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Summary 

This t h e s i s describes and analyses the r e s u l t s of surveys conducted d u r i n g 

the summer months of I963, 1964, and 1965 vtlth an underwater North iffl.erican 

gravimeter i n the I r i s h Sea, together w i t h c e r t a i n d e t a i l e d magnetic data 

obtained using a sea-borne proton nagnetometer. I n a d d i t i o n use has been 

made o f the Aero-magnetic Maps prepared by the Geological Survey i n order 

t o co-ordinate and q u a l i f y the observed g r a v i t y f i e l d . 

For the purpose of t h i s work the North I r i s h Sea has been d e f i n e d as 

t h a t area bounded i n the south by a l i n e approximately from Holyhead i n 

North ?ilales t o Dublin. A l i n e running from the Mourne Mountains t o the Calf 

of Man, and from Ramsey on the east coast of the I s l e of Man t o Fleetwood formed 

the n o r t h e r n l i m i t o f operation. The surveys were d i r e c t e d towards extending 

the g r a v i t y coverage already accomplished i n the north-east of the area. 

They provide f u r t h e r evidence r e l e v a n t t o the e v a l u a t i o n of the deep s t r u c t u r e 

of the I r i s h Sea Basin, 

The low Bouguer Anomaly values known to e x i s t i n the north-east of the 

area as a r e s u l t of an e a r l i e r marine g r a v i t y survey have been shown t o extend 

over a wide area i n the eastern p a r t of the North I r i s h . Sea. The o r i g i n a l 

i n t e r p r e t a t i o n i n terms of a deep sedimentary basin c o n t a i n i n g low density 

sediments was confirmed. A large negative anoma,ly was also discovered i n the 

Dublin Bay area and t h i s was again i n t e r p r e t e d as a l a r g e sedimentary b a s i n . 



A l i n e a r magnetic anomaly t h a t appears on the Aero-magnetic Maps i n the 

v i c i n i t y of Morecambe Bay was the subject of d e t a i l e d traverses u s i n g the 

sea-borne proton magnetometer. I t was concluded t h a t a s i l l or lavas d i p p i n g 

t o the n o r t h w i t h a d i r e c t i o n of magnetisation towards the south could best 

account f o r the observed anomaly. 



CONTENTS INDEI Page No. 

1. 

3. 

4. 

5. 

'-Si® _&e_ologloal Bnyironment. .. 

&eneral I n t r o d u c t i o n ,. 

The Pre-Ganibria.n. ,. 

2.1. Jknglesey 

2.2. Pre-Cambrian rocks elsewhere. 

The Lo'/ver Palaeozoic rooks and Caledonian f o l d i n g 

. 3.1. Southern Scotland. 

3.2. The Lake D i s t r i c t . 

3.3. North Wales. 

5.4. I r e l a n d . 

3.5. The I s l e of Man. 

Devonian .. .. 

Carboniferous 

5.1. Southern Scotland. 

5.2. The Ls.ke D i s t r i c t , 

5.3« North Wales. 

5.4-. I r e l a n d . 

5.5. The I s l e of Man. 

Permo-Trias s i c 

6.1. Southern Scotland. 

6.2. The C a r l i s l e Basin 

6,3* The Lake D i s t r i c t . 

6.4. The Lancashire Coastal P l a i n , 

6.5. North 'Wales. 

6.6. I r e l a n d , 

6.7. The I s l e of Man, 

1 

1 

1 

9 
10 



7. P o s t - T r i a s s i c .... .. 18 

8. Suraimry .... .. .. .. .. .. .. . • 19 

CHMjgM _H Previous &eophjsical 'Work. .. .. .. .. 21 

1. I n t r o d u c t i o n .. ,. 21 

2, G-ravity .. 21 

2.1. The Stranraer Basin. 

2.2. The G r i f f e l l G-ranodiorite 8: the New Hed 
Sandstone deposits near Dumfries. 

2,3' The C a r l i s l e Basin 

Z.I+' The Lake D i s t r i c t 

2.5. The Lancashire Coast and Adjacent i j ^ e a . 

2.6. North 'Wales 

i . I n t r o d u c t i o n 

i i . The I n t e r p r e t a t i o n of the Bouguer Anoimlies 
i n North 'Wales. 

2.7. The Hast Coast of I r e l a n d , 

i . I n t r o d u c t i o n . 

i i . D e s c r i p t i o n of the major Bouguer Anomalies 

2.8. The I s l e of Man. 

2.9. The North-Ssist I r i s h .Sea. 

3. Seismic .. 

4. Magnetic 
35 

36 

4.1. The Aero-magnetic Surveys. 

4.2. The Morecambe Bay Anomaly. 



GHSPTSR I I I 

« e « • 

The ferlne^ Surveys, 

G-eneral I n t r o d u c t i o n ...- ,. . . . . 

I n s t a l l a . t i o n 

2.1, The Instrument. 

2.2. Location of the Equipment on the Ship 

2.5, C a l i b r a t i o n of the Instrument. 

Marine Operation .. .. .. 

3.1, The Base Network. 

3.2. Marine S t a t i o n s 

i . I d e a l Conditions. 

i i - . D i f f i c u l t Conditions. 

Method of P o s i t i o n Location 

Reduction of the Observations 

5.1. D r i f t 

5.2. Convei'sion t o ' g', 

5.3. Bouguer and Free i d r Corrections. 

5.4. L a t i t u d e Correction. 

5.5. T i d a l G r a v i t y Corrections. 

Ei-rors 

6.].. Systematic E r r o r s , 

6,2, E'andoin E r r o r s . 

P r s s e n t a t l o n of Results 

The Magnetic Siirveys .. ., . 

8.1. Introduct;:l on. 

8.2. y i e l d OpeiM-ition. 

8.3. Reduction of Observations. 

o.k. Presentation of Results. 

38 

38 

39 

42 

45 

46 

49 

50 

51 



CHA.Rl'ER ;[Y Descrij:)1iira^ . . . . . . 53 

- 1. I n t r o d u c t i o n ,. .. .. .. •• •• •> 53 

2. The 'Hast I r i s h Sea Low' .. 54 

3. The 'Central High' .. 59 

4. The 'Peel-Ardglass Low' .. .. 60 

5. The D u l j l i n Bay-Eish Bank 'Low' .. ..... .. 61 

'l.:F?uh V J^ublin^^E^^^ .. 63 

1. I n t r o d u c t i o n .. .. .. •• 65 

2. Methods of I n t e r p r e t a t i o n .. ,. .. 65 

2.1. The Second D e r i v a t i v e Method. 

2.2, Two-Diiiiensional G-ravity Computer Prograraiiie. 

2,5» Minimum Density Contrast Technique. 

2.4. Sedimentary Basin Depth-Estimation Programme 

3. I n t e r p r e t f i t i o n .. ,. ,. .. .. ,. .. ,, ., 67 

3.1. Introdu-Ction. 

i . Descripti.on of the Anomaly. 

x i . The Problem of O r i g i n . 

i i i . The Background An.omaly. 

i v . The Densities of the Rocks of the 
Coastal Region. 

5.2. The Second D e r i v a t i v e P r o f i l e s . 

3.3. The Evidence of the G-ravity Gradients. 

3.4. The i m p l i c a t i o n s of the minimum den s i t y r e s u l t s , 

3.5. Sumi!i.a.r-y of t}).e evidence. 

5.6. D e t a i l e d I n t e r p r e t a t i o n i n terms of a 
Sedimentary Basin. 



I n t e rp r e t at i o n (c ont inue d) 

i . Depth Estimation. 

i i . The e f f e c t of ambiguity i n the p o s i t i o n 
of the Regional Anomaly. 

i i i . The e f f e c t of a t h i c k I c i y e r of C l a c i a l 
Grravel. 

i v . The character of the Northern Boundary. 

Conclusion .. .. ,. .. 82 

OMPi'BR Yl The 'East I r i s h Sea Low*. 83 

1. I n t r o d u c t i o n .. .. .. .... .. 83 

2. Methods of I n t e r p r e i t a t i o n .. « 84 

3. Intei-pret8,tion , 84 

5,1. I n t r o d u c t i o n . 

i . D e s c r i p t i o n of the Anomaly. 

i i . The Background Anomaly. 

i i i . The e x i s t i n g i n t e r p r e t a t i o n and the 
problem of the Eskdale Granite. 

i v . The Hock D e n s i t i e s . 

3^2. The c o n f i r m a t o i y evidence f o r the e x i s t i n g 

i n t e r p r e t a t i o n •. .. • • ,. 89 

i . The Second-Dex'ivative P r o f i l e s . 

i i . The Minimiiro. Density r e s u l t s . 

i i i . The Gra,vity G-radients. 

XV. Seismic Evidence. 

V. The G-eological C o r r e l a t i o n s . 

v i . Summary of the evidence. 



3-3. The Q u a n t i t a t i v e I n t e r p r e t a t i o n .. .. 9/ 

pth S s t i i i ' a t i o n . 

i i . The e f f e c t of uncerta-inty i n the 
p o s i t i o n of the r e g i o n a l anom.aly. 

i i i . The character of the boundary. 

i v . The s i g n i f i c a n c e of P r o f i l e DD'''. 

4. Conclusions ,. .. .. 101 

CMP^^ V I I Major features of the Aero-:magn_8tic BSaj>s .. 102 

1. I n t r o d u c t i o n .. .. „ 102 

2. The Magnetic Anomalies ,, ., « .. 102 

3. Conclusions .. ,, .... 106 

CHAPTER Y I I I The Moreoambe Bay Magnetic Anomaly. .... .. 107 

r e » . 

• • » « 

Methods o f 'Interpi^etation ., 

6.1. The Pseudo~gr3,vity method. 

6.2. The Bruckshaw and ivunaratnam Method. 

6.3. 2~D MGN Computer Programme. 

6.4. 2-D MAS-SCALE Computer Programme. 

107 1. I n t r o d u c t i o n • .. , 

2. The Survey .. .. 107 

3. Reduction of O'bservations .. .. .. .... .. 108 

3.1. Regional Coi-rections^ 

3.2. D a i l y 'Variation Corrections. 

4. EiTors 109 
D e s c r i p t i o n of ,, .... ,, IO9 
the Anomaly. 

110 



7. I n t e r p r e t a t i o n . .. .. .. .. 115 

7.1. I n t r o d u c t i o n . 

i . D i r e c t i o n of Magnetisation, 

il. The 2-D MAGSCILE Computer Method, 

i i i . The Brucksh&iw-Kunairatnam. Method. 

7.2. A H o r i z o n t a l S i l l . 

i. The 2-D MAGN'. Computer Method. 

8. Conclusions .. .. , .. 129 

Cenerul Conclusions. ., .. .. .. 132 

l̂ )£endi2c__Gont e nt s.̂  

Appendix 1. The G r a v i t y Data. 

,/topend.ix 2. The Base Stations Data. 

Appendix 3- Photographs of the i n t e r n a l s t r u c t u r e of the gravimeter. 



INDEX _̂ gB4.IMTl!g 

Plate I »• -' •• • Inside r e a r cover. 

Plate 2 .. , Following page 107. 

Plate 3 .. " 102. 

Plate 4 .. " " 39 

Plate 5 .. .. .. .. .. .. • Appendix 3 

Plate 6 .. .. .. ., .. .. =' 



Chapter 1. 

The Geological Environment. 

1• General I n t r o d u c t i o n . 

This chapter contains a summary of the g e o l o g i c a l s e t t i n g of the area 

under i n v e s t i g a t i o n . The major s t i ' a t i g r a p h i c a l d i v i s i o n s are systemiatically 

described according t o the separate regions i n which they occur. The rocks 

surrounding the North I r i s h Sea can be d i v i d e d i n t o f o u r main s t r a t i g r a - p h i c a l 

u n i t s , namely the Pre-Cambrian, Lower Palaeozoic, Carboniferous, a.nd Permo-

T r i a s s i c . These u n i t s are normally separated by major unconformities. 

The d i s t r i b u t i o n of the Pre-Cambrian and Lover Palaeozoic rocks is of 

importance i n connection w i t h i n t e r p r e t a t i o n of the magnetic data. Lovrer 

Palaeozoic s t r a t a form the s t r u c t u r a l framework of the area and a knowledge 

of t h e i i ' composition ajid d i s t r i b u t i o n i s necessary f o r a n a l y s i s of the 

g r a v i t y f i e l d . Carbonifex-ous and Permo-Triassic sediments occur i n sediment­

ary basins i n s e v e r a l w i d e l y separated l o c a l i t i e s b o r d e r i n g the marine area. 

A s i m p l i f i e d g e o l o g i c a l map i s presented i n conjunction w i t h the Bouguer 

Anomaly map ( P l a t e l ) . The names of the m a j o r i t y of the l o c a l i t i e s r e f e r r e d 

t o i n the t e x t of t h i s chapter are also included on t h i s map which, i s contained 

i n s i d e the back cover. 

2. The Pre-Cambrian. 

2.1 MSiSSSI.-
The o l d e s t rocks exposed on land adjacent t o the North I r i s h Sea are of 

Pre-Gambrian age. A great development of these rocks forms the Mona Complex 

of ilnglesey, which comprises one or moi*e s e r i e s of h i g h l y a l t e r e d rocks. 

20 OCT!%t' 



G-reenly (1919) d i s t i n g u i s h e d three major s u b d i v i s i o n s , the G-neisses, the 

Bedded Series, and the Coedana G-ranite which he considered t o ha,ve formed 

successively5 w i t h the G-neiss c o n s t i t u t i n g the basal group. 

Fur'ther work (Shackleton, 195 2) has suggested t h a t G-reenly's view of the 

age r e l a t i o n s h i p i s i n c o r r e c t and t h a t the G-neisses are the h i g h l y a l t e r e d 

equivalent of the Bedded Series. I n a development of about 20^000 f e e t the 

Bedded Series contains t y p i c a l geosynclinal sediments i n c l u d i n g g r i t s , grey-

wackes, conglomerates, shales and muds. The apparent dimensions of t h i s 

c r u s t a l doymwe.rp are Gompax'a'ble ?fith those of the l a t e i ' Lower Palaeozoic 

geosyncline. 

The f o l d s affect.'i..ng the rocks of the Mona Com.plex t r e n d approximately 

north-east, south-west (Shackleton 1952). The s t y l e of t e c t o n i c s i s s t i l l 

u n c e r t a i n . The Coedana G-ranite was probably i n t r u d e d towards the end of 

the l a r g e scale f o l d i n g . The long axis, of t h i s g r a n i t e i s a l i g n e d i n a n o r t h ­

east t o south-west d i r e c t i o n simAlar t o the s t r u c t u r e J ti*end of the sti'ata over 

a wide area i n .Jknglesey, 

2.2. Pre-Gam-brian rocks elsewhere. 

The other rocks of possible Pre-Carabrian age immediately b o r d e r i n g the 

North I r i s h Sea are found i n I r e l a n d vAiere the Bray Series o f widely accepted 

Cambrian age has oc c a s i o n a l l y been assigned t o the Pre-Cambrian. The Bray 

Series i s described i n s e c t i o n 3.4. 

3. Lower Palaeozoic rocks and Caledonian f o l d i n g . 

3.1 Southern Scotland. 

Southern Scotland c o n s t i t u t e s the most n o r t h e r l y area adjacent t o the 

I r i s h Sea i n which Lovver Palaeozoic s t r a t a are present. This region i s bounded 
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t o the n o r t h by the f a u l t e d southern margin of the Midland V a l l e y and t o 

the south by the Solway F i r t h and the Cheviot H i l l s . Between these boundaries 

the upland r e g i o n extends almost continuously from the North Sea t o the North 

Channel. For t h e purpose of t h i s chapter i t i s only t h a t p a r t l y i n g t o the 

n o r t h o f the Solway f i r t h and westward t o the M u l l of G-alloway t h a t i s of 

i n t e r e s t . 

Most of t h i s area i s occupied by h i g h l y f o l d e d Ordovician and S i l u r i a n 

rocks, mainly of marine o r i g i n ( P r i n g l e , 1935). Although some t e c t o n i c movement 

occurred a t the close of the .Arenig, the major f o l d i n g took place at the end 

of S i l u r i a n time Tfhen t h e r e g i o n s u f f e r e d intense l a t e r a l pressure vfhich f o l d e d 

the rocks ' i n a north-east t o south-?/est (Caledonian) d i r e c t i o n throughout 

the area. As a r e s u l t of t h i s f o l d i n g and associated f a u l t i n g the rocks of 

the Southern Uplands form, three d i s t i n c t i v e b e l t s , comprising a nort h e r n b e l t 

of h i g h l y fololed Areni.g, G l e n k i l n , and H a r t f e l l rocks, a broad c e n t r a l area 

composed mainly of s i m i l a r l y f o l d e d Ll)5,ndovery greywackes and shales, and a 

southern b e l t i n which i s o c l i n a l l y folded. Wenlook rocks occur. 

3«2 The Lake D i s t r i c t . 

Lower Palaeozoic rocks form most of the Lake D i s t r i c t where s t r a t a 

ranging from the Upper Cambrian t o t h e I4)per S i l u r i a n are present. The base 

of the succession i s made up of the Skiddaw Slates of Upper Cambrian and Lower 

Ordovician age comprising 6,500 f e e t of s l a t e s , shales, and inudstones ( M i t c h e l l , 

1956). The geneival tendency i s f o r younger rocks t o outci-op s t e a d i l y southwards 

vlth the Skiddaw Slates o v e r l a i n by a thickness i n excess of 10,000 f e e t 

c o n s i s t i n g mainly of a n d e s i t i c lavas and p y r o c l a s t i c s known as the Borrowdale 

Yolca.nic Series. The succession i s continued by a t h i n Upper Ordovician and 



Lower S i l u r i a n group of sediments f o l l o w e d by approximately 13,000 f e e t of 

Middle and Upper S i l u r i a n shales and greywack.es. 

The main s t r u c t u r a l f e a t u r e s o f the Lake D i s t r i c t rocks were established 

d u r i n g the subsequent Caledonian movements which appear t o have i n i t i a t e d 

intense pressures d i r e c t e d a,long south-sout'h-east and north-north-west l i n e s . 

The s t r i k e impressed upon the rocks i s arcuate, changing from south-west i n the 

south-west of the r e g i o n t o east-west and f i n a l l y t o south-east.in the south­

east of the Lake D i s t r i c t . A broad a n t i c l i n a l s t r u c t u r e was developed through 

Skiddaw and a complementary s y n c l i n e through S o a f e l l , Numerous minor f o l d s 

w i t h s i m i l a r trends accompany these major s t r u c t u r e s . 

3.3 iiS£iiLJsl£§.* 
Continuing f u r t h e r south, the Lancashire coastal p l a i n i s composed 

e n t i r e l y of 'Mesozoic rocks and i t i s i n North Wales t h a t t.he next extensive 

outcrop of Lower Palaeozoic rocks occurs along the margin of the I r i s h Sea, 

Rocks of Cam.brian age form an e l l i p t i c a l l y - s h a p e d outcrop running p a r a l l e l w i t h 

the Menai S t r a i t s separating Anglesey from the Mainland, and a t a distance 

of about three miles from t h a t passage. The oldest rooks are represented 

by coarse basal conglomerates-resting w i t h great unconformity upon Pre-

Cambrian s t r a t a (Smith and N e v i l l e George, 1935). The succession consists of 

a series 01' f i n e g r i t s , mudstones and shales. The rocks of the Cambrian 

systejii s u f f e r e d minor e a r t h ,move.rjients which f o l d e d them i n t o gentle synclines 

and a n t i c l i n e s before the succeeding Ordovician sediments were l a i d down. 

Outcrops of Ordovician rocks occupy l a r g e areas i n North Wales. The 

outcrops c l o s e s t t o the I r i s h Sea occur i n the coastal s e c t i o n s t r e t c h i n g 

from the base of the Great Ormes' Head t o the entrance of the Menai S t r a i t s , 
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and i n p a r t s of .ilnglesej/ i t s e l f . I n .Ajiglesey l a r g e o u t l i e r s of Ordovician 

rock r e s t on Pre-Cambrian s t r a t a . Mocks of S i l u r i a n age cover very large 

areas i n North Wales. I n the n o r t h e r n p a r t , b o r d e r i n g the I r i s h Sea, they 

are t o be found over most of the Denbighshire moors and i n the Clwydian Range*. 

The s t r a t a d i s p l a y considerable l a / t e r a l v a r i a t i o n w i t h arenaceous arid 

conglomeratic material, forming the unconformable base o f the system i n the 

eastern p a r t of the area. I n the south~west and west, f i n e grained sediments 

pass without break from the Ordovician i n t o the Lower S i l u r i a n . 

The Lower Palaeozoic p e r i o d was terminated as elsewhere by the e a r t h 

movements of the Caledonian Orogeny. The i-esult of these m.ovements -was t o 

f o l d the I'ocks about a north-east t o south-west a x i s . This was a,ccorapa,nied 

by f a u l t i n g and t h r u s t i n g , the Carmel Head Thrust i n Anglesey which causes 

rocks of the Mona Complex t o overide Ordovician sediments p r o v i d i n g a notable 

exaraple (Greenly, 1919). 

3.4 l£.6,l%nd. 

From the d e t a i l e d work conducted over many years i t has become apparent 

t h a t , g e o l o g i c a l l y , I r e l a n d forms a n a t u r a l western c o n t i n u a t i o n of Great 

B r i t a i n ( Q i a r l e s w o r t h , I963). I t has been suggested t h a t some of the 

g e o l o g i c a l problems oc c u r r i n g i n England m.ay be solved as a r e s u l t of study 

of s t r u c t u r e s i n I r e l a n d , and a t t e n t i o n has f r e q u e n t l y been drawn t o the 

apparent c o n t i n u i t y of s t r u c t u r a l l i n e s and f e a t u r e s which can be trac e d across 

the I r i s h Sea Depression. I n the n o r t h of I r e l a n d the Caledonoid t r e n d of the 

s t r u c t u r e s has been l i n k e d w i t h s i m i l a r occurrences i n Scotland, i n p a r t i c u l a r 

the Boundary F a u l t s of the >'.Q.dland V a l l e y , while f u r t h e r south a s i m i l a r 

s t r u c t u r a l exercise has p r o j e c t e d the dominant s t r i k e l i n e s of the Lower 



Palaeozoic rocks of the Lake D i s t r i c t i n t o the arec?.s north, and west of Dublin. 

The framework of the country i s l a r g e l y composed of Lower Palaeozoic 

rocks forming the e x i s t i n g h i g h ground v;ith a wide p l a i n occupying the 

i n t e r i o r which i s underlain by Carboniferous material, predominantly 

limestone. The rocks bordering the I r i s h Sea which are widely accepted 

as being of Cambrian age are known as the Bray Series and outcrop i n three 

separate areas, namely the H i l l of Howth on the n o r t h side of Dublin Bay, the 

Bray and Greystones area i t s e l f , and a long s t r i p s t r e t c h i n g south-westv/ards 

from Cahore Po i n t t o the south coast of County Wexford which i s outside the 

rel e v a n t area. The second two occurrences form the Bray j i n t i c l i n o r i u m i n the 

north and the Cahore i k n t i c l i n o r i u m i n the south, separated by the Arklow 

Sjmclinorium made up almost e n t i r e l y of Oi'dovician s t r a t a , A dominant 

d i r e c t i o n of f o l d i n g w i t h a Galedonoid t.rend e x i s t s i n t h i s south-eastern 

p a r t of I r e l a n d w i t h the elongate outcrop of the L e i n s t e r G-ranite extending 

south-so\ith-west from near Dubl i n , f l a n k e d on b o t h sides by the Lower 

Palaeozoic sediments and associated igneous rocks t o form a great Caledonian 

i n t i c l i n e (Smyth et a l . , 1939)• The Gafflb.rian succession i s made up of hard 

purple {ind green greywackes, h i g i i l y cleaved and crushed s l a t e s , massive 

q u a r t z i t e s , together with conglomerates or breccias of l o c a l rooks. The 

t o t a l thickness i s aj)parently several thousand f e e t (Charlesiforth, I963). At 

Ilovfth the rocks c o n s i s t of massive q u a r t z i t e s and greywackes iivith breccias 

and well-cleaved green and va r i e g a t e d slates f/hich are i n t e n s e l y f o l d e d and 

crushed. The c l o s e l y spaced a n t i c l i n e s and synclines plunge steeply east and 

were l a t e r affected by l o n g i t u d i n a l and transverse f a u l t s . S i m i l a r rocks, 

equally d i s t o r t e d , outcrop i n I r e l a n d ' s S]ye approximately two miles t o the 

n o r t h of Howth. 



The Ordovician i-ocks which l i e near t o the east coast occur i n L e i n s t e r 

and i n i n l i e r s i n the Central P l a i n . I n L e i n s t e r , 8,s mentioned above, the 

Ordovician rocks d i s p l a y a Caledonoid t r e n d where they f l a n k both sides of the 

L e i n s t e r granite which reaches the coast i n the v i c i n i t y of Dun Laoghaire. I n 

general, the Oi-dovician consists of s l a t e s with thin f i n e - g r a i n e d greywackes 

with i n t e r s p e r s e d v o l c a n i c and hypabyssal rocks. To the east of the L e i n s t e r 

Granite at the south-western margin of the Bray Anticlinorium the s t r a t a consists 

of a l t e r n a t i n g sandstones and s i l t s t o n e s with s l a t e s making up a thickness of 

1,500 f e e t ( I ' r e m l e t t , 1959). North of Dublin, Ordovician rocks outcrop i n 

Portrane v/here they consist of a v o l c a n i c s u i t e w i t h i n t e r c a l a t e d shales, 

unconforciably o v e r l a i n by bedded limestones followed by a crush conglomerate 

at the contact with the succeeding greywackes of estimated S i l u r i a n age. 

I n Lambay I s l a n d the limestones and shales were deposited around a centre of 

vulcanism w i t h which they are probably f o r the most p a r t contemporaneous. 

Fragmentaiy igneous rocks and d i s t u r b e d sediments accumulated t o form massive 

conglomerates ?Thich became covered by calcareous mud. The accompanying t u f f s 

are succeeded by bro?m s l a t e s and smdesitic lavas, f o l l o w e d by a lim.estone 

co n t a i n i n g a simila.r fauna t o t h a t found i n Portrane. This i s fo l l o v f e d by a 

conglomerate and s l a t e s w i t h impure lira.estone. 

The main S i l u r i a n outcrop occurs i n a large t r i a n g u l a r area bo r d e r i n g 

the east coast from near Droghedsi northwards t o the Holywood H i l l s south of 

B e l f a s t . V/est-wards the outcrop narrows t o an apex near the River Shannon. 

W i t h i n t h i s large area occur more recent gr a n i t e s and a series of small i n l i e r s 

of Ordovician age l y i n g i n a Caledonian o r i e n t a t i o n . The rocks include grey and 

green greywackes, g r i t s , f l a g s , s i l t s t o n e s , a few coarse quartz conglomerates, 

and .some t h i c k g r a p t o l i t i c mudstones. 
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Minor t e c t o n i c movements occurred throughout the Lower Palaeozoic 

i n I r e l a n d but these were merely the forerunners of the Caledonian Orogeny 

which f o l d e d the Lower Palaeozoic rocks and caused the Caledonian t r e n d t o 

be i n d e l i b l y impressed upon the geology. This can be seen i n the boundaries 

of the Ordovician and S i l u r i a n rocks together with those of the Leinster and 

Newry g r a n i t e s . The L e i n s t e r G-ranite was intruded following the main 

Caledonian Orogeny i n t h i s area and i s about 70 miles i n l e n g t h , w i t h a 

maxiiiuim width of approximately 1 2 miles at outcpop (Smyth et a l . , 1 9 3 9 ) . 

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

f e e t above sea- l e v e l . The age has been given as Devonian and although the-

contact w i t h the Carboniferous a t the n o r t h e r n end i s not exposed, the f l o w form 

ha,s been taken t o i n d i c a t e t h a t the g r a n i t e ends a short distance n o r t h of 

the e x i s t i n g outcrops and a faulted margin has been suggested for t h i s contact 

(Cole, I 9 2 I 1 Turner, 1950| Charlesworth, I963). 

3.5 SMJjsii.,^.^'' 
The Manx. Slate Series (Lamplugh I9O5) which form&the c e n t r a l massif of 

the i s l a n d has been d i v i d e d i n t o eleven formations having a c o l l e c t i v e 

thickness of about 25,000 f e e t (Simpson, I 9 6 5 ) . The succession i s a complex 

sequence of s l a t e s , f l a g s , and greyvfackes which d i s p l a y many s i m i l a r i t i e s w i t h 

much of the Lower Paj.aeoaoic s t r a t a on the m.ainland. A Cambrian t o Ordovician 

age has been suggested f o r the s e r i e s and the I s l a n d thus formed part of the 

Caledonian orQge.nic b e l t s u f f e r i n g m.ultiple deformation during a long t e c t o n i c 

h i s t o r y . The major structur-e t h a t a f f e c t s the whole I s l a n d i s the acute 

Caledonoid I s l e of Man syncline which was formed d u r i n g the i n i t i a l stages of the 

e a r t h movements. 
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There are only a few i n s i g n i f i c a n t outcrops of Old Red Sandstone sediments 

i n the area adjacent t o the North I r i s h Sea. I n Southern Scotland, eastwards 

from the C r i f f e l l r e g i o n , the S i l u r i a n and Lower Carboniferous s t r a t a are occasionally 

separated by t h i n Upper Old Red Sandstone deposits (Pringle, 1935). No rocks 

of Old Red Sandstone age are pi'esent on the I s l e of Man or i n North-west 

England a,part from, the p o s s i b i l i t y of certa,in dubious conglomer8.tes i n the L,alce 

D i s t r i c t . I n indi c a t i o n of t h e tremendous erosion which occurred d u r i n g Devonian 

times i s seen i n the f a c t t h a t Upper Palaeozoic rocks i n the Lake D i s t r i c t r e s t 

on a l l m.embers of the Lower Palaeozoic from the Upper Ludlow |b the Skiddaw 

Slates. 

Sediments of Devonian age occur as a sma,ll outcrop on the north-east 

coast of Anglesey and include u n f o s s i l i f e r o u s conglomerates, purple and red 

sandstones, a feTv calcareous cornstones, and wind blown dust (Smith and N e v i l l e 

George, 1935)• Deposition ¥/as not continuous howevex*, since the o v e r l y i n g 

Carboniferous s t r a t a r e s t w i t h marked unconformity upon the Old Red Sandstone. 

I n I r e l a n d rocks of t h i s age are almost completely absent from the 

east coast w i t h the exception of a small outcrop i n the middle of the Swords 

A n t i c l i n e approxima,tely s i x miles n o r t h of Dublin (Charlesworth, 1963). 

A very important f e a t u r e of Old Red Sandstone times was the p o s t - t e c t o n i o 

emplacement of numerous large i n t r u s i o n s . I n Southern Scotland these form the 

G j r - i f f e l l , Cairnsmore of F l e e t , and Loch Dee g r a n i t e masses. The f i r s t two cut 

through S i l u r i a n s t r a t a , while the Loch Dee mass i s i n t r u d e d i n t o Ordovician 

rocks ( P r i n g l e , 1955). The G r i f f e l l mass r i s e s a b r u p t l y from the Solway F i r t h 

t o form an elevated area with the longer axis running i n a north-east to south-



west d i r e c t i o n , c o i n c i d i n g w i t h the s t r i k e of the S i l u r i a n rocks. Radiometric 

age determinations'of the major i n t r u s i o n s of the Lake D i s t r i c t i n c l u d i n g 

the Shap, Eskdale, and Skiddaw gi^anites together vcLth the Ennerdale granophyre 

i n d i c a t e d a Devonian age (BroTrm, M i l l e r and Soper, 196k) and suggested t h a t 

t h e i r emplacement f o l l o w e d the main phase of the Ca.ledonian orogeny. The 

L e i n s t e r g r a n i t e i n Southern I r e l a n d was discussed i n section 3.4. Further 

examples are found on the I s l e of Man wi'ie:re the Foxdale g r a n i t e and the 

Dhoan grcinodiox'ite ¥;ere i n t r u d e d d u r i n g t h i s time. 

3.1 §,oHilL^^_§.22j.iSS^' 

Because of the Caledonian eai'th movements Cai'boniferous I'ocks 

f r e q u e n t l y o v e r l i e the Lower Palaeozoic s t r a t a w i t h major unconformity. I n 

t.he north-east of t h i s area as earliex* d e f i n ed i n s e c t i o n 3.1} rocks of the 

Lo7v'er Limestone G-roup o v e r l i e members of the Calciferous Sandstone Series, 

while t o the south and south-west of the C r i f f e l l & r a n o d i o r i t e s t r a t a of the 

Galciferous Sandstone Series form a discontinuous outcrop along the n o r t h 

coast of the Solway P i r t h . 

Socks of Lower Carboniferous age f l a n k the Lake D i s t r i c t except i n the 

south-yrest. The succession which borders the Cumberland c o a l f i e l d i s d i v i d e d 

i n t o a lower p a r t made up of 780 f e e t of dominantly lim.estone m a t e r i a l 

f o l l o w e d by an upper p a r t c o n s i s t i n g of 100 t o 1,600 f e e t of shales and 

sandstones w i t h sub-ordinate limestones (Eastwood, 1930; Eastwood et a l . , 1931). 

This outcrop of Ga,rboniferous limestone i s succeeded by a narrow s t r i p of 

M i l l s t o n e G-rit a.nd forms a border t o the c o a l f i e l d beneath -which both 

formations d i p ge,nerall3A seawards. 
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The Goal Measures, c o n s i s t i n g mainly of estuarine sandstones, mudstones, 

shales, and, clears w i t h coal seams a,nd clay-ironstones are made up of two 

groups, the Lower Productive Measures, which may a t t a i n a thickness of about 

1,000 f e e t , and the Upper 'Whitehs-ven Sandstone Series which i s a reddish colour 

and almost devoid of coal seams and has a minimum thickness of 700 f e e t . The 

t'wo groups are separated by an unconformity. 

To the south i n Fiirness and South Cumberland, the Lower Carboniferous 

succession c o n s i s t s of basement beds a fev hundred, f e e t t h i c k , follo?fed by 

about 2,000 f e e t of limestone and 1,4-00 f e e t of Yoredale f a c i e s comprising the 

^'leaston G-roup. I n t h i s area the Carboniferous appears t o have been t i l t e d i n a 

sout h e r l y d i r e c t i o n (Dunham and Rose, 1949). 

5.3 S9Eth_Jaaes. 

As a r e s u l t of the Caledonian e a r t h movements, a marked unconformity 

separates rocks of the Carboniferous system from those of t h e Lower Palaeozoic 

i n Nox*th Wales, (Smith and N e v i l l e G-eorge, 1955). The main outcrops of 

Lower Carboniferous s t r a t a occur i n two approximately p a r a l l e l arcs, running 

i n t h e f i r s t case from t h e &reat Onne south-eastwards along the western side of 

the Vale o f Clfiyd, and i n the seconiL from Presta,t3m along the easter-n f l a n k 

of the Clwydian Range to Llandegla. Here the limestone reaches i t s greatest 

development i n North Wales attaining a thickness of n e a r l y 3,000 f e e t , while 

to the n o r t h around Prestatyn the f o r m a t i o n i s much t h i n n e r and composed i n 

generad. of purei- limestone. I n the m,os t n o r t h e r n mainland exposure of the 

G-reat Orme, the sequence appeajKS similar to the main outcrop i n the east, although 

a" p e c u l i a r i t y i s present i n the form of a s e r i e s of dolomitic beds at the base. 

To the west i n itoglesey the Carboniferous Limestone unconformably o v e r l i e s the 
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Old Red Sandstone, overstepping t h i s t o r e s t on Loxfer Palaeozoics and 

rocks of the Mona Com,plex. 

I n North l a l e s the 'M i l l s t o n e G r i t ' outcrops e x t e n s i v e l y only i n i ' l i n t s h i r e 

and Denbighshire -where i t extends from Prestatyn t o Oswestry, a distance of 

over thir-'oy miles. A marked l i t h o l o g i c a l change occurs i n t h i s f ormation from 

n o r t h t o south passing from predominantly shale t o sandstone i n t h i s d i r e c t i o n . 

Goa,l Measures are found from, the Point of A i r south?/ards t o near Oswesti-'y, the 

generally e a s t e r l y d i p causing the s t r a t a to disappear beneath the New Red 

Sandstone of the Cheshire P l a i n , I n F l i n t s h i r e the Productive Measures a t t a i n 

a raaximmn thickness of n e a r l y 2,000 f e e t which includes eighteen vrorkable 

coalseaffi,s. The succession i s made up of shales and cla,y3 w i t h coal seamis, 

together w i t h an occasional i m p e r s i s t e n t coarse sandstone. The Upper Coal 

Measures, t r a c a b l e from nea'r I ' l i n t southwards to Oswestry d i f f e r from, the 

Productive Meas'ures i n being without workable coal seams, and i n the character 

of the shales and sandstones which tend t o be predominantly red i n colour. 

I n Anglesey the Coal Measures contain a s i m i l a r development of red s t r a t a 

700 f e e t t h i c k , o v e r l y i n g about 1,000 f e e t of Productive Measui'es vfhich have 

been mined f o r coal although they do not outcrop, being concealed beneath a 

considerable thickness of alluvium and g l a c i a l d r i f t . 

5.4 I r e l a n d . 

The Carbonifei'ous system, occupies a s p e c i a l p o s i t i o n i n the geolo'iy of 

I r e l a n d since rocks of t h i s age u n d e r l i e approximately t w o - t h i r d s of the country 

(Charlesworth, I963). Carboniferous rocks o-utcrop along the east coast from 

Dublin, ^fhore they are i n contact w i t h the L e i n s t e r G-ranite, northwards t o 

Skerries where S i l u r i a n s t r a t a appear. Carboniferous rocks are again encountered 
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i n the r e g i o n of Drogiieda, n o r t h of which the S i l u r i a n outcrop together 

with i n t r u s i v e g ranites are predominant. I'he maximum thickness i s not known 

but a d e t a i l e d study of the Lower Carboniferous succession between Hush and 

Skerries on the coast j u s t n o r t h of Dublin y i e l d e d a thickness of 2,000 f e e t 

(Matley and Vaughan, 1906-1909). 

The Central P l a i n covering the i n t e r i o r of I r e l a n d was com^pletely 

submerged d u r i n g Cai-bonif erous times and covered by a t h i c k deposit of 

limestones, Coal Measures, and Mesozoie s t r a t a . Subsequently, severe erosion 

removed the Mesozoic cover and most of the Coal Measures, so t h a t Carboniferous 

Limestone now forms the most c h a r a c t e r i s t i c rock exposed. 

5.5 The I s l e of Man. 

St r a t a o f Carboniferous age occupy small and i s o l a t e d outcrops on the 

I s l e of Man where they l i e unconf ormably on the Manjc Sla.tes. I n the south 

near Gastletovm a t h i n basal conglom.erate i s succeeded by the C a s t l e t o m 

Limestone a,pproxim.3,tely 350 f e e t t h i c k , and t h i s i s o v e r l a i n by a t h i n 

basic lava (Lamplugh, 1903). 

The Peel Sandstone xfhich. occurs near the to?m of t h a t name on the west 

•coast, includes red and mottled sandstones and t h i n impure limestones, and i s 

though.t t o be of Lower Carboniferous age. These s t r a t a are fauJ.ted against the 

Manx Slates and have a predominantly west-north-west d i p . 

I n the n o r t h of the I s l e of Man, borings through the d r i f t and Perrao-

T r i a s s i c deposits I'evealed the presence of a Lower Carboniferous succession 

made up of about 800 feet of Basement Group together with Lower and Middle 

Limestone Groups vfhich sho?/ed s i m i l a r i t i e s w i t h the l e s t Guro.berland succession, 

f o l l o w e d by approximately 700 feet of m a t e r i a l similar to the Upper Limestone 



&roup of North-East Cumberland (Smith, 1927). The Carboniferous rocks overlie 

the Manx; Slates with strong unconformity. They appear to be more di s t u r b e d 

than i n the south but d i p generally northwards. 

Permp-Ti'ias s i c . 

6.1 Southerly ̂ Scotland. 

The main outcrops of Permo-Triassic rocks i n Southern Scotland occur i n 

Nithsdale and. Annandale where they c o n s i s t of red sa.ndstones w i t h rounded 

grains and interbedded breccias s i m i l a r i n l i t h o l o g y t o the P e n r i t h Sandstone 

( P r i n g l e , 1935). Near Stranraer an area of s i m i l a r sandstones with interbedded 

breccias occurs. G r a v i t y surveys i n the Dumfries area ( B o t t and Masson-Smith,1960) 

and over the Stranraer r e g i o n (Mansfield and Kennett, I963) have y i e l d e d esti,mates 

f o r the thicknesses of a t l e a s t 3jOOO f e e t . 

6.2 Thg.,,.Qjarlisle Basin, 

The C a r l i s l e Basin conta,ining Perm.o-Triassic st'i'sta, i s s i t u a t e d a t the 

head of the Solway F i r t h between the Palaeozoic rocks of the Lake D i s t r i c t , the 

Pennine8, and the Southern Uplands. The basin disappears beneath the sea i n 

a south-westerly d i r e c t i o n (Dixcn et a l . , 1926). 

The oldest rocks exposed at the surface belong to the St. Bees Shales. 

These pass upwards i n t o the St. Bees Sandstone Tfhich i s a t h i c k group of fine 

red sandstone w i t h interbedded shale. The St. Bees Sandstone passes v e r t i c a l l y 

and l a t e r a l l y into the . K i r k l i n t o u Sandstone which may be coarse-grained and 

without interbedded shale. The Stanwix Shales c o n t a i n i n g gypsum conformably 

overlie the K a r k l i n t o n Sandstone. The general sequence of Permo-Triassic rocks 

i n the Cumberland and Westmorland region i s as follows: 

Stanwix Shales - about 950 f e e t 

K i r k l i n t o n and St. Bees Sandstones - 2,000 f e e t 
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St, Bees Shales - 300 f e e t 

Magnesian Limestone - 0 - 1 0 f e e t . 

H i l t o n Plant Beds - p o s s i b l y 150 f e e t 

P e n r i t h Sandstone and BrockJiam - possibly 1,500 feat. 

Much of the area between the western part of the Lake D i s t r i c t and the 

I r i s h Sea l i e s below the 500 feet contour and i s composed of New Red Sandstone 

s t r a t a l a r g e l y concealed by g l a c i a l d r i f t (Trotter et a l . , 1937). A general 

sequence for the New Red Sandstone rocks i n the West Cumberland and Furness 

area may be summarised as f o l l o w s : 

Keuper: Marls w i t h Rock Sa l t and Gypsum - about 600 f e e t . 

Bunter: K i r k l i n t o n type sandstone. |_ Proved i n boreholes up t o 3,200 f e e t , • 

St. Bees Sandstone. 

Permian: St. Bees Shale. 

Magnesian Limestone up t o 500 feet. 

Brockram. 

The lower p a r t of the formation•consists of a basal brecc i a up t o 400 f e e t 

thick succeeded by the St. Bees Shales, and the St. Bees Sandstone which i s over 

5,000 feet t h i c k . In the Whitehaven area the St. Bees Shales range i n thickness 

from 100 f e e t t o 375 f e e t and contain t h i c k beds of gypsum and a n h y d r i t e . 

The succeeding St. Bees Sandstone i s usually a d u l l red sandstone of medium 

g r a i n . The considerable thickness of the sandstone has beon proved by borings. 

A boring at Seascale penetrated St. Bees and Kirklinton sandstones to a depth 

of 5,200 f e e t without i-eaching the base (Gregory, I915). Further south, near 

Bootle, another deep boring penetirated.2,249 feet of red sandstone again without 
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reaching the base of th/e f o r m a t i o n ( T r o t t e r et a l . , 1937). At Bave-rigg 

Haws a borehole reached the bottom of the Perrao-Triassic succession overlying 

Lower Cai'boniferous at approximately -2,300 O.D. (Dunham and Rose, 1941) while 

at Barrow-in-Furness i n the south of the coastal area under c o n s i d e r a t i o n , 

2,080 f e e t of St. Bees Sandstone vrere shown t o be present. 

A n o r t h - n o r t h - w e s t e r l y f a u l t system downthrowing to the west separates the 

Lower Palaeozoic rocks and the Eskdale Granite from the New Rod Sandstone, and 

i n South Cumberland and Ftirness the Permo-Triassic rocks dip g e n e r a l l y south-

westwards (Dunham and Hose, 1949). 

6.1+ Th6._^Lanc_a&li_i^ P l a i n . 

This area e.xtends from Fleetwood i n the n o r t h t o L i v e r p o o l i n the south , 

and the s o l i d rocks exposed, or l y i n g immediately beneath the s u p e r f i c i a l 

deposits are a l l of T r i a a s i c age. Because of the great development of g l a c i a l 

and l a t e r deposits most of the a v a i l a b l e i n f o r m a t i o n has been obtained from 

borehole evidence ( i r a y and l o l v e r s o n Cope, 1948). Several boreholes v^ere sunk 

by the DVArcy Explcrs/tion Gom-pany near- Formby i n connection ?fith the occurrence 

of an o i l seepage i n t h a t ax-ea. Of these, -"//ells number 1 and 3 passed through 

several thousand feet of T r i a s s i c marls and sandstones before entering older 

rocks. The thickness and divisions of T r i a s s i c rocks mapped i n the Southport 

and Formby d i s t r i c t are as follows: 

Keuper Marl - Up t o 2,000 f e e t . 

Keuper Sandstone - (400 f e e t at Live;rpool, 970 f e e t at Formby, 

and 650 f e e t a t S c a r i s b r i c k ) 4.00-1,000 f e e t . 

Buiiter (proven by borings) 2,300 f e e t . 

Evidence of s t r a t a of Permian age which do not outcrop i n the area has 

been obtained from the borehole i n f o i m t i o n . These rocks immediately u n d e r l i e 



the Bunter a.nd the sequence i s as f o l l o w s : 

Manchester Marls - 400-740 I'eet. 

Gollyhurst Sandstone - 1,160-2,350 feet. 

The thickness of the Permian rocks i s greatly i n excess of t h a t known to 

be present elsewhere. I n the type l o c a l i t y near Manchester, the maximum known 

thickness i s 852 f e e t ('JJonks e t a l . , 1 9 3 l ) . The C o l l y h u r s t Sandstone i s 

underlain by hard red s i l i c i f i e d shales and marls with r e c r y s t a l l i s e d and 

d o l o m i t i s e d sandstf)nes of Carboniferous age. 

6.5 North ..Walas. 

The YaleefClvfyd had come into existence by t h i s time and was f i l l e d with 

Tria,ssic sediments. A borehole at Foryd near Rhyl penetrated 100 feet of d r i f t 

and 500 f e e t of Bunter So,ndstone befox'e e n t e r i n g v/hat appeared t o be Upper 

Carboniferous Barren Measures (Powell, 1955). Geophysical work i n the area 

invoked an i n t e r p r e t a t i o n assuming a northward t h i c k e n i n g of these T r i a s s i c 

sediments t o 1,000 f e e t j u s t offshore ( i b i d ) , 

6.6 Ireland. 

Severe erosion preceded the deposition of Permian s t r a t a i n I r e l a n d and 

a marked unconformity e x i s t s between them and the underlying Carboniferous 

rocks. Permian s t r a t a now remain i n very small areas i n the north-east. A 

b o r i n g under east B e l f a s t revea.led the f o l l o w i n g succession (Charlesworth, I963). 

U[)per Permian Marls. - 142 f e e t . 

Magnesia.n Limestone - So f e e t . 

-Basal^Permian Sandstone .and Brockram. - I46 f e e t . 

T r i a s s i c rocks are a,lso r e s t r i c t e d , t o Worth-East I r e l a n d . The main outcrop 

occurs at the Head of Belfast Lough and from, the evidence of several borings 



1 © 
i n B e l f a s t (Lamplugh et a l . , 1904) the succession i n the B e l f a s t area appears to be 

as folloYiTs: 

Keuper Marl. - 1,000 f e e t . 

Upper Sandstone - 1,250 f e e t . 

Bunter Marls - 36O f e e t . 

Lo?/er ;>andstone - 275 f e e t . 

The t o t a l thickness i s 2,885 f e e t . However, the thickness r a p i d l y decreases 

eastwards and at Newtownards, at the head of Strangford Lough, the succession i s no 

more than 4OO f e e t t h i c k . 

6.7 ^̂ Ĵ̂ sM. J2£ ̂feS,* 
I n the extreme n o r t h o f the I s l e of Man a succession s i m i l a r t o the 

generalised sequence tabulated i n section 6.5 above but l a c k i n g the Magnesian Limestone 

i s known from borehole infonnation. I n t h i s area the s t r a t a a t t a i n s a maximum observed 

thickness of 2,585 feet (Gregory, 192O), 

7. E2.^,^l^J2r3A^3'2.' 

Post T r i a s s i c sediments are extremely rar e i n the area surrounding the North 

I r i s h Sea with a thin patch of Lower Lias forming an o u t l i e r i n the C a r l i s l e Basin. 

I n I r e l a n d the P o s t - T r i a s s i c rocks occur mainly i n the extreme north-east where t h e i r 

preservation i s tjorraally due to the covering of T e r t i a r y Lavas. 

F u r t h e r evidence becomes somewhat speculative^but i t has been suggested 

from the indications of the e r r a t i c s present along the northern coast of Anglesey 

t h a t the f l o o r of the I r i s h Sea, east of the I s l e of Man, might be u n d e r l a i n by 

J u r a s s i c rocks i n addition to possible T r i a s s i c m a t e r i a l (Greenly, 1919). Further, 

the presence of much f l i n t was taken to i n d i c a t e t h a t chalk might s t i l l form a 

section of the floor. The area was v i s u a l i z e d by Greenly as a broad, s l i g h t l y 

u n d u l a t i n g p l a i n over which T r i a s s i c sediments had the greatest a r e a l d i s t r i b u t i o n . 

Overlying these was an o u t l i e r or several o u t l i e r s of Jurassi c rocks succeeded by 

a more substantial outcrop of chalk. On the western edge of the p l a i n Coal Measures 

were v i s u a l ! z e d 
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as emerging unconi'ttrmably from, beneath the T r i a s with Carboniferous Limestone 

below them. The Goal Measure outcrop was thought to be r a p i d l y overlapped, 

with the Mesozoic boundary t r e n d i n g i n a northerly direction towards the I s l e 

of .Man. f i n a l l y , since T r i a s s i c or older s t r a t a occurred everywhere along 

the ma:rgins of t h i s p a r t of the sea, and assuming the approximately centra;! 

p o s i t i o n of Jurassic and Cretaceous rocks, i t was suggested t h a t the composite 

area possessed the structure of a gentle s y n c l i n a l fold. 

The other P o s t - T r i a s s i c sediments t h a t outcrop along the c o a s t a l margin 

are of Pleistocene and recent age. On the coastal p l a i n of Lancashire the 

l a c i a l deposits have a maximum thickness of 200 feet ('Ssray and Wolverson Cope, 

194B). D r i f t i n the form of s t r a t i f i e d and u n s t r a t i f i e d Boulder Clay, sands 

and gravel, a t t a i n a thickness of about 400 f e e t on the northern p l a i n of 

the I s l e of Man (Grregoiy, 1920). I n the Central P l a i n of Ireland the s u p e r f i c i a l 

deposits consist mainlj/ of g l a c i a l gravels i n the form of moraines a,nd eskers 

but are not expected t o exceed 65O feet at the absolute maximum (Murphy, 1952). 

8 .'• Suimaa.ry 

The rocks surrounding the North I r i s h Sea can be d i v i d e d i n t o f o u r 

major s t r a t i g r a p h i c a l u n i t s which are normally separated by unconformities. 

A broad d i v i s i o n of t h i s kind i s useful for a n a l y s i s of the gravity data 

where large scale structirr-es ai-e i n v o l v e d . 

T.he oldest rocks i n the area form the h i g h l y d i s t u r b e d Pre-C-arabrian 

Mona Complex of .toglesey. The Bedded Series of t h i s complex ccntains about 

20,000 f e e t of g e o s y n d i n a l sediments i n which the dominant f o l d d i r e c t i o n 

i s approximately north-east to south-west. 

Lower Palaeozoic rocks are widespread i n the region b o r d e r i n g the North 
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I r i s h Sea and on the i s l e of Man, and form the s t r u c t u r a l framework of 

the area under i n v e s t i g a t i o n . The thickness of these rocks ma.y again be of 

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

major earth movements which folded the rocks along a predominantly north-east 

to south-west or Caledonian trend. The main phase of tectonic a c t i v i t y was 

followed by the i n t r u s i o n of several large granite bodies -svhich are o f t e n 

observed to occupy areas of r e l a t i v e l y high ground at the present day. 

Because of the Caledonian earth movements Carboniferous rocks frequently 

succeed the Lower Palaeozoic with major unconformity. The largest area of 

Carboniferous rocks i s of predominantly limestone f a d e s and occupies the 

Centi-al Plain of Ireland, reaching the east coast between .Dublin and Skei-ries. 

Permo-Triassic rocks occupy several widely separated, and w i t h the 

exception of the Lancashire coastal a,recij .re . l8,tively r e s t r i c t e d area.s 

bor d e r i n g the North I r i s h Sea. Borehole data has provided informatio.n 

concerning the thickness of these rocks i n certain areas. Near Formby i n 

Lancashire a thickness of agjpraximately 7,000 f e e t of Permo-Triassic rocks 

has been proved. 

The presence i n the coastal regions of large post-tectonic granites and 

great thicknesses of Permo-Triassic sediments, both of which are known to 

c h a r a c t e r i s t i c a l l y possess r e l a t i v e l y low densities, i s of major importance 

i n connection ¥d.th features appearing on the Bouguer ikiomalj^- .map of the 

North I r i s h Sea. 



Chapter 2 

R?eyig_us ̂  ̂ iSiiE^l?A5>^ik J1°EJLI. 

1. ^^''^Xiiyi^iiSS, 

This chapter reviews the geophysical work t h a t has already been 

completed i n the North I r i s h Sea, on land i n the c o a s t a l region surrounding 

the marine area, and on the I s l e of Man. The c o a s t a l areas are described 

i n order, commencing i n Southern Scotland and moving i n a clockwise sense 

around the I r i s h Sea ba^sin. The subject i s considered s y s t e m a t i c a l l y i n 

three sections comprising g r a v i t y , seismic, and magnetic. 

2. ^^sitz,* 
2.1 The__„Stlygaer B_a_si_n. 

A d e t a i l e d g r a v i t y survey i n the Stranraer d i s t r i c t of South-West 

Scotland revealed the presence of a negative g r a v i t y anomaly of seventeen 

m i l l i g a l s amplitude associated v*ith the Carboniferous and Nev/ Red Sandstone 

b a s i n at Stranraei" (Mansfield and ICennett, I963). I t was suggested*that low 

d e n s i t y sediments ?rLthin the v a l l e y contrasted ••Aatk the denser Lower Palaeozoic 

rocks t o produce the observed negative anomaly and on t h i s ass^lmption a d e t a i l e d 

i n t e r p r e t a t i o n was conducted t o o b t a i n the shape of the basin. 

i l range of p o s s i b l e d e n s i t y contrasts f^as used and i t was concluded t h a t 

the b a s i n had a depth of greater than 3000 feet and probably 4,500 feet or 

l ) y M a n s f i e l d and K e a n e t t 
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more below O.D, I t was f u r t h e r concluded thsit the great thickness of . 

sediments was formed by contemporaneous s i n k i n g and i n f i l l i n g of the basin 

f l o o r d u r i n g New Red Sandstone and p o s s i b l y Carboniferous times. I t was 

suggested t h a t the downward movement was accomplished p a r t l y by f a u l t i n g 

along the eastern margin, and partly by downwarping from the western margin 

fdxlch acted as a h i n g e - l i n e . 

Gravity work at sea has sho^vn t h a t a negative g r a v i t y finomaly, for-ffiing 

the south-eastern extension of the g r a v i t y 'loxv' associated v/ith the Stranraer 

sediments, occupies Luce Bay ( B o t t , I 9 6 4 ) . The me,rine observations i n d i c a t e 

t h a t the anomaly closes, near the m.outh of Luce Bay. I t was suggested by 

B o t t t h a t the i n t e r p r e t a . t i o n put forward f o r the Stranraer Basin also held 

f o r the c o n t i n u a t i o n i n t o Luce Bay. 

• The G r i f f e l l g r a n o d i o r i t e axid the May? Red Sandstone deposits near .3^mft'ies_, 

A g r a v i t y survey along the n o r t h shore of the SolYifay F i r t h was made by 

B o t t and Masson-Sraith (196O) to i n v e s t i g a t e the deep s t r u c t u r e of the C r i f f e l l 

g r a n o d i o r i t e mass mid the New Red Sa^ndstone deposits near Dumfries. A negative 

g r a v i t y anomaly of about twenty m i l l i g a l s amplitude was shora t o e x i s t over 

the G r i f f e l l g r a n o d i o r i t e J the r e l a t i v e l y low d e n s i t y of which was shovm to 

be the cause of the anomaly. The i n t e r p r e t a t i o n suggested a b a t h o l i t h i c form 

xcLth a f l o o r a t a minimum depth of seven miles. I t was f u r t h e r shoTm t h a t 
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the mass d e f i c i e n c y represented by the g r a n i t e as C8,lculated from the 

anomalies yas of the same magnitude as the a d d i t i o n a l surface lo8,d of the 

corresponding high ground. I t was suggested t h a t the ground had r i s e n 

i s o s t a t i c a l l y i n response t o an i n t r u s i o n of r e l a t i v e l y low density. 

The New Red Sandstone deposits near Dumfries and Lochmaben ?/ere found 

t o be associated vsith negative anomalies of about f i f t e e n m i l l i g a l s amplitude. 

For an assumed density c o n t r a s t of 0.4 gm./cm'?, i t was shown t h a t a thickness 

of 3)500 f e e t of sandstone was needed t o account f o r the anomalies,,but t h a t 

i f Carboniferous rocks were present beneath the New Red Sandstone s t r a t a , 

the depth t o the f l o o r of the Carboniferous v/ould be greater than t h i s estimate. 

I t Vifas concluded t h a t the ba s i n formed by contemporaneous doirnwarp and i n f i l l i n g j , 

while the s i m i l e ^ r i t y of l a r g e depth and general shape w i t h other Mew Red 

Sandstone basins i n Great B r i t a i n was emphasized. F i n a l l y a r e g i o n a l increase 

of the Bouguer Anomaly towards the I r i s h Sea was noted. 

G-ravity data obtained by the Anglo-American O i l Company Lt d . i n Northern 

England provide f u r t h e r i n f o r m a t i o n i n connection w i t h s t r u c t u r e s i n the 

adjacent regions t o the North I r i s h Sea ('White, 1949). The surveys were 

d i r e c t e d towards the discovery and i n t e r p r e t a t i o n of concealed s t r u c t u r e s . 

I n the C a r l i s l e area i t was shown t h a t the Permo-Triassic b a s i n was 
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responsible f o r g r a v i t y minima of approximately 20 m i l l i g a l s amplitude, 

but i t was concluded t h a t much of the g r a v i t y e f f e c t was caused by s t r u c t u r a l 

a,nomalies v f i t h i n t h e u n d e r l y i n g Carboniferous. ,ilong the southern margin 

of the basin the steep g r a v i t y gi-adients ?fere taken t o i n d i c a t e extensive 

f a u l t i n g , not n e c e s s a r i l y confined t o the 'i'riassio-Carboniferous contact 

but p o s s i b l y also a f f e c t i n g the Carboniferous outcrop. Vlhite estimated 

a thickness of n e a r l y 10,000 f e e t f o r the Lower Carboniferous sediments t o 

e x p l a i n the observed anomaly, but i n f o r m a t i o n about the thickness of t h e 

Permo-Triassic rocks i s necessary i n order t o separate the c o n t r i b u t i o n 

from the tvro systems. 

Gravity i n v e s t i g a t i o n s i n the Lake D i s t r i c t have revealed i n t e r c o n n e c t i n g 

negative g r a v i t y anomalies between the exposed gr'anites ( B o t t , personal com­

munication). The Permo-Triassic rocks along the Furness and South-vrest 

Cumberland coasts also cause a g r a v i t y 'lovi' which was found to merge near 

Seascale m t h the negative g r a v i t y anomaly associated w i t h the Eskdale g r a n i t e . 

The anomaly associeited vifith the sediments was found by Bott t o f a l l to¥#ards 

the coast. Avfay from, the g r a n i t e s and Perrao-Triassic rocks, a r i s e i n the 

Bouguer /momaly was observed as the I r i s h 3ea was approached both across the 

Cumberland c o a l f i e l d and i n B'urness. 
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2.5 The Lancashire Co&st find Ad,iacer.i± Area. 

Analysis of the data i n Lancashire and Cheshire by 'White (1949) i n d i c a t e d 

t h a t while the T r i a s of the Lancashire coastal a.rea i s disposed i n the form 

of a h a l f - b a s i n open t o the west, the Cheshire' area d i s p l a y s the complete 

basin form w i t h o l d e r rocks o c c u r r i n g towards the margins. I n both cases 

the eastern edges are known t o be bounded by large f a u l t s downthrowing several 

thousand f e e t t o the v/est, A zone of steep gra.vity ,gra.dients i s associated 

w i t h t h i s f a u l t e d eastern margin i n the Cheshire area, and the new observations 

discovered a s i m i l a r f e a t u r e on ths opposd.te side of the basin to the west, which 

by analogy was i n t e r p r e t e d as a major f r a c t u r e . I t was concluded by White 

t h a t t h i s evidence i n d i c a t e d t h a t t h e Cheshire Bsisin ?/as a r i f t s t r u c t u r e 
trending 

bounded by p a r a l l e l n o r t h - e a s t e r l y normal f a u l t s . The Tr i a s west of the 

Cheshire B.asin was t h e r e f o r e considered t o occupy a separate s t r u c t u r a l 

environment, being e s s e n t i a l l y p a r t of the North Wales massif. 

2.6 No^rtJiJ^es 

i . I r i t r o d u c t i o n . 

A g r a v i t y survey covering North Wales has been conducted by Powell (1955). 

A r e g i o n a l r i s e i n the Bouguer Anomaly from south-east•to north-west was shown 

t o be best explained by an arch i n the c r u s t . The Bouguer Inoraaly over a 

wide area of the Denbigh Moors made up of t h i c k Lower Palaeozoic rocks t h a t 
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border the I r i s h Sea between Menai and Rhyl was found t o be between +35 

and +40 m i l l i g a l s . The T r i a s s i c and Upper Carboniferous deposits of the 

Vale of Clwyd were found t o be associated w i t h tfro g r a v i t y 'lows' and the 

no r t h e r n '1O?J ' T^as seen t o transgress the coastal margin near Rhyl, 

i i . The i n t e r p r e t a t i o j i of the Bouguer Anqma'lies^ i n North Wales. 

The main f e a t u r e s of the g r a v i t y f i e l d i n North-west and Central Wales 

i n c l u d e the alignment of the anomalies p a r a l l e l t o the Caledonian t r e n d , 

and the r e g i o n a l a.inoTy>al>| which increases from +10 railligals i n the south­

east t o over +40 m i l l i g a l s i n the Menai region t o the north-vjest, and then 

decreases across Anglesey t o +25 m i l l i g a l s (Powell, 1955). I n the south-east 

of the area the Bouguer /momaly values range^ from +10 to' +15 m d l l i g a l s both 

over the Lower Palaeozoic which may a t t a i n a thickness of 20,000 f e e t and 

over the Pre-Ga.mbrian of the Longmynd. S i m i l a r l y i n the n o r t h and north-wpst 

the Bouguer imom.alies are from +35 t o +40 m i l l i g a l s both over the t h i c k Lower 

Palaeozoic rocks of the JJenbxgh Moors and Snov/donia, s-nd over t h e Pre-Cambrian 

i n Anglesey. Powell shov/ed t h a t there vias as great an anomaly change over 

the Pre-Cambrian as ovex' the Lower Pcilaeozoics and t h a t the changes over 

the l a t t e r were not coi-related on a r e g i o n a l scale with i t s thickness. These 

f a c t s e s tablished t h a t the r e g i o n a l g r a v i t y increase from south-east t o n o r t h ­

west must be due t o a deeper d e n s i t y contrast than t h a t betyreen-the Pre-Gambrian 



and Lower Palaeozoic. 

I t was suggested by Powell that the anomalies might be caused by 

the structur'e of the earth's c r u s t . The normal c r u s t was assumed t o include 

two layers, namely an upper g r a n i t i c and sedimentary layer 15 kilo m e t r e s 

t h i c k 'ffith an average density of 2.7 gm./cm.-i, and a lov/er intermediate l a y e r 

20 k i l o m e t r e s t h i c k and den s i t y 3-0on!«/cra? The un d e r l y i n g l a y e r vTas considered 

t o have a den s i t y of 3«3 gm-./cm,-? 

I f the crust was arched under 'the Menai re g i o n so that the intermediate 

layer and substratum were about 10,000 f e e t nearer the surface than under 

Holyhead and Bala, then the g r a v i t y gradients''of 1 mgal./mile and 0.75 mgal./mile 

to the north-west and south-east r e s p e c t i v e l y would be explained. Alternatively, 

i t was suggested that there might be a flexure i n the crust passing upwards 

i n t o a t h r u s t f a u l t i n the Menai-Lleyn b e l t . 

In the Vale of Glwfd i t was shorn t h a t the g r a v i t y anoma.lies enabled 

an estim.ate t o be obtained f o r the thickness of the concealed Upper Carboniferous 

rocks i f the thickness of T r i a s cover was known (Powell, 1955). Borehole 

information which proved the presence of 100 f e e t of d r i f t o v e r l y i n g 500 feet 

of T r i a s i n the northern pa.rt of the Vale of Clwyd provided the basis f o r 

correcting the observed anomaly f o r the cover of T r i a s and d r i f t , the r e s i d u a l 

being i n t e r p r e t — . e d as due t o the thickness of Upper Carboniferous. 



2 8 

Assuming a t h i c k e n i n g of the T r i a s t o 1,000 feet j u s t n o r t h of 

I l h y l from the g e o l o g i c a l evidence on the Lancashire Coast, i t was shown 

that a maximum, thickness of 2,500 feet of Upper Carboniferous rocks was 

re q u i r e d t o e x p l a i n the observed anomaly. The steep marginal g r a v i t y 

gradients suggested f a u l t e d boundaries f o r t h i s basin of d e p o s i t i o n 

and the evidence ¥jas taken t o i n d i c a t e the existence of a T r i a s s i c Basin 

under the sea. 

Magnetic work i n North Wales sho¥/ed t h a t the anom.alies r f aObed a 

maxlmua i n areas where the Pre-Cambrian was close t o the surface and 

decreased to?/ards areas of t h i c k Lovrer Palaeozoic Sediments. I t was suggested 

t h e r e f o r e that i n t h i s area the magnetic anom.alies were a b e t t e r i n d i c a t i o n 

of basement r e l i e f than the gra,vity anomalies since the d e n s i t i e s of the 

two d i v i s i o n s were l i k e l y t o overlap. 

2.7 Thg^jSast Coast of I r e l a n d . 

^• I n t r o d u c t i o n . 

C r a v i t y d&ta c o l l e c t e d i n I r e l a n d show that the BoUfper Anom.aly over 

the undisturbed Lovrer Palaeozoic rocks of Central and Northern I r e l a n d i s 

close t o +20 m i l l i g a l s over Ydde areas (Murphy, 1952; Cook and Murhpy, 1952), 

The Bouguer Anomalies are lowered over lovir density g r a n i t e masses, and i n 

areas of Goal Measures and Mesozoic deposits. I t - has been suggested by 
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Murphy t h a t increases i n the Bouguer Anomaly w i t h i n c e r t a i n areas of Lower 

Palaeozoic rooks may be due to l o c a l igneous a c t i v i t y . The very h i g h Bouguer 

Anomalies i n the n o r t h were sho¥m t o be due t o hi g h d e n s i t y Tertia,ry igneous 

rooks (Cook and Murphy, I952), A f u r t h e r example of a r i s e i n the Bouguer 

Anomalies as the sea i s approached occurs over the Lo¥ser Palaeozoic rocks 

of south-east I r e l a n d (I'hirlaway, 1951). 

i i , D e s c r i p t i o n of the major Bouguer Anoma^liej. 

Many of the major Bouguer itoomaly v a r i a t i o n s i n I r e l a n d have been 

explained i n term.s of g r a n i t e I n t r u s i o n s and by a ser i e s of warps ¥«hich 

a l t e r n a t i v e l y depress and elevate the dense Lovrer Palaeozoic rocks (I'hirlaway 

1951), I t ¥/as concluded from observations over a ¥Tide area t h a t deep-seated 

rocks ¥/ere e x e r c i s i n g the primary^ i n f l u e n c e on the g r a v i t y f i e l d , and t h a t 

i n areas Tfhere S i l u r i a n and old e r rocks were exposed or escpected t o be a t no 

great distance below the surface, the anomalies were r e l a t i v e l y h i g h , ranging 

from +15 t o +40 m i l l i g a l s . 

Observations i n South-east I r e l a n d ( i b i d ) revealed t h a t the increase 

i n anomaly t h a t occurs as the Welsh Coast i s approached w&s repeated on t h i s 

p a r t o f the I r i s h Coast. The magnitude of the gra,dients v;as considered t o 

indica^te t h a t the dense m a t e r i a l responsible f o r the r i s e i n anomaly was 

not deeper than the sedimentary rocks. Assuming t h a t the d i s t u r b i n g masses 

on opposite sides of the channel were r e l a t e d t o one cause, i t ¥fas suggested 



t h a t the increase i n anomaly could be due t o a t h i c k e n i n g of Lower Palaeozoic 

sediments f i l l i n g the geosyncline vAiloh would imply t h a t the Welsh and I r i s h 

geosynclines were separated f o r long pei'iods by a land mass on the s i t e novsf 

occupied by the I r i s h Channel. This i n t e r p r e t a t i o n r e q u i r e s the Lower 

Palaeozoic rocks t o be c o n s i s t e n t l y denser than the Pre-Cambrian basement^ 

a hypothesis t h a t has d o u b t f u l v a l i d i t y (Powell, 1955). 

while ackno¥;ledging t h a t the conditions n o r t h of Dublin vv'ere not the 

same as along the south-east f l a n k of the L e i n s t e r G-ranite, i t Ytas nevertheless 

a n t i c i p a t e d t h a t the Ordovicia^n-Silurian s t r a t a would be t h i c k and give r i s e 

t o a Bouguer Ahomtaly of s i m i l a r size (Murphy, 1952). Prom over the L e i n s t e r 

g r a n i t e the anornaly was found t o r i s e v e i y r a p i d l y t o a value of +30 m i l l i g a l s 

j u s t n o r t h of Dublin. Prom, density considerations i t was concluded t h a t the 

increase i n anomaly ¥/as produced by Ordovician stra/ca l y i n g beneath the 

Carboniferous rocks which, have been shown t o have a thickness a t Dublin i n 

excess of 1,000 f e e t decreasing r a p i d l y t o the no r t h . The gr-adient over 

the contact between the L e i n s t e r g r a j i i t e and Carboniferous Limestone i s 

consistent vsith a steep and p o s s i b l y f a u l t e d margin, and elimi n a t e s the 

possible presence of the g r a n i t e belo?f Dublin and i n v a l i d a t e s an e a r l i e r 

suggestion t h a t the gra,nite might extend northwa,rds t o reappear i n the small 

i s l a n d of R o c k a b i l l (Cole and H a l l i s s y , 192if). Further n o r t h where S i l u r i a n 
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rocks outcrop the Bouguer Anomaly was found t o be f a i r l y constant w i t h a 
value close t o +20 m d l l i g a l s . 

Work i n the North of I r e l a n d has sho¥vn t h a t over l a r g e areas the average 

Bouguer Anomaly does not depart much from +20 m i l l i g a l s (Cook and Ivfurphy, 1952). 

This i s apparent over areas where Lovrer Palaeozoic or Dalradian rocks, having 

a d e n s i t y of approximately 2.75 gm./cm. , outcrop. The low values i n County 

Down are associated w i t h g r a n i t e bodies of d e n s i t y 2.65 gm./cm'? or l e s s , w h i l e 

i n Antrim and n o r t h Dovm the low values appear to be due t o deposits of Coal 

Measures and Mesozoic rocks w i t h d e n s i t i e s l e s s than 2.5 gffi./'cml The areas 

of very high values were shown t o be associated w i t h T e r t i a r y igneous rocks 

possessing d e n s i t i e s of up t o 3-0 gm./cm:?, which are l o c a t e d i n the C a r l i n g f o r d 

and Slieve G-ullion d i s t r i c t s . 

2.8 The I s l e of Man. 

A g r a v i t y survey over the I s l e of Man revealed t h a t the average Bouguer 

ilnomaly over the I s l a n d i s close t o +40 m i l l i g a l s ( B e l l , 1959)» 

Three negative anoff..alies ¥;ere discovered and found t o be disposed along the 

main north-east t o south-v/est axis of the I s l a n d . The centres of two of these 

anomalies, designated the Foxdale and Dhoon anomalies, approximately correspond 

¥ath known outcrops of g r a n i t i c rock. Density considerations c l e a r l y i n d i c a t e d 

t h a t the emplacement of the g r a n i t e bodies v f i t h i n the Manx Slates was s u f f i c i e n t 
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to cause the observed anomalies. 

The Foxdale ..Anomaly i n the south vras found t o be the l a r g e s t , both 

i n area and magnitude, on the I s l e of Man. I t was described as being 

r o u g i i l y e l l i p t i c a l i n shape w i t h a major axis of nine miles i n l e n g t h 

extending i n a north-east t o south-viest d i r e c t i o n , and a minor axis of s i x 

miles (Cornwell, I96O), The anomaly t h e r e f o r e dominates much of the south-

vfestern area of the I s l a n d . A t h i r d negative f e a t u r e was found t o e x i s t i n 

the Calf of IVian r e g i o n i n the extreme south, and i n the absence of any surfa,ce 

f e a t u r e which might cause the anomaly, an i n t e r p r e t a t i o n i n terms of an 

unexposed g r a n i t e vfas suggested. The apparent c o n t i n u i t y of the Poxdale and 

Calf of Man anomalies along the same s t r u c t u r a l t r e n d ?fas put for¥;ard as an 

argument i n support of the hypothesis. 

At t.he Point of i'syre, i n the n o r t h of the I s l a n d , the Bouguer ilnomaly was 

found t o drsp t o a value of only +32.7 m i l l i g a l s w i t h the i s o g a l s running 

i n an east-?j-est d i r e c t i o n . Using i n f o r m a t i o n a v a i l a b l e from borehole data 

i t was suggested t h a t t h i s a,nomaly was caused by a trough o f Lower Carboniferous 

and Permo-Triassic sediments which thickened noi-thwards. 

A r e s i d u a l Bouguer Anomaly map of the Peel area on the west coast 

y i e l d e d an anomaly of - 1 . 5 m i l l i g a l s . Using the knovm g e o l o g i c a l evidence, 

m B e l l , 1959. 
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and making an assumption f o r the d e n s i t y c o n t r a s t , i t ¥¥as suggested t h a t 

a f a u l t e d trough of Lower Carboniferous sandstone and conglomerates t o t a l l i n g 

approximately 1,500 f e e t was present i n the Peel area. 

2.9 The North-East I r i s h Sea. 

ALl the e x i s t i n g marine g r a v i t y work i n the North I r i s h Sea ¥/as completed 

i n 1961 ( B o t t , 1964). The area i n v e s t i g a t e d by t h i s e a r l i e r survey extended 

from, the Solway F i r t h vrestwards i n t o Luce Bay and south¥fards t o a l i n e running 

approximately from Douglas on the I s l e of Man t o Fleetwood. A s i n g l e traverse 

was also e s t a b l i s h e d from Peel on the west coast of the I s l e of Man t o Ardglass 

i n Northern I r e l a n d , I n t e r e s t had been d i r e c t e d t o the area by the frequent 

observation t h a t i n many places bo r d e r i n g the I r i s h Sea a steady r i s e i n the 

Bouguer ilnomaly i s encountered as the margins of the land are approached u n t i l 

a vaJ-ue close t o +35 m i l l i g a l s i s a t t a i n e d i n c e r t a i n areas. I t was concluded 

t h a t the undisturbed background Bouguer jmom.aly over the North I r i s h Sea was 

Oh 

25 - 30 m i l l i g a l s higher than**the surrounding la.nd. 

The gra,vity data at sea revealed the existence of several l a r g e negative 

anom.alies superimposed upon the high r e g i o n a l background. Evidence from the 

coasta l geology, togeth e r w i t h the shape of the anomalies suggested a sedimentary 

basin s t r u c t u r e as the most acceptable i n t e r p i - e t a t i o n , i n which Carboniferous 

and New Red Sandstone deposits formed the main ' f i l l ' , although the p o s s i b i l i t y 
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t h a t rooks of Old Red Sandstone or Post- T r i a s s i o age might c o n t r i b u t e was 

also acknowledged. The I s l e of Man was v i s u a l i s e d as a stable block s t r u c t u r e 

of Lower Palaeozoic age, the s u b - p a r a l l e l c o a s t l i n e s of which were c o n t r o l l e d 

by the adjacent sedimentaiy basins. A mechanism f o r formation was sought i n 

terms of i s o s t a t i c movements w i t h mountain regions r i s i n g i n response t o st r e s s 

d i f f e r e n c e s caused by mass d e f i c i e n c i e s , thereby tending t o r e s t o r e e q u i l i b i d u m . 

Erosion of the massif provided the ' f i l l ' f o r adjacent subsiding basins, while 

f l o w movement i n the Upper Mantle completed t h i s 'Tectonic Cycle', 

2.10 The cause o f the high r e g i o j i a l ^jinomalj > ov_e_r t h e j i r i s h Sea. 

The r e g i o n a l r i s e of the Bouguer Anomaly on approaching the I r i s h Sea 

has been observed i n sevei-al w idely separated areas surrounding the I r i s h 

.Sea basin. I t can. be seen i n South-west Scot.l3,nd a t Burrow Head, the Mull of 

G-alloway ( B u l l e r w e l l and Phemister - quoted by B o t t , 19bA), and on the north 

coast of the Solway F i r t h (Both and Masson-Sraith, I960) . S i m i l a r l y i n Northern 

I r e l a n d , east of Strangford Lough, ( B u l l e r w e l l , I 9 6 I ) , and westwards across the 

Cumberland c o a l f i e l d , a seaward r i s e i n the Bouguer Anomaly i s again apparent. 

On the I s l e of Man the raaximum Bouguer .Anomaly over the Lower Palaeozoic rocks 

IS -US m i l l i g a l s (Cornwell and B e l l , I960) . 

Several possible reasons f o r t h i s r e g i o n a l r i s e have been suggested 

i n c l u d i n g d ensity changes w i t h i n the Lower Palaeozoic and unde r l y i n g Pre-Cambrain 
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rocks, or deeper seated v a r i a t i o n s i n c r u s t a l density or thickness ( B o t t , I964). 

A r e g i o n a l r i s e of the Bouguer .Anomalies from south-east t o north-west across 

North Wales has been observed by Powell (1955). A c r u s t a l upwarp of approx i ­

mately 10,000 f e e t under the Menai r e g i o n ¥/as suggested i n 01-der t o e x p l a i n 

the observed r e g i o n a l g r a d i e n t s , ( S e c t i o n 2.fc> i i ) . I n South-east I r e l a n d 

Thirlaway ( l 9 5 l ) showed tha,t a s i m i l a r r i s e i n the Bouguer Anomaly occurred 

i n a seaward d i r e c t i o n across the Lower Palaeozoic rocks anuth of Bray. A 

t h i c k e n i n g of dense Lower Palaeozoic rocks ¥Tas suggested as an i n t e r p r e t a t i o n 

f o r the observed g r a d i e n t s . 

I t i s probable: t h a t no s i n g l e i n t e r p r e t a t i o n i s v a l i d f o r a l l the 

observed occurrences of the r e g i o n a l r i s e of the Bouguer Anomaly towards the 

I r i s h Sea. I t i s possible t h a t more than one of the suggested causes may 

combine t o produce the observed e f f e c t i n d i f f e r e n t areas. 

3. Seismic 

A f u l l y reversed seismic t r a v e r s e has been established about f o u r miles 

south-east of Douglas, I s l e of Man (Bai^nes, personal communication). The 

p o s i t i o n of the traverse i s i n d i c a t e d i n Plate 2. A refracted P wave v e l o c i t y 

of approxima^tely 7,800 feet/second was i n d i c a t e d at a depth of 3,300 f e e t . 

Althougli the d e t a i l e d i n t e r p r e t a t i o n was not a v a i l a b l e the r e s u l t s i n d i c a t e 

an absence of Lower Palaeozoic sediments down t o t h a t depth. 
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Seismic work conducted i n the East I r i s h Sea under the auspices of 

the U.K.A.E.A. has y i e l d e d evidence to support the idea of a t h i n n e r crust 

i n the area. Depth charges were f i r e d i n the- North Sea and I r i s h Sea i n 

Ju l y 1962, and the seismic a r r i v a l s recorded by the U.K.A.E..A. l i n e a r array 

at Eskdalemuir, and by a borehole seismometer near Durham (Agger and Carpenter 

1964). I n the I r i s . h Sea the l i n e of shots extended from, near Holyhead t o 

the Solfira.y F i r t h , 

i l r r i v a l s considered t o be r e f r a c t i o n s fromi the Mohorovicic d i s c o n t i n u i t y 

+ / gave a value of 7.99~ 0.10 kilom e t r e s /second f o r the sub-crustal compress-

i o n a l ¥ifave v e l o c i t y , and depth estimates derived f o r t h e same sur*face 

suggested an average depth in. t.h.e area of about 25 k i l o m e t r e s . This i s about 

3 k i l o m e t r e s less than the f i g u r e associated w i t h the surrounding land areas. 

The r e s u l t s f u r t h e r suggested t h a t the East I r i s h Sea i s a region of t h i c k 

sedimentary deposits. 

A. Magnet i c . 

4.1 The Aero-ma,gnetic Surveys, 

An Aeromagnetic Survey has r e c e n t l y been made over the B r i t i s h . I s l e s 

by the Geological Survey and includes much of the I r i s h Sea (Gi-eological 

Survey and Museum I 9 6 4 ) . Reference has been ma.de t o the isogam maps i n order 

t o substa.ntiate the g r a v i t y data of the present work, and t o i n d i c a t e areas 

where f u r t h e r i n v e s t i g a t i o n using sea-borne proton magnetometer could provide 



3 7 

data f o r d e t a i l e d i n t e r p r e t a t i o n . Discussion of several large f e a t u r e s on 

the Aero-magnetic Map i n conjun c t i o n v d t h the g r a v i t y data forms the content 

of Chapter 7. 

4»2 Thg_ Morecagibe Bay Anomaly. 

A p a r t i c u l a r l y sharp anomaly that appears on the Aero-magnetic Maps 

i n the v i c i n i t y of Morecambe Bay was the subject of a s i n g l e sea-borne 

proton magnetometer t r a v e r s e d u r i n g the 1961 season. The data were examined but 

q u a n t i t a t i v e i n t e r p r e t a t i o n was not completed, although i t was r e a l i s e d t h a t 

the shape of the magnetic p r o f i l e d i d not r e a d i l y lend i t s e l f t o i n t e r p r e t a t i o n 

i n terms of a simple dyke model as, v/ould seem t o be the case at f i r s t s i g t i t . 

F u r t h e r i n v e s t i g a , t i o n wa,s considered necessa,ry and s i x a d d i t i o n a l t r a v e r s e s 

were run across the s t r i k e of the anomaly i n August I964, iShe i n t e r p r e t a t i o n 

forms the subject of Chapter 8, 



Chapter 3 

The Marine Surveys 

1., G-eneral 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 t h i s work and were established during 

the summer f i e l d seasons of I963, 1964- and I965 using a North American 

gravimeter modified for remote control from the surface. I n addition, 

approximately two hundred miles of detailed magnetic l i n e s have been obtained 

using a sea-borne proton-magnetometer. 

The northern boundary of the area investigated extends from near Eamsey' 

on the east coast of the I s l e of Ifen to Fleetwood on the Lancashire coast. 

From there the Lancashire and North Wales coastlines form the border of the 

marine area as f a r as Holyhead. A l i n e running from. Holyhead to Bray i n E i r e 

establishes the southern l i m i t of operation. The coast of Ireland borders the 

area on the west as f a r as the Mourne Mountains, from where an east-west l i n e 

to the Calf of Man completes the closure. Plate 1, the Bouguer Anomaly Map, 

which may be found inside the back cover i l l u s t r a t e s the above description. 

In t h i s area the underwater gravity measurements form the most important part 

of the work. 

The f i r s t survey i n I963 was carr i e d out using the S.Y. Sheila, and the 

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

chartered from ifydrographic Services Ltd., of Brighton. The much superior speed 



of the second vessel made her considerably more s u i t a b l e f o r the work because 

the time involved i n t r a v e l l i n g between stations i s an important aspect of 

operational e f f i c i e n c y . 

Since the preliminary objective was to make a regional survey of the area, 

s t a t i o n positions were i n i t i a l l y spaced at i n t e r v a l s of approximately f i v e miles, 

decreasing to a mile or l e s s only when anomalous features involving steep gradients 

emerged. 

2. I n s t a l l a t i o n . 

2.1 The Instrument. 

As mentioned e a r l i e r the instrument used was a North American gravimeter 

adapted f or remote control on the sea-bed. The gravimeter was contained i n a 

w a t e r t i ^ t b e l l which was connected to the control console on the ship by means 

of a multi-core e l e c t r i c a l cable. The instrument was l e v e l l e d before making an 

observation by means of a f u l l y automatic, servo-operated l e v e l l i n g system. The 

gravity d i a l position was altered by means of a selsyn motor, and the position 

of the beam detected by means of a displacement transducer, the signal from 

which was observed on the control panel. The depth of water was recorded by a 

pressure s e n s i t i v e transducer mounted on the outside of the watertight b e l l and 

f a c i l i t y for clamping and unclamping the gravimeter was provided i n the form of 

a simple r e v e r s i b l e B.C. motor. 
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2,2 Location of the equipment on the ship. 

The b e l l was lowered to the seabed by a heavy winch powered by a hydraulic 

motor. The Tdnch was made up of a momble carriage supporting an A-frame with 

a cradle slung beneath to hold the b e l l steady during transportation between 

stations, and which lowered to the water surface before release of the b e l l 

was permitted. I t was found that a stern position was most suitable f or the 

mounting of t h i s heavy equipment, both f o r reasons of deck space available 

and also ease of lowering. In both v e s s e l s , but p a r t i c u l a r l y i n the M.V, Hamburg 

the amount of freeboard was le a s t at the stem which allowed a conveniently 

small v e r t i c a l movement of the cradle to reach water l e v e l . The carriage and 

A-frame could be moved a f t on s t e e l runners so that the cradle and b e l l were 

overhanging the stern before the A-frame was lowered as described. Plate 4 

i l l u s t r a t e s the above description. 

The control console was bolted to a bulkhead i n cabin-space as near to 

the stern as possible, but i n a position adequately sheltered from f l y i n g 

spray. I t was necessary to place t h i s equipment so that v i s u a l contact 

between the winch and console operators could be maintained at a l l times 

during operation at sea. A r o l l e r , approximately eight inches i n diameter, 

was bolted immediately over the stern to enable the e l e c t r i c a l remote control 

cable, l i n k i n g the instrument i n the b e l l to the control console, to be payed 



4 1 
out and hauled i n vfithout any abrasion of the outer rubber casing. 

2.3 C a l i b r a t i o n of the Instrument. 

The instrument was c a l i b r a t e d , soon after* d e l i v e r y , i n March 196}, and 

again i n A p r i l 1964 obsez'ving betvifeen a c c u r a t e l y established values a t 

York and Newcastle. Intermediate s t a t i o n s a t Durham and I f o r t h a l l e r t o n ¥?ere 

£ilso occupied u s i n g the l o o p i n g techniciue ( N e t t l e t o n , 194-0) t o o b t a i n an 

accurate e s t i m a t i o n of the d r i f t . The value of ,10215"millgals/division 

obtained i n the f i r s t c a l i b r a t i o n vvas used i n the r e d u c t i o n of the readings 

obtained d u r i n g the f i r s t survey i n I963. U n f o r t u n a t e l y the lovmr mainspring 

l i g a t u r e f r a c t u r e d at the beginning of the 1964 season and a new c a l i b r a t i o n 

constant was s u p p l i e d f o l l o w i n g r e p a i r of the instrument by the Ma,kers . This 

value of .10252 m i l l i g a l s / d i v i s i o n Yms adopted tiiroughout the f o l l o v / i n g 

r e ductions. The instrument vas f u r t h e r c a l i b r a t e d i n October I965 i n order t o 

obt a i n an estimate of the magnitude of e r r o r t h a t may be present i n the f i n a l 

Bouguer iknomalies due t o Ghan.ges i n the value of the c a l i b r a t i o n constant. 

The values obtained by c a l i b i ' a t i o n and as su|)plied by the Makers are as 
f o l l o w s : 

O r i g i n a l value as supplied by 
the Ma,ker, 

C a l i b r a t i o n constant obtained 
on the 15th March 1963. 

C a l i b r a t i o n constant obtained 
on the 16th A p r i l 1964. 

Yalue supplied by the Maker 
29th May i964. 

Calibi'ation constant obtained 
on the 21st October 1965» 

.10251 mgals./div. 

.102(5̂  .00004 mgals./div. 

.10214- .00011 mgals./div. 

.10252 mgals./div. 

.10283- ,00036 mgals./div. 



Marine Operation. 

3.1 The.Base Network. 

The g r a v i t y measurements a t sea were ' t i e d - i n ' t o base p o s i t i o n s on the 
in fcke 

seabed i n harbours at Douglas / I s l e of Man, Fleetvrood, Livei-'pool, Holyhe3.d, 

a.nd Dun La,oghaire i n S i r e . The nature of the i n s t a l l a t i o n d i d not permit the 

.meter t o be observed on the quayside and the value of g r a v i t y on the seabed 

vjas c a l c u l a t e d from the observed value on the quay which was ' t i e d - i n ' t o the 

la,nd base s t a t i o n network,'^' This vas accomplished by the loo p i n g method, and 

diagr8,ias of the main ba.se p o s i t i o n s together ¥/ith the established quayside values 

are contained i n Appendix 2. The values of g r a v i t j r on the seabed are therefoi>e 

r e l a t i v e to, Pendulum House Cambridge where the value was assumed t o be 981.2650cm./ 

sec'^. Diagram 1 a s s i s t s the d e s c r i p t i o n of the c o r r e c t i o n s necessary t o obteiin 

the value of g r a v i t y on the•spabed. 

The diffex'ence i n g r 8 . v i t a t i o n a l ..attraction betTieen p o s i t i o n s A and B i s due 

t o thi-ee d i f f e r e n t effectSj namely, t-he free a i r e f f e c t , and the d i f f e r e n c e s i n 

a. t t r a c t i o n of the slab of ma t e r i a l . Q and the sheet of water P a t the two p o s i t i o n s . 

The f r e e J i i r e f f e c t irsis obtained by multiplj^'ing the free a i r c o r r e c t i o n f a c t o r 

by the v e r t i c a l distance between A and .B, The g r a v i t a t i o n a l a t t r a c t i o n a t the 

two p o s i t i o n s f o r both the quay Q, and the sheet of water P, ?iras obtained using 

a g r a t i c u l e based on King Hubbert's (1948) l i n e i n t e g r a l method. The e f f e c t of ' 

a l l mass belovf the l e v e l o f B was assumed t o be the same a t both p o s i t i o n s . A 

model example t o i l l u s t r a t e the process i s given f o r the value e s t a b l i s h e d a t 

Holyhead. The appropriate measurements are i n d i c a t e d i n diagram 2. 
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The d i f f e r e n c e i n the Free Air c o r r e c t i o n between A and B V\ras 

c a l c u l a t e d t o b e : — + 3 . 0 8 mgals. 

The d i f f e r e n c e i n e f f e c t of the quay was estimated to be: 

. „—„ 0.71 mgals. 

The d i f f e r e n c e i n e f f e c t of the soa ¥/as estimated t o be: 

_ -O.32 mgals. 

Consequently the calcula,ted d i f f e r e n c e i n g r a v i t y between 

A and B i s ™__™„~„_.«„ 2,05 mgals. 

The value e s t a b l i s h e d on the quayside by the l o o p i n g method was 

+128,37 mgals. 

Therefore the value on the seabed i s given by 128,37 + 2.05 mgals. 

-130,42 mgals. 

This value i s only v a l i d f o r the st a t e of the t i d e shown i n the i l l u s t r a t i o n , 

and allowance was made f o r changes in ^ the h e i ^ t of the t i d e . 

3,2 Marine S t a t i o n s , 

i . I d e a l Conditions, 

At each marine s t a t i o n the vessel vas anohored and allo?fed t o swing 

t o a stable p o s i t i o n . The gravimeter was then lowered r a p i d l y but smoothly 

t o w i t h i n about t e n fathoms of the bottom as i n d i c a t e d by the echo-sounder 

equipment. The l o w e r i n g r a t e was then gradually reduced u n t i l the b e l l s e t t l e d 

g e n t l y onto the seabed. 

The instrument was now l e v e l l e d by means of the automatic l e v e l l i n g system. 

With the instrument i n a l e v e l p o s i t i o n the meter was undamped and a reading 

of the g r a v i t y d i a l obtained as q u i c k l y as po s s i b l e . The instz-ument was then 

clamped and the depth of \mter as recorded by the pr e s s u r e - s e n s i t i v e transducer 

on the b e l l was noted. The b e l l was now r a i s e d t o the surface, and a f t e r a 



r e c o r d of the ship's p o s i t i o n had been obtained using the Decca Navigator 

i t was possible t o proceed t o the next p o s i t i o n , 

i i . , D i f f i c u l t Conditions. 

S a t i s f a c t o r y measux-ements were only possible i n r e l a t i v e l y calm conditions 

and i t wa.s found i n p r a c t i c e t h a t a wind speed of Force 4 on the Beaufort 

Scale provided an upper l i m i t f o r gr3.vity operation. As already s t a t e d the 

vessel was anchored and allowed t o swing before the b e l l was lowered onto the 

s e a - f l o o r . I n c o n d i t i o n s of slack vrater or upper l i m i t i n g vvind speed the ship 

may be h e l d across wind and curre,nt such t h a t v a r i a t i o n of e i t h e r causes 

o s c i l l a t i o n about a focus s i t u a t e d a short distance forward of the horn. 

Consequent movement of the s t e r n tiii'ough a wider arc may cause the b e l l t o 

be dragged across the seabed, and close contact betvfeen the 7ri,nch and co,ntrol 

console opei-ators viras e s s e n t i a l i n such c o n d i t i o n s , 

A fui'ther Tforking d i f f i c u l t y v/as cormnonly encountered i n t h e s t r e n g t h of 

the t i d a l cuiTents which caused drag on the remote c o n t r o l cable and ¥/ere s u f f i c i e n t 

i n some cases to set up .vigorous o s c i l l a t i o n w i t h the distiirbance reaching dovm 

to the b e l l i t s e l f . This was observed on the c o n t r o l panel i n an unsteady move­

ment o f the l e v e l i n d i c a t o r s . Such e f f e c t s could u s u a l l y be reduced by 

slovdy r e l e a s i n g a d d i t i o n a l cable u n t i l the l e v e l d i a l s i n d i c a t e d a minimum of 

mechanical disturbance. I f distuat'bance was experiencedw.hile the meter was ' 

undamped i t almost i n v a r i a b l y i n h i b i t e d the attainment of a s a t i s f a c t o r y reading. 

I n such cases the only a v a i l a b l e course ?/as t o clamp .: immediate.ly and attempt 

t o secure more s t a b l e c o n d i t i o n s . 



Poor anchoring ground has also presented d i f f i c u l t y i n c e r t a i n area,s. 

I n such instances the ship o c c a s i o n a l l y dragged the anchor and s l i p p e d astex-n 

u n t i l the gravimeter on the seabed was under the ship w i t h the remote c o n t r o l 

and s t e e l l i f t i n g cables i n danger of f o u l i n g the p r o p e l l e r s . As soon as i t 

Yiras n o t i c e d t h a t the cables were ten d i n g t o swing under- the s t e r n the b e l l was 

r a i s e d a few fathoms o f f the bottom and more anchor chain released before 

replacement of the instrument on the seabed. The gi-avity reading was always 

secured as q u i c k l y as possible i n order t o minifidze the p e r i o d t h a t the instrument 

remained undamped, p a r t i c u l a r l y i n the type o f d i f f i c u l t c o n d i t i o n s o u t l i n e d 

above, 

4. Method of P o s i t i o n Location. 

The positions of g r a v i t y s t a t i o n s at sea were f i x e d u sing the Decoa Navigator 

system. This i s a r a d i o system t h a t uses phase d i f f e r e n c e s bet?/een shore based 

t r a n s m i t t i n g s t a t i o n s t o o b t a i n the p o s i t i o n . 

The a.ccuracy of the system depends upon several f a c t o r s i n c l u d i n g distance 

from t h e Decoa s t a t i o n s , nearness t o c o a s t a l regions, and n i g h t time v a r i a t i o n s . 

There are tvro types of e r r o r t h a t a f f e c t the accuracy of a Decca f i x , f i x e d 

and v a r i a b l e e r r o r s . Fixed e r r o r s are due t o d i s t o r t i o n of the p o s i t i o n l i n e 

p a t t e r n s and occur mainly as a r e s u l t of the s i g n a l passing over ground of low 

c o n d u c t i v i t y . Since the d i s t o r t i o n does not vary i t i s p o s s i b l e t o malce allowance 

f o r t h i s e r r o r . Correction f i g u r e s a.re s u p p l i e d f o r rele-jrant areas as f i - a c t i ' 

of a p o s i t i o n lane w i d t h , and are c l a s s i f i e d i n t o two groups. Glass A contain 

w e l l e s t a b l i s h e d f i g u r e s Tfhich w i l l imply systematic p o s i t i o n l i n e e r r o r s 

of l e s s than 100 yards, at a 95/̂  p r o b a b i l i t y l e v e l . Class; B include figures 

which do not q u a l i f y f o r the above but which give a b e t t e r average f i x i n 

Lons 
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the area i n vYfaich they are a p p l i c a b l e . I n the area of operation the m a j o r i t y 

of the f i x e d e r r o r c o r r e c t i o n s f e l l i n t o the f i r s t category. 

The v a r i a b l e e r r o r i s caused by i n t e r f e r e n c e between the d i r e c t i-adio 

signals from the Decca sta,tions and the s i g n a l s reaching the ship by a 

'slcywave' r e f l e c t i o n path. The e f f e c t of these e r r o r s i s u s u a l l y small under 

d a y l i g h t c o n d i t i o n s but tends t o become greater w i t h distance from the s t a t i o n 

and a t n i g h t . I t i s po s s i b l e t o o b t a i n an estimate of the magnitude of the 

eri-or a t a given distance from the s t a t i o n , and t o judge the d i r e c t i o n i n 

which the Decca f i x i s l i k e l y t o be dis p l a c e d from the t r u e p o s i t i o n . The Data 

Sheets a v a i l a b l e i n d i c a t e the maj^nitude of the e r r o r t h a t may occur at various 

plc3.ces, 8,nd the dii'ections of maximum and minimum accuracy by day and n i g h t . 

I n most of the area under considera.tion the maximum e r r o r t h a t might be 

a n t i c i p a t e d under d a y l i g h t conditions i s one cable, or approximately + 600 f e e t . 

5. Reduction of the Observations. 

5.1 D r i f t . 

Ovex' an o p e r a t i o n a l day a d i f f e r e n c e i n reading of f i v e d i a l d i v i s i o n s or 

l e s s , equivalent t o approximately 0.5 . m i l l i g a l s , hetveen the known value of 

the r e t u r n base a,nd the measured value r e l a t i v e to the s t a r t i n g base, was 

considered s a t i s f a c t o r y . The intermediate marine s t a t i o n s were then corrected 

by assuming a l i n e a r d r i f t c h a r a c t e r i s t i c w i t h time. However", on c e r t a i n 

iso-lated days a d i f f e r e n c e of several m i l l i g a l s ?;as recorded upon r e t u r n t o 

the base p o s i t i o n . Instrum,ental 'jumps' of t h i s nature are b e l i e v e d to be 

caused i n the main by mechanical disturbance of the meter v d i i l s t i t remtxins 

undamped d u r i n g an obsexnration. The problem was overcome by systematic 



This i s made up of a Free l i r C o r r e c t i o n , - f t , the e f f e c t of the mass 

of sea ?/ater, +4rr&|%t, and t h a t due t o the imagined rock i n f i l l , +2TlGr{j3^~J3^)t, 

fihere f i s the f r e e vair c o r r e c t i o n f a c t o r , i s the de n s i t y of sea frat e r , 

Q the den s i t y of the rocks below the seabed, and t the depth. 

S u b s t i t u t i n g values of 1,03 gm./cm^ foTp^ the density of seawater,- and 

2.50 for^o^^ , a choice t h a t w i l l be c r i t i c a l l y examined l a t e r , the f o l l o w i n g 

simple expression i s obtained, 

C(depth) = -0.04902t m i l l i g a l s . ' (tmfeet.) 

S i m i l a r l y , the t i d a l c o r r e c t i o n i s m^de up of +ftD, the a d d i t i o n a l f r e e a i r 

c o r r e c t i o n where tD i s the d i f f e r e n c e between the e x i s t i n g l e v e l and mean 

sea l e v e l , and ~2TTG-rttD, the e f f e c t of removing an imaginary t h i n slab of 

x'ock. Here tD i s taken t o be p o s i t i v e when the e x i s t i n g l e v e l i s higher than 

mean sea l e v e l . 

Thus C ( t i d a ) = ( f - 2TTG-»)tD. I t & U fe^t). 
V. 

S u b s t i t u t i n g as before: 

C ( t i d e ) = 0.062l6tD m i l l i g a l s 

A t a b l e was produced f o r depths up t o 300 f t , t o speed the approximate 

computation of r e s u l t s a t sea, although these combined c o r r e c t i o n s were f i n a l l y 

processed by computer since the d e r i v a t i o n of the marine t i d e f o r over a 

hundred s t a t i o n s i s a soro.ewhat tedious c a l c u l a t i o n . The necessary data f o r 

the c a l c u l a t i o n of the marine t i d e v/ere obtained from 'The Adm i r a l t y Tide 

Tables Volume 1' f o r the cu r r e n t year and Chart No, 5058, 'Go-tidal and Co-range 

l i n e s . * I t was not considered necessary t o make T e r r a i n Calculations since 

t h e i r magnitude does not exceed t h a t of other sources of e r r o r . 



5. h~ Latdtude Correction. 

From the measured vsilue of g r a v i t y a t each s t a t i o n -was subtracted the 
t h e o r e t i c a l value at t h a t l a t i t u d e as c a l c u l a t e d from the I n t e r n a t i o n a l 

Gra-vlty. Formula of 1950. The values of t.heoretioal g r a v i t y accurate t o 

.01 mg8.1, were obtained from a pamphlet l i s t i n g the values a t i n t e r v a l s of 

0.1 minute of arc between l a t i t u d e s 40°N. and 85°N. (Tanner, 1962), 

5• 5 T i d a l &ra,vity Corrections. 

Since the time i n t e r v a l between base readings was u s u a l l y severa,l hours 

i t was necessary t o apply a f u r t h e r c o r r e c t i o n t o al l o w f o r the changes i n 

t i d a l a t t r a c t i o n o f the sun £ind moon and f o r the Earth Tides. This was 

obtained from t a b l e s published as a supplement t o the December issue of 

Geophysical P r o s p e c t i n g . f o r the preceding year (Gogael, Geophysical Prospecting 

196-). 

6. E r r o r s . 

The e r r o r s a f f e c t i n g the work are of two d i s t i n c t types, random and 

systematic. 

6.1 Systematic E r r o r s . 

Systematic e r r o r s i n v o l v e the c a l i b r a t i o n constant of the instrument 

i t s e l f , and the de n s i t y value adopted f o r the Bouguer Correction. I n s p e c t i o n 

of c a l i b r a t i o n r e s u l t s under s e c t i o n 2.3 reveals t h a t the greatest change i n 

the value of the c a l i b r a t i o n constant over the p e r i o d of a survey was only 

of the oi-der of O.^fs and since the e n t i r e range of the meter i s only 100 m i l l i g a l s 

t h i s may be considered a n e g l i g i b l e so'urce of e r r o r . 

S c r u t i n y of d e n s i t y data f o r a range of possible rock types i n d i c a t e s t h a t 

a density as low as 2,25 gm./cm.^ may be encountered i n some Mesozoic Sandstones, 

# N e t t l e t o n , I94O. 
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while c e r t a i n Lower Palaeozoic s t r a t a a t t a i n a value of 2.75 gm./cm.^ Thus, 

an e r r o r of ^0.25 gm./cm,'̂  may be present i n the value o f ^ ^ , g i v i n g r i s e t o 

an e r r o r of -0.95 m i l l i g a l s i n the Bouguer Corr e c t i o n f o r a depth o f 300 f e e t , 

A working l i m . i t of 50 fathoms or 300 f e e t was adopted i n t h i s area,, and con­

sequently the p o s s i b l e e r r o r i n the Bouguer Corr e c t i o n from t h i s cause w i l l 

not exceed one railligal and w i l l g e n e r a l l y be much lower. 

6,2 Random^ Errors^. 

Random e r r o r s a r i s e from e r r o r s i n the measurements themselves and include 

p o s i t i o n a l e r r o r s , d r i f t e r r o r s , and depth and marine t i d e u n c e r t a i n t i e s . 

Fixed E r r o r Corrections were a p p l i e d t o the Decca readings using the a v a i l a b l e 

i n f o r m a t i o n , and s t a t i o n p o s i t i o n s u s i n g the equipment under normal d a y l i g h t 

c o n d i t i o n s are considered t o involve a maximum e r r o r o f 600 f e e t . The L a t i t u d e 

Correction may t h e r e f o r e i n t r o d u c e an e r r o r of up t o - 0,14 m i l l i g a l s . The 

depth transducer i s considered t o be s e n s i t i v e t o a change i n water height 

of one f o o t , and the marine t i d e can be estimated from t a b l e s t o a s i m i l a r 

degree of accuracy. The e r r o r i n v o l v e d i n these u n c e r t a i n t i e s i s about - 0.1 

m i l l i g a l s . Ten of the g r a v i t y s t a t i o n s were l a t e r re-occupied and the d i f f e r e n c e s 

between the reduced readings y i e l d e d an estimate f o r the standard d e v i a t i o n 

of a s t a t i o n Bougxier Anomaly of - 0.69 m i l l i g a l s . This i s probably ̂ 'caused by 

a lack of l i n e a r behaviour i n the d r i f t . 

7. Presentation of Results. 

The f i n a l reduced data are presented both i n the form of a Bouguer Anomaly 

Map, contoured a t f i v e m i l l i g a l i n t e r v a l s , i n d i c a t i n g the d e t a i l e d p r o f i l e l i n e s , 

and also as a t a b l e l i s t i n g the s t a t i o n numbers and other r e l e v a n t i n f o m a t i o n 

which i s included i n Appendix 1. 



8. The Magnetic Surveys. 

8.1 I n t r o d u c t i o n 

The instrument used f o r the magnetic work a t sea vas a Gray Proton 

Ifegnetometer M. !¥, This was used se.lectively t o o b t a i n d e t a i l e d traverses 

a c r o s s anomalies appearing on the Aeromagnetic Maps o f p a r t of Gi-eat B r i t a i n 

and Northern I r e l a n d produced by the Geological Survey. Data was also 

c o l l e c t e d i n areas where the g r a v i t y f i e l d suggested t h a t magnetic i n f o r m a t i o n 

might -provide assistance i n t h e i n t e r p r e t a t i o n , 

8.2 F i e l d Operation. 

The magnetometer ' f i s h " c o n t a i n i n g the b o t t l e and p r e - a m p l i f i e r was 

toTfed at^ ' t v i o ships' l e n g t h a s t e r n m.th. the vessel m a i n t a i n i n g a normal c r u i s i n g 

speed of 12 knots. The sjitomatic t i m i n g c i r c u i t of the instrument was adjusted 

at the beginning of a season t o take measurements a t approxima/fcely 15 second 

i n t e r v a l s and t h i s s e t t i n g was maintained throughout the sux'veys. 

The p o s i t i o n of a t r a v e r s e was f i x e d using the Decca Navigator which was 

u s u a l l y observed a t f i v e minute i n t e r v a l s . The exact time was noted f o r a l l 

Decca observations and f o r the magnetic readings a t approximately f i v e minute 

i n t e r v a l s . Radio time checks were made f o r the wrist-watches used by the Decca 

Navigator and magnetometer observers ixi order t o ensure accurate c o r r e l a t i o n 

between the magaetic readings and the p o s i t i o n of the v e s s e l . 

8.3 Reduction of Observations. 

The f i e l d data vrere reduced by coirrputer using a programme which 

c a l c u l a t e s the values of the magnetic f i e l d a t s p e c i f i e d p o s i t i o n s having 

corrected f o r diui-nal and r e g i o n a l v a r i a t i o n s (Johnson, Personal communications). 

The Decca readings a t f i v e minute i n t e r v a l s are used t o Galcula,te the p o s i t i o n 

of the magnetic readings by i n t e r p o l a t i o n . The magnetic readings are then 



converted t o gamma and co r r e c t e d f o r d i u r n a l and r e g i o n a l v a r i a t i o n again by 

i n t e r p o l a t i o n . i ? i n a l l y the programme p r i n t s out the value and p o s i t i o n of the 

magnetic f i e l d a t a l l the p o i n t s of measurement. 

8.4 Presentation of Results. 

The r e s u l t s obtained d u r i n g the i n v e s t i g a t i o n of a s p e c i f i c anomaly are 

discussed i n cha,pter 8, where the data appear i n the form of scaled p r o f i l e s . 
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Description of the Bouguer Anomaly inap̂ . 

1 . Introduction 

The d i s t r i b u t i o n of the Bouguer Anomalies i n the coastal areas surrounding 

the North I r i s h Sea and on the I s l e of Man was discussed i n Chapter 2 . A 

si g n i f i c a n t aspect that emerged from t h i s reviev« of previous geophysical , 

work was the ?;idespread tendency f o r a r i s e i n the Bouguer Jjnomaly to occur 

on approaching the North I r i s h Sea. I t i s apparent that a background anomaly 

close to +40 m i l l i g a l s may be present over much of the e x i s t i n g marine area 

under investigation^ 

Superimposed upon th i s high regional background anomaly are severa,l areas 

of low Bouguer Inomaly values. The ajnplitude of these local negative anomalies 

varies between 20 and ii-O m i l l i g a l s . ..An extensive area of r e l a t i v e l y lo?; Bouguer 

ilnomalies i s found i n the eastern part of the North I r i s h Sea forming the East 

I r i s h Sea 'lo?;'. Between Peel on the west coast of the I s l e of Ivian and 

Northern Ireland an area of lov^ Bouguer Anomalies has been named the Peel-

irdglass 'lo?/' (Bott, 196^-). F i n a l l y a negative anomaly of 40 m i l l i g a l s 

amplitude has been located i n the v i c i n i t y of Dublin Bay and i s called the 

Dublin Bay-Kish Bank 'low'. The interpretations of the Dublin Bay-Kish Bank 
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'low' and the East I r i s h Sea 'low' are discussed i n Chapter 5 and 6 

respectively. 

The Bouguer Anomalies over the area investigated by the author are novr 

described i n terras of the several large scale features which have been 

discovered. Throughout the chapter the reader i s referred to the Bouguer 

Anomaly map (Plate l ) v/hich i s to be found inside the back cover. 

2. The East I r i s h Sea 'low' 

The East I r i s h Sea 'lov/' occupys the area bounded to the north by a 

l i n e extending from Ramsey on the I s l e of Man to 'Whitehaven on the Cumberland 

coast, and i n the south by the coast of North Wales. I n the east the low 

Bouguer Anomaly values transgress the Lancashire coastal p l a i n , i i region 

of high positive Bouguer Anomalies i n excess of +40 m i l l i g a l s forms the 

western boundary between the I s l e of Man and .Anglesey. 

The main area of minimum. Boug;uer .Anomalies occurs i n the north 

approximately midwa.y between the I s l e of Man and the Fur-ness coast. A minimum 

of - 3 . 6 m i l l i g a l s v/as recorded. The regional background anoma^ly i s considered 

to be approximately -f-36 m i l l i g a l s over t h i s part of the Horth I r i s h Sea and 

the amplitude of the l o c a l anomaly i s therefore about 1+0 railligals. A 

shallow lov; occurs i n the southern h a l f of the area where a measured 

minimum of +16.1 m i l l i g a l s was observed. The am,plitude over t h i s part of 
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the anomaly with respect to the centrally disposed minimum of + I 6.I m i l l i g a l s 

must be approxima;tely 20 m i l l i g a l s assuming a background anomaly of +40 m i l l i g a l j 

from the evidence on Anglesey and the mari.ne measurements to the north-west. 

This i s only half the value estimated f o r the main minimum region i n the 

north of the area. 

.As stated above the area of minimum anomaly l i e s approximately mid?ifay 

between the I s l e of Man and the Furness Coast, and the eastern boundary of the 

feature has been taken as the gra^vity low along the coastal margin of south-

Ŷ est Ciiinberland and Eurness. To the south-east of the central minimum the 

g:radients are shallovf an,d a large area exists i n the v i c i n i t y of Morecambe 

Bay where the anomaly varies by only 2-3 m,illigals. '-i-'he southern h a l f of 

the East I r i s h .Sea i s characterized by r e l a t i v e l y gentle gradients over much 

of the area with the Bouguer .Anom-aly values generally higher i n the west, and 

decreasing gradually towards the Lancashire Coast. This tendency i s i n t e r ­

rupted by the shallow 'low' i n the central part of the area i n which the 

measured minimum was +I6.I m i l l i g a l s . This disturbance causes the 20 m i l l i g a l 

isogal to swing round i n the approaches to the Ribble Estuary and produce a 

pronounced nosing to the Trest, while the isogals immediately to the north of 

Rhyl appear t o be strongly influenced by the Yale of Clvpfd 'low' on the 

North Wales Coast. Over a wide area e,xtenaang from Fleetwood i n the north 
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to Liverpool i n the south, the marine Bouguer iknomalies display values that 

vary l i t t l e from, those measured on the Lancashire coa,stal p l a i n and no marked 

gravity gradients are present on t h i s side of the feature. 

A large positive anomly occurs within the overall gravity 'lo? i ! ' 

approximately ten miles to the south-east of Douglas, I s l e of Man. This 

feature i s e l l i p t i c a l i n shape and i s approximately f i f t e e n miles 

£i»ng i n a south-east to north-west d i r e c t i o n . THe f e a t u r e i s about 

ten miles i n length from south-west to n o r t h - e a s t . The measured maxiaium 

Bouguer jinotnaly was +37.7 m i l l i g a l s which i s closely comparable with the values 

obsei'ved along the coast of the I s l e of Ivlan. ' , 

The northern boundary of the East Ii-ish Sea 'low' was established by Bott 

as being the gravity ridge of r e l a t i v e l y high Bouguer' Anomalies which separates 

the gravity low under discussion from the *Solway lo¥/' further north (Bott, 1964). 

The boundary i s marked by steep gravity gradients and a detailed p r o f i l e was 
d " - • 

obtained during the 196.5 season i n order to investigate the sh8,pe and magnitude 

of the gradients more accurately. 

Steep gradients are again present w i t h i f i 5 f 4 miles of the eastern seaboard 

of the I s l e of Ma,n where the isogals tend to run almost p a r a l l e l with the 

existing coastline and form the boundaiy of the 'lovf' i n the west. From a value 

of about +40 m i l l i g a l s on the coastal margin, the anomaly f a l l s to + 2 0.milligals 

v/ithin four miles of the shore between Douglas and Laxey. The gradient reaches 
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a measured maximum of 7 mgals./mile near Laxey, and 10 mgals./mile to the 

south-east of Douglas. 

The presence of steep gradients over the margin of the East I r i s h Sea 

'low* i n the south-west must be inferred from the existence of Bouguer 

ilnomalies i n excess of +4-0 m i l l i g a l s on Anglesey together f f i t h the knowledge 

tha.t the value decreases to +25 m i l l i g a l s f i v e miles to the north of the 

G-reat Ormes' .Head. To the north of Holyhead the bounda.ry of the anom.aly i s 

vague due to the scarcity of data, but the existence of a pronounced marginal 

gravity fea.ture i n t h i s region i s suggested by the further occurrence, only 

a few m.iles to the ¥/est, of a large a.rea i n y/hich the Bouguer Anom.alies exceed 

+40 m.illigals (Section 3 ) -

Three detailed traverses have been established across s i g n i f i c a n t 

gravity features of the East Iris.h Sea "low". ProfLle IE' was planned to 

investigate the shape and magnitude of the gra,vity gradients across the 

northern boundary and extends from Ramsey Bay i n a south-easterly dii*ection 

towards Fleetwood (Plate l ) . Proceeding from north-west to south-east along 

the p r o f i l e , i t was found that a f t e r i n i t i a l l y m.aintaining a constant value 

of approximately +56 m i l l i g a l s f o r more than three miles, the Bouguer 

..Anomaly suddenly slumped by fourteen .milligals i n a mile and a quarter giving 

a maximum gravity gradient of about 11 mgals./mile. The gre-dient decreased 



gradually i n a south-easterly d i r e c t i o n to a value of 2 mgals./mile as the 

central minimum was approached. 

P r o f i l e DD''' across the loc a l positive anomaly south-east of Douglas 

indicated that the. steepest gradients associated with the feature occur i n 

the north-east where a gravity gradient of 8 mgalSe/mile was recorded across 

the margin of t h i s local anomaly. To the south-west the gradient has a value 

of 3~4 mgals./mile and the Bouguer Inomaly f a l l s to a measured value of +16.6 

m i l l i g a l s J a,fter v^hich the p r o f i l e indicated a very gradual r i s e towards the 

extensive area of high gravity values situated between the I s l e of Man and 

ixiglesey. 

P r o f i l e extends from near Douglas i n the north-west to a position 

south-east of the loc a l positive anomaly. The Bouguer ilnomaly near Douglas 

i s approximately +40 m i l l i g a l s , but t h i s value f a l l s rapidly w i t h i n about 

four miles from the coast to a ro.easured minimum of +18,9 m i l l i g a l s . The 

maximum observed gravity gradient over t h i s section of the p r o f i l e fja,s found to 

be approximately 10 mgals./mile. From the minimum of +18.9 the Bouguer Anomaly-

was found to r i s e at approximately 3~4 mgals./mile i n a south-easterly 

di r e c t i o n u n t i l the m.easured maximum of +37>7 m i l l i g a l s Tms reached at the 

centre of the l o c a l positive anomaly. 
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Thus i t i s apparent that a large area i n the eastern h a l f of the North 

I r i s h Sea i s occupied by a composite gravity 'low', the continuity of which 

i s interrupted by a conspicuous gravity 'high' situated ten miles to the 

south-east of Douglas, I s l e of Man. The ma.jor feature i s delineated to the 

north-west and south vrest by steep gravity g.radients, and to the west by an 

extensive area of higlri Bouguer .ilnomalies similar i n value to those encountered 

over much of the I s l e of Man. I n the north-east the ajiomaly i s bordered by a 

gravity 'low' along the coastal margin of Cmnberland, vihile i n the south-east 

of the area there appears to be str u c t u r a l continuity with the coastal p l a i n 

of Lancashire. I t i s suggested that the term 'East I r i s h Sea Lovf' be used 

i n reference to the above anomaly. 

3. The 'Central High!. 

As alrea^dy noted i n Section 2 of the chapter, a large area of r e l a t i v e l j ^ 

high Bouguer Anomalies i s located to the west of the 'East I r i s h Sea Low', 

betYireen the I s l e of Man and .Anglesey. The highest measured value was 

41.8 mil.Ligals smd although the 40 m i l l i g a l isogal i s adequately defined, 

the p o s i t i o n of the 35 m i l l i g a l isogal i s doubtful to the south and \mst 

due to lack of data. This region of high Bouguer .ilnomaly values forms a 

western b o u n d a r y to the 'East I r i s h Sea Low' and appears to l i e on an extension 

of the s t r u c t u r a l sjcls of the I s l e of Man. 
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4. The 'Peel-ardglass Low*. 

Situated to the north of the * Central High' and occupying a position 

bet?feen the west coast of the I s l e of Man and the Mourne Mountains, i s an 

elongate gravity 'low' ¥dth a long axis aligned i n a north-east to south-

?fest or Caledonoid direction. The existence of t h i s low was f i r s t detected 

i n 1961 as the result of a single traverse from Peel o.n the I s l e of Man 

towa.rds ..iirdglass i n Northern Ireland (Bott, I964) . 

The maxim.um wid.th of the anoma,ly i s approximately f i f t e e n miles, and 

the leng-th i n excess of tyrenty miles, a more accurate estimate being impossible 

without additional data i n the north. The minimum observed Bouguer Anomaly 

was +16.8 milligg,ls although a lower value might have been obtained had 

readings been possible i n the central area which i s occupied by very deep 

water. I n estimate of the amplitude of the anomaly i s therefore d i f f i c u l t . 

The problem i s complicated by the fact that the background anomaly over the 

Lower Palaeozoic rocks of Northern Ireland i s about +20 railligals (Cook and 

Murphy, 1952) , compared with a value of approximately +40 m i l l i g a l s over the 

I s l e of Man. Nevertheless i t i s probable that an a.mplitude of at least 15 

m i l l i g a l s exists over the central part of the anomaly. The maximum gradient 

from the l i m i t e d i a t a available would appear to be approximately 5 mgals./mile 

i n the area immediately to the west of Peel. South-east of the 'Peel-iirdglass 
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Low' the Bouguer .Anomalies display a general tendency to decrease gradually 

towards the coast of Ireland, and no s i g n i f i c a n t anomaly tfas discovered 

u n t i l the station coverage .reached the approa,ches to Dxiblin. 

The Dublin Bay-Kish Bank 'low' extends from a position approximately 

f i v e miles south of La-mba.y Island i n the north t o near Bray i n the south. 

The featm^e i s .rectangtxl,a,r i n outline and elongate i n a nort.h-east to south-

V'/est or Caledonoid di r e c t i o n . The axis of t.he feature i n t h i s d i r e c t i o n 

i,s about 20 miles i n length and the vddth i s neax'ly 15 miles. 

The minimum observed Bouguer ikicmaly i s - 6 . 6 m.illigals 8.nd the amplitude 

of the anomaly i s estimated to be 40 m i l l i g a l s . The anomaly possesses a 

sinrple, elongate mini.mum region. 

The bound'ary of the anomaly i n the north i s marked by very steep gravity 

g.radie.nts a.nd. two deta,iled p r o f i l e s have been established across t h i s margin 

to investigate the shape and magnitiide of these gradients. Steep gravity 

gi-adients also delineate the south-western boundary near Bray .Head. The 

isogals on land i n the • v i c i n i t y of Bray show a steady rise i n value i n a 

south-easterly d i r e c t i o n as the sea i s approached. I t i s apparent therefore, 

tha,t the isogals must change d i r e c t i o n abruptly upon crossing the coastal 

margxn. 



The station density to the east of the minimum region i s not s u f f i c i e n t 

to allow an axcurate estim.ate of the magnitude of the gradients to be made. 

The available data suggests that the gradients over t h i s margin are more 

gradual with the Bouguer Anomalies r i s i n g to a measured maximum of +30 m i l l i g a l s . 

The detailed, p r o f i l e s across the northern bounda,ry revealed a, measured 

maximum gradient of approximately 11 mgals./mile along P r o f i l e M.', and 15 

mgals./m.ile along BB'. The existence of the Dublin Bay-Kish Bank 'low' was 

not suspected from the gravity f i e l d on land and the in t e r p r e t a t i o n foi-m.s 

the subject of Chapter 5-



A large negative gravity anomaly has been shown to exist i n the area of 

Dublin Bay. The minimum observed Bouguer ..anomaly was - 6 . 6 m i l l i g a l s and the 

amplitude of the anomaly has been estimated to be approximately 40 m i l l i g a l s . 

I t i s the i n t e r p r e t a t i o n of t h i s gravity anomaly that forms the subject of 

t h i s chapter. The chapter begins with a description of the methods that have 

been used i n the intei-pretation. 

The method i s based on uhe fact that the seco.nd derivative of gravity across 

a p r o f i l e above a two-dimensional se m i - i n f i n i t e , horizontal slab with a 

sloping edge has two turning values, the r e l a t i v e magnitudes of which depend 

upon the d i r e c t i o n of slope. Since the boundary between sedimentary basins and 

Che underlying denser basement rocks c h a r a c t e r i s t i c a l l y slopes inwards towards 

the basin, and the coi>tacts of granite batholiths usually slope outwards, t h i s 

c r i t e r i o n provides a means f o r distinguishing between buried granites and 

sedimentary basins from t h e i r gravity anomalies- (Bott, I962). 

I t was noted that granite batholiths and large sedimentary basins both 

give r i s e to negative gi-avity anomalies re l a t i v e to the undisturbed surrounding 

regions, and that .frequently the source of the anomaly i s concealed by a l a t e r 

succession of sedimentary rocks or by -the sea. The method permits a d i s t i n c t i o n . 
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to be ma.de by a study of the gravity anomalies. 

Referring to Figure 1, i t was shown that m t h a negative density 

contrast, as x, the horizontal co-ordinate, increases, the value of the second 

derivative i n i t i a l l y rises to a maximum, then f a l l s to a minimtua and f i n a l l y 

rises again towards zero. The two turning points occur near the sloping edge, 

the maximum value always being f u r t h e r from the slab. The tv/o turning points 

and "che corresponding va,lues of the second derivative, G-", were computed f o r 

a range of values of i a,nd z^/zg. I t was shown that the r a t i o of the magnitudes 

of the maximu.m second derivative and the minimum second derivative, f 'max./C-''min. 

was less than unity provided 0 ° < i < 9 0 ° and that &''max./C'min. was greater 

than unity pi-ovided 9 0 ° < KlSG*^. 

Thus a comparison of the r e l a t i v e magnitudes of &''ma;x. and &''min, gives 

the d i r e c t i o n of slope and yields the required c r i t e r i o n . A d i f f i c u l t y i n use 

of the technique to distinguish sedimentary basins v/as acknowledged i n stating 

that i t might be possible to construct a shape f o r which G-''max./C'min, i s less 

than unity although observations suggested that t h i s was l i k e l y to be unusual. 

A f u r t h e r d i f f i c u l t y might arise from confusion with adjacent anomalies. 

I n ccnclusion i t was stated that there were other characteristic d i s t i n c t i o n s 

between gravity anomalies caused by granites and sedimentaiy basins which were 

less suited to concise mathema.tical representation. An example ?/as seen i n the 

much more rapid .recovery of the Bouguer Anomaly towards a background value beyo.nd 

the position of C'max. f o r a sedimentary basin than f o r a granite. 

2 • 2 'i.'wo~pimension-al Gravity^^Computer Programme^. 

This programme compute* the gravity e f f e c t .for any 

two-dimensional, polygonal shaped body 
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f o r any given density contrast jO . 

(Stacey - Personal Communication). The programme i s based on the method 

o r i g i n a l l y described by Talwani, Worzel and Landisman (1959). The gravity effect i s 

computed f o r the required number of points (x-j^ x^) at a specified 

horizontal i n t e r v a l dx, f o r a semi-infinite horizontal sheet which i s defined 

i n terms of the co-ordinates of one of the sloping faces of the polygonal 

body as shewn i n Figure 2 . 

The formula f o r the gravitational a t t r a c t i o n of a semi-infinite sheet 

with a sloping end face i s given by Heiland (1940). Algebraic summation 

of the effe c t of each sheet at a l l the positions taking i n t o account that the 

effect of the sheets defined by the faces on the r i g h t hand side of the body 

must be subtracted to produce the required shape, then yields the magnitude 

of the g r a v i t a t i o n a l e f f e c t at each point, 

'The programme has been used t o compute the gravity p r o f i l e s over theoretical 

granite bodies with v e r t i c a l boundaries and d i f f e r i n g thicknesses i n order to 

establish the maximum gravity gradient that may be anticipated f o r a given 

anomaly amplitude over such a geological feature. The results are c r i t i c a l l y 

compared with the observed gradients i n the i n t e r p r e t a t i o n section of t h i s 

chapter. 

~• 3 Minimum De.nsity Contrast Technique. 

I t has been shown, f o r the case of a mass d i s t r i b u t i o n producing a negative 

anomaly, that i f the contact between the anomalous body and the country rocks 

i s taken as the density interface then a simple c r i t e r i o n exists to test the 

a t t i t u d e of the boundary (Bott, Day and Masson-Sraith, 1958). The steepest 

gradients t h e o r e t i c a l l y l i e vdthin the boundary of the anomalous body i f the 
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contact slopes inwards, and outside i f the contact slopes outwards. I n either 

case an abi'upt change of gradient occurs at the exposed contact. 

The magnitude of the change provides a measure of the angle of slope 

i f the density contrast i s known, or vice versa, by th,e approximate formula: 

C = TT&^sin 2 i , 

where C i s the difference bet¥!ree,n observed gradients at equidistant points on 

opposite sides of the contact, & the G-ravitational constant, the density 

contrast, and i the angle of dip. This relationship has been used during 

the i n t e r p r e t a t i o n of the 'Dublin Bay-Kish Bank Low' to establish a minimum 

l i m i t i n g density contrast f o r the anomalous mass. 

2.4 Sedimentary Basin Depth-Bstimation Programme. 

k computer programme i n the ALG-OL programming language f o r use with the 

E l l i o t t 803 computer has been wr i t t e n by the author using a similar 'flow diagram'tc Ad? 

already e x i s t i n g f o r a programme prepared f o r the Ferranti Pegasus computer 

(Bott, 1960). The method assumes that the gravity anomaly i s caused 

e n t i r e l y by a sedimentary basin f o r which the density of the sediments i n 

r e l a t i o n to the surrounding and underlying rocks i s either known oi' assumed. 

I t i s then possible to calculate the shape of the f l o o r of such a two-dimensional 

sedimentary basin from the regionally corrected gravity anomalies by a d i v i s i o n 

of the t o t a l width of the sedimentary basin i n t o a series of two-dimensional 

rectangular blocks. The regionally corpected gravity anomaly at the centre 

point of each block i s obtained from the p r o f i l e . The object of the pro^amme 

i s then to calculate the thickness of sediment beneath each block, which w i l l 

account f o r a l l the observed anomalies. F a c i l i t y i s available f o r estimation of 



the shape of a sedimentary basin i n which one or bo t h of the end. blocks 

e f f e c t i v e l y extends t o i n f i n i t y . Such a s i t u a t i o n e x i s t s when the margins 

of the basin are not termina,ted a b r u j ^ t l y by f a u l t s , but where the f l o o r slo'pes 

g e n t l y towaxds the upper surface, 

iln a d d i t i o n has been the i n t r o d u c t i o n of a sub-routine t o apply end-

c o r r e c t i o n s (Holroyd - Persona,! Comcounication:" ) . Hence, the o r i g i n a l 

two-dimensional basin i s novi oiodified t o a basin of f i n i t e l e n g t h perpendicular 

t o the p r o f i l e which causes a change i n the c a l c u l a t e d thickness and t h e r e f o r e 

the sh8;pe of the basin f l o o r . 

3 ISil'KPSS atic>n. 

3.1 "tri '€2^ '-^ ° ^ ' 

i . D e s c r i p t i o n of^^e^_£jMmJ^. 

The 'Dublin Bay-RLsh Bank Gr a v i t y Low' i s lo c a t e d approximately t e n miles 

t o the east of Dublin and i s elonga,te along a north-east t o south-vi-est or 

Caledonoid d i r e c t i o n . The axis of the f e a t u r e i n t h i s d i r e c t i o n i s about 

twenty miles i n l e n g t h and the w i d t h a t r i g h t angles i s approximately f i f t e e n 

miles ( P l a t e l ) . The presence of the anomaly wsis not suspected from the 

evidence of gra.vity vrark on land and the cause of the anomaly i s not obviously-

apparent from the co a s t a l geology. The 'low' possesses an approximately 

r e c t a n g u l a r o u t l i n e w i t h a single and elongate minimum region i n which the 

ralniraura observed Bouguer Anomaly Tiras -6.6 m i l l i g a l s . I n s p e c t i o n of the 

Bouguer iinoraalies on land i n conjunction w i t h the measurements a t sea 

suggests t h a t the background anomaly i s i n the reg i o n of +35 m i l l i g a l s which 

.d i n d i c a t e an amplitude f o r the l o c a l anomaly of about 40 m i l l i g a l s . noil 
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steep g r a v i t y gradients were found t o be present over the n o r t h e r n 

boundary of the f e a t u r e and two d e t a i l e d p r o f i l e s i n t h a t area revealed 

maximum measured gradients of 11 mgals./mile along p r o f i l e AA', ( P l a t e l ) , 

and more than 15 mgals./mile along p r o f i l e BB*. I'he shape of the p r o f i l e s 

are i n d i c a t e d i n Figures 3 and 4. Steep gradients also e x i s t along the south­

western margin of the f e a t u r e where the i s o g a l s on land show a steady r i s e 

towards the coast, as shown i n Figure 5. 'i'he p o s i t i o n of the negative anomaly 

only a few miles from the shore i n d i c a t e s t h a t the land i s o g a l s , which t r e n d 

north-east t o south-west i n t h i s area, must change d i r e c t i o n a b r u p t l y upon 

crossing the c o a s t a l margin t o f o l l o w a north-west t o south-east d i r e c t i o n . 

To the east of the c e n t r a l minimum the data i s more broadly d i s t r i b u t e d but 

i t would appear t h a t the gradients are more gentl.e over t h i s margin, the 

Bouguer iinomalies r i s i n g t o a measured maximum o f m i l l i g a l s . 

i i . The Problem of O r i g i n . 

Large negative g r a v i t y anomalies of the type described above are caused 

by masses of m a t e r i a l which possess s i g n i f i c a n t l y lower d e n s i t i e s than the 

surrounding country rocks i n v^hich they are s i t u a t e d . The g e o l o g i c a l s t r u c t u r e s 

which are knovm t o commonly produce negative anomalies o f t h i s magnitude f a l l 

i n t o two main categories, namely, g r a n i t e b a t h o l i t h s and l a r g e sedimentary 

basins. I t has f r e q u e n t l y been observed t h a t p o s t - t e c t o n i c g r a n i t e s are u s u a l l y 

accompanied by negative g r a v i t y anomalies (Cook and Murphy, 1952; Bean, 1953; 

B o t t , 1953, ^ B o t t and Masson-Smith, I96O). S i m i l a r l y , the common 

,association of l a r g e negative anomalies w i t h c e r t a i n regions o f New Red Sandstone 

rocks has been a s i g n i f i c a n t r e s u l t of the g r a v i t y data obtained i n the B r i t i s h 

I s l e s (White, 1949; Cook and Thirlaway, 1956; B o t t and Masson-Smith, I96O; 

^ B o t t , M.H.P. and Masson-Smith, D. I957. 

B o t t , M.H.P., Day, A.A. fond Masson-Smith, D. I958. 



Mansfield and Kennett, 1963; B o t t , 1964). Much of the work of the above 

authors has been reviewed i n the chapter concerned w i t h previous geophysical 
i n v e s t i g a t i o n s . 

I t i s possible t h e r e f o r e t h a t the 'Dublin Bay-Kish Bank' g r a v i t y anomaly 

could be caused by e i t h e r a g r a n i t e or a sedimentary b a s i n . The geology of 

the c o a s t a l area does not provide conclusive evidence f o r e i t h e r hypothesis. 

The extensive L e i n s t e r & r a n i t e , which forms the b u l k of the ?ficklow Mountains, 

i s present on land but the g r a v i t y i s o g a l s over t h i s s t r u c t u r e and the anomaly 

at sea do not d i s p l a y obvious c o r r e l a t i o n . I n a d d i t i o n i t has been observed 

t h a t basins c o n t a i n i n g l i g h t sediments occupying low l y i n g areas f r e q u e n t l y 

occur i n close p r o x i m i t y t o g r a n i t e bodies which tend t o occupy regions of 

elevated topography ( B o t t , 1964). I t i s apparent t h e r e f o r e t h a t the c r i t i c a l 

evidence f o r the i n t e r p r e t a t i o n of the 'Dublin Bay-Kish Bank' anomaly must be 

sought i n the character of the g r a v i t y p r o f i l e s , 

i i i . The Background Anomaly. 

& r a v i t y work on land has shown t h a t the Bouguer Anomaly r i s e s r a p i d l y 

when t r a c e d from t h e L e i n s t e r G-ranite t o a p o s i t i o n j u s t n o r t h of Du b l i n where 

i t a t t a i n s a h i g h value of+30 m i l l i g a l s (Murphy, 1952). The area of h i g h 

anomaly was not found t o be very extensive but confined t o a d i s t r i c t where 

only p o s t - S i l u r i a n rocks outcrop ( P l a t e l ) . I t was suggested by Murphy t h a t 

the increase i n anomaly was due t o the presence under the Carboniferous of 

Ordovician s t r a t a , the d e n s i t y of which was increased from an adopted mean 

of 2.73 gm./cffl^(Section 3.I i v ) as the r e s u l t of l o c a l igneous a c t i v i t y . To 

the south of the L e i n s t e r Granite the Bouguer Anomaly r i s e s s t e a d i l y over the 

Lower Palaeozoics i n a south-easterly d i r e c t i o n a t t a i n i n g a value of +35 m i l l i g a l s 

j u s t south of Bray (Thirlaway, 1951), 



Of the marine s t a t i o n s , the two d e t a i l e d p r o f i l e s i n t h e n o r t h i n d i c a t e 

a background anomaly of between+32 and+36 m i l l i g a l s , w h i l e t o the east the 

l i m i t e d data a v a i l a b l e suggest a background value of a t least+30 m i l l i g a l s . 

I t would appear t h e r e f o r e t h a t the undisturbed Bouguer Anomaly over the 

surrounding areas where Lower Palaeozoic s t r a t a e i t h e r outcrop or are suspected 

t o e x i s t at no great depth, i s of the order of-»3(|f36 m i l l i g a l s . 

i v . The D e n s i t i e s of the Rocks of the Coastal Region. 

I n order t o i n t e r p r e t the r e s u l t s of g r a v i t y observations i n I r e l a n d , 

d e n s i t y values were i n i t i a l l y based upon measurements of the rocks of the 

West Midlands of England and Central 'Wales. I n the f o l l o w i n g t a b l e of assumed 

d e n s i t i e s of I r i s h rocks, only the value f o r the L e i n s t e r Granite was d e r i v e d 

from l a b o r a t o r y measurements (I'hirlaway, 1951). 

Rock Type Density (gm./cm"?) 

T r i a s . 2.4 

Carboniferous L s t . 2.7 

Devonian.(O.R.S.) 2.6 

S i l u r i a n . 2.8 

G-ranite. 2.6 

Consideration of the l i m i t e d number of density-- measurements made a v a i l a b l e 

i n Centi-al I r e l a n d by Jackson (l95l) i n d i c a t e d t h a t there was no l a r g e d i f f e r e n c e 

i n d e n s i t y between rocks of ? a d e l y - d i f f e r e n t ages from, the Cambriajn, up t o 

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

I t was noted t h a t the d e n s i t y of sandstones of eveiy geological age was less 

than t h a t of the m.ore compact rocks. The Devonian and Carboniferous s t r a t a 



were the only ones which contained grea.t t h i c k n e s s of sandstone, and i t -was 

obsei-ved t h a t even then the measurements indictxted t h a t the sandstone was 

not much l i g t i t e r than 2.70 gm./cm-̂ . From measui^ements of samples outside 

the area of Central I r e l a n d the Pre-Palaeozoic rocks were found t o have a 

de n s i t y greater than 2.73 gm./cm^. A bi'oad d i v i s i o n o f the d e n s i t i e s of rocks 

i n the c e n t r a l area was suggested by Murphy as f o l l o w s : 

Pre-Palaeo2oics 2.75 gm./cra'^. 

Ordovician & S i l u r i a n 2.73 gm,/cm^. 

Devonian & Carboniferous 2.70 gTn./cm^. 

Although the Devonis^n was grouped w i t h the Carboniferous i t was acknoTirledged 

t h a t the d e n s i t y would be less i f t h i c k deposits of sandstone were present, 

and a value of about 2.65 gm./cm^ was suggested i n t h i s case. 

Mioi-'e r e c e n t l y the absence of la r g e d e n s i t y contrs^sts w i t h i n the Palaeozoic 

rocks belov/ the Carboniferous Limestone has been r e i t e r a t e d (Murphy, I962). 

An almost uniform d e n s i t y of 2.70 gm./cm . f o r the Carboniferous Limestone, 

and an o v e r a l l d e n s i t y of 2.73 grn./cm. f o r the u n d e r l y i n g Lower Palaeozoics 

were also r e a f f i r m e d . The Old Red Sandstone deposits i n Central I r e l a n d of 

less tha^n 200 metres (656 f e e t ) thickness provided the main departure from 

previous estimates. I T i i l e the dependence of the d e n s i t y on p o r o s i t y was 

recognised, i t was s t a t e d t h a t the minimum de n s i t y of these rocks was not less 

than 2,50 gm./cm.̂ . G l a c i a l gravels form a major component of the s u p e r f i c i a l 

deposits i n p a r t s of the c e n t r a l area, and f o r these a d e n s i t y of about 2.2 gra./cm^ 

was considered appropriate by Murphy. 

3.2 The Second D e r i v a t i v e P r o f i l e s . 

The magnitude of the g r a v i t y grs.dients across the n o r t h e r n margin of the 

anomaly along p r o f i l e s M' and BB', together w i t h the r e s u l t i n g values of the 
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Magnitude of the gradient between 

adjacent s t a t i o n s along P r o f i l e M* 

from n o r t h to south, (mgals./mile,) 

Value of Second D e r i v a t i v e , 

(mgals ./mile/mile.) 

0.21 

2.00 

7.09 

8.25 

7.57* 
a 

4.00 

-0.37 

. . . . . . + 1 . 3 8 

+5.65 

.... .4-4.34 

-3.67 

. . . . . - 0 . 9 1 

. . . . . . 3 . 9 7 

. . . . . . 3 . 7 6 

P r o f i l e BB' 

-0.30 

2.67 

15.73' 

9.91 

-0.11* 

. . .+2.32 

..4-11.36 

. . . -5 .29 

. . . - 3 . 5 1 



G " M G A L S / M I L E ^ 

S E C O N D D E R I V A T I V E V A L U E S A L O N G P R O F I L E A A ' 

M I L E S 

G " M A X / G " M I N . = 1-46 

F I G U R E 6 



S E C O N D D E R I V A T I V E VALUES ALONG PROFfLE BB' 

G" M G A L S / M I L E ^ 

12 

MILES 

h-6 

h-8 

G " M A X . / G " M I N . - = 2 I 6 

F I G U R E 7 
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second d e r i v a t i v e are recorded i n Table 1 . Figures 6 and 7 i n d i c a t e i n . 

graphical form, the d i s t r i b u t i o n of t h e second d e r i v a t i v e values. 

The r e s u l t s obtained f o r G-'' msJc./Cr' *m±n. as estimated from t h i s data 

f o r p r o f i l e s M' and BB' were 1.46 and 2 . l 6 r e s p e c t i v e l y . This r e s u l t i n d i c a t e s 

t h a t the boundary of the anomalous mass slopes inwards towards the centre of 

the anomaly, and t h a t i f t h i s i s the case the presence of a sedimentarjr basin 

s t r u c t u r e would seem more probable than a g r a n i t e mass. (Section 2 .1 ) 

3-3 The Evidence of the G-ravity G-radients. 

Using the two-dimensional g r a v i t y computer prograjmne, s e v e r a l p r o f i l e s 

were obtained over the margins of t h e o r e t i c a l g r a n i t e s m t h thicknesses of 

5, 8, and 10 k i l o m e t r e s , and v e r t i c a l end-faces f o r a negative d e n s i t y contre^st 

of 0,15 gm./crri^. This value mas considered t o be the maximum possible from 

c o n s i d e r a t i o n of the d e n s i t y data (Section 3 . 1 iv).The values of grs^vity v/ere 

computed a t a h o r i s o n t a l i n t e r v a l of 1000 metres (3280 f e e t ) . Since the a c t u a l 

observed values of the d e t a i l e d marine p r o f i l e s were at a spacing of approximately 

2000 metres (656O f e e t ) , a,nd the most extreme con d i t i o n s •were adopted f o r the 

computed models, i t was a n t i c i p a t e d t h a t the maxim-um pos s i b l e g r a v i t y gra,dients 

would be obtained from the t h e o r e t i c a l p r o f i l e s f o r the purpose of comparison 

w i t h the observed gradients. A f u r t h e r p r o f i l e was computed f o r a gr a n i t e body 

w i t h a margin s l o p i n g outwards a t an angle of 4 5 ° . The r e s u l t s are shovm i n 

Table 2 , and Figures 8 and 9. 

These i n d i c a t e t h a t a g r a n i t e w i t h a v e r t i c a l boundary and a thickness 

of 10 k i l o m e t r e s produces an anomaly of r e a r l y 40 m i l l i g a l s which approximates 

t o the amplitude o f the observed anomaly. The maximum gradient f o r t h i s model 

was found t o be 11,5 mgals./mile. This i s s i m i l a r t o the maximum observed gradient 
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Table_2._ 

•Amplitude of the Anomaly and maximum g r a v i t y gradients produced by 

t h e o r e t i c a l g r a n i t e s virith v e r t i c a l boundaries and d i f f e r e n t thicknesses 

f o r a d-8nsity c o n t r a s t of -0 .15 gm.s/cm''. 

Thickness of g r a n i t e i u i i p l i t u d e Maximum g r a v i t y g r a d i e n t . 

10 k i l o m e t r e s 39.0 mgals. 11.5 mgals./mile. 

8 " 54.0 " 10.8 " " 

5 " 25.0 « 9 .4 " » 

Amplitude of the Anomaly and maximum g r a v i t y gradient produced by a 

t h e o r e t i c a l g r a n i t e T d t h an out?/ard s l o p i n g boundary a t 4 5 ° f o r a thickness 

of 10 kilometi'es and a de n s i t y Gontra,st of - 0 .15 gms/cm^. 

Thickness o f g r a n i t e iunplitude Maximum g r a v i t y g r a d i e n t . 

10 kilometres 42.0 mgals. 9 .7 mgals./mile. 
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along P r o f i l e M', b u t considerably l e s s than the value of 15.7 mgals./mile 

recoi"ded on p r o f i l e BB'. 

Purther evidence was obtained from the cViaracter of the complete p r o f i l e s . 

I t i s ap-narent t h a t the p r o f i l e s f o r the computed models oYer g r a n i t e bodies 

show a gradual r e t u r n t o the backgroxmd l e v e l away from the centre of the 

anomaly. This i n i n c l e a r d i s t i n c t i o n from the abrupt r e t u r n t o the background' 

l e v e l t h a t occurs i n a distance of about one mile along the observed p r o f i l e s . 

I t was noted i n the discussion of i n t e r p r e t a t i o n techniques t h a t the observed 

e f f e c t i s more ch a r a c t e r i s t j . c of a sedimentary basin stj'ucture. 

f o r a g r a n i t e w i t h an outward s l o p i n g boundary the divergence from the 

observed data i s even more marked. The model f o r a g r a n i t e w i t h a thickness 

of 10 kilometres and a boundary s l o p i n g outwards a t an angle of 45° produced 

an anomaly of approximately 42 m i l l i g a l s and a maximum gradient o f 9 .7 mgals-./milf 

The r e t u r n t o the background l e v e l was s t i l l more gradual. I t i s also apparent 

froi i ! the coiivputed p r o f i l e t h a t the most r a p i d change of gradient occurs 

i n a c i o s i t i o n near the c e n t r a l minimum of the c a l c u l a t e d anomaly i n comparison 

v i i t h the observed e f f e c t where t h i s occurs along the se c t i o n of the p r o f i l e 

vfhere the anomaly approaches the background l e v e l . This i s an a l t e r n a t i v e 

method of s t a t i n g t h a t G'' max./G-'' min. i s l e s s than u n i t y f o r a r e l a t i v e l y -

low density mass w i t h an outward s l o p i n g margin. 

(Section 2.1) 

3J+ .il^e_imnj_i density?- r e s u l t s . 

Using the r e l a t i o n s h i p noted i n s e c t i o n 2.3 above, an estimate was 

obtained f o r the lower l i m i t of the d e n s i t y contrast r e q u i r e d t o produce the 

observed change i n gradient along the d e t a i l e d traverses M' and BB' across 



TableJ. 

For P r o f i l e AA' 

Using the r e l a t i o n s h i p C = H & ^ s i n 2 i . (Section 2.3) 1 

Assuming i = if5 , p - G 2 

On one side of the estimated p o s i t i o n of the contact the gradient was 

found xo be 0.21 mgals./mile. 

At an equal distance on the opposite side of t h e estimated contact the 

gradient was found t o be 11.0 mgals./mile. 

Therefore C,= 10.79 mgals./mile. 

S u b s t i t u t i n g In 2, j> = 0.28 gni./c 'cm̂  

For P r o f i l e BB': 

The gradients a t e q u i d i s t a n t p o i n t s on opposite sides of the estimated 

contact were found t o be 2.6? mgals./mile and 15.73 mgals/mile. 

Therefore C -• 13.06 mgals/mile. 

JD = 0 .34 gm./crn-^. 
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the n o r t h e r n boundary of the anomaly. The necessary data from the observed 

p r o f i l e s and the r e s u l t a n t d e n s i t i e s are recorded i n Table 5« ^ angle of 

45° f o r the slope of the i n t e r f a c e was assuiued i n order t o provide the 

l i m i t i n g c o n d i t i o n s . 

The r e s u l t i n g h igh d e n s i t y contrasts of 0.28 gm./cm.^ and 0.34 gra./cm.^ 

f o r p r o f i l e ilA' and BB' r e s p e c t i v e l y , make an i n t e r p r e t a t i o n i n terms of a 

g r a n i t e very d i f f i c u l t t o r e c o n c i l e ¥<-ith evidence o f the rock d e n s i t i e s 

considered i n s e c t i o n 5..I i v . The values would seem t o be more f i t t i n g f o r 

low d e n s i t y sediments of a type encountered i n Mesozoic formations f o r which 

a density of about 2.4 pi./cm."^ i s widely accepted. 

3.5 Summary of the evidence 

Bue t o the l a c k of obvious g e o l o g i c a l c o r r e l a t i o n the i n t e r p r e t a t i o n of 

the 'Dublin Bay-Kish Bank' iUiomaly has placed almost complete i-eliance on 

the evidence of the d e t a i l e d g r a v i t y p r o f i l e s which have "been e s t a b l i s h e d 

across the northern boundary. However, the r e s u l t s of i n v e s t i g a t i o n s o f 

s i m i l a r anomalies i n the B r i t i s h I s l e s suggests t h a t an anomaly of t h i s 

magnitude i s l i k e l y t o be caused by a,granite b a t h o l i t h or a deep sedimentary 
basin. 

Consideration of the g r a v i t y p r o f i l e s from three d i f f e r e n t aspects a l l 

presented d i f f i c u l t i e s f o r an i n t e r p r e t a t i o n i n v o l v i n g the presence o f a g r a n i t e 

body, but provided p o s i t i v e evidence f o r a hypothesis based on the existence 

of a deep sedimentary basin. This p r o x i m i t y of a sedimentary basin and an 

area of h i g h ground i n which a gr a n i t e mass forms the main b u l k , i n tlizs case 

the L e i n s t e r g r a n i t e of the Wlcklow Mountains, has several precedents as already 

mentioned (Chapter 2 ) , On the s t r e n g t h of t h i s evidence, a d e t a i l e d , q u a n t i t a t i v e 
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i n t e r p r e t a t i o n i n terms of a sedimentary basin s t r u c t u r e Ytas conducted, 

the r e s u l t s of which form the content of the f o l l o w i n g s e c t i o n . 

3• 6 D e t a i l e d i n t e r p r e t a t i o n i n _ ternis of a Sedimentary Basin. 

The Sedimentary Basin depth-estimation programme (Section 2.4) was now 

employed, using data obtained from observed Pi- o f i l e s BB' and CC . The 

method assumes t h a t the anomaly i s caused e n t i r e l y by a sedimentary basin 

and t h a t the background r e g i o n a l anomaly p r o f i l e s are as shown i n Figures 

4 and 5. A uniform d e n s i t y c o n t r a s t must be present t h r o u ^ o u t the anomalous 

mass, and the upper surface of the basin i s assumed t o reach the sea-bed. 

End-corrections have been a p p l i e d and the estimates of the maximum 

depth and o v e r a l l shape are t h e r e f o r e a p p l i c a b l e t o a basin of f i n i t e l e n g t h . 

T?»o p o s i t i o n s of the r e g i o n a l background anomaly have been adopted i n the 

case of P r o f i l e CC, i n order t o check the d i f f e r e n c e s caused by u n c e r t a i n t y 

i n the background l e v e l . Three values were assumed f o r the de n s i t y contrast 

t o the basement i n the est i m a t i o n of a model t o e x p l a i n observed p r o f i l e BB'. 

These were -0.2, -0.3, and--0.4 gm./cra^. From a co n s i d e r a t i o n of the den s i t y 

data, revie?/ed i n s e c t i o n 3,1 i v , -0.4 gm./em'^ i s b e l i e v e d t o represent the 

maximum possible d e n s i t y c o n t r a s t i f low density Mesozoic sediments form the 

main ' f i l l ' of the basin. I f Carboniferous s t r a t a were t o form a major 

component a t depth, then the e f f e c t i v e d e n s i t y contrast would be decreased 

and the maximum estima,ted thickness of the basin considers^bly increa,sed. 

A l t e r n a t i v e l y , i f T e r t i a r y or G-lacial deposits were present i n large p r o p o r t i o n , 

the maximum depth might be s l i g h t l y l e ss than t h a t estimated. ( S e c t i o n 

3.6 i i i ) . 
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Assuming a de n s i t y c o n t r a s t of 0.4 gm./cm'̂ , the model produced f o r 

P r o f i l e BB'' i n d i c a t e d a maximum depth of 8,300' f e e t . I f the density 

con t r a s t was only 0.2 grm./cnu, then 22,300 f e e t of m a t e r i a l i n the deepest 

p a r t o f the basin would be necessary t o account f o r the observed anomaly. 

The maximum depth, t o g e t h e r ?fith the o v e r a l l shape of the basin are i l l u s t r a t e d 

i n Figure 10, Assuming the lower r e g i o n a l background anomaly A, and a d e n s i t y 

c o n t r a s t o f 0.4 gm-Zcra"?, P r o f i l e CC' y i e l d e d a model w i t h a maximum depth 

of 7,850 f e e t . For a d e n s i t y contrast of 0.3 gm./cm?, a maximum thickness of 

11,580 f e e t of sediment was i n d i c a t e d . These f i g u r e s and the a t t i t u d e of the 

complete b a s i n are shown i n Figure 11. 

i i . T h e e f f e c t of ambiguity i n t h e p p s i t i o n o f the Regional Anomaly. 

Figure 12 i l l u s t r a t e s the maximum depth and o v e r a l l shape of the 

basin along P r o f i l e CC, f o r the v a r y i n g density c o n t r a s t s and the higher, 

carved r e g i o n a l background B, This background l e v e l i s higher t h a t A by 

approximately f i v e m i l l i g a l s over the c e n t r a l p a r t of the anomaly, and 

r e s u l t s i n an increase i n the maximum estimated depth of 940 f e e t t o 8,790 f e e t 

f o r a d e n s i t y c o n t r a s t o f -0.4 gm./cm^. The o v e r a l l shape of the ba s i n i s not 

otherwise g r e a t l y a l t e r e d as can be observed by a comparison of Figures 11 and 12. 

Furthe r use was made of the two-dimensional g r a v i t y computer progi-'amme 

t o examine the e f f e c t of a dovmwarp i n the c r u s t , s i m i l a r i n amplitude and 

sb^pe t o the o v e r l y i n g b a s i n . For the case o f a density c o n t r a s t of -0.4 gm./cm"̂ ., 

a c r u s t a l downwai-p matching the shape of the b a s i n was found t o produce a 

g r a v i t y d i f f e r e n c e of 2.1 railligals between the edges and centre o f the basi n . 

This w i l l r e s u l t i n a s l i g h t overestimate of the depth of the basin, i n the 

case of a de n s i t y c o n t r a s t of -0.4 gm./cml, of about 3fL 
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i i i . The e f f e c t of a t h i c k l a y e r of filacial G-ravel. 

I n the Central P l a i n of I r e l a n d G-lacial G-ravels form a s i g n i f i c a n t 

component of the s u p e r f i c i a l deposits (Murphy, 1952) and i t was considered 

d e s i r a b l e t o o b t a i n an estimate of the possible e f f e c t of several hundred 

f e e t of t h i s n a t e r i a l o v e r l y i n g the p o s t u l a t e d basin. The a v a i l a b l e 

d e n s i t y data (S e c t i o n 3.1 i v ) suggest a value of 2.2 gm./om^ f o r t h i s 

m a t e r i a l and a, d e n s i t y c o n t r a s t of -0,2 gm./cm'? w i t h the p o s t u l a t e d Mesozoic 

sediments of assumed d e n s i t y 2»4 gm./cm?, ?;hiGh i t may replace. 

The two-dimensional g r a v i t y computer programme was used t o c a l c u l a t e 

the e f f e c t of 100 metres (328 f e e t ) of G l a c i a l Gravel, and the observed 

p r o f i l e along BB'' *^corrected accordingly. Re-estimation of the thickness of 

sediment revealed a decrease i n the maximum, depth t o the f l o o i * of the b a s i n 

by a s i m i l a i " am,ount. 

i v . The character of the Northern Boundary. 

F u r t h e r use was made of the r e l a t i o n s h i p described i n s e c t i o n 2,3 by 

making assumptions f o r the d e n s i t y c o n t r a s t and o b t a i n i n g estimates f o r the 

angle of slope of the contact along the d e t a i l e d p r o f i l e s . The r e s u l t s are shown 

i n Table 4. Of the two pos s i b l e values of i , the angle of slope, only the 

higher values of 56° and 68° f o r d e n s i t y contrasts of O.3 gm./cm^ and 0.4 gm./cni^ 

r e s p e c t i v e l y along P r o f i l e ,M' and 61*^ f o r a den s i t y c o n t r a s t of 0,4 gm./cm^ 

along P r o f i l e BB.' ' would e x p l a i n the magnitude of the observed g r a v i t y gradients. 

These h i g h contact angle estimates virould be compatible w i t h a f a u l t e d boundary 

f o r t h i s n o r t h e r n margin, ih e shape of the computed models lends support t o 

t h i s idea. The f a u l t i n g , i f present, may have occurred along a p r e - e x i s t i n g 

l i n e o f weakness p o s s i b l y i n i t i a t e d i n Caledonian times. 
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Table 4. 

Using C =:ITG-^sin 2 i (Section 2.3) 

For P r o f i l e AA': 

C 10.79 mgals./mile. 

Density Contrast s i n 2 i 21 i 

0,4 gm./cm-̂  0.695 and 136° 22° and 68° 

0,3 g-m./cm̂  0.930 68° and 112° 34° and 56° 

For P r o f i l e BB's 

C = 13.06 mgals./mile. 

Density Contrast s i n 2 i 2 i i 

0.4 gm./cm? 0.842 57° and 123° 28° and 6l° 
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4-. £on.clusions. 

The main conclusion t o be drawn from the above an a l y s i s i s t h a t the 

Dublin Bay-Kish Bank 'LOT/' i s caused by a sedimentary b a s i n i n which 

r e l a t , i v e l y low d e n s i t y Mesozoic sediments form the main ' f i l l ' . I t should 

be noted, however, i n view of the close p r o x i m i t y of the L e i n s t e r G-ranite, 

t h a t the p o s s i b i l i t y of a g r a n i t e mass also c o n t r i b u t i n g towards the g r a v i t y 

low cannot be completely r u l e d out. I f i t i s assumed t h a t the minimum 

r e g i o n of t.he anomaly i s caused e n t i r e l y by the b a s i n and f u i ' t h e r t h a t 

Mesoaoic sediments alone form the anomalous mass, then the depth t o the 

f l o o r of the deepest p a r t of the basin i s a t l e a s t 8,000 f e e t . 
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Chapter 6 

Th_e 'Easf I r i s h Sea Low' 

1. I n t r o d u c t i on 

The r e s u l t s of an e a r l i e r marine g r a v i t y survey conducted d u r i n g 

1961 proved the existence of a l a r g e g r a v i t y 'low' s i t u a t e d betvieen the 

coasts of Furness and south-west Cumberland and the I s l e of Man ( B o t t , I964). 

The minimum observed. Bouguer ..momaly was -3.1 m i l l i g a l s and the 'low' was 

named the 'Ma-nx-Furness low', although the southern margin of the f e a t u r e 

was not d e l i n e a t e d by t h a t survey. The anomaly was i n t e r p r e t e d i n terms 

of a sedimentary b a s i n i n which Permo-Triassic and Carboniferous rocks formed 

the main ' f i l l ' , and the ma.ximum depth was estimated t o be hetneen 8,000 and 

20,000 f e e t depending updn the assmned de n s i t y c o n t r a s t . 

A p o s s i b l e s-lternative I x i t e r p r e t a t i o n i n terms of a g r a n i t e body was 

also recognized and i t ?fas suggested t h a t the problem might be resolved by 

c r i t i c a l g r a v i t y traverses and seismic l i n e s . The surveys conducted by the 

author have shown t h a t low Bouguer .Anomalies are also present f u r t h e r south 

and cover much of the eastern p a r t of the North I r i s h Sea. 

I t i s suggested t h e r e f o r e , t h a t t h i s extensive area of low Bouguer 

Anomalies be renamed the 'East I r i s h Sea Low"'̂  D e t a i l e d traverses across 



t.he no.rt,h-virestern boundary have provided evidence i n support of the o r i g i n a l 

i n t e . r p r e t a t i o n i n terras of a sedimentary b a s i n . This chapter i s concerned 

mainly vdth the evide.nce of these c r i t i c a l t raverses. 

2. Methods of Integ3.retai^^^ 

The techniques employed i n the an a l y s i s of the d e t a i l e d g r a v i t y p r o f i l e s 

are s i m i l a r t o those used f o r the Dublin Bay-Kish Bank 'Low' and were described 

i n the f i r s t s e c t i o n o f Chapter 5. I n a d d i t i o n , i t has been possible i n 

the present case t o make use of g e o l o g i c a l evidence i n c e r t a i n areas Y/here 

the g r a v i t y f i e l d over the marine area i s continuous w i t h structux'al f e a t u r e s 

on la.nd. 

3* I n t e r p r e t a t i o n 

3.1 I n t r o d u c t i o n . 

D e s c r i p t i o n of the Anomaly. 

The complete anomaly has been broadly described i n Chapter 4 and only 

those f e a t u r e s r e l e v a n t t o the d e t a i l e d i n t e r p r e t a t i o n are r e i t e r a t e d i n 

t h i s s e c t i o n . The maximum observed g r a v i t y gradients occur over the nort h e r n 

margin of the anomaly v^here a value o f 11,7 mgals./mile was recorded along 

P r o f i l e SE' (.Plate l ) . The ma.ximum amplitude also occurs i n t h i s r e g i o n 

and appears to have a magnitude of between 36 and 42 m i l l i g a l s depending on 
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the value of the background anomaly which i s again subject t o u n c e r t a i n t y . 

The e f f e c t of t h i s u n c e r t a i n t y i s again considered i n the d e t a i l e d i n t e r p r e t a t i o n 

when models are constructed t o e x p l a i n the observed anomaly. 

Steep gradients vfere also observed j u s t o f f the coast of the I s l e of 

Man where the g r a v i t y i s o g a l s show a tendency t o run p a r a l l e l t o the e x i s t i n g 

c o a s t l i n e of the I s l a n d . A d e t a i l e d P r o f i l e FF', t o the south-east of Douglas, 

i-evealed a maximum gradient of 9*0 mgals./mile. Continuation of t h i s p r o f i l e 

i.n a s o u t h - e a s t e r l y d i r e c t i o n c l e a r l y i n d i c a t e s the secondary r i s e i n the 

anomaly t o a mea,sured maximum value of +37.7 m i l l i g a l s . ,A f u r t h e r d e t a i l e d 

t r a v e r s e DD'' ' , was e s t a b l i s h e d at r i g h t angles t o FF', extending from nea,r 

t?ie south-\restern .margin of the East I r i s h Sea 'Low' across the l o c a l 'high' 

t o the south-east of Douglas and i n t o the area of minimum observed Bouguer 

.Anomalies to the n o r t h . The maximum observed gradient m̂ as 8 mgals./mile 

along the n o r t h e r n s e c t i o n of the p r o f i l e where the values of g r a v i t y decrease 

towards the measured minimum of -3.6 m i l l i g a l s . The i n t e r p r e t a t i o n of the 

anomaly i s considered i n terms of the above p r o f i l e s ¥<hich are i.Llustrated 

i n Figures 13, 14, a,nd 15. . 

i i . The Background .Anomaly. 

The p o s i t i o n of t l i e r e g i o n a l background anomaly over the western h a l f 

of the feature can be estimated f a i r l y a c c u r a t e l y . A Bouguer iinomaly of 
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abou.t +l\-0 m i l l i g c x l s i s observed over t h e Lower Palaeozoics of the I s l e of 

Man and i n a l a r g e area at sea between the I s l a n d and .toglesey. The background 

anomaly at the western end of P r o f i l e EE' mas taken t o be approximately +38 

railligalSj the maximum Bouguer iHomaly recorded over the almost constant p a r t 

of the p r o f i l e i n the v i c i n i t y of Ramsey Bay, being +37.7 m i l l i g a l s , I'he • 

background value of P r o f i l e FF' near Douglas i s also q u i t e c l e a r , since i n 

t h a t area the anomaly i s csmsed by the Lower Palaeosoic Manx Slates a,nd has 

a value close t o +4-0 m i l l i g a l s . ihe southern end of P r o f i l e DD' ' ' encroaches 

upon the r e g i o n of h i g h Bouguer Anomalies vihich has been r e f eri'ed t o i n 

Chapter L as the 'Central High'. The Bouguer iknoHialy appea:rs t o have a 

steady value of a,pproxiinately +40 m i l l i g a l s over a la r g e area and the r e g i o n a l 

background anomaly has been dra,wn a t t h i s l e v e l over the southern p a r t of 

the t r a v e r s e . As already noted the anoma.ly shov/s a second r i s e as the p r o f i l e 

continues northwards and a value i n excess of +37 m i l l i g a l s i s present a t the 

centre of the l o c a l high. This suggests t h a t the background l e v e l of a t l e a s t 

+ifO m i l l i g a l s i s maintained over much of the marine area i n v e s t i g a t e d by P r o f i l e 

DD'". 

Ins p e c t i o n of a n e a r l i e r east-Yrest p r o f i l e , across the main no r t h e r n 

minimum, from near Laxey on the I s l e of Man to the I'urness Coast, reveals 

t n a t the assumed r e g i o n a l background anomaly Yifas considered to decrease from 



8 7 

a value of approximately +42.0 m i l l i g a l s near Laxey t o +25.0 m i l l i g a l s i n 

Furness (Bott-, 1964). The p o s i t i o n of the background between the two areas 

i s somewhat s u b j e c t i v e but the value over the area of minimum Bouguer imomaly 

was taken t o l i e betvreen about +33 and +38 m i l l i g a l s . S i m i l a r values f o r 

the area, have been adopted t o determine the a t t i t u d e of the background anomaly 

along P r o f i l e ES' f o r which two p o s s i b i l i t i e s have been considered. 

i i i . The e x i s t i n g i n t e r p r e t a t i o n and the problem of the Eskdale G-ranite. 

The i n t e r p r e t a t i o n f o r the area i n c o r p o r a t i n g the main minimum of 

~3«6 m i l l i g a l s W9,s developed f o l l o w i n g the i n t e r p r e t a t i o n of the marine survey 

of 1961 ( B o t t , 1964). The main conclusion, from the evidence of the abrupt 

g r a v i t y gradient o f f the east coast of the I s l e of Man and the c o r r e l a t i o n 

of steep marginal gradients w i t h the c o a s t a l s t r i p of Permo-Triassic and 

Carboniferous rocks i n Furness, was t h a t the 'low' was caused by r e l a t i v e l y 

low d e n s i t y sediments i n f i l l i n g a deep sedimentary basin. Permo-Triassic 

and Carboniferous rocks were considered t o form the main ' f i l l ' of the basin 

i n the e<ast. 

The problem created by the p r o x i m i t y of the Eskdale &ranite mass on 

la n d was emphasized, and i t was observed t h a t the c e n t r a l minimum a t sea l a y 

i n d i r e c t c o n t i n u a t i o n w i t h the Bskdale negative gra^vity anomaly and might 
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t h e r e f o r e be p a r t l y or completely caused by the g r a n i t e . The sedimentary 

b a s i n hypothesis was considered more l i k e l y on t h e o r e t i c a l grounds, and 

the q u a n t i t a t i v e i n t e r p r e t a t i o n was based on t h i s assumption. The maximum 

depth i n t h i s case was shown t o be i n the range of 8,000-20̂ ,000 f e e t depending 

upon the assumed d e n s i t y c o n t r a s t . This was considered t o have a pos s i b l e 

rajige of -0.2 t o -0.4 gra./cm'^ i f Carboniferous and Permo-Triassic sediments 

formed the main ' f i l l ' . I t was suggested t h a t the ambiguity caused by the 

pos s i b l e presence of a gr a n i t e body could be resolved by c r i t i c a l g r a v i t y 

traverses and seismic l i n e s . 

Measurements of the mean d e n s i t i e s of the various rock types on the 

I s l e of Man have p r e v i o u s l y been made and the r e s u l t s are reproduced below 

(Gox'nv.'-ellj I96O) . 'I'he most u s e f u l conclusion t h a t may be dravrn f r c 

the data, i s t h a t the de»%3ity contr a s t produced by a gr a n i t e mass 

l i k e l y t o exceed -0.15 gm./cm'̂  I t would appear t h a t only i n extreme circumstances 

could a den s i t y c o n t r a s t of -0.2 gm./cm^ be exceeded ( B o t t , personal conimuoic-. 

:"om 

xs not 

a t i o n ) . 

Foxdale G-ranite. 2.52 

Dhoon G-ranite 

Feel Sandstone 

2.71 

2,65 
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Carboniferous L s t . 2.70 

Manx Slates 2.73 

D r i f t . (Assumed) 2.00 

3.2. The^ confirmatpry evidence f o r the e x i s t i n g i n t e r p r e t a t i o n . 

The magnitude of the g r a v i t y gradients along P r o f i l e s EE' and ST' 

across the margin of the anomaly together \vith the r e s u l t i n g second-derivative 

values are shown i n Table 5. B'igures 16 and 17 i l l u s t r a t e g r a p h i c a l l y the 

d i s t r i b u t i o n of the second-derivative values along the t?ro p r o f i l e s . 

The value of G-' ' max./&' ' min. f o r t r a v e r s e 'KE' , which extends from 

near Ramsey Bay towa,rds the main p r o b l e m a t i c a l minimum, vvas found t o be 2.15. 

This i s i n d i c a t i v e of a iDOundary s l o p i n g inwards towards the centre of the 

anom.alous mass. A margin vdth t h i s a t t i t u d e i s supporting evidence f o r the 

presence of a sedimentaiy basin s t r u c t u r e i n preference t o a g r a n i t e body. 

The value of &' ' max./ft'' min, as obtained from traverse I T ' across the steep 

gradients t o the east of Douglas was 1.62. This r a t i o again i n d i c a t e s a 

boundary i n c l i n e d towards the area of low Bouguer iinomaly values, and t h e r e f o r e 

supports the hypothesis of a sedimentary b a s i n s i t u a t e d close t o the e x i s t i n g 

south-east c o a s t l i n e of the I s l e of Man, the margin of which i t may have 

a c t i v e l y contar'olled ( B o t t , 1964-). 
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Table_5_.^ 

Magnitude o f the gradient between adjacent 

s t a t i o n s along P r o f i l e EH' from north-west 

t o south-east, (mgals./mile,) 

-0,73 
1.87'*""*'*""*""**"* 

11.75 
6.57 
2.23 
2.11 
2.27*"*""*" 
2.27' 
1.76 
1,70 

1.15*°"*'""* 

-0.28 

-1.88°'"" 

~2.ii4 

Yalue of Second Derivative» 

(mgals ./mile/mile.) 

i « B « « ...+I.59 

......+9.88 

..».,,-4.62 

.....,-3.68 

....a.-0.08 

.....+0.10 

..... 0.00 

....,-0.ii4 

......0,05 

.-0.37 
.-..,-0.84 
.....-O.94 

.-0.30 

:-^rofile P I ' (west-east.) 

1.12 
9-08 

1.30° 
-2.00 

•••......+6.27 

.-3.83 
.......,-1.86 

•3.41 .-1.34 



S E C O N D D E R I V A T I V E V A L U E S A L O N G P R O F I L E E E ' 

G " M G A L S / M L E ^ 

F I G U R E 16 

hlO 

M I L E S 

G " M A X / G " M I N = 2 15 



G " M G A L S / M I L E ^ 

l - ^ S E C O N D D E R I V A T I V E V A L U E S A L O N G P R O F I L E F F ' 

F I G U R E 17 

MILES 

G"MAXy45"MIN=: 1-^2 



Table 6. 

For P r o f i l e EE" : 

Using the r e l a t i o n s h i p C = 7TG^sin2i (Chapter 5 Section 2.3) 

Assuming i = 450, p Q ......... P- ^ ...................................1 
/ TfG-

The d i f f e r e n c e i n the g r a v i t y gj"adient (C) 5 at equal distances on e i t h e r 

side of the estimated contact along x°rofile EE' was found t o be 10.10 mgals./mile, 

S u b s t i t u t i n g i n 1, jp= 0.26 gra/cm-5 

For P r o f i l e FF«: 

The d i f f e r e n c e i n gradient a t e q u i d i s t a n t j o i n t s on opposite sides of the 

est i r m t e d contact was found t o be 8.I6 mgals./mile. 

S u b s t i t u t i n g i n 1, p = 0.21 gn/cm^ 
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'̂̂ • The Minimum Density r e s u l t s . 

The r e l a t i o n s h i p quoted i n s e c t i o n 2.3 of Chapter 5 was again used 

t o o b t a i n an estimate of the minimum den s i t y contrast r e q u i r e d t o produce 

the observed change i n gradient along the d e t a i l e d P r o f i l e s EE' and FF'. 

The data from the observed p r o f i l e s and the r e s u l t i n g minimum, d e n s i t y . c o n t r a s t s 

are recorded i n Table 6. 

.41though the values of 0.26 gm./cm^ and 0.21 gm,/cm? obtained from 

P r o f i l e s EE' and FF' r e s p e c t i v e l y are not as great as those derive d f o r the 

Dublin Bay-Kish Bank iiaomaly, i n s p e c t i o n of the rock d e n s i t y data included 

i n s e c t i o n 3.1 i v again suggests t h a t the r e s u l t s are incompatible w i t h a 

hypothesis seeking t o e x p l a i n the anomaly i n terms o f i g r a n i t e mass. Jin 

i n t e r p r e t a t i o n i n terms of a bas i n s t r u c t u r e c o n t a i n i n g low d e n s i t y sediments, 

of p o s s i b l y Mesozoic age, could e a s i l y account f o r the above de n s i t y contrasts 

and would seem t o receive conf'irmation from t h i s method, 

i i i . The & r a v i t y &radients. 

I n s p e c t i o n of the Bouguer ilnomaly p r o f i l e from, traverse EE' i n d i c a t e s 

an amplitude f o r the anomaly of between 37 and 42 m i l l i g a l s , depending upon 

the value of the assumed background, and a maximum observed g r a v i t y gradient 

of 11.7 m,gal5./mile. The amplitude and maximum gradient of the anomaly 

obtained from the computed p r o f i l e f o r a t h e o r e t i c a l g r a n i t e model 10 kilometres 



9 3 

were t h i c k w i t h v e r t i c a l boundaries and den s i t y contrast of -0.15 gra./cm^, 

39 m i i l i g a . l s and. 11.5 mgals./mile r e s p e c t i v e l y as recorded i n Table 2. The 

maximum, gradients are t h e r e f o r e s i m i l a r but d i f f e r e n c e s are apparent i n the 

p o s i t i o n of the maximum gradients and the shape of the complete p r o f i l e s . 

The c h a r a c t e r i s t i c gradual r e t u r n of t h e anomaly t o a background l e v e l away 

from a g r a n i t e contact was emphasized i n Chapter 5 and i l l u s t r a t e d by Figures 

8 and 9. This c o n t r a s t s sharply w i t h the observed P r o f i l e s EE' and FF'', 

Figures 13 and 14 r e s p e c t i v e l y , v/hich display abrupt increases i n gradient 

from the approximately constant background l e v e l towards the centre of the 

anomaly w i t h i n a distance of only one mi l e . This i s an a l t e r n a t i v e way of 

expressing the second-derivative observations which support the hypothesis of 

a sedimentary b a s i n s t r u c t u r e being the cause of the observed anomaly. 

•̂"̂  • S^isrnij^ j ^ ^ ^ . 

The e x i s t i n g seismic work i n the North I r i s h Sea was noted i n Chapter 

2. The r e s u l t s of a l i n e of shots from near Holyhead to?fards the Solway F i r t h 

have been described by Agger and Carpenter (1964). These i n d i c a t e d t h a t the 

depth t o the crust-mantle boundary was about 3 kilo m e t r e s less over t h i s p a r t 

of the I r i s h Sea than i n adjacent areas on land, and also t h a t a t h i c k l a y e r 

of sediments was present i n the marine area covered by the shots. A s i n g l e 

seismic travei-se w i t h a l i n e of shots approximately p a r a l l e l t o the coast of 
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the I s l e of Man, f o u r miles south-east of Douglas i n d i c a t e d an absence of 

Lower Palaeosoic sediments down t o a depth of 3,300 f e e t (Barnes, personal 

conmiunication). 

The G-eologLcal C o r r e l a t i o n s . 

There are c e r t a i n areas along the eastern margin of the 'East I r i s h 

Sea Low' where the g r a v i t y f e a t u r e continues i n t o the coastal r e g i o n . This 

has been noted i n south-west Cumberland and Furness where the steep marginal 

gradients of the 'low' away from the i n f l u e n c e of the Eskdale ftranite, correspond 

w i t h the coastal s t r i p of Permo-Triassic and Carbonifei"ous rocks ( B o t t , 196^). 

I t was noted i n Chapter 1 t h a t the sandstone of Permo-Triassic age i n t h i s 

r e g i o n a t t a i n s a thickness i n excess of 3}000 f e e t . Such a thickness of s t r a t a 

w i t h a d e n s i t y con t r a s t of -0,4 gm./om^. w i t h the Lower Palaeozoic rocks would 

e x p l a i n at l e a s t 10-15 m i l l i g a l s of the seaward drop i n the Bouguer Ijriomalies. 

The proved thickness of Permo-Triassic rocks i n the Seascale Bore (Chapter l ) 

viras estimated t o c o n t r i b u t e a t l e a s t 15 m i l l i g a l s and i n d i c a t e d t h a t the 

negative c o n t r i b u t i o n of the Eskdale ftranite was f a l l i n g o f f r a p i d l y westwards 

( B o t t 1964). 

Low values of the Bouguer ^Inomaly continuous w i t h the marine area 

are also present along the Lancashire coastal p l a i n from Fleetwood i n the 

n o r t h t© L i v e r p o o l i n the south. The values over a wide area i n t h i s r egion 
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l i e bet?/een +10 and +15 m i l l i g a l s and again correspond w i t h t h i c k deposits 

of T r i a s s i c rocks. Boreholes have shown the Bunter Sandstone t o have a 

thickness of 2,300 f e e t i n the Southport and Formby d i s t r i c t , and t h i s i s 

o v e r l a i n by Keuper Sandstone which has a thickness of between 400 and ipOO f e e t 

(Chapter l ) . S t r a t a of Perm-ian age v/hich have been e n t i r e l y detected by 

boreholes, combine w i t h the T r i a s s i c rocks t o make up a t o t a l thickness of 

Permo-Triassic rocks i n the area of approximately 7,000 f e e t . 

The T r i a s s i c P l a i n s of Lancashire and Cheshire have been noted as being 

g e o l o g i c a l l y s i m i l a r i n t h a t they may be considered t o r e g i o n a l l y o v e r l i e 

the western f l a n k of the Carboniferous u p l i f t of Northern England ('White, 1949). 

The T r i a s of the Lancashire area occupies an incomplete basin open t o the 

west w i t h the eastern margin bounded by l a r g e scale f a u l t s do¥?nthrowing several 

thousand f e e t t o the ¥/est. A l i n e a r zone of steep g r a v i t y gradients running 

south-south-west from s l i g h t l y east of Preston corresponds with the known 

major f a u l t s eparating the Lancashire T r i a s s i c area from the Wigan c o a l f i e l d . 

A zone of steep gradients w i t h a s i m i l a r Caledonian t r e n d n o r t h of the 

Eibble Estuary was noted t o 'line-up' e x a c t l y w i t h the c o a s t l i n e betv/een 

Southport and Formby, and by analogy was i n t e r p r e t e d by White (1949) as a f a u l t 

b e l t . I t was concluded t-hat i n the Lancashire-Cheshire Trias-covered r e g i o n 

the g r a v i t y data were i n close correspondence w i t h the known geoloar. 
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Between the western boundary of the Cheshire basin which i s again marked 

by steep g r a v i t y g r a d i e n t s , and the Carboniferous ,!iOUtcrops t o the east of 

the Yale of Glwyd, l i e s a p l a t f o r m ?irhich i s s t r u c t u r a l l y p a r t of North-East 

Wales covered by about 1,000 f e e t of T r i a s (Povrell, 1955)- A borehole near 

l i h y l , a t the northern end of the Vale of Glviyd, penetrated 500 f e e t of 

Bunter Sandstone before e n t e r i n g presumed Upper Carboniferous Barren Measures 

(Chapter l ) . The p o s i t i o n of the Trias i s marked by a g r a v i t y low which 

transgresses the coa s t a l margi.n, and the i n t e r p r e t a t i o n v i s u a l i z e d a t h i c k e n i n g 

of the Tria,s t o 1,000 f e e t j u s t off-shore from the evidence of t h e Lancashire 

coast, i n d i c a t i n g a T:riassic b a s i n unde.r the sea. 

From the evidence of the erx'atics i n Anglesey i t has been suggested t h a t 

the eastern p a r t of t h e North I r i s h Sea has the form of a broad u n d u l a t i n g 

p l a i n over- which T r i a s s i c sediments have the greatest a r e a l d i s t r i b u t i o n (Chapt 

l ) . There i s t h e r e f o r e , s t r o n g g e o l o g i c a l evidence t o support a hypothesis 

which seeks t o e x p l a i n the observed Bouguer Anomalies over chis p a r t of the 

North I r i s h Sea i n terms of t h i c k deposits of low d e n s i t y Mesozoic sediments. 

' Summary- of t h e evidence. 

Both the g e o l o g i c a l and geophysical evidence support the hy;pothesis 

o f a t h i c k succession of loir d e n s i t y sediments being the source of the r e l a t i v e l y 

low Bouguer Anomalies ¥/hich have been shown co e x i s t over much of uhe eas-cern 

er 



pari, of ohe Woroh I r i s h Sea. The ambiguiuy creaoed by ohe p r o x i m i t y 

of ohe Eskdale g r a n i t e and i u s p o s s i b l e exuension beneath uhe marine area 

to give the minimiim ' observed Bouguer .Momalies i n tne n o r t h v/ould seem 

t o be resolved as a ir-esult of the d e t a i l e d g r a v i t y work. 

3.3 Thê  Q u a n t i t a t i v e I n t e r p r e t a t i o n . 

i . Depth j'Jstimation, 

T;ie sedimentary basin depth-estimation computer programme was again 

employedj the data being provided by P r o f i l e EE' s i t u a t e d across the northern 

boundary of the f e a t u r e . Since t h i s depth-estimation i s a r e - i n t e r p i - e t a t i o n 

folloviring the f i r s t survey of I96I ( B o t t , 1964)^ only two de n s i t y contrasts 

have been considered. From i n s p e c t i o n of the a v a i l a b l e d e n s i t y data, -0,4 gm./cm^ 

i s b e l i e v e d t o provide an uppei- l i m i t i n g d e n s i t y contrast i f Mesozoic sediments 

predominate, v A i l e -0.2 gm./cm-̂  may be more appropriate i f a considerable 

p r o p o r t i o n of Carboniferous x>ocks are present. Two p o s i t i o n s of the r e g i o n a l 

Bouguer Anomaly have again been adopted t o examine the e f f e c t o f uncei'tainty 

i n the background l e v e l , and the shape and maximum depth f o r the lower 

r e g i o n a l anomaly i s i l l u s t r a t e d by Figure 18. I t was estimated thao uhe 

depth to the f l o o r of the basin was 8,210 f e e t a t i t s maximum development f o r 

an assumed de n s i t y conti'ast of -0.4 gm./cm?, while f o r a d e n s i t y c o n t r a s t of 

-0.2 gxfu/cm^j 19,510 f e e t of sediment were c a l c u l a t e d t o be necessary i n the 
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deepest p a r t of the basin i n order to expl.ain the observed, anomaly. I n the 

absence of a d d i t i o n a l data the ; p r o f i l e was discontinued i n the south-east 

o f the main minimum, and the pro granule f a c i l i t y to permit the f i n a l block 

t o be ti'eated a,s a s e m i - i n f i n i t e sheet was u t i l i z e d at t h i s stage. The 

approximate p o s i t i o n of the r e g i o n a l anomaly over the main minimum was i n t e r p r e t e d 

from the o r i g i n a l and complete p r o f i l e , established i n 1961, mrhich extends 

from near Laxey on the I s l e of Man t o Fui'ness. 

'̂̂ ' The e f f e c t of u n c e r t a i n t y i n the p o s i t i o n , of the^ 3;g£̂ Q3Saj:.Jgloggj!3r.. 

Figure 19 i l l u s t r a t e s the maximum depth and general shape of the b a s i n 

along P r o f i l e liE' f o r the two relevant d e n s i t y contrasts and the higher, 

curved r e g i o n a l background B. This causes a difi'erence i n amplitude of 

ar)proximately 5 m i l l i g a l s a t the centre of the anomaly, and • r e s u l t s i n an 

increase i n the -naximum depth of 1,300 feet to 9,510 feet f o r a density contrast 

of -O.h- gm./cm? The general shape of the basin i s otherwise very s i m i l a r 

as can be v e r i f i e d by a compari.son of Figures 18 and 19. I n the case of a density-

c o n t r a s t of -0.2 gnu/cai^, t h e higher r e g i o n a l anomaly r e s u l t s i n an 

increase i n t h e majcimum depth o f 3,450 f e e t to 22,960 feet, but the conclusion 

w i t h I'espect t o the o v e r a l l shape remains v a l i d . 

i i i . The charactei" of the bojJjidjJX'' 

The r e l a t i o n s h i p o r i g i n a l l y quoted i n section 2,3 of Chapter 5 was again 
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T^Dle_2i. 

Using G =-rrGj0sin2i. (Chapter 5 Section 2.3) 

f o r P r o f i l e EE': 

C = 10.10 ragals./mile. 

Density Contrast s i n 2i 2i 

20° and 70° 0,L gir/cm5. 0.654 40° cand 140° 

0-3 " " 0.870 60° and 120° 30° and 60 o 

For P r o f i l e F5" : 

C = 8,l6 rngals„/mile. 

Density Contrast s i n 2i 2i i 

0.4 Siii/cm5 0.526 31° and 149° 15° and 74° 

0»3 " •'' 0.700 IdJ" and 136° 22° and 68° 
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employed t o o b t a i n estimates f o r the angle of slope of the contact o f the 

anonia.lous raass along P r o f i l e s EE' and FS" , f o r the assumed range of den s i t y 

c o n t r a s t s . Of the two c a l c u l a t e d values of i , the migle of slope, only 

the higher values of 60° and 70° f o r d e n s i t y contrasts of 0.3 grru/eiru and 

0.4 gni./cm^ r e s p e c t i v e l y along p r o f i l e E l ' , and 68° and 74° along P r o f i l e FF' 

v/ould e x p l a i n the magnitude of the gre^vity gradients. These estimates f o r 

the contact angJLe would he i n agreement w i t h a possible f a u l t e d margin along 

t h i s north-?;estern boundary. The r e s u l t s are recorded i n Table 7. 

• The s i g n i f i c a n c e of P r o f i l e DP"' . 

P r o f i l e DD'*', depicted as Figure 15, i l l u s t r a t e s the nature of the 

Bouguer Anomaly values from near the south-western margin of the p o s t u l a t e d 

basin, across the l o c a l 'high' t o the south-east of Dougla,s, and i n t o the 

main g r a v i t y minimum t o the n o r t h . The l o c a l 'high', as described i n Chapter 

4, a t t a i n s a measured maximum value of +37.7 m i l l i g a . l s . The s i m i l a r i t y o f 

t h i s reading ^^cith the Bouguer itoomaly values conmion over the I s l e of Man 

suggest a qu a l i t a ^ t i v e i n t e r p r e t a t i o n i n terms of a la r g e upv<arp of the basement 

rocks and a consequent d i m i n u t i o n i n the thickness of the o v e r l y i n g sediments. 

Reference t o the iero-magnetic maps, (G-eological Survey and Museum) 

of which a s k e l e t a l r e p r e s e n t a t i o n appears i n Plate 3, reveals a marked l a c k 

of any disturbance i n the isogams over t h e same area. I t i s suggested t h e r e f o r e , 
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that there i s l i t t l e or no contrast i n the magnetic i n t e n s i t y between the 

basement rocks and the overlying sedim.ents i n t h i s part of the North I r i s h 

Sea. 

4. Conclusions. 

The present surveys have indicated that the area of low Bouguer Anomaly 

values, o r i g i m i l l y detected i n the area l y i n g bet?/een the I s l e of Man and 

Furness, extend over much of the eastern part of the North I r i s h Sea. C r i t i c a l 

gravity traverses across the north-western axid western boundaries have provided 

evidence t o support the o r i g i n a l i n t e r p r e t a t i o n i n terms of a deep sedimentary 

basin, and make the p o s s i b i l i t y of a granite body being the cause of the main 

minimum increasingly unlikely. The geological evidence along the eastern 

coa,stal maxgin, together with the seismic information also indicate the presence 

of t h i c k deposits of sediments over the region under investigation. The 

sedimentary basin depth~estimation progrs-mme was used to obtain m,odels of the 

basin structure along the northern detailed traverse EE', and these show close 

agreement with the o r i g i n a l estimates f o r the maximum depth. 
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tejor features of the Aero-magnetic Maps 

1. jiLti^ji^ojAgB.' 
The Aero-magnetic maps of Great B r i t a i n and Northern Ireland prepared by 

the Geological Survey cover most of the Noi'th I r i s h Sea. A comparison of 

t h i s ma,gnetic information with the Bouguer iinomaly map (Plate l ) provides 

additional evidence i n connection with the interpretations advanced to explain 

the gravity data. Plate 3 i s a skeletal representation of the Aero-m.agnetic 

maps covering the area from v/hich the t o t a l f i e l d magnetic anomaly contours 

h8,ve been extracted- at only 50 gamma in t e r v a l s . This i s considered adequate 

to I l l u s t r a t e the character and trend of the large scale magnetic anoraalies. 

The inset included i n Plate 3 shows the t o t a l magnetic f i e l d anomalies at 

10 gamma intervals as measured using a sea-borne proton magnetometer o f f the 

coast of County Dublin (Stacey A.P., personal communication). The major 

magnetic features are nov/ discussed i n r e l a t i o n t o the gravity interpretations. 

Over most of the eastern part of the North I r i s h Sea the magnetic 

gradients are r e l a t i v e l y s l i g h t . The uniformity of the magnetic f i e l d i s 

-disturbed i n the v i c i n i t y of Moreeam-be Bay by a narrow l i n e a r anomaly of more 

than 300 gamma. This feature i s marked CC i n Plate 3 and forms the subject 

of a detailed i n t e r p r e t a t i o n i n Chapter 8. The shallow magnetic gradients over 

the remaining area are i n accord with the hypothesis advanced to explain the 

gravity f i e l d , of a sedimentary basin occupying most of the East I r i s h Sea. 
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The existence of t h i c k deposits of non-magnetic sediments overlying a 

magnetic basement at considerable depth could explain the observed magnetic 

f i e l d . 

.in arcuate, positive magnetic anomaly possessing a pre-dominantly 

Galedonoid trend i s marked M,' on Plate 3. The feature i s approximately 

50 miles i n length and between 7 and 10 miles wide. From a position about 

20 miles south of the I s l e of Man the anomaly extends i n a south-westerly 

d i r e c t i o n u n t i l near the I r i s h Coast where the proton magnetometer results 

indicate that i t sv,dngs round to an approximately east-v/est di r e c t i o n . The 

southern end of t h i s l i n e of positive anomalies appears to correlate with 

the Cambrian outcrop on the I r i s h Coast near Bray Head. I t has been suggested 

by Stacey that a s t r u c t u r a l high may exist between Bray Head and the I s l e 

of Man. ,iin a n t i c l i n a l upwarp of the basement with a. predominantly induced 

magnetisation i n the d i r e c t i o n of the present earth's f i e l d could explain 

the obsei'ved anomaly. 

Gompai'ison of the Aero-mag'n.atic map with the gravity data indicates 

that the northern part of the magnetic anomaly M' corresponds with the large 

area of high Bouguer ilnomaly values •which has been called the 'Central Higli' 

(Plate l ) . The Bouguer jkiomalies i n t h i s area exceed +40 railligals and are 

therefore similar i n magnitude to the values over a wide s^rea of the Lower 

Palaeozoic rocks on the I s l e of Man. The Bouguer Anomalies compx'ising the 

'Central High* are best explained i n terms of a large u p l i f t of r e l a t i v e l y 

dense basement rocks flanked by younger and lower density sediments. Thus 

over the northern part of the magnetic anomaly M' the magnetic and gravity 
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data appear to be i n close agreement. &ravity data i s absent to the south­

west of the 'Central Higii' but i t i s anticipated that r e l a t i v e l y high Bouguer 

Anomaly values would be encountered i f measurements were continued into 

t h i s ai'ea. 

The south-twestern end of the magnetic feature M' which has been delineated 

using a sea-borne proton magnetometer provides complementary evidence f o r 

the gravity data i n the v i c i n i t y of Dublin Bay. Over most of the area occupied 

by the gravity anomaly'- fdiich has been called the 'Dublin Bay-Kish Bank 1OT/V' 

(Plate l ) the magnetic gradients are very s l i g h t . This i s consistent ydth a 

hypothesis which seeks to explain the observed gravity anomaly i n terms of a 

deep sedimentary basin. The existence of several thousand feet of non­

magnetic sediments overlying a, magnetic basement could account f o r the obser'ved 

ef f e c t . Further, the sudden increase i n the magnetic gradients associated with 

the anomaly Ail' appes.r to coincide with the southern margin of the gravity 

feature. I t i s suggested therefore that the increase i n the magnetic gradients 

i s associa,ted ?rith a r i s e i n the basement rocks Vifaich delineate the southern 

margin of the postulated sedimentary basin. 

An extensive a.rea of higFily i r r e g u l a r magnetic anomalies with steep 

gradients occurs over the southern part of the postulated Peel-Ardglass basin. 

Close inspection reveals thtxt a north-v/est to south-east trend affects t h i s 

b e l t of anomalies and the cha,racter of the gradients suggests a near surface 

o r i g i n . The s t r u c t u r a l trend can be traced into the T e r t i a r y Igneous province 

of North-East Ireland and i t i s suggested that the magnetic anomalies are 

caused mainly by Tertiary lavas overlying the southern part of the proposed 
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Mesozoic basin. Faulting and dyke i n t r u s i o n may have also occurred and be 

responsible f o r the v i s i b l e north-west to south-east trend of the anomalies. 

Tv¥0 linear magnetic features vfith a marked north-west to south-east 

trend are marked BB' and EE' on Plate 3. Magnetic feature BB' can be traced 

tov/ards the Carlingford Tertiary igneous centre i n Korth-Sast Ireland and 

appears to l i e i n continuity with the coastal embayment forming Carlingford 

Lough. The anomaly displaces feature AA', referred - to e a r l i e r i n t h i s 

chapter, and probably represents a l i n e of Tertiary Igneous a c t i v i t y with 

dyke in t r u s i o n accompanied by f a u l t i n g . Magnetic feature ES' i s associated 

with the belt of magnetic anomalies covering the southern part of the Peel-

Ai'dglass gravity low and a similar i n t e r p r e t a t i o n i s possibly v a l i d . 

Feature DC i s not f u l l y defined but the str u c t u r a l l i n e represented 

by the north-vrest to south-east trend of the magnetic contours i n the south 

appears to coincide f u r t h e r north with a pronounced change i n direc t i o n of 

featui-e Ail* from a predominantly north-east to south-west or Caledonoid 

di r e c t i o n t o an approximateIa/ east-west trend. DD' would therefore seem to 

be caused by a l i n e of s t r u c t u r a l vreakness along -which movement may have 

displaced anomaly Ak' which has been Interpreted as an upwarp of Lower Palaeozoic 

rocks. 

The magnetic feature m̂ arked F on Plate 3 i s isolated and of small extent. 

The I'elatively steep gradients over the saiomaly suggest a source at shallov/ 

depth and the anomaly i s probably caused by a small stock of igneous material 

withi n the postulated basinal area. Detailed traverses are necessary before 

f u r t h e r estimates of the shape of the body and the age of the material can be 

made. 
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3. .Qonclusions 

Over much of the North I r i s h Sea the magnetic data show close correspondence 

with the conclusions drawn from the gravity measurements. I n the area occupied 

by the postulcited East Ii-ish Sea ba,sin, the shallow magnetic gradients are 

consistent Y/ith the presence of a basement at considerable depth. The i n t e r p r e t a t i o n 

of the linear magnetic fea/ture CC i s also compatible • with the basin hypothesis 

8.S w i l l be shown i n Chapter 8. 

A positive ridge of magnetic anomalies (.M' ) interpreted as an upwai-p 

of Lower Palaeozoic basement rocks corresponds with an area of high Bouguer 

Jaaoraalies, and the magnetic anomalies i n the Dublin Bay area are consistent with 

the hypothesis of a sedimentary basin being the cause of the observed gravity 

anomaly. 
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Chapter 8 

The Morecambe Bay Magnetic .Anom.aly i s situated w i t h i n the area occupied 

by the East I r i s h Sea gravity 'lo?/' and is marked GC on Plate 3 which i s 

contained i n 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 i s aJigned i n a west-north-west direction and the very steep 

gradients over the anomaly indicate a source at r e l a t i v e l y shallow depth. 

I t was considered that a s e r i e s of traverses with a sea-borne magnetometer 

would provide the data necessary for detailed i n t e r p r e t a t i o n . Six traverses 

\TOre run across the anomaly on the 27th August I964 using the sea-borne 

proton magnetometer and the p r a c t i c a l d e t a i l s are described i n the following 

section. 

The position of the anomaly was f i x e d on the Marine Decca 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 

i n 1961 and the recorded Decca co-ordinates helped to locate the anomaly. 

The six tra,verses were run i n a N 10° S true d i r e c t i o n to cross tha anomaly 

at r i g i i t angles to i t s s t r i k e which was approximately 109° magnetic. 

Traverses were spaced at approximately one and a half mile i n t e r v a l s . The 

t o t a l length of each traverse was about six miles i n order to permit a 

r e l i a b l e estimate of the background to be obtained. Plate 2 shows the 
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p o s i t i o n of the s i x traverses. 

The instrument used was a Gray proton magnetometer Mk. IT, the • f i s h ' 

streaming at,approximately two ships' length astern. Headings were taken 

autoraatically at about 15 second i n t e r v a l s and recorded by an observer. 

Dacca Navigator and magnetometer observers synchronised watches using a radio 

time signal to ensure accurate positioning. Accurate time records were also 

needed for the d a i l y v a r i a t i o n correction. Because of the narrow width of the 

anomaly the ships' speed was reduced to about ej.ght knots giving readings at 

about 200 feet i n t e r v a l s . 

3. Reduction of Observations. 

The instrument readings were corrected and reduced to values of t o t a l 

magnetic i n t e n s i t y measured i n gaimna using a computer programme available i n 

the department (Johnson, personal conrmunicewtion). The corrections effected 

by t h i s pi'ogi'amne a,re as tollovs: 

3.1 Regional Correction. 

This correction takes into account the regional magnetic gradients over 

the eai'th's surface. The values adopted for the components of the regional 

gradients are the same as those used i n the preparation of the Aero-magnetic 

(Geologri .cal Su5:"̂/ey and_ Museum, I964). Thus the regional gra.dients were 

assumed to be 258,42 gacama/degree north and 28,42 gansna/degree east r e l a t i v e 

to a chosen ori g i n at 54° W. and 4°E. An arbitary value of 46,600 gamma was 

assumed f o r the t o t a l magnetic f i e l d at t h i s point. 

5 • 2 Daj.ly Variation Correction. 

Data f o r the Daily Variation Correction was obtained from a Magnetogram 

supplied by the Eskdalemuir Observatoiy. The variation i n millimetres 
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recorded on the Magnetogram r e l a t i v e to a given background for both the 

horizontal and vertica.1 f i e l d s i s converted to gamma by the programme using 

the scale factor given on the Magnetogram. 

4. 'S££2£S. 

A magnetic survey off the coast of Co. Dublin during the 1965 season 

provided several intersecting traverses. This technique suggested that the 

value obtained f o r the magnetic f i e l d i s accurate to within approximately 

5 gamnia (Stacey, personai communication). 

5. DesGi'iption of the i'momaly. 

The anomaly on the Aero-magnetic waps i s nearly 20 miles' long and 

between 3 s.vA 4 miles wide. The long axis i s aligned i n a, v/est-north-west 

direc t i o n . A l l the detailed p r o f i l e s shov? similar characteristics and two 

have been selected f o r the interpreta,tion.. These are the p r o f i l e s 

numbered 2 and 5 on Plate 2. The anomaly p r o f i l e s along these traverses 

are the least complicated and are therefore considered to be most suitable 

f o r an i n t e r p r e t a t i o n i n terms of a simple model. 

A d i s t i n c t i v e feature that emerges from the detailed p r o f i l e s ' i s the 

approximately equal amplitude of the positive and negative peaks. This i s 

i l l u s t r a t e d by observed p r o f i l e s 2 and 3 which are presented i n scaled form, 

as Figures 20 and 21. The negative part of the anomaly occurs to the south 

suggesting that the d i r e c t i o n of magnetisa,tion with i n the anomalous body i s 

probably different from the direction of the magnetic f i e l d at the present 

day. The average peak to peak amplitude of the anomaly as obtained from the 

six p r o f i l e s was found to be 380 gamma. The peak to peak widths of p r o f i l e s 

2 a,nd 3 rire 692 feet and 1,252 respectively. The maximum gradients associated 

with the anomaly occur over the northern flank. Along p r o f i l e 2 a maximum 



gradient of approxiirAtely 983 gamma/mile was recorded over a h o r i z o n t a l 

distance of about l/5 m i l e . A value of 508 garaina/mile was recorded over a 

s i m i l a r distance along p r o f i l e y. 

Some of the profi.les shovj a second maximum t o the north . A f u r t h e r 

important aspect i s the r a p i d r e t u r n of the anomaly to a background value 

i n each d i r e c t i o n , a charaotexdstic Ttoich proved t o be one of the c r i t i c a l 

f a c t o r s i n i n t e r p r e t a t i o n . 

6, Methods of I n t e r p r e t a t i o n . 

The raethoa.s of i n t e r p r e t a t i o n used f o r t h i s p a r t i c u l a r anomaly are 

described i n t h e f o l l o w i n g s e ctions, 

''^ • -•• The Pseudo-gravity m.ethod. 

Use of t h i s method permits an e s t i m a t i o n of the possible range of 

magnetisation d i r e c t i o n t o be obtained from t h e observed, magnetic data i n 

the case of a n o n - i n f i n i t e two-dimensional body. The t h e o r e t i c a l basis f o r 

the pseudo-gravity technique i s Poisson's theorem r e l a t i n g g r a v i t y and 

magnetic p o t e n t i a l s as f o l l o w s : 

The g r a v i t y p o t e n t i a l U, at a po i n t P due t o aja element of volume S f 

i s given by the expression, 

where G- I s the Gravitational constant, ^ the density of the body, and r the 

distance of the body from, the p o i n t of reference. The magnetic p o t e n t i a l 

V, at the same p o i n t i s given by, 

V , ^ , = J . V ( i ) S ^ 1 

where J i s the magnetisation, and the opei-ator V r e f e r s to d i f f e r e n t i a t i o n 

w i t h respect t o the co-ordinates of the elementary body. These t'wo equations 
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can be combined thus. 

This i s Poisson's f o r m u l a and i t i s v a l i d for a f i n i t e body provided the 

d i r e c t i o n of magnetisation and the r a t i o of i n t e n s i t y o f magnetisation 

t o the d e n s i t y remain constant. 

A pseudo-gravity t r a n s f o r m a t i o n o r i g i n a l l y developed by Baranov ( 1 9 5 7 ) 

uses the upward c o n t i n u a t i o n theorem i n connection with Poisson's theorem t o 

deduce a pseudo-gravity equivalent from the magnetic anomaly on the assumption 

t h a t the d e n s i t y at every p o i n t of the body i s given by, 

I f * i t i s assumed that the i n t e n s i t y of magnetisation has the same sign 

throughout the body i t follows from, an expression developed f o r the pseudo-

g r a v i t y f i e l d at a p o i n t ( B o t t , Smith, and Stacey, 1966 unpublished) that the 

computed pseudo-gravity must also alvajs have t h i s s i g n . B o t t , Smith and 

Stacey have shown that t h i s c o n d i t i o n can only be s a t i s f i e d by a l i m i t e d 

ran,ge of ma,gnetisation d i r e c t i o n s f o r any given t o t a l f i e l d Diagnetic anomaly. 

The iiiethod has been programmed f o r use w i t h a computer t o c a l c u l a t e 

a range of values f o r the d i r e c t i o n of t o t a l magnetisation tha,t y i e l d acceptable 

pseudo-gravity f i e l d s (Stacey, personal communication). 

6 . 2 Tj:i_e_j3r̂ ^^ Method. 

Br'uckshaw and Kunaratnaa have developed a method f o r the i n t e r p r e t a t i o n 

of magnetic anomalies over u n i f o r m l y magnetised dykes which i s dependent upon 

simple sca].ing Imis and i s ap p l i c a b l e t o any observed component of the f i e l d - , 

(Bruckshaw and Kunaratnam, I963). I t i s also v a l i d for any resultant d i r e c t i o n 
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of magnetisation and f o r imj s t r i k e d i r e c t i o n . The theory i s developed 

by consideration of the basic equation for an anomaly caused by a dyke 

w i t h a f l a t top of horizontal width t , at a depth z belov/ the plane of 

observation: 

when J represents the resultant transveise i n t e n s i t y of magnetisation making ' 

an angle ^ with the horizontal, I the direction lying i n the v e r t i c a l plane 

containing the Magnetic Meridian i n which the anomaly i s measured, 6 the 

g e o l o g i c a l dio of the dyke, and ^%^t) ^ ("^if-i) ''"'-hs p o l a r co-ordinates of 

the edges of the dyke w i t h respect to the p o i n t of observation. This formula 

only a p p l i e s to a dyke w i t h a s t r i k e perpendicular to the magnetic meridian 

but i t was shown by Bruckshaw and Kunaratnam that, with l i t t l e modification 

i t could be used f o r a structure of any s t r i k e . The above equation modifies 

to the fo.rm.: 

i n which the r i g h t hand side i s dependent only on the r a t i o , of dimensions. 

From the standard curves contained i n Bruckshaw and Kunaratnam's paper 

i t i s p o s s i b l e t o o b t a i n an x , n i t i a l estimates of i and t / z , the depth-'width 

r a t i o , .and subsequently a se r i e s of estim.ates of thie depth. The width f o l l o f f s 

automatically, and i f the d i p of the dyke i s assumed estimates of the dir e c t i o n 

and. i n t e n s i t . y of ma,gnetisation can be made. 

b. 5 j ^ j ) MAGĵ l .92}^P3j^ 6̂ ' Pro gramme. (Stacey) 

The f o l l o w i n g two sections contain a b r i e f account of the p r i n c i p l e s 

involved i n the computer programmes, 2-D Mi&N, and 2-B MAGSCALE. (Stacey, 

personal communication). The methods recognize that the e s s e n t i a l data 
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required from the observed o r o f i l e s i s the shape, i n t e n s i t y and d i r e c t i o n 

of t o t a l magnetisation o f the body ctiusing the anom,aly, and t h a t t h i s can 

be achieved by comparison of the observed p r o f i l e s w i t h those derived f o r 

t h e o r e t i c a l models, .any two-dimensional body may be defined*in terms of 

an n-sided polygon. The anomaly at a given point produced by the semi-

i n f i n i t e horizonta]. slabs as defined by each face of the polygon can be 

c a l c u l a t e d from formulae f o r the horizontal and v e r t i c a l disturbance at a 

p o i n t due t o a s e r a i - i n f i n i t e slab 'with a s l o p i n g end face (Talwani, Worzel, 

and Landisman, 1959 ; Morgan and Grant, 1 9 6 3 ) . The e f f e c t of the complete body 

a,t the p o i n t i s obtained hj a,lgebradc summation of the disturbances due t o a l l 

the sla.bs t a k i n g i n t o account the f a c t t h a t the e f f e c t of some of the slabs 

must be subtracted t o o b t a i n the r e q u i r e d shape. This i s the basis f o r the 

f i r s t programme which permits the c a l c u l a t i o n of the horizontal, v e r t i c a l 

or t o t a l f i e l d components of the anomaly as r e q u i r e d , f o r any two-dimensional 

body of polygonal o u t l i n e . 

6.h- 2-D MAG-SCALE Computer Pi'ograjnme. 

Considei" a simple dyke of rectangular cross-section and uniform. magnetisa.tion 

Allowing for the f a c t that the depth' to the bottom of the body has a n e g l i g i b l e 

e f f e c t on the anomaly i f i t i s more than ten times the width, f i v e v a r i a b l e s 

s t i l l remain; the depth to the top of the dyke, i t s width, o4' the s t r i k e 

o f the body meagsui-ed clockidse from the h o r i z o n t a l p r o j e c t i o n o f the t o t a l magnetisation Jf 

I |;ki. i n c l i n a t i o n o f the t o t a l magnetisation J v / i t h i n the body 

of which oi. i s indetex-ndnate since the p o l a r i s a t i o n 

in the plane of the tra,verse alone i s a p p l i c a b l e , 

^ Stacey, I 9 6 I . 

0 
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A l a r g e number of t h e o r e t i c a l cuives woTild be necessary during 

i n t e r p r e t a t i o n of a f i e l d p r o f i l e without further s i m p l i f i c a t i o n . However 

thds i s possi,'l)le since the character of magnetic a.nom.alies pex^mit J t o be 

e f f e c t i v e l y eiimina.ted by s c a l i n g the observed and t h e o r e t i c a l p r o f i l e s 

to the same amplitude. I n a d d i t i o n , the analysis of magnetic form.ulae 

i n d i c a t e s t h a t the anoinaly a t any p o i n t i s dependent upon .the shape of 

the d i s t u r b i n g 'body, but independent of the scale of the s t r u c t u r e . Consequently 

r e d u c t i o n of t.he observed and c a l c u l a t e d anomalies t o a constant width elimin,ates 

a dimensional f a c t o r . 

The second progra.mme, 2-D MGrSCALE, computes the anomaly over the d i s t u r b i n g 

body i n b a s i c a l l y the same way as the 2-D MAGW programme, but also scales the 

amplitude and w i d t h to specified values. The normal interpretation procedure 

i n v o l v e s the p r e p a r a t i o n of a, l i ' b r a i y of curves for a range of depth-width 

r a t i o s and magnetisation d i r e c t i o n s , possessing fixed amplitude and h a l f or 

quarter-width dimensions. The f i e l d p r o f i l e s are s i m i l a r l y scaled and 

compared to f i n d a s a t i s f a c t o r y 'match'. I n the case of a v e r t i c a l dyke the 

answer i s unique. 

When a t h e o r e t i c a l curve bearing a s a t i s f a c t o r i l y close resetiiblance to 

the observed p r o f i l e i s obtained, J of the anomalous body i s given "by: 

IJj = |Jj model » (airu"}l3̂ £ude_scale f a c t o i - _for oheorNg^oical ourye.) 

where J i s i n c.g.s, u n i t s (Stacey ~ personal coumrunication). Sim,ila,rly5 

the t r u e depth and w i d t h of the top of the body are given by the expressions: 

(3epth - (<^epth to top of model) » _(scale factor for model) 
h o r i z o n t a l scale f a c t o r f o r f i e l ( 3 curve 
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w i d t h = ( w i d t h of top of model) . (scale factor f or model) 

hori,^oi3tal scale f a c t o r f o r f i e l d curve 

7• I n b erpre t a t i o n . 

7 • 1 I j r t rodu c t i o n . 

The l i n e a r character of the Morecambe "nalpaetic anomaly and the very • 

steep marginal gradients i n d i c a t e a source at shallow depth and i t i s therefore 

u n l i k e l y that the anomaly i s caused by anomalous features within the basement. 

The p o s i t i o n of the a.nomaly w i t h i n the area of the postulated. sedim_entary b a s i n 

conta,i,ning t h i c k Mesoaoic and Carboniferous sediments a.lso suggests t h a t a 

basement o r i g i n i s improbable. 

The anomaly can be best explained i n terms of &n i n t r u s i v e igneous 

body at shallow depth within the sedimentary, deposits. The d e t a i l e d i n t e r p r e t a t i o n 

has attenipted to e x p l a i n the observed anomaly i n terms of a simple sheet structure 

I n v o l v i n g e i t h e r a v e r t i c a l dyke or a horizontal s i l l . 

The d i s t r i b u t i o n of the positive and negative features of the anomaly 

suggest t h a t the direction of magnetisation within the anomalous body i s different 

from the d i r e c t i o n of magnetisation of the present earth's f i e l d (Section 5 ) . 

I n the i n t e r p r e t a t i o n i t i s necessary t o .know the d i r e c t i o n of magnetisation, and 

a range of possible d i r e c t i o n s has been. obta,ined using the pseudo-gravitjr 

technique. I t v/as observed both from the aero--m.agnetlc m.aps "and the deta,iled 

p r o f i l e s that a d i f f e r e n c e i n background l e v e l of approximately 30 gamma i s 

pre.'-x'̂ nt from n o r t h t o south across the anomaly, and t h i s v/as removed by applying 

a progressive incremental correction along the p r o f i l e s . The modified data was 

now used to obtain an e s t i m a t i o n of the d i r e c t i o n of magnetisation by means of 
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P r o f i l e Wo. i-i-

Eange of estimated 

d i r e c t i o n of magnetisation 

allowing for the effect of 

the earths' f i e l d , 

i:nea,sured downwards from 

the northern horizontal. 

175-225 160-226 139-219 125-195 128-199 

Median ¥alue. 200 193 179 l6o" 163-

Overall range of 

d i r e c t i o n from r e s u l t s 

of a l l p r o f i l e s . 

125-226' 

Range of median v a l ues, 160-200^ 
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the pscudo--gravity method. The range of values so obtained is given in Table 
8, From this Table i t can be seen, that the spread of the values from the 
central pa,rt of the range obtained i'or each profile is from 160° to 200° 
measured downwards from the northern horizontal. Thus, assuming a non-infinite 
and effectively two-dimensional structure, the pseudo-gravity results confirm 
the i n i t , i a l iiapression that the direction of magnetisation within the anomalous 
body i s dis t i n c t l y different from the direction of magnetisation of the earth's 
field, at the present day, and suggest a direction aligned towards the south. 

• ZilS,^zli..KAG^SCjiXE _Gomputer J'feijjxjd. 

The observed profiles 2 and 3 were now scaled to a total peak to peak 
aiTiplitude of pOO gamma, and quarter-width of 120 feet. The quarter-width is 
taken as the hori.?;ontal distance between the t¥io -points on the curve wheî e 
a value equal to a quarter of the tot a l amplitude measured from the negative 
peak was attained. The adjusted profiles could now be directly compared with 
those computed for cliosen theoretical models scaled i n the same manner. 

Figures 20 and 21 i l l u s t r a t e the shape of the scaled anomaly for profiles 
2 and 3. A series of curves for a dyke model was now computed, using the 
2-D . LCrrJG l E programme, for depth-width ratios of 5:1, 2:1, 1:1, 1:2, and 1:5, 
and directions of magnetisation of 155°, 185°, and 215°. In a l l the models 
the depth to the bottom of the theoretical dyke was maintained at a minimum of 
ten times the width, and a value of .001 was a r b i t r a r i l y adopted for the value 
of the intensity of magnetisation. From the evidence of the f i r s t method i t 
was anticipated that the above range of magnetisation directions, i n conjunction 
with the widely differing depth-width ratios would produce a library of curves 
indicating the combination of these relevant variables capable of yielding the 
most satisfacto.iry ' f i t ' f/ith the observed profiles. I t was further required that the 
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st of curves should i n d i c a t e a divergence from t h i s s i m i l a i ' i t y f o r a l l 

other combinations. The computed p r o f i l e s f o r the t h e o r e t i c a l models 

are presented i n Figures 2 2 , 23, and 2 4 . I f those are compared w i t h the 

observed p r o f i l e s of f i g u r e s 20 and 21, i t i s apparent t h a t f o r a l l the 

depth-width r a t i o s the f a s d l y of curves f o r the models w i t h d i r e c t i o n s of 

magnetisation of l e s s than 1 5 5 ° and greater than 215° show a wide divergence 

from the s i m i l a r l y scaled observed anomaly. A d i r e c t i o n of magnetisation 

o f 185"' produced a se r i e s of curves b e a r i n g a close s i m i l a r i t y i n both 

d i s t r i b u t i o i i of p o s i t i v e and negative peaks and shape of the o v e r a l l anomaly 

t o the observed p r o f i l e . Closer i n s p e c t i o n suggests t h a t the most s a t i s f a c t o r y 

' f i t * i s provided by a dyke having a depth-width r a t i o o f 1:2. The closeness 

f the ' f i t ' w i t h observed p r o f i l e 3 i s i n d i c a t e d by Overlay N o . l j and the 

dimensions of the model on unsealing are -contained i n Tables 9 and 10. 

The computed curve f o r a v e r t i c a l dyke having these c h a r a c t e r i s t i c s 

displs.ys s, bro.ad. s i m i l a r i t y w i t h the observed anoma,ly. The rela.tive magnitude 

of the p o s i t i v e and negative p a r t s of the p r o f i l e s show close oorrrespondence, 

but; disagreement e x i s t s on the f l a n k s of the p r o f i l e s p a r t i c u l a r l y towards the. 

n o r t h . This i s seen as a more gradual d e c l i n e of the computed p r o f i l e t o 

a background l e v e l compared w i t h the observed anomaly. The only method by 

which an equally r a p i d r e t u r n t o backgi'ouxid could be secured was by reducing 

the thickness of the dyke t o such an extent t h a t t,he correspondence of observed 

and computed p r o f i l e s was l o s t over t h e c e n t r a l p a r t o f the p r o f i l e . 

The n o r t h e r n f l a n k of the observed p r o f i l e i s also complicated by a 

secondary r i s e i n the' anomaly which i s broader and and of considerably l e s s 

amplitude than the dominant f e a t u r e of the p r o f i l e as can be seen i n Figures 20 and 
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Table 9-

ft;of ile___ 2^ 

.Amplitude scale f a c t o r f o r the f i e l d curve ±s I.O6I. 

" " " ••' theoretical curve i s 1.5171. 

H o r i z o n t a l scale facto.r f o r the f i e l d curve i s 0.1002. 

" " " '•* txheoretical curve i s O.3609. 

Therefore, using the relationships noted i n section 6,4: 

Depth t o top of dyke i s 60 x O.3609 f e e t . 
0^1002 ~" 

Since the depth-m.dth r a t i o was 1:2, the width becomes, 

M2_feet. 

jJf = .0_01 X l._5171 
1,061""" 

.00143 
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Table^,,^W^ 

Prof i l e _ 

ik'cplitude scale factor f or the f i e l d curve i s 1.555. 

" " " " " t h e o r e t i c a l curve i s 1.5171. 

Hori.'sontal scale f a x t o i " f o r the f i e l d curve i s 0,06l8. 

" " " t h e o r e t i c a l curve i s O,3609. 

Therefore the depth t o tho top of the dyke i s : 

60 X 0.3609 f e e t . 
O.0M8 

= 151 i ? . e t i 

Since the depth-'width r a t i o was 1:2, the width becomes 

702 f e e t . 

J| = .J)01 X 1^5171. 

.00099 
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21, I t i s p o s s i b l e t h a t t h i s may be caused by another dyke s t r u c t u r e a t 

increased depth. I n s p i t e o f the apparent discrepancies i t i s not possible 

t o e l i m i n a t e a dyke s t r u c t u r e as a resu]-t of these coniputed p r o f i l e s . The 

depth, w i d t h , and. i n t e n s i t y of i i a g n e t i s a t i o n presented i n Tables 9 and 10 

show f a i r l y good agreement w i t h the values obtained from the Bruckshaw-

ICunaratnam method which i s discussed i n the f o l l o w i n g s e c t i o n , 

i i i . The B|iyckshaw-Kffl Method. 

The Bruckshaw-Iumaratnani method as described i n s e c t i o n &,2 was used 

to o b t a i n f u r t h e r estj.matea of the depth, width, d i r e c t i o n of magnetisation 

a,nd v,jj.tensity of magiietisation assuming a dyke form f o r the anomalous body. 

The vai'ious parameters as obtained from f i e l d p r o f i l e s 2 and 3, together w i t h 

the req.iired r a t i o s are pre^sented i n Tables Hos. 11 a.nd 12 r e s p e c t i v e l y . 

The values of i and t / z as obtained from the standard curves supplied 

w i t h the OT-iginal paper are l i s t e d i n Tables 13 and 14, together -sirith the 

f a c t o r s obtained and the r e s u l t i n g estimates of the value of z, the depth t o 

the top surface of the dyke. Knowledge of t / z , the width-depth r a t i o then 

permits an estimate f o r the width t o be d i r e c t l y obtained. 

The i.ntensity of magnetisation i s i:isually indeterminate since i t involves 

the r e l a t i o n : 

F / 2 J s i n 0 = Mm. 

where 9" i s the angle of dip of the dyke. Mm i s the value of the dominant featu.re 

on the model, and F i s t l i e magnitude of the corresponding f e a t u r e of the f i e l d 

curve. I f i t i s assuiaed t h a t the dyke i s v e r t i c a l then sin© becomes u n i t y , 

and the expression reduces t o : 

,Mra. 

The value of J obtained by t h i s method i s a minimum l i m i t i n g value f o r the sp e c i a l 
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Table 13. 

From curves i n figure 3 of o r i g i n a l paper (Bruckshaw and Kunar; 

1=8 and t/z=2.3. 

Depth and •width. 

figure no, of set of curves Factor. Depth (z), 
(feet) 

i n o r i g i n a l paper. 

+̂ 3.1 223 

5 3.8 227 

^ 1.95 256 

7 5.75 160 
8 0.6 205 
9 
10 

The average depth to the top i3urface of the dyke i s therefore, 

1.5 225 

2.75 224 

The value of t/z i s 2.3, giving an estimate f o r the width of: 

492 feet. 



t 2 5 

P r o f i l e J j _ 

I'rom curves i n figure 3 of o r i g i n a l paper: 

S'lgure no. of set of curves 

i n origincil paper. 

1+ 

5 

o 

7 

8 

9 
10 

558 

391 

488 

158 

277 

271 

364 
The average depth to the top surface of the dyke i s therefore., 

230.fee£^ 
The value of t/z i s 2.8, giving an estimate f o r the width of: 

224 feet. 

Factor. 

3.5 

3.95 

2.05 

5.8 

0.75 

1.54 

2.75 

Depth ( z ) . 
(feet) 

ijL„tOO,07i^n,ji._ 189 
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case of a v e r t i c a l djke with a s t r i k e d i r e c t i o n which i s magnetic east-
v/est. Certain corrections must be made i n calculating the i n t e n s i t y and 
dir e c t i o n of magnetisation vAien the s t r i k e i s not east-west. I n t h i s case 
i t i s equivalent to measuring the anomaly i n a direction I ' i n the v e r t i c a l 
olane perpendi.cular to the s t r i k e of the feature f o r a modified in t e n s i t y 
J' . >''or a v e r t i c a l dvke v f i th a st r i k e d i r e c t i o n meiking an angle of ^ 
V'ith magnetic east-west the following equations periiiit the calculation of J', 
and the d i r e c t i o n of magnetisation ^ , 

The calculated values f o r p r o f i l e s 2 and 3 are presented i n Tahles 13 and 14 

respectively. The results from t h e Bruckshaw-Kunaratnam method were 

GorajEred with the estimates obtained I'rom the 2--D iiilG-SCALE programme. A. 

good agreement exists betv/eon t'rie estihiates f o r the death to the top of the 

anomalous body and the d i r e c t i o n of magnetisation assuming a dyke structure. 

The estimates f o r the d i r e c t i o n of magnetisation obtained from both methods 

f a l l - vri-thin the range suggested by the pseudo-gravity technique, Howevei', 

tiie estimates foi- the depth and width along the tvro p r o f i l e s are" very 

variable as c a n be seen by comparing Tables 13 aaid 14j and the values obtained 

f o r the i n t e n s i t y of magnetisatl;.;n are low f o r a dyke. These results suggest 

that the complete anomaly i s unlikely to be caused by a simple dyke. 

7 • 2 A^^Eojn^o .Si:il. 

Attention i s next directed to the p o s s i b i l i t y that a s i l l or be l t of 

I^vas might cause the anomaly. To establish a general estimate of the 
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£i?L°?i1?Ao!l„°̂ ^̂  > 75 105 135" 

Ratio of positive to negative parts of the Anornal 

Depth-thickness r a t i o 2:1 

4:1 

o.ia 10:1 

.Ratio of positive to negative features of the observed anomaly was 

approximately 1.2. 
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ci.irection of magnetisation use Yias made of the 2~D M/IG-N, computer programme. 
Profiles were computed f o r a horizontal tabular body extending to the north 
with a v e r t i c a l southern houndaiy, and directions of raa.gnetisation centrally 
positioned l i l t h i n each quadrant of 45°, 135'̂ , 225°, and 315°j and a depth-
thickness r a t i o of 1:1. 

From these i t vfas found that a. direction of rnaf^ietisation of IJS"^ 

produced a curve of 3-ppi:'oximately the required sh8.pe. Data f o r a series of 

s i l l s with ©. range of ma-gnetisation directions at inte r v a l s of 30° comprising 
o o o 

155 J 105 5 and 75 • and depth-thickness r a t i o s of 2:1, 4:1. and 10:1 were 

jiow computed. The 2~D f'-O.ifi' programme was unable to handle shapes i n 

which o-nly t?ro co-ordinates Vvore specified as i n the dase of a horizonta.! s i l l , 

and scaling vsas atscom.plished by means of a hand calculator. Because of t h i s 

d i f f i c u l t y , on ly the calculated -anomalies which shovjed a suitable dist.ribution 

of positive and ne.ga.tive features were modified i n t h i s v/ay. The da,ta vere also 

p.resented i n table form showi.ng the r a t i o of the positive and negeitive parts of 

the anomaly f o r a l l combinations of dir e c t i o n of magnetisation and depth-

thickness r,at.io, thus i n d i c a t i n g the divergence froia the observed value 

iTable 15). 

Inspection of t h i s table shows that a direction of magnetisation of 105° 

yielrls an acceptable maximum to .minimum. I'atio, and that v a.riation of the depth-

thickness .ratio has no noticeable effect upon t h i s aspect of the anom.3-ly p r o f i l e . 

Directions of magnetisation of 75° and 135° produced m8,xi.mum to minimiim r a t i o s 

wliich d i f f e r e d fi-om the observed value by :nearly 200;!|, and increase of the 

depth-thickness r a t i o to 10:1, which i s e f f e c t i v e l y equivalent to r a i s i n g 

the lower surface o f the sil.L produced only a very small improvement. 
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The scaled data f o r a s i l l with a dir e c t i o n of magnetisation of 

1.05° and d i f f e r e n t depth-thickness r a t i o s are presented i n the form of 

p r o f i l e s i n Figu;re 25. The best ' f i t ' with the observed anomaly vas 

considered to be a s i l l having a depth-thickness r a t i o of 10:1 , axi'l t h i s 

i s shown i n Overlsiy No.2, When a comparison i s made with the best ' f i t ' 

obtained f o r a dyke model, a s l i g r i t improvement i s appa,rent. The re l a t i v e 

m.agmtude of the positive and negative features again show good correspondence 

a s also does the southern flank of the pi- o f i l e . To the north, the gradients 

of the theoretical p r o f i l e a.gain decrease more rapidly than i s the case fo r 

t.he observed anomaly. 

The.re are d i f f i c u l t i e s therefore i n attempting to f i t theoretical 

computed p r o f i l e s f o r both sim.ple : f i l l o.r dyke models to the observed anomaly, 

alt.hough a s i l l structure tvppears to g.iv8 a bettei- oversill correspondence. 

The seco.ndary rdse of the anoma.ly to the .north mi^ot then be caused by an 

Iri-egularity on t.he -top surface of the body. 

I f the a,noma4y i s caused by a ve.rtical dyke, the depth to the top surface, 

f r o f f i the evidence of the two detfiiled p r o f i l e s investxg3;ued, l i e s between 214 feet 

and 351 feet, and the width between 452 feei; and feet. A. dii'ection of 

magnetisation of about IB^'^ - 190° i s indicated by the 2-D MG-SCiLS and Bruckshaw-

Kunaratnam motnods which i s within the estimated range of l60°-200° as calculated 

using the pseudo-gravity technique. The shallow depth estimate i s consistent 

with the magnitude of the magnetic gradients but the large difference i n the 

estimates f o r the width of the structui-e along adjacent p r o f i l e s and the low-

values of the i n t e n s i t y of miag.,Letisatio.n ax'e features that maiie an inte r p r e t a t i o n 



i n terms of a simnle dyke model seem improbable. The divergence of the 

coinputed a;noraa3y f o r a v e r t i c a l dyke from the observed anomaly i s greater 

than that f o r a horizontal s i l l or b e l t of lavas extending to the north. 

The secondarj'- maxim.umi i s also m.ore easily explained i f the anomalous 

structure i s continuou.s i n a northerly direction. 

The d i r e c t i o n of maf?:ietisatlon of 105° .required to explain the observed 

ajioraDJlj i n the case of a horisontal. s i l l or be l t of lavas i s not within the 

z'.ange specified 'by the pseudo-gra/fity technique. Tiiis i s to be expected 

since a semi-infinite structure of t h i s type viola.tes the basic 8,saumption 

of the pseudo-gravity theory. I n either case, however, i t would appear that 

the directloi-i o f permanent magnetisation w i t h i n the anomalous body i s 

diffei-ent I'rom the d i r e c t i o n o f the mafcnetic f i e l d at the present day. This 

suggests that the dyke i s not of Tertiary age since the earth's magnetic 

f i e l d i s believed to have reitiained stahle from Tertiary to Recent time 

(Cox and Doell, 19bO), The pre-Tertirary rocks do not usuall^r have magnetisations 

p a r a l l e l to the present f i e l d . The Carbonifei'ous and especially the Permian 

magnetic f i e l d s ."ere r e l a t i v e l y very 'steady' and were vastly d i f f e r e n t 

from the pi*esent configuration of the f i e l d . Pa.laeomagnetic investigations 

on the •jyhin S i l l of Permo-Carboniferous age has indicated that the direc t i o n 

o f remanent magnetisation i s towards 1,,he south (Cre^r, I r v i n g and Nairn, 1959). 

The pscudo-gr£ivity cailculations indicate a similar d i r e c t i o n of magnetisation 

f o r t'ie Morecambe Bay an.om_aly -which lasiy be of similar age. 

Of the simple models considered, i t i s suggested that the Morecaiiibe 

Bc'iy raagnetic anomaly i s explained better by a horizontal s i l l or b e l t of 

lavas ifrfxich i s extensive i n a northerly" d i r e c t i o n vath a faulted southern 
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.mdary. The d i r e c t i o n of t o t a l magnetisation i n t h i s case i s approximately 

105°. The magnetic gradients indicate that the anomalous structure i s at 

shallow depth and a Pernio-Ca-x-boniferous age i s suggested by analogy with ot^ier, 

intrusive igneovis rocks of t h i s age. The intrusion.- of a s i l l of t h i s .age; 

w i t h i n the area occupied by the East Lrish Sea gravity 'lo?/' would be consistent 

with the suggested gravity i n t e r p r e t a t i o n i n terms of a sedim.entary basin i n 

which Permo-Triassic and Carboniferous rocks form the main ' f i l l ' . 



Ggnera.l GoncJLus2;Ons_.__ 

A higia regional background gravity anomaly of approximately +55 to + k-o 

railligals i s believed t o exist over much of the North I r i s h Sea. Large 

negative anomalies of up to 40 m i l l i g a l s amplitude have been discovered 

superimposed upon t h i s high, regional anomaly. These have been named the East 

I r i s h Sea 'low' which occxmles most of the eastern part of the North I r i s h Sea, 

nd the Dublin Bay - Kish Bank 'low' which i s located i n the approaches to 

Dublin, The shape and magnitude of these anomalies suggested interpretations 

i n terms of either large granite batholiths or deep sedimentary basins. 

Gidtical gravity traverses £',cross t-he mcLrgins of the features ha,ve led to a 

conclusion i n favour of the l a t t e r inter-prstation i n both areas. The presence 

of several thousand feet of low density sediments of possibly Mesozoic age 

were shown to be necessary i n t h i s case. The Dublin Ba,y - Kish Baiik anomaly 

was intex-preted on the evidence of the c r i t i c a l gravity traverses alone. 

The problem created by the proximity of the Leinster granite on land and the 

p o s s i b i l i t y that part of the anom^aly might be cgused by the presence of a 

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

seismic inve stigation. 

G-eological evidence has been used during the i n t e r p r e t a t i o n of the East 

Irish, Sea 'low' i n addition to the detailed gi-avity traverses. The possible 

seaward extension of the Eskdale granite to give the minimum Bouguer .Anomalies 

i n the north would seem to be invalidated by the evidence of the c r i t i c a l 

traverses. The presence of at least 8,000 feet of low density sediments i s 

necessary to explain the observed anomaly. From the evidence of the coastal 

geology i n south-west Cum.berla-nd, the Lancashire coastal p l a i n , and North 

Wales i t would seem that Perrao-Triassic rocks are l i k e l y to form the main 
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' f i l l ' of the b a s i n . The v e i y steep gra,vity gradients encountered over the 

..margins of the anoffialous features adjacent t o the land i n c e r t a i n areas may 

be associated w i t h f a u l t e d boundaries, and suggest a t e c t o n i c c o n t r o l of the 

c o a s t l i n e i n those areas. 

The data, provided by the Aero-miagnetie. maps have been shov/n t o be 

consistent w i t h the g r a v i t y i n t e r p r e t , a t i o n i n the North I r i s h Sea. Further 

geophysical work i n the area could take the form of surfa.ce ship g r a v i t y 

measuxements over the deep ¥/hicb. runs i n a north-south d i r e c t i o n down the 

western ha,lf of the I r i s h Sea and i n t o the North Channel. D e t a i l e d seismic 

ivork i n the Dub l i n Bay area could resolve t.he u n c e r t a i n t y caused by the 

nearness of the L e i n s t e r g r a n i t e . 
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A P P E N D I X 1 . 



1. Base connections refer to the base station(s) observed at the beginning 

and end of a run of gravity stations. The abbreviations used f o r the d i f f e r e n t 

base station names ai-e as follovirs: 

D . L . 1 - Dun LaogSriaire No. 1 . 

D.L. 2 - Dun Laoghaire No. 2. 

D. - ' Douglas 

ll. - Holyhead. 

L. ~ Liverpool. 

F. - Fleetwood. 

2. Depths have been corrected to mea,n sea l e v e l . 

3. 'i'he value of observed gravity i s corrected f o r d r i f t s . I t i s other¥7ise 
unreduced and i s r e l a t e d to the assumed va lue o f 'g' at Pendulum House which i s 
981,2650 cms./sec. 

4. The Free A i r and Bouguer anomalies have been calculated assuming the density 

of sea-water to be 1.05 gms,/cin., and that of the rocks underlying the sea-bed 
"Z 

to be 2.50 gins,/cm. 
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The f o l l o w i n g pages coirtain drawings, not t o scale, of the Base Positions i n 

the d i f f e r e n t harbours. The values of g r a v i t y are expressed as a d i f f e r e n c e 

i n m i l l l g a l s r e l a t i v e t o Pendulum House Canibridge. 
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A P P_̂ E N D I X 3. 



Plates 5 and 6 i l l u s t r a t e the i n t e r n a l arrangement 

of the gravimeter. I'he outer c o i l of the beam 

displacement transducer r e f e r r e d t o on page 39 can 

be seen i n the middle foreground of jPlate 5, 



1 

PLATE 5 





r" 
> 
m 

I T T 

/•Nrsj • 

- I -

I I 

-

/ 

\ 

V 

. i j t - h 

lie CO K . 

/ 

L I 

J 

V-

c \ 0 


