct wave).

There are various interpretational methods which can be applied
to seismic refraction data such as: the plus minus method
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(Hagedoorn, 1959), critical distance method, and intercept time
method (Wyrobek, 1956). Since the plus minus method can only be
applied if there is sufficient overlap of refraction branches

for any individual refractor on the time~distance graph, it did
not appear suited to interpretation of the data at hand. Thus
the simple intercept time method was chosen to obtain depths and

velocities for each site.

Once the individual refractors were distinguished for each line,
a least squares best fit was used to put a straight line through
each set of points. The gradients of these lines were used to

calculate the apparent wvelocities of the layers. Knowing the
intercept times and apparent velocities for each refractor for
reverse shot spreads, the thickness of each layer was
calculated.

Results

Profile WW’ and XX’: Time-distance graphs and profiles obtained
from end to end refraction lines WW’ and XX’ are shown in Fig:
3.2. Each value of velocity shown on the cross section
represents the average velocity obtained from.noémal and reverse
data along a line. For both the profiles, the interpreted
sections are suffibiently consistent for continuous layer

boundaries to be drawn.

Layer 1: This layer has an average seismic velocity of 1620 and
1615 m/s in the profiles WW’ and XX’ respectively. This
relatively low velocity probably represents surficial beach

sand.

From the seismic data the thickness of the first layer appears
to vary from 13m at .the start of profile WW/ to 19m at the end
of the XX’ profile suggesting that the refractor is dipping
slightly towards the south (although 3D information would be
needed to confirm this).
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Layer 2: Layer 2 displays an average seismic velocity of 2688
and 2503 m/s for the profiles WW’/ and XX’ respectively. Its
apparent thickness at the extreme ends of the combined profiles
1s greater than in the central portion, suggesting a ridge
structure forming the surface of the basal layer. The layer 2
velocities suggest that it might be comprised of weathered rock.

Layer 3: The average velocities of 3797 and 3387 m/s for layer 3
for profiles WW’ and XX’ can be attributed to bedrock.

Raflection survaey.
A s8ingle reflection profile X’’X’'’’ was shot over the end
portion of the XX’ refraction line. Its location is shown in

Fig: 3.1. A 36m geophone spread was laid with a geophone
interval of 3m and shots were made at both ends of the line with
an offset of 3m.

Interpretation of reflection data.
Full details of the methods commonly used for the interpretation

of the above type of reflection records are given in Telford et
al (1976). Initially data were analyzed for reflection events.
The reflection times were plotted on a time-distance graph to
check for the hyperbolic effect. Given correct identification,
when T° is plotted against x* a straight line of slope 1/v*? and
intercept . time To’is produced. Thus the slope gives the
veloc:"’.ty;r and depth can be determined from the intercept time
where 2H = VTo, V is the velocity of the layer and To 1is the
intercept ti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>