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ABSTRACT 

Tke Bouguer anomalies on the I s l e of Man have been 

ca lcu lated from a network of 365 s ta t ions . The re su l t s of 

rock density measurements made i n the laboratory are stated. 

The main features shown by the gravity survey of the 

southern and centra l parts of the i s land are two elongated 

negative anomalies, centered at Foxdale and Dhoon. They are 

shown to be shallow i n or ig in and i t i s suggesteddthat they 

are due to the preMsence of two large granite bodies lower in 

density than the surrounding Manx Slates and only represented 

at the surface by small outcrops. These two granites are 

apparently steep sided and l i e on a north-east to south-west 

' a x i s ' but are not connected. The negative anomaly seen in 

part i n the extreme South-west of the i s land i s probably due 

to a r i s e on the Poxdale grani te . 

The elongated shape of the granites revealed by the 

survey can be correlated with the zones of metamorphism, the 

d i s t r i b u t i o n of the mineral veins and the "anticl ine of cleavage". 

Comparing the mass of land above sea l e v e l with the mass 

def ic iency due to the granites the southern and central parts 

of the I s l e of Man are found to be under-compensated. 

A r e s i d u a l gravity map of the Peel area was prepared and 

i t revealed a negative anomaly which i s probably due to the 



t>aain of lower density Peel Sandstones. 

The louguer anomalies axe found generally to be high 

on the I s l e of Man, This empkasises the fact that the I r i s h 

Sea seems to he an area of large posit ive anomalies for 

gradients have also been observed on the mainland. No 

d e f i n i t e conclusion has been reached as to the cause of 

t h i s I r i s h Sea anomaly or, indeed, that r" . i t has only 

one cause. 
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CHAPTER 1. 

INTRODUCTION AND THE GEOLOGY OP THE ISLE OP MAN. 

This thes i s i s an account of the gravi tat ional 

inves t igat ion of the I s l e of Man. I t describes the survey 

procedure and the reduction and interpretat ion of the r e s u l t s , 

. The work was undertaken from the Geology Department of the 

Durham Colleges under the supervision of Dr. M.H.P. Bott by 

Mr. T . B e l l and myself. 

The Prost Gravimeter and the Bedford Van used for the 

survey belong to the Durham CollegejGeology Department, 

1.1 Introduction. 

The I s l e of Man i s situated in the I r i s h Sea, midway 

between the southern part of the Lake D i s t r i c t and the Moume 

Moutains. The nearest point on the mainland i s Burrow Head, 

Wigtonshire, 17 miles away from the Point of Ayre. The sea 

aroimd the is land i s l ess than 20 fathoms deep with the 

exception of a trench to the west which reaches a depth of 

80 fathoms. Roughly oblong in shape, the is land "is aligned 

i n a jforth-rTorth-east to gouth-South-U^est direct ion the 

longer ax i s having a length of 30miles, the shorter 8 to 12 

miles and the area of the whole i s 227 square mi les . 

With the exception of the northern pla in the i s land 

i s predominantly upland, the steep but rounded h i l l s r i s i n g 

to between 1500 and 2000 f ee t . There i s a region of 

p a r t i c u l a r l y high land extending^^om near Ramsey south-



-westwards to Port E r i n , and i t i s in t h i s area that the h i l l s 

of South and North Barru le , S l ieau Ruy and Snaefe l l , the 

highest point on the i-sland, occur. This upland area i s 

divided by the large va l l ey running between Douglas and Peel . 

The i s l and i s bounded by high c l i f f s . 

1.2 Geology 

Table 1 gives the geological succession on the I s l e of 

Man. Figure 1 i l l u s t r a t e s the major geological features. 

The sedimentary sequence w i l l be dealt with in chronological 

order. More emphasis i s placed on description of the igneous 

rocks, espec ia l ly the granites , since these facts w i l l be more 

relevant to l a ter d iscuss ion. 

1.2a Manx Slates 

The Manx Slates are a series of s l a t e s , g r i t s , brecc ias , 

greywackes, t u f f s , quartz i tes and banded s t r a t a , occupying 

about three quarters of the i s land's area ( i . e . c.l70 square 

m i l e s ) . I t has been found to be d i f f i c u l t to subdivide the 

s l a t e s ; G i l l o t t l i s t e d i n 1955 the following beds, based on 

the l i thology i n the Sulby Glen - Maughold Head area : -

Cronk Sumark Slates 

Sulby Flags 

Brecc ia 

Barrule S lates 

Banded Beds 

Agneash G r i t s 

Lonan Flags 

- 2 -



Table 1 

RECENT 

GLACIAL 

TRIASSIC 

PERMIAN 

CARBONIFEROUS 

LR. PALAEOZOIC 

IGNEOUS 

GENERAL SUCCESSION 

Blown sand 

Peat 

Alluvium 

Raised beach - marine 
m 

Late g l a c i a l flood gravels 

Sand and gravel occuring as platforms 
" "' " " " mounds 

[ Boulder clay or loam 

Red Marls ( sa l i f erous ) 

S t , Bees Sandstones 

I . Lower Marls and Brockram 

Limestone Series 

Basement Sandstones and Conglomerate 
Manx Slates 
Carboniferous / "̂ ^̂ ^̂  agglomerate 

^ Ba/sa l t 
Manx Slates Series' Tuff 

INTRUSIVE • 
Olivine doler i te (Tert iary) dykes 

Diabase etc. , ,("Greenstone") dykes. 
("Altered Greenstone") dykes. 

Dior i te and camptonite dykes. 

Micro-trap dykes. 

Micro-granite dykes. 

Granite 

- 2 a -



SKETCH MAP O F T H E GEOLOGY OF 

THE, ISLE O F MAN 

DHoo^4 
CKAHire 

RAMaEV 

F O X f t A L t 
CR>»Mrre 

f^BW ff.£D 

CARBOMIfEROUS 

MAfOC SLATES' 

MAJOR ISn-RUSfOfti] 

SCAIE OP.MIL?S. 
"— MicffO(,Kfin>rE 

FROM EASTWOOD "NORTHERN ENGLAND " 

Fig. 1. 



Thickness. Lamplugh (1903) estimated the t o t a l thickness of the 

Manx Slates v i s i b l e to be between 1500 and 2000 feet , admitting 

that "this may be much below the truth". Any estimate of the 
of 

thickness^such highly folded s t r a t a , w i l l necessari ly be 

• vague. 

Age. The. age of the S lates i s problematical but what l i t t l e 

evidence there i s indicates that they are largely Cambrian. 

Structure . The Manx Slates have suffered much folding and faul t ing 

. with some metamorphism and the ir overal l structure has been 

var ious ly interpreted. Previous to 1903, observers had come 

to the conclusion that the s lates were in the form of a broad 

a n t i c l i n e but Lamplugh (1903) decided that the main structure 

was a compound syncline or synclinolnium. In sections he 

prepared (Memoir - page 118) he puts the Barrule Slates in 

the centre of the sync l ine , followed outwards by the 

'Unseparated S l a t e s ' , the Agneash Gri ts and the Lonan and 

Niarbyl F l a g s , S t a i n i e r (1929) envisaged the structure as 

two a n t i c l i n e s , inc l ined towards each other with a narrow 

syncl ine between. 

Lamplugh also recognised that the latest of the 

cleavages a f fec t ing the S la tes had common direct ions over 

the whole of the i s l a n d . The cleavage apparently dips to 

the fjorth-ivest i n the fforth-Western part of the is land and 

to the South-last in the South-'gast. This r e s u l t s in an 

•ant i c l ine of c l e a v a g e w i t h it$t- crest trending north-east 

to ,'south-vvest from near Maughold Head to §outh-West of 
Poxdale,which runs p a r a l l e l to the zones of ipetamorphism 

- 3 -



(see Figure 2 ) , The Foxdale granite l i e s on th i s ant ic l ine 

but the Dhoon granite i s to the South of i t . 

Metamorphism. Pigrure 2 i l l u s t r a t e s the arrangement of the 

metamorphic zones as recognised by Lamplugh. The zonation, 

he says, resul ted from dyno-metamorphism, the granites playing 

a minor part by r a i s i n g the temperature of the rocks. 

S t a i n i e r (1929), however, considered that the granites seen 

at Foxdale and Dhoon were d i r e c t l y responsible for the 

metamorphism and, moreover, that they are connected at depth. 

G i l l o t t (1955) came to the same conclusion. 

1.2b Carboniferous 

Carboniferous s t r a t a l i e unconform^ably on the Manx 

Slates and are found in two isolated areas, in the extreme 

South-Sast around Castletown and i n the northern p la in of the 

i s land where they are covered by d r i f t , 

( i ) South-Sast area 

Here the succession i s as fo l lows: -
Thickness i n f t . Zone 

5 Scar le t t Voleanic Ser ies ^ 

4 Posidonamya Beds or Black Marble 30-50 D 

3 Poolvash Limestone 200 

2 Castletown or lower Dark Limestone 300-400 C 2 - S2 

? 
1 Basement Conglomerate 

The Black Limestone contains goniatites as well as the 

usual coral-brachiopod fauna and so these s t ra ta can be 

correlated wî th the basin fac ies of Lancashire , 

- 4 -



SKETCH MAP OF THE I S L E OF MAN SHOWING 

C L E A V A G E , METAMORPHISM , GRANITES , DYKES , 

AND CONGLOMERATES. 

INDEX 

Cmik Ce i t l «B t r . »< . 

A r t . tt y«k l , c l r t r»4 t l . t t i . 

- - i l l t k r i , • 

Dke*. fir«il'< 

D r k . i fraa OkMi CtmiU. 

(roa <ir . . l /« . 

Dif *»* • • • • • r . f 

D 

/ 

Do* t I . I 

AFTCR LAMPUiOH 

* ! ? y » ^ ^ 
M I L U 

Fiq. 2 



At langness the Carboniferous can be seen to overl ie the 

Manx Slates uncomformf^ably but inland the junction i s faulted, 

[11) Northern area 

Since the Carboniferous in the tforth of the i s land i s covered 

by d r i f t , a l l information about i t comes from boreholes. . 

The succession i s as fo l lows: -

Thickness i n feet 

Upper Limestone, Sandstones and Shales 500 

Main Limestone 800 

Conglomerate 100 
c 

These s t r a t a have been correlated with the sucession in 

Cumberland. 

The Carboniferous here again overl ies the Manx Slates 

with marked unconformity. The s t r a t a seem to be more disturbed 

than i n the South-Sast and dip northwards. 

Corre lat ion between these two occurences of Carboniferous 

i s not easy and s t i l l remains doubtful, 

1,2c Pee l Sandstones 

In the v i c i n i t y of Peel there occurs a series of red and 

mottled sandstones, conglomerates, and th in limestones known as 

the Peel Sandstones. Various ages have been suggested for them, 

Lamplugh (1903) considered they varea the equivalent of the 

Carboniferous Bas*al Conglomerate, They are faulted against the 

Manx Slates and have a predominantly West-northTWest dip. They 

are only exposed along the coast and at one isolated l o c a l i t y 

i a iand . - 5 -



l , 2 d New Red Sandstones 

T r i a s s i c and Permian beds are known only from boreholes 

i n the dr i f t -covered northern p l a i n . The succession, which 

i s s imi lar to that of South Cumberland aid Pumess, i s as 

fo l l ows : - Red Marls + Rock Salt + Gypsum 
Sandstone (Kirk l in ton Type) 
S t . Bees Sandstone 
Red Marls 
Brockram 

1.2e Igneous 

Granites 

Two small Caledonian grani tes , each l e s s than two square 

miles i n area , outcrop on Granite Mountain (the Poxdale Granite 

and at Dhoon (the Dhoon Gran i t e ) . A l i t t l e granite i s also 

found i n the composite intrus ion of Oatland. 

( i ) Foxdale granite 

The Poxdale granite i s a moderately coarse-textured grey 

muscovite granite containing orthoclase and plagioclase 

(^^7_g)» muscovite, quartz, microline and a l i t t l e z ircon . 

Elvans and pegmatites are found in associat ion with the granite 

The main outcrop on Granite Mountain i s roughly oval in 

p l a n . The longer a x i s , 1400 yards long, extends i n an Sas t -

West d i rec t ion and the shorter , north-South ax i s , i s 400 yards 

i n length. There i s an i so lated patch of s imilar granite 500 

yards east of the main outcrop. This could either be a small 

boss or a thrust block but there i s no evidence for either 



The Manx Slates at the margin of the granite are altered 

by contact metamorphism to a l imited extent only. The contact 

i s r e l a t i v e l y de f in i te and cross-cutt ing; there i s some evidence 

to suggest that movement of the s la tes occured during or a f ter 

i n t r u s i o n . In plan the margin i s very irregular with numerous 

apophysis and there are many elvans and pegmatites. 

According to Lamplugh the granite appears to shelve 

outwards from the outcrop and i s l a c c o l i t h i c i n form. 

Evidence from mineworkings seems to support t h i s idea for 

granite was discovered at 300 to 400 feet below the surface at 

the Cornelly Mines, 1-|- miles north of Granite Mountain. I t has 

been suggested that "this intrusion formed a pipe- l ike mass 

i n c l i n e d westwards" (Lamplu^) . This granite i s by no means 

i d e n t i c a l with the Foxdale granite "the difference between these, 

however, i s no greater than might occur between di f ferent parts 

of one and the same intrusion" (Lamplugh). An area of h i ^ 

grade metamorphism (See Figure 2) occurs around the Cornelly 

Mine. 

(ii)Dhoon granite 

The Dhoon granite i s very d i s t inc t ive and d i f f e r s in 

many ways from that at Foxdale. 

The most s t r i k i n g mineralogical charac ter i s t i c of th i s 

granite i s the r e l a t i v e abundance of dark minerals (mainly 

b i o t i t e ) . • This i s r e f l e c t ed by the high density of the granite 

(2,71 g m / c . c ) . Feldspar (plagioclase Aby_g and orthoclase) , 

muscovite, quartz , epidote, chlorite ,and sphene also occur. 

- 7 -



The outcrop i s 2,550 yards long and 900 yards wide and 
i s elongated i n an east-ivest d i r e c t i o n . The margins are clear 
out tho\igh very i r r e g u l a r i n plan and there i s evidence t o show 
t h a t the a d j o i n i n g Manx Slates have been moved by the g r a n i t e . 

The f a c t t h a t g r a n i t e has not been located i n the deep 
glens o f Laxey and Dhoon seems t o i n d i c a t e t h a t the i n t r u s i o n 
has f a i r l y steep sides, Lamplugh considered, i t t o be p i p e - l i k e 
i n form. He also thought the Dhoon g r a n i t e to be older than 
the Foxdale g r a n i t e but gives no evidence. 

There has been some controversy about the o r i g i n of the 
. Dhoon g r a n i t e . I n .his paper, Fockolds (1935) describes two 

d i f f e r e n t types of g r a n i t e at Dhoon. 
Type A forms the major part of the i n t r u s i o n and i s , i n 

h i s opinion , a product of contamination and a s s i m i l a t i o n 
r e s u l t i n g from the invasion of a basic i n t r u s i o n by a granite 
magma. 

Type B has a r e s t r i c t e d area and represents p a r t of the 
p a r t i a l l y digested basic i n t r u s i o n , which o r i g i n a l l y had a 
composition s i m i l a r t o the greenstone dykas found i n the area. 

Reynolds (1947), looking at Nockolds!? r e s i i l t s , considers 
on m i n e r a l o g i c a l and chemical grouads t h a t the Dhoon granite 
was formed by g r a n i t i s a t i o n and t h a t the • greenstone' inclusions 
described by Nockolds as Type B are simply a l t e r e d inclusions 
of Manx Slates. 

( i i i ) Small i n t r u s i o n s 
The minor i n t r u s i o n s are mainly dykes. G i l l o t t (1954) 

-8-



has d i s t i n g u i s h e d the f o l l o w i n g types. 
a) Greenstone Dykes (diabase, e p i d i o r i t e and c h l o r i t e s c h i s t ) . 
These are probably of three d i f f e r e n t ages and show corresponding 
degrees of metamorphism and l i n e r t i o n . They trend predominantly 
Tiorth-East to ̂ outh-West, east-w-est dykes are less common, 
b) Micro g r a n i t e Dykes These are confined t o the a x i a l region 
( i . e . t o a north-east t o south-west b e l t from Maughold t o PoxdaleJ 
"and t r e n d p a r a l l e l t o i t . . They can be corr e l a t e d t o e i t h e r the 
Dhoon ortt^he Poxdale g r a n i t e s , 

c) The Lamprophyre Dykes These dykes are of very varied 
composition and were intruded diver a period of time. I n a d d i t i o n 
t o the dykes there i s a number of small boss-like i n t r u s i o n s . 

The most important of these i s the Qatland Complex at 
Santon, described by lamplugh (1903) and Taylor and Gamba (1933). 
I t consists of a c e n t r a l boss of acid rocks ( c a l l e d g r a n i t i t e 
by Lamplugh and g r a n i t e by Taylor and Gamba) surrounded by a 
dark, basic rock (gabbro according t o Taylor and Gamba, d i o r i t e 
on the 6 in c h Geological Survey map). The gra n i t e pierces the 
the basic rock and'sends numerous veins i n t o i t . 

The complex i s 1400 yards long and 450 yards wide; i t s 
contact w i t h the surrounding Manx Slates has been described as 
" l i t par l i t " by Taylor and Gamba, They also consider the 
i n t r u s i o n t o be l a c c o l i t h i c i n form, the g r a n i t e having stoped 
i t s way through the o r i g i n a l basic i n t r u s i o n . 

Taylor and Gamba grouped t h i s i n t r u s i o n w i t h the Dhoon 
g r a n i t e because of a s i m i l a r associa1iiii©n of acid and" basic rocks. 
Lamplugh thought t h a t t h i s i n t r u s i o n >/as a knob or node on a 

-9-



c l u s t e r of dykes. 

The l a r g e s t separate basic i n t r u s i o n on the i s l a n d i s at 
Poortown , near Peel. I t i s a diabase boss at l e a s t 1 mile 
long, which Lamplugh considered as a p a r t of a chain of 
s i m i l a r , smaller i n t r u s i o n s trending tiorth-tiorth-reast t o 
South-South-West i n the area. 

At Ballabunt there i s a small "boss or dyke" of 
q u a r t z - d i o r i t e . 

l , 2 f . Quainternary 
Due t o i t s p o s i t i o n i n the centre of the I r i s h Sea the 

I s l e o f Man was subjected t o extensive g l a c i a t i o n . 
The d r i f t covering i s extensive and can be divided i n t o 

(1) I n s u l a r (Grey) D r i f t r e s t r i c t e d t o the upland plateau and 
the deep v a l l e y s . . I t i s i n the form of a rubbly d r i f t or 
t i l l . 

(2) E x t r a - i n s u l a r (Red) D r i f t makes up the northern p l a i n and 
i s up t o 400 f e e t t h i c k . I t consists 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, red clay, sand and gravel.. 

Table 2 gives the geological h i s t o r y of the 
• I s l e of Man. 

-10-



TABLE 2 

GEOLOGICAL HISTORY 

The f o l l o w i n g succession of events i s taken from 
G i l l o t ' s Ph.D. t h e s i s . (1954). 

1) Sedimentation of the Manx Slates w i t h creep and s l i d i n g . 
2) Pre-cleavage i n t r u s i o n s of f e l s i t e and early basic dykes, 
3) Uorth-west t o south-east compression f o l d s : - s l i g h t l y 

overturned towards the s t r u c t u r a l axis and 'inverted fan' 
cleavage. Widespread low grade metamorphism. 

4) Early f r a c t u r e cleavage and the f o l d s modified. 
5) Relaxation of compression. I n t r u s i o n of the second suite 

of basic dykes, microgranite dykes along the a x i a l region 
and P l u t o n i c masses. • 

6) V e r t i c a l forces established. G o r d i e r i t e develpped due t o 
con t i n u a t i o n of metamorphism and metasomatism a f t e r 
r e l a x a t i o n of s t r e s s . 

7) Metamorphism o u t l a s t e d movement at Archallagan. Fracture 
cleavage. 

8) F a u l t i n g , j o i n t i n g and l a t e l i n e a t i o n . 
9) Hercynian stress system established forming north-south and 

east-west f r a c t u r e s f i l l e d w i t h economic deposit/es. 
10) T e r t i a r y (?) o l i v i n e d o l e r i t e dykes. 

-lOa-



1.3 Previous geophysical work. 
Apart from some magnetic surveying by John Taylor & Sons 

(London) i n connection w i t h mineral e x p l o r a t i o n l i t t l e 
geophysical work has been c a r r i e d out on the I s l e of Man. 

I n 1958 the Geological Siarvey (London) included the i s l a n d 
i n t h e i r aeromagnetic survey but the r e s u l t s are not yet 
a v a i l a b l e , 

1.4 Summary of problems. 

A review o f the known geology of the I s l e of Man suggested 

the f o l l o w i n g problems s u i t a b l e f o r i n v e s t i g a t i o n by a 

g r a v i t y survey, 
(1) The deeper s t r u c t u r e of the g r a n i t e s . S t a i n i e r (1929) 
and G i l l o t t (1955) had suggested the granites of Dhoon and 
Poxdale might be connected at depth. Such a g r a n i t e body 
would have a north-east t o south-west elongation, a feature 

1 

common t o other g e o l o g i c a l features on the I s l e of Man. 
A g r a v i t y sur^yey would possibly f a c i l i t a t e d e l i n e a t i o n of 
the shape of the g r a n i t e s at depth. 

(2) Northern p l a i n . A l l evidence concerning the s o l i d geology 
under the northern p l a i n comes from boreholes. I t was 
thought t h a t a g r a v i t y survey might give a b e t t e r idea of 
the geology of the area p a r t i c u l a r l y of the extent of the 
Manx Slates and the New Red Sandstone. 

(3) Sedimentary basins. I t was hoped t h a t the survey of the 
Carboniferous basin of Peel (?) and Castletown wo^ild provide 
a d d i t i o n a l i n f o r m a t i o n of size and depth. 
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(4) I r i s h Sea r e g i o n a l anomaly. The r e l a t i o n s h i p between 

g r a v i t y anomalies en the I s l e of Man compared w i t h those 
adjoining 

i n the^parts of England, Scotland, Wales and I r e l a n d w i l l 
be discussed i n the t h e s i s . 

I ' s h a l l discuss problems 1,2, and 4 on the f o l l o w i n g 
pages. 

Mr. T. B e l l has dealt w i t h r e s u l t s from the northern 
p l a i n i n h i s t h e s i s . 
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CHAPTER I I 

THE GRAVITY SURVEY AlfD ROCK DENSITIES. 

2.1 The Survey 

The survey was completed during four weeks i n September 

1958 by Mr. T. B e l l and myself. 
A Frost Gravitymeter was used throughout the survey. Since 

the heating c o i l s of t h i s meter have t o be permanently coupled 
toaa 6 v o l t car b a t t e r y , a Bedford van was used f o r t r a n s p o r t . 
The meter, on i t s t r i p o d , was set up on the road at the back 
of the van f o r reading. This, of course, r e s t r i c t e d the 
survey t o roads and tra c k s accessible t o the van. 

A t o t a l of 363 s t a t i o n s was , established g i v i n g an average 
coverage of 1.6 s t a t i o n s per square m i l e . ' 

2.2 The gravimeter 
A Frost Gravitymeter (No. 0.2.54) w i t h a c a l i b r a t i o n 

f a c t o r of 0.0837 m i l l i g a l s per d i a l d i v i s i o n , calculated 
p r e v i o u s l y by the Anglo-Iranian O i l Co. Ltd., was used f o r 
the survey. Results of the c a l i b r a t i o n t e s t s are t o be 
found i n Report No. K.H.G. 44 published i n 1953 by the 
Anglo-Iranian O i l Co. Lt d . - . The probable error i n the 
c a l i b r a t i o n of t h i s meter i s + 0.0004 m i l l i g a l s per d i a l 
d i v i s i o n . 

2.3 Base s t a t i o n s 
I n e s t a b l i s h i n g base s t a t i o n s use was made of the s i x 

s t a t i o n s set up by Dr. B u l l e r w e l l (Geological Survey) on the 
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21st of June, 1952. 

Dr. B u l l e r w e l l has ' t i e d ' these s t a t i o n s t o Pendulum 
House, Cambridge and thus the r e l a t i v e values of g r a v i t y are 
known at each p o i n t . 

The p o s i t i o n s of the o r i g i n a l s t a t i o n s are l i s t e d 

below:-

Grid 
reference S i t u a t i o n V a l u e s - m i l l i g a l s 

(+) 

278.689 
383.762 
463.921 
450.846 

Ronaldsway (2 s t a t i o n s ) 
Douglas (2 s t a t i o n s ) 
On Ramsey-Laxey Rd., 2 miles from 
Ramsey 
The farm Ballamoar - near Laxey 

202.45 202.34 
215.43 215.40 
192.94 
196.28 

We found the Douglas bases to be i m p r a c t i c a l because of 
excessive t r a f f i c . S i m i l a r l y the stationonfheLaxey t o Ramsey 
road was found t o be near a bend i n the road. We §id, 
however, use the Laxey s t a t i o n as a base. 

I t was necessary, t h e r e f o r e , t o e s t a b l i s h our own set of 
base s t a t i o n s . We f i r s t put a base at B a l l a s a l l a and t i e d i t 
i n w i t h the Ronaldsway s t a t i o n s , one mile away. Dr. B u l l e r w e l l 
( p r i v a t e communication) found the value at Ronaldsway t o be 
202,45 m i l l i g a l s higher than the value of g r a v i t y at Pendulum 
House, Cambridge, which was taken t o be 981.26500 cm/sec , 
The absoilute value of g r a v i t y at the B a l l a s a l l a base, w i t h a 
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value 0.31 m i l l i g a l higher than Ronaldsway i s therefore 
' • 981.4661 cm/sec ̂ . 

Six base, s t a t i o n s ( i n c l u d i n g the one at Laxey) were 
in 

established and ' t i e d ' by repeated l o o p i n g , ( S t a t i o n A t o 
S t a t i o n B-AT-B-C-B-C e t c ) . These bases were located at Ramsey, 
Douglas,'St. John's, Ballaugh, Laxey, and Snaefell. 

The p o s i t i o n s . o f the base s t a t i o n s are shown on Figure 3. 
The. average c l o s i n g e r r o r i s less than 0.05 m i l l i g a l . 
Other d e t a i l s of base s t a t i o n s can be foimd i n the appendix. 

2.4 Intermediate Stations 
The intermediate s t a t i o n s were occupied on loop runs from 

base s t a t i o n s . These runs' were u s u a l l y about 2 hours long and 
never more than 3 hours. 

The intermediate s t a t i o n s were r e s t r i c t e d to roads where 
bench marks and spot heights are shown on the s i x inch t o one 
mile Survey maps. The I s l e of Man has an adequate coverage of 
such roads but the maps have not been re v i s e d since p u b l i c a t i o n 
'in 1868. P o s i t i o n s w i t h severe l o c a l t e r r a i n / . s u c h as banks 
and c u t t i n g s ) were avoided. We aimed at a regular coverage of 
s t a t i o n s , at about h a l f mile t o three-quarters of a mile i n t e r v a l 

The p o s i t i o n s of a l l the s t a t i o n s are shown on Map 1 and 
also on a one inch t o one mile Ordnance Survey map. 

By repeating s t a t i o n s the standard d e v i a t i o n of 
intermediate s t a t i o n readings was found t o be about + 0.07 
m i l l i g a l s . 
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We prepared a p r e l i m i n a r y Bouguer anomaly map (without 
c o r r e c t i o n s f o r t e r r a i n ) as we proceeded w i t h the survey. 
Prom t h i s map we could judge where e x t r a s t a t i o n s were needed 
and p i c k out s t a t i o n s needing r e p e t i t i o n . 

2.5 Reduction of r e s u l t s . 
The Bouguer anomaly was calculated as 

( g | t r 3 - ^ l 3 ) -+ ( ^ p l f J) + (0.09406-0.01277p)h + T m i l l i g a l s 

Measured L a t i t u d e Height T e r r a i n 
Gravity C o r r e c t i o n . Correction Correction 
D i f f e r e n c e 

The anomalies were calculated i n the f i e l d using assumed 
d e n s i t i e s f o r height c o r r e c t i o n and disregarding t e r r a i n 
c o r r e c t i o n s . Later, a l l the r e s u l t s were r e - c a l c u l a t e d and the 
t e r r a i n c o r r e c t i o n s included. I t was found t h a t the calculated 
d e n s i t i e s were s u f f i c i e n t l y close t o the assumed d e n s i t i e s as 
to make no appreciable change i n the height c o r r e c t i o n , 

2.6 • D r i f t 
Instrumental d r i f t was checked by repeating base readings 

every two hours. The d r i f t i s simply the di f f e r e n c e i n the 
two base readings. I t was assumed t o be l i n e a r and a c o r r e c t i o n 
f o r i t was made f o r each intermediate s t a t i o n . 

The average r a t e of d r i f t during the survey was foimd t o 

be less than 0.04 m i l l i g a l s per hour, 

2,7 Latitude" c o r r e c t i o n 
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The l a t i t u d e of every s t a t i o n was found using a g r a t i c u l e 
overlay, on the s i x inch t o one mile map. This method allowed 
the l a t i t u d e t o be measured at least t o the nearest second. 
The c o r r e c t i o n f o r each s t a t i o n was then simply read o f f a table 
prepared from the I n t e r n a t i o n a l Gravity Formula, 

The longitude of each s t a t i o n was noted f o r reference. 
2.8 Height Correction 

S t a t i o n heights r e f e r t o the Bench marks and spot heights 
marked on the s i x inch t o one mile Survey maps. Bench marks 
were used when possible , the actual s t a t i o n heights r e l a t i v e 
t o the mark being found using an Abney Level and s t a f f . Spot 
heights were used when Bench marks were not a v a i l a b l e . By t h i s 
method heights were found at least t o the nearest f o o t . Heights 
are given r e l a t i v e t o sea l e v e l at Douglas. 

The corrections were c a l c u l a t e d using the combined height 
and f r e e a i r c o r r e c t i o n formula:-

Correction i n m i l l i g a l s = (0.09406-0.012770p)h; h being the 
height of the s t a t i o n above ŝ ea I/evel i n f e e t . 

This c o r r e c t i o n i s l i k e l y t o be subject t o greater 
systematic e r r o r than any other f a c t o r i n the reduction. For 
a d e n s i t y i m c e r t a i n t y of O.lgm/c.c. i n the above formula- would 

iOOO 
introduce an e r r o r of 1.28 m i l l i g a l s per^foot height change. 

2.9 T e r r a i n g o r r e c t i o n 
T e r r a i n c o r r e c t i o n s are r e l a t i v e l y large over most of the 

I s l e of Man, only on the northern p l a i n are they n e g l i g i b l e . 
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s t a t i o n s i n some of the deeper v a l l e y s have corrections of over 

4 m i l l i g a l s . 

The cor r e c t i o n s were calculated by an e l e c t r o n i c computer 
using Bott's (1959) system and programme. The computer used 
was the P e r r a n t i Pegasus (Perdinand) belonging t o the 
U n i v e r s i t y of Durham and r e s i d i n g i n Newcastle, 

The area has t o be divi d e d i n t o equal squares, i n t h i s 
case the National Grid 1 Km. squares or groups of them were used. 
The average a l t i t u d e of the land i n each square i s found. 
The computer w i l l then estimate the c o r r e c t i o n f o r each s t a t i o n 

by summing the incremental c o n t r i b u t i o n s f r o E a l l squares. 
The computer programme, however, r e j e c t s squares less than 

1 Kilometre from the s t a t i o n . The c o r r e c t i o n f o r the r e j e c t e d 
area must be ca l c u l a t e d by the normal Hammer zone chart method, 
and added t o the c o r r e c t i o n calculated by the computer. 

Table 3 compares the t e r r a i n corrections worked out by the 
computer w i t h those done e n t i r e l y w i t h the zone charts. 

2.10 Rock a e n s i t i e s 
,.The density values used i n the i n t e r p r e t a t i o n are based 

upon d i r e c t density measurements of surface rock specimens. 
The r e s u l t s are summarised i n Ta.ble 4. The Manx Slates samples 
were taken from the various l i t h o l o g i c a l d i v i s i o n s . 

Before weighing,the samples were placed i n a Winchester 
j a r which was then evacuated. The j a r was f i l l e d w i t h water 
and the-.samples allowed t o soak f o r a day, during which time 
the a i r pump was working continuously. The saturated samples 
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TABLE 3 TERRAIN CORRECTIONS 

St a t i o n 
Tiumber 

T e r r a i n 
c o r r e c t i o n by 
computer. 

( M i l l i g a l s ) 

T e r r a i n 
c o r r e c t i o n by 
Zone Charts. • 

( M i l l i g a l s ) 

Difference 
i n 

M i l l i g a l s 

1 0.589 0.586 -0.003 

10. 0.165 0.208 +0.043 

29 0.206 0.184 -0.022 

3© 0.882 0.901 +0.019 

44 2.337 2.2,67 -0.070 

108 0.565 0.561 -0.004 

193 0.052 0.038 -0.014 

214 0.980 0.967 -0.013 

270 1.600 1.690 +0.090 

279 2.290 2.608 + 0.318 

353 0.522 0.574 : +0.052 
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were then weighed on f o r m a l chemical balance. 

This method of f i n d i n g rock d e n s i t i e s i s l i a b l e t o several 
e r r o r s . Weathering at the surface increases pore space, 
enlarges cracks, j o i n t s etc. and decomposes constituent minerals. 
I t i s thought t h a t the Manx Slates, being on the vdiole a f a i r l y 
compact rock, w i l l not be excessively a f f e c t e d by these f a c t o r s . 
Another d i f f i c u l t y l i e s i n the f a c t t h a t sampling i s not random,. 
The o r e f v t i c a l l y , the niamber of specimens of each l i t h o l o g y 
should be p r o p o r t i o n a l t o the r e l a t i v e abundance of each 
l i t h o l o g y w i t h i n the sequence. This would be almost impossible 

wihh 
t o carry out^as large a u n i t as the Manx Slates, 

The l a r g e s t range of density value.s i s found w i t h the 
Manx Slates. This i s t o be expected as many d i f f e r e n t 
l i t h o l o g i e s are inv o l v e d . I t was found, f o r instance, that the 
g r i t s (Agneash) tended t o be less dense than the f l a g s ( Lonan 
and Ni.arbyl^etc), as might be expected. An e r r o r of 0.06 gm/c.c. 
i n the density of the Manx Slates would introduce a consequent 
e r r o r i n the e l e v a t i o n c o r r e s t i o n f o r a s t a t i o n at 1000 feet 
O.D. of 0.75 m i l l i g a l , 

Por e l e v a t i o n c o r r e c t i o n s i n the n o r t h of the i s l a n d the 
den s i t y of the d r i f t was taken as 2,00 gm/c.c. Determination 
of d r i f t density by the above method would be very l i a b l e to 
e r r o r but the s t a t i o n heights on the northern p l a i n where the 
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TABIE 4 

ROCK DENSITIES 

FORMATION. NDTffiER OF NUMBER OF I SATURATED 
LOCATIONS SPECIMENS DENSITY 

FOXDALE GRAUITE 1 22 2.62 + .02 gm./c.c. 

DHOON GRANITE 2 26 2.71 + .01 gm./c.c. 
PEEL SANDSTONE 1 25 2.65 + .03 gm./c.c. 

CARBONIFEROUS LST. 2 38 2.70 + .05 gm./c.c. 

MAEJX SLATE 
(various l i t h o l o g i e s ) 

10 113 2.73 + .06 gm./c.c. 

DRIFT (taken as) - - 2.00 gm./c.c. 
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d r i f t occiirs, are g e n e r a l l y very low. 

Values f o r T r i a s s i c and Permian rock d e n s i t i e s used f o r 
models by T. B e l l were taken from Parasnis• paper (1952). 

2.11 "^he Bouguer .anomaly map 

The Bouguer anomaly map prepared from the r e s u l t s of the 
survey i s shown as Map 1 (Appendix), The m^ i s on a 
1 t o 65560 (approximately one inch t o one mile) scale and the 
is o g a l s have been drawn at one m i l l i g a l i n t e r v a l s . The 
s t a t i o n s are also marked. 

There i s an adequate number of s t a t i o n s f o r the purpose 
of t h i s survey although more inform a t i o n would be desirable 
f o r c e r t a i n areas (e.g. f o r parts of the upland n o r t h of the 
Peel t o Douglas road). 

Gravity anomalies range from + 27.2 m i l l i g a l s ( s t a t i o n 
128 at Foxdale) t o + 48,2 m i l l i g a l s ( s t a t i o n 245 a t Jurby). 
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CHAPTER I I I 

THE GRAVITY ANOMALIES 

There i s a niun'ber of obvious g r a v i t y anomaly changes t o 
he seen on Map I . These can be siumnarized as f o l l o w s : -

1) '-̂'he negative anomaly centered j u s t north-west of the 
Poxdale g r a n i t e . This anomaly i s elongated i n a 
gast-north-Sast t o vvest-gouth-vv'est d i r e c t i o n and i s 
about 14 m i l l i g a l s below the background anomaly. 

2) Another negative i s centered approximately north-east 
of the Dhoon g r a n i t e . Just over h a l f of the anomaly 

i s v i s i b l e , the other h a l f being truncated by the coast 
3) ^he edge of another negative anomaly appears i n the 

extreme south-west of the i s l a n d (the Calf of Man 
anomaly). 

4) The basin of Peel Sandstone apparently distiH^bs the 
general gra.vity f i e l d , 

5) There i s an extensive p o s i t i v e anomaly n o r t h of 
Ballaugh (the Jurby anomaly). 

6) The rapid'decrease' of g r a v i t y approaching the Point of 
Ayre i s apparently p a r t of a large anomaly t r i m cated 
by the sea. The g r a v i t y anomalies drop from + 42 
m i l l i g a l s t o + 33 m i l l i g a l s i n 3 miles. 

The l a s t two features occur i n the northern p l a i n and 
are covered by B e l l ' s t h e s i s . I s h a l l concentsate on the 
anomalies south of a l i n e from Ramsey t o Ballaugh, 
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Figure 4 shows the approximate extent of the anomalies 

mentioned above. 
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CHAPTER IV 

• THE POXDALE AND DHOON ANOMALIES 

A p r e l i m i n a r y i n t e r p r e t a t i o n of the anomalies of Dhoon and 
Poxdale w i l l be made before each i s considered i n d e t a i l . 

4.1 A p r e l i m i n a r y i n t e r p r e t a t i o n of the Poxdale and Dhoon anomalies 

These negative anomalies of Dhoon and Poxdale are the 
two dominant features on Map 1. 

^he apparently close r e l a t i o n s h i p of these two anomalies 
makes i t convenient f o r them t o be dealt w i t h together and also 
t o assume t h a t they have s i m i l a r o r i g i n s , 
a) Background .anomaly 

The background anomaly i s d i f f i c u l t t o estimate because 
of the j u x t a - p o s i t i o n of the various anomalies on the 
i s l a n d . Por the f o l l o w i n g i n t e r p r e t a t i o n s a background 
value of +42 m i l l i g a l s has been chosen. 

b) Depth ^estimation 
The maximim possible•depth t o the tops of the bodies 

causing the anomalies can be estimated by considering the 
maximum anomaly i n conjunction w i t h the maximum g r a v i t y 
g r a d i e n t , using B o t t and Smiths' (1958) formula. 

Por Poxdale, t a k i n g the maximum anomaly as 14 m i l l i g a l s 
and the maximum gradient as 8.7, m i l l i g a l s per mi l e the 
maximum depth i s 1,48 miles. 
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For Dhoon, w i t h a 6 m i l l i g a l anomaly and a gradient of 
3,2 m i l l i g a l s per mile the maximum depth i s 1.6 miles. 

c) The shape of the anomalies 

Both anomalies are approximately oval i n shape and have 
ah o v e r a l l north-east t o south-west elongation. The n o r t h -

-eastern side of the Foxdale anomaly has an extremely steep 
gradient i n d i c a t i n g the p r o b a b i l i t y of an almost v e r t i c a l 
i n t e r f a c e at depth. The Poxdale and Dhoon anomalies have 
only a s l i g h t tendency t o merge but the former does decidedly 
merge w i t h the Calf of Man anomaly. 

d) Q u a n t i t a t i v e g e o l o g i c a l i n t e r p r e t a t i o n 

I t may be considered t h a t these two anomalies o r i g i n a t e d 

i n one of f i v e ways. 
1) A t h i c k e n i n g of the c r u s t . 
2) A trough of less dense rocks w i t h i n or next t o the 

basement. 
3) A t r o i i g h of less dense rocks w i t h i n the main Manx 

Slates sequence. 
4) A s a l t dome. 
5) An a c i d i c igneous i n t r u s i o n . 
P o s s i b i l i t i e s 1 and 2 can be ru l e d out owing t o the da allow 

o r i g i n f o r the anomalous body i n d i c a t e d i n b ) . 
to 

The p o s s i b i l i t y t h a t the anomalies are due^a syncline of 
le s s dense rocks (e.g. the Agneash G r i t s ) w i t h i n the main Manx 
Slates sequence can be r e j e c t e d on the f o l l o w i n g grounds. 
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a) The density contrasts between the various l i t h o l g i c a l 
u n i t s i n the Manx Slates are not p a r t i c i a a r l y l a r g e . 

The contrast between extreme examples i s , i n f a c t , u n l i k e l y 
t o be more than 0.05 gm./c.c. 

b) To cause the observed anomalies, a thickness of at least 
2 miles of rock w i t h such a contrast would be necessary. 
Geological evidence does not support t h i s p r o p o s i t i o n . 

The p o s s i b i l i t y of the ex^istence of a s a l t dome i s not 
consistent w i t h the g e o l o g i c a l evidence. 

The remaining p o s s i b i l i t y , t h a t of two separate igneous 
i n t r u s i o n s of a c i d i c nature being the cause of the anomaliee i s 
accepted on the f o l l o w i n g grounds. 

a) The centres of the two anomalies p r a c t i c a l l y coincide . w i t h 
the exposures of g r a n i t e at Dhoon and Poxdale. I t i s assumed 
t h a t these are the only outcrops of the a c i d i c i n t r u s i o n s . 
b) Density measurements have shown that the granites exposed 
at Dhoon and Granite Mountain (Poxdale) are l i g h t e r than the 
Manx Slates i n t o which they are in t r u d e d . 
c) The observed shape of the anomalies i s consistent w i t h the 
idea of acid i n t r u s i o n s . 
d) The depth estimate i s also consistent, 
e) Bott and Masson-Smith (1957 and 1958) have shown t h a t 
comparable negative anomalies elsev/here are apparently due t o 
g r a n i t e i n t r u s i o n s . 

I t i s t h e r e f o r e concluded t h a t the Dhoon and ^'oxdale 
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anomalies r e s u l t from d i r e c t density contrasts due t o two 
a c i d i c i n t r u s i o n s . 

4.2 The Poxdale anomaly 

'tHa.e geology of the Poxdale g r a n i t e has been described i n 
l,2e (a).' I t i s thought t h a t t h i s g r a n i t e i s an apophysis of 
a l a r g e r g r a n i t e g i v i n g r i s e t o the Poxdale anomaly. The 
Poxdale anomaly w i l l now be discussed i n greater d e t a i l . 

a) !the anomaly 
t h i s anomaly i s by f a r the l a r g e s t , both i n area 

and magnitude, on the I s l e of Man.. 
I t can be roughly delineated by an oval w i t h i t s 
longer axis 9 miles long extending i n a north-east to 
eouth-west d i r e c t i o n , and w i t h the shorter a x i s , 6 miles 
long, at r i g h t angles. The centre of the anomaly 
coincides w i t h the centre of the oval. 

There i s an abrupt and steep increase of g r a v i t y 
outward on the eastern side of the anomaly, g r a v i t y 
increasing by 8 m i l l i g a l s i n less than one m i l e . The 
gradient on the inner p a r t of the south-eastern side 
s t a r t s o f f f a i r l y steeply (4 m i l l i g a l s per m.ile) but 
f l a t t e n s out f a r t h e r away from the centre of the anomaly, 
ithe north-western side has a steady gradient of j u s t 
over 2 m i l l i g a l s per m i l e . The centre of the anomaly 
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i s formed by a p e c u l i a r l y elongated area w i t h p r a c t i c a l l y no 
g r a v i t y g r a d i e n t . 

Because of the steep g r a v i t y gradients found w i t h t h i s 
anomaly i t can be assumed t h a t the Bouguer anomalies r e f l e c t 
v a r i a t i o n s at the.top of the g r a n i t e . 

b) Density dontrasts 

The c a l c u l a t e d d e n s i t i e s of the Manx Slates and the 
Poxdale granite;- are 2.75_+ 0.06 gm/c.c. and 2.62__+ 0.02 gm/c.c-
r e s p e c t i v e l y , i n d i c a t i n g t h a t there i s undoubtedly a density 
c o n t r a s t between these rocks which, from these r e s u l t s , i s 
0.11 gm/c.c. A shallow o r i g i n i s also i n d i c a t e d f o r these 
anomalies ( 4 , 1 ) . 

I t i s t h e r e f o r e concluded t h a t the Poxdale anomaly i s due 
to the d i r e c t density contrast between the Poxdale g r a n i t e and 
the Manx Slates. 

c) Mathematical Conclusions 

A more r e f i n e d estimate of the maximum depth t o the top 
of the anomalous mass than t h a t given i n 4.1 can be made using 
Smiths (1959) formula. By t h i s method a l i m i t i n g depth of 
0.48 m i l e i s found, i f the above density contrast i s correct ; 
t h i s r e s u l t substantiates the conclusion th a t the anomaly has a 
very shallow o r i g i n . 
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The size of the t o t a l anomaly (14 m i l l i g a l s ) indicates that 
the g r a n i t e continues downwards t o a great depth. Treating 
the g r a n i t e as a c y l i n d e r of radius 3 miles wi t h a density 
contrast of 0.11 gm/c.c. i t s depth v/ould be 3.7 miles.. 

d) Model 

-•|^i,gurei 5 i s a north-west t o south-east section through 
the Poxdale anomaly. On i t i s superimposed the t h e o r e t i c a l 
anomaly p r o f i l e c a l c u l a t e d from the model shown beneath. The 
model r e s u l t s were mainly calculated using Botts (unpublished) 
programme f o r an e l e c t r o n i c computer w i t h a density contrast 
of 0.11 gm/c.c. These two dimensional models assume a uniform 
i n f i n i t e e x t e n t , at r i g h t angles t o the page. 

The most s u i t a b l e model found from a series of t r i a l s i s 
shown on Pigure 5. Prom t h i s i t can be seen that the granite 
i s ass symmetrical i n s e c t i o n . The south-east side f a l l s 
s t e e p l y at about 80* t o the h o r i z o n t a l but f l a t t e n s out about 
4 miles down. To the north-west of the outcrop on Granite 
Mountain the g r a n i t e i s almost h o r i z o n t a l f o r a distance of 
1 mdile. This i s confirmed by evidence from mining operations 
on the Great Poxdale Lode, n o r t h of the outcrop. 

The north-west side i s apparently concave and f l a t t e n s 
out at a depth of 4 m i l e s . lEa-:gujreu 6 i s a copy of Lamplugh's 
s e c t i o n of the Great Poxdale Lode together w i t h the g r a v i t y 
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p r o f i l e along i t . 

The a/symmetrical shape o f the g r a n i t e accounts f o r the 
minimum anomaly being displaced t o the north-west of the g r a n i t e 
outcrop. 

I t can be seen t h a t the model p r o f i l e does not f i j f e xactly 
the observed p r o f i l e but i t does reproduce the major f e a t u r e s . 

e) General discussion of the shape of the g r a n i t e 

I t i s possible t o draw conclusions about the general shape 
of the g r a n i t e by considering the shape of the anomaly. 

I t i s obvious t h a t there i s a d i s c r e p a n t between the 
d i s p o s i t i o n of the isogals i n the centre of the anomaly and 
those forming the margins. The inner ispgals probably r e f l e c t 
the shape of the g r a n i t e near the surface (See 4.2a). I t 
apparently trends i n a north-north-east t o south-south-west 
d i r e c t i o n and has a broad f l a t top about 5 miles long and 
1-g- miles wide s t r e t c h i n g from under the Glen Rushen p l a n t a t i o n 
to Archallagan, 

As mentioned before the 'bulk' of the g r a n i t e l i e s under 
an area north-west of the g r a n i t e outcrop. The minimum anomaly 
was a c t u a l l y recorded at S t a t i o n 128 on the St. Johns to 
Castletown road,450 yards from the outcrop. The granite i s 
nearer the surface at the eastern end than at the western, and 
there seems to be small ' r i s e ' , represented by the + 28 

. m i l l i g a l l i n e , imder the main road. 
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r e s p e c t i v e l y . Although the den s i t i e s o f the Dhoon gr a n i t e 
specimens we measured were consistent, the Manx Slates, with. " 
i t s many d i f f e r e n t l i t h o l o g i e s , w e r e f a r from being so. 

The contrast between the average de n s i t i e s i s 0.02 gm/c.c. 
Taking i n t o consideration the standard errors of the two 
samples i t i s found t h a t t h i s d i f f e r e n c e i s hard l y s t a t i s t i c a l l y 
s i g n i f i c a n t . 

This i s not s u f f i c i e n t evidence t o r e j e c t the idea of a 
g r a n i t e i n t r u s i o n being the cause of the anomaly f o r the other 
f a c t s mentioned i n 4,1 s t i l l remain. I t does mean, howevey, 
t h a t t he i n t e r p r e t a t i o n w i l l not be so s t r a i g h t f o r w a r d as i t 
was f o r the Poxdale anomaly and t h a t i t w i l l be mote h y p o t h e t i c a l 

c) Mathematical conclusions 

Using Smith's (1959) formula the f o l l o w i n g estimates have 
been made f o r the maximum depth t o the top of the anomalous 
body. The maximum anomaly has been taken as 6 m i l l i g a l s and 
the maximimi r a t e of change of g r a v i t y gradient as 1.4 m i l l i g a l s 
per m i l e . 
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Density (Gm/c.c,) Maximum 
Contrast • Depth ( i n miles) 

©,©25 0,52 
©,©50 1.G4 
©.075 1.58 
0,100 2.07 
0,150 3.10 

Considering the i n t r u s i o n as a c y l i n d e r of 2.5 miles "radius 
g i v i n g a t o t a l anomaly of 6 m i l l i g a l s the f o l l o w i n g estimates of 
i t s depth have been obtained f o r a v a r i e t y of density c o n t r a s t s . 

Density Contrast 
(&m,/c,c,) • 

Depth to Base 
( i n miles) 

©,©56 
©.©5© 
0.075 
©.100 

00 
4.2 
1.7 
1.2 

I t i s suggested "Uiat the o v e r a l l density contrast f o r the Dhoon 
g r a n i t e l i e s approximately w i t h i n the l i m i t s of 0.055 gm/c.c. and 
0.1© gm./c.c. 

I# must be emphasised here, however, t h a t a weakness i n the 
i n t e r p r e t a t i o n - of the Dhoon anomaly l i e s i n determining the ac t u a l 
value of the background anomaly. The t o t a l size of the anomaly i s 
more d i f f i c u l t t o judge here than at Poxdale and a small change 
(of 2 milligals),'. f o r example), would a f f e c t the c a l c u l a t i o n s 
considerably, 
d) Model 

Figure ,7 i s a north-south s e c t i o n through the-Dhoon anomaly. 
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I t i s necessary to give the anomalous mass a d e f i n i t e 
density c o n t r a s t , before t h e o r e t i c a l anomaly p r o f i l e s can 
be c a l c u l a t e d from models. We get no help f o r t h i s from the 
measured d e n s i t i e s . Therefore three models and t h e i r anomaly 
p r o f i l e s have been taken. I t i s worth bearing i n mind the 
f a c t t h a t there i s a wide v a r i e t y of model shapes wit h d i f f e r e n t 
combinations of density contrasts which w i l l give anomaly 
p r o f i l e s i d e n t i c a l to t h a t obseDrved. The examples shown are 
t h e r e f o r e j u s t t hree of a very large number of p o s s i b i l i t i e s . 

I t i s impossible t o construct a model w i t h an o v e r a l l 
d ensity contrast of less than 0.036 gm/c.c. w i t h a p r o f i l e 
at a l l comparable w i t h t h a t observed. 

1) Models one and two are based p a r t l y upon Nockolds' (1931) 
conception, of the Dhoon g r a n i t e as being the r e s u l t of the 
in^iz-'a.sion of an o r i g i n a l basic i n t r u s i o n by a g r a n i t e . The 
basic i n t r u s i o n , p i p e - l i k e i n form, now has a density of 
2.71 gm/ciC, owing t o a l t e r a t i o n b/ the invading g r a n i t e . 
The l a t t e r ; i s represented by the more extensive i n t r u s i o n 
w i t h a density contrast of 0.11 gm/c.c. 

2) Model th r e e gives the idea of the shape of an i n t r u s i o n w i t h 
an o v e r a l l density contrast of 0.05 gm/c.c. This model i s 
based on the idea of the g r a n i t e having a v a r i a b l e density 
(e.g. 2.71 gm/c.c, near and at the surface) but r e s u l t i n g i n 
a general density of 2,68 gm/c.c. Changes are s t i l l necessary 
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to make the profiles f i t exactly, 

e) General 'discussion on the shape of the granite 

Prom a general consideration of the shape of the anomaly 
i t i s possible to suggest the approximate shape of the granite 
irrespective of i t s density contrast. 

The granite is again ajBsymmet^cal with the steeper sides 
on the south. The north side trends i n a north-east to 
south-west direction and apparently turns somewhat abruptly 
around to the south-east under Slieau Lheau (425877). 

The main bulk of the granite l i e s to the north-east of 
the outcrop at Dhoon and,like Poxdale,it seems to have a broad, 
flattened top. 

There i s some indication that the granite, at depth, 
extends i n a south-westerly d i r e c t i o n towards Foxdale but i t 
i s doubtful whether they actually coalesce. 

4.4. The Calf of Man anomaly 

a) The anomaly 
The negative anomaly is confined..to the extreme south­

western peninsula: of the I s l e of Man. 
Approaching the Calf of Man from the north-east the gravity 

anomalies gradually decrease by three m i l l i g a l s i n about three 
and a h a l f miles. The isogals, when drawn,' appear to be part 
of an oval trending north-east to south-west, truncated on 
three sides by the coast. 
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The Foxdale and Calf anomalies merge but there i s a 'saddle' 
under s t a t i o n 217. '̂ he north-east to south-west elongation 
of the Calf anomaly and the part of the Fozdale anomaly nearest 
to i t i s very marked. 

The minimum value observed was + 30.0 mmlligals at station 
324. ( i . e . about 12 m i l l i g a l s below background value). 

b) The o r i g i n of the anomaly 

There i s no indication at the surface of any feature which 
might give r i s e to the anomaly. 

Some idea of the maximum depth to the top of the anomalous 
body can be achieved using Bott and Smithsk (1958) formula. 
Taking the maximum anomaly as 12 m i l l i g a l s and the maximum 
gradient as 4 mi l l i g a l s / m i l e the top can not be more than 2.6 
miles deep. 

r . • •• Refeaj^ng to the p o s s i b i l i t i e s for the origin of the Dhoon 
and Poxdale anomalies (4.1) one must again come to the conclusion 
that the anomaly i s probably due to an acidic intrusion at 
depth, fhe following points are i n favour of t h i s o r i g i n ; -
1) A r e l a t i v e l y shallow o r i g i n i s indicated, 
2) The merging of the Poxdale and Calf of Man anomalies suggests 

a common o r i g i n . This being so i t would be reasonable to 
conclude that the acidic intrusion under the Calf of Man 
is a granite probably similar to the Poxdale granite. 

3) The north-east to south-west elongation is common to the 
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Calf of Man anomaly and to the major part of the Poxdale 
anomaly. 

4) The shape of the anomaly i s consistent with the idea of an 
acid i n t r u s i o n . 

5) The Poxdale granite apparently underlies the whole of the 
south-western part of the Is l e of Man. The Calf of Man 
anomaly l i e s d i r e c t l y over t h i s granite. 

The Calf of Man anomaly i s therefore probably due to a 
g r a n i t i c intrusion^ not exposed at the surface. 

c) The shape of the .granite 

The Calf of Man granite i s apparently an oval r i s e on the 
south-western extension of the Poxdale granite with a 
north-east to south-west elongation and probably rises nearest 
the surface o f f the coast near the Calf of Man. 

, I t i s separated from the granite r i s i n g to the surface at 
Poxdale by the saddle under station 217. I t has been estimated 
tlg.at the saddle l i e s at less than two-thirds of a mile from 
the surface, the top of the Calf of granite may then l i e 
w i t h i n h a l f a mile of the surface. 

4.5 General Conclusions 

Interpretation of the Poxdale Dhoon and Calf of Man 
anomalies has resulted i n t^^se conclusions. 



a) The Poxdale anomaly i s due to a granite body vdiich 
underlies p r a c t i c a l l y the whole of the south-west corner of 
the I s l e of Man, 

: ' b) The Dhoon anomaly i s due to another granite of smaller 
size and evidently of a more complicated form than the 
Poxdale granite, 

c) The Calf of Man anomaly is due to an elongate 'rise' 
on the main Poxdale granite". 

These three bodies l i e approximately on a roughly north-east 
to south-west axis. Figure 8 is. included to show the variation 
of g r a v i t y anomalies i n t h i s d i r e c t i o n , the p r o f i l e coinciding 
approximately with the crest of Lamplughs 'anticline' of 
cleavage; 

4.6 • General ^discussion of implications 

In the following discussion the word 'grajiite' refers to 
the granites revealed by the gravity survey and not necessarily 
to the outcrops at Dhoon and Poxdale. 
a) Structural features 

i ) I n t e r - r e l a t i o n s h i p of the granites 

The Poxdale and. Dhoon granites have s t r i k i n g differences 
at the surface and at depth too they are apparently dissimilar, 
The question arises as to whether they are connected.at depth. 
I.do not think any d e f i n i t e answer ean be reached but the 
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following facts are of in t e r e s t , 
a) On the Bouguer anomaly map the 41 m i l l i g a l l i n e s on the 
Poxdale and Dhoon anomalies are elongated towards each other. 
The 42 m i l l i g a l l i n e , however, shows that the gravity gradient 
must be p r a c t i c a l l y non-existent i n t h i s area between the 
granites, 

b) ..The density of the Dhoon granite i s 2.71 gm/c.c, and 
the Poxdale Granite 2.62 gm/c.c. I t has been shown (4.3) 
that a less dense granite must ex;;:ist under Dhoon to cause 
the anomaly. This granite may be similar to that of Poxdale. 
c) Both granites l i e on the north-east to south-west axis 
of the I s l e of Man. 

d) The side of the Poxdale granite facing Dhoon i s steep and 
also reaches a r e l a t i v e l y great depth. 

I f they are^connected the elongation of the granites seems 
to be such that they probably approach w i t h i n 3 miles of each 
other. 

The Poxdale and Calf of Man granites are undoubte,<31y 
joined and were probably formed simultaneously. 

i i ) Relationship to Manx Slates 

The three granites l i e p a r a l l e l to the str i k e of the 
Manx Slates on the I s l e of Man ( i . e . north-east to south-v;est). 

The 'a n t i c l i n e ' of cleavage'(Lamplugh) (1.2a) l i e s alnost 
d i r e c t l y above the centres of the three granites (Figure 2 ) . 
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and i t coj^incides with the north-east to south-west 'axis' of the 
granites.. ¥his cleavage was post granite i n age, according to 
Lamplugh, and was the l a s t to affect the Manx Slates. I t has 
been disturbed around the Poxdale intrusion but Lamplugh states 
(p.168) "hence the Poxdale granite may be coincident with rather 
thati the cause of the deviations" i n advocating a post granite age 
for i t * The granite and microgranites are affected by the 
cleavage. The dir e c t i o n of the cleavage seems to indicate a . 
Caledonian age f o r i t s o r i g i n . 

The coincidence of the ant i c l i n e of cleavage with the axis 
of the granites i s remarkable. I t seems l i k e l y that there is 
some relationship i n t h e i r origins, i n which case there are two 
p o s s i b i l i t i e s . I f , as Lamplugh states, the anti c l i n e i s the 
l a t e r of the two i t i s possible that the granites formed a stable 
block against which the Manx Slates were crushed. Alternatively 
i f the granites were l a t e r , the a n t i c l i n a l crest might mark a 
l i n e of s t r u c t i i r a l weakBess or a place where the v e r t i c a l forces 
were at a maximum, thus f a c i l i t a t i n g the formation of the granite 
i n t h i s p o s ition. 

As £or the o r i g i n of the granites l i t t l e can be said except 
that there are signs of forcible i n t r u s i o n . 

i i i ) G e n e r a l Scelationship 
Geological evidence gives the Poxdale and Dhoon granites a 

Caledonian age, although they were not necessarily simultaneous. 
Their north-east to south-west trend i s t y p i c a l l y Caledonian, 
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t h i s and t h e i r general environment i f not t h e i r size make them 
comparable with the granites of Leinster, C r i f f e l , Calrnsmore, 
Moume and Donegal, l i k e them the I s l e of Man granites were 
formed just a f t e r the acme of the Caledonian movements but not 
before movements had ceased e n t i r e l y . 

The Manx Slates are comparable i n structure and li t h o l o g y 
with the Ordovician and Silur i a n s t r a t a of adjoining areas on 
the mainland i n the Lake D i s t r i c t , the Southern Uplands, and 
County Down. 
b) Metamorphism and metasomatism of the Manx Slates, 

Most of the work on the metamorphism of the Manx Slates has 
been done by Lamplugh (1903) and G i l l o t t (1955). 

Lamplugh recognised a s t r i k i n g tendency f o r the metamorphic 
'zones' to be elongated i n a north-east to south-west direction. 
This i s shown i n Figure 2, His twofold c l a s s i f i c a t i o n of the 
degrees of metamorphism i s necessarily simple and i s as follows; 
1) Zone of most intense metamorphism found at Archallagan and 
around the Castletown Waterworks where mica schists and quartzose 
schists are found respectively, 
2) Zone of less intense metamorphism;- t h i s i s i n the form of a 
narrow band almost coinciding with the anti c l i n e of cleavage. 

lamplugh thought the metamorphism resulted from d i f f e r e n t i a l 
movements, the granites "played t h e i r part i n raising the 
temperature of the rock mass". 

Using lamplugh's evidence, Stainier (1928) suggested, that 
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the l i n e a r arrangement of the metamorphic zones could be due 
to a continuous granite underlying the affected slates. 

G i l l o t t (1954) recognised and l i s t e d th» following 
metamorphic facies i n his Ph.D. thesis. 
1) 'The Amphibolite facies - developed only near Archallagan 
& Poxdale.. 
2) The B i o t i t e - c h l o r i t e sub-facies - covering an extensive 
area, and demarcated by the b i o t i t e isograd. 
5) The Muscovite - c h l o r i t e sub-facies- marked by the presence 
of leucoxene l a t h s . 

The extent of these faeies i s shown on Map 1; the elongation 
of the sub-facies (2) and (3) i s a notable feature on t h i s map. 

G i l l o t t suggests that the above facies were formed by 
metamorphism and metasomatism due to regional invasion of a 
granite magma. The granite would be i n the form of an 
elongated body r i s i n g to the surface at Dhoon and on Granite 
Mountain, 

The metasomatic minerals, such as tourmaline, leucoxene 
and cordjprite are largely confined to the axial region overlying 
the highest parts of the granite. 

I n t e r p r e t a t i o n of the gravity anomalies has shown that the 
Poxdale and Dhoon granites are far more extensive at depth than 
would be imagined from the size of the surface outcrop. Lamplughs 
'zone of less intense metamorphism' coincides with the 
elongation of the granites and l i e s approximately over the 
highest parts of these granites. The same applies to G i l l o t t s ' 
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sub-facies. 
This coincidence of the l i n e a r l y arranged metamorphic 

zones w i t h the large granites revealed by the gravity survey 
i s strong evidence i n favour of G i l l o t t ' s view. 

The more intense metamorphism and metasomatism would be . 
expected to occur where the grahite i s nearest the surface, 
as i t does at Archallagan (granite at 300-400'feet), The fact 
that there i s no high grade metamorphism i n the Dhoon d i s t r i c t 
can possibly be explained by the smaller sixe of the Dhoon 
Granite, 

c) Mineralisation 
Map 1 shows the main productive veins on the I s l e of Man, 

I t can be seen that most of the veins are confined to the 
north-east to south-west 'axial'region'. The veins themselves, 
however, have mainly a north-south, east-west d i r e c t i o n . 

.Lamplugh discovered that the veins were unaffected by the 
earth movements which crushed the granites and the microgranite 
dykes. This, with other evidence,le^d him to conclude that the 
mineralisation was post granite-intrusion and therefore 
independent of the granites. 

I n -.his PH.D. thesis G i l l o t t says that whereas the general 
north-east to south-west d i s t r i b u t i o n of the veins suggested 
a Caledonian o r i g i n , the north-south east-west l i n e a t i o n of the 
veins was probably caused by the Heroynian stress-system. He 
therefore concludes that the continuous granite body he had 
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e a r l i e r suggested might ex^^ist (to explain the metamorphism) 
could have had some influence upon the d i s t r i b u t i o n of the 
veins (by se t t i n g up s t r u c t u r a l weaknesses over the granite?). 
The actual formation and mineralisation of the veins, however, 
did not take place u n t i l the Hercyhian movements. 

Reference to Map 1 indeed shows that the mineral veins axe 

l a r g e l y confined to an elongated area overlying the granites,. 
Lamplugh pointed out that many of the more important veins 
(such as at Bradda, Snaefell and the Poxdale Lode) were far 
from the v i s i b l e granite. However, these veins can be seen to 
be related to the underlying gra.nite as shown bjr the anomaly 
map. The Bradda veins overlie the Calf of Man granite, the 
Great Poxdale Lode passes r i g h t over the f l a t top of the 
Foxdale granite and the Snaefell mines l i e over the south­
western elongation of the Dhoon granite. I t would seem logica l 
to conclude, on the grounds of coincidence, that the veins were 
formed by hydrothermal action during the intrusion of the 
granites. 

I f the metalliferous veins are post-granite i n age, G i l l o t t s 
suggestions seem acceptable. The granites can be envisaged as 
weakening the d i r e c t l y overlying rock, making i t more 
susceptible to the formation of open veins at a l a t e r date 
than areas to the north-west and south-east. This would not 
explain the o r i g i n of the veins but i t would explain t h e i r 
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d i s t r i b u t i o n , 

d) Minor intrusions 

The greenstone and IriiErogranite dykes make up the largest 
part of t h i s category. 

The greenstone dykes on the Is l e of Man belong to several 
suites. These are generally i r r e g u l a r l y disposed along the 
coast but i n the centre of the island a predominant north-east 
to south-west trend becomes apparent. They are pre-granite i n 
age. 

The microgranite dykes, however, are confined (see Pigure 
1) to the north-east to south-west a x i a l region. They 
obviously originated from both the Poxdale and Dhoon granites 
and were formed towards the end of the intrusion of these 
granites. 

The d i s t r i b u t i o n of some of the greenstone dykes and the 
microgranite dykes clearly i l l u s t r a t e s the configuration of 
the stress system before and during the formation of the 
granites. Por the dykes to have a north-east to south-west 
l i n e a t i o n the intermediate pressure must have been i n the same 
dire-ction. The greatest pressure would be directed approx 
-imately v e r t i c a l l y and the least pressure would be found at 
r i g h t angles to the intermediate pressure ( i . e . i n a north-west 
to south-east direction) directed horizontally. The general 
elongation of the granites suggests that t h i s stress system 
influenced the form of the granites as well, 

e) The bearing of the granites on i s o s t a t i c compensation 
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Bott (1959) has suggested "that the gravitational body 
forces necessarily arising from the existence of a body of low 
density granite magma wi t h i n thp denser country rocks around 
were p a r t l y responsible for the mechanism of the granite 
emplacement". The gravity survey of the Isle of Man has shown 
that the negative anomalies are probably due to the presence • 
of granite lower i n density than the surrounding country rock. 
Gravitational body forces therefore must s t i l l exist and are 
possibly coimteracted by a crustal load i n the form of 
r e l a t i v e l y high ground-in e:ffect,an i s o s t a t i c mechanism. 

The idea that an i s o s t a t i c mechanism is responsible f o r the 
u p l i f t of the I s l e of Man can be roughly tested by comparing 
the mass deficiency below sea level (the granites) with the 
mass of the land above. I n the estimation a l l the island south 
of the 94N grid l i n e was taken into consideration. 

I t was found that the mass deficiency was i n the order of 
16 17 4.0 X IQ gm, and the mass of land above sea l e v e l 1.7 x 19 gm. 

The I s l e of Man i s therefore considerably under compensated. 
This may be due to either an error i n the calculation of the 
mass deficiency or i n averaging the height of land above sea 
leve l . 

f ) General conclusion 

In discussing the general implications of the granites 
revealed by the gravity survey, one s t r i k i n g fact has emerged. 
That i s , the close association of the l i n e a r i t y of a number of 

geological features with the elongation of the granites. These 
-46-



featutes are as follows:-

1) Some greenstone dykes. 
2) The metamorphic zones. 
3) The microgranite dykes. 
4) The a n t i c l i n e of cleavage. 
5) The d i s t r i b u t i o n of the mineral veins. 

Two of these features undoubtedly owe t h e i r o r i g i n to the 
granites, while with 4) and 5) the coincidence suggests some 
connection even though t h i s is d i f f i c u l t to demonstrate i n 
practice. 
The greenstone dykes were formed some time before the granites 
and the reason they have a north-east to south-west trend near 
the. a x i a l region i s d i f f i c u l t to explain unless, again, we 
regard the 'axial region' as an area of st r u c t u r a l weakness. 

The granites are therefore intimately involved and of great 

im^rtanoe i n the general geology of the I s l e of Man. The north­
east to south-west trend common to a l l these features and to the 
granites results from t h e i r formation diiring the Caledonian 
earth-movements but the s t r i p of land known as the 'axial region' 
was the centre of most of the a c t i v i t y . 

4.7 ©ther intrusions 

The igneous intrusions of Dhoon and Poxdale are associated 
w i t h appreciable gravity anomalies suggesting that they haize a 
£ar greater extent at depth than would be imagined from t h e i r 
size at the surface. The intrusions at Poortown anS. Oatlandj 
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although t h e i r outcrops are comparable in^slze with the above, 
give r i s e t o no appreciable anomalies. I t i s perhaps of interes 
to suggest reasons f o r t h i s . 

Gatland complex 

The Oatland complex (Santon) has been described i n 
l,2e ( i i i ) . A s l i g h t l y high reading was recorded at station 
56, adjacent to the intr u s i o n , but i t i s doubtful i f t h i s i s 
s i g n i f i c a n t . 

The basic component of the complex would be expected to 
have a density of about 2,90gm/c,c, and the acid, about 
2,60-2,65 gm/c.c. The overall density would therefore be i n 
the order of' 2,75 gm/cc^that is,approximat(sly the same as the 
Manx Slates, the country rock. The density contrast i s 
therefore not appreciable. 

The Dhoon granite, however, has an observed density 
contrast of only 0,02 gm/cc, and Taylor and Gamba suggested 
(1933) that the two intrusions had a similar o r i g i n . I f t h i s 
i s the case the proportion of less dense acid rock must be £ar 
less at Oatland than at Dhoon or alternatively the Oatland 
complex must be of very l i m i t e d size. 

Poortown 'i^iabase 
The Poortown (Peel) .'diabase, described i n 1.2e ( i i i ) 

apparently has no effect upon the gravity anomalies. Diabase 
would be expected to be about 0.2 gm/c.c, more dense than the 
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Manx S l a t e s , unless i t had "been very extensively a l t e r e d . 
With such a density contrast less than 400 f e e t of diabase 
would cause an anomaly of 1 m i l l i g a l . I t seems, t h e r e f o r e , 
t h a t e i t h e r the i n t r u s i o n i s of r e s t r i c t e d thickness (less than 
4§© ') or t h a t i t i s g r e a t l y attenuated at depth. 
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CHAPTER 5 

THE PEEL MOEALY 

The part of the Poxdale anomaly which l i e s south of Peel 
feas e v i d e n t l y been influenced by some feature other than the 
Poxdale g r a n i t e , @n the Bouguer anomaly map (Mapl) the isogals 
i n t h i s area seem t o be deviated from the general r e g i o n a l 
p a t t e r n and there i s also a 'val l e y ' t r e n d i n g north-west t o 
south-east, 

A r e s i d u a l g r a v i t y anomaly map was prepared but owing 
t o the d i f f i c u l t y i n deciding the region a l g r a v i t y gradient i t 
i s not l i k e l y t o be very r e l i a b l e . I t d i d , however, show a 
negative anomaly of between 3 and 5 m i l l i g a l s w i t h minimum values 
at the coast j u s t west of Peel. The anomaly i s apparently 
t r u n c a t e d by the coast and i s elongated west-north-west to 
east-south-east, 

Examining the geology of the area and the conclusions so 
f a r reached i n t h i s t h e s i s , t h i s anomaly may be due t o e i t h e r : -

a) an elongation of the Poxdale ,granite at depth, or 
b) a basin of lower d e n s i t y rocks w i t h i n the Manx Slates. 

I t has been mentioned (1.2c) t h a t the town of Peel l i e s on a 
down-faulted basin of sandstones, conglomerates, etc. w i t h 
u n c e r t a i n boundaries. Prom our density measurements the Peel 
Sandstones have been found t o be, on average, 0..08 gm/c.c. less 
dense than the Manx Slates. 
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I t t h e r e f o r e seems more l i k e l y t h a t the Peel anomaly i s 
due t o the basin of r e l a t i v e l y lower d e n s i t y rocks, known as 
the Peel Sandstones, 

The r e s i d u a l anomaly map, inaccurate as i t may be, suggests 
t h a t the Peel Sandstones are t h i c k e s t at the coast and t h a t t h e i r 
extension i n l a n d i s greater than t h a t shown on the one inch t o 
one mi l e Geological Survey Map. Approximately 4000 f e e t of Peel 
Sandstones, w i t h a den s i t y contrast of 0.08 gm/cc. would be 
needed t o give an anomaly of 4 m i l l i g a l s . 
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CHAPTER 6 

THE IRISH SEA ANOMALY 

6,1 I n t r o d u c t i o n 
The g r a v i t y survey of the I s l e of Man has shown that 

the values of the Bouguer anomalies are e n t i r e l y p o s i t i v e 
and r e l a t i v e l y l a r g e , ranging from + 28 m i l l i g a l s t o + 47 
m i l l i g a l s . This emphasises the f a c t t h a t there i s a tendency 
f o r g r a v i t y anomalies t o become inc r e a s i n g l y p o s i t i v e as the 
I r i s h Sea i s approached. Surveys i n Wales and I r e l a n d 
p a r t i c u l a r l y have shown t h i s . 

The r e s u l t s of g r a v i t y surveys of areas adjacent t o the 
I r i s h Sea have been combined i n Map 2, 

6,2 Previolis l i t e r a t u r e 

The r e g i o n a l increase of g r a v i t y approaching the I r i s h 
Sea has been commented on by Thirlaway (1950) and Powell 
(1956). 

Thirlaway took i n t o consideration the g r a v i t y gradient 
i n south-east I r e l a n d and Central V/ales and also the submarine 
s t a t i o n which recorded - 35 m i l l i g a l s midway between Arklow 
and Aberystwyth. He came t o the conclusion that the increase 
of g r a v i t y i n these d i s t r i c t s was due t o two geosynclines 
of Lower Palaeozoic sediments at a r e l a t i v e l y shallow depth. 
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The sediments, he considered, were generally 0.1 gm/c.c, denser 
than the underlying Basement and a geosyncline 15,000 feet 
deep under Aberystwyth would give the 25 m i l l i g a l anomaly 
observed t h e r e . There wouljd be another geosyncline under 
south-east I r e l a n d but the two would be separated by a r i s e i n 
the Basement or a g r a i i i t e i n t r u s i o n r e s u l t i n g i n the reading 
• o f 3 5 m i l l i g a l s mentioned .above. 

Powell (1956) seems t o agree w i t h Thirlaway on t h i s 
i n t e r p r e t a t i o n but s t a t e s t h a t "the increase of g r a v i t y 
approaching Anglesey from the south-east may be due t o a 
c r u s t a l f l e x u r e . " i f the crust were arched under the area 
so t h a t the intermediate layer and substratum were about 10,000 
f e e t nearer the surface under Menai that under Holyhead and 
Bala, then the g r a v i t y . g r a d i e n t s of 1 m i l l i g a l per m i l e and 
0.75 m i l l i g a l s per mile could be explained." Gravity anomalies 
i n t h i s area are d i f f i c u l t t o i n t e r p r e t , however. 

6.5 . I n t e r p r e t a t i o n 

Thirlaways and Powell's' i n t e r p r e t a t i o h s can be checked by 
f i n d i n g the maximum depth to the top of the anomalous body. 
The d i f f i c u l t y here l i e s i n the f a c t t h a t the regional increase 
of g r a v i t y can not e a s i l y be d i s t i n g u i s h e d from the l o c a l e f f e c t s 
of the geology. 

I n the Aberystwyth area the maximum depth using Bott and 
Smiths' (1955) and Smiths' (1959) formula i s r e s p e c t i v e l y 
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about 4-i- miles and 1 m i l e . The l a t t e r r e s u l t i s uncertain 
because of the approximation used f o r the ra t e of change of 
gradient and our lac k of knowledge of the tr u e density c o n t r a s t . 
This, however, seems t o i n d i c a t e t h a t Thirlaway's idea i s 
f e a s i b l e . 

I n North Wales, the anomalous mass l i e s at less than 3^ 
t o 4 miles from the surface, but again t h i s value i s d o u b t f u l . 
This does not e n t i r e l y i n v a l i d a t e Powell's idea of a c r u s t a l 
upwarp since he considers the base of the Granite l a y e r to be 
only about' 4 miles deep. Owing t o i n s u f f i c i e n t d e t a i l i t 
was not possible t o apply Smith's (1959) more accurate formula 
f o r maximum depth but an even shallower o r i g i n f o r the anomaly 
i s suspected. ThirlawayS i n t e r p r e t a t i o n does not seem possible 
here since the increase of g r a v i t y coincides w i t h the r i s e of 
the Pre-Cambrian rocks. 

These i n t e r p r e t a t i o n s , of course, only deal w i t h two areas 
and they are f a r from being conclusive. I t i s s t i l l uncertain 
whether the I r i s h Sea anomaly i s systematically p o s i t i v e since 
t h e r e i s no i n t e r r e l a t i n g evidence, Por the sake of s i m p l i g i t y 
i t would obviously be s a t i s f a c t o r y t o f i n d a common o r i g i n , 
because, as mentioned above, the presence of p o s i t i v e anomalies 
seems f a i r l y general around the I r i s h Sea. But before we can 
come t o d e f i n i t e conclusions f u r t h e r g r a v i t y and seismic work 
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i n the I r i s h Sea would be necessary. 
The f o l l o w i n g points need t o be considered i n discussing 

the anomaly:-

1) The gradients and large p o s i t i v e anomaliee are 
l a r g e l y confined t o areas where Pre-Cambrian and Lower 
Palaeozoic rocks outcrop. 

2) Powell's rock density measurements show tha t there 
, i s an overlap between Lower Palaeozoic and Basement 
de n s i t i e s i n North Y/ales. Thirlaways assumption that 
the former are c o n s i s t e n t l y 0.1 gm/c.c, more dense than 
the Basement seems t o be the great weakness i n h i s argument 

A 

3) The gradients observed i n Wales seem to i n d i c a t e a 
shallow o r i g i n f o r the anomaly. The possible causes of 
an extensive p o s i t i v e anomaly are as f o l l o w s , (remembering 
t h a t i f the high anomalies recorded on the I s l e of Man 
have a d i f f e r e n t o r i g i n to the gradients on the 
surrounding mainland any one of these, except 4) and 5) 
may be responsible ) : -
1) Crustal upwarp 

An upwarp i n the crust as envisaged by Powell under the 
I r i s h Sea would account f o r the gradients on the mainland 
and the p o s i t i v e anomalies on the I s l e of Man, butv.the 
gradients observed seem t o i n d i c a t e a shallower o r i g i n , 
2}} Rise of a denser Basement 

I n many areas around the I r i s h Sea the Pre-Cambrian 
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Basement i s thought t o be a t a f a i r l y shallow depth. 

This must p a r t i c u l a r l y be the case f o r the I s l e of Man. 
However, i t has yet t o be c l e a r l y demonstrated t h a t the 
Basement i s c o n s i s t e n t l y more dense than the Lower Palaeozoic, 
even though t h i s would be expected t o be the case. I n reverse 
t h i s a p p l i e s t o the noxt p o i n t s . 

3) Basic i n t r u s i o n 
I t would be i n t e r e s t i n g t o see i f the p o s i t i v e anomaly 

due t o the basic i n t r u s i o n under the S l i e v e - G u l l i o n - C a r l i n g f o r d 
to 

area was elongated eastwards^the I s l e of Man, 
4) Basin of denser Lower Palaeozoic 

This could be g e o l o g i c a l l y possible i n some areas but 
d e f i n i t e l y not i n a l l (e.g. I s l e of Man and Anglesey), 
5) Density contrast between Grdovician and S i l u r i a n . 

I n Wales the p o s i t i v e anomalies can be roughly c o r r e l a t e d 
w i t h the outcrop of the Ordovician, For the Ordovician t o cause 
an anomaly i t would have t o be c o n s i s t e n t l y more dense than the 
S i l u r i a n . This has not yet been demonstrated by density 
measurements but possibly the contempora^^eous igneous rocks of 
the Ordovician have increased the o v e r a l l density. As stated 
above more i n f o r m a t i o n w i l l be necessary before we can reach a 
conclusion as t o i n t e r r e l a t i o n s h i p of the p o s i t i v e anomalies and 
t o the cause or causes. 

I t does seem possiblg- however, tha t the p o s i t i v e anomalies 
are due i n p a r t , at l e a s t , t o the presence of dense Pre-Cambrian 



and Lower Palaeozoics near the surface i n the area i n question 
i n c o n t r a s t t o the less dense Upper Palaeozoic and Post-
Palaeozoic rocks. 



s t r u c t u r e of the Manx S l a t e s . Ph.D'.Thesis, U n i v e r s i t y of 

L i v e r p o o l . 

G i i l o t j J . E . (1955).Metamorphism of the Manx S l a t e s . Geol.Mag. 

Lend. 92,141-154.. 

G i l l o t , J . E . (1956) .Breccias i n the Manx S l a t e s . L i v e r p o o l &-' 

Manchester Geol.Journ. l ( f o r 1955) , 370-380. 

Lamplugh.G.W. (1903) .Geology of the I s l e of Man. Mem.Geol.Surv. 

U.K. 
Meinesz,P.A.V;(1934).Gravity expeditions at sea. Netherland 

Geodetic Commission, 

Nett l e t o n , L.L, (1940).Geophysical prospecting f o r o i l . McGraw 

H i l l Book Co.Ltd.,New York&London. 

Nockolds,S,R. (1931).The Dhoon(lsle of Man)Granite..Miner.Mag, 

22,494-509, 

Parasnis,D,W. (1952).A.study of rock d e n s i t i e s i n the E n g l i s h 

Midlands. Mon.Not ,R,Astr.Soc.Geophys.Suppl, 6(.5) ,252-271, 

Powell,D.W. (19 56).Gravity and magnetic anomalies i n North Wales, 

Quart.J.geol.Soc.Lond. 111,37 5-397. 

Reynolds,D.L, (1947).The sequence of geochemical changes leading 

to g r a n i t i s a t i o n . Quart .J .gaol .Soc .Londd. 102,389-437. 

Simmons,¥.C. (1911).The grani t e mass of Poxdale,Isle of Man. 

Geol.lag.Lond. 8,345-252. 

Smith,R,A. (1959).Some depth formulae for l o c a l g r a v i t y and 

magnetic anomalies. Geophys.Prosp. 7,55-63, 

S t a i n i e r , X , (1929),La metamcrphisme des regions de Bastogne 

et de V i e l s a l m , Bull.Soc.Geol.Belg. 39,112-156. 

Taj^or, J.H.&E.A.Gamba (1933) .The Oatlaild(l .0.M. )Igneous compl^ex 

Proc.Geol.Ass.Lond. 44, 355-376. 

Thirlaway H.I.S. (19 50) .Measurements of g r a v i t y i n I r e l a n d . 
-59-



CJravimeter observations between Dublin,Sligo,Galway, 

and Cork, Geophys,Mem.Dublin Inst.Adv,Stud, 2 ( 2 ) . 

White,P.H.N, (1949)\Gravity data obtained i n Great B r i t a i n by 

the Anglo-American O i l Company L t d , Quart ,J.geoI.Soc.. 

Lond,. 104(for-1948) ,3'3'9-364,. 

-6~0-



RS]FEEBNCBg' 

Bott,M,H.P, (1957),A geophysical study of the granite problem. 

Quart,J,geol.Soc,Lond, 112 ( f o r 1956),45-67, 

Bott jM.H.P.&D.Masson-Smith (1957) .The geological interpretation 

of a g r a v i t y survey of the Alston Block and the Durham 

C o a l f i e l d . Quart , j.geol,Soc.Lond, 113,93-116. 

Eott.ff.ff.p.,A^;A^Day&D.Masson-Smith (1958) .The geological 

i n t e r p r e t a t i o n of g r a v i t y and magnetic surveys i n 

Devon and Cornwall. Phil.Trans,A, 251,161-191,. 

Bott ,M.H,P.&R.A.Smith (1958) .The estimation of the l i m i t i n g 

depth of g r a v i t a t i n g bodies.. Greophys .Pro sp, 6,1-10. 

Bott ,M.H,P,.(1959).The use of e l e c t r o n i c d i g i t a l computers 

f o r the evaluation of gravimetric t e r r a i n corrections,. 

G§ophys,Prosp, 7,45-54. 

Cook,A.H^&H.I.S.Thirlaway (1950).Recent observations of 

g r a v i t y i n Wales and the Borders. Rep.XVlll I n t . G e o l . 

Congr.G*;B.(Part V) , 1948, 33-44.. 

Cook,A,H.&T.Murphy (1952).Measurements of g r a v i t y i n I r e l a n d . 

G r a v i t y survey of I r e l a n d north of the l i n e S l i g o -

Dundalk. Geophys,Mem.Dublin Inst,Adv.Stud, 2 ( 4 ) , 

De Bruyn,F. (1955) ,1 sogam maps of Europe and N.Africa. Geophys. 

Prosp., 3,1-14,. 
Dunham,K,C. (19 53).Age-relations of the epigenetic mineral 

deposits of B r i t a i n . Trans.Geol.SSc.Glasg. 2 1 ( 3 ) ( f o r 1952) 

395-429, 
Eastwood,T, ( 1 9 5 3 ) . B r i t i s h regional geology-Northern England. 

H.M.Stationery O f f i c e . 
G i l l o t . J . E . (1954) .Sedimentary petrology,metamorpMsm and 

- 5 8 -



ACKNOWLEDGEMENTS. 

The author wishes t o express h i s thanks t o Professor 
K.C. Dunham f o r g r a n t i n g liiro the p r i v i l e g e and the pleasirre 
of working i n the Department of Geology and f o r h i s i n t e r e s t 
i n the work. 

He also wishes t o convey h i s sincere thanks t o 
Dr. M,H.P. B o t t , h i s supervisor, f o r o r i g i n a l l y suggesting 
the t o p i c and f o r h i s constant advice and encouragement. 

The au:i;hor's g r a t e f u l thanks are also due t o : -

Dr. W. B u l l e r w e l l of the Geological Survey f o r information 
about t h e g r a v i t y s t a t i o n s he had established on the I s l e of Man. 

Mr. T. B e l l f o r h i s co-operation and f o r much useful 
discussion. 

The s t a f f of the flomputer Laboratory, Newcastle upon Tyne 
f o r h e l p w i t h the use of the computer, 

F i n a l l y , the author wishes t o thank the Department of 
S c i e n t i f i c and I n d u s t r i a l Research £or grants during the period 
of research. 

-61-

- 5 SEP 1960 
, SEOTIOH^ 



3N0Z 

'2 ri ''•'I v> o 
*• n ^, -91 -a 

O 1/1 

0< (N<< 

N0UyiA3C 

oi w 



3N0Z 

"y '<i 

r IT 
UJ 
D 

0) O 
o 

NOIlVlAia 

j i - i 

Ol r-l »*>1 ^ 

m rB! 

loi '-0 



a. N 
2 
a 
< 
u 
a. 

z 
< 

bJ 

3N0Z 
_ z - — o ^ 

cc •= 

S 1 
- o — 

>-
H 
z 

D 
m 
u 
3 
-J 
< 
> 

CC 
D 
o 
o 

2 
o 
I-
o 
P 

0> 

a 
u 
D 
O 
o (fl 

< 
O 
2 
< 

2 
O 

o 

1 ii 

4 5 
ri -

H\ ^ 

mi '5 in 

I 
• - r -

OI O' 
<>1 o 

& 1 ̂ \ 

: . : i 
d d 2! 
,̂ °I 
-1-— 
1 i 

'O j | 
T -TJI ^ 
J ^ 1̂ 

i L 

t 

1 H 

.0- Ol 
5l 

CO 
u u 
a. 

a. 
< 0 = 

1 1 
^lOLLVlAiq 

Z ui 
< 3 
U - I 
5 ^ 

:5 < * i 
. j j or 

"-0 •n 
r-

N rt 
H n 

'̂ 1 - I 
f 

A A 

' O rv) ^ (S iNf -< 

^ 5̂  5! 

3 ^ ^ 
N (S, 

UJ 

a. u. 

N01iVIA3d 

2 

in 

2 
O 

I 
O 
I 

o 

i f 

U 
2 
Z a o-

5! A " 

o! <*i 
5i 

ill o 
H 
O 
Z o _l 

o 
ui 

(VJ 
D 

ul 

UJ 

J2_ 

z 
o 

a 
uJ 
2 

Z 

oi ?: 

- I iS. 

31 ^ 

si 

-0 
H; rOj 

I I 

0 o 
_ -s 

^1 ^ 1 
3 -I i 

r 4 -1 00 
n\ VI «0| ^ '-̂  

0; ryi -< H 
J 

* i 01 Ĉ ; 
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GEOL. DEPT.(EURHAM COLLEGES) SUBVEY 

GRAVITY BASE STATION N0,1 

TOWN: RAMSEY COUNTY: ISLE OF MAL. 

1" MAP: Sheet 87 6" MAP: 

DESCRIPTION 
Birchara Avenue (off Bf.llaugh road) by entrance to 

car park. Level with end wall of no.19,3'from pavement edge. « 

GRAVITY 230.03 

ELEVATION 17.0' 

LATITUDE 34° 19' 21" N 

LONGITUDE 4° 23' 17" W 

DATE 6th September, 1958. 

OBSERVER T . P e l l & J . T . C o r n w e l l . 

\ \ N \ ' 

, \ \ \^ 

4 - ' r 

Li'dye. fid*• 

- i ; 

V 
•V. 

* 

' r 

/<v. 

- 5 S E P 1960 



G E O L . D £ P T . ( D U K H A M G O L L E ' ^ . E S ) S U R V | ; Y 

GRAVITY BASE STATION NO. 19 

TOWN: LAXEY COUOTY: I S L E OF M.'iN 

1" MAP; 87 6" f::AP: 11 

DESCRIPTION 

Meter i n l i n e with w a l l and 4 ' from c o r n e r . 

S e t t l e m e n t named "Bal l e .T .oar" on 6" map. A p p r o x i m a t e l y 200 y a r d s 

n o r t h of m i l e s t o n e ( D o u £ , l a s 9 ) 

This s t a t i o n c o r r e s p o n d s with the G e o l o g i c a l S u r v e y ' s Grav i ty .Bbse 

S t a t i o n No. 311. 

GRAVITY 1 9 6 . 0 4 

ELEVATION 403.3' 

LATITUDE 34 13' 38" N 

LONGITUDE 4 22' 41" W 

DATE 8th September 1933. 

OBSERVER T . B e l l & J . D . C o r n * e l l , 

C,oh.. 

M . 1 

i 

5 SEP 1960 ] 
. 1 R B 1 « ^ ^ - ^ 



GEOL. CEPT.(DURHAM COLLBGES) SURVEY 

GRAVITY BASE STATION NO, 2 0 . 

TOWN; DOUGLAS. COUNTY: ISLE OF M A N , 

1" MAP: 3 7 6" KAP: 13. 

DESCRIPTION 
On main roed in Douglas between "House of Keys" and 

"School" on 1" map. Opposite house named "Beverly Mount", leve l 
with southern wall on western sice of roac 3* from pavement. 

GRAVITY 2 0 6 . 3 5 

ELEVATION 157.5 

LATITUDE 5 4 " 09' 37" N 

LONGITUDE 4° 2 9 ' 05" 

DATE 8th September 1953. 

OBSERVER T . B e l l & J . L . C o r n w e l l . 

Mounh L.cucI iwifa 

I Jail. 

- 5 S E P 1960 



GEOL. LbPT. (DURHAM COLLEGES) SURVEY 

GRAVITY BASE STATION NO. 29 

TOWN: B a l l a s a l l a . COUNTY: ISLE OF MAN, 

1" MAP: 3 7 6" r.!AP; 16. 

DESCRIPTION 

On road'to Port E r i n , just out of v i l lage centre,on 
south side of l o a d . L e v e l ^jith west wall of wh.te house (opposite 
church) 3'from pavement. 

GRAVITY 2 0 2 . 1 4 . 

ELEVATION 33.3' 

LATITUDE 34 05' 54" N 

LONGITUDE 4 37' 32" W 

DATE 9th Septemcer 1^38. 

OBSERVER T . B e l l & J . D. C o r n w e l l . 

fori- Frin 

L.U'.I 

- 5 SCF ..oO 



GEOL. DEPT. (DURHAM COLLEGES) SURVEx 

GRAVITY BASE STATION NO, 29 

TOWN: E a l l a s a l l a . COUNTY: ISLE OF MAN. 

1" MAP: 37 6" r.!AP: 16. 

DESCRIPTION 
On r o a d ' t o F o r t E r i n , j u s t out of v i l l a g e c e n t r e , o n 

s o u t h s i d e of r o a d . L e v e l w i t h west » a l l of wh. te h o u s e ( o p p o s i t e 
c h u r c h ) 3 ' f r o m pavement . 

GRAVITY 202.14. 

ELEVATION' 33.3' 

LATITUDE 54" 05' 54" N 

LONGITUDE 4 3 7 ' 52" W 

DATE 9 t h September 1953.. 

OBSERVER T . B e l l & J . D . C o r n w e l l . 

ii 

\ \ 

Pprl- f r in 

4 

5 > I J a < a l l a 

_ 5 SEF ôO 



GEOL. DEPT.(DURHAM"COLLEGES) SURVEY 

GRAVITY BASE STATION NO. 35) 

imi S t . JOHI^S COUlELl ISLE OF MAN 

1" MAP; 8 L 6" lltiP: 

DESCRIPTION 
1 

GRAVITY gQQ.I"^ 

ELEVATION 142. S 

LATITUDE 54° 11' S I " N 

LONGITUDE 4° 37' ̂ 7" 7/ 

DATE Qth Secte.iber 1953. 

OBSERVER T . B e l l & J . D . C o r n w e l l . 

E t 

/7 

5 SEP 



GEOL. DEPT.(DraHAM COLLEGES) SURVEY. 

GRAVITY BASE STATION NO, 31. 

TOWN: BALLAUGH COUNTY: ISLE QE MAN 

1" MAP; Jl. 6" fi»AP: 

DESCRIPTION 
On Peel - Ballaugh road Just west of -a l l a u g h , 

b r i d g e , l e v e l w i t h Sycamore t r e e on south s i d e of road, 3' T'from 
hedge, 19' 3"from g a t e p o s t . 

GRAVITY 226.23 

ELEVATION 1Q6.0' 

LATITUDE 54 13' 32*^ N 

LONGITUDE 4 32' 33" W 

DATE l o t h September 1958. 

OBSERVER T . B e l l & J.D.Cornwell. 

T3'7-

) ^ ' ^" 
3' 7" .. / 7 C ^ ^ C 

_ 5 SEP 1%0 



GKOL. DEPT. (DURHAM COLLEGES) SUM6\, 

GRAVITY BASE STATION NO. 45 

coUMli L U £ Of MAN 

1" MAP; 82. 6" fLfvP: 

DESCRIPTION 

On K i r k Micheal road by j u n c t i o n w i : h nnuni-jin 
road oetween Kamsey and L o u ^ l a s . On nearside of rcc.c going West. 
Level w i t h f o u r t h concrete post ec.3t o f gate , f o u r f e e t f r o i n ro;dsice, 

GRAVITY 1̂ 7.̂ 7̂ 

I-

ELEVATION 1366.9' 

LATITUDE 54 14' 35" N 

LONGITUDE 4 28' 13" W 

DATE 15th September 1S53. 

OBSERVB^ T . B e l l & J. C ' C o r n w e l l 

H\rkfi;chacl. 

I. 
C a ftle 

71 /> 

V 

\ 
\ 

- 5 SEP W60 
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