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Summary

This thesis describes and analyses the results of surveys conducted during
the summer months of 1963, 1964, and 1965 with an underwater North American
gravimeter in the Irish Sea, together with certain detailed magnetic data
obtained using a sea~borne proton magnetometer. In addition use has been
made of the Aero-magnetic Maps prepared by the Geological Survey in order
to cp—ordinate and qualify the observed gravity field.

For the purpose of this work the North Irish Sea has been defined as
that area bounded in the south by a line approximately from Holyhead in
North Wales to Dublin. A line running from the Mourne Mountains to the Calf
of Man, and from Ramsey on the east coast of the Isle of Man to Fleetwood formed
the northern limit of operation. The surveys were directed towards extending
the gravity coverage already accomplished in the north-east of the area.

They provide further evidence relevant to the evaluation of the deep structure
of the Irish Sea Basin.

The low Bouguer Anomaly values known to exist in the north-east of the
area as a result of an earlier marine gravity survey have been shown to extend
over a wide area in the eastern part of the North Irish Sea. The original
interpretation in terms of a deep sedimentary basin containing low density
sediments was confirmed. A large negative anomaly was also discovered in the

Dublin Bay area and this was again interpreted as a large sedimentary basin.



A linear magnetic anomaly that appears on the Aero-magnetic Maps in the
viecinity of Morecambe Bay was the subject of detailed traverses using the
sea=~borne proton magnetomebter. It was concluded that a sill or lavas dipping
to the north with a direction of magnetisation towards the. south could best

account for the observed anomaly.
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Chapter 1.

The Geological Environment.

1. General Introduction.

This chapter contains a summary of the geological setting of the area
under investigation. The major stratigraphical divisions are systematically
described according to the separate regions in which they occur. 7The rock
surrounding the North Irish Sea can be divided into four main stratigraphical
units, namely the Pre-Cambrian, Lower Palaeozoic, Carboniferous, and Permo-
Triassic. 'These units are normally separated by major unconformities.

The distribution of the Pre-Canmbrian and Lower Palseozoic rocks is of
importance in connection with interpretation of the magnetic data. Lower
Palaeozole strata form the structural framewbrk of the ares and a knowledge
of théir composition and distribution is necessary for analysis of the
gravity field. Carboniferous and Permo~Triassic sediments occur in sedimente-
ary basins in several widely separated localities bordéring the marine area.
4 simplified geological map is presented in conjunction with the Bouguer
Anomaly map {Plate 1). The names of the majority of the localities referred
to in the text of this chapter are also included on this map which is contained
inside the back cover.

2 The Pre~Cambrisn.

2.1 Anglesey.
The oldest rocks exposed on land adjacent to the North Irish Sea are of
Pre-Cambrian age. A great development of these rocks formsthe Hona Complex

of Anglesey, which comprises one or more series of highly altered rocks.
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Greenly (1919) distinguished three mejor subdivisions, the Gneisses, the
Bedded Serieﬁ, and the Coedana Granite which he considered to have formed
successively, with the Gneiss. constituting the basal group.

Further work (Shackleton, 1952) has suggested that Greenly's view of the
age relationship is ilncorrect and that the Gneis%es are the highly altered
equivalent of the Bedded Series. In a development of about 20,000 feet thé
Bedded BSeries contains typlcal gecsynclinal sediments including grits, grey-
wackes, conglomerates, shales and wmuds., UYhe apparent dimensions of thié
crustal downwarp are comparable with those of the later Lower Palaeozoic
geosyncline.

The folds affecting the rocks of the Mona Complex trend approximately
north-east, south-west (Shackleton 1952). The style of tecbonics is still
uncertain. The Coedana Granite was probably intruded towards the end of
the large scale folding. The long axis of this granite is aligned in a north-
east to south-west direction similar to the structural trend of the strata over
a wide area in Anglesey.

2.2. Pre-Camprian rocks elsewhere.

The other rocks ofrpossiblé Pre-Cambrian age immediately bordering the
North Irish Sea are found in Ireland where the Bray Series of widely accepted
Cambrian age has- occasionally been assigned to the Pre-Cambrian. The Bray
Series is described in section 3.4.

5. Lower Palaesoroic rocks and Caledonian folding.

3.l Southern Scotland,

Southern Scotland constitutes the most northerly area adjacent to the

Irish Sea in which Lower Palaeozoic strata are present. UYhis region is bounded
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to the north by the faulted southern margin of the Midland Valley and to

the south by the Solway Firth and the Cheviot Hills. Between these boundaries
the upland region extends almost continuously from the North Sea to the North
Channel. For the purpose of this chapter it is only that part lying to the
interest.

Host of this area is occupied by highly folded Ordovician and Silurian
rocks, mainly of marine origin (Pringle, 1935). Although some tectonic movement
occurred at the close of the Arenig, the major folding took place at the end
of Silurian time when the region suffered intense lateral pressure which folded
the rocks  in. & north-east to south-west (Caledonian) direction throughout
the area. As a result of this folding and associated faulting the rocks of
the Southern Uplands form three distinctive beits, comprising a northern belt
of highly folded irenig, Glenkiln, and Hartfell rocks, a broad central area
composed malnly of similarly fblde& Liandovery greywackes and shales, and a
southern belt in which isoclinally folded Wenlock rocks oceur,

5.2  The Lake District.

Lower Palaeozoic vocks form most of the Lake District where strats
ranging from the Upper Cambrian to the Upper Silurian are present. “he base
of the succession is made up of the Skiddaw Slates of Upper Cambrian and Lower
Ordovician age comprising 6,500 feet of slates, shales, and mudstones (Mitchell,
1956). ‘“he gerneral tendency is for younger rocks to outcrop steadily southwards
with the Skiddaw Slates overlain by a thickness in excess of 10,000 feet
consisting mainly of andesitic lavas and pyroclastics known as the Borrowdale

Voleanic Series. ‘he succession is continued by a thin Upper Ordovician and



Lower Silurian group of sediments followed by approximately 13,000 feet of
Middle and Upper Silurian shales and greywackes.

Ihe main structural features of the Lake District rocks were established
during the subsequent Caledonian movements which appear to have initiated
intense pressures directed along south-south—east and north-north-west lines.
The strike impressed upon the rocks is arcuate, changing from south-west in the
south-west of the region to east-west and finally to south-east in the south-
east of the Lake District. A broad anticlinal structure was developed through
Skiddaw and a complementary syncline through Scafell., Numerous minor folds
with similar trends accompany these major structures.

3.3 Horth |

o 1

Continuing further south, the Lancashire coastal plain is composed
entirely of Hesozoic rocks and it is in North Wales that the next extensive
cucerop of Lower Palaeozoic rocks occurs along the margin of the Irish Sea.
Rocks of Cambrian age form an elliptically-shaped outcrop running parallel with
the Menai Straits separating Anglesey from the Hainland, and at a distance
of about three miles from that passage. The oldest rocks are represented

by coarse bassl conglomerates resting with great unconformity upon Pre-

5

Cambrian strata (Smith and Neville George, 19)9).’ the succession consists of
a series of fine grits, mudstones and shales. The rocks of the Cambrian
system suffered minor esrth movements which folded them into gentle synclines
and anticlines befors the succeeding Ordoviclaon sediments were laid dovm.
Outerops of Ordoviecian rocks occupy larse areas in North Wales. The
outerops closest to the Irish Sea occur in the coastal section stretching

from the base of the Great Ormes' Head to the entrance of the Menai Straits,



and in parts of Anglesey itself. In Anglesey large outliers of Ordovician

rock rest on Pre-Ca strata, HRocks of Silurian age cover very large

areas in North Wales. In the northern part, bordering the Irish Sea, they

are to be found over most of the Denbighshire moors én& in the Clwydian Range.
The strata display considerable lasteral variation with arenaceous and
conglomeratic material forming the unconformable tase of the system in the
eastern part of the area. In the south-west and west, fine grained sediments
pass without break from the Ordovician inte the Lower Silurian.

The Lower Palaeozoic period was terminated as elsewhere by the earth

movements of the Caledonian Orogeny. Uhe result of these movements was to

fold the rocks about a north-east to south-west axis. This was accompanied
by faulting and thrusting, the Carmel Head Thrust in Anglesey which causes

-

rocks of lex to overide OUrdovician sediments vroviding s notable
I [l

example (Greenly, 1919).

e
E]
[

From the detalled work conducted over many years it has become apparent
that, geologically, Ireland forms a natural western continustion of Great
Britain (Cﬁarlegwgrth, 1963). It has been suggested that some of the
geological problems occurring in Bngland may be solved as a result of study
of structures in Ireland, and attention has frequently been drawn to the
apparent continuity of structural lines and features which can be traged across
the lrish Sea Depression. In the north of Ireland the Caledonoid trend of the
strucvures has been linked with similar occurrences in Scotland, in particular

the Boun

v Faults of the Widland Valley, while further south a similar

structural exercise has projected the dominaent strike lines of the Lower



Palaeozolc rocks of the Lake District into the areas north and west of Dublin.

The framework of the country is largely composed of Lower Palaeozoic

rocks Torming the existing high ground with s wide plain occupying the
interior which is underlain by Carboniferous material, predominantly
limestone., The rocks bordering the Irish Sea which are widely accepted

28 being of Cambrian age are known as the Bray Series and ocutcrop in three
separate areas, namely the Hill of Howth on the north side of Dublin Bay, the
Bray and Greystones area itself, and a long strip stretching south-westwards
from Cahore Point to the south coast of County Wexford which is outside the
relevant area. The second two occurrences form the Bray Anticlinorium in the
north and the Cahore Anticlinorium in the south, separated by the Arklow
Synelinorium made up almost entirely of Ordovician strata. A dominant
direction of folding with a Caledonoid trend exists in this south—eastern
part of Ireland with the elongate outcrop of the Leinster Granite extending
south-south-west from near Dublin, flanked on both sides by the Lower
Palaeozoic sediments and associated igneous rocks to form & great Caledonian
Anﬁiclime‘(ﬁmybm et al., 1939). ‘he Cambrian succession is made up of hard
purple and green greywackes, highly cleaved and crushed slates, massive
gquartzites, together with conglomerates or breccias of local rocks. The
total thickness is apparently several thousand feet (CbaLlPJWOftu, 1963). At
Howth the rocks consist of massive quartzites and greywackes with breccias
and well=-cleaved green and variegated .slates which are intensely folded and
crushed., The ciomply spaced anticlines and synclines plunge steeply east and
were later affected by | ongiuudinal and transverse faults. Similar rocks,
equally distorted, outcrop in Ireland's fye approximately two miles to the

north of Howth.
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The Ordovician rocks which lie near to the east coast occur in Leinster
and in inliers in the Central Plain. In Leinster, as mentioned above, the
Ordovician rocks display & Caledonoid trend where they flank both sides of the
Leinster granite which reaches the coast in the viciniﬁy of Dun Laoghaire. In
general, the Ordoviclan consists of slates with thin fine-grained greywackes
with interspersed volecanic and hypabyssal rocks. Yo the east of the Leinster
Grenite at the south-western margin of the Bray Anticlinorium the strata consists
of alternating sandstones and siltstones with slates makiﬂg up a thickness of
1,500 feet (Tremlett, 1959). North of Dublin, Ordovician rocks outerop in
Portrane where they consist of a volcanic suite with intercalated shales,
unconformably overlain by bedded limestones followed by a crush conglomerate
at the contact with the succeeding greywackes of estimated Silurian age.

In Lambay Island the limestones and shales were deposited around a centre of
vulcanism with which they are probably for the most part conbtemporaneous.
Fragmentary igneous rocks and disturbed sediments accumulated to form massive
conglomerates which became covered by calcareous mud. Yhe accompanying tuff's
are succeeded by brown slates and andesitic lavas, followed by a limestone
containing a similar fauna to that found in Portrane. This is followed by a
conglomerate and slates with ilmpure limestone.

The main Silurian outerop occurs in a large triangular area bordering
the east coast from near Drogheda northwards to the Holywood Hills south of
Belfast., Westwards the outcrop narrows to an apex near the River Shannon.
Within this large area occcur more recent granites and a series of small inliers
of Ordovician age lying in a Caledonian orientation. The rocks include grey and
green greywackes, grits, flags, siltstones, a few coarse quartz conglomerates,

and some thick graptolitic mudstones.



Minor tectonic movements occurred throughout the Lower Palaeozoic
in Ireland but these were merely the forerunners of the Caledonian Orog zeny
which folded the Lower Palaeozoic rocks and caused the Caledonian trend to
be indelibly impressed upon the geology This can be seen in the boundaries

e}

rdovician and Silurian rocks tog sether with those of the Leinster and

o]
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Newry granites. The Leinster Granite was intruded following the main
Caledonian Orogeny in this ares and is asbout 70 miles in length, with a
naximum width of aporoximately 12 miles at outcpop (Smyth et al., 1939),

This 1

ecus mass forms high ground with the summits between 1,500 and 3,000

feet above sea-level. The ag ce has been glven as Devonian and although the

contact with the Carboniferous at the northern end is not exposed, the flow form

s been taken to indicate that the granite ends a short distance north of
the existing outcrops and a faulted ms .rgin has been suggested for this contact
(Cole, 1921; Turner, 1950; Charlesworth, 1963).

5.5 The Isle of Nan.

The Marnx Slate Serie (Lamplugh 1903) which formsthe central nassif of

in

+ o

the Island has been divided into eleven formations having a collective
thickness of about 25,000 feet (Simpson, 196 3)e The succession is a complex
sequence of slates, flags, and greywackes which display many similarities with
much of the Lower Palaeozoic strata on the mainland. A Cambrian to Ordovician
age has been sugpested for the series and the Island thus formed part of the
Caledonian orogenic belt Squerzﬂg multiple deformation during a long tectonic

history. The major structure that affects the whole Island is the acute

eledonoid Isle of Man syncline which was formed during the initial stages of the

earth movements,



k. Devonian.
There are only a few insignificant outcrops of 0ld Red Sendstone sediments
in the area adjacent to the North Irish Sea. In Southern Scotland, eastwards
from the Criffell region, the Silurian and Lower Carboniferous strata are occasionally
separated by thin Upper 0ld Red Sandstone deposits (Pringle, 1935). No rocks
of Old Red BSandstone age are present on the Isle of Man or in North-west
fngland apart {from the possibility of certain dubious conglomeragtes in the Lake

District. 4n indication of

he tremendous erosion which occurred during Devonian
times is seen in the fact that Upper Palaeozoic rocks in the Lake District rest
on all members of the Lower Palaeozoic from the Upper Ludlowlo the Skiddaw
Slates,

Sediments of Devonian age occur as a small outcrop on the north-east
coast of Anglesey and include unfossiliferous conglomerates, purple and red
sandstones, a few calcareous cornstones, and wind blown dust (Smith and Neville
George, 1935). Deposition was not continuous however, since the overlying
Carboniferous strata rest with marked uncont’ormity upon the 0ld Red Sandstone.

In Ireland rocks of this age are almost completely sbsent from the
€ast coast with the exception of & small outcrop in the middle of the Swords
Anticline aporoximately six miles north of Dublin (Charlesworth, 1963).

A very ilmportant feature of 0ld Red Sandstone times was the post~tectonic
Criffell, Cairnsmore of Fleet, and Loch Dee granite masses. Lhe first two cut
through Silurian strata, while the Loch Dee mass is intruded into Ordovician
rocks (Pringle, 1935). ‘The Criffell mass rises abruptly from the Solway Firth

to form an elevated area with the longer axis running in a north-east to south-



west direction, coinciding with the strike of the Silurian rocks. Radiometric
age determinations of the major intrusions of the Lake District including

the Shap, Bskdale, and Skiddaw granites together with the Ennerdale granophyre

indicated a Devonian age (Brown, Miller and Soper, 1964) and suggested that

their emplacement followed the main phase of the Caledonian orogeny. the
Leinster granite in Southern Ireland was discussed in section Sede  Further

examples are found on the Isle of Man where the Foxdale granite and the

Dhoon granodiorite were intruded during this time.

5. Carboniferous.
5.1 Southern Scotland.

Because of the Caledonian earth movements Carboniferous rocks
frequently overlie the Lower Palaeozoic strata with major unconformity. In
the north-~ecast of this area as earlier defined in section 3.1, rocks of the
Lower Limestone Group overlie members of the Caleciferous Sandstone Series,
while to the south and south-west of the Criffell Granodiorite strata of the
Calcifercus Sandstone Series form a discontinuous outecrop along the north
coast of the Solway Firth.

5.2 Yhe Lake District.

Rocks of Lower Carboniferous age flank the Lake District except in the
south-west. Yhe succession which borders the Cumberland coalfield is divided
into a lower part made up of 780 feet of dominantly limestone material
followed by an upper part consisting of 100 to 1,600 feet of shales and
sandstones with sub-ordinate limestones (Eastwood, 1930; Eastwood et al., 1931).
this outcrop of Carboniferous 1imestone.is succeeded by a narrow strip of
HMillstone Griv and forms a border to the coalfield’beneath which Both

formations dip generally seawards.



The Coal leasures, consisting mainly of estuarine sandstones, nudstones,
shales, and clays with coal seams and clay-ironstones are made up of two
groups, the Lower Productive lMeasures, which may attain a thickness of about
1,000 feet, and the Upper Whitehaven BSandstone Series which is a reddish colour
end almost devold of coal seams and has a minimum thickness of 700 feet. The
two groups are separated by an unconformity.

To the south in Furness and South Cumberland, the Lower Carboniferous
succession consists of basement beds a few hundred feet thick, followed by
about 2,000 feet of limestone and 1,400 feet of Yoredale Tacies comprising the
Gleaston Group. In this area the Carbonifercus appears to have been tilted in a
southerly direction (Dunham and Rose, 1949).

5.5  HNorth Wales.

As a result of the Caledonian earth movements, a marked unconformity
separates rocks of the Carboniferous system from those of the Lower Palaeoroic
in North Wales. (Smith and Neville George, 1935). The main outcrops of
Lower Carboniferous strats occur in two approximately parallel arcs, running
in the first case from the Great Urme south-eastwards along the western side of
the Vale of Clwyd, and in the second from Prestatyn along the eastern flank
of the Clwydian Range to Llandegla. Here the limestone reaches its greatest
development in North nges attaining a thickness of nearly 3,000 feet, while
to the north around Prestatyn the formation is much thinner and composed in
general of purer limestone. In the most northern mainland exposure of the
breat Orme, the sequence appearssimilar to the main cutcrop in the east, although
a pecullarity is present in the form of a series of dolomitic beds at the base.

To the west in Anglesey the Carboniferous Limestone unconformagbly overlies the



01ld Red Sandstones, overstepping this to rest on Lower Palasozoics and

rocks of the Mona Complex.

In North Wales the *Millstone Grit' outcrops extensively only in Flintshire
and Denbighshire where it extends from Prestatyn to Oswestry, a distance of
over thirty miles. 4 marked lithological change occurs in this formation fronm
north to south passing from predominantly shale to sandstone in this direction.
Coal Measures are found from the Point of Air southwards to near Oswestry, the
generally easterly dip causing the strata to disappear beneath the New Red
Sendstone of the Cheshire Plain. In Flintshire the Productive Measures attain
a maximur thickness of nearly 2,000 feet which includes eighteen workable
coalseams. 'The succession is made up of shales and clays with coal seéms,
together with an occasional impersistent coarse sandstone. ‘'he Upper Coal
lMeasures, tracable from near Flint southwards to Oswestry differ from the
Productive Measures in being without workable coal seams, and in the character
of the shales and sandstones which tend to be predominantly red in colour,.

In Anglesey the Coal lMeasures contain a similar development of red strata

700 feet thick, overlying about 1,000 feet of Productive Measures which have
been mined for coal although they do not outcrop, being concealed beneath a
considerable thickness of alluvium and glacial drift.

ook Irelsnd.

The Carboniferous system occupies a special position in the geology of
Ireland since rocks of this age underlie approximately two-thirds of the country
(Charleswcrth, 1963). Cafb@niferous rocks outcrop along the esast coast from
Dublin, where they are in contact With the Leinster Granite, northwards to

Skerries where Silurian strata appear. Carboniferous rocks are again encountered



in the region of Drogheda, north of which the Silurian outcrop together
with intrusive granites are predominant. Jhe maximum thickness is not known
but a detailed study of the Lower Carboniferous succession between Rush and
Skerries on the coast just north of Dublin yielded a thickness of 2,000 feet
Metley and Vaughan, 1906-1909).

the Central Plain covering the interior of Ireland was completely
submerged during Carboniferous times and covered by a thick deposit of
limestones, Coal lieasures, and Mesozoic strata. Subsequently, severe erosion
removed the Mesozolc cover and most of the (oal leasures, so that Carbéniferous
Limestone now forms the most characteristic rock exposed,

5.5  the Isle of lan.

Strata of Carboniferous age ocoupy small and isolated outcrops on the
Isle of lan where they lie unconformably on the Manx Slates.’ In the south
near Castletown a thin basal conglomerate is succeeded by the Castletown
Limestone approximately 350 feet thick, and this is overlain by a thin
basic lava (Lamplugh, 1903),

The Peel Sandstone which occurs near the town of that name on the west
-coast, includes red and mottled sandstones and thin impure limestones, and is
thought to be of Lower Carboniferous age. UThese strata are faulted against the
Manx Slates and have a predeminantly west-north-west dip.

In the north of the Isle of lian, borings through the drif't and Permo-
Iriassic deposits revealed the presence of a Lower Carboniferous succession
made up of about 800 feet of Basement Group together with Lower and Middle
Limestone Groups which showed similarities with the West Cumberland succession,

followed by approximately 700 feet of material similar to the Upper Limestone



Group of North-HZast Cumberland (Smith, 1927). ‘he Carbonifercus rocks overlie
the Manx Slates with strong unconformity. Uhey appear to be more disturbed

than in the south but dip generally northwards.

6. Permo~triassic,
6,1 Southern Scotland.

the main outcrops of Permo-Ilriassic rocks in Southern Scotland occur in
Nithsdale and Annandale where they consist of red sandstones with rounded
grains and interbedded breccias similar in lithology to the Penrith Sandstone
(Pringle, 1935). Wear Stranraer an area of simllar sandstones with interbedded
brecelas ocours. Gravity surveys in the Dumfries area (Bott and Masson-Smith,1960)
and over the Stranraer region (Mansfield and Kennett, 1963) have yielded estimates

for the thicknesses of at least 3,000 feet.

6.2  The Carlisle Basin.

The Carlisle Basin containing Permo-lriassic strats is situated at the
head of the Solwsy Firth between the Palaeozoic rocks of the Lake District, the
Pennines, and fhe Southern Uplands. The basin disappears beneath the sea in
a south-westerly direction {Dixon et al., 1926).'

he oldest rocks exposed at the surface belong to the St. Bees Shales.
These pass upwards into the St. Bees Sandstone which is & thick group of fine
red sandstone with interbedded shale., <The St. Bees Sandstone\passes vertically
and laterally into the Kirklinton Sandstone which may be coarse-grained and

without interbedded shale. 4Yhe Ssvanwix Shales containing gypsum conformably

overlie the Kirklinton Sandstone. ‘he general sequence of Permo-lriassic rocks
in the Cumpherland and Westmorland region is as follows:

Stanwix Shales - about 950 feet

Kirklinton and St. Bees Bandstones — 2,000 feet



St. Bees Shales o 300 feet
Magnesian Limestone - 0 = 10 feet.
Hilton Plant Beds - possibly 150 feet

Penrith Sandstone and Brockpam - possibly 1,500 feet.

6.5  the Lake District.

Much of the area between the western part of the lbake District and the

Irish Sea lies below the 300 fest contour and is composed of New Red Sandstone

strata largely concealed by glacial drift (lrotter et al., 1937). A general

sequence for the New Red Sandstone rocks in the West Cumberland and Furness
area mey be summarised as follows:
Keuper: Marls with Rock Salt and Cypsum - about 600 feet.

Bunter: Kirklinton type sandsﬁone.zﬁProved in boreholes up to 3,200 feet.-

#
5

5t. Bees Sandstone.

u)

Permian: St. Bees Shale.

llagnesian Limestone | up to 500 feet.
)
ml"

Brockram.

Lhe lower part of the formatlon consists of a basal breccia up to 400 feetw
thick succeeded hy the B5t. Bées Shales, and the 5t. Bees Sandstone which is over
5,000 f'eet thick. In the Whitehaven area the St. Bees Shales range in thickness
from 100 feet to 375 feet and contain thick beds of gypsum and anbydrite.

Ihe succeeding St. Bees Sandstone is usually a dull red sandstone of medium
grain., ‘the considerable thickness of the sandstone has been proved by borings.
A boring at Seascale penetrated St. Bees and Kirklinton sandstones to a depth

of 5,200 feet without reaching the base (Gregory, 1915). Further south, near

k.

Bootle, another deep boring penetrated. 2,249 feet of red sandstone again without
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rea Jhinf the base of vhe formation (Irotter et al., 1937). 4% Haverigg
Haws a borehole reached the bottom of the Permo-lriassic succession overlying
Lower Carboniflerous at approximately ~-2,300 0.D. (Dunham and Rose, 1941) while
at Barrow-in-Furness in the south of the coastal ares under consideration,
2,080 feet of St. Bees‘Sandstone were shown 0 be present.

A north-north-westerly fault system downthrowing to the west separates the
Lower Palacozolc rocks and the Eskdale Granite from the New Red sendstone, and
in South Cumberland and Furness the Permo~iriassic rocks dip generally south~
westwards (Dunham and Rose, 1949).

-

Ooly The Lencashire Coastal Plain.

this area extends from Fleetwood in the north to Liverpool in the scuth,
and the solid rocks exposed, or 1ying lmmediately beneath the superficia
deposits are all of Yrizssic age. Because of the ?rcc development of glacial
and later deposits most of the available information has been obtained from

borehole evidence

Pt

~and Wolverson Cope, 1948). Several boreholes were sunk

by the oration Jompany near Formby in connection with the occumence

of an oll seepage in that area.0f these, wells number 1 and 3 passed thirough

several thousand feet of Yriassic marls and sandstones before entering older

rocks. ‘Ihe thickness and divisions of Yriasssic rocks mapoed in the Southport

and Formby district are as follows:

uper larl - Up to 2,000 feet.

Eeuper Sandstone - (400 feet at Liverpool, 970 feet at Formby,

and 650 feet at uCﬂ?isbrion) LO0=-1,000 feet,
Bunter (prove 1 by borings) 2,300 feet,

fvidence of

of Permian age which do not outerop in the area has

been obtained from the borehole information. ‘hese rocks immediately underlie



the Bunter and the seguence is as follows:

-~ 400-7L0 Ieet.

Manchester I
Collyhurst Sandstone - 1,160-2,350 feet.
the thickness of the Permilan rocks is greatly in excess of that knowh to
be present elsewhere. In the type locality near Manchester, the maximum known
thickness is 852 feet (Lonks et al., 1931). the Collyhurst Sendstone is
underlain by hard red silicified shales and marls with recrystallised and

dolomitise ones of Cerboniferous age.

6.5  North W

with

}..u

come into existence by this time and was Filled

the ValedClwyd
£
Iriassic sediments. A borehole at Foryd near Rhyl penetrated 100 feet of drift
and 500 feet of Bunter Sandstone before entering what appeared to be Upper
Larponiferous Barren Measures (Powcll 1955). Geophysical work in the area
invoked an interpretation assuming a northward thickening of these Yriassic

sediments to 1,000 feet just offshore (Ibid).

;o
(e O

Severe erosion preceded the deposition of Permian strata in Ireland and
o marked unconformity exists between them and the underlying Carboniferous

rocks. Permian strata now remain in very smell aress in the north~east. A4

boring under east Belfast revealed the following succession (Charleswarth, 1963).
Upper Permian Marls, - 2 feet.
Magnesian Limestone - 63 feet,

Basal Permian Sandstone and Brockram, = 145 feet.
Iriasslc rocks are also restricted to North-East Ireland. 'The main outecrop

oceurs at the Head of Belfast Lough and from the evidence of several borings



in Belfast (Lemplugh et al., 190L) the succession in the Belfast area appears to
as follows:
Keupsr Marl. - 1,000 feet.

Upper Sandstone - 1,250 feet.

Bunter Marls ~ 360 feet.
Lower ndstoneg - 275 feet.

The total thickness is 2,885 feet. However, the thickness rapidly decreases
eastwards and at Newtownards, at the head of Strangford Lough, the succession is no
more than 400 feet thick.

6.7 The Isle of HMan.

the extreme north of the Isle of Man & succession similar to the

generalised seguence tabulated in section 6.3 above but lacking the Magnesian Limestone
is known from borehole information. In this ares the strata attains a maximum observed

thickness of 2,585 feet (Gregory, 1920).

-~
s

FPost-Triassic,

Post Triassic sediments are extremely rare in the area surrounding the North

Irish Sea with a thin patch of Lower Lias forming an outlier in the Carlisle Basin.

~lriassic rocks occur mainly in the extreme north-east where their
preservation is normally due to the covering of Te ertiary Lavas.

Further evidence becomes somewhat sp601lwuive§but it has been suggested

from the indications of the erratics present along the northern coast of Ang
that the floor of the Trish Sea, east of the Isle of Man, might be underlain by

Jurassic rocks in addition to vossible Triassic material (Greenly, 1919). Further,

the presence of much Tlint was taken to indicate that chalk

ght still form a
section of the floor. 'The area was visualized by Greenly as a broad, slightly
undulating plain over which Triassic sedimerts had the greatest areal distribution.
Overlying these was an outlier or several outliers of Jurassic rocks succeeded by

a more substantial outcrop of chalk., On the western edge of the plain Coal Measures

were vis ized



as emerging unconivrmably from beneath the Iriss with Carboniferous Limestone
below them. Yhe Coal Measure outcrop was thought to be rapidly overlapped,
with the Mesozoic boundery trending in a northerly direction towards the Isle
of dMen. Finally, since Yriassic or older strata occurred everywhere along

the margins of this part of the sea, and assuming the approximately central
position of Jurassic and Cretaceous rocks, it was suggested that the composite
area possessed the structure of a gentle synclinal fold.

T [

The other Post~Priassic sedinments that outerop along the coastal margin
are of Pleistocene and recent age. On the coastal plain of Lancashire tie

glacial deposits have a maximun thickness of 200 feet (Wray and Wolverson Cope,

1948). Drift in the form of stravified and unstratified Boulder Clay, sands

and gravel, attain a thickness of about 400 feet on the northern plain of

deposits consist mainly of glacial gravels in the form of moraines and eskers

but are not expected to exceed 650 feet at the absolute moximum (Murohy, 1952),

(8]

b, Summary

the rocks surrounding the North Irish Sea can be divided into fqur
ma jor stratigraphical units which are normally separated by unconformities.
4 broad division of this kind is useful for analysis of the gravity data
where large scale structures are iﬁvolved.

IThe oldest rocks in the ares form the highly‘disturbed Pre~Cambrian
Mona Complex of Anglesey. 7The Bedded Series of this complex contains about
20,000 feet of geosynclinal sediments in which the dominant fold direction
is approximately north-east to south-west.

Lower Palasozoic rocks are widespread in the region bordering the North

n (Gregory, 1920). 1In the Central Plain of Ireland the superficial



lrish Sea and on the Isle of Man, and form the structural framework of
the area under investigation. The thickness of these rocks may again be of

the order of 20,000 feet. Uhe Lower Palaeozoic period was terminated by

mejor earth movements which folded the rocks along a predominantly north-sast
to south-west or Caledonian trend. 'he maein phase of tectonic activivy was
followed by the intrusion of several large granite bodies which are often
observed to occupy areas of relatively high ground at the oresent day.

Because of the Caledonian earth movements Carboniferous rocks frequently
succeed the Lower Palaseozoic with major unconformity. “Yhe largest area of
Carboniferous rocks is of predominantly limestone facies and occuples the
Central Plain of Irelandfreaching the east coast betwsen Dublin and Skerries.

Permo~lriassic rocks occupy several widely separated, and with the
exception of the Lancashire coastal area, relatively restricted areas

bordering the North Irish Sea. Borehole data has provided informstion

concerning the thickness of these rocks in certain areas. Near Foruby in
Lencashire a thickness of aoproximately 7,000 feet of Permo-itriassic rocks
has been proved.

the presence in the coastal regions of large post-tectonic granitesand
great thicknesses of Permo-lriassic sediments, both of which are kuown to

characteristically possess relatively low densities, is of major importance

in connection with features appearing onthe Bouguer Anomaly map of the

North Irish Sea.
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Chapter 2

e O

Previous Geophysical Work,

1. Introduction

This chapter reviews the geophysical work that has already been
completed in the North Irish Sea, on land in the coastal region surrounding
the marine area, and on the Isle of Man. The coastal areas are described
in order, commencing in Southern Scotland and moving in & clockwise sense
around the Irish Sea basin. The subject is considered systematically in
three sections comprising gravity, seismic, and magnetic.

2.1 The Stranraer Basin.

4 detailed gravity survey in the Stranraer district of South-West
dcotland revealed the presence of a negative gravity anomaly of seventeen
milligals amplitude associated with the Carboniferous and New Red Sandstone
basin at Stranraer (Mansfield and Kenne t, 1963). It was suggested that low
density sediments within the valley contrasted with the denser Lower Palasozoic
rocks to produce the observed negative ancmaly and on this assumption a detailed
interpretation wzs conducted to obtain the shape of the basin.

A range of possible denéitj contrasts was used and it was concluded that
the basin had a depth of greater ?han 3000 feet and probably 4,500 feet or

* by HMansfield and Kennett



more beslow 0.D. It was Turther concluded that the great thickness of
sediments was formed by contemporaneous sinking and infilling of the basin
floor during New Red Sandstone and possibly Carboniferous times. It was
suggested that the downward movement was accomplished partly by faulting
along the eastern margin, and partly by downwarping from the western margin
which acted as a hinge-line.

Gravity work at sea has shown that a negative gravity anomaly, forming
the southweasﬁern extension of the gravity 'low' associated with the Stranraer
sediments, ocoupi®s Luce Bay (Bott, 1964). The marine observations indicabe
that the anomaly closes near the mouth of Luce Bay. It was suggested by
Bott that the interpretation put forward for the Stranraer Basin also held
for the continuation into Luce Bay.

2.2 The Criffell Granodicrite and the New Red Sandstone deposits near Dumfries.

A gravity survey along the north shore of the Solway Firth was made by
Bott and Massoh~$mith (1966} to investigate the deep structure of the Criffell
grancdiorite mass and the New Red Sandstone deposits near Dumfries. A negative
gravity anomaly of about twenty milligals amplitude was shown to exist over
the Criffell granodiorite, the relatively low density of which was shown to
be the cause of the ancmaly. ‘The interpretation suggested a batholithie form

with a floor at a minimum depth of seven miles. It was further shown that



the ﬁass deficiency represented by the granite as caloulated from the
anomalies was of the same magnitude as the additional surface load of the
corresponding high’ground. It was suggested that the ground had risen
isostatically in response to an intrusion of relatively low density.

The New Red Sandstone deposits near Dumfries and Lochmaben were found
to be associated with negative anomalies of about fifteen milligals amplitude.
For an assumed density contrast of 0.4 gm./cm?, it was shown that a thickness
of 3,500 feet of sandstone was nesded to agcount for the anomalies, but that
if Carboniferous rocks were present beneath the New Red Sandstone strata,
the depth to the floor of the Carboniferous would be greater than this estimate,
It was concluded that the basin formed by contemporanecus downwarp and infilling,
while the similarity of large depth and general shape with other New Red
Sandstone basins in Great Britain was emphasizéd. Finally a regional increase
of the Bouguer Anomaly towards the lrish Sea was noted.

265 The Carlisle Basin.

3,

Gravity data obtained by the Anglo-iAmerican Oil Company Ltd. in Northern
England provide further information in connectlon with structures in the
ad jacent regions to the North Irish Sea (White, 1949). The surveys were
directed towards the discovery and interpretation of concealed structures.

In the Carlisle area it was shown that the Permo-~Uriassic basin was



responsible for gravity minima of approximately 20 milligals amplitude,

but it was concluded that much of the gravity effect was caused by structural
anomalies within the underlying Carboniferocus. &Along the southern margin

of the basin the stesp gravity gradients were taken to indicate extensive
faulting, not necessarily confined to the Yriassic~Clarboniferous contact

but possibly also affecting the Carboniferous outcrop. White estimated

a thickness of nearly 10,000 feet for the Lower Carboniferous sediments to
explain the observed anomaly, but information about the thickness of the
Permo-Trigssic rocks is mecessafy in order to separate the contribution

from the two systems.

2.4 The Lake District,

Gravity investigations din the Lake District hawe revealed interconnecting
negative gravity anbmalies between the exposed granites (Bott, personal com-
munication). The Permo-iriassic rocks along the Furness and South-west
Cumberland coasts also cause a gravity 'low' which was found to merge near
Seascale with the negative gravity anomaly associated with the HEskdale granite.,
The anomaly associated with the sediments was found by Bott to fall towafds
the coast. Away from the granites and Permo-Triassic rocks, & rise in the
Bouguer Anomaly was observed as the Irish Sea was approached both across the

Cumberland coalfield and in Furness.



ashire Coast and Adjacent Area.
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fnalysis of the data in Lancashire and Cheshire by White (1949) indics
that while the Trias of the Lancashire coastal area is disposed in the form
of a half-basin open to the west, the Cheshire area displays the complete
basin form with oldér rocks occurring towards the margins.  {In both cases
the eastern edges are known to be bounded by large faults downthrowing several

thousand feet to the west., A zone of steep gravity sradients is associsted
O ., L

with thls faulted eastern margin in the Cheshire area, and the new observations

discovered a similar feature on the opposite side of the basin to the west, which

by anslogy was interpreted as & mejor fracture. It was concluded by ¥hite

that this evidence indicated that the Cheshire Basin was a vift structure

tr'% ndin
hounded by parallel north-easterly normal faults. The Urias west of the

Cheshire Basin was therefore considered to oceupy & separate structural

4

the North

environment, being essentially part of ales massif.

2.6 lorth
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1w Introduction.
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A gravity survey covering lorth Wales has been conducted by Powell (1955),
4 regional rise in the Bouguer Anomsly from south-east to north-west was shown

1Y)

explained by an arch in the crust. The Bouguer Anomaly over a

o
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wide ares of the Denbilgh Moors made up of thick Lower Palaeozoic rocks that
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border the Irish Sea between Menai and Rhyl was found to be between +35
and +40 milligals. The Yriassic and Upper Carboniferous deposits of the
Vale of Clwyd were found to be assocliated with two gravity 'lows! and the

northern 'low' was seen to transgress the coastal margin near Rhyl.

ii. The interpretation of the Bouguer Anomalies in North Wales.

The main features of the gravity field in North-west and Central Wales
include the alignment of the anomalies parallel to the Caledonian trend,
and the regional ano?ﬁagj which increases from +10 milligals in the south~
east to over +40 milligals in the Menal region to the north-west, and then
decreases across Anglesey to +25 milligals (Powell, 1955). In the south-east
of' the area the Bouguer Anomaly values range from +10 to +15 milligals both
over the Lower Palaeozoic which may attgin a thickness of 20,000 feet and
over the Pre-Cambrian of the Longmynd. Similarly in the nortb and'north~west
the Bouguer Anomalies are from +35 to +40 milligals both over the thick Lower
Palaeozoic rocks of the Denbigh Moors and Snowdonia, and over the Pre-Cambrian
in Anglesey. Powell showed that there was as grgat an anomaly change over
the Pre-Cambrian as over the Lower Palaeozoics and that the changes over
the latter were not correlated on a regional scale with its thickness. “Lhese
Tacts established that the regional gravity increase from south-east to north-

west must be due to a deeper density conbrast than that between the Pre-Cambrian



and Lower Palseozolc,

It was suggested by Powell that the anomalies might be caused by

the structure of the earth's crust. The norwal crust was assumed to include
two layers, namely an upper granitic and sedimentary layer 15 kilometres

thick with an average density of 2.7 gm./cm?, and z lower intermediate layer

20 kilometres thick and dénsity E.Ogm}/cm§ The underlying layer was consldered
to have a density of 3.3 gmw/cm?

If the crust was arched under the Menail region so that the intermediate
layer and substratum were about 10,000 feet nearer the surface than under
Holyhead and Bala, then the gravity gradients of 1 mgal./mile and 0.75 mgal./mile
to the north-west and south~east respectively would be explained. Alternatively,
it was suggested that there might be a flexure in the crust passing upwards

into & thrust fault in the Menai=Lleyn belt.

In the Vale of Clwyd it was shown that the gravibty anomalies enabled

an estimate to be obtained for the thickness of the concealed Upper Carboniferous

rocks if' the thickness of Trias cover was known (Powell, 1955), Borechole
information which proved the presence of iOO feet of drift overlying 500 feet
of Triss in the northern part of the Vale of Clwyd provided the basis for
correcting the observed anomaly for the cover of Trias and drift, the residual

being interpret —ed as due to the thickness of Upper Carboniferous.
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Assuming a thickening of the Trias to 1,000 feet just north of
Bhyl from the geological evidénce on the Lancashire Coas®t, it was shown
that a maximum thickness of 2,500 feet of Upper Carboniferous rocks was
reguired to explain the observed anomaly. <The steep marginal gravity
gradients suggested faulted boundaries for this basin of deposition

and the evidence was taken to indicate the existence of a Uriassic Basin
under The sea.

Magnetic work in North Wales showed that the anomalies regched a
mexlimum in areas where the Pre-Cambrian was close to the surface and
decreased towards areas of thick Lower Palasozoic Sediments. It was suggested
therefore that in this area the magnetic anomalies were a better indication
of basement relief than the gravity anomalies since the densities of the
two divisions were likely to overlap.

2o the Bast Coast of Ireland.

1. Introduction.

Gravity dsta collected in Ireland show that the Bouguer Anomaly over
the uvndisturbed Lower Palaeozoic rocks of Central and Northern Ireland is
close to +20 milligals over wide areas (Murphy, 1952; Cook and Murhpy, 1952).
The Bouguer Ancmalies are lowered over low density granite masses, and in

areas of Coal Measures s=nd Mesozoic deposits. It has been suggested by



Murphy that increases in the Bouguer Anomaly within certain areas of Lower
Palaeozolc rocks may be due to local igneous activity. Lhe very high Bouguer
Anomalies in the north were shown to be due to high density Tertiary igneous
rocks (Cook and Murphy, 1952)., A further example of a rise in the Bouguer
Anomalies a8 the sea is approached occurs over the Lower Pazlaeczoic rocks
of south-east Ireland (Thirlaway, 1951).

id. Description of the major Bouguer Anomalles,

Many of the major Bouguer Anomaly variations in Ireland have been
explained in terms of granite intrusions and by a series of warps which
alternatively depress and elevate the dense Lower Palaeozoic rocks (Thirdaway
1951). It was concluded from observations over a wide area that deep~seated
rocks were exercising the primary influence on the gravity field, and that
in areas where Silurian and older rocks were exposed or expected to be at no
great distance below the surface, the anomalies were relatively high, ranging
from +15 to +40 milligals,

Observations in South~east Ireland (Ibid) revealed that the increase
in anomaly that occurs as the Welsh Coast is approached was repeated on this
part of the Iriéh Coast. Yhe magnitude of the gradients was considered to
indicate that the dense material responsible for the rise in anomaly was
not deeper then the sedimentary rocks. Assuming that the disturbing masses

on opposite sides of the channel were related to one cause, it was suggested
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that the increase in anomaly could be due to a thickening of Lower Palaeozoic
sediments filling the geosyncline which would imply thet the Welsh and Irish
geosynclines were separated for long periods by a land mass on the site now
occupied by the Irish Channel. “his interpretation requires the Lower
Palaeozoic rocks to be consistently denser than the Pre-(ambrian bassment,

a hypothesis that has doubtful validity (Powell, 1955).

Yhile acknowledging thet the conditions north of Dublin were not the
same as along the south~east flank of the Leinster’Granite, it was nevertheless
anticipated that the Ordovician-Silurian strata would be thick and give rise
to a Bouguer Anomaly of similar size (Murphy, 1952). from over the Leinster
granite the anowaly was found to rise very rapldly to a value of +30 milligals
Jjust north of Dublin. From density considerations it was concluded that the
increase in anomaly was produced by Ordovician strata lying beneath the
Carboniferous rocks which have been shown to have a thickness at Dublin in
gxcess of 1,000 feet decreasing rapidly to the north. 'he gradient over
the contact between the Leinster granite and Carbonifierous Limestone is
consistent with a steep and possibly faulted margin, and eliminates the
possible presence of the granite below Dublin and invalidstes an earlier
suggestion that the granite wmight extend northwards to resppear in the small

island of Rockabill (Cole and Hallissy, 1924). Further north where Silurian
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rocks outcrop the Bouguer Anomaly was found to be fairly constant with a
value close to +20 milligals.

Work in the North of Ireland has showh that over large areazs the average
Bouguer Anomaly does not depart much from +20 milligals (Cook and lurphy, 1952).
This is apparent over areas where Lower Palaeozoic or Dalradian rocks, having

‘ rd
a density of approximately 2.75 gm./cmf , outcrop. The low values in County
Down are associated with granite bodies of density 2.65 gm./cm? or less, while
in Antrim and north Down the low values appear to be due to deposits of Coal
Weasures and Mesozoic rocks with densities less than 2.5 gm./cmé ‘the areas
of very high values were shown to be associated with Yertiary igneous rocks
possessing densities of up to 3.0 gm./cm?, which are located in the Carlingford
and Slieve Gullion districts.

2.8  The Isle of Man.

A gravity survey over the Isle of Man revealed that the average Bouguer
Anomaly over the Island is close to +40 milligals {(Bell, 1959)
three negative anomalies were discovered and found to be disposed along the
main north-east to south-west axis of the Island. Lhe centres of two of these
anomalies, designated the Foxdale and Dhoon anomalies, approximately correspond
with known outcrops of granitic rock. Density considerations clearly indicated

that the emplacement of the granite bodies within the Manx Slates was sufficient
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to cause the observed ancmalies.

The Foxdale Anomaly in the south was found to be the largest, both
in area and magnitude, on the Isle of Man. It was described as being
roughly elliptical in shape with a major axis of nine miles in length
extending in a north-east to south-west direction, and a minor axis of six
miles (Cornwell, 1960). ‘he anomaly therefore dominates much of the south-
western area of the Island. A third negative feature was found to exist in
the Calf of Man region in the extreme south, and in the absence of any surface
feature which might cause the anomaly, an interpretation in terms of an
unexposed granite was suggested. Uhe apparent continuity of the Foxdale and
Calf of Man anomalies along the same structural trend was put forward as an
argument in support of the hypothesis.

At the Point of Ayre, in the north of the Island, the Bouguer Anomaly was
found to drep to a value of only +32.7 milligals with the isogals running
N ,, N . -
in an east-west direction. Using information available from borehole data
it was suggested that this anomaly was caused by a trough of Lower Carboniferous
and Permo-lriassic sediments which thickened northwards.

4 residual Bouguer Anomaly map of the Peel area on the west coast

yielded an anomaly of =-1.5 milligals. Using the known geological evidence,

¥ Bell, 1959.



33

and making an assumption for the density contrast, it was suggested that
a faulted trough of Lower Carboniferous sandstone and conglomerates totalling
approximately 1,500 feet was present in the Peel area, .

2.9 he North-Fast Irish Sea.

All the existing marine gravity work in the North Irish Sea was completed
in 1961 (Bott, 1964). The area investigated by this earlier survey extended
from the Sclway Firth westwards into Luce Bay and southwards to a line running
approximately from Douglas on the Isle\of Man to Fleetwood. 4 single traverse
was also established from Peel on the west coast of the Isle of Man to Ardglass
in Northern Ireland, Interest had been directed to the area by the freguent
observation that in many places bordering the Irish Sea a steady rise in the
Bouguer Anomaly is encountered as the margins of the land are approached gntil
a value close to +35 milligals is attained in certain areas. It was concluded
that the undisturbed backiround Bouguer Ancmaly over the North JTrish Sea was
25 - 30 milligals higher thaﬁ%%he surrounding land.

The gravity data at sea revealed the existence of several large negative
anomalies superimposed upon the high regional background. Hvidence from the
coastal geology, together with the shape of the anomalies suggested a sedimentary
basin structure as the most acceptable interpretstion, in which Carboniferous

and New Red Sandstone deposits formed the main 'fill', although the possibility
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that rocks of 01d Red Bandstone or Post-Trisssic age wmight contribute was
also acknowledged., The Isle of Man was v;suaixmfd as a stable block structure

of Lower Pals , bhe sub=parallel coastlines of which were controlled

ntary basins. A mechanism for formation was sought in

'by the adjzcent
terms of isostatic movements with mountain regions rising in response to stress
differences caused by mess deficiencies, thereby tending to restore equilibrium.
Era&iom‘of tLe_massif provided the '£i11' for adjacent subsiding basins, while

flow movement Mantle completed this 'Tectonic Cycle',

2.10 The cause of ish Sea,

the Bouguer Anomaly on approaching the irish Sea

The regional rise of

has been observed in several widely separated areas surrounding the Irish

Sea basin, It can be seen in South-west Scotland at Burrow Head, the Mull of

o
[45]
o
}..‘
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sy (Bullerwell and Phemister - quoted by Bott, 1964), and on the north

coast of the Solway Firth (Boti and Masson-Smith, 1960). Similarly in Northern

- re .y a - £ . - - oy
t of Strangford Lough, (Bullerwell, 1961), and westwards across the

berland coalfield,

Anomaly over the Lower Palaeozolc rocks

Several 1sible reasons for this regional rise have been

including density changes within the Lower Palasozoic and underlying Pre-Uambrain
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rocks, or deeper seated variations in crustal density or thickness (Bott, 1961)
A regional rise of the Bouguer Anomalies from south-east to north-west across
North Wales has been observed by Powell (1955). A4 crustal upwarp of approxi-
mately 10,000 feet under the lenal region was suggested in order to explain

the observed regional gradients,(Section 2.6 ii). In South-east Ireland
Thirlaway (1951) showed that a similar rise in the Bouguer Anomaly occurred

in a seaward direction across the Lower Palaeozoic rocks sauth of Bray. A
thickening of derse Lower Palaeozolc rocks was suggesbted as an interpretation
for the observed gradients.

It is probable that no single interpretation is valid for all the
observed ogcurrences of the regional rise of the Bouguer Anomaly towards the
Trish Sea. It 1s possible that more than one of the suggested causes may
combine to produce the observed effect in different areas.

A fully reversed seismic traverse has been established about four miles
south-east of Douglas, Isle of Man (Barnes, personal communication). 'he
position of the traverse is indicated in Plate 2. A refracted P wave velocity
of approximately 7,800 feet/second was indicated at a depth of 3,300 feet.
Although the detailed interpretation was not available the results indicate

an absence of Lower Palasozolc sediments down to that depth.



Seismic work conducted in the Bast Irish Sea under the auspices of
the U.K.A.B.4A. has yielded evidence to support the idea of a thinner crust
in the area. Depth charges were fired in the- North Ses and Irish Sea in
July 1962, and the seismic arrivals recorded by the U.X,A.B.A. linear array
at Bskdalemuir, and by a borehole seismometer near Durham (Agger and Carpenter
1964). In the Irish Sea the line of shots extended from near Holyhead to
the Solway Pirth.

Arrivals considered to be refractions from the Mohorovicic discontinuity
gave g value of 7.99f 0,10 kilometres /second for the sub-ocrustal compress—
ional wave velocity, and depth estimates derived for the same surface
suggested an average depth in the area of about 25 kilometres. This is about
3 kilometbres less than the figure associated with the surrounding land areas,
The results further suggested that the East Lrish Sea is a region of thick
sedimentary deposits.
biw Magnetic.

L1 The Aero-magnetic Surveys.,

An Aeromagnetic Survey has recently been made over the British Isles
by the Geological Survey and includes much of the Irish Sea (Geological
Survey and Museum 196k). Reference has been made to the isogam maps in order
to substantiate the gravity data of the present work, and to indicate areas

where further investigation using sea-borne proton magnetometer could provide
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data for detailed interpretation. Discussion of several large features on
the Aero-magnetic Map in conjunction with the gravity data forms the content
of Chapter 7.

a2 The Morecambe Bay Anomaly.

A particularly shsrp anomaly that appears on the Aero-magnetic laps
in the vicinity of lMorecambe Bay was the subject of a single sea~borne
proton magnetometer traverse during the 1961 season. The data were examined buk
quantitative interpretation was not completed, although it was realised that
the shape of the magnetic profile did not readily lend itself to interpretation

]

in terms of a simple dyke model as would seem to be the case at first sight.

were run across the strike of the anomaly in August 1964. The interpretation

forms the subject of Chapter 8,
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Chapter 3

The Marine Surveys

1 Genersl Introduction

This chapter contains a description of the conduct and reduction of

the surveys made by the author. One hundred and eighty-one new marine
gravity stations form the basis of this work and were established during

the summer field seasons of 1963, 196k and 1965 using a North American
gravimeter modified for remote control from the surface. In addition,
approximately two hundred miles of detailed magnetic lines have been obtained
using a sea-borne proton~magnetometer,

The northern boundary of the area investigated extends from near Ramsey’
on the east coast of the Isle of Man ﬁo‘Fleetwood on the Lancashire coast.
From there the Lancashire and North Wales coastlines form the border of the
marine area as far as Holyhead. A line running from Holyhead to Bray in Eire
establishes the southern limit of operetion. The coast of Ireland borders the
area on the west as far as the Mourne Mountains, from where an east-west line
to the Calf of Man completes the closure, Plate 1, the Bouguer Anomaly Map,
which may be found inside the back cover illustrates the above description.

In this area the underwater gravity measurements form the most important part

of the work.,

The first survey in 1963 was carried out using the S.Y. Sheila, and the

following two seasons were conducted from the M.V. Hamburg. Both vessels were

chartered from Hydrographic Services Ltd., of Brighton. The much superior speed
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of the second vessel made her considerably more suitable for the work because

the time involved in travelling between stations is an important aspect of

operational efficiency.

Since the preliminary objective was to make a regional survey of the area,
station positions were initially spaced at intervals of approximately five miles,

decreasing toc a mile or less only when anomalous features involving steep gradients

emerged.

2. Tnstallation,

2.k The Instrument.

As mentioned earlier the instrument used was a North American gravimeter
adapted for remote contrél on the sea~bed. The gravimeter was contained in a
watertight bell which was connected to the control console on the ship by means
of a multi-core electrical cable., The instrument was levelled before making an
observation by means of a fully automatic, servo-operated levelling system, The
gravity dial position was altered by means of a selsyn motor, and the position
of the beam detected by méans of a displacement transducer, the signal from
which was observed on the control panel. The depth of water was recorded by a
pressure sensitive transducer mounted on the outside of the watertight bell and
facility for clamping and unclamping the gravimeter was provided in the form of

a simple reversible D.C. motor.
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268 Location of the equipment on the ship.

The bell was lowered to the seabed by a heavy winch powered by a hydraulic

metor. The winch was mgde up of a moweble carriage supporting an A-frame with
a cradle slung beneath to hold the bell steady during transportation between
stations, and which lowered to the water surface before release of the bell
was permitted. It was found that a stern position was most suitable for the
mounting of this heavy equipment, both for reasons of deck space available

and also ease of lowering. In both vessels, but particularly in the M.V. Hamburg
the amount of freeboard was least at the stern which allowed a conveniently
small vertical movement of the cradle to reéch>water level. The carriage and
A-frame could be moved aft on steel runners so that the cradle and bell were
overhanging the stern before the A-frame was lowered as described. Plate 4
illustrates the above description.

The cont?ol conscle was bolted to a bulkhead in cabin-space as near to
the stern as possible, but in a position adequately sheltered from flying
spray. 1t was necessary to place this equipment so that visual contact
between the winch and console operators could be maintained at all times
during operation at sea. A roller, approximately eight inches in diameter,
was bolted immediately over the stern to enable the electrical remcte control

cable, linking the instrument in the bell to the control console, to be payed



out and hauled in without any abrasion of the outer rubber casing.

2.3 Calibration of +the Instrument.

The instrument was calibrated, soon after delivery, in March 1963, and
again in April 1964 by observing between accurately established values at
York and Newcastle. Intermediate stations at Durham and Northallerton were
&lso occupied using the looping technique (Nettleton, 1940) to obtain an

accurate estimation of the drift. The value of <1025 millgals/division

obtained during the first survey in 1963, Unfortunately the lower mainspring
ligature fractured at the beginning of the 1964 season and a new calibration
constant was supplied following repair of the instrument by the Makers . This
value of .10252 willigals/division was adopted throughout the following
reductions. The instrument was fﬁrther calibrated in October 1965 in order to
obtain an estimate of the magnitude of error that may be present in the final
Bouguer dnomalies due to changes in the value of the calibration constant.

The values obtained by calibration‘and as supplled by the Makers are as
follows: |

Original value as supplied by
the Maker, e 10251 mgals./div.

Calibration constant obtained
on the 15th March 1963, ot ot s e s .1025% 00004 mgals./ﬂiv.

Calibration constant obtained
on the 16th April 196k. mm—mee 102143 00011 mgals./div.

Value supplied by the Maker
29th May 1964, e 10252 mgals./div.,

Calibration constant obtained +
on the 21st October 1965, mmem—e,10283- ,00036 mgals./div.



S Marine Operation.

3.1 The Base Network,

The gravity measurements at sea were 'tied-in' to base positions on the
the ) i
seabed In harbours at buubLas VIs]e of Man, Fleetwood, Liverpool, Holyhesad,
and Dun Leoghaire in Bire. The nature of the installation did not permit the
meter to be observed on the quayside and the value of gravity on the seabed
was calculated from the observed value on the guay which was 'tied-in' to the
Greolagical Suvvey and Mu«seum)
land base station network,v This was accomplished by the looping method, and
diagrams of the main base positions together with the established guayside values
are contained in Appendix 2. The values of gravity on the seabed are therefore
relative to Pendulum ﬁouse b&mbrldge where the value was assumed to be 981.2650¢cm./
Z , . .
380 , Dlagram 1 assists the description of the corrections necessary to obtain
the value of gravity on the seabed.

The difference in gravitational attraction between positions A and B is due
to three different effects, namely, the free air eff ‘ect, and the differences in
attraction of the slab of materisl § and the sheet of water P at the two positions.
The free air effect was obtained by multiplying the free air correction factor
by the vertical distance between 4 and B. The gravitational attraction at the
two positions for both the quay 4, and the sheet of water P, was obtained usa_nb
& graticule based on King Hubbert's (1948) line integral method. The effect of
all mess below the level of B was assumed to be the same at both positions. 4

model example to illustrate the process is given for the value established at

Holyhead. The appropriate measurements are indicated in diagram 2,

The damaii'j of sea walbern was btaken ae Lob f}myrm‘%

The ci.zngizfnj of the qua side wmobesial was kokea as L0 ﬂm/f;mi
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The difference in the Free Air correction between 4 and B was
calculated to be:~¥ ~~~~~~~~~~ +3.08 mgals.
The difference in effect of the quay was estimeted to be:
~~~~~~~~~~ ~O.7i mgals.
The difference in effect of the - seca was estimated to be:
~~~~~~~~~~ -0.32 mgals,
Consequently the calculated difference in gravity between
& and B is F~~—~~~~»~m 2.05 mgals.
The value established on the guayside by the looping method was
+128,37 mgals.
Therefore the value on the seabed is given by 128,37 + 2,05 mgals.

=130,42 mgals,

This value is énly'valiﬁ for the state of the tide shown in the illustration,
and allowance was made for changes in. the height of the tide.

502 Marine 3tations.,

1. Ideal Conditions.

At each marine station the vessel was anchored and allowed to swing
to a stable position. The gravimeter was then lowered rapidly but smoothly
to within about ten fathoms of the bottom as indicated by the echo-sounder
equipment., The lowering rate was then gradually reduced until the bell settled
gently onto the seabed,

The instrument was now levelled by means of the automatic levelling system,
With the instrument in a level position the meter was unclamped and a reading
of' the gravity dial obtained as quickly as possible. The instrument was then
clamped and the depth of water as recorded by the pressure~sensitive transducer

on the bell was noted. The bell was now raised to the surface, and after a



record of the ship's position had been obtained using the Decca Navigator

t was possible to proceed to the next position.

i..h

ii. Difficult Conditions.

Satisfactory measurements were only possible in relatively calm conditions
and it was found in practice that a wind speed of Force 4 on the Beaufort
Scale provided an upéer limit for‘gravity operation. &s already stated the
V@s$91 was anchored and allowed to swing before the bell was lowered onto the

ea~f'loor. In conditions of slack water or upper limiting wind speed the ship

w

may be held across wind and current such that variation of either causes
oscillation about a focus situated a short distance forward of the bow.
Consequent movement of the stern through a wider arc may cause the bell to
be dragged across the seabed, and close contact between the winch and control
console operators was essentiai in such conditions.

A further working difficulty was commonly encountered in the strength of
the tidal currents which caused drag on the remote control cable and were sufficient
in some cases to set up ' wigorous oscillation with the disturbance reaching down
to the bell itself, This was observed on the control panel in an unsteady move-
ment of the level indicators. Such effects could usually be reduced by
slowly releasing additional cable until the level dials indicated a minimum of
mechanical disturbance. If disturbance was experienced while the ﬁeter wa s
unclamped it almost invariably inhibited the attainment of a satisfactory reading.
In such cases the only available course wass to clamp -~ immediately and attempt

to secure more stable conditions,



Poor anchoring ground has also presented difficulty in certain areas.
In such instances the ship occasionally dragged the snchor and slipped astern
until the gravimeter on the seabed was under the ship with the remote control
and steel lifting cables in danger of fouling the propellors. 4s soon as it
was notlced that the cables were tending to swing under the stern the bell was
raised a few fathoms off the bottom and more anchor chain released before
replacement of the instrument on the seabed. The gravity reading was always
secured as quickly as possible in order +o minimize the period that the instrument
remained unclamped, particularly in the type of difficﬁlt conditions outlined
above, y

L, Method of Position Location.

The positions of gravity stations at sea were fixed using the Decca Navigator
systems This is a radio system that uses phase differences between shore based
transmitting stations to obtain the position,

The accuracy of the system depends upon several factors including distance
from the Decea stations, nearness to coastal regions, and night time variations,
There are two types of error that affect the accuracy of a Decca Pix, fixed
and veriable errarﬁ; Fixed errors are due to distortion of the position line
patterns and occur mainly as a result of the signal passing over ground of low
conductivity. Since the distortion does not vary it is possible to make allowance
for this error. Correction figures are supplied for relevant areas as fractions
of a position lane width, and are classified into two groups. OClass & contain
well established figures which will imply systematic position line errors

of less than 100 yards, at a 95% probability level., Class B include figures

which do not qualifly for the above but which give a betlter average fix in



the area in which they are applicable. In the area of operation the majority
of the fixed error corrections fell into the first category.

The variable error is caused by interference between the direct radio

signals from the Decca stations and the signals reaching the ship by a

'skywave' reflection path. The effect of these errors is usually small under
daylight conditions but tends to become greater with distance from the station
and at night. It is possible to obtain an estimate of the magnitude of the
error at a given distance from the station, and to judge the direction in

which the Decca fix is likely to be displaced from the true position. The Data
Sheets available indicate the magnitude of the error that may occur at various
places, and the directions of maximum and minimum accuracy by day and night.

In most of the area under consideration the maximum error that might be
anticipated under dayiight conditions is one cable, or approximately * 600 feet.

5. Reduction of the Observations.

5.1 Drift.

Over an operational day a difference in reading of five diél divisions or
less, equivalent to approximately 0.5 milligals, between the known value of
the return base and the measured value relative to the starting base, was
considered satisfactory. The intermediate marine stations were then corrected
by assuming a linear drift characteristic with time. However, on certain
isclated days a difference of several milligsls was recorded upon return o
the base position. Instrumental 'jumps' of this nature are believed to be
caused in the main by mechanical disturbance of the meter whilst it remains

unclamped during an observation. The problem was overcome by systematic



This is made up of a Free Air Correction, -f't, the effect of the mass
of sea water, +4rTGf%ﬁ, and that due to the imagined rock infill, +2T7G(f%ﬁ«f%)t,

‘ ‘ .
where f is the free air correction factor, p. is the density of sea water,

ﬁ% the density of the rocks below the seabed, and t the depth.

L
Substituting values of 1.03 gm./cm? for}% the density of seawater, and
2,50 forg%z, a choice that will be critically examined later, the following

simple expression is obbtained.

C(depth) = =0.04902t milligals. (b i Feet.)

Similarly, the tidal correction is made up of +£tD, the additional free air
correction where tD is the difference between the existing level and mean
sea level, and’~277Gf%ﬁD, the effect of removing an imaginary thin slab of
rock., Here tD is taken to be positive when the existing level is higher than
mean sea level.

Thus C(tide) = (f = 2776 )tD. (ED in feek).

Substitubting as before; )

C(tide) = 0,06216tD milligals

& table was produced for depths up to 300 ft. to speed the approximate
computation of results at sea, although these combined corrections were finally
processed by compubter since the derivation of the marine tide for over a
hundred stetions is a somewhat tedious calculation. The necessary data for
the calculation of the marine tide were obtained from 'The Admirelty Tide
Tables Volume 1' for the current yeaer and Chart No. 5058, "Co-tidal and Co-range
lines.' It was not considered necessary to make Terrain Calculations sinece

their magnitude does not exceed that of other sources of erIror,



5.4 Latitude Correction.

From the measured value of gravity at each station was subtracted the
theoretical value at that latitude as calculated from the International
Gravity. Pormula of 1935%1 The values of theoretical gravity acecurate to
.01 mgal, were obtained from a pamphlet listing the values at intervals of
0.1 minute of arc between latitudes 4O°N. and 85°N. (Tamner, 1962).,

5.5 Tddal Gravity Corrections.

Since the time interval between base readings was usually several hours
it was necessary to apply a further correction to allow for the changes in
tidal attraction of the sun and moon and for the Earth Tides. This was
obtained from tables published as a supplement to the December issue of
Geophysical Prospecting for the preceding year (Goguel, Geophysical Prospecting
196~),
6. Errors.

The errors affecting the work are of two distinct types, random and
systematic.

6.1 Systematic Errors.

Systematic errors involve the calibration constant of the instrument
itself, and the density value adopted for the Bouguer Correction. Inspection
of calibration results under section 2.3 reveals that the greatest change in
the value of the calibration constant over the period of a survey was only
of the order of 0.3% and since the entire range of the meter is only 100 milligals
this may be considered a negligible source of error.
Scrutiny of density data for a range of possible rock types indicates that

a density as low as 2,25 gm,/cm.J may be encountered in some Mesozoic Sandstones,

% Nettleton, 1940.



while certain Lower Palaéozoic strata attain a value of 2,75 gm./cm.5 Thus,

an error of 30.25 gm./cm.5 may be present in the value Of‘ﬁn’ giving rise to
an error of i0.95 milligals in the Bouguer Correction for a depth of 300 feet,
A working limit of 50 fathoms or 300 feet was adopted in this ares, and con-
sequently the possible error in the Bouguer Correction from this cause will
not exceed one milligal and will generally be much lower.

6.2  Random Errors.

Random errors arise from errors in the measurements themselves and include

positional errors, drift errors, and depth and marine tide uncertainties.

Fixed Error Corrections were applied to the Dececa readings using the available
information, and station positions using the equipment under normal daylight
conditions are consiaered to involve a2 maximum error of 600 feet. The Latitude
Correétion may therefore introduce an error of up to hd Oely milligals. The
depth transducer is considered to be sensitive to a change in water height

of one Toot, and the marine tide can be estimated from tables to a similar
degree of accuracy. The error involved in these uncertainties is about - O.l
-milligals. Ten of the gravity stations were later re-occupied and the differences
between the reduced readings yielded an estiméte flor the stand&fd deviation

of a station Bouguer Anomaly of z 0.69 milligals, This is probablgmﬁggged by

a lack of linear behaviour in the drift.

7. Presentation of Results.

The final reduced dats are presented both in the form of a Bouguer Anomaly
Map, contoured at five milligal intervals, indicating the detailed profile lines,
and also as a table listing the station numbers and other relevant information

which is included in Appendix 1.



8. ' The Magnetic Surveys.

8.1 Introduction

The instrument used for the magnetic work at sea was a Gray Proton
Magnetometer MK.IV. Thislwas used selectively to obtain detailed traverses
across anomalies appearing on the Aeromagnetic Maps ofrpart of Great Britain
and Northern Ireland produced by the Geological Survey. Data was also
collected in areas where the gravity field suggested that magnetic information

might provide assistance in the interpretation.

8.2 Tield Operation.

The magnetometer 'fish' containing the bottle and pre-amplifier was

mene H‘mn
towed at¥itwo ships' length astern with the vessel maintaining a normal cruising
speed of 12 knots. The automatic timing circuit of the instrument was adjusted
at the beginning of a season to take measurements at approximately 15 second
intervals and this setting was maintained throughout the surveys.

The position of a traverse was fixed using the Decca Navigator which was
usually observed at five minute intervals. The exact time was noted for all
Decca observations and for the magnetic readings at approximately five minute
intervals. Radio time checks were made for the wrist-watches used by the Decca
Navigator and magnetometer observers in order to ensure accurate correlation
between the magnetic readings and the position of the vessel.

j B 4

G.3%  Reduetion of Observations.

The field data were reduced by computer using a programme which
calculates the values of the magnetic field at specified positions having
corrected for diurnal and regional variations (Johnson, Personal communications)e
The Decca readings at five minute intervals are used to calculate the position

of the magnetic readings by interpolation. The magnetic readings are then
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converted to gamma and corrected for diurnal and regional variation again by
interpolation., Finally the programme prints out the value and position of the
magnetic field at all the points of measurement.

8.4  Presentation of Results.

The results obtained during the investigation of a specific anbmaly are

discussed in chapter 8, where the data appear in the form of scaled profiles.
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Chapter 4

Description of the Bouguer Anomaly map.

1. Introduction

The distribution of the Bouguer Anomalies in the coastal asreas surrounding
the North Irish Sea and on the Isle of Man was discussed in Chapter 2. A
significant aspect that emerged from this review of previous geophysical .
work was the widespread tendency for a rise in the Bouguer Anomaly to occur
on approaching the North Irish Sea. It is apparent that a background anomaly
close to +40 milligals may be present over much of the existing marine ares
under investigation.

Superimposed upon this high regional background anomaly are several areas
of low Bouguer Anomaly values. ~The amplitude of these local negative anomalies
- varies between 20 andVLO milligals. An extensive ares of relatively low Bouguer
fnomelies is found in the eastern part of the North Irish Sea forming the Bast
Irish Sea 'low'. Between Peel on the west coast of the lsle of Man and
Northern Ireland an area of low Bouguer Anomalies has been named the Peel-
Ardglass 'low! (Botﬁ, 1961 ). Finally a negative anomaly of 40 milligals
amplitude has been located in the vicinity of Dublin Bay and is called the

Dublin Bay-Kish Bank 'low'. The interpretations of the Dublin Bay-Kish Bank
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'low' and the East Irish Sea 'low' are discussed in Chapter 5 and 6
respectively.

The Bouguer Anomslies over the ares investigated by the author are now
described in terms of the several large scale features which have been
discovered. Throughout the chapter the reader is referred to the Bouguer
Anomaly map (Plate 1) which is to be found inside the back cover.

2a The East Irish Sea 'low!

The East Irish Sea 'low! occupys the area bounded to the north by a
line extending from Ramsey on the Isle of Man to Vhitehaven on the Cumberland
coast, and in the south by the coast of North Wales., In the east the low
Bguguer Anomaly values transgress the Lancashire coestal plain. A region
of high positive Bouguer Anomslies in excess of +40 milligals forms the
western boundary between the Isle of Man and Anglesey.

The main area of minimum Bouguer Anomalies occurs in the north
approximately midway between the Isle of Man and the Furness coast. A minimum
of -3.6 milligals was recorded. The regional background anomaly is cénsidered
to be approximately +36 milligals over this pvart of the North Irish Sea and
the amplitude of the local anomaly is therefore about 40 milligals, 4
shallow low occurs in the southern half of the area where a measured

pinimum of +16.1 milligals was observed. The amplitude over this part of



the anomsly with respect to the centrally disposed minimum of +16.1 milligals
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must be approximately 20 milligals assuming a background anomaly of +40 milligals

from the evidence on Anglesey and the marine measurements +o the north-west.
This is only half the value estimated for the main minimum région in the
north of the area.

As stated above the area of minimum anomely lies approximately midway
between the Isle of Man and the Furness Coast, and the eastern boundary of the
Tfeature has been taken as the gravity low along the coastal margin of south-
west Cumberland and Furness. To the south-east of the central minimum the
gradients are shallow and a large area exists in the vicinity of Morecanmbe
Bay where the anomaly varies by only 2-3 milligals., Yhe southern half of
the FBast Irish Sea is characterized by relatively gentle gradients over much
of’ the area with the Bouguer Anomaly values generally higher in the west, and
decreasing gradvually towards the Lencashire Coast. This tendency is inter-
rupted by the shallow 'low' in the central part of the area in which the
measvured minimum was +16.1 milligals. This disturbance causes the 20 milligal
isogal to swing round in the approaches to the Ribble Estuary and produce a
pronounced nosing to the west, while the isogals immediately to the north of
Rhyl appear to be strongly influenced by the Vale of Clwyd 'low' on the

North Wales Coast. Over a wide ares extending from Fleetwood in the north
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to Liverpool in the south, the mérine Bouguer Anomalies display values that
vary little from those measured on the Lancashire cosstal plain and no marked
gravity gradients are present on this side of the feature.

A large positive anomaly occurs within the overall gravity 'low!
approximately tenimiles to the south-east of Douglas, Isle of Man. This
feature is elliptical in shape and ig approximately fifteen miles
Qang in a south~east to north-west direction.‘ The féa,‘ture is about
ten miles in iength from south-west to north-east. The measm'é.%:‘i maximum
Bouguer Anowaly was +37.7 milligals which is closely comparable with the values
observed along thg coast of the Isle of Man. a

The northern boundary of the East Irish Sea 'low! was established by Bott

[

as being the gravity ridge of relatively high Bouguer dnomalies which separates
the gravity low under discussion from the *Solway low‘ further north (Bott, 196L).
The boundary is marked by steep gravity gradients and a detailed profile was
a -

obtained during the 1965 season in order to investigate the shepe and magnitude
of the gradients more accurately.

Steep gradients are again presgnt Within B;Aimiles of the eastern seaboard
of the Isle of Man where the isogals tend to run almost parallel with the
existing coastline and form the boundary of the 'low' in the west. TFrom a value

of about 440 milligals on the coastal margin, the anomily falls to +20 milligals

within four miles of the shore between Douglas ang Laxey.. The gradient reaches
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a measured maximum of 7 mgals./mile near Laxey, and 10 mgals./mile %o the
south~east of Douglas.

The presence of steep gradients over the margin of the East Irish Sea
"low' in the south-west must be inferred from the existence of Bouguer
Anomalies in excess of +40 milligals on dnglesey together with the knowledge
that the value decreases to 425 milligals five miles to the north of the
Great Ormes' Head. To the north of Holyhead the boundary of the anomaly is
vague due to the scarcity of data, but the existence of a pronounced marginsl
gravity feature in this region is suggested by the further occurrence, only
a few miles to the west, of a large area in which the Bouguer Anomalies exceed
+40 milligals (Section 3).

Three detailed traverses have been established across significant
gravity features of the Bast Irish Sea 'low'. Profile ER! was planned to
investigate the shape and magnitude of the gravity gradients across the
northern boundary and extends from Ramsey Bay in a south-easterly direction
towards ﬁleetwood (Plate 1). Proceeding from north-west to south-east along
the profile, it was found that after initially maintaining a constant value
of approximately +36 milligals for more than three miles, the Bouguer
Anomely suddenly slumped by fourteen milligals in a mile and a quarter giving

a maximum gravity gradient of about 11 mgals./mile. 'The gradient decreased



gradually in a south-~easterly direction to a value of 2 mgals./mile as the
central minimum was approached.

Profile DD''' across the local positive anomaly south-east of Douglas
indicated that the: steepest gradients associated with the feature occur in
the north-east where a gravity gra&ient of 8 mgals./mile was recorded gcross
the margin of this local anomaly. To the south-west the gradient has a value
of 3=l mgals./mile and the Bouguer Anomaly falls to a measured value of +16.6
milligals, after which the profile indicated a very gradual rise towards the
extensive area of high gravity values situated between the Isle of Man and
Anglesey.

Profile FF' extends from near Douglas in the north-west to a position
south-east of the local positive anomaly. The Bouguer Anomaly near Douglas
is approximately +40 milligals, but this value falls rapidly within about
four miles from the coast to a measured minimum of +18.9 milligals. The
moximum observed gravity gradient over this section of the profile was found to
be approximately 10 mgals./mile. From the minimum of +18.9 the Bouguer Anoma 1y
was found to rise at approximately 3-L4 mgals./mile in a south~easterly
direction until the measured maximum of +37.7 milligals was reached at the

centre of the locsl positive znomaly,
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Thus it is apparent that a large area in the eastern half of the North
irish Sea is occupied by a composité gravity ‘low', the continuity of which
is interrupted by a conspicuous gravity 'high' situated ten miles to the
south~east of Douglas, Isle of WMan. The major feature is delineated to the
north-west and south west by steep gravity gradients, and to the west by an
extensive area of high Bouguer Anomalies similar in value to those encountered
over much of the Isle of Man. In the north-east the anomaly is bordered by a
gravity 'low' along the coastal margin of Cumberland, while in the south-east
of' the area there appears to be structural continuity with the coastal plain
of Lancashire. It is suggested that the term 'Bast Irish Sea Low' be used
in reference to the above ancmaly.

3. The 'Central High!.

4s already noted in Section 2 of the chapter, a large area of relatively
high Bouguer Anomalies is laéaﬁed to the west of the 'Bast Irish Sea Low!',
between the Isle of Man and Anglesey. UThe highest measured value was
41.8 miliigals and although the 40 milligal isogal is adequately defined,
the position of the 35 milligal isogal is doubtful to the soufh and west
due to lack of data. This region of high Bouguer Anomaly values forms a
western boundary to the 'Bast Irish Sea Low' and appears to lie on an exbension

of the structural sxis of the Isle of Man.
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be The 'Peel-Ardglass Low!.

Situated to the north of the 'Central High' and occupying g position
between the west coast of the Isle of Man and the Mourne Mountains, is an
elongate gravity 'low' with a long axis aligned in a north-east to southe
west or Caledonoid direction. The existence of this low was first detected
in 1961 as the result of a single traverse from Peel on the Isle of Man
towards Ardglass in Northern Ireland (Bott, 1964).

The maximum width of the anomsly is approximately fifteen miles, and
the length in excess of twenty miles, a more accurate estimate being impossible
without additional data in the north. The minimum observed Bouguer Anomaly
was +16,8 milligals although a lower value might have been obtained had
readings been possible in the central area which is occupied by very deep
water, An estimate of the amplitude of the anomaly is therefore difficult.
The problem is complicated by the fact that the background anomaly over the
hhower Palaecozoic rocks of Northern Ireland is about +20 milligals (Cook and
Murphy, 1952), compared with a value of approximately +40 milligals over the
lsle of ¥an. Nevertheless it is probable that an amplitude of at least 15
milligals exists over the central part of the anomaly. The maximun gradient

from the limited data available would appear to be approximately 5 mgals./mile

in the area immediately to the west of Peel. South-sast of the 'Peel-Ardglass



Low' the Bouguer Anomalies display a general tendency to decrease gradually
towards the coast of Ireland, and no si ignificant anomaly was discovered
until the station coverage reached the approaches to Dublin.

5. The Dublin Bay-Kish Bank 'Low!'.

The Dublin Bay-Kish Bank 'low' extends from a position approximately
five miles south of Lambay Island in the north to near Bray in the south.

The feature is rectangular in outline and elongate in a north-east to south-
west or Caledonoid direction. The axis of the feature in this direction
is about 20 miles in lenzth and the width is nearly 15 miles

The minimum observed Bouguer Anomaly is -6.6 milligals znd the amplitude
of the anomaly is estimated to be 4O milligals. ‘The anomaly possesses &
simple, elongate minimum region.

The boundary of the anomaly in the north is marked by very steep gravity
gradients and +two detailed profiiles have been established across this margin
to investigate the shape and magnitude of these gradients. Steep gravity
gradients also delineate the south-western boundary near Bray Head. 'he
isogals on land in the - vicinity of Bray show a steady rise in value in a
south-easterly direction as the sea is approached. It is apparent tﬂerefore,
that the isogals must change direction abruptly upon crossing the coastal

margin.
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The station density to the east of the minimum region is not sufficient
to allow an accurate estimate of the magnitude of the gradients to be made.
The available data suggests that the gradients over this margin are more
gradual with the Bouguer Anomalies rising to a measured maximum of +350 milligals.,
The detailed profiles across the northern boundary revealed a measured
maximum gradient of approximately 11 mgals./mile along Profile ALY, and 15
mgals./mile along BB'. The existence of the Dublin Bay-Kish Bank 'low' was

not suspected from the gravity field on land and the interpretation forms

W1

the subject of Chapter



Lhapter 5.

The Dublin

Bay=Kish Bank Gravity 'Low!

Introduction

A large negative gravity anomaly has been shown to exist in the

Dublin Bay. %The winimum observed I
od

plitude of the anomaly has

.i:t L3

this chapter. The chapter Cﬁgiﬁu with a description of the methods
been used in the interpret tion,
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to be made by a study of the gravity anomalies.

Referring to Figure 1, it was shown that with a negative density
contrast, as x, the horizontal co-ordinate, increases, the value of the second
‘derivative initially rises to a maximum, then falls to a minimum and finally
rises again towards zero. The two turning points occur near the sloping edge,
the maximum value always being further from the slab., The two turning points
and the corresponding values of the second derivative, G", were computed for
a range of values of 1 and ZI/ZZ' It was shown that the ratio of the magnitudes
of the maximum second derivative and the minimum second derivative, G''max./G''min,
was less than unity provided OO<:i<:9OO and that G''max./G''min., was greater
than unity provided 9Oq<fi<:1806.

Thus a comparison of the relative magnitudes of G''max. and G'‘'min. gives
the direction of slope and yields the required criterion. A difficulty in use
of the technique to distinguish sedimentary basins was acknowledged in stating
that it might be possible to construét a shape for which G'‘'max./G''min. is less
than unity although observations suggested that this was likely to be unusual.

2.0

A Turther difficulty might arise from confusion with adjacent anomalies.

In conclusion it was stated that there were other characteristic distinctions
between gravity anomalies caused by granites and sedimentary basins which were
less suited to concise mathematical representation. An example was seen in the
much more rapid recovery of the Bouguer Anomaly towards a background value beyond

the position of G''max. for a sedimentary basin than for a granite,

2.2 ‘Two=Dimensional Gravity Computer Programme.

This programme computes the gravity effect for any

two~dimensional, polygonal shaped body



FIGURE 2




for any given density contrast iﬁ o
(Stacey - Personal Communication). The programme is based on the method
originally described by Talwani, Worzel and Landisman (1959). The gravity effect is
computed fof the required number of points (xl .....xn) at a specified
horizontal inter%al dx, for a semi-infinite horizgntal sheet which is defined
in terms of the co-ordinates of one of the sloping faces of the polygonal
body as shown in Figure 2,

the formula for the gravitational attraction of a semi-infinite sheet
with a sloping end face is given by Heiland'(l940). Algebraic summation
of the effect of each sheet at all the positions taking into account that the
effect of the sheets defined by the faces on the right hand side of the body
must be subtracted to produce the required shape, then yields the magnitude
of the gravitational effect at each point.

The programme has been used to compute the gravity profiles over theoretical
granite bodies with vertical boundaries and differing thicknesses in order to
establish the maximum gravity gradient that may be anticipated for a glven
anomaly amplitude over such a geological feature. The results are eritically
compared with the observed gradients in the interpretation section of this
chapter,

2.3 Minimum Density Contrast Technique,

It has been shown, for the case of a mass distribution producing a negative
anomaly, that if the contact between the anomalous body and the country rocks
is taken as the density interface then a simple criterion exists to test the
attitude of the boundary (Bott, Day and Masson-Smith, 1958)., The steepest

gradients theoretically lie within the boundary of the anomalous body if the



contact slopes inwards, and outside if the contact slopes outwards. In either
case an abrupt change of gradient occurs at the exposed contact,

The magnitude of the change provides a measure 6f the angle of slope
if the density contrast is known, or vice versa, by the approximate formula:

C = n(}}osin 2i.

where C is the difference between observed gradients at equidistant points on
opposite sides of the contact, G the Gravitational constant,io the density
contrast, and i the angle of dip. UThis relationship has been used during
the interpretation of the 'Dublin Bay-Kish Bank Low' to establish a minimum
limiting density contrast for the anomalous mass.

2.4  Sedimentary Basin Depth-Astimation Programme.,

A computer programme in the ALGOL programming language for use with the
Elliott 803 computer has been written by the author using a siﬁilar 'flow diagram' ke thek
already existing for a programme prepared for the Ferranti Pegasus computer
(Bott, 1960). ‘he method assumes that the gravity anomaly is caused
entirely by a sedimentary basin for which the density of the sediments in
relation to the surrounding and underlying rocks is either known or assumed,

It is then possible to caloulate the shape of the floor of such sz two-dimensional
sedimentary basin from the regionally corrected gravity anomalies by a division
of the total width of the sedimentary basin into a series of two-dimensional
rectangular blocks. "he regionally corrected gravity anomaly at the centre
point of each block is obtained from the profile. The object of the programme

is then to calculate the thickness of sediment beneath each block, which will

account for all the observed anomalies. Facility is available for estimation of
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the shape of a sedimentary basin in which one or both of the end blocks
effectively extends to infinity. Such a situation exists when the margins

of the basin are not terminsted abruptiy‘by faults, but where the floor slopes
gently towards the upper surface.

An addition has been the introduction of a sub-routine to apply end-~
corrections (Holroyd - Personal Communications). Hence, the original
two-dimensional basin is now modified to a basin of finite length perpendicular
to the profile which causes a change in the calculated thickness and therefore
the shape of the basin floor.

3. Interpretation.

3.1 Introduction.

1. Description of the Anomaly.

The 'Dublin Bay-Kish Bank Gravity Low! is located approximately ten miles
to the east of Dublin and is elongate along a north-east to south-west or
Caledonoid direction, The axis of the feature in this direction is about
twenty miles in length and +the width at right angles is approximately fifteen
miles {Plate 1). The presence of the anomaly was not suspected from the
evidence of gravity work on land and. the cause of the anomaly is not obviously
apparent from the coastal geology. The 'low' possesses an approximately
rectangular outline with a single and elongate minimunm region in which the
minimum observe Bouguer Anomaly was -6.6 milligals. Inspection of the
Bouguer Anomalies on land in conjunction with the measurements at seaq

suge

sts that vhe background anomaly is in the region of +55 milligals which

would indicate an amplitude for the local ancmaly of sbout 40 milligals.
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Steep gravity gradients were found to be pregent over the northern
boundary of the feature and two detailed profiles in that area revealed
maximum measured gradients of 11 mgals./mile along profile AA', (Plate 1),
and more than 15 mgals./mile along profile BB'. ‘Lhe shape of the profiles
are indicated in Figures 3 and 4. Steep gradients also exist along the south-
western margin of the feature where the isogals on land show a steady rise
towards the coast, as shown in Figure 5. ‘he position of the negative anomaly
only a few miles frdm the shore indicates that the land isogals, which trend
north-east to south-west in this area, must change direction abruptly upon
crossing the coastal margin to follow a north-west to’south—east»direction.

To the east of the central minimum the data is more broadly distributed but
it would appear that the gradients are more gentle over this margin, the
Bouguer Anomalies rising to a measured maximum of +30,0 milligals.

ii. The Problem of Origin.

Large negative gravity anomalies of the type described above are caused
by masses of material which possess significantly lower densities than the
surrounding country rocks in which they are situated. The geological structures
which are known to commonly produce negative anomalies of this magnitude fall
into two main categories, namely, granite batholiths and large sedimentary
basins. It has frequently been observed that post-tectonic granites are usually
accompanied by negative gravity anomalies (Cook and Mﬁrphy, 1952; Bean, 1953;
Bove, 1953, 3 | Bott and Masson-Smith, 1960). Similarly, the common
-assoclation of large negative anomalies with certain regions of New Red Sandstone
rocks has been & significant result of the gravity data obtained in the British
Isles (White, 1949; Cook and Thirlawsy, 1956; Bott and Masson-Smith, 1960;
Bott, M.IL.P. and Messon-Smith, D. 1957,

Bott, M.H.P., Day, A.A. and Messon-Smith, p. o
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Mansfield and Kennett, 1963; Bott, 1964). Much of the work of the above
authors has been reviewed in the chapter concerned with previous geophysical
investigations.

It is possible therefore that the 'Dublin Bay-Kish Bank' gravity anomaly
could be caused by either a granite or a sedimentary basin. The geology of‘
the coastal area does not provide conclusive evidence for either hypothesis.
The extensive Leinster Granite, which forms the bulk of the Wicklow Mountains,
is present on land but the gravity isogals over this structure and the anomaly
at sea do not display obvious correlation. 1In addition it has been observed
that basins containing light sediments occupying low lying areas frequently
occur in close proximity to granite bodies which tend to oceoupy regions of
elevated topography (Bott, 1964). It is apparent therefore that the eritical
evidence for the interpretation of the 'Dublin Bay-Kish Bank! anomaly must be
sought in the character of the gravity profiles.,

iii. The Backeground Anomaly.

Gravity work on land has shown that the Bouguer Anomaiy rises rapidly
when traced from the Leinster Granite to a position just north of Dublin where
it attains a high value of 0 milligals (Murphy, 1952). ‘'he area of high
anomaly was not found to be very extensive but confined to a district where
only post-Silurian rocks outerop (Plate 1). It was suggested by Murphy that
the increase in anomaly was due to the presence under the Carboniferous of
Ordovician strata, the density of which was increased from an adopted mean
of 2.73 gm./cmB(Section 3.1 iv) as the result of local igneous activity. To
the south of the Leinster Granite the Bouguer Anomaly rises steadily over the
Lower Palaeozoics in g south-easterly direction attaining a value of +35 milligals

Just south of Bray (Thirlaway, 1951).
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Of the marine stations, the two detailed profiles in the north indicate
a background anomaly of between+32 and +56 milligals, while to the east the
limited data avallable suggest a background value of at least +30 milligals.
£t would appear therefore that the undisturbed Bouguer Anomaly over the
surrounding areas where Lower Palaeqzoic strata either outcrop or are suspected
|

to exist at no great depth, is of the order of45q156 milligals,

iv. The Densities of the Rocks of the Coastal Region.

In order to interpret the results of gravity observations in Ireland,
density values were initially based upon measurements of the rocks of the
West Midlands of England and Central Wales. In the following vable of assumed
densities of Irish rocks, only the value for the Leinster Granite was derived

from laboratory measurements (Thirlaway, 1951).

Rock ‘Lype Density (gm./cmé)
Irias. 24
Carboniferous Lst. 2.7
Devonian.(0.R.S.) - 2.6
Silurian. 2.8
Granite. 2.6

Consideration of the limited number of density measurements made available

in Central Ireland by Jackson (1951) indicated that there was no large difference
in density between rocks of widely-different ages from the Cambrian up to

the Carboniferous Limestone, the mean value being 2.70 gm./cmB.(Murphy, 1952).

It was noted that the density of sandstones of gvery geoloéical age was less

than that of the more compact rocks. The Devonian and Carboniferous streta
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were the only ones which contained great thickness of sandstone, and it was
observed that even then the measurements indicated that the sandstone was
not much lighter than 2.70 gm./cmj. From measurements of samples outside
the area of Central Ireland the Pre-Palaeozoic rocks were found to have a
density greater than 2.753 gm./cmi. & bread division of the densities of rocks
in the central area was suggested by Murphy as follows:

Pre-Pslaeczoics 2.75 gm./cmi.

Ordovicisn & Silurian 2,753 gm./cmB.

Devonisn & Carboniferous 2. 70 gm./cmj.
Although the Devonian was grouped with the Carboniferous it was acknowledged
that the density would be less if thick deposits of sandstone were present,
and a value of about 2.65 gm./cm5 was suggested in this case.

Hore recently the absence of large density contrasts within the Palaeozoic

rocks below the Carboniferous Limestone has been reiterated (Murphy, 1962).
An almost uniform density of 2.70 gm./cmi. for the Carboniferous Limestone,
and an overall density of 2.73 gm./cm? for the underlying Lower Palaeozoics
were also reaffirmed. 'The 0ld Red Sandstone deposits in Central Ireland of
less than 200 metres (656 feet) thickness provided the main departure from
previous estimates., While the dependence of the density on porosity was
recognised, it was stated that the minimum density of these rocks was not less
than 2,50 gm./cm3. Glacial gravels form a major component of the superficial
deposits in parts of the central area, and for these a density of about 2.2 gm./om3
wes considered appropriate by Murphy.

2.2 1The Second Derivative Profiles.

The magnitude of the gravity gradients across the northern margin of the

anomaly along profiles AA' and BB', together with the resulting values of the
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second derivative are recorded in Table‘l. Pigures 6 and 7 indicate in:
graphical form the distributidn of the second derivative values,

The results obtained for g'' mex./G' 'min. as estimated from this data
for profiles 4A' and BB' were 1:46 and 2.16 respectively. 'his result indicates
that the boundary of the anomalous mass slopes inwards towards the centre of
the anomaly, and that if this is the case the presence of a sedimentary basin
structure would seem more probaﬁle than a granite mass. (Section 2.1)

3.3 4Yhe Evidence of the Gravity Gradients.

Using the two-dimensional gravity computer programme, several profiles
were obtained over the margins of theoretical granites with thicknesses of
5, 8, and 10 kilometres, and vertical end-faces for a negative density contrast
of 0.15 gm./cmi. This value was considered to be the maximum possible from
consideration of the density data (Section 3.1 iv).The values of gravity were
computed at a horizontal interval of 1000 metres (3280 feet). Since the actual
observed values of the detailed marine profiles were at g spacing of aéproximately
2000 metres (6560 feet), and the most extreme éonditions were adopted for the
computed models, it was anticipated that the maximum possible gravity gredients
would be obtained from the theoretical profiles for the purpoese of comparison
with the observed gradients. A4 further profile was computed for a granite body
with a margin sloping outwards at an angle of #50. The results are shown in
Lable 2, and Figures 8 and 9.

These indicate that s granite with a vertical boundary and a thickness
of 10 kilometres produces an anomaly of rearly 40 milligals which approximates
to the amplitude of the observed anomaly. The meximum grsdient for this model

was found to be 11,5 mgals./ﬁile. This is similar to the maximum observed gradient



Table 2.

RS S S

Amplitude of the Anomaly and maximunm gravity gradients produced by
theoretical granites with vertical boundaries and different thicknesses

4
for a density contrast of =0.15 gms/cmj.

Thickness of granite Amplitude Neximum gravity gradient.
10 kilometres 39.0 mgals. 11.5 mgals./mile.
8 B 3.0 0.8 =n "o
5 ¢ 25.0 9uh v

Amplitude of the Anomaly and maximum gravity gradient produced by a
theoretical granite with an outward sloping boundary at 45° for a thickness

of 10 kilometres and a density contrast of -0.15 gms/cmﬁ.

Thickness of granite Amplitude Maximum gravity gradient.

10 kilometres 42.0 mgals. 9.7 mgals./mile,

7 4
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tut considerably less than the value of 15.7 mgals./mile

along Profile A
recorded on Profile BRY,

Further evidence was obtained from the charscter of the complete profilss,

Tt is that the profiles for the computed models over granite bodies

woa gradual return to the background level away from the centre of the

wnomal, This in in clear distinction from the abrupt reﬁufn to the background
level that occurs in a distance of about one mile along the observed profiles,
It was noted in the discussion of interpretation techniques that the observed
eff'ect is more characteristic of & sediment v basin structure,

For a granite with an outward sloping boundary the divergence from the

with a thickness

observed data is even wore marked. 'the model for a

outwards at an angle of L5° produced

of 10 kilometres and a bound

and a maximum gradient of 9,7 mgals, /mile.
& P & /

1

1L more gradual. It is also apparent

The return to the backeround level was

gradient occurs

from the computed profile that the most

in a position near the central minimum of the calculated anomaly in comy
L300

with the observed effect where this ocours along the section of the profile

the background level. This is an alternative

whera the

N T 3 . 3 - e -] b £ - " A .
G''max./G' 'min, is less than unity for a relatively

thod of

Llow density mass with an outward sloping margin.,

{Section 2.1)

3.4 The implications of the minimum density results.

Using the relationship noted in section 2.3 above, an estimite was

obtained for the lower limit of the density contrast required to produce the

:

observed change in gradient along &he detailed and BB' across
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Table 3
For Profile AA':
Using the relationship ¢ = TTG)OSin 2i. (Section 2e3)eeenennnnasl
Assuming i = &50, T

TG

On one side of the estimated position of the contact the gradient was

found to be 0.21 mgals./mile,

At an equal distance on the opposite side of the estimated contact the

gradient was found to be 11.0 mgals./mile.

Therefore C = 10.79 mgals./mile.

1}

Substituting in 2, ]9 0.28 gm./cm?

For Profile BB':

The gradients at equidistant points on opposite sides of the estimated

contact were found to be 2,67 mgals./mile and 15.73 mgals/mile,

Therefore C = 13,06 mgals/mile.

/9

I3

0 .3k gm./cmz.

1}
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the northern boundary of the anomaly. The necessary data from the observed
profiles and the resultant densities are recorded in table 3, 4n angle of
450 for the slope of the interface was assumed in order to provide the
limiting conditions.

The resulting high density contrasts of 0.28 gm../cm.3 and 0.3k gm./cm.3
for profile AA' and BBR' respectively, make an interpretation in terms of g
granite very difficult to reconcile with evidence of the rock densities
considered in section %,1 iv. The values would seem to be more fitting for
low density sediments of a type encountered in Mesozoic formations for which
a density of about 2.4 gm./cm,3 is widely accepted,

3¢5 Summary of the evidence

Due to the lack of obvious geological oorrelatibn the interpretation of
the 'Dublin Bay-Kish Bank' Anomaly has placed almost complete reliance on
the evidence of the detailed gravity profiles which have been established
across the northern boundary. However, the results of investigations of
similar anomalies in the British Isles suggests that an anomaly of this
magnitude is likely to be caused by a.granite batholith or & deep sedimentary
basin,

Consideration of the gravity profiles from three different aspects all
presented difficulties for an interpretation involving the presence of a granite
body, but provided positive evidence for a hypothesis based on the existence
of a deep sedimentary basin. This proximity of a sedimentary basin and an
area of high ground in which a granite mass forms the main bulk, in this case
the Leinster granite of the Wicklow Mountains, has several precedents as already

mentioned (Chapter 2), On the strength of this evidence, a detailed, quantitative
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interpretation in terms of a sedimentary basin structure was conducted,
tne results of which form the content of the following section.

3,6 Detailed interpretation in terms of a Sedimentary Basin.

i. Depth HEstimation.

The Sedimentary Basin depth-estimation programme (Section 2.4) was now
employed, using data obtained from observed Profiles BB' and CGC'. UThe
method assumes that the anomaly is caused entirely by a sedimentary basin
and that the background regional anomaly profiles are as shown in Figures
4 oand 5, A uniform density contrast must be present throughout the anomalous
mass, and the upper surface of the basin is assumed to reach the sea-bed.

Hnd-corrections have been applied and the estimates of the maximum
depth and overall shape are therefore applicable to a basin of finite length.
Two positions of the regional background anomaly have been adopted in the
case of Profile CC‘, in order to check the differences caused by uncertainty
in the background level. Uhree values were assumed for the density contrast
to the basement in the estimation of a model to explain observed profile BB!,
Lhese were ~0.2, ~0.3, and -0.4 gm./cms. From a consideration of the density
data, reviewed in section 3.1 iv, (.4 gﬁh//am5 is believed to represeant the
maximum possible density contrast if low density Mesozoic sediments form the
main '£ill' of the basin. If Carboniferous strata were 1o form a major
component at depth, then the effective density contrast would be decreased
and the maximum estimated thickness of the basin considerably increased.
Alternatively, if Tertiary or Glacial deposits were present in large proportion,
the maximum depth might be slightly less than that estimated. (Section

3.6 iii).
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Assuming a density conbrast of 0.4 gm./cms, the model produced for
Profile BB'' indicated a maximum depth of 8,300 feet. If the density
contrast was only 0.2 gms./cm?,‘then'ZZ,BOO feet of material in the deepest
part of the basin would be necessary to account for the observed anomaly.
The maximum depth, together with the overall shape of the basin are illustrated
in Figure 10. A4ssuming the lower regional background anomaly 4, and(a density
contrast of 0.4 gm./cméy Profile CC' yielded a model with a maximum depth
of 7,850 fest. For a density contrast of 0.3 gm./cm?, a maximum thickness of
11,580 feet of sediment was indicated. These figures and the attitude of the
complete basin are shown in Figure 11.

il. The effect of ambiguity in the position of the Regional Anomaly.

Figure 12 illustrates the maximum depth and overallrshape of the
basin along Profile CC', for the varying density contrasts and the higher,
curved regional background B. This background level is higher than 4 by
approximately five milligals over the centrsl part of the anomaly, and
results in an increase in the maximum estimated depth of 940 feet to 8,790 feet
for a density contrast of -=0.4 gm./cmj. The overall shape of the basin is not
otherwise greatly altered as can be observed by a comparison of Figures 11 and 12,
Further use was made of the two~dimensional gravity computer programme
to examine the effect of a downwarp in the cruét, similar in amplitude and
shape to the overlying basin. For the case of a density contrast of =0.4 gm./cmj.,
a crustal downwsrp matching the shape of the basin was found to produce a
gravity difference of 2,1 milligals between the edges and centre of the basin.
This will result in a slight overestimate of the depth of the basin, in the

i

case of a density contrast of -0.4 gm./cm?, of about 5%.
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iii. The effect of a thick laver of Glacial Gravel.

In the Central Plain of Ireland Glacial Gravels form a significant
component of the superficial deposits (lMurphy, 1952) and it was considered
desirable to obtaln an estimate of the possible effect of several hundred
feet of this material overlying the postulated basin. 7The available
density data (Section 3,1 iv) suggest a value of 2.2 gm./cm? for this
material and a density contrast of =0,2 gm./cm? with the postulated Mesozoic
sediments of assumed density 2.4 gm./cm?, which it may replace.

The two-dimensional gravity computer programme was used to calculate
the effect of 100 metres (328 feet) of Glacial Gravel, and the observed

Wi g
profile along BB'!VYcorrected accordingly. Re-estimation of the thickness of
sediment revealed a decrease in the maximum depth to the floor of the basin
by a similar amount.

iv. The character of the Northern Boundary.

Further use was made of tvhe relationship described in section 2.3 by
making assumptions for the density contrast and obtaining estimates for the
angle of slope of the contact along the detailed profiles. The results are shown
iﬁ Table 4. Of the two possible values of i, the angle of slope, only the
higher values of 560 and 68° for density contrasts of 0.3 gm./cm? and U.k4 gm./cm?
respectively along Profile 44' and 61° for a density conbrast of 0.4 gm./cm?
along Profile BB'' would explain the magnitude of the observed gravity gradients.
These high contact angle estimates would be compatible’with a faulted boundary
for this northern margin. 7The shape of the computed models lends 5upport to
this idea. The faulting, if present, may have ocecurred along a pre-existing

line of weakness possibly initiated in Caledonian times,
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Table 4.

Using C =MGpsin 21 (Section 2.3)

For Profile AA':

C = 10,79 mgals./mile.

Density Contrast sin 2i 23 i
Oul gna/cm? 0,695 12 and 136°  22° and 68°
0.3 gm./cm? 0.9%0 68° and 112°  3,° ana 56°
For Profile BB!':
C = 13,06 mgals./mile.
Density Contrast sin 21 2i i

0.4 gn./cm? 0.842 57° and 123° 28° and 61°




4.  Gonclusions.

“he main conclusion to be drawn from the above analysis is that the
Dublin Bay-Kish Bank 'Low' is caused by a sedimentary basin in which
relatively low density Mesozoic sediments form the main *fill'. It should
be noted, however, in view of the close proximity of the Leinster Granite,
that the possibility of a granite mass also contributing towards the gravity
low cannot be completely ruled out. If it is assumed that the minimum
region of the anomaly is caused entirely by the basin and further that
Mesozoic sediments alone form the anbmalous mass, then the depth vo the

floor of the deepest part of the basin is at least 8,000 feet.
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Chapter 6

The '"Bast Irish Sea Low!

1. Introduction

The results of an earlier marine gravity survey conducted during
’1961 proved the existence of a large gravity 'low' situated between the
coasts of Furness and south-west Cumberland and the Isle of Man (Bott, 1964).
The minimum observed Bouguer Anomaly was =3,.1 milligals and the 'low' was
named the 'Manx-Furness low!', although the southern margin of the feature
was not delineated by that survey. The anomaly was interpreted in terms
of & sedimentary basin in which Permo-Triassic and Carboniferous rocks formed
the main '£i11', and the maximum depth was estimated to be between 8,000 and
20,000 feet depending upbn the assumed density conﬁrasﬁ.

A& possible slternative interpretation in terms of & granite body was
also recognized and it was suggested that the problem might be resolved by
eritical gravity traverses and seismic lines. The surveys conducted by the
author have shown that low Bouguer Anomelies are also present further south
and. cover much of the esstern part of the North Irish Sea.

it is suggested therefore, that this extensive area of low Bouguer

Anomalies be renamed the 'East Irish Ses Low"™, Detailed traverses across
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the north-western boundary have provided evidence in support of the original
interpretation in terms of a sedimentary basin. This chapter is concerned
mainly with the evidence of these critical btraverses.

2. Methods of Interpretation.

The techniques employed in the analysis of the detailed gravity profiles
are similar to those used for the Dublin Bay-Kish Bank 'Low' and were described
in the first section of Chapter 5. In addition, it has been possible in
the present case to make use of geological evidence in certain areas where
the gravity field over the marine area is continuous with structural festures
on land.

Je Interpretation

3.1 Introduction,

1. Description of the Anomaly.

The complete anomaly has been broadly described in Chapter 4 and only
those features relevant to the detailed interpretation are reiterated in
this section. The maximum observed gravity gradients occur over the northern
margin of the anomaly where a value of 11,7 mgals./mile was recorded along

Profile EE' (Plate 1). The maximum amplitude also ocecurs in this region

and appears to have a magnitude of between 36 and 42 milligals depending on



the value of the background anomaly which is again subject to uncertainty.
The effect of this uncertainty is again considered in the detailed interpretation
when models are constructed to explain the observed anomaly.

Steep gradients were also observed just off the coast of the Isle of
Man where the gravity isogals show a tendency to run parallel to the existing
coastline of the Island. A detailed Profile F¥', to the south-east of Douglas,
revealed a maximum gradient of 9.0 mgals./mile. Continuation of this profile
in a south-easterly direction clearly indicates the secondary rise in the
anomaly to a measured maximum value of +37,7 milligals. A further detailed
traverse DD''', was established at right angles to FF', extending from near
the south-western margin of the Bast Irish Sea 'Low' across the iocal thigh'
to the south-sast of Douglas and into the area of minimum observed Bouguer
Anomalies to the north. The maximum observed gradient was 8 mgals./mile
along the northern section of the profile where the values of gravity decrease
towards the measured minimum of -~3%.6 milligals. The interpretation of the
anomaly is considered in terms of the above profiles which are illustrated
in Figures 13, 14, and 15.

ii, The Backeround Anomaly.

The position of the regional background anomaly over the western half

of the feature can be estimated fairly accurately. A Bouguer Anomaly of
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about +40 milligals is observed over the Lower Palaeozoics of the Isle of
Man and in a large area at sea bhetween the Island and Anglesey., The background
anomaly at the western end of Profile ER' was taken to be approximately +38
milligals, the maximun Bouguer Anomaly recgrded over the almost constant part
of the profile in the vicinity of Ramsey Bay, being +37.7 milligals. "he
background value of Profile FF' near Douglas is also quite clear, since in
thet area the anomaly is caused by the Lower Palaeozoic Manx Slates and has
a value close to +40 milligals., <the southern end of Profile DD''' encroaches
upon the region of high Bouguer Anomalies which has been referred to in
Chapter L as the 'Central High'. 'rhe Bouguer Anomaly appears to have a
steady value of approximately +40 milligals over a large area and the regional
background anomaly has been drawn at this level over the southern part of
the traverse. As already noted the anomaly shows a second rise as the profile
continues northwards and a value in excess of +37 milligals is present at the
centre of the local high. UThis suggests that the background level of at least
+40 milligals is maintained over much of the marine area investigated by Profile
Dprre,

Inspection of an earlier east-west profile, across the main northern
minimum, from near Laxey on the Isle of lMan to the Furness Coast, reveals

that the assumed regional background anomaly was considered to decrease from



a value of approximately +42.0 milligals near Laxey to +25.0 milligals in
Furness (Bott, 1964). The position of the background between the two areas

is somewhat subjective but the value over the area of minimum Bouguer Anomaly
was taken to lie between about +33 and +38 milligals., Similar values for

the area have been adopted to determine the attitude of the background anomaly
along Profile B%' for which two possibilities have been considered.

iii. The existing interpretation and the preblem of the Eskdale Granite,

The interpretation for the area incorporating the main minimum of
~3.6 milligals was developed following the interpretation of the marine survey
of 1961 (Bott, 1964). ‘he main conclusion, from the evidence of the abrupt
gravity gradient off the east coast of the Isle of lan and the correlation
of stesp marginal gradients with the coastal strip of Permo-Triassic and
Carboniferous rocks in Furness, was that the 'low' was caused by relatively
low density sediments infilling a deep sedimentary basin. Permo-Triassic
and Carboniferous rocks were considered to form the main 'fill' of the basin
in the east,

The problem created by the proximity of the Eskdale Granite mass on
land was emphasized, and it was observed that the central minimumn at sea lay

in direct continuation with the Eskdale negative gravity anomaly and might
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therefore be partly or completely caused by the granite. The sedimentary
basin hypothesis was considered more likely on theoretical grounds, and
the guantitative interpretation was based on this assumption. ‘“he maximum
depth in this case was shown to be in the range of 8,000-20,000 feet depending
upon the assumed density contrast. This was considered to have a possible

Z
range of ~0.2 to —?.A gm./cw? if Carboniferous and Permo-Triassic sediments
formed the wain 'fill'. It was suggested that the ambiguity caused by the
‘possible bresence of a granite body could be resolved by critical gravity
traverses and seismic lines.

ive The Rock Densities.

Measurements of the mean densities of the various rock types on the
Isle of Man bhave previously been made and the results are reproduced below
(Ggrnwell’ 1960). The most useful conclusion that may be drawn from
the data, is that the density contrast produced by a granite mass is not
likely to exceed -0,15 gm./cm? It would appear that only in extreme circumstances
could a density contrast of =0.2 gm./cm? be exceeded (Bott, personal communi g .

ation).

z

Formation PDensity. (gn./om{)
Foxdale Granite. 2,62
Dhoon Granite 2.71

Peel Sandstone 2.65
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Carboniferous Lst. 2.70

Manx Slates 2:75

Drift. (Assumed) 2.00
J.2. The confirmatory evidence for the existing interpretation.
i,  The Second-Derivative profiles.

The magnitude of the gravity gradients along Profiles EE' and Fit
across the margin of the anomaly together with the resulting second-derivative
values are shown in Table 5. Figures 16 and 17 illustrate graphically the
distribution of the second-derivative values along the two ?rofiles.

The value of G'' max./G'' min. for traverse BEE', which extends from
near Ramsey Bay towards the main problematical minimum, was found to be 2.15.v
This is indicative of a boundary sloping inwards towards the centre of the
anomalous mass. A margin with this attitude is supporting evidence for the
presence of a sedimentary basin structure in preference to a granite body.
gradients to the east of Douglas was 1.62. This ratio agaln indicates a
boundary inclined towards the area of low Bouguer Anomaly values, and therefore
supports the hypothesis of a sedimentary basin situated close to the existing
south-east coastline of the Isle of Man, the margin of which it may have

actively controlled (Bott, 196L4).
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fable 6.

For Profile ERt.

Using the relationship € = 7chbsin21 (Chapter 5 Section 2.3)

..lﬁlwu.h'unUO...QI.OO'Q.O'%QG...O.]—

Assuming 1 = 459, /5: o

G

The difference in the gravity gradient (C), at equal distances on either
side of the estimated contact along Profile EE' was found to be 10.10 mgals./mile,

Substituting in 1, ]':;x 0.26 egm/omd

For Profile IFt.

The difference in gradient at equidistant Joints on opposite sides of the
estimated contact was found to be 8.16 mgals./mile,

Substituting in 1, }:) = 0.21 gn/en’
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ide The Minimum Density results.

the relationship quoted in section 2.3 of Chapter 5 was again used
to obtain an estimate of the minimum density contrast required to produce
the observed change in gradient along the detailed Profiles EE' and FF'.

The data from the observed profiles and the resulting minimum density: contrasts
are recorded in Table 6.

Although the values of 0.26 gm,/cm? and 0.21 gm./cm? obtained from
Protiles EE' and FF' respectively are not as great as those derived for the
Dublin Bay-Kish Bank Anomaly, inspection of the rock density data included
in section 3.1 iv again suggests that the results are incompatible with a
hypothesis’seeking to explain the anomaly in terms ofagranite mass. 4n
interpreﬁation in terms of a basin structure containing low density sediments,
of possibly Mesozoic age, could easily account for the above density contrasts
and would seem to receive confirmation from this method.

iii. The Gravity Gradients.

Inspection cf the Bouguer Anomaly profile from traverse EE' indicates
an amplitude for the‘anomaly of between 37 and 42 milligals, depending upon
the value of the assumed background, and a maximum observed gravity gradient
of 11.7 mgals./mile. The amplitude and maximum gradient of the anomaly

obtained from the computed profile for a theoretical granite model 10 kilometres



thick with vertical boundaries and density contrast of =0.15 gm./cm?, were

39 milligals and 11.5 mgals./mile respectively as recorded in Table 2. ‘he
maximum gradients are therefore similar but differences are apparent in the
position of the maximum gradients and the shape of the complete profiles,

The characteristic gradual return of the anomaly to a background level away
from a granite contact was emphasized in Chapter 5 and illustrated by Figures
8 and 9. This contrasts sharply with the observed Profiles EE' and TR,
Fligures 13 and 1k respectively, which display abrupt increases in gradient
from the approximately constant background level towards the centre of the
anomaly within a distance of only one mile., %This is an alternative way of
expressing the second-derivative observations which suppoert the hypothesis of
a sedimentary basin structure being the cause of the observed anomaly.

iv. Seismic FEvidence.

The existiﬁg seismic work in the North Irish Sea was noted in Chapter
2. The results of a line of shots from near Holyhead towards the Solway Firth
have been described by Agger and Carpenter (196L). ‘"hese indicated that the
depth to the crust-mantle boundary was about 3 kilometres less over this part
of the Irish Sea than in adjacent areas on land, and also that a thick layer
of sediments was present in the marine area covered by the shots, 4 single

seismic traverse with a line of shots approximately parallel to the coast of
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the Isle of Man, four miles south-east of Douglas indicated an absence of
Lower Palaeozoic sediments down to a depth of 3,300 feet (Barnes, personal
communication),

Ve The Geological Correlations.

There are certain areas along the eastern margin of the 'East Irish
Sea Low' where the gravity feature continues into the coastal region. This
has been noted in south=-west Cumberland and Furness where the steep marginal
gradients of the 'low' away from the influence of the Eskdale Granite, correspond
with the coastal strip of Permo-Triassic and Carboniferous rocks (Bott, 196k).
It was noted in Chapter 1 that the sandstone of Permo-lriassic age in this
region attains a thickness in excess of 3,000 fest. Such a thickness of strata
with a density contrast of ~0./ gm./cm? with the Lower Palaecozoic rocks would
explain at least 10-15 milligals of the seaward drop in the Bouguer #Anomalies.
The proved thickness of Permo-Triasssic rocks in the Seascale Bore (Chaﬁter 1)
was estimated to contribute at least 15 milligals and indicated that the
negative contribution of the Eskdale Granlte was falling off rapidly westwards
(Bott 1964),

Low values of the Bouguer Anomaly continuous with the narine area
are also present along the Lanceshire coastal plain from Fleetwood in the

north te Liverpool in the south. ‘fhe values over a wide area in this region



lie between +10 and +15 milligals and again correspond with thick deposits

of Triassic rocks. Boreholes have shown the Bunter Sandstone to have a
thickness of 2,300 feet in the Southport and Formby district, and this is
overlain by Keuper Sandstone which haské thickness of between 400 and 1000 feet
(Chapter 1). Strata of Permian age which have been entirely detected by
boreholes, combine with the Iriassic rocks to make up a total thickness of
Permo-Triassic rocks in the area of approximately 7,000 feet.

The Trisssic Plains of Lapcashire and Cheshire have been noted és being
geologlcally similar in that they may be considered to regionally overlie
the western flank of the Carboniferous uplift of Northern England (White, 1949).
The Trias of the Lancashire area occupi€s an incomplete basin open to the
west with the eastern margin bounded by iérge seale faults downthrowing several
thousand feet to the west. A linear zone of steep gravity gradients running
south-south-west from slightly east of Preston corresponds with the known
ma jor fault separating the Lancashire Triassic area from the Wigan coalfield.

A zone of steep gradients with a similar Caledonian trend north of the
Ribble Estuary was noted to 'line-up' exactly with the coastline between
Southport and Formby, and by analogy was interpreted by White (1949) as a fault
belt, 1t was concluded that in the Lancashire-Cheshire Trias-covered region

the gravity data were in close correspondence with the known geology.
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Between the western boundary of the Cheshire basin which is again marked

by steep gravity gradients, and the Carboniferous wuterops to the east of

the Vale of Clwyd, lies a platform which is structurally part of North-East
Wales covered by about 1,000 feet of Urias (Powell, 1955). A borehole near
Rhyl, at the northern end of the Vale of Clwyd, penetrated 500 feet of

Bunter Sandstone before entering presumed Upper Carboniferous Barren Measures
(Chapter 1). ‘the position of the irias is marked by a gravity low which
transgresses the coastal margin, and the interpretation visualized a thickening:
of vhe Irias to 1,000 feet just off-shore from the evidence of the Lancashire
coast, indicating a Uriassic basin under the sea.

From the evidence of the erratics in 4nglesey it has been suggested that
the eastern part of the North Irish Sea has the form of a broad undulating
plain over which Uriassic sediments have the greatest areal distribution (Chapter
1). ‘Yhere is therefore, strong geological evidence to support a hypothesis
which seeks to explain the observed Bouguer Anomalies over this part of the
North Irish Sea in terms of thick deposits of low density Mesozoic sediments.

Vi Summary of the evidence.

Both the geological and geophysical evidence support the hypothesis
of a thick succession of low density sediments being the source of the relatively

low Bouguer Anomalies which have been shown to exist over much of the eastern
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parcv of che Norch Irish Sea. ihe ambiguiuy creacved by uhe proximity
of vhe BEskdale granite and ivs possible exuension beneaivh vhe marine area
vo give the minimum observed Bouguer Anomalies in the north would seem

to be resolved as a result of the detailed gravity work.

de Depth istimation.

The sedimentary basin depth-estimation computer programme was again
employed, thardata belng provided by Profile EE' situated across the northern
boundary of the feature. Since this depth~estimation is a re-incerprevacion
following the firsv survey of 1961 (Bots, 1964), only two density concrascs
have been considered. Irom inspegtimn of vhe available density data, =0.4 gm./cm?
is believed vo provide an upper limiving densivy conuvrasv if Mesozoic sediments
predeminate, while -0,2 gm./om? may be more appropriate if a considerable
proporvion of Carboniferous rocks are presenc. Two positions of che regional
Bouguer Anomaly have again been adopved to examine vhe effect of uncertainty
in the background level, and the shape and maximum depuh for uhe lower
regional anomaly is illusiraved by Figure 18. It was estvimaced uvhau uhe
depth vo the floor of the basin was 8,210 feet at ics maximum developmen. for
an assumed densiuwy conurast of 0.4 gm./cm?, while for a density concrast of

z

5 I 16y . . . .
=0.2 go./em?, 19,510 feet of sediment were calculated to be necessary in the
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deepest part of the basin in order to explain the observed anomaly. In the
ral

absence of additionsl data the profile was discontinued in the south-east

of the main minimum, and the programme Tacility to permit the final blook

inite sheet was utilized at this stage. The

to be treated as a semi-
approximate position of +the regional anomaly over the mein mininum was interpreted
from the original and complete profile, established in 1961, which extends

from near Laxey on the Tsle of Man to Furness.

Py

i._b

. The effect of uncertainty in the p@sitiom:of the regional anomaly,
Figure 19 illustrates the maxinum depth and genersl shape of the basin

along Profile EE' for the two relevant density contrasts and ?he higher,

curved regionsl background B. This causes a differénce in amplitude of

.5 at the centre of the anomaly, and - results in an

roximately 5 milli

increase in the maximum depth of 1,300 feet to 9,510 feet for a density contrest
of =0k gm, /em?  The general shepe of the basin is otherwise very similar
a8 con be verified by a comparison of Figures 18 and 19. In the case of g density

2

e ) & " ;} 5 - 3 7 el 5
toff =0,2 gm‘/cm., the higher regional anomaly results in an

increase in the maximun depth of 3,450 feet to 22,960 feet, but the conclusion
with respect to the oversl] shape remains valid,

iii. The character of the boundsary,

The relationship originally quoted in section 2+ of Chapter 5 was again



Table 7.

(Chapter 5 Section 2.3)
Yor Profile EE':

C = 10.10 mgals./mile,

Density Contrast sin 2i 21 i
Ol gm/omﬁa

0,65k 40° and 1400 209 and 70°
0.3 # = 0.870 609 and 120° 30°  and 60°

For Profile FEt:

C = 8.16 mgals./mile.

Density Contrast sin 21 2i i
0.4 gu/emd 0.526 310 and 14,90 159 and 740
0.3 # @ 0.700 4° and 136° 22° ang 68°
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erployed to obtain estimates for thé angle of slope of the contact of the
anomalous mass along Profiles EE' and FF', for the assumed range of density
contrasts. Of the two calculated values of i, the angle of slcpe, only

the higher values of 60° and 7'0O for density contrasts of 0.3 gm./ﬁm? and
Ol gm./cm? respectively along profile EE', and 68° and 714,.° along Profile FF
would explain the magnitude of the gravity gradients. “hese estimates for
the contact angle would be in agreement with a possible faulted margin along
this north-western boundary. The results are recorded in Table 7

iv. The significance of Profile DD'''.

Profile DD''', depicted as Figure 15, illustrates the nature of the
Bouguer Anomaly values from near the south-western margin of the postulated
besin, across the local 'high' to the southeeast of Douglas, and into the
main gravity minimum to the north. The local 'high', as described in Chapter
4, attains a measured maximum value of +37.7 milligals. The similarity of
this reading with the Bouguer Anomaly values common over the Isle of Man
suggest a gualitative interpretation in terms of s large upwarp of the basement
rocks and a consequent diminution in the thickness of the overlying sediments.

Reference to the Aero-magnetic maps, (Geological Survey and Museum)
of which a skeletal representation appears in Plate 3, reveals a marked lack

of any disturbance in the isogams over the same area., It is suggested therefore,
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that there is little or no contrast in the magnetic intensity between the
basement rocks and the overlying sediments in this part of the North Irish
Sea.

k. Conclusions.

The present surveys have indicated that the area of Llow Bouguer Anomaly
values, originally detected in the area lying between the Isle of Man and
Furness, extend over much of the eastern part of the North Irish Sea. ritical
gravity traverses across the north-western and western boundaries have provided
evidence to support the original interpretation in terms of a deep sedimentary
basin, and make the possibility of a granite body being the cause of the main
minimum increasingly unlikely. The geological evidence along the eastern
coastal margin, together with the seismic information also indicate the presence
of thick deposits of sediments over the region under investigation. Thé
sedimentary basin depth-estimation programme was used to obﬁain models of the
basin structure along the northern detailed traverse EE', and these show close

agreement with the original estimates for the maximum depth.
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Chapter 7

Major features of the Aero-magnetic Maps

1. Introduction,

The Aero-magnetic maps of Great Britain and Northern Ireland prepared by

the Geological Survey cover most of the North Irish Sea. A comparison of
this magnetic information with the Bouguer Anomaly map (Plate 1) proﬁides
additional evidence in connection with the interpretations advanced to explain
the gravity data. Plafe 3 is a skeletal representation of the Aero-magnetic
maps covering the area from which the total field magnetic anomaly contours
have been extracted at only 50 gamma intervals. This is considered adequate
to illustrate the character and trend of the large scale magnetic anonalies.
The inset included in Platé 3 shows the total magnetic field anomalies at

10 gamma intervals as measured using a sea~borne proton magnetometer off the
coast of County Dublin (Stacey A.P., personal communication). The major
magnetic features are now discussed in relation to the gravity interpretations.

2. The Magnetic Anomalies.
Lo

Over most of the eastern part of the North Irish Sea the magnetic
gradients are relatively slight. The uniformity of the magnetic field is
disturbed in the vicinity of lMorecambe Bay by a narrow linear anomaly of more
than 300 gamma. This feature is marked CC' in Plate 3 and forms the subject
of a detailed interpretation in Chapter 8. The shallow magnetic gradients over
the remaining area are in accord with the hypothesis advanced to explain the

gravity field, of a sedimentary basin occupying most of the Hast Irish Sea.
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The existence of thick deposits of non-magnetic sediments overlying a
magnetic basement at considerable depth could explain the observed magnetic
field,

An arcuate, positive magnetic anomaly possessing a pre=-dominantly
Caledonoid tvrend is marked AA' on Plate 3, The feature is approximately
50 miles in length and between 7 and 10 miles wide. From a position about
20 miles south of the Isle of Man the anowaly extends in a south-westerly
direction until near the Irish Coast where the proton magnetometer results
indicate that it swings round to an approximately east-west direction. The
southern end of this line of positive anomalies appears to correlate with
the Cambrian outcrop on the Irish Coast near Bray Head. It has been suggested
by Stacey that a structural high may exist between Bray Head and the Isle
of Man. An anticlinal upwarp of - the basement with a predominantly induced
magnetisation in the direction of the present earth's field could explain
the observed anomaly.

Comparison of the Aero-magnetic map with the gravity data indicates
that the north@rn’part of the magnetic anomaly AA' corresponds with the large
area of high Bouguer Anomaly values which has been called the "Central High!
(Plate 1). The Bouguer Anomalies in this area exceed +40 milligals and are
therefore similar in magnitude to the values over s wide area of the Lower
Palaeozoic rocks on the Isle of Man. The Bouguer Anomslies comprising the
"Central High' are best explained in terms of a large uplift of relatively
dense basement rocks flanked by younger and lower density sediments. Thus

over the northern part of vhe magnetic anomaly AA' the magnetic and gravity
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data appear to be in close agreement, Gravity data i1s absent to the south-
west of the 'Central High' but it is antiecipated that relatively high Bouguer
Anomaly values would be encountered if measurements were continued into

this area.

The south-western end of the magnetic feature AAY which has besn delineated
using a sea~borne proton magnetometer provides complementary evidence for
the gravity data in the vicinity of Dublin Bay. Over most of the area occupied
by the gravity anomaly which has been called the 'Dublin Bay-Kish Bank low!
(Plate 1) the magnetic gradients are very slight, This is consistent with a
hypothesis which seeks to explain the observed gravity anomaly in terms of a
deep sedimentary basin. The existence of several thousand feet of none-
magnetic sediments overlying a m&gnetiq basement could account for the observed
effect., Further, the sudden increase in the magnetic gradients associated with
the anomaly AA' appear to coincide with the southern margin of the gravity
feature. It is suggested therefore that the increase in the magnetic gradients
is associated with a rise in the basement rocks which delineate the southern
margin of the postulated sedimentary basin.

An extensive area of highly irregular magnetic anomalies with steep
gradients occurs over the southern part of the postulated Peel-Ardglass basin,
Cleose inspection reveals that a north-west to south-east trend affects this
belt of anomalies and the character of the gradients suggests a near surface
origin., ‘he structural trend can be traced into the Lertiary Igneous province
of' North-East Ireland and it is suggested that the magnetib anomalies are

caused mainly by Yertiary lavas overlying the southern part of the proposed
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Mesozoic basin. Faulting and dyke intrusion may have also occurred and be
responsible for the visible north-west to south-east trend of the anomalies.

Two linear magnetic features with a marked north-west to south-east
trend are marked BB' and EE' on Plate 3. Magnetic feature BB' can be traced
towards the Carlingford lTertiary igneous centre in North-Bast Ireland and
appears to lle in continuity with the coastal embayment forming Carlingford
Lough. ‘he anomaly displaces feature AA', referred  to earlier in this
chapter, and probably represents a line of Tertiary Igneous activity with
dyke intrusion accompanied by faulting. Magnetic feature EE' is associated
with the belt of magnetic anomalies covering the southern part of the Peel-
érdglass gravity low and a similar interpretation is possibly valid,

Feature DD' is not fully defined but the structural line represented
by the north-west to south~east trend of the magnetic contours in the south
appears to coincide further north with a pronounced change in direction of
feature AA' from a predominantly north-east to south-west or Caledonoid
direction to an approximately east-west trend. DD' would therefore seem to
be caused by a line of structural weakness along which movement may have
displaced anomalyrﬂﬁ‘ which has been interpreted as an upwarp of Lower Palaeozoic
rocks., |

The magnetic festure marked F on Plate 3 is isolated and of small extent,
The relatively steep gradients over‘the ang@aly suggest a source at shallow
depth and the anomaly 1s probably caused by a small stock of igneous materisl
within the postulated basinal area. Detailed traverses are necessary before
Turther estimates of the shape of the body and the age of the material can be

mnade.
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Je Lonelusions

Over much of the North Iriéh.Sea the magnetic data show close correspondence
with the conclusiéns drawn from the gravity measurements. In the area occupied
by the postulated Bast Irish Sea basin, the shallow magnetic gradients are
consistent with the presence of a basement at considerable depth. The interpretation
of’ the linear magnetic feature CC' is also compatible with the basin hypothesis
as will be shown in Chapter 8.

A positive ridge of magnetic anomalies (A4') interpreted as an UPWarp
of Lower Palaeozolc basement rocks corresponds with an area of high Bouguer
fnomalies, and the magnetic anomslies in the Dublin Bay area are consistent with
the hyoothesis of a sedimentary basin being the cause of the observed gravity

anomaly.
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The Morecambe Bay Magnetic Anomaly.

1. Introduction

the Morecambe Bay Magnetic Anomaly is situated wiﬁhiﬁ the area occupied
by the EBast Irish Sea gravity ‘'low' and is marked CC' on Plate 3 which is
contained in Chapter 7. The feature appears on the Aero-magnetic maps as
a narrow linear anomaly approximately 20 miles long and 3-4 miles wide. “The
long axis is aligned in a west-north-west direction and the very steep

1,

gradients over the anomaly indicate a source at relatively shallow depti.

would provide the data necessary for detailed interpretation. Six traverses

were run across the anomaly on the 27th August 1964 using the sea-borne

section,

2. ihe Survey.

the position of the anomaly was fixed on the Marine Deccs Charts by
means of a 10 kilometre square grid overlay reduced to the same scale as the
Marine Charts. A& single traverse had been run obliquely across the anomaly
an 1961 and the recorded Decca co-ordinates helped to locate the anomaly.
Ihe six traverses were run in a N 10° & true direction to cross the anomaly
at right angles to its strike which was approximately 1090 ma.gnetic,
Iraverses were spaced at approximately one and a helf mile intervals. The
total length of each traverse was about six miles in order o permit a

reliable estimate of the background to be obtained. Plate 2 shows the
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position of the six traverses.
¥

5
1

The instrument used was a Gray proton magnetometer k. IV, the 'fish!

streamng

at approximately two ships' length astern. Readings were taken

]

automatically at about 15 second intervels snd recorded by an observer.
Decca Navigator and magnetometer observers synchronised watches using a radio
time slgnal to ensure accurate positioning. Accurate time records were also

&

ion correction. Because of the narrow width of the

1

needed for the daily varia

anomaly the ships' speed was reduced to about eight knols giving read:
about 200 feet intervals.

A, Reduction of Observations.

The instrument readings were corrected and reduced to values of total

magnetic intensity measured in gamma using a compuber programme aveilable in
[ €4 o e Py

the department (Johnson, personal communication). Uhe corrections effected
by this progromme are as follows:

5.1 Regional Correction,

This correction takes into account the regional magnetic gradients over
the earth's surface. The values adopted for the components of the regional

gradients are the same as those used in the preparation of the dero-magnetic

maps (Geological Survey and luseum, 1964). “Thus the regional gradients were
assumed to be 238,42 gamma/degree north and 28.42 gamma/degree east relative
. e e O 0 . ; . -

to a chosen origin at 54  N. and 4 E. An arbitary value of 46,600 gamms was

assumed for the tobtal megnetic field at this point.

5.2 Dally Variation Correction.

Data for the Deily Variation Correction was obtained from a Magnetogram

supplied by the Bskdalemuir Observatory. The variastion in millimetres

08
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recorded on the Magnetogram relative to a given background for both the
horizontal and vertical fields is converted to gamma by the programme using
the scale factor given on the Magnetogram.
by Brrors

A magnetic survey off the coast of Co. Dublin during the 1965 season
provided severel intersecting traverses. Yhis technigue suggested~that the
velue obtained for the magnetic field is accurate to within approzximately

5 gamma (Stacey, personal communication).

5., Description of the Anomaly.

The anomaly on the Aero-magnetic maps is nearly 20 miles long and
between 3 and L miles wide. ‘the long axis is aligned in a west-north-west
direction., All the detsiled profiles show similar characteristics and two
have been selected for the'interpreﬁation.. these are the preofiles
nunbered 2 and % on Plate 2. The anomaly profiles along these traverses
are the least complicﬁted and are therefore considered to be most suitabley
for an interpretatiocn in terms of & simple model.

A distinctive feature that emerges from the detalled profiles is the
approximately equal amplitude of the positive and negative peaks. UYhis is
1llustrated by observed profiles 2 and 3 which are presented in scaled form
as Figures 20 and 21l. Yhe negative part of the anomaly occcurs to the south
suggesting that the direction of magnetisation within the ancmalous body is
probably different from the direction of the magnetic field at the present
day. Uhe averase peak to pesk amplitude of the anomaly as obtained from the
six profiles was found to be 380 gamma. ‘he peak to peék widths of profiles

2 and 3 are 692 feet and 1,252 respectively. ULhe maximum gradients associated

with the ancmaly occur over the northern flank., Along profile 2 a maximun
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gradient of approximitely 983 gamma/mile was recorded over a horizontal
distance of about 1/5 mile. 4 value of 508 gamma/mile was recorded over a
similar distance along profile 3.

Some of the profiles ghow a second maximum to the north. A further
important aspsct is the raplid return of the anomaly te a background value
in each direction, a characteristic which proved to be one of the critical
factors in interpretation,

6. Methods of Intervretation.

The methods of interpretation used for this particular anomaly are
described in the following sections.

5.1 ''he Pseudo-gravity method.

Use of this method permits an estimation of the possible range of
magnetisation direction to be obtained from the observed magnetic data in
the case of a non-infinite two-dimensionsl body. The theoretical basis for
the pseudo~gravity technigue 1s Poisson's theorem relating gravity and
megnetic potentials as follows:

The gravity potential U, at a point P due to an element of volume 9w

is gilven by the expression,

|

where G 'ls the Gravitational constant, f»the density of the body, and r the

U, .= C—Fg-r
¥

distance of the body from the point of reference. ‘he magnetic potential
V, at the same point is given by,

Vg = L VS z

(r
< 1 i 4 5 » > -
on, anhd the operator V' refers to differentiation

\!
f
where J 1s the magnetisation

with respect to the co-ordinates of the elementary body. ‘hese two equations
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can be combined thus,

V=4

RAVAR(IE)

this is Poisson's formula and it is walid for a finite body provided the
direction of magnetisation and the ratio of intensity of magnetisation
to the density remain constant.

pssudo-gravity transformation originally developed by Baranov (1957)

=

uses the upward continuation theorem in counnectlon with Poisson's theorem to

deduce a pseudo-gravity equivalent from the magnetic ancmaly on the assumption
that the density at every point of the body is given by,

S
P =5

If it is assumed that the intensity of magnetisation has the same sign
throughout the body it follows from an expression developed for the pseudo-
gravity field at a point (Bott, Smith, and Stacey, 1956 unpublished) that the
cemputed pseudo-gravity must also always have this sign. Bott, Smith and
Stacey have shown that this condition can only be satisfied by a limited
ange of magnetisation directions for any given total field magnetic anomaly.

“he method has been programued for use with a computer to calculate
a range of values for the direction of total magnetisation that yield acceptable
pseudo=-gravity fields (Stacey, personal communication).

6.2 ‘‘he Bruckshaw and Kunsratnam Method,

Bruckshaw and Kunaratnan have developed a method for the interpretation
of magnetic anomalies over uniformly magnetised dykes which is dependent upon
simple scaling laws and is applieable to any observed component of the field.

(Bruckshaw and Kuneratnam, 1963). It is also valid for any resultant direction
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of magnetisation and for sny strike direction. ‘he theory is developed

tion for an anomsly caused by a dyke

by consideration of the basic ecus
with a flat top of horizontal width t, at a depth z below the plane of
observation:

F _Z ?Smﬁﬁmsuﬂ {¢ «+1- 9)(°L| ""2_) Cﬁﬁ(%"‘l 9) fﬁe’ﬁ]

when J represents the resultant transvelse intensity of magnetisation making
an angle ¢ with the horizontasl, I the direction lying in the vertical plane
conteining the Magnetic uzlrucll n in which the ancmaly is measured, 9 the

°

geological dip of the dyke, and éﬁfﬂ), (¥ 04,) the polar co-ordinates of

the edges of the dyke with respect to the point of observation. This formula
only applies to a dyke with a strike perpendicular to the magnetic meridian
but it was shown by Bruckshaw and Kunaratnam that. with little modification

it could be used for a structure of any strike. The above equatioh modifies
to the form:

F/2Tsin B =( ““""‘z.)&@m(,a— Cos L ("ja%*
whese i:(%* I- B)

in which the right hand side is dependent only on the ratig of dimensions.

From the standerd curves contained in Bruckshaw and XKunaratnam's paper

it is possible to obtain an initial estimate of i and t/z, the depth-width
ratio, and subsequently a series of estimates ol the depth. ‘he width follows
automatically, and if the dip of the dyke is assumed estimates of the direction
and intensity of magnetisation can be made.

6.3 2=D MAGN Computer Programme. (Stacey)

The following two sections contain a brief account of the principles
lovolved in the computer programmes, 2-D MAGN. and 2-D MAGSCALE. (Svacey,

st T e e ) r
personal communication). the methods recognize that the essential data
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’rvou1reu from the observed profiles is the shape, intensity and direction
of tobal magnetisation of the body causing the anomaly, and that this can
be achieved by comparison of the observed profiles with those derived for

, ) «m,‘mej'eka‘
theoretical models. Any two-dimensional body may be defined”in terms of
an n-sided polygoh. Lhe anomaly at a given point produced by the semi-
infinite horizontal slabs as defined by each face of the polygon can be
calculated from formulae for the horizontal and vertical disturbance at a
point due to a semi-infinite slab with a sloping end face (ralwani, Worzel,
and Landisman, 1959; Morgan and Grant, 196%). ‘the effect of the complete body
at the point is obtained by algebrasic summation of the disturbances due to all
the slabs taking into account the fact that the effect of some of the slabs
must be subtracted to obtain the required shape. This 1s the basis for the
first programme which permits the calculation of the horizontal, vertical
or total field components of the anomaly as required, for any two-dimensional

body of polygonal outline.

6.l 2-0 MAGSCALE Computer Programme.

e

Consider a simple dyke of rectangular cross-section and uniform magnetisation,
Allowing for the fact that the depbth to the bottom of the body has a negligible
effect on the anomaly 1f it is wmore than ten times the width, five variables
still remsdin; the depth to the top of the dyke, its wldth, ﬁ% the stfike

of ‘the body measured clockwise from thehorizontal projection of the total magnetisation I
2
£ . - \
T e inclination of the total ma gnetisation J Jlthmm dhe Lodv

of which oC is indeterminsgte since the polarisation

in the plane of the traverse alone is applicable.

¥ Stacey, 1961.



4 large nunber of theoretical curves would be necessary during
interpretetion of a field prolile without further simplification. However
this 1s possible since the character of magnetic anomslies permit J to be
effectively eliminated by scaling the observed and theoreticel profiles
to the same amplitude. In addition, the analysis of magnetic formulae
indicates that the anomaly at any point is dependent upor: ithe shape of
the disturbing body, but independent of the scale of the structure. Consequently
reduction of the observed and calculate d anomalies to a constant wi&th e}iminates
a dimensilonal factor.

the second progremme, 2-D AGSUALE, computes the anomaly over the disturbing

body in basically the same way as the 2-D MAGN programme, but also scales the
amplitude and width to specified values. 'The normal interpretation procedurs
involves the preparation of a library of curves for a range of depth-width
ratios and magnetisation directions, possessing fixed amplitude and half or
quarter-width dimensions. the field vrofiles are similarly sceled and
compared to find a satisfactory 'match'. In the case of & vertical dyke the
answer 1is unique,

When a theoretical curve bearing a satisfactorily close resemblance to

the observed profile is obtained, J of the ancmalous body is ziven by:

'J§ = {Jg mod e « (amplicude scale facvor For vheoreuical curve. )

( it it 1" i - flPJ.d. it )

where J 1s dn c.g.s, units (5tacey - personal communication). Similarly,

the true depth and width of the top of the body are given by the expressions:

depth =
horizontal scale factor For field Curve
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(914

width = (width of top of model) . (scale factor for model)

horizontal secale factor for field curve

P

. Interoretation,

e

7.1 Introduction,

?
The linear character of the Norecs n%e”ma%neLLO anomaly and the very

a source at shallew depth and it is therefore

steep m
unlikely thet the anomaly is caused by anomalous festures within the basement.
The position of the anomaly within the area of the postulated sedimentary basin
containing thick Mesozoie and Carboniferous sediments also suggests that a
basement origin is improbazble.

The ancmaly can be best explained in terms of an intrusive lgneous
body at shallow depth within the sedimentary deposits. The detailed interpretation
8.8

has attempted to explain the observed anomaly in terms of a simple sheet structure

involving either a vertical dyke or a horizontal sill.

=

de Direction of Magnetisation,

The distribution of the positive and negetive features of the anomaly

suggest that the direction of magnetisation within the anomalous body is different

frow the direction of magnetisation of the present earth's field (Section 5).
in the interpretation it is necessary to know the direction of 1 znetisation, and

a range of possible directions has been obtained using the pseudo~gravity
technique, 1t was observed both from the asro-magnetic maps and the detsiled

L

profiles that a difference in background level of an roximately 30 gamma is

present from north to scuth across the anomaly, and this was removed by applying
e

a progressive incremental correction along the profiles. The modified data wes

now used to obtain an estimstion of the direction of me.gnetisation by means of
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Range of estimated

direction of magnetisation

allowing for the effect of

the earths' field,

measured downwards from
the northern horizontal,
\

il

edian Value.

Overall range of
direction from results

of all profiles.

Range of wmedian values.
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nseudo~gravity method. Lhe range of values so obtained is given in lable

o
[

8. From this Yable it can be seen that the spread of the values from the

N, e PN s ©
ge obtained for each profile is from 1607 to 200

centy

measured downwards from the northern horizontal., thus, assuwing & non-infinite

and effectively two-dimensional structure, the pssudo-gravity results confirm

2

the direction of magnetisstion within the anomalous

The observed profiles 2 and % were now Scaled to a total peak to peak

&

4

itude of 500 gamma, and quarter-width of 120 feet. Yhe guarter-width is
taken as the horizontal distance between the two points on the curve where

a value equal to a quarter of the total amplitude measured From the ne

veak was attained. Lhe adjusted profiles could now be directly compared with

those computed Tor chosen theoretical models scaled in the same manner,

Filgures 20 end 21 1llustrate the shape of the scaled anomaly for profiles

2 and 3. A series of curves for a dyke model was now computed, using the

B progre

ume, Tor depth-width ratios of 5:1, 2:1, 1:1, 1:2, and 1:5,
. . - . o el a0 5 570 " I L
and directions of magnetisation of 155 s, 1857, and 2157,  In all the models

the bottom of the theoretical dyke was mainbained at a minimum of

the depth to

ten times the width, and & value of 001 was arbit-erily adooted for the value
3 £

of magnetisation. From the evidence of the first method it

was antleipated th

1t the above range of magnetisation directions, in conjunction

with the widely differing depth-width ratios would produce s library of curves

ileating the combination of these relevant variables capable of yielding the

most satisfactory 'fit' with the observed profiles. It was further reguired that

the
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set of curves should indicate s divergence from this similarity for all
other combinations. The computed orofiles for the theoretical models

22, 23, and 24. If these are compsred with the

ars presented in ¥

that for &1l the

observed profiles of Figures 20 and 21, it

43

depth-width ratios the £

Ly of curves for the models with directions of

tisation of less than 155% and greater thsn 215° show a wide divergence

from the similarly scaled observe anomaly. & direction of magnetisation

0

O

of curves bearing a close similarity in both

w0

of 1857 produced a serie

distribution of positive and negative peaks and shepe of the overall anomsly

to the observed profile. Closer inspection

ot

he most satisfactory

s af

fit? is provided by a dyke having a depth-width ratio of 1:2. The oloseness
of the 'Fit' with observed profile 3 is indicated by Overlay No.l, and the

dimensions of the model on unscaling are contained in Uables 9 @nc 10,

§1a)

these characteristics

The computed curve for a vertical dyke havi

g ;
displays a broad similarity with the observed snomaly. ‘the relative magnitude
of the positive and negative parts of the profiles show close correspondence,
but disagreement exists on the flanks of the profiles particularly towsrds the.
north. This is seen as a more gradual decline of the computed profile to

& background level compared with the observed anomaly. The only method by

£

which an equally rapid return to background could be secured was by reducing

the thickness of the dyke to such an extent that the correspondence of observed

oo

end computed vrofiles was lost over the central part of the profile,

n

The northern flark of the observed profile is also complicated by a

rise in the anomaly which is broader and and of considerably less

amplitude than the dominant feature of the profile as can be seen in Fig 20

and



fable 2.

Profile 2.
Amplitude scale factor for the field curve is 1.061.

" i # w “  theoretical curve is 1.5171.

Horizontal scale factor for the field curve is 0.1002,

o i R f “  theoretical curve is 0.3609,

Therefore, using the relationships noted in section Eoly:

Depth to top of dyke is 60 x 0.3609 feet.

s oo

TTOUT002

= 216 feet.

Since the depth-width ratio was l:2, the width becomes,

132 feet.

001 x 1.5171
1,061

i

I

i

.00143%

119



Table 10.

ey e . o e

fmplitude scale factor for the field curve is 1.535.

K it i # ®  theoretical curve is 1.5171.

Horizontal scale factor for the field curve is 0.0618.

" i i " theoretical curve is 0.3600.

Therefore the depth to the top of the dyke is:

bl = .001 x 1.5171,
1.535

H

.OOO99k

20
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possible that this may be caused by another dyke structure at

the apparent discrepancies it

The

2 dyke structure as a result of these computbed

snd intensity of megnetisation presented in Tables 9 and 10

show fairly good agreement with the values obtained from the Bruckshaie-

Funarabnam method v is discussed in the following section.

iii.  The Bruckshaw-RKunaratnam Method.

The Bruckshaw-Kunaratnam method as described in section 6.2 used

gnetisation

Turther estimates of the depth, width, direction of

ke form for the anomsalous bodv.

and “ntensity of etisation sssuming a

peters as obtained from field profiles 2 and 3, together with

ired ratiocs are presented in Tables Nos. 11 and 12 res

:H

the values of 1 the standard curves supy

with the or: are listed in Tables 13 and 14, together with the

factors the value of z, the depth %o
$ £

the top of of t/z, the width-deoth ratio then
permits an ssbine directly obtained.

volves

nate since it

The inteng

1s uwsually indete:
the relation:
F/2Jsin 9 = lm.

where B is the angle of dip of the dyke, Mm is the value of the dominant feature

Fryede U2

on the model, ¥ iz the magnitude of the corresponding festure of the

the dyke is vertical then sin® becomes unity,

wees to:

w7 e
F/2d = ¥m.

D
oty

The value of J obtained by this method is & minimum iLMlbLDO value for the spec

L)
5

")
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Profile 2:

e 3 3 Z 3 3 - (- " G ¥ v 2 yvey oy e 3 %
From curves in figure 3 of original paper (Bruckshaw and Kunaratnam):

£

1=8 and t/7=2.3.

Depth and width,

Figure no. of set of curves Factor. D
in original paper.

L 3.1 223

9 1.5 225
10 2.75 224

The average depth to the top surface of the dyke is therefore,

214 feet,

LT Al
The value of t/z is 2.3, glving an estimate for the width of:

492 Teet,

J°= 00119 e.iu. @ = 191°
7



¥rom curves in figure 3 of original paper:

i=10 and t/7z=2.8.

Depth and width,

figure no. of set of curves Factor. Depth (Z>°
(feet)

in original paper.

b 345 358

At
LN
-
SO
W
=N
9]
=

8 0.75 277

9 1.5, 271

et
<

2.75 36l
The average depth to the top surface of the dyke is therefore,

r3
e
oD

value of t/z is 2.8, giving an estimate for the width of:
22k feet,
2

7= .00072 c.m.u. &= 189
14

W

&9

e



with a strilks direction which is magnetic saste-
fony

the intensity and

it is equivalent to the anomaly in a direction I' in the vertical

plane perpendiculer to the strike of the feature for s wodified intensity

JV. For a verbtical

a strike direction making an angle of fg

the following equations permit the calculation of Jt,

and the direction of magnetisation ¢ .

4

T'= 3(&@5 Ewwﬁ +5an°*1)

for profiles 2 and 3 are presented in Tables 13 and 1k

#
-
+

respectively. The results from the Bruckshaw-Xunaratnam method were

compr red with the estimates obtained orogranmne. A

reement exists beltween the esth: for the depth to the top of the

us body and the dirvection of magnetisation assuming a dyke structure.

The estimates of magnetisation obtained from both methods

fall. within the range sugzested by the pseudo-gravity technicue, However,

the estimates for the depth and width along the two profiles are very

variable as can be seen by comparing Tables 1% and 1L, and the values obtsined

magnetisation are low for a dyke. Thess results suggest
that the complete anomaly is unlikely to be caused by a simple dyke.

7?2 A Horizontal 8ill.

ia The 2-D MAGN. Computer Method,

3 ]

Attention is next directed to the possibility that a sill or belt of

lavas mizht cause the anomaly. To establish a g neral estimate of the
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Table 15,
R

Sy g S A

o
Direction of magnetisation ——s 75° 105 135 °

Ratio of positive to negative parts of the Anomaly.

[Rv]
.
i

Depth-thickness ratio %oy 1.18 041

o~
i
N
®
fr
N
ot
®
ot
[oe]

041

10:1 3,40 1.18 0.41

Ratio of positive to negative features of the observed anomaly was

aporoximately 1.2,




.

direction of magneti

»

ation use s made of the 2-D MAGN., computer progranme,

Profiles were computed for s horizonbal tabolar body extending to the north
with a vertical southern boundary, and directions of magnetisstion centrally
g L P4 PPN | ey o o . 1 " - | oy g hn Wal ol A L‘O LSy
positioned within each quadrant of L5, 1357, 22
thickness ratio of 1:1.

e 2., LI 0 ] P i A he B3 .2 LN . E . . (] Z iT""")
froln tnese v was found that a direction of magnetisation of 135

Y

oximately the required shape. Data for a series of

Ls of 307 comorising

- e o - ¢ s . 5 “ - S .
1357, 1057, and 757, and depth~thickness ratios of 2:1 Lil, and 10:1 were

3

now computed. The 2-D

b

4 programme was unable to handle shapes in

in the case of a horizontal sill,

end scaling was accomplished by means of a hand calculator. Because of this
» only the calculated anomalies which showed & sultable distribution

positive and negetive Ffeatures were modified in this way. The dats were also
& bl . o

presented in teble form showing the ratio of +he positive and negative parts of

the anomaly for all combinations of direction of magnetisation and depthe-

thickness ratio, thus indicating the divergence from the observed value

]

- L v ) o b o . . -0
inspection of this table shows that a direction or magnatisation of 105

acceptable maximum to minimum ratio, and that varietion of the depth-

thickness ratio hag no noticeable effect upon this aspect of the anomaly profile,

s . ; o o) -, =0
Directions of nmegnebisation of /57 and 135

557 produced maximum iniman ratics

wivich differed from the observed value by nearly 200%, and increase of +he

depth-thicknes:

10:1, which is effectively equivalent 4o raising

3

the lower surface of the sill produced only a very small improvement.



MAGNETL ANOMALY PROFILES OVER HORIZONTAL SILLS
WITH A DIRECTION OF MAGNETISATION OF [05°
& DEPTH — THICKNESS RATIOS AS INDICATED.
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A

W]
o

The scaled data for a sill with a direction of magnetisation of
1057 and different depth-thickness ratios are nresented in the form of

25,  The baat 'Fit' with the observed anomaly was

a

considered to be a sill having a depth-thickness ratio of 10:1, and this

& shown in Overlay No.2, a comparison is made with the best 'fit!

1 oy o 1

chtained for & dyk

Lght improvement is apparent. The relative

)
)
R
@
-
@
o
Frmd

megnitude of the positive and negative features again show good correspondence

a8 also does the southern flank of the profile. To the north, the gradients
rofile again decrease more rapidly than is the case for
the observed anomaly.

A

There are difficulties therefore in attempting to £it theoretical

computed pr tes for both simple &111 or dyke models to the observed anomaly,

although a sill structure appears to give a better overall correspondence,

<

The secondary rise of the anomaly to the north might then be caused by an

irregularity on the top surface of the bodv.
o Py

8 Conclusions.

If the anomaly is caused by a vertical dyke, tne depth to the top surfsce,
from the evidence of the two detailed prof?legﬁinvestig&?ed, lies between 21i feoet
and 351 fé@t, and the width between 432 féeﬁ and 924 fee%, & direction of
- 1900 is indicated by the 2-D WAGSCALE and Bruckshaw-

. e . @ O O Lo
is within the estimated range of 160°-200" as calculated

technique. The shallow depth estimate is consistent

with the magnitude of the magnetic gradients but the large difference in the

o

width of

B
oa
2]

the structure along adjacent profiles and the low

values of the intensity of magnetisation are features that make an interpretation
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improbable. The divergence of the

in terms of a simple dyke model sec
computed ancmaly for & vertical dyke from the obgserved anomaly is greater
than that for & horigontal sill or belt of 1 avas extending to the north.
The secondaery maximum is also more easily explained if the anomslous
structure is cownbtinuous in a northerly direction.

s i , . . e . . ) N .
The direction of magnetisation of 105 reguired to explain the observed

anomaly in the case of a horizontal sill or belt of lavas is not within the

i
4]
B
n

range specified by the pseudo-gravity technioque. Thi: to be expected

since a semi-infinite sbructure of this type violates the hasic assumption

of the pseudo-gravity theory. In either case, however, it would

the direction of perma etisation within the anomalous body is

gnetic field at the present day. This

different from the direction of the we

suggests that the dyke is not of Tertiarvy age since the earth's magnetic

Y

field is believed to have remsined stable from Tertiary to Recent time

(Cox and Doell, 1960). The pre-Tertiary rocks do not usually have magnetisations

to the present Iield. The Carboniferous and especlially the Permian

magnetic fields were relatively very 'steady' and were vestly different

from the present conf the field. Palseomagnetic investigations

onn the Whin 8ill of Permo-Carboniferous age has indicated that the direction

of remanent mognetisation is towards the south (Cre@r, Irving and Nairn, 1959).

clons indicate 2 simi direction of magnetisation

The pseudo~gravity caleuls
Tor the Morecambe Bay anomaly vhich may be of similsr age.

ggested thalt the Morecambe

Bay magnetic anomaly is explained better by a horizontal sill or belt of

which is extensive in a norther rly direction with a faulted southern
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boundary. The direction of total magnetisation in this case is approximately

ents indicate that the anomalous sbructure is st

P s
1057, The magnetic gra
shallow depth and a Permo-Carboniferous age is suggested by analogy wibth other

intrusive this age. The intrusion: of a sill of this age

within the area occupied by the Bast Irish Sea gravity 'low' would be consistent
with the suggested gravity interpretation in terms of & sedimentary basin in

which Permo-Triassic and Carboniferous rocks form the main tei1at,



General Conclusions.,

A high regional background gravity anomely of approximately +35 to + 4o
milligals is believed to exist over much of the North Irish Sea, Large

negative anomalies of up to 4O milligals amplitude have been discovered
superimposed upon this high regional anomaly. Uhese have been named the Hast

lrish Sea 'low' which occupies most of the eastern part of the North Irish Sea,

sh Bank 'low' which is located in the approaches to

Dublin., the shape and magnitude of these anomalies suggested interpretations
in terms of either large granite batholiths or deep sedimentary basins.
Critical gravity traverses scross the marging of the features have led to a
conclusion in favour of the latter interpretation in both areas. 'he pressnce
of several thousand feet of low density sediments of possibly Mesozoic age
were shown to be necessary in this cgse. The Dublin Bay - Kish Bank anomaly
was interpreted on the evidence of the critical gravity traverses alone.

Ihe problem created by the proximity of the Leinster granite on land and the
possibility that part of the anonely might bhe Caﬁsed by the presence of a

low density granite body beneath the sea could probably be resolved by detailed
seismic investigation,

Geclogical evidence has been used during the interpretation of the Bast
irish Sea 'low' in addition to the detailed gravity traverses. The possible
seaward extension of the Rskdale granite to give the minimum Bouguer Anomalies
in the north would seem to he invalidated by the evidence of the critical
traverses. ‘Uhe presence of at least 3,000 Feet of lqw*density sediments is
necessary to explain the observed anomaly. From the evidence of the coastal
geology in south-west Cumberland, the Lancashire coastal plain, and North

Wales 1t would seem that Permo-lriassic rocks are likely to form the main



PPILLY of the basin., The very steep gravity gradients encountered over the

marglns. of the anomalous features adjacent to. the land in certain areas may

be assoclated with faulted boundaries, and suggest a tectonic control of the
coagtline in those areas.

the data provided by the Adero-magnetie maps have been shown to be
consistent with the gravity interpretation in the North Irish Sea., Further
geophysical work in the arsa could take the form of surface ship gravity
measurenents over the deep which runs in & northe-south direction down the
western half of the Irish Sea and into the North Channel. Detalled selsmic
work in the Dublin Bay area ccould resolve the uncertainty caused by the

nearness of the Leilnster granite.

P

e
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APPENDTIX 1.




#xnlanation of the Yable,

1. Base comnections refer to the base station(s) observed at the beginning
and end of & run of gravity stations. UThe abbreviations used for the different
base station names aze as follows:

D.L. 14 - Dﬁn Laoghaire No. lf

D.L. 2 - Dun Laocghaire No. 2.

D. -~ " Douglas

He - Holyhead.

L. - Liverpool.

F. - Fleetwood.
2, Depths have been corrected to mean sea level.
3. The value of observed gravity is corrected for drifts. It is otherwise

unreduced and is related to the assumed value of 'g' at Pendulum House which is

-

ana o 2
981.2650 cms./sec.
b, Ihe Free Ailr and Bouguer anomalies have been calculated assuming the density
of sea-water to be 1.03 gus./en?, and that of the rocks underlying the sea-bed

3

to be 2.50 gms./cm?
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APPENDIX 2,




The following pages contain drawings, not to scale, of the Base Positions in

the different harbours. The values of gravity are expressed as a difference

in milligals relative to Pendulum House Cambridge.
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APPENDIX 3,




Plates 5 and 6 illustrate the internal arrangement
of the gravimeter. Uhe outer coil of the beam
displacement transducer referred to on page 39 can

be seen in the middle foreground of Plate 5,



Bt IR IR

wn
w
-
<
-
o

FRYRKRN!




" !"'4‘"1‘,?1!'»

PRPPIR -~







