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CHAPTER I 

Introduction and Geology 

( a ) . Introduction. 
A magnetic survey and i t s interpretation of 

part of the Stublick Fault system of>Northern Knglnnd i s described 
i n this thesis* The investigation was originally suggested by 
Dr.M.H.P.Bott i n 1958, after he and Dr.p.Masson-rStaith had proved 
a small anomaly existed near Haltwhistle (Bott and Hasson-Smith, 
1957)* However, i n 1958 the writer carried out a preliminary 
magnetic survey i n this region with the intention of presenting 
a small dissertation for the B.Sc. degree. During this work 
considerably greater anomalies than had hitherto been realised 
were discovered across the Stublick Fault*. The major part of the 
f i e l d work was done during September and October 1959, using a 
Watt's v e r t i c a l f i e l d magnetometer borrowed from the Geology 
Department of the Durham Colleges. The f i e l d work was completed 
during April 1960. 

On both occasions the writer worked by himself 
but i n 1958 he did hot have the use of a motor-car. The area 
concerned covers about four by five miles and l i e s roughly two 
miles south of Haltwhistle (see figure l ) . The area i s readily 
accessible by road, except i n those tracts covered by heather 
and rough grass moorland. 
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( b ) . Stratigraphy. 
A geological map of the Haltwhistle area i s 

shown i n figure 2. Only those rocks belonging to the Carboniferous 
period can be seen at the surface within the investigated area. 
A c l a s s i f i c a t i o n of the Carboniferous i s given i n Table 1. The "pre-
Carboniferous basement rocks are thought to l i e at 1500 to 2000 
feet below the surface south of the S t u b l i c k Fault (Trotter and 
Hollingworth, 1932). I n the Crook borehole (Woolacott, 1923) pre-
Devonian rocks were found which were highly folded and cleaved 
s l a t e s showing s l i g h t metamorphic e f f e c t s . Other occurrences of 
pre-Carboniferous basement rocks are i n the Cross F e l l and 
Teesdale i n l i e r s . They are unconformably overlain by the basal 
conglomerates of the Carboniferous. 

The thickness of the Carboniferous i s thought 
to change considerably across the S t u b l i c k F a u l t . This i s based 
on evidence several miles from the S t u b l i c k F a u l t . For instance 
i n the Bewcastle F e l l s north of the f a u l t the Lower Carboniferous, 
consisting of limestones and interbedded shales and sandstones of 
the Tuedian and Lower Bernician s e r i e s , a t t a i n s a thickness of f i v e 
to s i x thousand feet (Trotter and Hollingworth, 1932). I n the Cross 
F e l l i n l i e r , south of the Stublick F a u l t , these rocks are absent, 
and the Upper Bernician r e s t s d i r e c t l y upon the basal conglomerate. 
I n both areas the Upper Bernician consists of Lower, Middle, and 
Upper Limestone Groups (see Table 1 ) . Evidence for a change i n 
thickness i n the Upper Bernician i s found within a mile or two of 
the f a u l t (Haydon Bridge - Dunham, 194-8). The only other c l e a r 
evidence that the change i n thickness corresponds within a zone 
between the f a u l t and about two miles to the north comes from a 
gravity survey (Bott and Masson-Smith, 1957). The rocks of the 
Upper Bernician show rhythmic cycles of deposition, which represent 
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TABLE 1 (from the Brampton Sheet and Trotter ft Hollingworth, 1932) 

I F 
;d 5 b 

North South 
Craignook, 3/4, & Well Syke Seams 
Cannel, Slag, & Low Main Seams 

Middle C. M. 

Lower C M . two seams 

a 

u 
c 

CD 

(L) 
Q. 
Q. 

Upper Lime­
stone Group 

an el 

Upper and Lower Felltop L s t . 
Thornborough Grit, Lst., & Coal 
Corbridge L s t . 
Upper, Mid., Lwr. Oakwood L s t . & Coal 
Firestone S i l l 
L i t t l e L s t . ft Coal 
Great Ls t . 

Middle Lime­
stone Group 

4 Fath., 3 I d . , & 5 Yd. L s t . ft Coal 
Scar L s t . ft Coal 
Tyne-Bottom, Jew, ft Greengate Well Ls t . 
Bankhouses = Smiddy L s t . 

,1a Lower Lime­
stone Group 

Lwr. Tipalt L s t . 
Melmerby Scar L s t . ( i n c . Denton Mill Lst.) 
Naworth Ls t . 

CO 

a 

73 
(D 
D 

, le ' Birdoswald Limestone 
Group 

d le C r a i g h i l l Sandstone 
Group 

. lb F e l l Sandstone Group 

11* Cementstones Group 

Basement 

Conglomerate 



2ft 

d e l t a i c conditions and are c h a r a c t a r i s t i c of the Yoredale f a c i e s . 
A t y p i c a l cycle would be shale or mudstone, sandstone or g r i t , coal, 
and limestone. Outliers of Lower and Middle Coal Measures, to be 
found north of the Stublick F a u l t , r e s t d i r e c t l y upon the Upper 
Limestone Group. The highest beds of the Carboniferous within the 
investigated area are the Upper Craignook s e r i e s of the Middle 
Coal Measures : these are exposed i n a stream section i n the C r i s t o w e l l 
Burn about one mile east of — — — — — —- — — — 



westerly throw, separates the two Coal Measure outliers. Trotter 
and Hollingworth (1932, p.9) regard the trough faults to be mostly 
tear f a u l t s . Small anticlines and synclines are associated with 
these but the greatest folding occurs i n the Bewcastle Anticline 
i n the north-west. Further reference w i l l be made to faulting and 
folding i n the geological history section below. 

(d). Igneous Activity. 
The only exposed igneous rocks i n the area 

belong to the Great Whin S i l l Group. These consist of a series 
of intruded transgressive sheets, and the Haltwhistle Dyke. The 
l a t t e r , related to the Whin S i l l , i s part of the St. Oswald's 
Chapel Dyke-Echelon (Holmes and Harwood, 1928). 

Petrologically the Whin S i l l i s usually a 
quartz-dolerite, but i t can vary i n texture from a basalt to a 
gabbro. In this area i t i s primarily a medium to f i n e l y c r y s t a l l i n e 
quartz-dolerite with only minor coarser variations. The colour 
i s dark grey and the rock i s speckled i n appearance. The average 
mineral composition and volume percentages of specimens taken 
from two s i t e s i n Northern England are given i n Table 2 (Tomkeieff, 
1929). 

The Whin S i l l l i e s at a depth of over 2000 
feet north of the Stublick Fault (Geological Survey map, Brampton 
Sheet). I t dips south south-eastwards south of the fault 

L I t s depth i s not known i n the area 
near to Boghead i n the east, bordering the en-echelon f a u l t . I t 
i s only exposed i n the South Tyne valley i n the west, near Harper 
Town, where i t i s sharply truncated by the fault and quarries i n 
i t reveal a thickness of 80 to 100 feet. Here i t l i e s i n the Upper 
Limestone Group, between the L i t t l e Limestone and the Firestone 



TABLE 2 (from Tomkeieff, 1929) 

Mineral composition of a coarse grained variety of Whin S i l l 
(percentage by volume). 

Average 
Crook 
Bore 

High 
Force 

Volume Weight 

Felspar 41.35 41.18 41.27 37.21 
Micropegmatite 17*71 18.23 17.97 15.86 
Quartz 2.80 2.76 2.78 2.47 
Pyroxene 20.25 19.35 19.80 22.22 
Hornblende, chlorite, etc. 10.54 9.72 10.13 9.20 
Iron ore 7.19 8.68 7.93 12.82 
Iron pyrites 0.16 0.08 0.12 0.22 
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S i l l . Vertical columnar jointing occurs, and there are indications 
that the Whin S i l l may be lenticular (Trotter and Hollingworth, 
1932, p.118). Apart from this single exposure i t s presence i n the 
area has been proved i n some borings. South of the Stublick Fault 
the Whin S i l l has the form of lenses or phacolites at various 
horizons, but north of i t continuous sheets and few horizon changes 
are more usual (Trotter and Hollingworth, 1932, p. 113.). Further 
reference w i l l be made to these features i n Chapter V. Trotter 
and Hollingworth (1932, p.119) refer to a dyke having been 
reported i n the coal workings near Cristowell Burn along the line 
of the Stublick Fault: this may be related to the s i l l . 

The igneous intrusions coincided with a period 
of strong east north-east compression, limiting their westward 
extension (Trotter and Hollingworth, 1928). The relation of the 
s i l l s to the folds and faults strongly suggests an early Hercynian 
or Carboniferous-Permian interval age (Trotter and Hollingworth, 
1932). Further independent evidence supporting this conclusion 
i s the occurrence of a pebble, characteristic of the Whin S i l l 
rocks, i n the brockrams of the Eden valley .(Holmes.and Harwood, 

and on kkc Mstot* BUck m i n e r a l v«u»S cluurly cuJr rkt irfki* Si . l t . 

1928) A Heavy d e t r i t a l mineral grains from the Whin S i l l have^been 
found i n the Permian Yellow Sands (Holmes and Harwood, 1928) showing 
that the Whin S i l l preceded the mineralisation of Northern England. 

( e ) . Geological History. 
The sequence of geological events, between 

Caledonian movements and the Tertiary era, i s described i n this 
section. 

In the Caledonian period there was east north­
east folding of the Lower Palaeozoic rocks, with a development 
of cleavages .('Shotton, 1935), from a probable regional north-west / 

http://Si.lt
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south-east compression. Rocks of the Devonian period are.not present 
i n the region^ &marginal hinge-line was i n i t i a t e d i n the early 
Carboniferous resulting in^g progressive dovnwarping of the area 
north of i t . SedimentationAbegan e a r l i e r i n the Northumbrian Trough 
than on the Alston Block vhere deposition did not begin u n t i l 
Lower Limestone times. Following the Coal Measures there were 
major regional movements heralding the Hercynian tectonic period. 
The Alston Block, behaving as a r i g i d unit, was pushed bodily 
northwards towards the Southern Uplands (Trotter and Hollingworth, 
1928) . The sediments i n the trough were buckled into the Bewcastle 
Anticline, together with the formation of Master Joints (Dunham, 
1948). The following tectonic events are l e s s certain. Trotter 
and Hollingworth (1928) believe that the Alston Block was then 
depressed relative to the trough with north north-west and east-
west normal faulting along the Stublick Fault l i n e . Here, the 
throw (southwards) was 250 feet (Versey, 1927), and at the Upper 
Denton Fault, 150 feet. The Whin S i l l and related dykes were then 
intruded into the Carboniferous rocks. Figure 4 shows Versey 1s 
interpretation (1927) of the sudden downward change i n horizon 
of the s i l l across the Stublick and Denton Faults. I n other words, 
according to Trotter and Hollingworth, to explain this horizon 
change the Alston Block must have subsided before the intrusions. 
The Hercynian period ended with a torsional movement of the Block 
resulting i n a gentle doming with the formation of vein fissures 
(Dunham, 1948). The f i n a l major faulting along the Stublick Fault 
l i n e , displacing Permian and T r i a s s i c beds elsewhere, may have 
taken place i n two stages (Trotter and Hollingworth, 1932) and 
i t i s possible that the second stage, resulting i n the elevation 
and t i l t i n g of the Block to the east, i s of Tertiary age (Trotter, 

1929) . 
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Further knowledge of the region's structure, 
with particular emphasis on the Stublick Fault and the Whin S i l l 
igneous rocks, could possibly be obtained by conducting a detailed 
magnetic survey i n the v i c i n i t y of the Stublick Fault near Haltwhistle. 
The f i e l d work of this survey, together with the routine reduction 
procedures, forms the basis of the following chapter. 
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CHAPTER I I 

Fie l d Work and Reductions of Observations 

The main part of the magnetic survey was carried 
out i n ide a l weather conditions during a four-week period i n 
September and October, 1959- The survey was completed during a 
week of f i e l d work i n A p r i l , 1960. Out of 783 observations, 687 
were new magnetic stations, of which 22 were bases and a u x i l i a r y 
bases, 4- were outside the l i m i t s of the area, and 7 were rejected 
as unreliable. 

A Watt's v e r t i c a l f i e l d magnetometer was used 
f o r the surveys. • I t was calibrated i n the f i e l d at the beginning 
and end of the main survey using the a u x i l i a r y magnets supplied 
by the makers. The instrument was also calibrated using Helmholtz 
coil s belonging t o Birmingham University, but the values obtained 
appeared t o be unreliable owing t o a considerable inconsistency of 
the r e s u l t s , and were discarded. Further tests using the same 
a u x i l i a r y magnets as were used previously were completed a few weeks 
l a t e r and i t was found that these results were consistent with the 
e a r l i e r magnet c a l i b r a t i o n . The factor adopted was 30.5t0.3 gamma 
per scale d i v i s i o n compared t o the maker's o r i g i n a l value of 29-9. 

The f i e l d work consisted of eight major north-
south traverses and about eight minor north-south traverses, together 
w i t h more random stations, and linked by a major east-west traverse. 
Eight base stations were established at easily accessible sites at 
distances of at least f i f t y yards from roads. The traverses were 
kept i n as nearly st r a i g h t lines as possible at r i g h t angles t o 
the s t r i k e of the Stublick Fault l i n e . Pacing t o boundaries and 
sighting by prismatic compass accurately f i x e d base s t a t i o n positions. 
Two subsidiary stations were always set up a few yards either n o r t h -
south or east-west of the bases to eliminate l o c a l near-surface 



effects such as magnetic boulders i n the d r i f t . The plan of the 
main bases i s shown i n Appendix 1, together with the sequence of 
l i n k i n g them t o the main base. I t was usual t o return twice t o base 
during the day on normal f i e l d work, but some days necessitated 
one return only. The spacing of intermediate stations depended on 
the d e t a i l required but usually near the f a u l t l i n e i t was considered 
necessary t o have f i f t e e n yards i n t e r v a l s or less. The widest regular 
spacing was a hundred yards but two hundred yards was s u f f i c i e n t 
i n some outer parts : the closest regular spacing was f i v e yards. 
Nearly a l l stations were set up more than twenty yards from the 
nearest roads, fences, etc^ There were a few e l e c t r i c fences i n the 
area but stations were kept w e l l away : S l i g h t trouble was 
experienced with the nearness of power lines and some such readings 
have been rejected as being i n v a l i d . The t r i p o d of the variometer 
was consistently used at minimum height t o ensure maximum r i g i d i t y 
on soft ground and i n windy weather. 

The f i r s t step i n the reduction of the 
observations was t o convert them t o gamma using the c a l i b r a t i o n 
f a c t o r . A temperature correction was not applied separately as 
t h i s was automatically incorporated i n t o the f i n a l d r i f t correction. 

I n September, 1958 the w r i t e r calculated the 
l a t i t u d e correction by comparing photographic records of the 
magnetic f i e l d i n t e n s i t y of two widely separated observatories-. .:• 
on somewhat similar longitudes : Eskdalemuir and Stonyhurst. The 
differences between the two stations of the i n t e n s i t y were 
reduced f o r diurnal v a r i a t i o n and the average value was taken. 
The r e s u l t i n g l a t i t u d e correction was 6.8 * 0.2 gamma per minute 
of l a t i t u d e , increasing northwards. I t i s considered t o be an 
accurate estimate and a more eff e c t i v e procedure than by taking 
values which had been calculated several years ago. I t was seen 
previously that the regional value of the v e r t i c a l component i n 
a west-east d i r e c t i o n changes l i t t l e compared with the r e l a t i v e l y 
rapid change i n a north-south d i r e c t i o n , so i t was decided to use 
the estimate .made by Bott and Masson-Smith of the longitude, 



10 
increasing westwards, of 1.0 £ 0.3 gamma per minute of longitude. 
These values were used i n the present work. Both of the corrections 
were combined f a c i l i t a t i n g an easier reduction of the data, but as 
the t o t a l area of the survey i s r e l a t i v e l y small the greatest 
correction applied was only 25 gamma. 

The correction f o r the diurnal v a r i a t i o n , which 
varied l i t t l e during the greater part of the f i e l d work, was made 
by i n t e r p o l a t i n g between continuous photographic records supplied 
by Eskdalemuir Observatory and those l e n t by Stonyhurst Observatory. 
The v a r i a t i o n usually corresponded t o w i t h i n a few gamma between 
the two stations. The f i n a l corrections were f o r closing errors. The 
procedure i n correcting f o r d r i f t was carried out i n the following 
way : 
(1) . The intermediate stations were referred t o the l o c a l bases 
every day. 
(2) . On the east-west base traverse the bases were referred t o the 
f i r s t base (called the main base). 
(3) . On t h i s traverse the base-pairs were adjusted t o read the same 
by taking t h e i r averages. 
(4.). The main base value on the base traverse was adjusted t o the 
value obtained on the f i r s t day and the other bases adjusted 
accordingly. 
(5) . The l o c a l base values f o r each day were adjusted t o t h e i r now 
corrected values found on the base traverse and the intermediate 
values likewise adjusted. 

Before the d r i f t corrections were applied 
the base readings often disagreed considerably on the traverses 
even though a l l the corrections had been made. For instance the 
differences sometimes amounted to 30 or 4-0 gamma. I t i s noticeable 
that on days where temperatures stayed quite constant the differences 
were small and normal, but a separate temperature correction could 
not have reduced the large differences very much. This part of the 
reduction i s therefore one of the sources of greatest error. The 

t 
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other possible source of error comes i n procedure (3) above with 
an estimate of ± 8 gamma. Both errors can be summarised under 
non-linearity of d r i f t caused by (a), changes i n the mechanical 
properties of the moving parts and (b). rapid changes of temperature. 
The readings at a l l stations are estimated to have a standard 
error of ± 12 gamma; thi s i s unexpectedly rather high, but when 
compared with the large f i e l d anomalies the error i s r e l a t i v e l y 
small. 

I n deciding the numerical values of the anomalies 
the problem i s always where to place the arbitrary zero, as i n this 
type of work absolute values of the v e r t i c a l intensity can not 
be assigned to the contours: thus the contour map i s an anomaly 
map showing purely relative values between stations. I t was thought 
advisable to t i e i n these values as closely as possible to others 
previously found i n the area. The magnetic anomaly map of Bott 
and Masson-Smith (1957) was used fo r this purpose. I t was found 
that the results of this survey were closely comparable with those 
of the above writers, and also with those of the writer's own 
preliminary survey. Sometimes the ties are remarkably close but 
the average difference i s from ten to twenty gamma, ( i t should 
be noted that the values at the stations i n the preliminary survey 
were not used i n the present survey). On the iaogam map (Plate l ) 
contours were placed at twenty gamma intervals, with a hundred 
gamma intervals i n the regions of maximum gradients. 



CHAPTER I I I 

Description of Magnetic Anomalies 

(see Plate l ) 
The most impressive feature on the map i s 

the belt of positive magnetic anomalies directed east-west i n 
the west and east north-east / west south-west i n the east. Two 
areas are distinguished f o r their high positive anomalies. They 
w i l l be named after their l o c a l i t i e s , Coanwood i n the west 
(section AB, f i g . 5) and Boghead i n the east (section CD, f i g . 6 ) . 
This positive belt diminishes rapidly two miles east of Coanwood, 
but after a gap of about 600 yards of r e l a t i v e l y low intensity 
i t continues again at Boghead i n an east north-east direction. 
I t terminates almost completely just west of Coanwood, but further 
west the anomalies are somewhat uncertain owing to the unsuitability 
of the surroundings f o r surveying with a magnetometer (old mine-
shafts and c o l l i e r i e s , railway lines, and wooded areas). I t should 
also be noted that i n this area the Whin S i l l l i e s very close to 
the surface: t h i s may cause spurious readings. 

The ridge i s succeeded northwards by a broad 
area of negative anomalies, widest i n the west, and s t r i k i n g i n 
a similar direction. There i s a slow rise northwards to the 
background f i e l d i n the west, but a r e l a t i v e l y rapid rise i n the 
east. South of the positive ridge l i e s a broken zone of negative 
anomalies; these occur close to the ridge at Boghead but are displaced 
considerably southwards at Coanwood. South of this zone the background 
f i e l d near Boghead rises gradually to a higher value than i n the 
Coanwood v i c i n i t y . Occasionally small positive and negative 
anomalies are present, perhaps within large anomalies of opposite 
sign, but these are r e l a t i v e l y insignificant. I t should be noted 
that i n a small area about one mile east of Coanwood and near 
the Cristowell Burn, the positive ridge widens and strengthens. 
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Taking the map as a whole the regional or background field i s 
estimated at twenty to thirty gamma (see Chapter V for further 
discourse on this subject)* 

The maximum amplitude of the Boghead anomaly 
i s about 670 gamma (fig* 6). The gradients are steep, more than 
two gamma per foot on the north-vest flanks and about 1.25 gamma 
per foot oh the south-east flanks. The shape i s almost symmetrical 
and the changes of gradient are sharp. South of the positive 
anomaly the gradients of the negative trough are more distinct 
than those in the negative zone north of the positive ridge. The* 
north-south distance occupied by the whole anomaly i s 0.75 mile -
only. The maximum amplitude of the asymmetrical Coaovood anomaly 
(fig. 5) i s approximately 605 gamma* and the maximum gradients 
on both flanks are 1.5 gamma per foot, less than the steepest 
Boghead gradients. However the east-west strike distance covered 
by anomalies of over 200 gamma i s nearly 2 miles compared with 
only 0.5 mile for Boghead. The southern positive flank i s 
irregular, extending a considerable distance southwards before 
returning to zero* to be followed by a small negative trough. 
The wide negative zone on the north side, more distinct than at 
Boghead, has spot readings of less than -50 gamma. The total 
north-south extent of the central positive ridge i s 0.9 mile, 
and of the whole Coanwood anomaly, about 1.75 miles. * 

When contrasting the geology (fig. 2) and 
anomaly (Plate l ) maps the f i r s t noticeable comparison i s the 
very close conformability of the anomaly to the geology and structure 
of the area. The central axis of the positive ridge corresponds 
to within a few feet with the line of the Stublick Fault. The 
termination of the ridge just west of Boghead coincides with the 
termination of the fault line In that area, and with a small 
fault running south-east into the main fault, but the actual 

1 *,.--,.' 
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axis of the ridge here l i e s some feet north of the fault line. 
The ridge sharply recommences at Boghead with the beginning of 
the en-echelon fault line. This close relation of anomalies and 
structure and i t s significance will be fully discussed in Chapter V ? 
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CHAPTER IV 

methods of Interpretation 

(a). Introduction. 
As an introduction to this chapter an attempt 

must f i r s t be made at explaining a magnetic anomaly. I t means a 
natural or a r t i f i c i a l disturbance i n the earth's magnetic f i e l d , 
and can be great (regional) or small (local) i n extent. This thesis 
deals only with local magnetic anomalies. Certain types of particles 
contained i n rocks and minerals within the earth's crust become 
magnetic when subjected to magnetic f i e l d s such as the earth's 
f i e l d . This magnetisation i s usually resolved into two types. 
These are induced and remanent (or permanent) magnetisation. The 
former i s caused by the earth's present f i e l d , and the l a t t e r 
by ancient f i e l d s of the geological past. The combined effect of 
these two factors i s to produce a magnetic anomaly by reinforcing 
or depleting the magnetic intensity of the earth's normal f i e l d . 
The former condition produces a positive anomaly, the l a t t e r a 
negative anomaly. Local anomalies can also be explained by 
a r t i f i c i a l causes, such as underground pipes, vasteheaps, old 
mine workings, etc. They are usually very limited i n extent. 

(b). Principles of Methods. 
There are two di s t i n c t methods of analysing 

magnetic anomalies quantitatively, each based on a different 
principle. The f i r s t i s by pole and li n e theory (Heiland, 1940, 
pp. 380, 389). This i s independent of the strength and direction 
of the earth's f i e l d and only the position of the poles need be 
known. I t i s an ideal method f o r solving ore-body anomalies 

* rwi* *k««U wui pp- 381 - M o • 
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which can be very large, and where ores are r e l a t i v e l y small 
structures. I n the Haltwhistle problem however'the structures 
have considerable size and the anomalies are r e l a t i v e l y small. 
I n such instances the anomalies are more usually di r e c t l y related 
to the strength and direction of the earth's f i e l d , and also to 
the susceptibility, dimensions, and position of the body i t s e l f . 
The study of these relations i s called induction theory and i s 
the second method of analysing magnetic anomalies quantitatively. 
I t has been generally applied to various two-dimensional structures 
such as f a u l t s , dykes, anticlines, etc. from which certain standard 
formulae have been evolved. The assumptions of two-dimensional 
analysis i n this work presented no problem as the geological 
features are of such character as to be considered two-dimensional. 
However, these standard formulae have limited use. Structures 
often show no ressemblance to the ideal shapes stipulated i n the 
formulae. Furthermore, the induction theory does not take into 
account remanent magnetism. A formula was therefore required f o r 
any two-dimensional body irrespective of i t s shape. I t would be 
based on one of the standard formulae and would include the remanence 
factor. The theory f o r the development of thi s 'ideal' formula 
i s described i n d e t a i l i n section ( c ) . 

( c ) . Theory and Development of Formulae. 
In the induction theory certain assumptions 

must be made when calculating the effects of two-dimensional 
bodies: i t i s assumed that the bodies are uniformly magnetised 
and no consideration i s given to the f l u x concentration on edges 
and corners, and also to demagnetisation effects (Heiland, 1940). 
Bearing these limitations i n mind use i s made of the very 
important relation between the magnetic and gravitational 
attractions of bodies. This i s Foisson's Theorem i n which 
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V = J_.iU (1) 
G<r d l 

where V i s the magnetic p o t e n t i a l , G i s the g r a v i t a t i o n a l constant, 
J i s the i n t e n s i t y of magnetisation, <r i s the density contrast, 
U i s the gravity p o t e n t i a l , and i i s the di r e c t i o n of magnetisation. 

By d i f f e r e n t i a t i o n of ( l ) with respect t o 
di r e c t i o n the horizontal and v e r t i c a l components are 
A H = J _ . J l U and A Z = J_.£u (2) 

G f f i i i x G f f i i i z 
The magnetisation i s then resolved i n t o a transverse horizontal 
component J H V and a v e r t i c a l component J x v , and the gra v i t y component 
i n t o a horizontal and v e r t i c a l component, where J H Vrepresents the 
horizontal component and J x v t h e v e r t i c a l component of the v e c t o r i a l 
addition of the induced and remanent f i e l d s . Equations (2) then become 
iV =AH = _ l f Jfa. J H y + JLU. lj\ (3) 
bx Gel ixx hxhz 

and V7 =AZ = _ 1 | £u . J H V + .. J ^ J (3) 
i z Goi ix iz fcz* / 

Also A h = _ i ( J w . u x y + J, u. u x l} • U) uxx + I *v • u x ^ 

and A Z = _ 1 ^ J H V . U w - J r w . U ^ j (4) 

where Uxx = /bx*" = the to r s i o n balance curvature 
and U« = b'u' /fex&z = the to r s i o n balance gradient. 

I f the remanent magnetism J r = 0 , then 
^ H v = J h l = k L H L s i n o < " t a n d Iw# = J*l= k«A 
where kv, = s u s c e p t i b i l i t y contrast i n the present f i e l d 

oCi, = angle of s t r i k e of the body from present magnetic north 
Hi, = horizontal component of the earth s present f i e l d 

. Zj, = v e r t i c a l " " " " " " 
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J H l = horizontal component of present f i e l d magnetisation 
JVt = v e r t i c a l " 11 " " " 

and - tu / b z* = + tfu / h x1" 
I f remanence i s involved i n the calculation, then 

| and J l V = | J z i + 3xr | 

Equations (4-) can be modified f u r t h e r f o r the 
remanence f a c t o r . The factors and J t V i n equations (4-) can be 
e f f e c t i v e l y replaced by J^os I s i n Q\ T W and s i n 1.^ respectively, 
where = the resultant i n t e n s i t y of magnetisation of the t o t a l 
f i e l d component from the induced and remanent t o t a l f i e l d s , i . e. 
J T V = the apparent i n t e n s i t y of magnetisation (Werner, 194-9) • 
1 ^ = the resultant i n c l i n a t i o n of the induced and remanent t o t a l 
f i e l d components = the apparent i n c l i n a t i o n (Werner, 194-9) • 
(XTV = the resultant s t r i k e angle of the body to the resultant f i e l d 
component T v = apparent s t r i k e angle. 
(Refer t o the vector diagram i n f i g . 13). 

Since J w = J t T + J r r t h e J ^ f a c t o r i s easily 
resolved when required i n t o the induced J.Tand remanent JrTcomponents. 
Equations (4-) therefore become 
AH = Jjy |cos 1 ^ . sino^Uxx + s i n I w . U „ J (5) 

and A Z = Jjy I cos I „ . sinoC^U^ - s i n I . | (5) 
G<r L J 

Equations (5) are the basic equations from which 
standard formulae f o r various models can be developed. 
An i r r e g u l a r l y shaped body may be s u f f i c i e n t l y approximated by 

i 
< 
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using an n-sided polygon with straight sides (Matuyama and Higasinaka, 
1930 — from Heiland, 1940). By applying the gravity curvature U „ x 

and gradient equations f o r a slope, and adding and subtracting 
the effects of the other slopes, i t s gravitational effects can 
therefore be found. This principle has been used successfully 
i n the interpretation of gravity anomalies (Taiwan!, Worzel, and 
Landisman, 1959). I t now forms the basis f o r a new magnetic 
interpretation technique. The theory f o r the gravitational 
attraction of a slope i s given below. 

As only two dimensions are required, that i s , 
the z = horizontal and z = v e r t i c a l directions, the gravitational 
attraction of a line mass (considered very long i n the y or strike 
direction) i s calculated from i t s logarithmic potential U. 
The potential U = 2 GvJJlog^l. dS (S = surface) 

= 2 Goff log.1 dx dz (re c t i l i n e a r co-ordinates) 
If ^ 7 (6) 

where // i s the surface integral, 
and the gravity anomaly A g = <SU = 2 G<rf J z dx dz (7) 

*>z 1)^ 
The gradient and curvature U x x are obtained from the second 
p a r t i a l derivative of the potential. Differentiating (7) with 
respect to x and z , 
U X X i = 4 G9ff xz dx dz and U„ (or-U A ) = 2 Go/fx*- z xdx dz 

JJ r* 'h r* 
/ / S - - "(8) 

These are the gradient and curvature expressions f o r a line mass; 
the effects of a slope are calculated by integrating (8) 
(from Heiland, 194C-). 
U x x = 2 G / z dz / 2x dx (see Appendix 2-b f o r diagram) 

h I 
x s x 0 on sloping edge. 
Since r * = x* + z x , f = oL - © 0, r d j = dS sinot, and 
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dz = dS sin oi. 
Therefore U X I = 2 drf d0 osinocsin 9j sin j£ 

= Go- ̂ 2 sin V l o g e r,. - sin 2oc( Bx- e,)J 
But dip angle i = J - o*. 
and therefore, firm buex-siuxcs, -i 

U x x= 2 G«rsin i j^sin i l o g e r x + cos i {dt- ©,)J (9) 

Similarly f o r the curvature, 
U J W= 2 Go-sin i Tsin i (\- $,) - cos i l o g e r J (9) 

Substituting now f o r UKland Û , i n equations (5) the magnetic v e r t i c a l 
and horizontal components f o r a slope are: 
AZ = 

- sin 

and 
AH = 2 sin 

Jgy f cos s i n o < . 2 Gosin i [ s i n i l o g e r t + cos i ( 8 r - Bj) 
G«r^ L r , J 

i £sin i (Bt- 9,) - cos i l o g c r 

J-w^os XtySinoC^in i l o g e r f c + cos i 0,)J 

I ^ j s i n i ( 8 X - B,) - cos i l o g e r v " j ^ (10) 

i n i J,»jcos jC^, sin o< w j s i n i ( 9V- 6t) - cos i l o g c r t J 

sin I w . 2 Go-sin 

that i s , 
t\Z = 2 sin i 

+ sin XTV jsin i l o g e r t + cos i ( 8 X - 0 , ) J ^ ( l l ) 

The t o t a l f i e l d component AT i s obtained from equations (10) and 
( l l ) . A T = AH cos Iv Tsinoc i, T+ AZ sin I i T (12) 
(Ewing and Press, 1952), where I l T = angle of dip of the present 
t o t a l f i e l d component, au±oLw = strike angle of the body from 
present magnetic north. 
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(d). Application of Electronic Computer. 
The magnetic formulae f o r a slope i n equations 

(lO) - (12) are complete f o r both induced and remanent magnetism. 
They are i n such a form as to be used d i r e c t l y f o r calculating 
profiles over irregularly shaped bodies i n the way suggested by 
Matuyama and Higasihaka (1930) and referred to previously i n 
this chapter (see f i g . 7). The formulae are extremely tedious 
and time-wasting to work out manually f o r even a simple shape. 
A programme was therefore devised i n 'Autocode' f o r use ( i n t h i s 
form) with the Ferranti Pegasus electronic d i g i t a l computer of 
King's College Computing Laboratory at Newcastle-upon-Tyne. A 
complete flow diagram of t h i s programme, together with explanations 
of the trigonometry involved and a specimen of the programme i n 
code, i s to be found i n Appendix 2(a) - ( c ) . 

At the Computing Laboratory the working 
procedure i s as follows: a data tape i s punched on equipment 
provided, on which are details of the body co-ordinates and 
magnetic f i e l d : a 'station' tape i s punched on which are the 
desired number of f i e l d points. On the computer i t s e l f , after 
the insertion of the preliminary machine tape, the programme i s 
fed i n , followed by the data tape, and l a s t l y the 'station* 
tape; immediately the f i r s t station i s read i n the computer begins 
to calculate. A typical data tape of one slope or edge would be 
punched i n the following sequence, excluding the various coded 
orders: strike angle to the present f i e l d , present dip angle, 
slope co-ordinates, apparent intensity of magnetisation, apparent 
strike angle, and apparent i n c l i n a t i o n . That is , * * ; , , 1 ^ x,z,, 
xi.zi» J-rw» 5STV» 8 1 1 , 1 I-TV* A typical example' of input data i s shown 
i n Appendix 2 ( d - i ) . ! 

1 
From the above account i t should be realised 

+ 
that a thorough vector analysis of a l l existing magnetic and 
palaeomagnetic data must be accurately correlated and completed 
+ . i.e.. tkt. -ii^fU y^Ucd. ^«t*.rw^*tM»rv pf *U *b«€. 

i 
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before insertion into the computer. Another point, previously 
mentioned, i s the placing of the orig i n . I n th i s programme i t 
i s on the south side of the body with an anticlockwise procedure 
around the body edges ( f i g . 7). Failure to comply with these 
rules w i l l produce wrong results. 

The computed results are printed on paper, 
a specimen of which i s reproduced i n Appendix 2 ( d - i i ) . The 
horizontal co-ordinates of the stations at whose points the 
effects of a body are to be calculated, are l i s t e d f i r s t as 

and y^.. The three remaining columns represent the computed 
values of the v e r t i c a l f i e l d component Z, the horizontal component 
H, and the t o t a l f i e l d component T (printed as F i n the specimen 
output contained i n Appendix 2). The various size and depth 
co-ordinates of the body to be calculated, together with 
magnetic data, are usually printed at the head of the results 
columns. Out of the Z, H, and T columns, i n the interpretation 
of the Haltwhistle anomalies use was only made of the v e r t i c a l 
f i e l d results Z because the magnetometer used i n the f i e l d 
measured only the v e r t i c a l component of the earth's f i e l d . The 
programme has however been designed also f o r use i n the 
interpretation of horizontal and t o t a l f i e l d anomalies. A 
description of how the computer method i s actually used i n the 
quantitative magnetic interpretation i s given i n section (e). 

(e) . Interpretation Procedures. 
When presented with a new magnetic anomaly 

certain assumptions must be made about the shape of the body 
causing i t , e.g. a f a u l t , dyke, s i l l , etc. The interpreter's 
knowledge of the structure of the investigated area would 
l i m i t the number of possible assumptions about the shape of the 
body. The next task i s to make out data and station tapes to be 
used with the new programme on the computer. On these tapes 
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must be included a l l combinations of body and magnetic parameters. 
I n the case of a dyke f o r instance there are many variables to 
be,considered, the shape and depth factors, the susceptibilities, 
and the magnitude and direction of the possible remanent magnetism. 
Thus theoretical profiles are rapidly calculated f o r a l l these 
varying conditions f o r a series of points over the body. 

The sets of values are then 'normalised' by 
scaling the maximum amplitude of the anomalies, and occasionally 
their horizontal dimensions, to some convenient standard. I n order 
f o r a theoretical anomaly to f i t the observed anomaly within 
reasonable l i m i t s many attempts at varying the depth and magnetic 
parameters are usually necessary. I f a suitable f i t i s found, 
that particular model i s then considered to be a satisfactory 
solution to the physical interpretation of the observed anomaly. 
Failure to obtain a solution i n t h i s way results i n a complete 
revision of the assumptions of the shape of the body. The whole 
procedure as described above must therefore be repeated again. 
A detailed description of these interpretation procedures f o r the 
solution of magnetic profiles, including new c r i t e r i a developed . 
specially f o r t h i s work, w i l l follow i n the next chapter. 

In conclusion i t may be said that t h i s 
computer method of solving magnetic anomalies i s both faster 
and more accurate, more variable parameters are considered, and 
the period of machine operation / cost r a t i o i s r e l a t i v e l y low 
compared to the laborious and often inaccurate conventional 
interpretation methods. Thus f o r as many f i e l d points as are 
considered necessary f o r p l o t t i n g accurate magnetic profi l e s , 
and f o r every conceivably shaped two-dimensional body situated 
anywhere i n the world, can be calculated rapidly and accurately 
v e r t i c a l , horizontal, and t o t a l f i e l d profiles across the centre 
of the body and at ri g h t angles to i t , using both present and 
remanent magnetic data. The method i s considered to be one of the 
most useful tools devised f o r the interpretation of local and 
regional magnetic anomalies. 
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CHAPTER V 
Int e r p r e t a t i o n 

(a ) . Introduction. 
Considering the Hal t v h i s t l e anomalies i t i s 

evident from the*half-widths (see f i g s . 5 and 6) that t h e i r 
causes occur at r e l a t i v e l y shallow depths. The basement i n t h i s 
region l i e s at a great depth (see p. 2). Thus, any hypotheses 
involving the basement i n order t o explain these anomalies are 
cle a r l y inadmissable. 

However, variations of the polarisation contrast 
(or i n t e n s i t y of magnetisation J ) can suitably explain the anomalies. 
Such polarisation contrasts are caused by either changes of J i n 
the same rocks, or by changes of rock type, each possessing 
d i f f e r e n t J factors. The l a t t e r condition i s , however, more usual. 

(b). Example of i n t e r p r e t a t i o n procedure - the Hett Dyke. 
An idea of the shapes of the disturbing bodies 

near Haltwhistle had been formulated during the preliminary 
investigations i n 1958. Then the t h e o r e t i c a l p r o f i l e s were 
calculated manually using conventional i n t e r p r e t a t i o n methods. 
The assumed shape was that of a two-dimensional dyke, i t s lower 
end regarded as at i n f i n i t e depth. This model was therefore 
adhered to at the beginning of the present i n t e r p r e t a t i o n , and 
because other geological structures were less l i k e l y t o produce 
better solutions. Comparison of the Haltwhistle anomalies with 
others over known structures j u s t i f i e d t h i s i n i t i a l conclusion. 
One pa r t i c u l a r case which has been deliberately applied f o r 
comparative purposes i s the w e l l known Hett Dyke of Co. Durham. 

This dyke has been w e l l described by many 
workers (Holmes and Harwood, 1928 : Te a l l , 1884). Of similar age 
and belonging t o the Whin S i l l Group i t strikes at an angle of 
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70° to present magnetic north. A survey was performed early i n 
1960 near Willington using a new t o t a l f i e l d proton precession 
magnetometer belonging to the Durham Colleges Department of Geology. 
A t o t a l f i e l d p r o f i l e over the Eett Dyke i s shown i n f i g . 8. I n 
this particular area the dyke dimensions were quite well known, 
and the depth was estimated from the geology and topography. 
Holmes and Harwood (1928) observed an average width of 12 feet 
and the depth to the.top was estimated at 12 feet also. The 
depth to the lower end was considered to be 1500 feet o r i g i n a l l y 
but this was l a t e r increased to about 13 miles, near the Curie 
Point geotherm. Both the intensity J T Vand the apparent inc l i n a t i o n 
I were unknown. 
— T V 

Magnetic profiles were computed fo r these 
and other dimensions, together with other varying factors, f o r 
the purpose of determining how these variations affected the size' 
and symmetry of the profiles. Total f i e l d p rofiles i n f i g . 9 are 

direct-ion 

f o r varying inclinations I. 1 vof the apparent f i e l d A o f magnetisation 
fo r which the ratios of positive to negative gamma vary considerably. 
The curve f o r the v e r t i c a l f i e l d i n f i g . 10 summarises this point. 
Fig. 9. also shows how the axes of the positive peaks diverge from, 
and those of the negative peaks converge to, the central axis 
with decrease of inclination from 90°. 

The r a t i o of the positive to negative anomaly 
i s however of the greatest importance, f o r i t i s this factor which 
i s primarily determined by the direction of polarisation. I t i s 
fundamental that this r a t i o should be known with some accuracy. 
Unfortunately i t also depends di r e c t l y upon another factor, often 
d i f f i c u l t to determine. This i s the value of the background f i e l d . 
I t i s obvious that any slight change i n the baseline w i l l produce 
a r e l a t i v e l y large change i n the positive / negative r a t i o and 
so i t i s essential that the background f i e l d should be known accurately. 
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I t i s found convenient to use ratios when 
dealing with size and depth* In figure 11 are shown curves for varying 
width / depth ratios, the depth remaining constant* Although the 
amplitude varies non-linearly the profile width i s directly proportional 
to the body width for constant width / depth ratios* Following an 
increase i n the width / depth appears a divergence of the maximum 
and minimum peaks and a steepening of gradients* Considering only 
the amplitudes of the maxima and minima, figure 12 shows a linear 
decrease of the positive / negative factor with an increase of the 
width / depth ratio* There i s l i t t l e variation i n the positive / 
negative ratios for width / depths smaller than 2.0 : i t would be 
possible to determine the apparent inclination i-rv to within about 
5° except when these ratios exceed 2.0. 

Changes i n the strike angle (Jakosky, 1950. 
p. 217) cause a shi f t of the maximum and minimum peaks relative 
to the cetral axis of the body, and a change i n their amplitudes* 
Another effect concerns the positive / negative ratio. Unexpectedly 
i t was found that as the strike angle decreased (in this instance 
to the apparent direction of magnetisation) the positive / negative 
ratio decreased considerably by enlarging the negative value* 
However, variations of this angle from 80° to 90° cause an almost 
negligible change i n the positive / negative ratio* Fortunately 
the values for the Hett Dyke were thought to l i e nsar or within this 
small range. A variation of the intensity of magnetisation J . ^ , 
although often d i f f i c u l t to resolve from the width and depth factors, 
produces no new changes, the gradients, width, and amplitudes being 
directly proportional to J ^ : the positive / negative ratio i s 
unchanged assuming other factors remain constant* 
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From the above account i t appears that the most 
fundamental item t o be solved i n a f i e l d p r o f i l e i s the apparent 
i n c l i n a t i o n I T V . The use of positive / negative r a t i o s seems t o . 
provide the most e f f e c t i v e answer. Having obtained t h i s i n c l i n a t i o n 
i t should be possible t o determine the apparent i n t e n s i t y of magnet­
i s a t i o n , either from a graphical construction using the present 
f i e l d i n t e n s i t y as u n i t y , or l a t e r from the size and depth factors. 
The determination of the size and depth i s made more simple i f a 
s l i g h t idea i s known of one or the other f a c t o r . This i s an over­
s i m p l i f i e d picture of the most e f f e c t i v e method used up t o date, 
involving both quantitative and graphical techniques.' 

Following the preliminary introduction of t h i s 
method ( f i r s t mentioned i n the l a s t chapter) the procedure f o r 
solving f i e l d p r o f i l e s i s as follows : 
(1) . The positive / negative r a t i o of the f i e l d p r o f i l e i s measured. 
(2) . P r o f i l e s are computed f o r various apparent i n c l i n a t i o n s I 
and d i f f e r e n t width / depth r a t i o s using J T Vas uni t y : the positive 
/ negative r a t i o of each p r o f i l e i s found and plotted on 
logarithmic graph paper against the corresponding i n c l i n a t i o n s 
f o r the d i f f e r e n t width / depths as shown i n one example i n f i g . 10. 
(3) . The value of the observed r a t i o i s located i n t h i s f i g u r e 
and a horizontal l i n e drawn from t h i s point on the ordinate t o 
intersect some of the curves. Along t h i s l i n e there are several 
p o s s i b i l i t i e s of the apparent i n c l i n a t i o n I ^ f o r varying width / 
depths. 
(4.). Using these values of the i n c l i n a t i o n s and l e t t i n g 1^= 1 , 
various p r o f i l e s are computed f o r these d i f f e r e n t width / depth 
r a t i o s • 
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(5). The observed and calculated p r o f i l e s are scaled t o the same 
amplitudes and half-widths, but i f either the depth or the width 
have been assumed only the amplitude needs scaling. The closest 
f i t between the observed and calculated p r o f i l e s i s taken as the 
most sat i s f a c t o r y solution f o r the observed p r o f i l e . The correct 
t h e o r e t i c a l p r o f i l e i s then scaled t o i t s o r i g i n a l value, the 
factor by which t h i s i s done being a measure of the width or depth, 
and the apparent i n t e n s i t y of magnetisation J T V . 

The Hett Dyke example under consideration 
has proved t o be simple because the width was known wi t h 
reasonable accuracy. I n many cases however the width i s more 
unknown than the depth, but i t i s no d i f f i c u l t task t o assess 
these two factors using t h i s method. The apparent i n c l i n a t i o n I-y 
i s about 80° f o r the Hett Dyke. The s t r i k e of the body to the 
ancient f i e l d was unknown but i t was assumed to have a sim i l a r 
angle to that of the present f i e l d . The known width of 12 feet 
was taken as u n i t y . The closest f i t was between the curves f o r 
width / depths 2 and 1 , and thus the depth t o the dyke was 
assumed t o be between 6 and 12 f e e t , a value i n close agreement 
with the geology and topography of the area. Although by no means 
a d i f f i c u l t problem, the Hett Dyke example - _ _ _ _ _ _ 
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has provided valuable techniques for the purpose of solving the 
considerably more d i f f i c u l t case of the Haltvhistle anomalies. 

( c ) . Physical Interpretation of the Haltwhistle Magnetic Anomalies. 
A close look at the Coanwood and Boghead 

profiles ( f i g s . 5 and 6) reveal one obvious feature i n common 
with the Hett Dyke profile: the positive peaks l i e d i s t i n c t l y 
south of the negative peaks suggesting a completely normal 
polarisation direction. The observed positive / negative ratios 
corresponded to an inclination of about 70° ( f i g . 10) for a v e r t i c a l 
dyke assuming a background f i e l d of 25 gamma and width / depth 
of unity* The close s i m i l a r i t y of the profiles to that of the 
Hett Dyke encouraged a possible solution by supposing the 
anomalous body to have a dyke form. 

However the f i r s t step i n the present interpretation 
of the Coanwood and Boghead anomaliesVas to discover the geophysical 
effects of the Stublick Fault on the Whin S i l l . I t had been supposed 
that these effects would be only r e l a t i v e l y s l i g h t . The following 
paragraph deals with some of the magnetic aspects of the Whin S i l l . 

The preliminary interpretation of 1958 was 
based entirely upon the assumption of normal magnetisation only. 
However, work by Creer and others (1959) and HaVlimonrt and Butler 
(1949) has shown that for the Whin S i l l there i s a considerable 
component of remanent magnetism which i s directed almost horizontally 
southwards. This was an interesting revelation which would i n a l l 
probability r e s u l t i n a differently shaped calculated profile 
for a faulted slab. The Whin S i l l figures were taken and the results 
averaged. The.data used i n the f i r s t calculations are as follows 
(from Creer and others, 1959): 
remanent declination D = 188° 
remanent inclination I = -5° (or 185°) 
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normal remanent magnetism (NEK) = J r t = 27*9 * 10~* cgs. units 
susceptibility k-bT = 19.8 x 10"* cgs. units 
and HHM / k i T = 1.4 . 
This susceptibility value was used i n finding the induced magnetism, 
assuming the present total f i e l d had a value of 0.5 oersted; i . e . 
J L t= k L T T t or J l T = 19-8 x 10"** l/2 «10~ 3cgs. units. Therefore 
the Koenigsberger ratio - 2.8 . 

Ju 
The next step was to find the apparent inclination 

I ^ a n d the apparent intensity of magnetisation J w . I n this instance 
the present dip I > l Twas used at 60° and the declination D.tTat -6° 
(see f i g . 13)* I t was calculated that the apparent inclination 
I.TV = +165° and the apparent intensity J-n, = 2.4 * 10"*cgs. ; 
the apparent strike angle oc^was taken at about 90° but more 
correctly i t should have been about 100°. However, as w i l l be 
seen lat e r , a difference of 10° .of strike angle near 90° produces 
l i t t l e change i n a profile shape. From the one inch Geological 
Survey map (Brampton Sheet) the whin S i l l dips gently south south-
eastwards south of the Stublick Fault, at an angle of 10°. I t i s 
not known whether the rock s o l i d i f i e d at this angle or whether 
i t f i r s t s o l i d i f i e d i n a horizontal plane and was t i l t e d l a t e r . 
Assuming the l a t t e r i n this example the apparent inclination I . T V 

was therefore taken to be about +155*• From the single exposure 
of Whin S i l l i n the area (Lambley quarries, near Coanwood) and 
from the Brampton Sheet and one inch Ordnance Survey map the 
thickness was estimated at approximately 100 feet. Along the 
Coanwood profile at the point of maximum positive value the depth 
was estimated at about 150 feet, assuming a t i l t of 10° of the 
s i l l . Both these estimates were regarded as being Quite accurate. 
From the geological map the actual depth to the s i l l on the down-
thrown side i s about 3000 feet i n this region. In assuming an 



500 

400 

300 

200 

100 

Observed minus 

Calculated (for 

t i l ted s i l l ) 

= Residual Profile 

(shown in f igure 15) 

Fig.14 gamma 

\ 

n«w background t t r o 

•* / o l d background z e r o _ 

. 1000 

100 



i n f i n i t e l y thrown side half the time available on the computer 
i s saved, and again, the time used i n calculating for a t i l t e d 
s i l l i s three times longer than for a horizontal s i l l . 

The computed profile i s shown i n f i g . 14. 
The background zero of the Coanwood profile ( f i g . 5) has been 
adjusted to a new l e v e l on the basis of investigations to be 
described l a t e r . Considering the Coanwood profile only, the computed 
profile ( f i g . 14) was subtracted from i t producing the residual 
curve given i n f i g . 15. Assuming a l l the effects of the faulted 
s i l l had been cancelled out the inference was that this residual 
profile was wholly caused by some other body. However, i t was 
realised that the 1958 interpretation of a dyke was no longer 
suitable and the data supplied by the Hett Dyke would not apply 
to t h i s problem owing to the large reduction of the positive / 
negative ra t i o of the residual curve. Doubt was also cast on the 
genuity of the shape of this curve, although i t s i r r e g u l a r i t i e s 
were smoothed out as f a r as possible. The observed ratio of 4.4 
corresponded to an apparent inclination I , w of 40° ( f i g . 10). 
There were no hopes' of obtaining an easy solution using the . 
Hett Dyke normal inclination of 70°— 80°. I n the residual curve 
( f i g . 15) the top segment AB was regarded as variable owing to 
i t s doubtful existence. This was acceptable because a l l of th i s 
portion could be eliminated merely by increasing the intensity 
s l i g h t l y or by decreasing the depth. A value of 225 gamma for the 
positive side was adhered to i n the computation, resulting i n a 
positive / negative ratio of 3*6 and inclination L ^ o f 3 5 T h e 
width of the hypothetical dyke was assumed to be 300 feet and the -
depth to the top was varied: z/z values of 1/4, l/2, 1, 2, and 
4 were used. The upper northern edge of the dyke was placed 
theoretically directly below the Whin S i l l and i n contact with 
the plane of the f a u l t . The apparent inclination I > T V o f 35°, together 

* Tlx* ejtfceni- of tiia. ernur tin Cjn»r£iu^ t k & 4 o w * i i i r«WH side 
ift, U (rkc case, of tkt ftsilrtv*.j' v\ct>*kLvi r a t i o , Lay tka.~ 
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with the above dimensions for a v e r t i c a l dyke, were used i n the 
calculation, the reduced profiles (reduced to z/x s i ) appearing 
i n f i g . 16. I t became obvious that the l a t e r a l parts of the calculated 
curves were not similar to those of the residual curve. The negative 
side of i t had an area too large to be explained by the inclination 
used. Decreasing the Inclination or increasing the width would 
only produce a profile wider than the observed. Fortunately a 
very important point emerged which l a t e r proved to be a v i t a l 
factor i n the interpretation. Using an inclination of +35° for the 
dyke had an adverse effect on the profile. The f i e l d position 
of the positive peak diverged considerably from the central axis: 
for z/x = 1 this southward s h i f t amounted to 100 feet for x = 100 
feet and 300 feet for x = 300 feet. This divergence of axes had 
previously been observed during work on the Eett Dyke. As a res u l t , 
two p o s s i b i l i t i e s were inferred. Either that the dyke's central 
axis should be placed somewhat north of the f a u l t , i n which case 
i t would be more acceptable geologically i f the axis was inclined 
so as not to cut the f a u l t plane. Or that i t would be wiser policy 
to search round for another possibly more simple mechanism to 
account for the close coincidence of the observed maximum with 
the fault plane position. I t appeared therefore that the residual 
profile could not after a l l be e a s i l y explained by using a model 
dyke. I t seemed l i k e l y that some other source was exerting i t s 
influence upon the l a t e r a l parts of the observed profile, perhaps 
of deep seated origin. 

I t was ultimately realised that an important 
factor had indeed been neglected. This was the effects of faulting 
the basement rocks. Unfortunately any calculations concerning 
these rocks must necessarily be speculative owing to the lack 
of palaeomagnetic data. From previous work however i n Northern 
England (Bott and Masson-Smith, 1957) i t seems l i k e l y that the 
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direction and inclination of the remanent f i e l d for these rocks 
are similar to those of the induced f i e l d : the figures used were 
,1 = 70* andoc^a 97°. Another unknown was the depth to the 
basement rocks on the south side of the Stublick Fault, but i t 
was considered unlikely that i t would exceed 1500 to 2000 feet 
(Dunham, 1948: Trotter and Hollingworth, 1932). Two profiles were 
obtained for depths of 1500 and 2000 feet shown i n f i g . 17. The 
negative part of the curve for the former value i s considered 
to be too great compared to the observed, and so for a l l further 
work the l a t t e r value was accepted. 

From what had been said i n the previous paragraphs, 
although the p o s s i b i l i t i e s of a dyke could not altogether be excluded, 
the residual profile could be discarded temporarily. Proceeding 
on a different l i n e of approach a new residual profile ( f i g . 18) 
was constructed by subtracting the basement profile from the 
observed. I t was noticeable that there was some sim i l a r i t y between 
this curve and that for the t i l t e d s i l l of figure 14. Perhaps 
the new residual profile might be entirely explained by varying 
some of the magnetic data and dimensions of the Whin S i l l . This 
suggestion prompted immediate action i n which a thorough model 
analysis was performed and described i n the following paragraphs. 

I n the e a r l i e r stages of the interpretation 
the average values of the palaeomagnetic measurements (Creer and 
others, 1959) were used. These could be varied however, to the 
li m i t s of the individual values from which the averages were taken. 
The extreme ranges are as follows: 

Referred to Corrected to 
present horizontal bedding 

Declination :- 169° to 205° 171° to 205° 
Inclination :- -25° to +28° -28° to +18° 

Similarly the HHM from five exposures varied from 19.9 to 40.0 x 10'* 

cgs. (average = 27.9 x 10"*cgs.). 
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Knowing that a f a i r degree of latitude could 
be allowed for i n the Whin S i l l interpretation the next task was 
to ascertain the values of the background f i e l d . The basement 
anomalies complicate this evaluation considerably. The method 
by which i t was carried out i s as follows. Values of the 
basement anomaly were computed to distances of over one mile 
north of the positive anomaly ridge (see anomaly map, Plate l ) . 
At such distances i t was considered that the effect of the faulted 
s i l l would be negligible. Assuming no other external factors 
influence the area the observed anomalies are entirely due to 
basement faulting. The calculated anomaly 6000 feet north of the 
fa u l t i s -17 gamma compared to the observed value of +10 gamma. 
This means that a l l the observed magnetic readings on the anomaly 
map are i n r e a l i t y 27 gamma too high. I n section AB, f i g . 5, the 
true positive value should be 523 gamma and the negative value, 
-69 gamma, as shown l a t e r i n f i g . 14* But the true background value 
i s the basement zero. Therefore the observed base l i n e should 
be adjusted to the new value of +17 gamma. This corresponds to 
a background of +27 gamma..on the anomaly map, a value i n close 
agreement with an e a r l i e r estimate. A new residual profile was 
constructed (referred to previously i n f i g . 18) on subtracting 
the basement profile from the corrected observed profile. 

Using the Whin S i l l data given e a r l i e r i n 
this chapter, for different thicknesses and inclinations Xry, 
for constant depth, curves were computed for a horizontal faulted 
s i l l . Figure 19 shows the resulting positive / negative ra t i o / 
inclination I,-™ graph. The residual curve's positive / negative 
rat i o (see f i g . 18) of about 16 was used; the apparent inclinations 
found from this graph corresponded to 148° to 151° for thicknesses 
of 800 to 50 feet respectively. At f i r s t , model curves were 
computed for a strike angle oc^of 90°, unit intensity, and 
depths of 100, 150, and 200 feet for these thicknesses and 
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inclinations. But when these were scaled to the residual profile 
their negative portions did not agree i n shape, and the values 
on the southern flanks diminished too slowly. Several remedies 
were possible however: by ( a ) . diminishing the inclination I, ^ 
s l i g h t l y to about 146°; by (b). diminishing the strike angle cg,^ 
to about 100°; or by ( c ) . calculating for a t i l t e d s i l l . 
The ideas of (a) and (b) were used i n the computation of further 
models shown i n f i g . 20, (corresponding interpretations of these 
w i l l follow i n the next paragraphs). When i t was realised that 
the negatives of the above models were not of the correct shape, 
a new graph of ratios / inclinations was constructed for a 
t i l t e d s i l l ( f i g . 19) using a strike angle of 100 s. From f i g . 18 
the positive /negative ratio of about 16 corresponded to an 
apparent Inclination I, T viftf about 141°. Theoretically however, 
this new inclination demands that the strike angle should be 
further reduced to about 110° because the remanent component 
has been progressively lessened. The f i n a l profiles to be 
calculated for t h i s thesis are shown i n figure 21. 

The observations and conclusions made from 
a l l the models for a horizontal and t i l t e d s i l l are set out i n 
their order of reasoning below. 
(1) . The curves are of similar shape to the residual curve. 
(2) . The apparent inclinations l o u s e d must be reasonably accurate 
to within about 15 °, i n order to produce the required' amount of 
dip to the negative portion; this accuracy i s further improved 
i n the f i n a l curves. The value of the background anomaly i s 
considered to be suf f i c i e n t l y accurate. 
(3) . The positive peaks diverge only s l i g h t l y from the residual 
peak position. 
(4) . The negative and upper positive areas generally agree with 
those of the residual; the middle parts and to a lesser extent 
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the southern flanks are more d i f f i c u l t to f i t . 
(5) . The negative portions are displaced northwards with increase 
of thickness hut the positive peaks remain almost stationary; 
the negative portions also diverge with increase of depth. 
(6) . The thickness and depth are eas i l y resolved i n this problem 
because a ) , the positive peaks become rounded with increase of 
depth, and b ) . the depth i s more known than the thickness.* 
(7) . I t follows that the middle and lower portions of the residual 
curve suggest a considerable thickness of rock; the sharp positive 
peak suggests either a moderate or r e l a t i v e l y shallow depth, or 
a high apparent intensity of magnetisation J ^ . 
(8) . The models agree with the suggestions made i n (7). 
(9) . For the negative portion the most suitable inclinations are 
those for I T V = 140°and 143° ( f i g . 2 l ) . This means that the remanent 
component i s l e s s than the average observed value of J r T = 2.8 x 10 
cgs. (Creer and others, 1959). 
(10) . Since the apparent intensity J ^ i s low, i n order to obtain an 
anomaly of sufficient magnitude to f i t the residual, either the 
thickness must be increased or the depth decreased. 
(11) . From (6) and (7), a ) , the depth i s probably l e s s than 100 feet. 

b) . the thickness i s over 200 feet. 
c) . for a depth of 100 feet the thickness would be nearer 300 feet. 
d) . for a thickness of 300 feet, a depth of 100 feet, and an 

inclination of >140°, the factor required to scale the calculated 
profile to the residual, or the apparent intensity of magnetisation 
J ^ , i s approximately 2 y 10 "cgs. units. 
(12) . The value of J.^found i n ( l l . d ) can be checked from vector 
analysis. Using J w = 1 (or 10" 3), I r T = 170°, I.^= 70°* 1 ^ - 140°, 
then J T ( = 2 x 10"*and J ^ s s 1.9 x 10"f*The angle of 170° for I T T 

i s well within the observed l i m i t s for the Whin S i l l (refer to 
p. 33). 
* Ljt. itr w « known w>>J» reA.ia*.a,\>L* Ct<"t*.C*,ky ? froi*. the jtoUjiC*( 
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The answers derived from the above physical 
analysis are a good approximation to the nature of the body 
causing the Coanwood anomaly. Uncertainties of the basement 
rocks prevent r e a l l y accurate results, but the values given i n the 
above sections should provide good approximations to the actual 
conditions. A faulted Whin S i l l and basement can adequately explain 
the observed anomaly. There i s no need to in f e r the presence of 
any other body such as a dyke. The Whin S i l l i s l i k e l y to thicken 
considerably i n the Coanwood area, and to l i e at a r e l a t i v e l y 
shallow depth. I t s inclination, declination, and intensity 
closely agree with those of Creer and others (1959). 

Errors involved i n deriving these results 
are mostly related to the basement rocks. The data used to 
compute the basement anomalies may not be s u f f i c i e n t l y accurate. 
The value of the background f i e l d i s always d i f f i c u l t to assess, 
but on the basis of the shape and inclination of the residual curve 
i t i s considered to be r e l a t i v e l y accurate; similarly i s the 
process by which i t was evolved. I n computing the effects of the x 

s i l l the only errors l i k e l y to occur, and these are sl i g h t , are 
the uncertainty of the correct value of the apparent s t r i k e angle 

and i n neglecting the effects of the down thrown side. Another 
effect i s i n calculating for a semi-infinite s i l l of uniform 
thickness, as i t . i s most unlikely that the proposed thickening 
extends to great distances southwards. The time factor unfortunately 
prevented a continuation of t h i s research into a r e a l l y accurate 
determination of the dimensions and other physical data of the 
Whin S i l l at Coanwood. 

Having dealt at length with the Coanwood 
anomaly, and knowing the physical p o s s i b i l i t i e s of the region, 
attention may now be diverted to the re s t of the anomaly map. 
Boghead, section CD ( f i g . 6) suggests a similar picture to that 
of Coanwood. The sharp gradients up to the positive peak indicate 
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either a r e l a t i v e l y shallow depth or a high i n t e n s i t y of magnetisation. 
On the other hand, the width of the ce n t r a l and lower portions 
of the curve suggests that at Boghead the Whin S i l l i s very t h i c k . 
Evidence to support t h i s suggestion i s ample :: 

(a) . The t o t a l s i z e of the anomaly i s greater than i t i s at Coanwood. 
(b) . The ef f e c t s of a faulted basement are here l e s s , owing to 
the progressive decrease of the throw. 
(c) . The angle of s t r i k e of the anomaly to the present meridian 
i s l e s s than at Coanwood, about 78°: i t i s suggested that the 
t o t a l s i z e of the Boghead anomaly i s l e s s than i t would be i f the 
s t r i k e angle was nearer 90°. 

Points (b) and (c) contribute to a r e l a t i v e 
increase i n the t o t a l s i z e of the re s i d u a l anomaly (observed 
minus basement) of Boghead over that of Coanwood. Assuming a 
s i m i l a r apparent i n t e n s i t y of magnetisation Jyy, and a s i m i l a r 
depth to those of Coanwood, t h i s increase i n s i z e can only be 
attributed to a greater thickness of basic rock. (The depth to the 
s i l l on the south side of the f a u l t must be considerably l e s s 
than has hitherto been r e a l i s e d i n order to cause such an anomaly). 
One d i f f i c u l t y i n t h i s interpretation however, i s there i s a 
negative trough immediately south of the positive peak. This 
may be explained i n several ways : 
( i ) . The apparent i n c l i n a t i o n I^may be different from that 
of Coanwood. 
( i i ) . A natural slope may confine the Whin S i l l on i t s southern 
side to a kind of trough : i f the magnetisation i s s i m i l a r to 
that at Coanwood then negative poles would be induced on t h i s 
face i f the slope angle i s r e l a t i v e l y great. 
( i i i ) . Small f a u l t s may af f e c t the Whin S i l l j u s t south of the 

I 
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Stublick Fault - an al t e r n a t i v e to ( i i ) . 
( i v ) . I t may be necessary to assume the presence of another body 
such as a dyke. 
A l l these points must now be studied more c l o s e l y : 

( i ) . When the ef f e c t s of the basement are subtracted 
from the Boghead p r o f i l e the northern negative trough w i l l become 
almost non-existent, but the southern trough w i l l be deepened. 
Bearing t h i s i n mind the p r o f i l e should now be turned end for 
end, with the deepened negative trough on the north side. A 
s t r i k i n g s i m i l a r i t y to the Coanwood p r o f i l e i s immediately 
noticed. This means that the apparent i n c l i n a t i o n I would be 

e e 
directed upwards at maybe -130 to -170 . A consequence of 
such i n c l i n a t i o n s would be a tendency for the axis of the 
positive peak to diverge northwards. Such i n c l i n a t i o n s however, 
would be anomalous for the Whin S i l l . 

( i i ) . A w a l l or slope on the south side of the Stublick 
Fault may have confined the rock when molten within a kind of 
chamber'. I f the i n c l i n a t i o n i s si m i l a r to that of Coanwood, negative 

poles would be induced on t h i s southern face r e s u l t i n g i n a small 
positive anomaly and stronger negative anomaly. I t i s thought 
that t h i s explanation may account for the small negative anomaly 
on the south side of the Coanwood p r o f i l e , but here the southerly 
face may only be a gentle slope. 

( i i i ) . A small f a u l t may occur south of and close to 
the Stublick Fault to a f f e c t the s i l l . Assuming the Coanwood 
i n c l i n a t i o n and a southerly throw, negative poles would be 
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induced along the f a u l t plane i n a manner similar to that of ( i i i ) 
above. The result would be a small positive anomaly north of t h i s 
f a u l t and a larger negative anomaly to the south of i t . The f a u l t 
should be s u f f i c i e n t l y close to the Stublick Fault so that the 
main positive anomaly would adsorb the smaller one without causing 
a bump oh the p r o f i l e . 

fcr). A p r o f i l e similar to that of Boghead can be obtained 
by assuming a polarisation i n a similar direction to that of the 
present f i e l d , across a dyke having i t s lower end at only moderate 
depth. Two important points about dykes, and referred to e a r l i e r 
i n t h i s chapter, apply here. I f the apparent i n c l i n a t i o n .1 w departs 
either way from 4-70° then the positive peak w i l l diverge from the 
Stublick Fault plane. I n order to coincide with the observed anomaly 
the i n c l i n a t i o n i s thus limited to about +70° to +110 ° f o r a v e r t i c a l 
dyke. Also, the thickness of the dyke must be very limited i n 
order f o r the positive peak to coincide with the f a u l t plane. 

Here the problem of the Boghead anomaly w i l l 
be l e f t u n t i l the geological discussion. On the anomaly map 
there are several other interesting features to be accounted f o r . 
Some of these are associated with the positive belt (see Plate l ) . 
From a maximum value at Coanwood the positive anomaly diminishes 
rapidly near section AB, but more gradually further east. The 
decrease i s probably due to an increase i n depth and decrease i n 
thickness of the Whin S i l l . Near gr i d reference l i n e 70 (N-S) 
there i s a sudden widening of the positive anomaly and an increase 
i n amplitude. But the anomalies north and south of i t continue 
t h e i r eastward decrease, unaffected by t h i s change. The following 
points have been made: 
(a) . From the shape of the anomaly there does not appear to be 
a decrease of the depth to the Whin S i l l . 
(b) . The increase i n anomaly width suggests a sudden thickening 
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of the s i l l . 
(c) . The unchanged anomalies to the south and north are evidence 
against (b). I t i s possible that another body may be present at 
depth, perhaps a dyke. This body may have normal or v e r t i c a l 
polarisation and i t may be r e l a t i v e l y thick. 
(d) . The presence of a dyke has been proved i n adjacent coal mines 
(Trotter and Hollingvorth, 1932, and personal communication, 1960). 

Following g r i d l i n e 71 there i s a very f l a t 
f i e l d south of the positive ridge. I f the interpretation of ( i i i ) 
abovewas correct, t h i s could mean that a southerly v a i l carrying 
negative poles no longer influences the general f i e l d . I n other 
words, the Whin S i l l here may be of uniform thickness, and the 
f l a t f i e l d a true representation of basement f a u l t i n g plus the 
f a u l t i n g of a uniformly thick s i l l . The sudden end of the positive 
ridge between lines 71 and 72 i s probably caused by a considerable 
reduction i n the thickness of the s i l l . The reason f o r the transgression 
of the central axis here north of the f a u l t i s not yet known. The 
anomalies vest of Coanwood should be interpreted with caution, 
as pointed out i n Chapter I I I . I t does appear certain however, 
that much of the Coanwood positive anomaly ends near gr i d l i n e 
68, and that a smaller positive anomaly persists vest of i t , 
along the f a u l t l i n e . I n spite of the confusion of contours vest 
of Coanwood, the effects of the basement can s t i l l be isolated: 
north of the Stublick Fault persists the broad negative anomaly. 
The f i e l d i n the extreme south of t h i s area compares favourably 
with the f l a t f i e l d along line 71; i t i s likewise probable that 
the anomalies are entirely due to basement f a u l t i n g and f a u l t i n g 
of a uniformly thick s i l l . The eastward extension of the Boghead 
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anomaly appears to be limited between lines 74 and 75* Further 
east i t i s assumed that the Whin S i l l again resumes i t s uniform 
r e l a t i v e l y small thickness. 

Although the physical interpretation could 
be extended through many more pages, space must be l e f t f o r a 
discussion of the Haltvhistle anomalies from a geological viewpoint. 
Emphasis i s placed upon the o r i g i n of the disturbing bodies. 

( d ) . Geological Aspects of the Interpretation. 
I t has been stated i n Chapter I that the only 

known rocks i n the area capable of producing such anomalies as 
those near Haltwhistle belonged to the Whin S i l l Group. The 
proposal of a dyke i n 1958 within the Stublick Fault zone, 
possibly as a major feeder to the Whin S i l l , was then a very 
attractive suggestion. Geologically however, t h i s would have been 
rather d i f f i c u l t to correlate with the structures of the area, 
especially when the proposed width was about 600 feet. I t would 
also have produced tremendous pressures within the f a u l t zone 
owing to such a massive body, (Anderson, 1951)• The new palaeo-
magnetic evidence f o r the Whin S i l l however, prevented these problems 
from arising. 

The great differences i n form and texture 
of the Whin S i l l north and south of the f a u l t , which-have been 
described i n Chapter I , are evidence favouring the proposal of 
thickened pockets of basic rock. The reasons f o r t h e i r occurrence 
are not yet clear, but perhaps they can be explained by pressure 
effects. At the time of intrusion the thickness of overlying 
sediments north of the f a u l t was apparently much greater than that 
to the south. On the Alston Block there was perhaps a sudden 
release of pressure on the mobile magma, such as might have occurred 
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when i t approached a zone of weakness, e.g. the Stublick Fault 
area.' This could have resulted i n the expulsion of v o l a t i l e s , 
a slowing down of i t s movement, and a gradual accummulation of 
a considerable thickness of magma near to the f a u l t zone. Any 
remaining vola t i l e s however, may have helped to keep some of the 
magma mobile, resulting i n the northward extension of the s i l l 
i n to the Northumbrian Trough. The presence of thick overlying 
sediments and the diminished reserves of magma would both help 
to r e s t r i c t the s i l l to only t h i n sheets i n t h i s trough. The 
feeding sources of t h i s rock s t i l l remain a mystery, but further 
investigations may yet reveal t h e i r presence.. The dyke discovered 
along the f a u l t zone i n the coal workings (Trotter and Hollingworth, 
1932) can certainly never be regarded as a major feeder owing to 
the small size of the anomaly. As pointed out above, the cause 
of the Boghead anomaly i s considerably more d i f f i c u l t to explain 
than that of Coanwood, and the p o s s i b i l i t y of dykes there are not 
yet ruled out, i n spite of the many convincing arguments to the 
contrary. Another point i s that i n the area of low anomalies, 
between the two Coanwood and Boghead anomalies, the Whin S i l l 
may be present but not faulted. 

I t i s not f u l l y understood why the proposed 
areas of thickened s i l l occur where the f a u l t l i n e curves north­
wards i n gentle arcs. Another structural problem i s to relate 
the thickened s i l l to the important f a u l t junction at Coanwood 
(see f i g . 2 ) . I n 1958 evidence f o r the presence of local thickening 
appeared i n somewhat unusual form, very close to t h i s f a u l t 
junction. Several years ago a severe thunderstorm broke out 
over the area. Lightning was actually observed to strike the 
same f i e l d i n which the highest magnetic anomalies were recorded, 
at a distance of less than twenty yards from them and the f a u l t 
junction. The earth was torn up resulting i n a large hole several 
feet deep, but t h i s has since been.filled i n . I t should be noted 



that i t i s rare f or lightning to s t r i k e a bare f i e l d . However, 
a study of the re l a t i o n s of lightning s t r i k e s to magnetic rocks, 
int e r e s t i n g though i t should be, i s another problem which can 
not be considered here. 

The conclusions to the work and r e s u l t s of t h i s 
thesis are given i n the next chapter, ending i n a summary of the 
p o s s i b i l i t i e s of future f i e l d work and research i n and around the 
Haltwhistle region. 



CHAPTER VI 

Conclusions, Future Work, and Acknowledgements 

The following topics have been examined and 
completed during the course of t h i s research work: 

( i ) . A magnetic survey has been carried out i n d e t a i l 
over part of the Stublick Fault l i n e near Haltwhistie. A belt 
of major positive magnetic anomalies was discovered. 

( i i ) . A comparison of these new anomalies was made 
with the anomaly over the Hett Dyke. The dyke hypothesis f o r 
explaining the Haltwhistle anomalies had to be rejected almost 
completely. 

( i i i ) . The magnetic anomalies resulting from the 
f a u l t i n g of the Whin S i l l by the Stublick Fault have been 
calculated on a computer using new palaeomagnetic data on 
polarisation directions. 

( i v ) . The effects of f a u l t i n g the basement rocks have 
been calculated. They have been found to affect the l a t e r a l 
parts of the observed anomalies. 

(v) . Host of the observed positive anomalies, particularly 
i n the west, are adequately explained by the f a u l t i n g of a 
lo c a l l y thickened Whin S i l l . The p o s s i b i l i t y of small dykes 
acting as feeders to the s i l l along the f a u l t plane s t i l l 
remains, especially i n the east. 

The main points of magnetic interpretation 
which have been brought out i n th i s work are l i s t e d below. 

( l ) . A complete and comprehensive magnetic interpretation 
programme f o r use on a computer has been devised and successfully 
proved, i n which magnetic profiles can be obtained f o r any two-
dimensional body. Any•parameter may be chosen and a l l known 
magnetic data can be included i n the programme. 
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(2) . Interpretation of the anomalies shows the importance 
of remanent magnetism. For a complete interpretation i t i s usually 
necessary to know the Koenigsberger Ratio and the directions of 
both magnetising f i e l d s . 

(3) . Detailed analyses of magnetic curves have produced 
valuable information on interpretation techniques. Methods are 

a 

being devised whereby i t w i l l be possible to obtain a l l information from 
a single magnetic curve. 

(4) . The analyses of magnetic anomalies caused by simple 
bodies i s r e l a t i v e l y easy and rapid, but as i n the Haltwhistle 
case where more complex structures and two or more bodies occur, 
the interpretation becomes more d i f f i c u l t . 

There remains much work to be done i n and 
around the Haltwhistle region, and i n the research into interpretation 
procedures. A summary of the future work provides a suitable 
conclusion to t h i s thesis, which has been compiled specially f o r 
the H.Sc. degree. 

(a) . Detailed magnetic profiles should be obtained across 
the areas east of the present survey l i m i t s and across the Stublick 
Fault zone. Perhaps new similar anomalies may be found which may 
contribute further valuable information to our knowledge of that 
widespread basic rock, the whin S i l l of Northern England. 
Valuable information may also be obtained from detailed gravity 
traverses performed i n conjunction with the magnetic surveys. 

(b) . Magnetic profiles should be taken over other areas 
where the Whin S i l l i s known to be faulted, and where a l l depths 
and dimensions are accurately known. Falaeomagnetic measurements 
must also be made i n these areas. 

(c) . Vertical and t o t a l f i e l d magnetic surveys should 
be done systematically over known Hercynian and Tertiary dykes, 
followed by a tabulation of t h e i r properties and dimensions and 



analyses of th e i r results. 
(d) . i ) . A magnetic programme can be devised i n which 

a l l computed profiles are reduced to certain standards and then 
compared d i r e c t l y . 

i i ) . As a development of ( i ) i t may become possible 
to insert a complete f i e l d p r o f i l e , corrected f o r the background 
f i e l d , d i r e c t l y into a computer i n which i t i s compared with 
standardised profiles and which are automatically rejected u n t i l 
the closest possible f i t i s found. 

(However, since th i s thesis has been compiled i t 
has been brought to the writer's notice that some of the suggestions 
made i n (d) above have already been successfully carried out as 
research f o r a higher degree.) 

(e) . The methods i n ( d - i , i i ) are regarded as procedures 
f o r solving a f i e l d anomaly i n d i r e c t l y , by t r i a l and error. The 
direct interpretation however,' of a f i e l d anomaly results i n 
detailed measurements and analyses of various parts of the observed 
p r o f i l e , and references to special tables and graphs (Werner, 1949, 
pp. 5, 6). I t i s therefore necessary f o r a series of tables, graphs, 
and possibly nomograms to be constructed f o r many different models 
having varying depths-widths, dips, and present and remanent 
magnetic f i e l d data. The time taken to solve a f i e l d p r o f i l e 
using these procedures would compare very favourably with those 
described i n ( d - i and i i ) . 
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Appendix 2 (a) 

Flow diagram of programme. 
Bead i n magnetic values and values of co-ordinates of body sides 

Calculate TT/ 180 , IT/ 2 ; convert angles to radians and f i n d 
trigonometrical values. i 
Set modifiers to zero f o r selecting body co-ordinates and 
magnetic data, and f o r storing sin i and cos i 
Bring i n f i r s t / next side, but exchange i f z 2 < z, and reverse signs. 
Convert apparent angles to radians and f i n d trigonometrical values. 
Calculate J H vand J s V , and sin i and cos i f o r the side and store 
them by using modifiers. 

Increase modifiers, hence bring i n next side, 
n o — Test i f l a s t side has been used. 

\ yes 
STOP 

-> Read i n station co-ordinates ( x S T , y S T ) 

Set modifiers to zero f o r selecting body co-ordinatsa&and 
magnetic data, and f o r storing sin i and cos i . 
Set variables at zero to be used f o r t o t a l s AH and AZ • 

L Calculate r , , but f i r s t test i f (x, - x C T ) x + ( z i - y ^ ) 1 = 0 
Hake th i s expression = small number e.g. 1 
Square root above expression = r 1 

Calculate r a i n same way using ( x 4 - x^)* + ( z t - = 0 

Calculate sin 1 l o g e *J r., and cos 1 l o g e xj r., 
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Calculate fa and <f>x as below : 
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Calculate as above, using (x, - xj) and ( z % - y«T) 
I 

Calculate <f>x- and hence calculate rest of equation ( l ) (App. 2.b) 
fo r A Z : convert to gamma. Add A Z into t o t a l . 

i 
Calculate A H to complete equation (2) (App. 2.b) and convert to 
gamma. Add A H into t o t a l . 
Increase modifiers f o r selecting next side and i t s magnetic data, 
and f o r sin i and cos i . 

— Test i f l a s t side has been used. 
| yes 

Print z n , 7 ( T , A Z ,AH 
I 

Calculate A T from equation (3) (App. 2.b) : pr i n t AT • 
1 

Read i n nev station co-ordinates. 
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Specimen of Input data fo r the computer, used to obtain 
the results shown i n App. 2 (d: i i ) for a faulted and t i l t e d 

^ s i l l ; STR = strike angle oj^and I - i ^ . (see Chapter IT for 
STR. - n o I = 143 an explanation of the printing sequence). 
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Appendix 2 (d: l i ) 

Specimen of results from the data given i n App. 2 (d: i ) , 
and used to plot the profiles shown i n figure 21. Scaling 
factor = J^= 1.9 - 2.0 x 10"3 

4096 AUTOCODE MK. 4 

1 9 / 8 / 6 0 14 
MAGNETIC ANOMALIES 

XST Y3T z H F = T 

= n o I = 1 4 3 

+ 1 1 4 0 0 . 0 + 0. 0 + 2 x 1 4 9 . 3 + 2 9 3 9 2 . 0 + 2 9 8 5 1 • 5 
+ 1 1 8 0 0 . 0 + 0 . 0 + 2 9 5 0 9 . 4 + 3 6 8 9 6 . 7 + 4 0 2 5 5 » X 
+ 1 2 2 0 0 . 0 + 0 . 0 + 4 6 7 2 0 . 6 + 4 8 9 4 4 . 0 + 6 0 5 1 8 . 1 
+ 1 2 6 0 0 . 0 + 0 . 0 + 9 5 5 5 7 - 4 + 6 6 6 5 1 . 3 + 1 1 2 4 2 0 • 7 
+ 1 2 7 0 0 . 0 + o. 0 + 1 2 2 7 7 4 . 9 + 6 8 7 2 8 . 6 + 1 3 8 7 0 2 • 0 
+ 1 2 8 0 0 . 0 +o. 0 + 1 6 4 1 7 9 . 6 + 6 2 3 5 2 . 3 + 1 7 5 4 4 5 . X 
+ 1 2 9 0 0 . 0 +o. 0 + 2 2 4 8 4 4 . 6 + 2 6 4 8 9 . 9 + 2 2 0 2 7 7 • 4 
+ 1 2 9 5 0 . 0 + 0 . 0 + 2 5 4 5 3 0 . 2 - I 9 0 2 9 . 1 + 2 3 2 7 2 0 • 3 
+ 1 2 9 7 5 . 0 + 0 . 0 + 2 6 1 9 7 0 . I - 5 1 1 5 8 . 4 + 2 2 8 8 0 4 . 6 
+ 1 3 0 0 0 . 0 + 0 . 0 + 2 5 9 8 3 1 . 8 - 8 6 6 8 6 . 3 + 2 1 4 7 3 4 . 6 
+ 1 3 0 2 5 . 0 + 0 . 0 + 2 4 6 9 6 7 . 2 - 1 2 0 5 2 6 . 6 + 1 9 1 1 5 8 » 0 
+ 1 3 0 5 0 , 0 +o, 0 + 2 2 5 8 3 . 8 . 2 - 1 4 8 0 4 9 . 0 + 1 6 1 9 6 0 . 2 
+ 1 3 1 0 0 . 0 + o. 0 + 1 7 4 7 9 1 , 5 - 1 7 9 4 4 2 . 2 + 1 0 3 3 3 4 . 8 
+ 1 3 1 5 0 . 0 + 0 . 0 + 1 2 8 6 5 5 . 1 - 1 8 7 4 8 3 . 8 + 5 6 6 8 7 . 2 
+ 1 3 2 0 0 . 0 +o. 0 + 9 0 9 0 2 . 9 - I 8 3 2 7 7 . 4 + 2 3 2 0 3 • 4 
+ 1 3 3 0 0 . 0 +o. 0 + 4 1 6 1 7 . 8 - 1 6 1 3 8 9 . I - 1 5 6 7 9 • 0 
+ 1 3 4 0 0 * 0 +o. 0 + 1 4 6 1 5 . 1 -x3 7 0 0 7 . 4 - 3 2 7 7 6 • 3 
+ i 3 6 0 0 . 0 + 0 . 0 - 7 7 0 9 . 8 - 9 9 0 8 7 , 5 - 4 0 8 8 2 . X 
+ 1 3 8 0 0 . 0 + 0 . 0 - 1 3 9 7 0 . 6 - 7 5 M O . 1 - 3 8 6 3 5 •9 
+ 1 4 0 0 0 * 0 . . . . • o# 0 - I 5 3 3 5 « 3 - 5 9 7 2 3 , 8 - . 3 4 6 8 4 • 9 
+ 1 4 2 0 0 * 0 +o« 0 - 1 5 1 1 2 . 9 - 4 9 3 4 7 . 2 - 3 0 9 1 9 • 5 
+ 1 4 4 0 0 * 0 + o. 0 - I 4 3 7 9 * I - 4 1 7 5 6 - 0 - 2 7 6 8 6 . 8 
+ 1 4 6 0 0 . 0 +o. 0 - I 3 5 I 3 . 0 - 3 6 1 6 9 , 2 - 2 4 9 7 6 • 5 
+ 1 5 0 0 0 . 0 + 0 . 0 - 1 1 8 5 1 . 3 - 2 8 4 3 9 . 5 - 2 0 7 9 0 •9 I =140 
+ z x 4 0 0 * 0 + 0 . O + 2 2 7 4 9 . 6 + 2 8 3 2 1 . 2 + 3 0 9 9 1 , 8 
+ 1 1 8 0 0 . 0 + 0 . O + 3 1 5 2 3 . 7 + 3 5 3 9 5 . 2 + 4 1 6 3 8 . 2 
+ 1 3 2 0 0 . O + 0 . O + 4 9 4 0 6 . 3 + 4 6 5 4 9 . 6 + 6 2 2 2 8 . 9 
+ 1 2 6 0 0 * O + 0 . O + 9 9 2 7 2 . 4 + 6 1 6 9 3 . 5 + 1 1 4 2 2 8 , 7 
+ 1 2 7 O O . O + 0 . O + 1 2 6 6 4 9 . 6 + 6 2 3 2 8 , 1 + 1 4 0 1 7 0 , 3 
+ 1 2 8 0 0 * O + 0 . O + 1 6 7 7 9 0 . 4 + 5 3 7 3 9 - 8 + 1 7 5 9 x 4 . 4 
+ X 2 9 0 0 « 0 + 0 . O + 2 2 6 6 5 9 . 2 + 1 4 5 8 8 . 5 + 2 1 7 9 4 2 . 4 
+ X 2 9 5 0 . 0 + 0 . O + 3 5 3 9 7 9 . 4 - 3 2 5 9 0 . 5 + 2 2 7 5 9 9 , 0 
+ I a 9 7 5 » 0 +o. 0 + 2 5 9 7 2 5 . 3 - 6 5 1 7 3 , 4 + 2 2 1 9 3 7 , 5 
+I3OOO.O + 0 . 0 + 2 5 5 6 9 5 . 0 - 1 0 0 6 5 1 , 8 + 2 0 6 1 0 6 . 3 
+ I 3 0 2 5 . O +o. 0 + 2 4 X 0 0 8 , 7 - 1 3 3 8 6 9 . 7 + 1 8 1 0 2 9 . 2 
+ 1 3 0 5 0 . O +o. 0 + 2 1 8 3 7 8 . 8 - 1 6 0 3 x 9 . 1 + x 5 0 7 8 5 . 3 
+X3XOO.O + 0 . 0 + 1 6 5 5 7 1 . 3 - 1 8 9 0 5 6 . X + 9 1 4 0 7 . X 
+ X 3 X 5 0 . 0 + o. 0 + 1 1 8 3 2 3 , 0 -x 9 4 6 2 8 . 4 + 4 5 1 1 6 . 6 
+ X 3 2 0 0 . 0 + 0 . 0 + 8 1 3 2 7 . 1 - 1 8 8 4 4 0 . 0 + 1 2 4 5 2 . 6 
+I33OO.O + 0 . 0 + 3 3 x 1 6 . 0 - 1 6 3 8 9 2 . 9 - 2 4 5 1 8 . 0 
+ 1 3 4 0 0 . O " +o. 0 + 7 3 6 0 , 3 - 1 3 8 0 3 2 . 0 - 3 9 9 4 1 . 4 
+ 1 3 6 o o . O + 0 . 0 - 1 2 9 8 9 . 7 - 9 8 8 5 7 . 0 - 4 5 7 6 5 . 4 
+ I 3 8 0 O . O + 0 . 0 - 1 7 9 8 9 . 2 - 7 4 5 3 3 . 6 - 4 2 2 0 6 , 3 
+ 1 4 O 0 O . O + 0 . 0 - 1 8 5 3 7 . 0 - 5 9 0 X 6 . 9 - 3 7 4 5 3 . 6 
+ X 4 2 0 0 . 0 +o. 0 - 1 7 7 5 7 . 5 - 4 8 5 3 3 . 2 - 3 3 1 6 2 . 3 
+ 1 4 4 0 0 . O + 0 . 0 - 1 6 6 2 4 . 2 - 4 1 0 6 7 . 4 - 3 9 5 6 2 , 8 
+ 1 4 6 0 0 . O + 0 . 0 - 1 5 4 5 9 . 7 - 3 5 5 1 6 . 5 - 2 6 5 8 4 . 1 
+ 1 5 0 0 0 . O + 0 . 0 - X 3 3 8 4 . 2 - 2 7 8 6 1 , X - 3 2 0 3 5 , 0 



Appendix 2 (b) 

Magnetic formulae actually used i n programme (see Appendices 2-a,c); 
i n modified form they are shown i n the text i n equations (10) - (12). 
AH = 2 sin i ^ J ^ j j a i n i (<^- - cos i l o g e T J r 1 ] 

+ J l v [ s i n i l o g e rj r, + cos i ty- frj]j - - ( l ) 
A Z = 2 sin i f J H V [ s i n i l o g e xj r n + cos i ( f - $S] 

- J J { s i n i ( a > - cos i l o g c *J r - . ] J (2) 

A T = A H cos I L TsinoCL T + A Z sin I l t - - (3) 

P i s the station point at the 
surface, with co-ordinates 
L ST » J ST' 
Q and 0 are body points 
x 1 z 1 and z t z t respectively. 
Here, ̂ = 90 - 9, = TT/2 - 8 1 

= T/2 - ARCTAN x. - x._ 
a, - y*r 

I f ARCTAN x.. - x..is negative, make t h i s expression negative i n 
* i - y»r 

programme, i. e . ̂  w i l l then be equal to Tf/2 + ARCTAN x- - x«-
Z i - T s t 

Similarly with ftt. 
r 1 = / V/(x 1 - Xgf)** + (z 1 - y t T) f c : r., must not equal zero ; 
similar l y with r*. . Therefore make r, and r 4 = a small number 
at least, e. g. 1 • 

From the above figure, sin i = = z,. - z-. 
jlz* - z n r + u, - x j " -
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PLATE 1 
L R i i C A L FlfcLD MAGNETIC A N O M A L I E S 
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