VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

A GEOPHYSICAL SURVEY OP THE CAI1KPSIE AND KILPATRICK HILLS

W. RODNEY COTTON



ProQuest Number: 10984743

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10984743

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106- 1346



CONTENTS

INTRODUCTION
The association between rift valleys and
vulcanicity
The aims of the investigation

THE KNOrtN GEOLOGY
The Midland Valley of Scotland
The Clyde Plateau. Lavas
The Campsie and Kilpatrick Hills
Comparison between the Midland Valley of
Scotland and other rift systems

THE GRAVITY SURVEY
Measurements in the field
The base station network
Reduction of results

Summary of errors

DESCRIPTION UP THE BOUGUER ANOMALIES
Presentation of results
The regional gravity field*
Local anomalies
Reconnaissance traverses

RESOLUTION INTO REGIONAL AND LOCAL COMPONENTS
Computation of the regional gravity field*

Second derivatives

MEASUREMENTS OP ROCK DENSITY
-Sampling of exposed strata ]
Detailed sampling
Detailed gravity profiling
Mineshaft measurements

THE MAGNETIC SURVEY
Pield methods
Location of traverses
Reduction of results
Description of results
Measurements of magnetic susceptibility

11.
17*

23*

Rl
29*
31
33*

43.
43*
44.
46.

48.
56.

59.
60.
63*
66.
82.

91.
93*
95*
95*
96.



ii.

THS GEOLOGICAL INTERPRETATION

Introduction 101-
Tha regional gradient 103*
The »Vaterhead anomaly 104.
The Kilpatrick Hills anomaly 138.
The Camp3ie Fault anomaly 138.
The Gargunnock-Stirling anomaly 144.
The Bannockburn anomaly 145.
Minor gravity anomalies 146*
The reconnaissance traverses 15S.

General sections across the Campsie and

Kilpatrick hills 158.

The magnetic results 165.
CONCLUSIONS

Variations in the thickness of the Clyde Plateau

Lavas 169.
Structure of the lava plateau 170.
The origin of toe lavas of the Campsie and

Kilpatrick hills 171.
The relation of the vulcanicity to the Midland

Valley rift 173*

ACKNOWLEDGEMENTS 175.



ill.
LIST OF TEXT FIGUKES

.Fig. Page.
1. Diachronism of base of lava 21.
2. Overlap of base of lava 21.
3. Base station network showing closure errors

and links 30.
4. Terrain corrections for Hammer's zones K,L,and

M ( Neumann method ) 36.
5. The values of GQ for 49 stations taken from

map of Bouguer anomalies 37.
60 Isocorrection map ZQ ( feet ) 38.
7. Regional gradient (mgal) 1st order surface 54.
6. Regional gradient (mgal) 3rd order surface 55.
9. Second derivative map - Waterhead 57.
10. Second derivative map - Carbeth-Strathblane 58.
11. Map of density sample localities and density

* profile traverses 61.

12. Density profile - Parasnis method 72.
13. Traverse W- Parasnis method * 81.
14. Comparison of rock densities in different

mineshafts 90.
15. Susceptibility bridge circuit 917.
16. Coil arrangement 97.
17. Susceptibility bridge calibration line 99,
IB. Comparison of theoretical gravity anomalies 108.
19. Theoretical models used in the interpretation of

the gravity anomaly at Waterhead 109.
20. Observed and theoretical anomalies at Waterhead 113.
21. " it " it it i 114.
22. Second order residual anomalies at Waterhead 115.
23. Observed and theoretical anomalies at Waterhead 117.
24. tt It It tt M i 118.
25. M t 1t " i 1 121.
26. I R It 1 I t 122.
27. It I I 1 N 1 1/\5*
28. tt I I I N I 126.
29. Density moddl - FruStum 3 129.
30. Observed and theoretical anomalies at »<aterhead 131.
31. it it i " i M 132.

34. Magnetic anomalies in the Waterhead area - M 135.
35. Magnetic anomalies in the Waterhead area - M 135.
36. Observed and theoretical anomalies over the

Campsie fault 141.
37. Observed and theoretical anomalies ¢ traverse A 147.
38. H .ott H tt tt 148.
39. tl tt tt N " J 149.

40. N It tt tt " Q 151.



Fig.

41.
42.
43.
44 .
45.
46
47.
45.
49.
50.
51.
52.

iv.

Page.

~ Observed and theoretical anomalies, traverse R 152.
It w H II M U 154.

11 11 H I I F 156.
Observed anomalies, traverse Eel 1509.
It N H Rc2 160-
Geological section AA 161.
1l H BB 162.

n h Q- 163.

" " Popi 164.
Traverse M1 165.
M M2 168.

« m 3 168.



Table

S AW N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

211,

LIST OF TABLES

General succession in the western Midland
Valley

Igneous activity in the western Midland Valley
General succession of the Clyde Plateau Lavas
Succession in the Campsie and Kilpatrick Hills
Comparison of gravimeters

Differences in observed gravity between base
stations and P.H., Cambridge

Difference in gravity values at re-occupied
stations

Descriptions of minor gravity anomalies
Results of random density determinations of the
Old Red Sandstone sediments

Density determinations ( Parasnis Method )
traverse A - 1st computation

Density determinations ( Parasnis method )
traverse A —2nd computation

Density determinations ( Parasnis method )
traverse A - 3rd computation

Density determinations ( Parasnis method )
traverse A - 4th computation *

Density determinations (Jung's method)
traverse A

Density determinations ( Parasnis method )
traverse V

Density determinations (Jung's method)
traverse V

Density determinations ( Parasnis method )
traverse W

Calculation of density - Dumbreck

Density determinations - Dumbreck

Page.

5.
10.

13.
17.
28.
32.

40.
45.

62.

70.

71.

74.

75.

76.

7d.

79.

80.

88.
88.

Calculation and results of density determinations

at Twechar
Comparison of spherical density models

22#» Comparison of frustum shaped density models

89.
119.
124.



INTRODUCTION
The association between rift valleys and vulcanicity

There is commonly an association between the formation
of rift valleys and vulcanicity. Many rifts, including
the Midland Valley of Scotland, the Rhine grabel; and the
East African rift system contain considerable amounts of
volcanic material, principally lavas; and the lavas are
dominantly alkaline olivine-basalts with some allied types
such as phonolites and trachytes. The vulcanicity is
sporadic. Long periods of time may pass without fresh
outbursts of igneous activity disrupting sedimentation, as
in the Upper Old Red Sandstone and Productive Coal Measures
periods in the Midland Valley. Sometimes the vulcanicity
is only local in extent as in the Rhine graben, and in the
Millstone grit and Carboniferous Limestone sediments of the
Midland Valley. Occasionally, the vulcanicity is intense
with the intrusion of a large number of vents and the
extrusion of a great thickness of lava amounting to several
thousands of feet and extending over thousands of square
miles. These phases are well represented in the Shire
and Nyasa rifts of East Africa (Dixey, 1953 pp 7-19) and
bythe Clyde Plateau Lavas in the Midland Valley of Scotland.

In East Africa and in Scotland, the volcanic vents
tend to occur either within and near to the margins of the
rift or close to major faults in the rift. Many of the
vents are elongated forming agglomerate choked fissures
which are sub-parallel to the Highland Boundary Pault
and sets of similarly directed dykes are often present.

The sporadic occurrence of igneous activity suggests
that the development of a rift valley favours but does not
inevitably give rise to vulcanicity.

The association between the formation of rift valleys

and the occurrence of vulcanicity may be summarised as



follows* '"The conditions of rift valley formation and
vulcanicity are not interdependent,but are both the result
of some deeper phenomenon which frequently but not always
creates a magma in a tensional stress system at a high

level in the crust. * !

The aims of the investigation

Syntheses of the geology of the Midland Valley of
Scotland have been written by Clough and others (1925)»
Macgregor and MacGregor (194-8), Kennedy (1958) and George
(1960). Many problems remain, and in particular the Clyde
Plateau Lavas, because of a lack of marker horizons and
sparsity of exposure cannot be mapped in detail. Consequently
their structure is poorly known in several areas and the
source of many of the flows is obscure.

The immediate aim of the investigation was to elucidate
the structure of the lava plateaux of the Campsie and
Kilpatrick hills from the interpretation of gravity and
magnetic surveys. The gravity survey is th”rinciple
method of investigation and the results are expressed in
Bouguer anomalies which are interpreted by erecting structural
models creating similar anomalies.

The magnetic results are treated in a similar way and
are supplementary to the gravity survey.

By these means, the approximate depth to the base of
the lavas is estimated over the whole of the Campsie and
Kilpatrick hills, and the approximate throws of all the
major faults in the area are deduced.

Models are erected to represent obscured faults
within the lavas and major intrusions in the underlying
sediments. Estimates of the thicknesses of the lavas
beneath the sediments to the south and east of the hills
are made.

The structure of the lavas of the Campsie and Kilpatrick



3, as interpreted with the help of the new evidence

is then discussed in relation to the development of the

'Lu m



THE KNOUN GEOLOGY

The Midland Valley of Scotland

The rift valley is approximately 50 miles wide, has a
north-east - south-west trend and extends across Scotland
into Northern Ireland. Holtedahl (1939 p 338) speculates
on a possible correlation between the Midland Valley of
Scotland and the South Scandinavian Syncline in Norway.

The stratigraphy and structure of the rift have been
described by Macgregor and MacGregor (194-8), Kennedy (1958
pp 110-133)» and George (1960 pp 32-107). It is the
widest of all the described rift valleys of the world
(Girdler, 1963 p 3)» and is defined by two large sub-
parallel boundary faults, the Southern Upland fault and the
Highland Boundary fault. The structure may be described
as a block of Upper Palaeozoic sediments and lavas which
have been down-faulted between Ordovician and Silurian
greywackes to the south-east and Dalradian schistose grits

to the north-west.

Succession. The general succession in the western
Midland Valley is shown in Table 1 (Macgregor and
MacGregor, 1948).

Structure and early history of the rift. The Lower Old
Red Sandstone and Lower Palaeozoic strata are folded along
north-east - south-west caledonoid axes and superimposed
upon these in the Glasgow area is an east-west trending
syncline of Upper Old Red Sandstone and Carboniferous strata
(Kennedy 1958 p 109). Towards the east, this syncline dies
out against a syncline trending north-south, the site of
the Stirling and Clackmannan Coalfield.

The Highland Boundary Fault hasa long and complex

history and there are divers opinions about its origins.



Table 1.
Maximum thicknesses.
Persian?* sandstones and lavaa. 2000 feet

at Mauchline.

Coal Measures.
Passage Beds, sediments and lavas.

Scottish Carboniferous Limestone
6500 feet
sediments.
near Glasgow.
Calciferou3 Sandstone and sediments and

lavas.
Unconformity.
Upper Old Red Sandstone 3ediments. 2700 feet
at Kippen.
Unconformity.
Lower Old Red Sandstone sediments and 17000-19000 feet
lavas. at Kincardine.
Silurian greywackes and Ordovician 5500 feet ¢
greywackes and lavas. at Lesmahagow

(Silurian only).

»c.f. Mykura 1965*

Kennedy (1953 p 111) interprets the original structure as
a post-Arenig thrust which has serpentine injected into
the thrust-plano and is associated with the Caledonian
orogeny. The Highland Boundary Fault inherits the

piano of weakness of this thrust which Kennedy draw3 as

a high angle structure. It is also argued that localized
deformation in the Lesmahagow and adjacent districts may
be interpreted a3 virgational folding determined by a
foreland in the area of the Midland Valley. Intrusions of
serpentine and the presence of thrust-planes in the Girvan
district are taken to imply a reflection of the Highland
Border situation and therefore the Southern Upland Fault»

although younger in age, is assumed to emulate the
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Highland Boundary Fault in its initiation. A compressional
rift was formed in this way and the deposition of the great
thickness of Lower Old Red Sandstone rocks was confined
within the framework of the rift with only a few scattered
outliers in the Highlands and Southern Uplands.

George (1960 p 43) argues that the Highland Boundary
Fault commenced as a normal fault in pre-Arenig times
down-faulting a great thickness of Dalradian rocks to the
north. The Midland Valley was completely covered by Lower
Palaeozoic and Lower Old Red Sandstone rocks before the true
initiation of the present rift form by the rejuvenation of
the'Highland Boundary Fault as a normal fault with a down-
throw to the south, and the inception of the Southern
Upland Fault as a normal fault with a downthrow to the
north. Thus a great thickness of Lower Palaeozoic and
Lower Old Red Sandstone rocks were preserved in the Midland
Valley whilst subsequent erosion removed the greater part
of them in the Highlands and similarly the Lower Old Red
Sandstone rocks in the Southarn. Uplands. Although reversals
of throw of the boundary faults are recorded in the sediments,
and a strike-slip movement is also noted on the Highland
Boundary Fault, the overall pattern of the preservation
of younger rocks within the subsiding rift and the near-
complete erosion of rocks of the same age on the flanks
persists in the Midland Valley at least to the end of
the Triassic period. In Ireland, erosion is less advanced
and the Carboniferous and Tertiary rocks display particularly
well the transgressions of the boundaries of the rift by
these strata (George, 1960 pp 39-40).

The stratigraphical evidence appears unequivocal in
support of a tensional rift and the occurrence of extrusive
vulcanicity is more likely in a tensional stress system
than a compressional one. The extrusion of andesitic lavas
in Lower Old Red Sandstone times however indicates a
compressional environment since andesites are associated with

orogeny especially in its later stages (Turner and
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Verhoogen, 1960 p 272), and these lavas may represent a
temporary reversion to a compressional 3tress system before
the inception of the rift as a down-faulted block even in

Old Red Sandstone .times.

Ma.ior faults within the rift. These faults fall within

four broad groups, viz:-
T

a. North-east - south-west.faults.
b. East-north-east - west-south-west faults.
c. East-west faults.

d. North-west - south-east faults.
r

The north-east - south-west faults are the oldest.
The Scottish Carboniferous Limestone sediments are seen
to change thickness rapidly across certain members of this
set (Anderson, 1942 p 90), indicating penecontemporaneous
movement of these faults in Carboniferous times and their
parallelism to the boundary faults of the rift suggests
an earlier pre-Carboniferous history. E.M.Anderson and
others express the hypothesis that the larger faults
acted as strike-slip faults to accommodate a north-south
directed compressive stress in Hercynian times in a
north-east - south-west trending Caledonian framework.
The Kerse Loch and Duskwater faults in Ayrshire are
included in this category.

The east-north-east - we3t-south-west faults are
considered to be early Carboniferous in age because of
their parallelism to a dyke swarm which is intruded into
the lower members of the Calciferous Sandstone series
(Geikie, 1897 p 407). This set includes the western
portions of the Ochil and Campsie Faults. The deviation
of these two faults from an east-north-east - west-south-west
trend in the west to an east-west trend in the east and

the arcuate trend of the Inchgotrick Fault along its



central portion suggests that the north-south relief of
pressure which took place in late Carboniferous or Permian
times, the Borcovician period of Anderson (1942 p 40) was
accompanied by normal movement on many of the east-north-east
- west-south-west faults.

The east-west set of faults includes a large number
of minor faults and several major faults with throws up
to and exceeding 3000 feet, for example the Campsie and
Ochil Faults. In all cases, the displacement is inferred
to be normal and results from a relief of pressure on a
regional scale in late Carboniferous times (Anderson,

1942 pp 39-41).

The swing in strike of the Campsie and Ochil Faults
has already been mentioned above, but in both cases the
major displacement takes place along the east-west portions
of the faults indicating that they are primarily east-west
faults which swing into presumably pre-existing east-north-
east - west-south-west faults.

The north-west - south-east set of faults are mainly
minor ones but a few large ones with displacements of
several hundred feet occur near Hamilton. These faults
are inferred to be Tertiary because they are parallel
to the north-west - south-east Tertiary dyke swarm and
could have resulted from the same regional stress system
(Anderson, 1942 p 35). In the Central Coalfield, many
of these faults can be seen to be normal.

The Loch Tay faults form a set of north-norUr-east -
south-south-west sinistral strike-slip faults which occur
in the ground to the north of the Highland Boundary Fault.
The Loch Tay Fault itself trails into the Highland Boundary
Fault near Loch Vennacher and trends in a north-north-east
direction as far as Braemar, the fault sometimes being
represented as a single dislocation and sometimes as a

zone of parallel faults. The age of the fault system is



inferred to be proto-Armorican by Anderson (1942 pp 98-101)
The Great Glen Fault is the most important member of this
set. The strike-slip displacement of these faults appears
to have been accommodated by the Highland Boundary Fault
which is inferred to have a horizontal component of
displacement (Anderson, 1942 p 95), and no major north-north-
east - aouth-south-west fault is seen within the rift.
However, a north-north-east - south-south-west trending
ruck structure and associated minor rucks are described in
the West Kilbride-Largs region (Patterson, 1946 pp 207-235),
and these fault zones are considered to be related to the
Loch Tay set of faults. These belts of disturbance vary
between 1000 feet and 1350 feet in width and can be traced

over a distance of 6 miles.

Igneous activity. The evolution o€ the Midland Valley
has been punctuated by phases of igneous activity from
Arenig to Tertiary times. Table 2 shows the incidence
and type of igneous activity on a geological time-scale
and the thicknesses of volcanic lava when these occur.

The three major periods of dyke intrusion since the
inception of the rift in Old Red Sandstone times represent
three periods of regional relief of pressure during
Calciferous Sandstone times, Permo-Carboniferous (Borcovician)
times and in the Tertiary period, and the orientation of
these sets of dykes reflects thd stress systems acting at
the time of intrusion.

The earliest set of dykes has an east-north-east -
west-south-west trend and is of Calciferous Sandstone age.
Two phases of intrusion are recognised within this set,
an earlier phase of trachytic dykes which cut the Upper
Old Red Sandstone sediments, and sometimes the Cement3tone
group, but never the overlying lavas and a later phase of

porphyritic olivine-basalt dykes which cut the trachytic
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Table 2.

Igneous activity In the western Midland Valley

TERTIARY
Many NW-SE dykes radiating from Mull.

MESOZOIC

No igneous activity.

UPPER PALAEOZOIC
Carboniferous and Permian(?)

Lavas and tuffs with vents and plugs at Mauchline,
thought to be of late Carboniferous age. E-Wdykes and
sills of Borcovician period.

Coal Measures:- No igneous activity.

Passage Beds:- Lavas in Arran, Ayrshire and Kintyre,
( 800 feet thick).

Scottish Carboniferous Limestone:- Lavas at Bathgate
and Linlithgow, ( 3000 feet thick).

Calciferous Sandstone;- Lavas in Western Midland
Valley, with plugs, dykes and sills ( 3000 feet thick).
Old Red Sandstone

Upper;- No igneous activity.

Lower:- Lavas in Ochils, with vents, sills and dykes,

( 6000 feet thick ).

LOWER PALAEOZOIC
Silurian
No igneous activity.
Ordivician

Arenig;- Spiliitic lavas and tuffs.

( see Macgregor and MacGregor,1948



ones and penetrate the lavas (Geikie, 1897 p 407). This
dyke set is significant since it suggests that a north-
north-west - south-south-east directed regional component
of relative tension must have been operating at a time
just preceding the onset of the phase of vulcanicity which
gave rise to the Clyde Plateau Lavas.

The next major phase of dyke intrusion occurred in
Borcovician times (Anderson, 1942 p 40) and includes a
number of large east-west trending quarts-dolerite dykes
and many similarly directed smaller dykes. There are also
a number of quartz-dolerite sills associated with this
phase of activity and these sills occur mainly in the
central and northern areas of the rift, for example the
Stirling sill. The orientation of the stress system which
permitted the intrusion of the east-west dykes is similar
to that which brought about the development of the large
east-west faults and it appears therefore that the two
phenomena are related.

In Tertiary times, a number of dykes were intruded
along north-west - south-east lines mostly radiating from
the volcanic centre of Mull which is outside the boundaries

of the rift.

The Clyde Plateau Lavas

These lavas were named by Geikie (1897 p 368) and
consist mainly of olivine-basalts. They are exposed on
the limbs of the easterly-pitching Glasgow syncline and
form the high ground to the north, west and south of the
city. Geikie estimated that the lavas once covered an
area of over 2000 square miles from Stilling and Strathaven
in the east, to Arran and Kintyre in the west (1897
PP 368-369).

The lavas are described by Geikie (1897 pp 333-423),

Clough and others (1925, pp 135 - 149), Eiobey and others
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(1930, pp 64-134) and Hamilton (1956, pp 280-297).

Succession. The lavas can be subdivided broadly into
an Upper group of macro-porphyritic basalts and a Lower
group of either micro-porpbyritic basalts or micro-
porphyritic and macro-porphyritic basalts. The subdivision
can be recognised at many localities but the succession
cannot always be correlated from one locality to another,
particularly if a fault intervenes. The general succession
at several localities is given in Table 3.

The succession in the Campsie and Kilpatrick hills is
described in detail later (p 17). In general, there is
a Lower Group of Jedburgh basalts overlain by an Upper
Group dominated by Markle basalts and mugearites. The
rock-types of the Renfrewshire region contrast'greatly with
those exposed north of the River Clyde. The Renfrewshire
sequence consists of a Lower Group of Markle basalts
with some Jedburgh, Lalmeny and Lunsapie types followed
by an Upper Group of Dalmen”ich flows. The succession
in the neighbouring fault-bounded Cathkin Braes is quite
different' consisting of a Lower Group of Dalmeny basalts
overlain by Lunsapie basalts. The succession is obscured
by faulting and the thicknesses are impossible to estimate.

In Ayrshire, the succession appears to fall into a
regular pattern of a Lower Group of undifferentiated
macro-porphyritic basalts overlain by an Upper Group of
trachytes and allied rock-types.

There is a general trend for the lavas to become more
acidic towards to the top of the sequence, that is for
olivine-baaalts to be followed by trachytes, but there

are local reversals of this trend.
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Structure - The maximum known thickness of the volcanic
pile is 2500 feet + 500 feet in the Craigmaddie district
north of Glasgow, and the lavas thin eastwards, developing
a thickness of only 1000 feet at North Third where they
dip under the later Carboniferous sediments and intrusive
sills of the Stirling and Clackmannan Coalfield. The lavas
must die out under cover of the sediments of the coalfield
for they are not present in the Calciferous Sandstone
sediments of east Fife (Geikie, 1897 p 372).

Contemporary isolatec*>utcrops of lava do occur in
East Lothian and Midlothian but these are considered by
Geikie (1897» pp 372-373) to be independent local
developments and not outliers of the western plateau.

The sections accompanying the Geological Survey's
Sheet 30 show the lavas dipping beneath the later
Carboniferous sediments of the Glasgow basin and it i3
generally assumed that the development of the lavas is
continuous across the axis of the syncline. This
presumed continuity may be spurious; there is some
evidence for the attenuation of the lavas at the axis
of the syncline. Correlation of the lava successions
between neighbouring fault separated blocks is only
possible in general terms (Clough and others, 1925
pp 135-14-2; Richey and others, 1930 pp 64—82) suggesting
that the lavas were erupted at different times and from
different local centres such as the large vents of
Meikle Bin and Misty Law or the fissure which bounds -
the north-north-western limit of the Campsie Hills.

The growth of the plateau probably occurred piece-meal
by the coalescence of the outpourings from isolated
centres rather than by uniform and complete flooding
of a depressed area by widespread outpourings.

There is a sharp contrast between the structure of

the lavas and of the sediments in the centre of the rift.
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The lavas form comparatively undisturbed stable blocks
Which are relatively unfaulted in comparison with the
abundance of faults in the sediments. The sediments
are folded, with dips varying from 10° to greater than
450f although the steeper dips are associated with local
rucks and are equivalent to faults. The folding within
the lavas consists generally of gentle flexures with dips
rarely more than 20° and usually less than 10°.

The folding of the sediments in the Glasgow area
appears to represent a greater shortening than the gentle
flexures in the lavas of the Kilpatrick hills to the north
or the Renfrewshire and Ayrshire hills to the west and
south, and to some extent the lavas of these hills may
have governed the position and limits of the Glasgow
syncline rather than being the result of it, particularly
if the lavas are attenuated across the axis of the
syncline, although this has not been proved. It is
significant that to the east of Airdrie, the Glasgow
syncline dies out against the north-south trending syncline
which is the site of the Stirling and Clackmannan Coalfield
(Geological Survey Sheet 31), and the lavas also die out
beneath the Sediments of this coalfield (Geikie, 1897 p 372).

There are many intrusions associated with the lavas.
The east-north-east - west-south-west dyke swarm (see p 7)
cut the early stages of lava extrusion and some of these
dykes may have acted as feeders to the lavas although
no example of this is described. A large number of vents
penetrate the lavas and others are exposed cutting the Old
Red Sandstone sediments to the north-west of the Campsie
hills. The vents are often small cones or plugs rarely
greater than 200 or 300 yards in diameter and consist of
agglomerate of Jedburgh basalt (Whyte, 1963 p 111). In
some localities, the vents have elongated and coalesced
to form agglomerate filled fissures with an east-north-east

- west-south-west trend, the best example being nearly



2 miles long, between 100 and 300 yards wide and delimits
the north-western extremity of the Campsie Hills from the
volcanic neck of Dumgoyne to the Corrie- of Balglass.
Many vents are elongated in an east-north-east - west-
south-west trend indicating that the stress system which
was operating during the emplacement of the Calciferous
Sandstone dykes was maintained well into Calciferous
Sandstone times.

There are two large central type vents filled with
trachytic material, the Meikle Bin vent in the Campsie
hills and the Misty Law vent in the Renfrewshire hills.
These large acidic vents are between mile and 1 mile
in diameter and cut all the basaltic flows, indicating
that they were active at a late stage in the vulcanicity.

Many small dykes of trachyte, felsite and allied
rock-types radiate from these vents. A few small
trachytic sills and basic intrusions in the form of
stocks are also present in close association with the

vents.
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The Campsie and Kilpatrick hills

The geology of these hULs is described by Clough and
others (1925 pp 191-198), and parts of the Clyde Plateau
Lava Group are described by Geikie (1897 pp 355-423)»
Hamilton (1956, pp 280-297) and Whyte (1963).

Succession.

Table 4.

Formation Lithology Thicknesses
Scottish Upper Limestone Sandstones,Lime- 800 * near
Carboniferous Group, stones & shales. Kilsyth.
Limestone Limestone Coal As above + work- 1000' near
Group Group, able coals Kilsyth,

Lower Limestone Sandstones,lime- 400*% near
Group, stones & shales. Lennoxtown.
Calciferous Upper Sedimentary Sandstones,lime 500' at
Sandstone Group. stones, shales. Craigmaddie.
Group. Clyde Plateau Olivine-basalts. 2500* at
Lavas. Craigmaddie.
Cementstone Sandstones,lime- 700' at
Group, stones & shales. Ballagan.
Upper Upper Group. White sandstones 50-100'
Old & cornstones.
Red Middle Group Red & purple sand- 500 »
Sandstone. stones & cornstones.
Lower Group. Red sandstones, 2000' at

marls & breccias. mlearrl.

The Upper Old Red Sandstone rocks are exposed on the
north-western flanks of the Campsie and Kilpatrick hills and
on the south-east in a faulted inlier on the north side of
the Campsie Fault near Kilsyth. The regional dip of these
sediments i3 between 5° and 10° to the south-east. The
sandstones at Kilsyth are yellow in colour and have a calcareous
Matrix containing pebbles of quartz and thus they differ in

lithology from those north-west of the Campsie hills.
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The Cementstone Group consists of sandstones, thin muddy
limestones and shales with an occasional thin ironstone band,
The Group is exposed above the Upper Old Red Sandstone
sediments along the north-western flanks of the hills, and
in small faulted inliers to the Campsie Fault between Strath-
blane and Kilsyth. The formation reaches its maximum
thickness of 700 feet at Ballagan. To the east, the
formation thins consistently and at Kilsyth it is absent
and a basalt laya flow is seen resting on Upper Old Red
Sandstone sediments. A little to the east of this Kilsyth
locality, Cementstones are again exposed but are less than
100 feet thick.

A small inlier of Cementstones also occurs at Carron
reservoir near the centre of the Campsie plateau.

A similar eastward attenuation of the Cementstone Group
is seen at Gargunnock where the sediments are approximately
400 feet thick but thin to approximately 50 feet at
Stirling where faulting and lack of exposure obscure the
details. It is not known whether the lavas come to rest
directly on Upper Old Red Sandstone sediments in this region.

In the Kilpatricks, the Cementstones are exposed only
on the south-western margin where they are approximately
400 feet thick.

The Clyde Plateau Lava Group forms the main mass of the
Campsie and Kilpatrick hills. In the Kilpatricks, the
succession commences with four flows of Jedburgh basalt
followed by a sequence of Markle basalts with intercalated
mugearites and occasional Jedburgh types. Towardsthe top

the sequence, a few flows of Craiglockhart and Lunsapie
basalt appear, displaying vertical jointing and sometimes
columnar jointing forming hexagons 2 to 3 feet across.

The Campsie plateau stands on average about 400 feet
higher than the Kilpatrick hills, rising to between
1200 and 1400 feet above sea-level. The base of the lava

13 exposed on almost alllbut the eastern side of the hills
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where the strata dip under the scarp of the Sauchie Craigs

sill.

The succession at Campsie Glen is:-

31-33 Markle basalt.
29-30 albite keratophyre and mugearite.
28 Jedburgh basalt.

Upper 27 allied to mugearite. Total thickness
Grou 26 Markle basalt. greater than
P 25 mugearite. 1000 feet, top
23-24 Markle basalt. not seen.

20-22 Jedburgh basalt.
Lower 19 Decomposed porphyry.
Group 18 Markle basalt.
> 1-17 Jedburgh basalt.

Cementstone sediments.

This succession is similar to the succession at
Gargunnock which commences with a series of Jedburgh
basalt flows followed by a sequence of Markle basalts
with a few Jedburgh types. At Kilsyth, the succession
differs from this pattern commencing with two Markle
basalt flows followed by a sequence of intercalated
Jedburgh and Markle types and topped by a sequence of
Markle basalts and mugearites. The top of the lava
succession is not seen at any of the above localities,
but the lavas present comprise a thickness of over
1000 feet at Campsie Glen and 700 - 800 feet at Kilsyth
and Gargunnock.

The Upper Sedimentary Group is exposed at Craigmaddie
Muir south of Strathblane and extends eastwards to
lennoxtown where it reaches a thickness of approximately
500 feet. This group Is also represented at Sauchie
Graigs but it is very much attenuated, comprising less
than 100 feet of sediments. In both localities, the

Gpper Sedimentary Group overlies the lavas and at Craigmaddie
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Muir, the basal beds are represented by a fine quartz

conglomerate named the Craigmaddie Muir sandstone.

Structure. In the Kilpatrick hills the regional dip
of the lavas is to the east-south-east at between 3° and
7°. A number of vents pierce the lavas particularly near
the north-north-west faulted boundary and often the lavas
dip away from the vents at angles as great as 20°. The
lateral extent of the flows is not great (Hamilton, 1956
p 281) and they are intercalated with beds of tuff and ash.
A few basaltic intrusions occur as circular bosses and the
plateau is cut by several east-west faults.

The Campsie Fault which forms the north-north-western
boundary of the Kilpatrick hills swings in strike near
to Catythirsty, and trends east-west to form the southern
boundary of the Campsie hills. There are a variety of
opinions about the structure of the base of the lavas
along this southern boundary (Hailey, 1925 p 138), as
the base is cut out by a fault over most of the ground.
Where it is exposed at Ballagan and Kilsyth, the field
relations differ from each other. AtjBallagan, the Upper
Old Red Sandstone sediments are overlain directly by Markle
basalts. Bailey (1925 p 138) thought that the base of
the lava is diachronous and therefore vulcanicity occurred
earlier in the east at a time when the Cementstone lagoon
covered the Ballagan - Campsie area (see Fig 1),
Alternatively, the absence of the Cementstones at Kilsyth
could be the result of non-deposition with overlap by the
basal lavas from the west as a result of a topographic
rise at this locality. In this case, the Markle basalts
overlying the Upper Old Red Sandstone sediments would be
the stratigraphical equivalents of the Markle basalts of
the Upper Group at Campsie Glen (see Fig 2). This latter
hypothesis is supported by the eastward attenuation of the

entstones from Gargunnock to Stirling (see p 18) and
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the attenuation of the Clyde Plateau Lava3 and Upper
Sedimentary Group from Craigmaddie Muir to North Third.
There appears to have been an area of persistent structural
uplift which lasted from the beginning of Cementstone times
until at least the close of Upper Sedimentary Group times.

The lavas of the Campsie hills display a regional dip
of approximately 5° to the south-east, and are gently
domed in the region of the Carron reservoir exposing a
small inlier of the Cementstone Group.

The major vents of the area have already been described
(p 14), but there are other important intrusions. To the
north-west of Meikle Bin, an east-north-east - west-south
west trending, intrusion is shown on the 1 inch Geological
Survey’s Sheet 31 and is designated 'dyke complex'.
There are many small dykes in this area, some with an
east-north-east - west-south-west trend, others obviously
radiating from the Meikle Bin vent. The rocks are often
highly altered and there is little exposure in the area,
making field relations difficult to establish. Geikie
(1397 p 400) mapped the intrusion as a large vent over
1 mile in diameter, but considered the Meikle Bin to be a
small vent only 100 yards in diameter. Bailey (1925
pp 147-148) described the Meikle Bin vent and suggested
that perhaps Geikie's vent should be included with it as
one composite intrusion, but it is not represented in
this way on the Geological Survey's map, and Geikie's vent
is shown as a small exposure of volcanic ash"a few yards
in diameter at Waterhead bridge.

There is little faulting recognised within the Campsie
lavas, but nearly all the small faults that are known

have an east-west trend.
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Comparison between the Midland Valley of Scotland and

other rift systems

There are many similarities between the Midland Valley
graben and other rifts. The Oslo graben is the nearest
in age. It has a north-south trend and contains basaltic
lava of both late Carboniferous and Permian age (Holtedahl,
1952 p 83), but little information is available about the
graben in English.

The Ehine graben has been described in more detail.

It originated as a late Variscan structure but it"major
development took place in Alpine times. Vulcanicity is
more marked in the north-east branch of the rift and
occurs only sporadically elsewhere. The lavas are mainly
olivine-basalts rich in napheline and alkalis, and a few
trachytes. This is an association which is found in the
Midland Valley and is repeated in East Africa.

Chemical analysis of the German and Scottish basalts
shows the presence of much carbon dioxide as an alteration
agent, and in Africa, it is present in abundance giving
rise to carbonatites (Holmes, 1964 pp 1067-1078).

In all cases where a considerable thickness of lava
is extruded, there is a tendency for the lavas to become
more acid towards the end of the volcanic phase. .The
trachytic central type cones of Meikle Bin and Misty Law
in Scotland have their analogies in similar isolated
acidic vents in East Africa. (Lixey, 1958 p 10-11).

Gregory (1921 p 18) defines rift valleys as those
created °‘by the sinking of the material that once filled
them between parallel fractures of the type known as
faults'. This definition is modified by Girdler (1963,
p 2) who states that a 'rift valley means a depression
between roughly parallel faults. The rocks forming the
floor may or may not be the same as those forming the

valley shoulders on either side. ' A close examination
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of the Rhine rift and the East African rifts shows that the
structure is generally hounded by a series of faults,
sometimes en echelon, with the total throw being taken up
by each fault in turn, and sometimes by a series of small
parallel step faults making up the total displacement
from the valley floor to the crest of the flanks. These
features can be recognised in the Midland Valley rift. At
Balmaha, two boundary faults can be seen which are sub-
parallel to each other and less than half,a mile apart.
One is pre-Upper Old Red Sandstone in age, the other
displays later movements. The Southern Upland Fault has
a smaller throw than the Highland Boundary Fault and the
throw on the southern side of the rift is partly taken up
by parallel faults, particularly the Kerse Locﬁ and Straiton
faults in the south-we3t and the Lammermuir fault in the east.
In certain aspects, the Midland Valley is however
unique. The boundary faults of the rift are remarkably
straight and parallel one with the other, and with the
trend of the flanking country rocks. In contrast, the
boundary faults of the East African rifts usually cut across
the pre-existing grain' in the flanking country rocks or
follow older trends for short distances, making a zig-zag
pattern of the faulted valley sides.
Another feature of the Rhine and East African rifts
is a'bifurcation of the rift system. It is explained
by Cloos (1930, in De Sitter, 1959 p 144) as a doming
and arching up of the crust before the inception of the
graben. No such bifurcation of the Midland Valley is
3een in the British Isles, although the full length of
the rift is not exposed. What happens to the rift to the
south-west of Ireland or to the north-east of Scotland is
not known except for Holtedahl's tentative correlation

(see p 4).
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THE GRAVITY SURVEY

Measurements in the field

Procedure. The area investigated, the Campsie and
kilpatrick hills, lies within a larger area which has been
surveyed and studied by Qureshi (Ph.D. thesis, University
of Glasgow, 1961 ).'

Access to the hills for geophysical work is not good
and only four traverses were made across them by Qureshi.
The spacing of the stations on these traverses varied from
k mile to 1 mile and did not provide sufficient information
to define precisely the gravity field in the areav Isogals
could not be interpolated meaningfully between the traverses.

The regional changes in the Bouguer anomalies are a
steady rise in values to the south-east ( McLean and Qureshi,
1966 ), so that the best way of carrying out a detailed
survey in this upland area is by a parallel series of
traverses along north-west - south-east lines. The
spacing of the stations is at 100 yard intervals which is
close enough to resolve and confirm anomalies caused by
small faults with throws of as little as 100 feet.

Difficulty of access and geographic location in the
open moorland made a modification of the initial plan
necessary. Detailed traverses were first set out over the
accessible roads and farm tracks, then further traverses
were taken over the remaining open country following so
far as possible those fences and walls which trend in
approximately north-south or north-west - south-east
directions. The fences and walls are shown on the 2k inch
Ordnance Survey maps and this permits the stations to be
located to within £ 25 feet. Finally, more traverses
were planned to give further detail in areas of greater

interest such as the Waterhead region ( see p 44),.
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A total of 1>909 stations wore established in the area
of 240 square miles which with the 146 stations established
by Qureshi gives a total of 2055 stations and a station
density of 8.6 stations per square mile. The density rises
to 15.7 stations per square mile in the 24 square miles about
rtaterhead.

The distribution of gravity stations is shown on the
geological map (see Map 1 ), and details of the locations
of the stations are lodged with the department of Geology
of the University of Glasgow and with the Institute of
Geological Sciences.

The altitude of the gravity stations is obtained by
surveying with a rtatts level from Ordnance Survey bench
marks which are tied into the Ordnance datum at Newlyn.

The accuracy of the surveying is checked either by
tying into other bench marks along and at the ends of the
traverses where this is possible, or by 'double-levelling'.
The maximum closing error tolerated is 1 foot.

Further tc this work, two reconnaissance traverses
were laid out along approximately north-south line3 from
Bowling to Barrhead and from Milngavie to Eastwood across
the Glasgow syncline. A total of 50 stations are established
along the two traverses with the stations spaced at between
k mile and 1 mile. In practice, bench marks were selected
so far as possible at & mile intervals and the gravimeter
set up next to the bench mark. The height of the gravity
station is taken as the height of the bench mark with
respect to the Newlyn datum less the height of the bench

mark above the ground.

Observational errors. Three gravimeters were used at
different stages of the survey, namely a Frost, a o'orden
'Pioneer' and a new uorden 'Prospector'. The »»orden
'Prospector' was used over the whole network of base

stations and for 572 field stations. Its drift
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characteristics were excellent, the drift being usually
less than the reading' error of 0.1 scale division ( less
than 0.01 mgal).for links completed within an hour.

The instrument was later returned to the manufacturer
and the calibration constant was changed by 6 x 10 ¢ mgal
per scale division, a value which is less than the small
dial variation of 0.07" or 7 x 10'5 mgal per scale division
quoted by the manufacturer.

The standard error of this instrument is - 0.01 mgal.

The Worden 'Pioneerl and Frost gravimeters proved to
be less reliable, the 'Pioneer' displaying a standard
error of - 0.015 mgal over the Hilton-Xilsyth-Dennyloanhead
base station links. The Frost gravimeter drifted unevenly
at a higher rate than either of the »vordens, approximately
0.05 mgal per hour, resulting in a standard error of <
t 0.02 mgal for this instrument.

The calibration constant of 0.09973 mgal per scale
division supplied by the manufacturer for the new >*orden
'Prospector' is accepted. The Worden 'Pioneer' was
re-calibrated against the calibration line of the Geological
Survey ( Bullerwell, 1952 pp 303-315 ) by members of the
staff of the Department of Geology of the University of
Birmingham, and no error could be detected in this calibration
of 0.08433 mgal per scale division when the performance of
the instrument was compared to that of the 'Prospector’

( see Table 5 )-

The Frost gravimeter was also calibrated along the
Geological Survey calibration line ( McLean, 1960 p 9 )
in 1959 and found to be - 0.10175 mgal per scale division.

Three loops' of the base station network ( see p 28)
are read using the Frost meter r’nd the results compared
to the <« Prospector' values which are taken as standard.

The Frost gravimeter is re-calibrated for each link

with respect to the 'Prospector', and the results shown
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The mean of the calibration factors of the Frost

gravimeter is - 0.10291 mgal per dial division with a

standard deviation of 0.00200 mgal per dial division and a

standard error of 0.00071 mgal per dial division.

mean is - 0.10223 mgal per dial division.

The weighted

The close agreement

between the Pioneer and Prospector gravimeters indicates

that no re~calibration is necessary.
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in Table 5. The re-calibrated Frost calibration constants
are weighted according to the gravity differences along
their respective links and the weighted mean is computed. The
revised constant is - 0.10223 mgal per scale division. The
arithmetic mean is - 0.10291 mgal per scale division with a
standard deviation of £ 0.00200 mgal per scale division and
a standard error of - 0.00071 mgal per scale division. The
correction to the original constant using the weighted mean
is 0.00048 mgal per scale division which would amount to a
differenfe of 0.1 mgal for a change in gravity of 20.83 mgal.

There is little point in re-calculating the results of the
four traverses which were surveyed with this instrument since
the absolute error in the value of gravity due to the
original calibration constant is less than 0.1 mgal for 6Ifi
of the stations, less than QI3 mgal for 7?& of the stations

and less than 0.2 mgal for 98.5# of the stations.

The base station network

The area surveyed extends over 240 square miles and
adjacent to it are four base stations established by
Bullerwell (1952 pp 303-315 ) They are at Anniesland,
Milton, Bennyloanhead and Stirling. The stations are
convenient for the eastern and south-eastern parts of the
area, but it was expedient to establish three more base
stations at Kilsyth, Carronbridge, and Fintry. |

. Anoth‘e.r base station is established in the department

of Geology of the University of Glasgow to check periodically
on the performance of the gravimeter. The Geological Survey's
base station at Renfrew Airport is also tied into the network
although it was not used. The latter base station is of
special importance because of its links outside Scotland.

The network is shown in Fig 3 and has a maximum closing
error in any complete loop of less than 0.04 mgal.

The closing errors are adjusted by a graphical method

(Smith,1951 pp 222-227) and are completely distributed.



Fig. 3.

Base station network showing closure errors

and links

All values are observed dial readings for the ..orden
'Prospector' which has a calibration constant of 0.09973
mgal per dial division. The readings are positive for a

clockwise circuit.

30.
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In a triangular circuit, the mean square closure
error is equal to three times the mean square error
(Cook, 1953 p 511). In the above network, omitting the
loop Milton-Fintry-Carronbridge-Kilsyth-Milton since it
contains four sides, the mean square closure error is
0.038 dial unitsp and three times the mean square error
is. 0.037 dial units2 which is a good agreement. A statistical
analysis of a single loop is not valid, but the errors and
misclosure in the omitted Milton-Fintry-Carronbridge-
Kilsyth-Milton loop are equal to the best results in any
of the triangular loops.

The differences in observed gravity between each ba3&-'
station and Pendulum House, Cambridge, are shown in Table 6.
Detailed plans giving the locations of the additional

base stations are lodged with the Department of Geology

of the University of Glasgow and the Geological Survey.

Reduction of results

Introduction. The primary objective of the gravity
survey is to determine the base of the Clyde Plateau Lavas.
In the Campsie hills, the base of the lava is exposed at
several localities and is between 300 and 600 feet above
sea-level and therefore a Bouguer correction to a datum
at sea-level based on the density of the lava, could result
in an error as great as 0.75 mgal. for this' reason, the
results are reduced to a local datum at + 300 feet O.D.
(Newlyn), which is approximately the height above seca-
level of the base of the Clyde Plateau Lavas in the region
of the main base station at Kilsyth. The value of gravity
at Kilsyth is taken arbitrarily to be zero .and the results
are computed as local anomalies. This method has the
advantage that no assumptions are made regarding th# local

geology or densities between -4300 feet and sea-level in



Table 6.

Difference in observed gravity (mgal) between each

ba3e station and Pendulum House, Cambridge.

Base station Gravity “yalues" ~
Kilsyth. +323.68

Milton. +333.17 +332.99
Fintry. +330.72

Carronbridge. +310.60

Stirling. +346.30 +346.55
Dennyloanhead. +337.05 +337.05
Anniesland. +330.22 +330.16
Renfrew. +333.41 +333.42
Glasgow University. +327.63

The value at Pendulum House, Cambridge, is taken
as 981 265.00 mgal and the above values are calculated

via the Dennyloanh.ecad base station.
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the reduction of the gravity results and the anomalies
represent entirely the effects of local structures.
This leads to a more accurate quantitative analysis of
the results. The disadvantage of the presentation is that
the results cannot be compared directly with Pendulum
House, Cambridge, or with other gravity surveys because of
the different datum. To allow this, the map of local
Bouguer anomalies (Map 2) is converted to a map of
Bouguer anomalies (Map 4) which are linked to Pendulum
House,. Cambridge, on the International Gravity Formula
(1930), by means of an isocorrection map.

The anomalies shown in Map 2 and in the Appendix Brare
therefore local Bouguer anomalies calculated with respect
to the Kilsyth base station, that is, the anomaly at

Kilsyth is taken to be zero, where the Bouguer anomaly

is defined:-
v <
2Y] !V * 7 - VD -rFrrv: M oo "ot
Bouguer anomaly = Observed gravity + free air correction

- Bouguer correction o terrain correction

- theoretidal.l gravity..

The altitude correction. The free air correction
and the Bouguer correction are combined to give a single
elevation factor which is wused to correct for the altitude
of each station above datum. The free air correction is
0.09406 mgal per foot of altitude of the gravity station
above datum. The densities used for the Bouguer correction

are ( see pp 55-73 ).

2.47 - 0.01 g/cm” for the Scottish Carboniferous Limestone.
2.72 - 0.03 g/cm-" for the Clyde plateau Lavas.
2.56 - 0.04 g/cm” for the Cementstone group.

2.36 - 0.05 g/cm” for the Upper Old Bed Sandstone,
and are substituted in the formula'

Bouguer correction = 0.01276 O mgal per foot,
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where is the density of the rocks exposed at the
surface and shown on the geological map. Therefore, the
boundaries of the changes of density in the Bouguer
correction are coincident with the boundaries of the above
stratigraphical units a3 shown on the geological maps.

The altitude correction is the free air correction
minus the Bouguer correction and takes the values
0.06254 mgal per foot for the Scottish Carboniferous Limestone.
0.05935 mgal per foot for the Clyde Plateau Lavas.
0.06139 mgal per foot for the Cementstone group.

0.06395 mgal per foot for the Upper Old Bed Sandstone.

The terrain correction. The terrain corrections are
made using a Hammer’s zone chart ( Hammer, 1939 p 133 ),
and the value for the density of the terrain is taken to
be 2.72 g/cm”. This correction is a lengthy and time
consuming operation and two methods of reducing the amount
of calculation are employed.

The corrections for Hammer's zones B and C are estimated
in the field and the zones D to G are calculated in the
standard manner using 2% inch to 1 mile maps. The zones
H, If and J are computed for every tenth station because
the gravity stations are sufficiently close together to
allow a linear interpolation of the total correction over
the intervening nine stations. It is known that a change‘
in altitude causes a change in the terrain correction
according to a parabolic law ( see later, and Neumann,
1963 pp 523-534), but the changes in altitude encountered
over distances of 1000 yards, that is every tenth station,
are so small "that for Hammer's zones H, I, and J, the
section of the parabola involved can be approximated to
a straight line with an error of less than 0.01 mgal.
Therefore this interpolation is valid within the limits

of error of the sirvey, and saves a great deal of time..



in computing the terrain correction.

The outer zones K, L, and M of Hammer's chart are so
large in area that the chart is unwieldy, even on a
1 inch to 1 mile scale and the Neumann method of. correction
for terrain at a great distance from the station is
employed (Neumann, 1963 pp 523-534).

The method involves the computation of a standard
parabola, representing the gravity effect of terrain with
varying station height. This parabola is the Parabole-
gabarit of Neumann (see Fig 4). Isocorrection maps of
the values ZQ and (Q are drawn up, where ZQ is the height
at which a given terrain correction is a minimum, and
Gq in the minimum value of that terrain correction. The
values ZQ and GQ govern the position of the axe3 of the
parabola for a given station. In preparing the iso-
correction maps, the terrain corrections for 49 stations
were made for Hammer's zones K, L, and M in the standard
manner, and the value for ZQ and Gq calculated for each
station by the Neumann method (Neumann, 1963 p 528).

In this case, the values for GQ all approximate to
0.01 mgal (see Fig 5) and thus the ordinate of the turning
point of the Paraboie-gabarit is fixed at Y = 0.01 mgal
on Fig 4. The values for ZQ which govern the abscissae
X of the psrabola are contoured and the isocorrection map
drawn up on a transparent overlay which can be placed
over a 1 inch to 1 mile map of the gravity stations so
that the value of ZQ for any given gravity station can
be interpolated. Therefore, knowing the abscissae and
ordinate of the turning point of the parabola, the terrain
corrections for Hammer's zones K, L, and M at any given
station of known height can be read from Fig 4. The
isocorrection map for the Campsie and Kilpatrick hills
is shown in Fig o.

The terrain corrections were not calculated using
an electronic computor (Bott, 1959 pp 1-10) because

the close spacing of the gravity stations allowed interpolation
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and saved much time compared with sorting the data

for the computor.

Summary of errors

Observed gravity. The gravimeter can be read with
an accuracy of 0.01 mgal under most conditions ( see p 27)
but the error may increase to 0.02 mgal under adverse
Cross-country conditions when the meter is operated on
soft ground in a high wind.

The drift of the norden gravimeters is between 0.01
and 0.03 mgal per hour ( see p 27 ) and repeated base
station readings over a period of several hours indicates

that the drift i3 linear for at ..least 3 to 4 hours. The
in ofe

likely errorkof a tie from base to a station due to the
dUrtt ' '
drift*is - 0.01 mgal with a maximum value of - 0.03 mgal.

The error may increase to a maximum of - 0.05 mgal with
the Frost gravimeter due to its irregular drift character-"-
istics.

The error in any link of the base station network is
less than - 0.01 mgal ( see p 29 ) and thi3 error must
be included in the standard deviation of the observed
gravity of any station which has been measured from an
intermediate base station.

Saly gmsiii B*a*3-otit) wogo-"w sooupiad> and trio valuea

J JI wmm]

Altitude correction. The altitude correction is
approximately 0.06* mgal per foot ( see p34 ) and the
heights of all the stations are known to - 0.1 feet,
therefore the error in this correction dueto the error

in the levelling is - 0.006 mgal.
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Table 7.

Station Difference
0.20 measured from Milton and Milton bases.
Bouguer anomaly +9.21 -*-8.93 0.28
Q.26 Measured from Milton and Milton bases
Bouguer anomaly +1.66 +1.54 0.12
0.34 measured from Pintry and Carronbridge bases
Bouguer anomaly -3.79 -3*75 0.04
V.59 measured from Carronbridge and Stirling bases
Bouguer anomaly -3*70 -3*51 0.19
Root mean square value 0.09

All values in mgal.

T p.rf
The error in the Bouguer correction due to the error

in the rock density may be as great as 0.0005 mgal per foot
for the Upper O.R.S. sediments and as little as 0.0001 mgal
per foot for the Scottish Carboniferous Limestone sediments.
In practice, only the Clyde Plateau lavas occupy the high
ground which gives rise to large Bouguer corrections, and
an altitude of 1000 feet above datum could result in an
error in the Bouguer correction of as great as - 0.4 mgal.
However, over most of the area, the likely”“error in the
altitude correction including the error in the Bouguer

correction is - 0.2 mgal* e ~ "7 .-

Terrain correction. The standard deviation of a
complete terrain correction by Hammer's method is given
as - 0.1 mgal ( Hammer, 1939 p 194 ), but this error applies
only to the method of computation and does not take into
account the error in the topographic maps.

The height differences of zones B and C of HammerAs
zone chart are estimated in the field, and the station
location is always chosen so that the correction required
for these zones is minimal and in many cases negligible.

The error in the contouring on the 2k inch to 1 mile
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Ordnance Survey map can be as great as 25 feet and thia
introduces a maximum possible error of 0.12 mgal in zone
D and 0.08 mgal in zones £ and F, but is negligible
thereafter. However, when the contour error is as great
as this, the error is obvious from station levelling and
an approximate compensation can be applied to at least
halve the error.

The error due to the Neumanns method is-no greater than
the error in the standard method of terrain correction.

The maximum total error in the terrain correction is

-0.13 mgal and the likely error less than 0.10 mgal.

Theoretical gravity. The error in the theoretical
gravity is in effect an error in fixing the latitude or
location of the station. The gravity stations are plotted
on inch to 1 mile Ordnance Survey maps with an accuracy
of approximately 50 feet. The gravity gradient due to
latitude in the region of the survey is 1.2173 mgal per
mile, and therefore the error in the latitude correction

is 0.02 mgal.

Total error of the gravity survey. Two errors are
relevant to the quantitative analysis of the gravity
survey. They consist of the accumulated standard
deviation of the Bouguer anomaly at any given station
with respect to Kilsyth, and the error of the difference
between the”Bbaguer:;anomalies of any two neighbouring
stations.

The maximum error of any given station at high altitude
(that is, above 1000 feet above datum) is -0.41 mgal.
The likely lLerror of any given station with respect to
Kilsyth is - 0.22 mgal.

The largest source of error is the density factor in
the Bouguer correction. If the same density is used in
the Bouguer corrections of neighbouring stations at the

same height, then the error is common to both and does



not affect the difference between the Bouguer anomalies
at the two stations. The error>in the latitude correction

is negligible and the error in the terrain correction

is reduced to an error in the zones B and G. The errors

in the observed gravity and free air correction remain.
Since the height differences between two neighbouring

stations rarely exceed 20 feet, then the likely error

between their Bouguer anomalies is - 0.03 Jflgal and cannot

exceed £ 0.05 mgal.
Only four stations were re-occupied; and re-computed independently”'
the base

and the values of the Bouguer anomalies at the four stations,

station from which they were measured, and the difference in the two

readings at each station are shown in Table 7.
These differences do not represent the total error in a Bouguer
anomaly determination since errors in re-locating the station and in

levelling are negligible and the error in the density used for the

*

Bouguer correction is common to both readings. However, errors due to

the drift of the gravimeter and in the determination of the terrain

and latitude corrections all contribute.
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DiioCHIPTION OF THm BQUGJLH ANOMALIES

Presentation of results

The resalts of the gravity survey are presented as-a
map of Bouguer anomalies which is contoured at half-mgal
intervals and drawn to a scale of 1 inch to 1 mile ( see
Map 2). Minor anomalies defined by the detailed traverses
which are not large enough to be seen on the Bouguer
map are presented as two-dimensional profiles ( see Figs
37 to 43 ).

A map of 1st order residuals, that is Bouguer anomalies
with the regional, gradient subtracted, is presented and
is the basis of the interpretation of the local anomalies
( see Map 3)* The second derivative of gravity is taken
as an aid to interpretation in the «aterhead and Strath-
blane areas and contoured maps of these values are made
( see Figs 20 and 21 )*

The data of the gravity survey are listed in Appendix 1.

e The regional gravity field

The regional trend of the Bouguer anomalies ( see
Map 2 ) over the area investigated is approximately
north-east - south-west and the value of gravity rises
to the south-east. The regional trend agrees with the
findings of Qureshi ( 1961, p 22) in the area to the east
of Loch Lomond. The regional gradient cannot be determined
with any accuracy by inspection, and the method of Baranov

( 1954, pp 203-226 ) is employed ( see p 47 ).
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Local anomalies

There is a.marked high of approximately 12.5 mgal
( see Map 2 ) centred on .<aterhead farm in the Camp3ie
*hills, and the Bouguer anomalies are high over the lava

plateau and fall off steeply over the surrounding sediments*

The tfaterhead anomaly. This is the largest anomaly in
the area and has its peak near uaterhead farm in the Campsie
hills approximately in the centre of the area. The anomaly
rises to a maximum of + 12.5 mgal and descends on the
northern flank to - 7 mgal and to - 1 mgal on the southern
flank.. The peak of the anomaly is approximately circular
in plan but the flank3 tend to elongate in a north-east -

south-west direction.

The Kilpatrick hills anomaly. In the Kilpatrick hills
the gravity anomalies rise steadily to tne east from -6.5

mgal to - 1 mgal at a rate of approximately 1 mgal per mile.

The Iviilngavie Fault anomaly. This -anomaly trends
parallel to the east-west Llilngavie Fault and remains
constant in its effect from Bowling to Kirkintilloch.
The gravity values rise from - 5 mgal to - 2 mgal in a

distance of 1 mile.

The Campsie Fault anomaly. This anomaly is elongated
in an east-west direction and is present between Strath-
blane and Lennoxtown. Near the nhangie, to the west, the
value of gravity falls from - 0.5 mgal to - 5*0 mgal and

at Campsie Glen, in the east, the anomaly falls from

+ 3*5 mgal to 0.0 mgal.

The Gargunnock-Stirling anomaly. In the region of the
Gargunnock hills near Stirling, the value of gravity falls

steeply from - 3*5 mgal to - 6.5 mgal in a distance of
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less than 1 mile. This anomaly is orientated in an east-
west direction bat is limited in extent, being effective
only from Gargunnock village to Stirling. To the west of
Gargunnock, the anomaly broadens oat and merges into the

regional gradient.

The Bannookbarn anomaly. South of Stirling, at Bannock-
burn, the Bouguer anomalies display a north-north-west -
south-south-east trend and fall steeply to the east at a

rate of 1.5 mgal per mile.

Minor gravity anomalies. Examination of the detailed
traverses indicates the presence of a number of small
anomalies which are similar in form to the types normally
associated with semi-infinite slabs or faults. Many of these
anomalies can be recognised on more than one traverse,

and others correspond to faults indicated on the 1 inch to

1 mile Geological Survey's maps ( see Map 1 ). These anomalies

are described in Table 8 and are represented in Figs 37 - 42-
Alresidual anomaly of + 1 mgal is also present between

stations F50 and F63 and is shown in Fig 43 -

Table 8.
Description of Minor gravity anomalies.
Fig. Location Change in Form Remarks.
Between (Mgal |
stations

37 Ad2 & Ad5 0.3 Acute Assoc, with dyke.
38 E10 & E27 1.0 Broad

39 J33 & J55 1.6 Broad

40 Q33 & Qo4 4.5 Broad *

41 R50 & R78 0.8 Acute

42 U70 & U9%4 2.1 Broad
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Reconnaissance traverses

The results of the reconnaissance traverses Rc 1 and
Re 2 ( see Pigs 44 and 45> and **ap 5 ) are similar to each
other since the traverses are parallel and similarly orientated.
The gravity anomalies of traverse Rc 1 fall steadily
from +2.5 mgal to zero in a southerly direction from the
River Clyde at Bowling and then rise steeply over the Paisley
Ruck and continue to rise to a maximum value of + 6.0 mgal
over the exposures of the Clyde Plateau Lava3 to the east
of Barrhead.
Traverse Rc 2 displays a minimum value of - 3.5 mgal
just south of Milngavie and then rises steadily in value
to a maximum of + 8.5 mgal over the lavas to the south of

Giffnock.
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RESOLUTION OF THE GRAVITY FIELD INTO REGIONAL AND
LOCAL COMPONENIS

In the region east of Loch Lomond, there is a consistent
rise in the gravity values towards S 32° E at an average
rate of 1.6 mgal per mile. This component of the regional
gravity field rises less steeply over the north-western
part of the Midland Valley and reaches a maximum in the
central region of the rift. Further south, towards the
Southern Uplands, the gravity values decrease forming an
approximate mirror image of the north-western part (McLean
and Qureshi, 1966 p 270 ).

In the Campsie and Eilpatrick hills area, this regional
gravity field is distorted by the presence of large local
gravity anomalies, the most significant being the Waterhead
anomaly which contributes a maximum of +16.5 mgal ( see
p 104 ) and the Campsie Fault anomaly which contributes
a maximum of +7*0 mgal ( See p 140 ). In order to interpret
these and other local gravity anomalies within the area
of the survey, it is necessary to isolate the contribution
of the Waterhead anomaly, Campsie Fault anomaly and the
Clyde Plateau Lavas from the total Bouguer anomaly. This
is done by calculating a low order surface which gives the best
fit to the observed Bouguer anomalies according to least mean
square error theory ( see p 49 )» and subtracting it from
the observed Bouguer anomalies.

Such a surface will retject a smooth systematic change
in the Bouguer anomalies in the area and the effect of
randomly distributed variations in the gravity field which
are small in both magnitude and areal extent will be minimised,
thus giving a best mathematical approximation to the regional
gravity field which except for the Waterhead and Campsie
Fault anomalies is the sum of all contributions from below the
base of the lavas. However, several sources of error may
exist in approximations of this type. The surface will reflect
variations in gravity arising from structures affecting

several planes of density contrast at different depths and
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some arbitrarily defined local anomalies may be large

enough in magnitude and areal extent or both to cause a
significant distortion in the computed surface. These

sources of error are discussed later ( see p 50 ).

Computation of the Regional Gravity Field

The regional gravity field is computed by the Baranov
method (1954) which is a rapid method of determining a
first, second or third order surface of best fit to a
collection of observed Bouguer anomaly values according to
least mean square error theory. The method has an-advantage
over a formal method in that the computations can be made in
a few hours on a calculating machine whereas a computer
is necessary to solver,the algebraic matrix of the formal
mathematical approach. The limitation of the Baranov method
is that the surface is computed from forty-nine observed
values determined at specific intersections on a
rectangular grid ( see Baranov, 1954, p 206 ) and these
values must be interpolated if no observations are available
at the intersections, whereas the formal approach can be
used with any number of observations which may have a random
distribution over the area of interest.

Both the first order and third order surfaces are

computed by this method.

The first order surface. The equation of the first

order surface is foind to be:-

R>»1.78 - 341 ¢ + 1.79"
where £ and 3 represent rectangular co-ordinate axes
with thetarigin in the centre of the rectangle over which
the regional gravity field is calculated ( see Baranov,
1953 ).
This equation represents a plane surface of Bouguer
anomaly values rising towards S 40° E at a rate of 0.68

mgal per mile.
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The third order surface. The equation of the third

order surface is found to be

B=1.77 + 2.74 £ - 2.963 - 4.95% - 0.99 ¢3 - 5.643*

- 2.30?* . 1.09~3 + 1.33C3*- - 0.37 3%

and the surface is shown in Fig 8.

The large gravity high at Waterhead is reduced from a
maximum value of 16.5 mgal. to a maximum of only 2.5 mgal-.
and a severe dov/nwarp of approximately 10 mgal. is present
at the margins of the rectangle. Clearly, the Waterhead
anomaly makes a considerable contribution to this surface
causing severe distortion of the periphery and therefore the
result has very little meaning in terms of the regional
gravity field and is discarded.

A second order surface will be similarly affected by
the Waterhead anomaly although to a lesser extent and so
the calculation for this surface is not done. Any
approximation to the regional gradient over the area of the

survey must be obtained by means of the first order surface.

Sources of Error in the Computed Regional Gravity

Field

Errors in the computed regional gravity field may be
errors of computation or errors of interpretation. A
possible error of computation in the first order surface
may arise from the interpolation required to obtain
Bouguer anomaly values at the pre-datermined rectangular
intersections ( see Baranov, 1953 p 206 ). Over most of
the area, the density of observations is sufficiently
high for this interpolation to be unnecessary but in the
north-east over Dumbarton Muir, four values are interpolated
between traverses spaced up to three miles apart and a
maximum error of 1 mgal. in these interpolations would give

rise to a net distortion of 0.03 mgal. in the computed

surface at those points.
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As stated earlier (see p 47 ), errors may arise
because large structures which are arbitrarily defined as
local structures may give rise to anomalies sufficient in
magnitude or areal extenl“o cause a significant distortion
of the computed surface# These are errors of interpretation
and must either be minimised in their effect of isolated
and subtracted from the total surface.

The Waterhead anomaly which in magnitude dominates the
whole area is in this category and since the cause of the
anomaly is not known from local geology, the contribution
of the anomaly to the computed surface must be minimised.
This is done by adjusting the area over which the mathematical
surface is computed so that the peak of the Waterhead
anomaly is situated approximately in the centre thus allowing
no bias to one side and this is further aided by the natural

symmetry of the anomaly ( see p 104 ).

The absolute value of all points of the computed surface
will still be raised by the anomaly but this unimportant
since the values of the local first order residual anomalies
used for interpretation purposes are computed relative to
the local background residual gravity field.

Rapid changes in the depth to the various density
layers as a result of faulting produce considerable changes
in the gravity field butJin so far as the Clyde Plateau
Lavas are affected, these changes have insufficient
magnitude and extend over areas which are too small in relation
to the total area surveyed to cause any distortion in the
Baranov surface. To determine to what extent faulting of
the pre-Clyde Plateau Lavas planes of density contrast
produces gravity gradients which might contribute significantly
to the first order surface, the interpretation of the
largest fault,inicthe area, the Campsie Pault ( see p 140 )
is discussed.

This anomaly is interpreted as being the result of the
summation of three anomalies caused by the effect ol the

fault on the Clyde Plateau Lavas, the Upper O.R.S. rocks
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and the Lower O.R.S. rocks respectively.

The faulted Clyde Plateau i»avas form a shallow structure
giving ri3e to a sharp change in the gravity field ( see
Pig 36 ) which decreases to a gradient of 0.025 mgal. per
mile in a southerly direction at a distance of 3 miles from
the fault. The theoretical anomaly due to the Upper O.R.S.
rocks *( see Pig 36 ) is broader than the anomaly due to the
lavas but is also of smaller magnitude and acts in the
opposite sense. At a distance of 3 miles from the fault,
this latter anomaly is reduced to a gradient of 0.33 mgal.
per mile in a northerly direction.

The contribution to the Campsie Fault anomaly by the
Lower O.R.S. rocks is a maximum of 5 mgal* and at a
distance of 3 miles from the fault, the gravity gradient
of this contribution is 0.05 mgal. per mile to the north,

The theoretical gravity gradients due to the effect of
the Campsie Fault on the Clyde Plateau Lavas and the
Upper O.R.S. rocks are very small and act in opposite
senses and their sum is 0.008 mgal. per mile at a distance
of 3 miles from the fault which as an estimate of a gradient
may be safely discounted a3 an error in the computed regional
gradient. Thus the Campsie Fault anomaly after removal df
the regional gradiént may be considered as isolated as a
local feature at least down to Upper OVR.S. level.

In the case of the Lower O.R.S. rocks there is likely
to be a contribution to the computed surface although the
above estimate of 0.05 mgal. per mile must be too high to
be applied over the whole area of the survey since the
interpretation of the fault anomaly was made where the throw
of the fault was known to be greatest ( see p 140 ).

Since all other faults in the area give rise to anomalies
which are less than half that due to the Campsie Fault in
both magnitude and areal extent it is safe to assume that
they are not sources of significant error in the computed
surface and the anomalies are correctly isolated as local

features.
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Farther errors in this category may arise through
smooth systematic changes in the thickness of the near
surface rock formations. The magnitude of these changes
may be small but if the area over which they are effective
is a large proportion of the area of the survey, then
they will be reflected in the computed surface.

The computed surface rises to the south-east at a rate
of 0.68 mgal. per mile and the Clyde Plateau Lava3 of the
Campsie Hills dip in this direction at a rate of approximately
1 in 140 so that the base of the lavas is 300 feet lower
at Kilsyth in the south-east than it is at Gargunnock in the
north-west. Assuming a density contrast of 0.17 g/cm”
between the lavas and the underlying sediments ( see p 101 )
the dip of the lavas will result in a gradient of 0.07 mgal
per mile in the direction of the regional gradient. For
interpretation purposes, any anomaly associated with the lavas
is considered a local anomaly and this value of 0.07 mgal
per mils must be subtracted from the computed gradient of
0.68 mgal per mile and the regional gradient becomes
0.61 mgal per mile.

Below the lavas, all contributions apart from the
exceptions stated above ( see p 47 ) are considered as
part of the regional gravity field.

The Cements tone group shows a tendency to thin eastwards
( see p 18 and p 20 ) in the eastern part of the Campsie Hills
although this feature is not repeated in the Kilpatrick
Hills or in the western Campsie Hills. Considering the
Gargunnock area alone, the Cementstones are attenuated by
approximately 380 feet in a horizontal distance of 10 miles.
If this wedge of Cementstone with a density of 2.'S5 g"/cm”
is replaced by Upper O.R.S. rocks with a density of 2.36
g/cm-*, then the resulting gravity gradient is approximately
0.085 mgal. per mile. The component of the gradient in
the direction of the computed regional, gradient is

approximately half the maximum value, that is , 0.0426 mgal

per mile. Gradients of this magnitude will be included in
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the first order surface.

The Upper O.R.S. rocks are estimated to be 2600 feet
thick ( see p 17 ) and where they are exposed extensively
to the north of the Campsie and Kilpatrick hills, their
geology remains unvaried. These rocks dip generally to
the south or south-east at shallow angles which rarely
exceed 20° and are .usually less than 10°. Therefore, by
an analogy with the Cementstone3 and Lavas discussed above
it is certain that if the thickness of these sandstones
changes appreciably as a result of sedimentary causes and
not structural causes across the confined area of interest,
then the gravity gradient thus created would be included
in the regional gradient as computed by the Baranov method,
and this would not affect the interpretation of the local
anomalies.

This same argument is valid for the case of the Lower
O.R.S. rocks which extend for at least 6000 feet below

the unconformity at the base of the Upper O.R.S.

Conclusions

The regional gradient is thus represented by a plane
surface which rises towards S:40° E at a rate of 0.61 mgal.
per mile ( see Fig 7 ). This value includes the value
of 0.0425 mgal. per mile due to the Cementstones but excludes
the value of 0.07 mgal per mile due to the lavas which are
considered to give rise to local anomalies. In the region
of the maximum throw of the Campsie Fault, the lava is
estimated to give rise to a gradient of 0.025 mgal. per mile
to the south and the Upper and Lower O.R.S. strata gradients
of 0.033 mgal. per mile and 0.025 mgal per mile tjo the

north respectively.

The above figure of 0.61 mgal per mile compares well with
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the value of 0.615 mgal per mile which is the gradient

in the region of the southernmost Kilpatrick Hills determined
from the parabola of best fit of the regional Bouguer
anomaly values over the western part of the Midland Valley

of Scotland ( see McLean and Qureshi, 1966 ).

Second derivatives

Second derivative maps are most accurate and most
useful when they are based on a square grid of values.

Only in the region of the Waterhead anomaly is the
gravity station density high enough to allow an accurate
second derivative analysis and a second derivative map of
this area is drawn up in the manner described by Elkins
(1951 pp 29-50). Second derivatives are also computed in
the area to the east of the Whangie on the Stockiemuir
road to aid the interpretation of the Bouguer anomalies in
that area, although no quantitative analysis is made. In
both cases, the grid spacing for the analysis is taxen as

s = 1000 yards and the second derivatives are calculated

using Elkin's equation 14 ( 1951 pp 37-3#)*

4% » - 4a, » 1 16H 2 H' (s) - 3H'(a/5)
dz 23k2r2
where, k = map scale, r =grid spacing on map (cm).
141(") avalue of g at station,
H'(s) s sum of g at 4points a distance s from station.

= sum of g at 6 points a distance a jp from station.

The second derivative maps are shown in Pigs 9 and 10.
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2nd derivative nap - rtatorhead farm.

Contour interval* 25x'10% » o.fi.a.units

Soalei X Inob to 1 mile.
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2nd derivative nnp - Carbeth-3trathblane.

Contour intervals 25 x 10"" o.g.s. unite.
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To interpret the map of gravity anomalies
quantitatively, the densities of all principal rock
formations in the area must be determined.

The general succession is:-

Scottish Carboniferous Limestone Series.
Upper Calciferous Sandstone sediments.
Clyde Plateau Lava3.

Cementstone Group.

Upper Old Hed Sandstone.

Lower Old Ked Sandstone.

The lithological character of these formations differs
so much that the methods of density determination suitable
for one formation are less appropriate for another. In
some cases, more than one method is applied to a given

formation as check. In all, four methods are utilised.

1. Sampling of exposed strata and laboratory

determination of specific gravity using a Walker's 3teelyard.

2. Detailed sampling of all strata making up well expcrsett
cliff sections and laboratory specific gravity determinations

as in 1. above.

3. Detailed gravity profiling over prominent topographic

features and analysis of the local BoAguer anomalies thus

obtained.

4. Gravity measurements in mineshafts.
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Sampling of exposed strata

This method is the only one suitable for density
determinations of both the Upper and Lower Old Red Sandstone.
These formations are essentially made up of great thicknesses
of sandstone with prominent basal conglomerates and breccias,
the Lower Old Red Sandstone beingnoticeably coarser than
the Upper Old Red Sandstone.

A total of 32 samples of the Lower Old Red Sandstone
were selected from exposures in situ along a traverse
approximately 1 mile long from Ardmore peninsula to Cardross
/see Fig 11 ;. A further 8 samples of the Upper Old Red
Sandstone were collected from thesa-e area just south of
the Ochil fault, and 10 more froma well exposed cliff
section at Finnich Glen (see Fig 11 ), making 18 samples
in all*

In country where the water-table is never more than a
few feet below land surface, the specific gravity of an
oven-dried specimen of porous rock is considered valueless
to the interpretation of gravity data, and no such measure-
ments were made.

The specific gravities of samples collected were
determined U3ing a iValker's steelyard, and this was done
within 24 hours of collection in the field. The samples

were then saturated for 24 hours in vacuo and the deter-.

minations repeated.

Results of the sampling of exposed strata. The mean
densities, standard deviations and standard errors of the
means of the Old Red Sandstone sediments sampled are
shown in Table 9%

The densities of these sediments after collection in
the field do not differ significantly from the values*
obtained after saturation in vacuo ( see Table 9 ) and the
difference in most cases is less than the sum of their

standard errors. The density value after saturation is



gig-ii

Map of density sampling looalltlea and density

profile traverses.
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considered to be more accurate for the interpretation of
gravity data since most of the rocks in the area surveyed
are beneath the water-table. The increase in density due

to compaction at depth by the overburden cannot be determined
by rock sampling at the surface and is ignored in these
calculations. There is a difference in the density of the
Jpper Old Red Sandstone sediments at Gardross and the density
of those at Finnich Glen. This agrees with Qureshi's findings
(1961 p 18) south-east of the Ochil Fault, where the density
of the sediments is 2.36 - 0.03 g/cm” in contrast to the
Clyde coast exposures between Largs and Greenock where the
density is 2.49 - 0.05 g/cm". Since the upper Old Red
Sandstone sediments in the area of the survey fall within
the bounds of the low density Jpper Old Red Sandstone
sediments,then the value of 2.36 - 0.05 g/cm™ ( see Table

9 ) is used for the interpretation of the gravity data.

The corresponding va-uo for the Lower Old Red Sandstone

sediments is- taken as 2.60 - 0.03 g/cm”.

Detailed sampling

This is a more accurate method of determining the mean
density of a sequence of rock3 than the above sampling
method, and is necessary when cyclic repetition of a
sedimentary series is present.A near complete exposure
of the strata over a considerable vertical thickness must
be accessible and samples of each lithological group are
taken and their densities determined. The mean density of
the whole sequence is obtained by weighting the density of
each lithological group proportionally to its thickness and
calculating the weighted mean.

This method of* density determination is applied to the
Cementstones of the Campsie Glen and also to the lavas of

Campsie Glen and Blanefield.

The Cementstono Groip. In Campsie Glen, the Cementstones



fora an alternating sequence of limestones, sandstones
and shales. Samples of each lithological group were collected
and the mean density of the sequence calculated as described
above. The determinations were made using a talker's steel-
yard immediately after collection in the field and the
determination was repeated after the samples had been _
saturated in vacuo for 24 hours. In some case3, however,
the shalestwere so friable that they disintegrated in the
water and the determinations could not be completed. It is
also probable that the shales swelled during the saturation
period and so introduced an error into the saturated
density value, but this is not confirmed and it is unlikely
that the error would seriously affect the mean density of
the Cementstone group.

The density of the Cementstone group at Campsie Glen
is taken to be 2.561 0.004 g/cm” ( see Table 9 ) This
compares well with McLean's ( 1061 p 104) value of 2.56 g/cm”
for the Cementstones of Ayrshire and Qureshi's (1961 p 18)
value of 2.54 - 0.09 g/cm” for the Cementstones of the
Greenock-Gourock region. Qureshi's value of 2.34 g/cm”
for the Cementstones at Dumbarton appears to be only of

local import and is not reflected south of the Campsie hills.

The Clyde Plateau Lavas. Dor a detailed density

determination, each lava flow can usually be subdivided into

the fdllowing rock-types:-

3ole or weathered top.

Glaggy top.

Fresh centre rock.

Chilled base.

¢
Several samples of each subdivision are taken and their

specific gravities determined on a walker's steelyard.
Each subdivision of each lava flow is treated in the same
way, as each lithological unit of the Cementstone group

described above ¢ see p63 ) and the average density of
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the sequence of lava flows is calculated.

Since the fresh lava is an impervious rock, the
ground water in the Campsie region is restricted to the
peaty overburden, to fissures in the rock, and to thin
permeable horizons of bole or ash. A3 a consequence of this,
all samples collected consisted of either impervious lava
or permeable but highly saturated bole or ash. It was
found that providing the samples were not given time to dry
out, that is, more than 24 hours exposed in a warm dry room,
then there was no significant difference in their specific
gravities if re-determined after saturation in vacuo for
a day or more. Therefore, to save time, all specific
gravity determinations were carried out within 24 hours
of the samples being collected.

The lavas were sampled at two localities, Campsie Glen
and Blanefield, where good cliff sections allowed access
to several flows. In Campsie Glen, 13 flows were sampled
and measured over a vertical thickness of 314 feet. The
13 flows were not taken consecutively, in fact, as a result
of incomplete exposure, this was not possible, but basal
Jedburgh and Upper Markle basalt flows were included. I"

The exposures in the cliff section above Blanefield
were not as accessible, but 5 complete flows representing
214 feet were sampled.

The mean density of the Clyde Plateau Lava3 at
Campsie Glen is 2.725 g/cm” with a standard error of
- 0.00] ( see Table 9 )-

The mean density of the’samples from Blanefield is
2.694 g/cm” with a standard error of 0.001 ( see Table 9)»
The difference in the mean densities of the samples
from the two localities is too great to be explained

as experimental error and the lower value from the
Blanefield locality is probably due to the lavas there
being very much more vesicular than the rocks exposed

at Campsie Glen.
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These results agree with the value of 2.72 g/em-"
obtained, for the Clyde Plateau Lavas by McLean (1961
p 105)" and with the value of 2.74 t 0.08 g/cm” obtained

by Qureshi (1961 p 19) for the same lava group.

Detailed gravity profiling

With certain conditions which are described below,
this method provides an extremely accurate and reliable
means of determining the average density of a thick

sequence of rocks. The conditions are

1. The gravity profile must follow a topographic
gradient of at least 1 in 30 but no greater than 1 in 2
when the terrain correction becomes unreliable. It is also
preferable that the topograhy includes a rise and fall
but this is not essential if the regional gravity gradient
is known.

2. If a regional gravity gradient does exist, it
must be of such a simple and calculable form that it can
be accurately determined and its effect removed.

3. There must be'no geological structure which might

give rise to local gravity anomalies.

The choice of localities. The absence of any suitable
topographic feature precludes any attempt at density
profiling in the low-lying country underlain by the OIld
Red Sandstone and Carboniferous sediments. The- higher ground
formed by the lava does however contain many steep slopes
which render the area suitable for this type of density
determination. A regional gravity gradient is known to
exist in the area (see pp 47-51) but if the profile is
taken over a regular topographic feature so as to include
both positive and negative gradients, then the regional

gradient can be isolated and subtracted.
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Moat geological features such aa faults and intrusions
liable to cause local gravity anomalies which would interfere
with the density calculations are indicated on the geological
maps and are avoided.

Density profiles are taken in three areas,

1. The Takmadoon Hoad. - traverse 'A'.
2. The Gargunnock Hills. - traverses
3# The Carbeth Road. - traverse *G%e

Reduction of results. If all the above conditions
governing the use of a gravity profile for the determination
of rock density are met, then any local base level or datum
represents a surface at which the value of the Bouguer
anomalies.is constant or is changing in a predictable manner
so that the' effects of variations in altitude at any station
may be isolated readily from the total observed gravity
value. Hence in the calculation of the local Bouguer anomaly
the value for the density of the near surface strata which
gives a correlation of zero between the anomaly and
topography is assumed to be the correct value. This can be
determined in three ways. In Nettleton's method (1"39 pp 176-
183), the local anomaly is calculated for a range of density
values and the results graphed over a topographic section of
the traverse. The anomaly which appears to have the least
correlation with the topography is assumed to be based on. the
correct density value. The r*ange of calculations is time
consuming and the result dependent on inspection, and- the
method has been refined and placed on a mathematical basis
by Jung (1953 pp 29-35). This second method states that if the

correlation coefficient k of the Bouguer anomalies “gu and the

surface heights is zero, then

where A and are the arithmetic means of



and h respectively,

- (*g —Y) + ( 0.3065 —0.04193n")h M.K.3. units

» Bouguer anomaly with approximate density
G="giM- "(Ah«) 5 H= h - M(h)

ilH . _ a

a" e 27 0.04193

o'=« " + $2 ¥ Best density value.

A criterion £0 for the exactness of c¢Tis determined

from F, the standard error of k(“g,h) as follows;-

f2 =£( G- aH)2.H2
?2.( G—aH)2."H2
($<12 = a2 - ((a2/(1-F2)) - (F2/(1-F2)).G2/H2)

t.
0.04193

The third method of density determination by gravity
profiling is described by Parasnis (1952 pp 252-271) and
is an improvement on Jung'3 method in that it is easier to
work with, gives a graphical result which shows up mistakes
and errors enabling them to be pin-pointed and corrected,
and i3 more exact by taking into account the density factor
in the terrain corrections which is only an estimate in. the
computational method.

The initial assumption is the same a3 before, that the
local base level is a surface on which the value of the
Bouguer anomaly is constant, and hence the reductions of
observations at all stations can be equated. In thi3 form
all terms are known except o", the value of density, and the

following equation is derived.

g + kjAh < ( k2Ah - (T2 - Tx)/cro ). er
where, k* = 0.09406 mgal/foot.
k2 - 0.01276 mgal/foot.

66



A g = change in gravity from local base station.
* change in height from local base station,
k-*h = free air correction,

okg-h = Bouguer correction.

XI2---Ti )*
°p

= change in terrain correction from local

base station.

This equation is in the form Y * mX, which is the
equation of a straight line in which the gradient m» cr,

the required density.

Density traverse A26 —A46. Inspection of the gravity
profile ( see Fig37 ) shows the Bouguer anomalies at
stations A43 and A44 -rise as a result of a dolerite dyke
which crosses the traverse between these two stations.

For this reason, stations A43 and A44 are omitted from the
calculation®* The density is calculated by the Parasnis
method ( see Table 10) to be 2.75 g/cm”. However, by
inspection of the graph, ( see Fig 12, stage 1 ) it is seen
that all the crosses corresponding to the stations on the
north side of the hill lie above the circles corresponding
to the stations on the south side of the hill. This indicates
that a gravity gradient is'-.present;and this must be removed.
The difference between the Bouguer anomalies at stations
A26 and A46 after correcting for the small difference in
height between the two stations is +1.39 mgal over a
distance of 2000 yards. Subtracting this gradient

linearly from the local anomalies of the density traverse,
the results are recomputed ( see Table 11 ) and the density
becomes 2.60 g/cm”. By inspection of the graph ( see

Fig 12, stage 2), the crosses corresponding to the

stations on the north side of'the-hill lie below the



Table 10

mPenalty dotermination (xVirannia method)

Traverse A. - 1st computation.

<«here

station.
1. €-1.067
2. -1.443
3. -1.453
4. -2.413
5. -2.316
6. . -3.301
7. -5.306
8. -6.341
9. -3.794
10. -3.935
11. -3.593
12. -7.304
i.3e -7.213
14. -5.625
15. -2.733
16. -1.246
17. £0.003
18. +1.251
£A = 53.363,

IzdLL

.052
.103
.065
.143
079
.134
.034
071
.093
.009
013
-0.067
-0.093
-0.115
-0.133
-0.153
-0.162
-0.161

= R I — Iy

=

X

0.557
0.536
0.349
1.436
1.505
2.533
3.242
4.563
5.223
5.371
5.753
5.794
5. 669
4.970
3.467
2.395
2.249
1.706

Y.

0.169
0.161
0.243
0.376
0.441
0.735
1.129
1.431
1.310
2.006
1.934
1.917
,1.351
1.557
0.990
0.721
0.467
>0.223

a«13.216, ~XY a 82.5574

ifm 257.2727, *Y2 = 26.7937

cr= a =

Therefore

r

Correlation coefficient r

a

b ? 12 (e

0.9913

%4

A
JrX Ay

i

2 and j?z' are the variances of X and Y.

2.7495
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])en3it.y determination (iJarasnis method)

Traverse

A -

'.Station

3

N2 R B N I I S N

[SSY
<

[
[y
.

—
N

[y
w

—
N

[S—
<

o
= -]
[}

.
o

N
(=)

4"X =4.431.
£x2 = 176.3735,

”

2nd computation.

Q X
-1.137 0.437 0
-1,532 0.397 0
-1.662 0.639 0
-2.697 1.153 0
-2.664 1.157 0
-4.218 2.166 0
-5.793 2.755 1
-7.397 4.007 1
-9.420 4.606 1.
-9.630 5.176 2
-9.363 4.933 1
-3.633 4.960 1
-3.116 4.766 1
-6.593 3.997 1
-3.976 2.234 0
-2.497 1.644 0
-1.313 0.923 0
veennee 1. Q.1.39 0716 .eee v 0
» 13.216, » 63.7577
= 26.7337
m 2.604.
(iir)VN

3*%or Coefficient of Correlation r*-

r , vm»w-<XX -

Therefore

*x,Jy

cr

rX,g.2S88

2

0.9963

« 2.60, with r a 0.9963






circles corresponding to the stations on the south 3ide
of the hill. IThiajindicat-js that the gravity gradient
affecting the traverse is ovar-estimatod and so the
results are re-computed with only half the calculated
gradient subtracted. Using these figures, the density
becomes 2.63 g/cm” (see Table 12; and inspection of
the graph (see fig 12, stage 3; shows a random scatter
of circles and crosses about the bust straight line.
However, this value for the density of the lavas i3
lower than the values obtained by the detailed sampling
method or by filchean and Qureehi (sec pp 65-66; and
further inspection of the gravity profile (see,i?ifi 37)
indicates that there may be some displacement of tho
profile as a result of displacement of the lavas by
fault movement along the line of tho dyke. The results
are re-computod omitting station3A41-46 (sco Table 13)
and tho density becomes 2.72 g/cm”.

This last set of figures is then used in Jung
calculation (300 Table 14) and the density is calculated
to be 2.72 1 0.03 g/cm”> which is a good agreement with

the results cxxjressea on pages 65-66%

Donaity traverse 750 - 770. Tho gravity profile method
is employed in the Oargunnock area, eight miles north of
tho Takmadoon road locality, traverse 'A', to determine
whether there is any significant lateral variation in tho
density of the Clyde Plateau lavas.

The computation was made after the completion of the
main areal survey and was simplified since the regional
gradient was fully calc ilated and inspectionjbf the map
of local Bouguer anomalies (see Map 2) indicated
suitable areas, that is, traverses which arc near parallel
to the local trend of the isogaiu and away from steep
gravity gradients.

St;tions 750 - 770 of traverse '7' fulfil the above

conditions and using the station lowest in elevation,



Penalty determination (paraanlg method)

Trareroe A - 3rd computation
3tation. 40 £ Y
1. -1.102 0.522 0.169
2. -1.513 0.466 0.161
3. -1.557 0.745 0.243
4. -2.553 1.297 0.376
5. -2.490 1.331 0.441
6. -4.010 2.374 0.735
7. -5.549 '2.999 1.129
8. -7.119 4.235 1.431
9. -9.107 4.919 1.810
10. -9.233 5.523 2.006
11.° -8.930 5.371 1.934
12% -8.221 5.377 1.917
13. -7.665 5.217 1.351
14. -6.113 4.433 1.557
17. -3.334 2.876 0.990
18. -1.372 2.269 0.721
19. -0.652 1.539 0.467
oo . 1-0.556 1.011 0.223

rx * 52.654» £* » 18.216, £XY - 75.6646.
/X2 o 214.2306, £*2 » 26.7337.

- la- ~ » 2.677
AL2 - (AY)2UW e

For coefficient of correlation r,

r a'Whi'M - . q.0976.
Vy

Therefore o « 2.677. with r » 0.9976.
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Table 13.

Density determination (Paraanlo method)

Trayerae A - 4th computation.
1
Station Ji Y

1. 0.522 0.169
2. 0.466 0.161
3. 0.745 0.243
4. 1.297 0.376
5. 1.331 0.441
6. 2.374 0.735
7. 2.999 1.129
3. 4.235 1.481
9. 4.919 1.310

10. 5.523 2.006

11. 5.371 1.934
2. 5.377 1.917

13. 5.217 1.351

Mr_ . 4-183 ....1.557

£X » 44.909, » 15.815, ix.x 70.2139
- 197.2633, £X a 25.0259

For coefficient of correlation r»-

r, r-WSLitel . q.9980
Xy

Therefore cr m 2.721. with a correlation ooeffioient

of r m 0.9960



Table 14*

Penalty determination

Traverse A

(Jun**a method)

Station Height -£L 1
1. 17.27%  ¢0.071  -22.552
2. 21.04°  ¢0.033  -21.403
3. 24.47°  ¢0.033  -20.357
4. 40.93*  #0.294  -15.325
5. 40.62*  0.154  -15.435
6. 67.87 * 40.410 -7.129
7. 90.88*  -0.025 -0.116
8. 121.24*  40.322 09.133
9. 149.12*  0.075 #17.636
10, 157.41*  ¢0.151  420.163
11. 152.57*  *0.191  ¢18.633
12. 144.57 >  0.240  ¢16.249
13. 136.95%  ¢0.257  ¢13.927
14. 112.64  +0.309 06.517—
M(h) - 91.2593, 0.184
"Q.H 0.001818
g2 "
] ‘,9&0.?”1?5? 40.043
¢ 02 - 2.68 ¢ 0.043
Therefore g-a 2.723
i2
f2, A0 - ap i 0.03971

£(0 - aH)2.*H2

(£a)2 - a2 - ( a2l - rH) -

* 1.3532 x 107

1$al * 1.3632 x 10°3

a» at

-3

e t 0.033

-0.113
-0.146

-0.101
+0.110
-0.030
+0.226
-0.209
+0.133
-0.109
-0.033
+0.007
+0.056
+0.073
+0.125

f9U - ?2).£G2£H2)
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station Y71 as a local base station and the elevation
of station V71 above O.D. (Newlyn) as the datum, the
density of the lavas of that area is calculated by the
Para3nis method (see Table 15).

The value for the density is 2.74 g/cm-".

The results are also computed by the Jung method
(see iTable 16), and the value for the density is found
to be 2.71 * 0.01.

The discrepancy betweexT/ffhese two values arises either
from an error in the estimatioryGf the regional gradient

or more likely from interference by a small local

anomaly. Since the topographic slope from station
V50 - V70 is entirely in the same direction, the source
of the discrepancy cannot be isolated. However, the results

do not differ significantly from the value of 2.72 ¢# 0.03
calculated for traverse 'A', and this is sufficient to
suggest that there is no significant variation in the value
of the density of the Clyde Plateau Lavas from Kilsyth

to Gargunnock.

Density traverse WIO0O - W30. An attempt to determine
the density of the lavas in the Carbeth region was made
using the results of traverse W The density value obtained,
2.82 g/cm” is spurious because of incalculable interference
by a local anomaly whic®i may b*4ssociated with the nearby
Campsie Pault. Part of the Xxarasnis calculation is
submitted to demonstrate how the graphical method
illustrates the interference of a third unknown factor
which obviously leads to erroneous result (see Table 17).
The points on the graph (see Pig 13) are numbered in
the order of the stations on the traverse and the
best straight line through them has a gradient of
2.82. This is an algebraic compromise of a scatter

of results and is misleading.



Table 15.

/

Penalty determination (Paraanls method)

Traverse V

tation E_"e—~ <
1. -34.13 -0.136
2. -32.87 -0.162
3. -31.33 -0.165
4. -29.10 -0.191
5. -27.49 -0.202
6. -26.01 -0.217
7. -25.10 -0.228
8/ -23.99 -0.235
9. -23.67 -0.239
10. -19.16 -0.191
11. -17.80 -0.228
12. -19.23 -0.232
13. -19.57 -0.228
14. -17.65 -0.162
15. -17.39 -0.195
16. -16.03 -0.165
17. -15.16 -0.103
18. -14.72 -0.121
19. - 7.33 -0.063
20. - 5.38 -0.081

3-30, -0.035

AX - 93*53, * 250.06, iX.Y »
£X2 * 431.1417, "Y2 = 3466.0292.

ma &m 2XoY o {OG*Yin2i
x £xz - (ar/N

1/H.£X.Y - (*X.*Y)/H:
V *y

And r

Therefore <Ta 2.74* with a correlation ooeffloiont

of r . 0.9913

X

+7.20
+7.21
46.71
46.31
45.95
+.5.71
+5.51
+5.23
+4.94
+4.32
+4.05
+4.31
+4.33
+3.90
+3.96
+3.54
+3.29
+3.17
+1.57
+1.36

atPiJl

1290.6529

2-739

0-9913

+19.13
+20.30
+18.03
+17.15

+15.93
+15.48

+14.77
+14.06
+11.81
+12.11
+11.07
+11.51
+11.31
+10.46
+10.34
¢ 9.25
¢+ 8.70
¢+ 3.08
¢+ 4.01
¢+ 3.70

78



Tablo 16.

Density determination (Jung*o method)

Traverse V

Station Height 4£] H 0.
1. 551.73" -0.33 *217.42 -0.14
2. ,550.82'  -0.47 *216.46 -0723
3- 510.32'" -0.17 *176.53 *0.07
4* 478.47' 0.00 *144.11 *0.24
5. 443.95' -0.23 *114.59 -0.04
6 429.08*  -0.03 ¢ 94.72 *0.21
7. . 412.53" -0.19 ¢ 73.17 *0.05
3. 393-77" -0.27 * 59.41 -0.03
9. 367.06' -1.61 * 32.70 -1.37

10. 322.94' *0.36 - 11.42 *0. 60
11. 298.31' »0.03 - 36.05 *0.32
12. 313.64' -0.19 - 15.72 *0.05
320.56*  -0.46 - 13.08 -0.22

14. 291.83' -0.13 - 42.53 *0.11
15. 293.82°  *0.03 - 40.54 +0.32
16. 263.15' -0.36 - 71.21 -0.12
* 17. 243.84' -0.22 - 35.52 *0.01
13. 233.34' -0.51 - 96.02 -0.30
19. 117.99' -0.22 -216.37 -0.02
20. 99.32' 0.00 -234.54 *0.24
21_ 64.03' -0.07 . -270.33. *0.10

U(h) = 334.36. K(dg*») « -0.24
a * 40 0 3597 x 1075 r 2 J 735,97 x 1075
7H2 4.193 x 10-2

K? « - 0.009
Therefore <» <rL* <« « 272 - 0.009 * 2.711

22 . £(o _ali)2. n
*T(0 - ali)2.~H2

(02)2 » a2 - (a2/(1-F2) - T2/ (1-F2).~G2/£H2)
a 0 6556 x 10"7

8.7977 x 10"3

[

6a * 2.56 x 104

¥ l6at » *_Vn\lu!/;
4.193. x 10%2

Therefore the donsit.y of the lavas InAhe Oar«unno

area is foind to be <- 2.71 i 0.01



Table 17.

Penalty detorialnatlon

Traversa 1+

Station

1.

n AW N

¥
o o 3

10.
11.

14.

15.
16.

. 17.
13.

19.

20.

- 2.U.
*X - 39.33 5

0.39
0.04
1.24
1.53
1.71
1.83
1.72
1.59
1.64
1.84
2.01
1.89
1.97
2.05
2.04
2.31
2.60
2.83
2.63
2.43
2.19

80*

(Paraanla method)

1

0.93
2.21
3.10
4.23
4.73
5.07
4.89
4.57
4.76
5.49
5.37
5.49
5.79
5.73
5.60
6.38
7.08
7.80
7.23
6.77
6.01

* 109.93 ? *X\Y - 224.42

i"X2 « 80.31 I172*2 « 627.81»

/X2 -
And r .

Therefore a a 2.82%

of r * 0.9936.

2.8X5.

(*X)2/1J

0.9936

with a correlation ooeffioient
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Mineshaft measurements

This method of density determination is similar in
principle to the Parasnis method of gravity profiling,
and has been described by Kogers (1952 pp 365-377)¢
Domzalski (1955 pp 15-55)t rthetton, Myers and Smith
(1957 pp 20-43) and McLean (1961 pp 104-106).

The value of gravity is measured at the top and bottom
of a mineshaft and the difference, after small corrections
for the effect of the terrain and the excavated shaft
have been made, is proportional to the thickness of the
intervening strata. If the gravity measurements are made
at known levels, then the value of the mean density of
the intervening strata can be calculated.

This procedure is extremely useful for calculating
the mean density of a formation which has rapid fluctuations
in lithology and significant percentage-' of clay rocks.

Gravity measurements were made with a Frost gravimeter,
in the intake shafts of the Dumbreck and Twechar collieries
of the National Coal Board. Both shafts are over 1000
feet deep and are situated in the Scottish Carboniferous

limestone sediments to the south of the Campsie Fault at

Kilsyth.

Reduction of results. At Dumbreck colliery, all
measurements were made in roadways of the number 1 intake
shaft and as near to the 3haft a3 reasonable to obtain
a firm base for the gravimeter's stand. It was possible
to take readings at three subsurface levels at depths of
655.4, 843.6, and 1347.7 feet below surface respectively..

The only technical difficulty which arose was the
necessity to re-3et the coarse adjustment of the gravimeter
in order to obtain a reading at the lowest lev'el. This
trouble might have given rise t>()) a large instrumental

drift, but in fact a repeat reading at the preceding level

only differed by 0.1 mgal, a discrepancy corresponding
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to an error in the density of @(r= 0.005g/cm”.
At Twechar colliery, only one underground measurement
was possible and this wa3 taken at the Kilsyth Goking Coal
level in the gallery close to the bottom of the number 1
intake shaft 'at a depth of 1043*8 feet below the surface.
The free air corrections are made in the standard
manner talcing into account the depth of each station
below the surface (see p 33).
The terrain correction for the surface station is
made in the standard manner using a Hammer's zone
chart (see p 34). In the Dumbreck locality, a density
of 2.72 g/cm” is used for the third part of the surrounding
area which is made up oflava, the remaining two-thirdsis
calculated at 2.50 g/cm”which is sufficiently close tothe
final value ofthe Carboniferous sediments to be satisfactory.
A value of2.50 g/cm” is used for all the Twechar
reductions.
The corrections for the undergound stations are

calculated from the formula

2TISV(/R"+hf+A?+hi -A2+ h| - £\ + hp) e

(derived from Hammer, 1939 p 192)
where,
and = inner and outer radii of zone,
and h9 = depth tostation and depth to station +
mean height of compartment above surface

N = number of compartments in zone.

At both collieries, the surface stations are situated
close to the winding sheds and so a small building correction
of 0.02 mgal is included in the terrain corrections for
these stations.

In the case of the surface and deepest 3tation3,
corrections are made for the material excavated from the

shafts. In.the case of the two intermediate stations, the
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material missing from ala/e the stations compensates for
that missing below.

The effect of each shaft is computed separately using
the same formula as'for the underground terrain corrections,
that is, calculating th”/effect of a hollow cylinder about
the station which would just include the shaft between

its walls:-

To give the actual shaft correction, this value is
then multiplied by the following ratio,

Areal cross-3ection of shaft

Areal cross-section of erected cylinder.

A correction is also made for the material which ha3
been excavated in the pits. For reasons of safety, few
concentric roadways are excavated andno coal cut within
a radius of 400 feet ofeither shaft. Thissimplifies the
computation of the excavation correction since only a
limited number of radiating roadways need be considered.
In the calculation,'U3e is made of the tables drawn up
Py Domzalski (1955 pp 50-54) for the percentage effect
of slabs and blocks for different ratios of x/h where
x 1s the distance of the block from the meter, and h is
the height of the block. From these, the effect of the
individual roadways are found, and hence the total effect.

Accurate plans for the liaugh Rigg, 665.4°, and
Kilsyth Coking Coal, 1347.7f, levels are available, but
not for the Coalburn Coal, 843.6* level. However, the
excavations are known to be of the same order of size
and so the mean of the two known excavation values is

used.
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Excavation correction.

Haugh Rigg level (*-655.4 feet) = 0.463 mgal
Kilsyth Coking Coal level
(-1347.7 feet) = -0.703 mgal
Mean value = -0.583 mgal.

A sill of dolerite 117 feet thick is present in the
highest section of the shafts between the surface and the
Haugh Rigg level at -655.4 feet below ground. From
samples, the density of this sill is found to be 2.98 g/cm-"
which gives a density contrast of 0.46 with the Carboniferous
sediments. The effect of this sill is removed where desired
by the theoretical replacement by sediment of density
2.50 g/cm”. The attraction of the sill which is approximated
to an infinite slab in the Bouguer formula is calculated to
be 0.695 mgal.

The errors effecting the resultaof the mineshaft

density determinations can be divided into three groups,

1. Indeterminate errors.
2. Negligible errors.

3. Estimated errors.

The indeterminate errors arise from two known sources,
namely the imperfect barometric compensation by the
gravimeter, and the effect of the high magnetic fields
associated with the pit-head gear. ,

The barometric compensation error is reduced to a
virtual calibration error by taking the gravimeter down
the pit-shafts at a very slow speed and allowing it several
minutes to re-adjust before reading the underground stations.

.iith regard to the magnetic disturbances by the' pit-
head gear, the instrument is known to be unaffected by
moderate magnetic fields and since the fields associated

with the pit-head gear is constant,its effects are

neglected.
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s . *
Negligible errors are associated with the shaft and

excavation errors which are so small (from 0.019-0.106 mgal)
that gross errors of 100$ could be tolerated. An error

of 0.25 mgal would only produce an error in the density

of 0.01 g/cm”, so these corrections need only be
approximations and the errors ignored.

The estimated errors include the errors in the
instrument reading, the depth to the underground stations,
and to a lesser extent, the terrain correction.

bnaer ideal conditions, the gravimeter can be read
to 0.01 mgal, but the conditions in the mineshaft where
the instrument is required to measure two stations in a
short time interval and separated by over 1000 feet of
ro.ck, represent the worst mechanical situation and the
error is almost certainly nearer 0.02 mgal.

The depth is known to + 1 foot in 1000 feet, but this
effects the calculation twice and so the tv(())tal error is

()
2 feet in 1000 feet which is equivalent to 0.02 mgal.

The error in the terrain correction is ¢z 0.1 mgal
(see p 41).

The total error in the density determinations by
measurements in mine-shafts becomes a little over
+ 0.1 mgal which results in an error of t 0.01 g/cia®

in the calculated density.

Conclusions¢ The density of the Carboniferous sediments
in the Twechar area is 2.47 ¢ 0.01 g/cm”, or with the
dolerite sill replaced by sediment, 2.42 ¢ 0.01 g/cm”.

The corresponding values at Dumbreck colliery 2 miles to
the fiorth-east are 2.51 - 0.01 and 2.47 t 0.01 g/cm”*
respectively.

The Twechar value is supported by similar work carried
out by Powell (private communication) at that colliery and
which gives an overall density of 2.47 g/cm” including the

effect of the sill.

These results indicate a density gradient from Twechar
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to Dumbreck and this might be explained by an increase in
compaction towards the north caused by the proximity of
a plexus of faults including such major structures as the
*Riggin' an<\ the Campsie Fault.

Comparing these results with those obtained by Whetton,
Myers and Smith (1957, pp 20-43)> the Prince of Wales
colliery densities are slightly higher than those of
the Central West area of Scotland, whereas Fryston colliery
doe3 correlate with Dumbreck at shallow and middle depths.

Twechar gives the lowest result of all (see Tables
13-20, and Fig 14).

Mine-shaft density determinations in the West Ayrshire
coalfield (McLean, 1961 p 106) give much higher values,
from 2.52 to 2.69 g/cm”, although the latter value is
effected by thick dolerite intrusions.

It is obvious from these comparisons that there is
considerable lateral variation in the near surface density

of Carboniferous strata.
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THE MAGNETIC SURVEY

Field methods

The magnetometer. The magnetic measurements are made
using an Elsep 'Type 592% proton magnetometer. This instrument
gives a reading of the total intensity proportional to the
Earth's magnetic field. The magnetometer is simple to
operate, requiring no levelling or setting up other than the
orientation of the detector bottle in an approximate east-
west direction at a distance greater than 20 feet from the
instrument pack. This is done to avoid interference from the
magnetic fields set up by the magnetometer itself. Similarly
no magnetic articles such as watches or cigarette cases
are carried by the operator supporting the detector.

The reading error of the instrument- is given by the

I manufacturer as ¢ 0.5 gamma in magnetic gradients less

than 200 gamma per metre. The error increases to - 2
ecamma for gradients of 800 gamma per metre. For gradients
larger than the latter, the error becomes so great that the

readings are unuseable.

Procedure. In all but one traverse (traverse M 1)
the measurements of magnetic intensity are taken at either
20 yard or 50 yard intervals along the selected traverses.
The detector is held at a height of 5 feet above ground
level and at a distance of 10-15 yards from the magnetometer.
The instrument will always give a dial reading when operated,
even if the detector is disconnected ( in which case the
reading will be spurious), therefore two readings are taken
at each station to check that the instrument is operating
satisfactorily.

In the case of traverse M1, an alternative procedure

is used in an attempt to reduce the time taken for a
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traverse, increase the accuracy by increasing the
number of readings taken in p”“iven distance and
facilitate the storage of results. To achieve this,

an automatic recording and re-c/cling device is attached
to the magnetometer. This device re-cycles the
instrument at a pre-set frequency and records the dial
readings on a moving roll of sensitized paper. The
detector is carried by one operator at a slow walking
pace followed by two operators carrying the magnetometer
and recorder side by side, and the recorder is set to
re-cycle the magnetometer once every 10 seconds. In
this way, 360 readings are taken in 1 hour and the distance
covered is slightly over 1 mile.

This method is advantageous in that a survey can
be completed more quickly and in greater detail, and
since the results are being recorded automatically,
the instrument operator is able to concentrate on
adjusting the tuning control of the magnetometer in
order to obtain the best instrument performance in all
conditions. However,the method has certain disadvantages.
The use of the recording device necessitates the
assistance of a third operator in the team and is also
a large drain on the batteries of the magnetometer.

The recorder is not fitted with a device for marking
the recording paper externally and the geographic location
in the field of any point on the record can only be found
by interpolation between the end points of the traverse.

In practice, the detector was held stationary for
one minute every 50 yard3 in order that the record should
show a series of constant readings which could be identified
and correlated with points along the traverse on the map.

The results on the recording paper are expressed in

dial units and have to be converted to gammas and

transposed before they can be interpreted. This operation

takes up much of the time saved in the field by U3ing the
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automatic recording system* The recording paper can only
be read to an accuracy O0(f - 5 gamma and the results are
subject to this additional error*

In rough country, the conventional method of taking
measurements at specific stations spaced a given distance
apart is used.

The magnetic traverses are made over structures defined
by the gravity survey and local magnetic base stations are
established close to the structure.

The magnetic base stations are not linked but plans
giving the exact locations of the stations are lodged with
the Department of Geology of the University of Glasgow
so that they may be re-occupied if a more extensive

ground magnetic survey is undertaken.

Location of traverses

The magnetic survey consists of five traverses.
Traverse U 1 is a north-south traverse intended to locate
an east-west trending quartz-dolerite dyke which is shown
on the Geological Survey sheet 31 crossing the Crow road
near. Jamie »<right's well north of Lennoxtown.

The results are obtained using the automatic recording
instrument described above and the local base station is
set up on the Crow road. Traverses M2 and Li 3 are north-
south traverses set 100 yards apart with M2 west of M3
and parallel to the Takmadoon road in the eastern Campsie
hills. Theseetraverses are set out to locate an east-west
dyke which is shown on the Geological Survey sheet 31 as
an extension of the quartz-dolerite dyke which crosses
the Crow road. On these traverses, magnetic measurements
are taken at stations spaced 20 yards apart and the anomalies

are calculated with respect to a base station on the

Takmadoon road.



Traverses U 4 and M 5 are east-west and north-south
directed traverses respectively. They are located in the
Waterhead area on the Crow road and are Measured from the
Crow road magnetic base station above Lennoxtown.

These two traverses are made to determine if there is
any magnetic anomaly complementary to the large positive
gravity anomaly centred on Waterhead farm*

The magnetic traverses are shown on Hap 1»

94
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Reduction of results

Tbs' dial reading of the magnetometer is converted

to gammas by the following formula:-

Magnetic intensity < 24050 ,05
(in gammas) JInstrument reading

The results are corrected for diurnal variation of
the Earth's magnetic field in the following way. During
the field survey, readings are taken at the local base
stations at intervals of les3 than 2 hours. The change
in the base station reading over this time lapse is
usually less “han 5 gamma and is assumed to be linear
for the purposes of the correction. No latitude correction
is made since this would be negligible over such short

traverses®

Description of results

The anomaly over the east-west dyke on Traverses M1
extends some 40 yards in a north-south direction and
has a total amplitude of 5000 gammas. The maximum turning
point of the anomaly is situated to the south of the
minimum turning point.

The anomalies on traverses M2 and M 3 are similar
in shape to the dyke anomaly on Traverse M 1. They extend
over 100 yards in a north-south direction and have
amplitudes of 2900 and 2450 gammas respectively. The
maximum turning points on the anomalies lie to the north

of the minimum turning points.
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The anomalies on traverses M4 and M S are very shallow

undulations with an amplitude of less than 500 gammas.

The magnetic anomalies are shown in Figs 34*39%30-52.
*

Measurements of magnetic susceptibilty

96

The susceptibility bridge. The magnetic susceptibilities

of samples of lava are determined using a susceptibility
bridge similar to the type designed by Mooney (1952,

PP 531-543)* The measuring coil system consists of three
identical coils positioned | an inch apart on the same
axis. The circuit diagram is shown in Pig 15» and the coil
in Pig 16. The coils A and B are energised by a signal

of frequency 1 k/c per second which is generated by an
audio-frequency oscillator. A small amplifier is used

to detect the balance point of the bridge.

The susceptibility samples are in the form of either
solid cores greater than 1! inches long and * an inch in
diameter or as a powder contained is small flat-bottomed
test-tube3 which have the same internal dimensions as the
over-all dimensions of the solid cores. To determine the
susceptibility of a sample, the bridge is balanced by
adjusting the variable resistances R* and R" until no
current can be detected in the bridge circuit by the
amplifier. The sample is placed in the coil system inside
coil A a3 shown in Pig 16 and the bridge?,is re-balanced
by re-adjustingthe values of the variable resistances
R* and e The changes”R-* andklR” in the resistances
R* andR* are proportional to the susceptibility of the
sample ( Mooney, 1952 pp 535-534)%

The bridge is re-balanced <after the susceptibility
measurement.is taken to determine the instrument drift

as a result of temperature change or shock.



97.

ZMJLi

Sn.'captlblUty bridge olroalt

Coil A
Coil B Coil C
0.1 Mifd.
Oscillator 0 - non.
1 -n.
0 - iiio-n
fig. 16

Coil airangeuient.



The drift is usually undetectable for periods of instrument

use of less than one hour.

Instrument calibration. The geometry of the coil
system i3 such that the dalibration of the instrument
cannot be calculated precisely, and the instrument was
therefore calibrated by measuring 28 samples which had
been measured previously in the Department of Geology of
the University of Birmingham.

The calibration curve is shown in Pig 17, and the

equation of the curve is

3 = 0.164-A1" - 0.105

which is a straight line,
where S = magnetic susceptibility in 10" e.g.s. units.

AH"=s the change in the variable resistance .

The linear correlation coefficient of the calibration
line is r = 0.976,*and the standard error of estimate is
S * 0.633* This standard error of estimate represents
the total accumulated error of both the Birmingham and
Glasgow susceptibility bridges. The likely error of a
single susceptibility determination using the Glasgow
apparatus is less than twice the standard error, that is

less than - 1.27 x 10“"™ e.g.s.units.

Results of the susceptibility determinations.
Susceptibility determinations are made on 20 specimens of
fresh lava, each specimenlcoming from a different floY/
which is selected at random throughout the Campsie and
Kilpatrick hills. The specimens were collected for chemical
analysis by J.G.Macdonald of the Department of Geology,

. 1

University of Glasgow and the code numbers of the specimens

refer to their classification in the Hunterian Museum,

University of Glasgow.
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The susceptibility determinations are as follows*-

No. Specimen Su3ceptibil
1. H9625 5.50
2. R9631 P. 3b
3. R9597 l.yb
4. K9598 6.72
5. H9599 2.90
6. R9600 7.32
7. RybUl 5.8b
3. RybU2 5.40
9. Ryo<f8 2.66
10. RyouO 2.74
11. Ryo7b 7.68
12. RyoY? 8.0U
13. R2074 5.44
14. Ry073 4.48
15. RyoY-L I.y2
16. Ryo/u 1.92
17. Ryooy 3.20
13. Ryood 3.20
19. R9b77 11.08
20. Ryo76 7.84

The mean susceptibility is k = 4.9b x 10”*c.g.a.units
with a standard deviation of - 2.40 x 10““c.g.s.units and

a standard error of -0.54 x L,0““o*gls. units.

Methods of interpretation
The magnetic anomalies may he grouped into two classes,
those due to fault3 ana those due to dykes, although the
equations for the magnetic anomalies due to each type are
related ( see Appendix A) * The dyke anomalies .are interpreted
by the method' of curve matching described by Gay (1963 PP
161-200 ). The east-we3t vertical fault anomalies are

interpreted using the equation;-

AT * -2j(cos 2I(O)2(>1) + sin 21 .logQ?2)

YYhere J = intensity of magnetisation.
I a inclination of total field below north-directed
horizontal axis ( in direction of increasing Xi*
r* and r* = distance from point of measurement on
surface to top and bottom edge of slab
A respectively
and - angles of r+ and r2 repectively below
4 north-directed horizontal axis.
N<r- "3 * ( for derivation, 3ee Appendix A)

+X -X



THE GEOLOGICAL INTERPRETATION
Introduction

The Bouguer anomalies in the Campsle and Kilpatrick
hills (see Map 2 ) consist of a steady regional gradient
rising to the south-east ( see pp 47-5& )t a large positive
anomaly at waterhead farm approximately in the centre of
the area surveyed, and many minor anomalies associated
with faults, 3mall intrusions and variations in the thick-
ness of the rock formations at the surface.

The map of 1st order residual anomalies ( 3ee Map 3 )

»
is used for the geological interpretation.

Density contrasts. An examination of the rock densities
of the major stratigraphical units ( see pp 59-90 ) 3hows
that the most significant density contrast occurs at the
base of the Clyde Plateau Lava group between the lavas and
the sediments of the Cementstone group. This density
contrast i3 0.17 - 0.01 g/cm” . To the south of the -Campsie
and Kilpatrick hills, the lavas are overlain by sediments
of the (Jpper Sedimentary group and Carboniferous Limestone
series which give a density contrast of 0.21 - 0.02 g/cm”
with the lavas and this value is U3ed for the interpretation

of sections which include the lavas and these later

sediments.

Methods of interpretation In most areas, the Bouguer
anomalies are accounted for by the adjustment of the base of
of the lavas above or below the local datum at +300 feet.The
lavas rarely have a dip greater, than 5° and so this adjustment
i3 made using the Bouguer formula for an infinite slab of
material,

gz = 2trSro-t.

where, gz = the vertical component of gravity attraction
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Y is the gravitational constant.
(D'is the density or density contrast,

t is the thickness of the slab.

The large positive anomaly at Waterhead farm is
interpreted as the effect of a deep-seated structure
which is a source independent of the base of the lavas
(saa pp 100-111), and this effect is graphically removed
before the adjustment of the base of the lavas is attempted
since the anomaly effects all of the results within a
radius of 6 miles from its centre.

Anomalies associated with faults or res/embling the
gradient anomaly due to a fault are interpreted using
Nettleton's formula for a semi-infinite slab (194-0 p 113)
Other anomalies which cannot be explained in terms of
the base of the lavas are interpreted using limiting
depth formula (Bott and Smith, 1958 pp 1-10) and formulae
for simple geometrical models (Nettleton, 1942 pp 293-310;
Skeels, 1963 pp 724-735).

As a result of the error in the density contrast,

(see p 97), the error in the theoretical anomaly calculated
using the Bouguer formula is approximately 0.1 mgal/200 feet

thickness of slab.

The scale of the diagrams. It is not possible to draw
all the gravity anomalies and the postulated geological
structures on a uniform scale because of the, large
variation in the size of both, therefore the following

scales are chosen:-

a. The anomalies at Waterhead and Sir John de Graham's
Castle are drawn to a scale of 4 mgal/inch and the geological
structure on a natural scale of 1 inch/mile (see Pigs 18
and 19).

b. The anomaly between stations P50 and P63 is drawn

to a scale of 1 mgal/inch and the geological structure to
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a natural scale of 1 incbhb/1200 feet ( see Fig 43 ).

c. The anomalies on the detailed traverses ( except
traverse Q) are drawn to a scale of 1 mgal/inch and the
geological structure is drawn to a horizontal scale of
1 inch/1200 feet ( 1 gravity station/” inch) and a vertical
scale of 1 inch/200 feet ( see Figs 37-39» 41-42 )So

The geological structure of traverse Q is drawn on a
horizontal scale of 1 inch/l mile and a vertical 3cale
of 1 inch/1000 feet in order that all the essential details
may be represented on one diagram ( see Fig 40).

d. The anomalies of the reconnaissance traverses are
drawn toVa scale of 4 mgal/inch and the geological structure

is drawn to a horizontal scale of 1 inch/l mile and a

vertical scale of 1 inch/1000 feet ( see Figs 44 and 45 ).

The regional gradient

The regional field is computed to be a 1 st order
surface rising to the 30ith-east at a rate of 0.61 mgal/mile
( see pp 47 - 56 )e

The area covered by the survey is not large enough to
permit a geological interpretation of this gradient, but
its magnitude is consistent with the -findings of McLean
and Qureshi (1965) which indicate the presence of a
relatively high density material under the Midland Valley
rift compared with the flanking highlands. It is concluded
by McLean and Qureshi that the gradient is the result of
a thickening of the upper part of the crust by Dalradian
rocks in the Grampian Highlands and Lower Palaeozoic

sediments in the Southern Uplands.
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The Waterhead Anomaly

The upper part of the >Vaterhead anomaly is essentially
circular in plan ( see Map 2) but this symmetry is largely
destroyed beyond a two mile radius of the maximum value of
16.5 mgal. with the anomaly more elongated along a south-west
north-east axis and decreasing in magnitude more rapidly in
the north and much less rapidly in the east than in the south
and west.

The dominant hear circular form of the observed anomaly
indicates that the density model which would give rise to a
similar gravity field is that approximating either to a point
sourcEmas3 or to a vertical line source mas3. The point
source mass physically represents a sphere and the vertical

afprtsLu*idre?
line source mass QerroopOiDdte to a vertical cylinder ( or a
group of cylinders on a common axis) or a vertical cone which
may or may not be truncated as a frustum.

The distortion of the peripheral area of the observed
anomaly may be due to the effects of local structures, or the
departures from a simple radial symmetry of the major
structure which gives rise to the anomaly, or a combination
of both features.

Examination of the 2nd derivative map of the Waterhead
area ( see Fig 9) shows the Waterhead anomaly rising to a
maximum value of +574 x 10_15e.g.s. units and maintaining the
near circular pattern of the Bouguer anomalies over a radius
of approximately 1" miles from Waterhead. However, to the
east-north-east, at Sir John de Graham's Ca3tle, an anomaly of
+ 100 x 10“*c.g.s. units is isolated and indicates that an
independent structure is probably responsible. It is clearly
related to the more gentle decrease in.magnitude of the
observed anomaly to the east of waterhead. This anomaly in
the second derivative values is approximately elliptical in
shape with the major axis directed towards Waterhead.

Two other near circular anomalies in the second derivative
values are seen, one at Lackett Hill in the south, and a

second in the west approximately 2£ miles from waterhead
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(see Fig 9). These are minima having values between -50
e.g.s. units and -100 e.g.s. units and are of doubtful
significance since the isogals in both these areas are
interpolations between traverses.

Density Models. Using limiting depth estimation techniques
(see Bott and Smith,1958) the maximum depth to the top of the
gravitating body is calculated (see p 107). If to a first
approximation, the gravitating body is considered to be a
finite 3phere, then the limiting depth estimate is the depth
to its centre of gravity* and therefore, for a given range ole:i
the dimensions of this body are determined. The theoretical
gravity anomaly due to these spheres is compared with the
observed 1st order residual anomalies after removal of the
regional gradient, and the results of this comparison are used
as a guide for the erection of more complex density models
which are based on a vertical line source isee pp 111-119).

The first of these more complex models is one Of a range
of vertical cylinders ( see pp 120-123) which may be erected
for different density contrasts and from this range of
cylinders, a range of vertical frusta are developed (see p 123)

Finally, in the case of the frusta, the density contrast
is varied at different levels according to the known geology
(see pp 127-129). At each 3tage of this interpretive procedure
the theoretical gravity anomaly due to the density model in
question is subtracted from the observed 1st order residual
values and in each case, a positive residual anomaly of between
4 and 5 mgal. remains in the region of Sir John de Graham'3
Castle as indicated by the 2nd derivative analysis (see p 56)k j
and in the cases of the spherical and cylindrical models,a
negative residual anomaly of approximately -1.5 mgal remains
in the region of Lackett Hill (see p 56).

Limiting depth estimates are made on these peripheral
anomalies (seeBott and Smith,1953) and spherical density

** o= density contrast —I
* This may also be obtained from the formula Z=1.305Xx where

Z is the depth to the centre of gravity in any units, and
is the distance in the 3ame units from the maximum towtohare

the value of the anomaly is halved (see Nettleton, p 123).
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models are erected such that their centres lie at the
computed limiting depth and the maximum value of their
theoretical gravity anomalies equals that of the observed
anomalies (see pp 112-119)c More sophisticated analyses are not
warrented in these cases since the possible error in the
observed anomalies (which are 2nd order residuals) is too
great to permit the fine distinctions between the anomalies
due to spheres and cylinders to be identified. It i3
recognised that a cylindrical or conical density model would
be equally viable at Sir John de Graham's Sastle or Lackett Hill

The total theoretical anomaly in the Waterhead- Sir John
de Graham's Castle area due to the sum of two or three
density models as the case may be is compared with the

\
observed anomaly at each stage.

Theoretical anomalies. The 3hape of theoretical gravity
anomalies due to simple geometrical density models such as
homogeneous spheres and homogeneous vertical cylinders in
which the height equals the diameter differ in a recognisable
manner when all other variables such as the depth to the
centre of gravity and the density contrast are held constant
( see Fig 18). Similarly, the anomalies due to frusta are
diagnostic since they may be considered as modified cylinders,
that is, the top is smaller than the base or vice versa if
the frusta are inverted. However, due to the asymmetry of a
frustum in the direction of its axis, the depth of burial of
the density model, or the density contrast, or the total
volume or any combination of these parameters must be varied
to obtain a theoretical anomaly comparable in magnitude
and shape to those anomalies due to spheres or cylinders.

In the case of the frusta used to interpret the Waterhead
anomaly, the depth of burial is raised in each case until the
maximum theoretical gravity value equals the maximum ohserved
value at Waterhead. A comparison between the theoretical
anomalies due to the sphere, cylinder, frustum 1 and frustum
2 Csee p 111) used in the interpretation of the Waterhead

anomaly is shown in Fig 18 and illustrates the extent to
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which the separate models may be distinguished. All the
anomalies have the same maximum value and the anomaly due
to the cylinder decreases less steeply than those due to
the sphere and the frusta, except towards the extremities
of the curve where it crosses the anomaly due to tbe sphere.
Both the anomalies due to the frusta represent smaller
values than the anomaly due to the sphere except at the
maximum value and frustum 2 which is a shallower and smaller
density model than frustum 1 gives the sharpest anomaly.
These density models are shown in Tig 19. The ability
to identify one of the above theoretical anomalies with
the observed anomaly may be complicated by either
irregularities in the shape of the anomalous mass or by
changes in density contrast in the'field as a result of
changes in density with depth of the anomalous mass and

the surrounding strata.

Limiting depth estimations. The map of 13t order
residuals shows the Waterhead anomaly rising to a maximum
value of +16.5 mgal. The circular form of the upper portion
indicates that the anomaly is to a first approximation of

the type associated,with a point source mass or a vertical

line source.

Maximum depth estimates are made using the formula of

Bott and Smith (1958> pp 2 - 3 )e

Theorem 1 gives the maximum depth, h, to the top surface

of the gravitating body as

h &~ 11*560 feet

Corollary 1.1 gives s-

h~* 13>250 feet.
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and Theorem 3 gives :-

h » 11,770 feet.

The results are limits and therefore the maximum depth
to the top.surface of the gravitating body is taken as the
minimum value of 11,560 feet ( 2.19 miles ) as given by

Theorem 1.

Density contrasts. The known geological succession

in the region of Waterhead is as follows:-

Formation Thickness Density(g/cm*)
Clyde Plateau Lavas 0300 feet .2.72
Cement3tones 700 feet 2.55
Upper O.K.S. 2600 feet 2.36
Lower O.R.3. 6000 feet 2.60
Pre-O.R.S. f 2.75

The thickness of the Clyde Plateau lava3 at materhead
is at most 300 feet and probably less than 100 feet. The
base of the lavas is exposed at the Carron Reservoir and
appears to be horizontal at an elevation of 770 feet above
sea-level. Thi3 exposure lies only 2 miles from Waterhead
which is at an elevation of 880 feet above sea-level.

The thicknesses of the Cementstones and Upper 0.R.3
series are given by Clough and others ( 1925, pp 191-193)
and the probable thickness of the Lower O.K.3. series is
given by Qureshi (1961).

The estimated maximum depth of 11,560 feet from the
local datum at =300 feet above O.J. to the top of the mass
causing the gravity anomaly corresponds to a depth of
1960 feet below the base of the Lower O.K.3.

If, to a first approximation, the gravitating body is

considered to be finite and to have a constant density
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contrast with the surrounding rocks, then the limiting depth
estimate may be considered in certain circumstances to be
the depth to the centre of gravity of the body. For example,
it is true of a single sphere but not true if more than one

a** ti*« Sowrct
sphere”is present.

Therefore, considering the magnitude of the observed
anomaly, the minimum density contrast between the surrounding
rocks and a density model in the form of a sphere of radius
11.560 feet with its centre of gravity at a depth of 11,560
feet so that the sphere is tangential to the local datum
is 0.17 g/cm”. For the purposes of calculation, the slightly
higher value of 0.20 g/cm” is used as the minimum value and
this is justified since there is no evidence in the field of
any structure at or immediately below the surface.

The Lower O.R.S. sequence of rocks extend from a depth of
approximately 3,300 feet below the local datum to a depth of
at least 9»300 feet (see p 142) and probably to greater depths
and therefore a large part of any spherical gravitating body
which has its centre of gravity at 11,560 feet below the
local datum must be contained within the Lower O.K.3. series.

Densities greater than 3*0 g/cm” are seldom encountered
in the common rocks of the upper layers of the crust and
the maximum density contrast likely to occur between the
aAorw . Joi? knrKAt o sU+><
gravitating body at Waterhead and the surrounding rocks is
about 0.4 g/cm” since the density of the Lower O.R.S. is
2.6 g/cm” and the density of the pre-O.R.S. basement is
assumed to be approximately 2.75 g/cm”.

Therefore, where it is possible, a range off density
models is computed for a minimum density contrast of 0.2 g/cmj

a maximum density contrast of 0.4 g/cm” and an intermediate

value of 0.3 g/cm)\ i , u Lj < J HU, vtrkWy
Ny fsscnwal > " " HOo, © E-rlm

The analysis of the naterhead anomaly. The first model
computed is that of a buried sphere with ijbs centre at
11.560 feet below the local datum and a density contrast

of 0.4 g/cm3. This sphere which is identified by the
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notation A 1» has a radius of 1.65 miles and gives rise to
a maximum gravity anomaly of 16.5 mgal. The theoretical
gravity anomaly fits the observed anomaly very well on the
northern side ( see Fig 20m ) and also on the eastern side
witnin a mile to a mile and a half of the peak value ( see
Fig 213 ).

In the west and south ( see Figs 223 and 20" respectively)
the observed curve decreases more rapidly away from the
peak value, the difference being approximately 2 mgal in
places, although the two curves match well between 2.5
and 5 miles south of Waterhead. The residual anomalies
after subtraction of the theoretical profile from the
observed profile are shown in Figs 20/ and 22h.

-Subtracting tne computed gravity values uue to tnis
sphere from the map of 1st order residuals ( see Plate 3 )
in the region of waterhead, a map of 2nd order residuals
is obtained ( see Fig 22 ). On this map, two prominent
closed residual anomalies remain. The larger of these
rises to a maximum value of nearly + 4 mgal at Sir John
de Graham's Castle to the east of waterhead and coincides
with the positive anomaly of 120 x 10_15e.g.s. unit3
on the map of second derivatives. This anomaly is
approximately circular in outline.

The second closed feature consists of negative residuals
extending to a minimum of - 2 mgal centred on Lackett Hill
to the south of Waterhead and corresponds to the anomaly
of - 72 x IQ*15 e.g.s. units on the map of second derivatives
( see Fig 9 )e

The residual anomaly at Sir John de Graham’s Castle is
analysed in terms of spherical density moddls in the same
manner as the major anomaly at waterhead.

The maximum depth to the centre of this sphere is ci
calculated by the Bott and Smith formulae ( 1958» pp 3-4)
to be 9500 feet below the local datum, and the radius of
the sphere for a density contrast of 0.4 £/cm” is 0.90
miles or 4750 feet. This sphere is identified by the notation
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B 1. The negative 2nd order residual anomaly at Lackett
Hill is interpreted as the effect of a departure from the
assumed simple spherical shape by the gravit.ating body

and the simplest modification that can be made to the density
model to eliminate the anomaly is to excise a mass of dense
material from it*

The Lackett Hill anomaly is also analysed in terms of a
buried sphere in the same manner as the naterhead and Sir
John de Graham's Castle anomalies. The depth estimate for
the centre of this sphere which is designated C 1 is
4950 feet and the radius for a density of 0.4 g/cm” is
0,42 miles or 2200 feet.

The theoretical gravity gradient as a result of the
Camps ie Fault ( see p 140 ) is included on Fig 210 and
shows that the 3teep gradients of this anomaly do not extend
far enough northwards to cause significant interference
with the Waterhead anomaly and may be neglected in the
interpretation of the gravity values at Jaterhead.

The combined theoretical anomaly is obtained by summing
the individual gravity fields computed for the spherical
density models at «aterhead and Sir John de Graham's
Castle and subtracting the field computed for the incised
sphere at Lackett Hill. The north-south and east -west
profiles of this combined theoretical anomaly are compared
with the observed anomaly ( see Fig3 23' and 24° respectively)

Hesidual anomalies are obtained by subtracting the
theoretical profile from the observed profile in each case
and are shown on the same respective figures. In the
north-south profile X see Fig 23~ ), the absolute value
of the residual anomaly is generally less than 1 mgal
except in the extreme north v/here it becomes approximately
2 mgal and the general indication is that the correlation
between the observed and theoretical curves is good.
However) the observed profile has a distinctly narrower

form with more convex sides and a sharper peak than the



PEAIYId)B AL Je  SsdIjewoue A)IAeIS [BI1)3103Y) Ppue PIAIISqQ



118.

Fig 24

QS
v
=)

peoyIdje A I®

sdrjewoue

£31A%13

ILRISERTUELE]

pue paAIdSqQ



119

theoretical profile. A similar comparison between the
corresponding east-west theoretical and observed profile
produces the same effect. The addition ©f the Sir John
de Graham's Castle profile reduces the difference between
the curves to a fraction of a mgal fofa distance of 5 miles
to the east of Waterhead, but to the west, the observed
curve falls away from the maximum value more quickly than
the calculated profile and the difference between the two
profiles is of the order of 1 mgal. In the far west, 4
miles from Waterhead, the observed gravity field increases
in value as a result of the effect of the Campsie .Fault
which is cut obliquely by the line of section on the western
margin. This anomaly is discussed on page 133 and does
not significantly affect the interpretation of the
Waterhead anomaly.

The basic model for the above theoretical anomaly is
made of two buried spheres which give a density contrast
of 0.4 g/cm” with the surrounding rocks, the larger sphere
having a spherical shaped indentation of local sediment
on its southern side.

The same anomaly would result from larger spheres with
proportionally smaller density contrasts providing that the
depths to the centres remained unaltered.

Density models which give anomalies closely res/sembling A
the observed anomaly at Waterhead Farm ( defined by the
possible density contrasts and the corresponding
combination of spheres ) are shown in Table 2IA, and illustrate

the probable range of dimensions of the gravitating masses.

Table 21.A
models Densi ty iiaterhead Sir J.de Lackett Hill
contras t Farm radius Graham's C radius in
< in miles radius in miles
g/eml miles _
0.2 2.05(A3) 1.U(B3) 0.53(C3)
Spheres (3 1.85(A2) 0.9a(B2) 0.46(02)

0.4 1.faa(Al) O.au(Bi)  0.42(01) ..
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In the above Table 21/., the identification code for
each model is shown in parenthesis.
The anomaly due to a vertical cylinder closely resembli

that due to a sphere if the following conditions hold;-

a. the diameter of the cylinder equals its height.

b. the cylinder has the same total mass as the
sphere.

c. the centre of gravity of the cylinder is at the

same depth as that of the sphere.

The anomaly produced by such a cylinder would be a
worse approximation to the observed anomaly at Waterhead
( see fig 25 ). It is, however, important tocompute
thedimensions ana tnegravj. vutional attraction of a
cylinder because its dimensions and the form of its
theoretical gravity field may act as a guide..to the
construction of more complex density models.

Using the method devised by Skeels ( 1963), the anomaly
due to a vertical cylinder of volume equal to that of the
sphere A1 is calculated for a density‘contrast of 0.4g/cm”.
The diameter and-height of the cylinder is calculated to
be 2.88 mile3, and the depths to the top and base are 0.75
miles and 3.63 mile3 respectively. The anomaly due to this
body is shown as Curve 1 ( in figs and 26/ ) and the *
residual anomalies which remain after the subtraction of
Curve 1 from the observed curve is shown as Curve 2* The
absolute value of these residuals is greater than 4 mgal
within 1 mile to theyest and south of tne maximum observed
turning point indicating that the cylindrical density model
is less likely to resemble the true geological structure
than the range of spherical m;d'els already computed.

further confirmation of this is obtained from the use
of Skeels method ( 1963) as a means of interpreting the
observed anomaly. Instead of determining the theoretical

anomaly due to a density model of given dimensions, the
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observed anomaly is used to determine the dimensions of a
cylindrical density model. In the ca3e of «aterhead, the
observed profile gives rise to valn.es of the parameters
K= 18 for a density contrast of 0.4 g/cm” and F = 0.55
which are non-intersecting carves on Skeeis nomograph

( sea Skeeis, 1963, p 728, fig 4 ). It is.«the intersection
of the Mand F curves which defines the dimensions of the
required density model, and non-intersection means that
either the observed anomaly is caused by a mas3 which is
not shaped in the form of a vertical cylinder, or that

if the mass is cylindrical, then the density contrast varies
with depth so that a significant plane of density contrast
does not exist to form the base of the cylinder.

The observed second derivative profiles at <rfaterhead
fi'" jaiga 38 ond 33 ) display near constant slopes on the
eastern, western and southern sides of the anomaly indicating
that at least the upper surfaces of any proposed density
model should have no sharp changes in shape. This is
further evidence against the vertical cylinder as a density
model as an alternative to the spheres already discussed.
ThS aeefrnfl damauataye irnlnaa <o the opacity pgnfiUinn

oat ef epheneg A B 1, and C I ie gAdjba afraaa—aa
Mge 38 rnd 33

Another density model which would fit the conditions
deduced from the second derivative analysis is the
frustum or truncated cone and thi3 will be considered#

To determine the theoretical anomaly due to a frustum,
the original cylindrical model is divided up into 10
cylinders of equal thickness but the radii of the upper
ones decreased by equal proportional amounts so that the
structure approximates to that of a truncated cone. Then
more cylinders of equally diminishing radii are added to
the top of the structure, some deeper cylinders are removed
and the rate of decrease of the various radii varied until

the total theoretical anomaly calculated by the Skeeis
metho.; *
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method ( 1963, PP 724 —735 ) due to all the cylinders
gives a reasonable fit to the observed anomaly.

The dimensions of three frusta for density contrasts
of 0.2 g/cm”, 0.3 g/cm-*, and 0.4 g/cm” which give an
identical set of anomalies resembling the observed anomaly
at iVaterhead Farm is shown in Table 22'"' *

Table 227,
Frustum 1 A Frustum 1 B Frustum 1 C

Depth to upper
surface 0.46 mis 0.32 mis 0.26 mis

Depth to lower

surface 3.05 mis 3%22 ml3 3. 34 mis
Upper radius 0.59 mis 0.67 mis 0.74 mis
Lower radiuse 1.88 mis 2.14 mis 2.35 mis
Density contrast 0.4 g/cm” 0.3 g/cm” 0.2 gem”

( see Fig 19 )

The theoretical anomaly due to this range of models
is shown as Curve 1 in Figs 27 T and 28 -

The theoretical anomaly displays a very good fit to
the observed curve on the north and west side3 and is
reasonably close on the south side but falls considerably
short to the east where the Sir John de Graham's Castle
anomaly contributes to the gravity field. The computed
anomaly 3till appears to be a little broader than the
observed curve near to the maximum value and in an attempt
to improve this fit still further, the theoretical anomaly
due to a second frustum is calculated for a position nearer
to the surface and of narrower top cross section. The

dimensions of this model far a density contrast of 0.4 g/cm”

are »-
Depth to uppersurface - 0.18 miles

* M lower * = 2%48 mile3

Upper radius = 0.44 miles

Lower H =*%*1.58 miles

Density contrast - 0.4 g/cm”

( see Fig 19 )e

b
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The anomaly due to this model i3 shown as Curve 2 in
Figs 27 mand 2d 1* This curve is not significantly
narrower than the curve computed from the Frustum series 1.
in the region close to the maximum value but decreases too
steeply to be considered as a reasonable fit to the observed
curve, the difference between the computed and observed
profiles being as much as 2 —3 mgal only one mile from the
maximum value ( see Figs 27 and 28 1 )e Also this
model is much nearer the surface than the previously
considered models so that if the density contrast is
decreased to 0.3 or 0.2 g/cm”, the top surface of the model
would rise above ground level which is physically impossible.
All the density models considered so far are computed
using a uniform density contrast. This is a fair approximation
since the bulk of each density model probably lies within
the Lower O.K.S. series.

However, in the case of the frustum, the gravitational
attraction is also determined for a density model with
different density contrasts at different levels. The
density of the model is assumed to be the probable maximum
of 3*%0 g/cui). The densities and tnickr”esses of the
geological formations are those shown in Fig 29 on page 129.
Therefore, it is assumed that the thickness of the Lower
0.K.S. rocks is the minimum value of 6000 feet and that the
density of the pre-O.K.S. rocks is a maximum of 2.75 g/cmJ
( see P 144 )e IF the dimensions of Frustum 1 are ass:imed
then the upper 373 feet of the model are contained in the
Upper O.K.3. series and the density contrast becomes 0.64
g/cm-~ in place of 0.4 g/cm”, The remainder of the Upper
part of the frustum from a depth of 3>300 feet to a depth
of 9t300 feet is contained within the Lower O.K.S. series
and the density contrast of 0/4 g/cm” i3 identical to that
used in the calculations involving Frustum 1 A. From a
depth of 9>300 feet to the base of the frustum at 16,000

feet, the model rests within the pre-0.K.3. rocks and the
density contrast is 0.25 glern-* ( see Fig 29 )» The gravity



attraction due to this modified version of Frusfrim i rises
to a maximum value of only 14.5 mgal which is 2 mgal less
than the observed anomaly at rtaterhead. The simplest
modification which can be made to this layered frustum to
improve the correlation between its theoretical gravity
field and the observed anomaly is to add the effect of a
small vertical cylinder placed on the top of the frustum.
The height of thi3 cylinder is 310 feet and its diameter
is 620 feet for a density contrast of 0.64 g/cm\

.The anomaly due to this model, Frustum 3, is shown
in Figs 30 V and 31 ~ and appears to exhibit a slightly
better fit to the observed anomaly than that due to the set
of Frusta 1 A, IB, and 1 G

A comparison between the residual values after the
subtraction of the theoretical anomalies fro*ii th« observed
anomaly in the cases of all the density models computed
shows that in the case of Frustum 3, the smallest residual
values are produced in the region of naterhead ( see

30 )e The effect of the layered frustum with
smaller density contrasts based on a density of 2.9 g/cm”
for the model is not calculated in aetail because the size
of the model required is larger than could be accommodated
within the known geological section in a meaningful way.

In order to maintain approximately the same gravity
profile as that due to Frustum 3» the volume of the model
has to be considerably increased whilst the basic shape
remains approximately the same. However, the greater part
of the enlarged model restswithin the pre-O.A.3. rocks
with a density contrast of only 0.15 g/cm”. To
compensate for tbi3 low density contrast without distorting
the base of the model, the upper part must be extended
upwards to the surface and since there is no field evidence
in the uaterhead area of the existence of any such structure,

the model is abandoned.

From an examination of the 2nd order residual anomalies
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( see Figs 20,21,23 -* 23,30 and 31), that is, the residual
anomaly remaining after the subtraction of the theoretical
enomaly from the observed anomaly, it is seen that the
theoretical anomaly which gives the be3t correlation with
the observed values at '.Yaterhead is that associated with
the density model Frustum 3 ( 3ee Figs 3(E and ) in
which the density contrast is adjusted according to the
estimated geological succession ( see p 128 )* Good
results are also obtained with the density models in the
forms of the sphere 1 A ( see Figs 20,21523'wand 24) and the
Frustum 1 ( see Figs 27 ' and 23 . ) in wnicn a uniform
density contrast is used.

The correlation between the observed anomaly and the
theoretical anomalies due to the vertical cylinder ( see
Pigs 25 ~ and 26 ) and the Frustum 2 ( see Figs 27" F
and 28 1) are poor and these models are not considered
in the interpretation of the Jaterhead anomaly.

Cylindrical and truncated conic models are not computed
for the Sir John de Graham's Castle anomaly for this anomaly
is so small and irregular that it is ill-defined and it iis
impossible to discriminate between models as with the
«aterhead anomaly.

However, the residual anomaly in this area becomes
5 mgal after the subtraction of the theoretical profile
due to Frustum series 1 from the observed anomaly and
5.5 mgal after the subtraction of the theoretical profile
due to Frustum 3 ifrom the observed anomaly. This increase
from 4 mgal ( see p 112 ) in the residual values at Sir
John de Graham's Castle is the result of the narrower
profiles of the above theoretical anomalies and is most
easily accounted for by increasing the size of the range
of spherical density models 'in the area of the Castle.

The depth to the centre of these spheres is 9500 feet
below the local datum ( see p 112 ) and the radii for the

set associated with Frustum set 1 are shown below for density









contrasts of 0.4 g/cm,”, 0.3 g/cm”.and 0.2 g/cm\ The

radius of the spherical model associated with Frustum 3
is shown only for a density contrast of 0.4 g/cm” since
Frustum 3 is computed only for a density contrast of 0.4

g/em” ( see p 128 )e

Set of Spherical Density Models at Sir John de
Graham's Castle Associated with Frustum set 1

and Frustum 3*

Frustum set 1 Frustum 3
Density g/cm” 0.2 0.3 0.4 0.4
Radii of
Spheres 6415 5604 5104 5253
(feet)

It is assumed that the residual anomaly at Sir John
de Graham's Castle i3 a subsidiary of the main structure
at Jaterhead and that it is approximately equi-dimensional
in horizontal cross-section. If a density contrast of
0.4 g/cm” is considered, then the density model at Sir
John de Graham's Castle is separate from the density model
at Jaterhead, but if lower densities are considered, that
is 0.3 g/cm” or less, then the two density models must be
in contact implying that the mass of dense material beneath
the surface at Sir John de Graham's Castle is probably

an easterly extension 6f the structure at Waterhead.



Magnetic results at Waterhead. The results of the
magnetic traverses (traverses M4 and M5) show no marked
anomalies and are unusually constant compared with the
results of traverses over lavas in other localities in

the Campsie Hills (see Figs 34 and 35 and p 136).

Geological interpretation of the density models.
The rock-types which lie within the density range 2.8 -
3.0 g/cm” and which may be present in the sediments of the
Old Red Sandstone of the Midland Valley are rocks of
basic igneous type. It is inferred therefore that
the waterhead anomaly is produced by a large basic
intrusion, the form and magnitude of which is approximately
that of oraof the range of computed models, and the mass
under Sir John de Graham’s Castle is an extension of
the main intrusion and not isolated from it. The
2nd order negative anomaly which is a result of over-
estimation of the magnitude of the large spherical density
models ( see spheres Al, A2, and A3> p 119 ) in the
region of Lackett Hill, may be explained by a sandstone
filled indentation in the surface of the igneous

intrusion.

Geological evidence. Following the discovery of the
Waterhead anomaly, the local geology was re-examined.
J.G. Macdonald (personal communication ) confirms the
open anticlinal structure of the lavas in the Carron
Valley - Waterhead area from his detailed mapping.

There is little exposure in this area and field relations
are difficult to establish, but small exposures of a
gabbroic intrusion are present and the lavas surrounding
Waterhead farm for a distance of £ —f of a mile display
a zone of alteration with an increase in the proportion
of iron pyrites in the basalt indicating that the area

had been exposed at one time to hydrothermal alteration

from some hitherto unknown source.
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At Waterhead bridge, a 22-foot deep bore-bole was
drilled through a fine bedded ash using a Packsack
'Dinky Diamond' drill. The base of the ash is found
to be only 4 feet below the surface and is underlain
by a few inches of weathered clay and approximately
18 feet of alight-creamy coloured rock, the base
of which is not seen. On petrological examination,
the creamy coloured rock is found to be a hydrothermally
altered basalt containing much siderite, calcite, and
dolomite* The hydrothermal alteration appears to be
uniform throughout the basalt, but does not affect the
overlying ash.

The siderite in this altered ash is presumably
derived from the magnetite in the original rock ( J.G.
Macdonald, personal communication ) and this may be
the cause of the uniformity of the magnetic results
in this region, that is , the hydrothermal alteration
of the lavas destroyed much of their magnetism.

Geikie ( 1897» p 400, fig 128 ) regarded this area
as the site of a large vent 1 mile in diameter, but
Bailey ( 1925>p 147 ) states that Geikie did not ¢
know of the extent of the large trachytic cone of
Meikle Bin and only a small vent less than 50 yards
in diameter is shown on the Geological Survey's sheet
31

It seems probable that a large vent was active
in the Waterhead region in early Calciferous Sandstone
times and had a thermal aureole.

The age of the dome structure around Waterhead
cannot be determined specifically since very little
rock is exposed in this area. It is possible that
the doming occurred at the time of the intrusion of the
igneous mass or alternatively that it is post-emplacement
and only controiied by the location of the intrusion.
However, it may be inferred that the igneous intrusion,

is almost certainly associated with the extrusion of
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the lavas and probably represents a high level magma
chamber in which magma having risen from greater depths
underwent further differentiation before extrusion as
lava.

The presence of the unaltered ash above the altered
lava flow at Waterhead suggests the date of the waterhead
vent as very early in the voloanic history of the Campsie
Hills and it wa3 perhaps one of the first intrusions to
appear and could have supplied some of the lower basalts
of the eastern Campsies*

It is not possible to determine how many local vents
ewere supplied from the Waterhead magma chamber and J.G.
Macdonald ( personal communication ) believes that the
Jedburgh basalts of the Western Campsies were derived
from the line of fissure eruptions to the north-wust,
the evidence for this being in the flow directions
detected in the crystalliné structures of the fabric of
the basalts. At its nearest point, this line of fissures
is approximately 5 miles north-west of waterhead and so
it is unlikely that these eruptions were connected
directly to the waterhead magma chamber.

Prom chemical analyses of the lavas, J.G. Macdonald
( personal communication ) considers that the probable
composition of the intrusion at Waterhead, if it is
a plutonic equivalent of the lavas, would be that of

an olivine-gabbro.
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The Kilpatrick Hills anomaly

The gravity anomalies in the Kilpatrick hills rise
to a maximum value of 5.5 mgal at Craigmaddie ( see i>iap 3)
where the top of the lava succession is seen® The base of
the lavds is exposed at Bowling in the west, and a general
dip of 2° - 3° to the south-east is required to account
for the gravity gradient.

At Craigmaddie, the total thickness of the lava is
calculated to be 2,250 geet using the Bouguer formula

( see pp *'33-34 ).

»

The Campsie Fault anomaly

This is the second largest within the area of
the survey, both in magnitude and in areal coverage although
in theee respects, it is much smaller than the .»aterbead
anomaly described above ( see ppl06-137 )» The anomaly
is elongated in an east-west direction and extends from the
whangie to Campsie Glen ( see Map 3 )» a distance of
approximately eight miles. It is parallel to the Campsie
Fault and is situated just to the south of this structure. It
is generally about 2 miles wide over most of it3 length.

The magnitude of the anomaly reaches a maximum of 7 mgal
near its eastern extremity at Campsie Glen and decreases
evenly westwards to 2 mgal at the whangie.

Clearly, the principal cause of the anomaly is the
preservation of a thick pile of lava flows on the southern
and downthrown side of the Campsie Fault. In the w”st,
the throw of the fault can be determined by simply computing
the thickness of lava required to give the observed gravity
anomaly using the Bouguer formula for an infinite slab of
material ( see p 33 ). Since the base of the lavas is
exposed on the northern aide of the fault in cliff sections

at about datum level ( 300 feet above O.B# ) in the Strath-
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blane and Campsie Glen area, very little farther correction
is necessary to estimate the total throw of the fault.
However, in the east, the throw of the fault increases to
approximately 3t000 feet at Campsie Glen and there must be
a significant contribution to the gravity field from deeper
planes of contrast. Therefore, a more sophisticated density
model is erected in this area to explain the anomaly and
the problem is further complicated by a system of smaller,
parallel faults to the south. These smaller faults
intersect the detailed traverse Q ( see Map 1 ) and are
interpreted below ( see p 150 ), but their effect must

be included in any density model“used in the interpretation
of the Campsie fault anomaly to obtain a meaningful correlation
between the observed and theoretical profiles.

To the west of Carbeth, at the Whangie, the local
anomaly related to the Campsie fault is +2,0 mgal which may
be produced by a block of lava 800 feet thick below the
local datum at +300 feet above O.D. The base of the lavas
is not seen on the northern side of the fault at this
locality and Upper O.R.S. rocks are exposed at the surface
therefore the 800 feet thickness of lava represents a
lower limit fcr the throw of the Campsie fault at the
Whangie,

However, at Strathblane, only 4 miles to the east, the
base of the lavas is exposed at a height of 200 feet above
the local datum on the upthrown side of the fault. In
this region, the lavas are almost flat-lying and therefore
the throw of the Campsie fault at the Whangie is approximately
1000 feet.

At Carbeth, there appears to be interference from the
gravity effects of local structures and the map of 2nd
derivati'/e3 ( see fig 10 ) shows an isolated anomaly of
+200 x 10 e.g.s. units. The interpretation of thiB area
is discussed later ( sea P150 )e To the east of Carbeth,

the local anomaly related to the Campsie Fault increases
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to +5.0 mgal suggesting an increase in the thickness of the
downthrown block of lavas to approximately 2,000 feet below
the local datum. Carbeth is only 2 mile west of the exposure
of the base of the lavas at Strathblane (see above) and
therefore an estimation of the throw of the Campsie fault
arrived at by adding the thickness of the block of lavas

on the downthrown side to the height above the local datum
of the base of the lavas on the upthrown side can be made
with more certainty than at the whangie. In this case, the
total throw is approximately 2,200 feet.

At Lennoxtown, the anomaly reaches its maximum value
of +7.0 mgal which represents a thickness of lava of 2,750
feet. In Campsie Glen, less than half a mile to the north,
the base of the lavas is exposed at approximately 500 feet
above O.D., that is, 200 feet above the local datum, therefore
a first estimate of the total throw of the fault is 2950 feet.
To the east of Lennoxtown, the anomaly decreases rapidly
in magnitude and becomes difficult to distinguish or to
interpret with certainty.

In considering a vertical displacement of 2950 feet
at Lennoxtown, it is not strictly valid to interpret the
anomaly solely in'terms of the displacemenvt of the base of
the lavas. The effects of deeper planes of contrast must
be considered.

The geology of this locality is described (see Clough
and others, 1925, pp 191-198) and it is possible to erect
density models based on probable stratigraphical thicknesses
and it is necessary only to confirm the known structure
by demonstrating agreement between the observed and theoretical
anomalies.

A fault model of a more sophisticated nature is erected
and includes two smaller parallel faults to take account
of the parallel faults to the south of the Campsie fault
(see fig 36)*

The geological succession used in the density models

i3 as follows:-



Kig 36 Observed

J_

and theoretical anomalies

. Observed anomaly

1. Anomaly due to Lava

2. Anomaly due to Carboniferous

sediments

3n and

4. Anomaly due to Upper O.R.S.
Anomaly due to Lower O.R.S.

6. Sum of 1,2, and 3

7. Sum o0i2\ 3y'a'nS 6

8. Sum of 5 and 7

9. 8 plus a 0. 8mgal adjustment
(see text)

Miles

Surface

Carb. sed.700'

Carboniferous sediments
Carboniferous sediments 2100' CT= 2. 51

2750" cr=2.51

Lava 25001
<r=12.72
Lava 2500' or=2.72 Cementstone 7001
Lava 2500' cr=2.72
Cementstone 700" or = 2, 55 Upper O.R. S.
Cementstone 700" cr=2.55 2600 +=2.36
Upper O. R. S. 2600
G~ 2.36
Upper O.R,S. 2600’
cT= 2. 36

Lower O, R. S.

6000' cT- 2. 60
Lower O.R.S.

6000" tr=2.60

Lower O.R, S.

6000' C~ 2.60

Basement cr= 2. 75

B t o'=2.75
Basement cr=2.75 asemen

over the Campsie Fault

Cementstone 700" o" 2.55

Upper O. R. S. 2600' cr =2.36

Lower O.R.S. 6000' (T=2.60

Basement 3200' C=2.75

Horizontal scale 1 inch : 1 mile
Vertical scale 1 inch : 2000 feet.

2000

4000

10000

12000-

14000-,
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Formation Thickness Lensit,
(feet)

Post-lava sediments 700 2.51
Clyde Plateau Lavas 2500 2.72
Cements tones 700 2.55
Upper O.K.5. 2600 2.36
Lower O.R.S. 600U 2.60
Pre—0.R.3. 2.75

The thickness of the Clyde Plateau Lavas, Cements tones
and Upper O.R.3. sediments is known ( see Table 4, p 17).
The thickness of the Lower Q.R.S. sediments is that
estimated by Qureshi (1961). The thickness of the po3”*-
lava sediments consisting of the Upper Sedimentary Group
and the Lower Limestone Group is not known with great m
certainty since the top of the sequence is absent due to
erosion. However, the thickness of the Upper Sedimentary
Group is given as 500 feet and the thickness of the Lower
Limestone‘Group is 400 feet ( see Table 4. p 17 ) therefore
the thickness of the post-lava sediments at Lennoxtown
must be between 500 feet and 900 feet. For the purposes
of the density models, a mean value of 700 feet is taken.
The density of the basement may vary from 2.65 g/cm” if
it'is Upper Silurian ( comparable with North »»ales, 3ee
McLean and Qureshi 1965, p 278 )9 to 2.75 g/em” if it is
Pre-Cambrian. Therefore, since the density of the Lower
O.R.3. near its base at a depth of approximately 10,000
feet could be more than 2.6 g/cm” due to compression, the
minimum density contrast between this formation and the
uderlying basement is zero, and the maximum is 0.15 g/cm”.
In the model, the maximum density contrast is used. The
theoretical anomaly due to the model is computed using
Nettleton's formula for semi-infinite slabs of Carboniferous
sediment, lava, Upper O.R.S., and Lower O.R.S. rocks on the
downthrown side of the fault.

The density contrast for the Carboniferous sediments

which are faulted against lava on the downthrown side of



the fault to the south is 0.21 g/cm**. 'i'he density contrast
for the lava which is faulted against Upper O.R.S. sediments
on the upthrown side of the fault is 0.36 g/cm”. The density
contrast for the Upper (X-R.S. on the down-thrown side of
the fault is 0.24 g/cm” and the density contrast for the
Lower O.R.S. is 0.15 g/cm”. The thickness of the slabs
and their densities and density contrasts are shown in
Fig 36.
These total theoretical anomalies are compared with
the observed curve after removal of the regional gradient
and it id seen that the theoretical values are consistently
about 0.8 mgal. less than the observed values k see Fig 36).
Clearly such a constant discrepancy may be easily
eliminated by making minor adjustments either to the
densities used in the model, or to the thicknesses used,
or a combination of both. However, there is no real
significance to such adjustments other than to make the
fit of the theoretical curve appear better since the
absolute value of the local observed anomaly is determined

from an estimate of the regional background anomaly.

The Gargunnock - Stirling anomaly

The decrease in the value of gravity to the north
of Gargunnock cannot be explained in terms of the known
solid geology. The ground in this region is very flat
and the River Forth meanders across the area immediately
to the north. The negative anomaly could be accounted

for by the presence'of a deep buried channel representing



a former course of the river although there; is no
confirmatory evidence for this.

Assuming that the buried channel is filled with
either recent river alluvium or more likely boulder
clay since the surrounding area displays many glacial
features, then a probable density contrast between these
deposits in either case with a probable density of
approximately 2.0 g/cm” and the Upper O.B.S. sediments
with a density of approximately 2.36 g/cm* after rounding
up to two decimal places ( see p 62 ) would be 0.36
g/cm-*. Using the simple Bouguer correction and the above
density contrast, the depth of the buried channels

is computed to be 280 feet.

The Bannockburn anomaly

Part of this gravity gradient is due to the deep
sedimentary basin forming the Stirling and West Fife
coalfield. The dip the sediments overlying the
lavas is approximately 10° to the east, therefore
using Holland's equation 7.430 ( 1940, p 153 ) for
a two-dimensional right-triangular section and a
density contrast of 0.21 g/cm” between the lavas and the
overlying sediments, then the gravity gradient due
to the dip of the sediments is 0.91 mgal per mile.

The observed gradient is 1.5 mgal per mile and
so a residual gradient of 0.59 mgal per mile remains

and this can be accounted for by assuming an attenuation

of the lavas.

From the map of 1st order residual anomalies, the
lavas are calculated to be 300 feet thick at North Third
and 600 feet thick west of Dunipace, therefore the

expected eastward limit of the lavas in this region
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is approximately 3*5 miles east of North Third along
a north-west:- south-east line from Stirling to

Dennyloanhead*



Minor gravity anomalies

The anomaly between stations A42 and A45 (see Fig37 )e
This anomaly 3how3 a ri3e of approximately 0.3 mgal over
an ea3t-west quartz-dolerite dyke and the back-ground
gravity profile is displaced approximately 0.2 mgal. It
appears that the dyke has intruded along a pre-existing
fault which is down-thrown to the south. The throw of the
fault if calculated U3ing the Boiguer formula from the
displacement of the back-ground profile is 120 feet.
However, the lavas are inferred to be approximately 700 feet
thick atl,this point and the anomaly is too acute to be the
result of displacement of the ba3e ofthe lavas and the source
of the anomaly must be much. closer to the surface, probably
an unusually den:e lava flmlv preserved at the surface on
the southern side of the fault, ora demnse 3ill of dyke
material intruded near the surface on the southern side,
and therefore the throw must be less than 120 feet.

To obtain more information, magnetic traverses U 2

and M 3 are made over tnis dyke and the results are discussed

on pages 165-168*

The anomaly between stations m 27 and L 10 (see Fig 38 ).
This anomaly' is accounted for by a fault which hasa
throw of approximately 4Uu feet. The baseof the lava is
thus stepped from datum level to 400 feetbelow. The ground

level is 450 feet above datum.

The anomaly between stations J 33 andJ 55 ( see Fig 39 )
This broad anomaly coincides with the east-north-
easterly extension of the Campsie Fault near Dunipace. The
anomaly is accounted for by a 31ab of 1ava 630 feet tnictc
wnicn is preserved on tne uowntorown siae of tne faUit..
The throw of the fault is calculated to oe approximately
ibuo feet and the thickness of tne slab represents the

maximum development of tne Clyde Plateau Lavas in this region.
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The anomalies between stations Q 30 ana b4 ( see
Fig 40 ) The traverse extends over several faults
which give rise to anomalies which interact with each other
and must therefore be considered together, hence a change
in the scale of the diagram is necessary to bring oat the
essential details.

The thickness of the sediments above the lava3 is
obtained by equating horizons marked on the 1 inch Geological
Survey Sheet 30 with the section given oy Hinxman (1920
plate viii ). Considering these sediments replaced by
the lava with a density of 2.72 g/cm” the resulting anomaly
is calcni‘lated and the difference between this and the observed
anomaly at Craigmadrlie where the lava is exposed at the
surface is accounted for by varying the thickness of the lava
beneath the sediments. The lavas are seen in Fig 40 to
thin from 2,250 feet at Craigmaddie to 1700 feet at
Kessington.

Several faults are recognised ( see Geol. Survey Sheet
30 ), the largest being the Liilngavie Fault which has a

throw of approximately dOO feet at luiingavie*

The anomaly between stations H 50 and It 75 ( see Fig 41 ).
This anomaly rises to a maximum value of 5.3 mgal which
could be accounted.for by approximately 2,000 feet of
lava below the datum. This is about 1,000 feet more lava
than would be expected from considerations of the geological
structure and estimates of the thickness of the lava at
Craigmaddie to the east ( see above ) The map of second
derivatives ( see Fig 10 ) shows a localized positive
anomaly from a shallow source in the region of Carbeth
and therefore it is assumed that the positive anomaly
between stations it 50 and it 7tf is due to dense material
within the lavas'. For the purposes of the calculation
a density contrast of 0.2 g/cm” is assumed as the maximum
between the lavas at 2.72 g/cm” and fresh igneous rock.

The anomaly is interpreted firstly in three dimensions

using depth estimates ( Bott and Smith, 1953 pp 3-5 ) and
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theoretical models ( Skeels, 1963 pp 724-735). There is
a poor agreement between the two methods, the limiting depth
to the top of the anomalous mass by the Bott and Smith
method is 1,370 feet whereas the depth to the top of the
model cylinder by the Skeels method is over 3>000 feet, the
depth to the base of the cylinder, 11,000 feet and its
radius over 2,000 feet. The calculations are repeated in
both instances for the two dimensional case and the results
show a fair agreement. The depth estimate by theorem 4
(Bott and Smith,1958, p 5) gives h a 836 feet and the depth
to the top surface of the two-dimensional slab by the Skeels
method (¢ 1963 pp 724-735) is 324 feet and the depth to its
base 953 feet. The width of this slab is 3>335 feet.

This model is calculated only for the anomaly between
stations RS54 and R 76. The jacute step of 1 'mgal between
stations R 51 and R 54 is considered to be the result of
a slab of denser material at the surface. Por the same
density contrast as the Skeels model, the thickness of this
slab is 200 feet. These two models are combined, and are
interpreted as either an intrusion of a sheet or sill of
denser igneous material or more probably, an exceptionally
dense sequence of lava flows.

The models and the combined theoretical anomaly are
shown along with the observed anomaly in Pig 41.

The base of the lavas is calculated from the background
anomaly to be approximately 1,200 feet below datum, that is,
1,300 feet below ground level. Assuming a thickness of
500 feet for the underlying Cementstone group, ( they are
500 feet thick at"Dumgoyne 2 miles away) then the throw
0~ the Campsie Pault must be a little greater than 1,800 feet

at this point.

The anomaly between stations U 76 and U 94 (3ee Pig 42).
This anomaly may be accounted for by a fault which steps

the base of the lavas from 200 feet below the datum to

1000 feet below datum. This fault is correlated with the
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large anomaly between stations Q 38 and Q 40. The throw of

the fault appears to be constant at about 850 feet.

The anomaly between stations F 50 and F 63 (see Fig 43).
This anomaly may be accounted for by a sphere with its centre
at a depth of 1250 feet below datum, with a radius of 980 feet
and of density contrast 0.2 g/cm” between the mass causing
the anomaly and the surrounding country rocks. The density
contrast of 0.2 g/cm” is chosen arbitrarily since the true
density contrast probably lies between 0.2 g/cm” and 0.4 g/cm”
(cf p 11). The limiting depth to the top of the mass was jl1
calculated by the Bott and Smith method (1958). A theoretical
model determination was attempted for a two-dimensional model
using the method by Skeels (1963) but the model was discarded
since its dimensions were inconsistent with the limiting depths.

The anomaly is interpreted as an intrusion of volcanic
material, probably basalt, which is associated with the line
of fissure type vents present in the area (see pp 15-16).

The faults which are postulated to account for certain

gradients of the gravity field are shown in Maps 1,2,3>and 4.
The reconnaissance traverses

The regional gradient. The regional gravity gradient
in a north-west - south-east section over the western
Midland Valley is estimated by McLean and Qureshi (1966) to
be a parabola with the equation :- -

Y * - 0.0215X2 ¢ 30.8
where Y is in mgal and X in miles.

The parabola gives a gradient of 0.615 mgal per mile over
the Kilpatrick Hills and this value is very close to the
gradient of 0.61 mgal per mile calculated for the Campsie
and Kilpatrick Hills region by the Baranov method (see pp 43-56}
The value for the regional gradient is calculated from the
above parabola and subtracted from the Bouguer anomalies to

give the 1st order residuals which are used for the geological
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interpretation. The regional gravity field is computed
to represent only the sub-Upper Palaeozoic component of
the total gravity field (McLean and Qureshi, 1966 p 274).
In the interpretation which follows, since the
displacements of the major faults and thicknesses of the
sediments above the lavas are known in moderate detail
from bore-holes and mining (Hinxman”® 1920), then the
known thicknesses of sediments of density 2.51 g/cm” are
theoretically replaced by lava with a density of 2.72 g/cm”
and the corresponding adjustments are made to the gravity
anomalies using the Bouguer correction for an infinite
slab. The structure of the base of the lavas is then
considered to be equivalent to a variation of the thickness
of the lavas measured downwards from the datum after
replacing the overlying sediments. No account is taken of the
possible variations in thickness and density contrast of the
sub-lava, post-Lower Palaeozoic rocks principally O.K.3.
rocks. However, it is considered that for the two
reconnaissance traverses, a simple interpretation based
only on the highly significant plane of density contrast
at the base of the lavas is probably as meaningful as a
more complex interpretation involving deeper planes of

density contrast about which there is little or no information.

Interpretation of the anomalies. Traverse He 1 (see
Pig 44) shows the full succession of the lavas thickening
steadily from 1000 feet at Bowling to 1800 feet on the north
side of the Paisley Ruck.

The lava appears to thicken rapidly across the Ruck to
2400 feet and maintains this thickness up to the faulted
boundary of the lavas in the south ( see Map 5 ). South of
this boundary, the lava is exposed at the surface and is
estimated to have a present thickness of 2600 feet with the

top of the sequence now eroded.

Traverse Rc 2 (see Fig 45) shows the total thickne33 of
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the lava to he 1700 feet south of Milngavie compared with
2250 feet further north at Craigmaddie Muir (see Fig 40).
South of Milngavie, the lavas appear to thicken to 2000 feet
as far as Giffnock* then thicken rapidly to 3000 feet.

The accuracy of this interpretation depends on the
accuracy with which the thickness of the overlying sediments
is known, and in order to obtain the best determination,
limestone and coal horizons which are shown on the Geological
Surveyr.'.s sheet 30 in close proximity to the localities of
the gravity stations are identified on the vertical sections
at the side of the geological map and the total thickness
of the sediments beneath the gravity stations are thus
calculated. However, folding of the sediments may introduce
an error which cannot be determined on a simple reconnaissance
survey, but the variation in the thickness of the lavas
appears to be systematic, the lavas being thicker to the
south-east of the Paisley Ruck than to the north-west of it
and generally thinner across the core of the Glasgow syncline

than on the flanks.

General sections across the Campsie and Kilpatrick

hills

The sections shown in Figs 46 - 49 show the general
structure of the lava of the Campsie and Kilpatrick hills
based on the interpretation of the ist order gravity

anomalies by adjustment of the base of the lavas above or
i

below the local datum.
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The Magnetic Kesults

Traverse M1 ( see Pig 50 ). Thia anomaly ia matched
with the carve 0 = -20°, -3#0° ( Gay, 1363 p.17#) which givea
the depth to the top aurface of the dyke a3 60 feet and its
width 90 feet. Since the dyke i3 known from the Geological
Survey's sheet 30 to dip vertically, then the inclination
of the resultant magnetis?'tion is 80°N .

Thia resultant magnetisation ia made up of a component
due to the rock susceptibility and the earth's magnetic field
strength and a component due to the remanent magnetisation
of the rock ( Powell, 1963 p.674-).

Traverse M2 ( see Fig 51 ) This magnetic profile
clearly shows a low amplitude flexure in the background
anomaly which appears to be independent of the high
amplitude anomaly due to the dyke,

The presence of the low amplitude flexure lends weight
to the interpretation of the gravity profile over the same
structure ( see p 146 ) in which it is suggested that the
known quartz-dolerite dyke has been intruded into the plane
of a small east-west fault.

In determining the dimensions of the dyke by the method
of Gay (1963), the minimum turning point on the northern
side of the dyke is ignored. The matching theoretical
curve has parameters 0 » -300°, +60° and gives a depth to
the top of the dyke as 26 feet and its width 4# feet, assuming
the dyke to be vertical. The inclination of the resultant
direction of the magnetisation is 120°N, ire., 60°S,

The theoretical dyke anomaly is subtracted from the
observed anomaly to give the residual low amplitude flexure
in the background magnetic field. This residual anomaly is
in the form commonly associated with semi-infinite slabs
which are used in the construction of magnetic models of
faults. However, the gradient of the flexure is too
large to be associated with a 3emi-infinite slab due to the

base of the lavas being faulted downwards to the south.
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Geological evidence from the field and other gravity results
( see p. 146 ) indicate that the base of the lavas are at
a depth of approximately 900 feet below the surface on the
downthrown side and the throw of the fault from the gravity
evidence alone is approximately 100 feet. These dimensions
are used as the basis for a magnetic model, that is, a
horizontal semi-infinite slab of rock 100 feet thick with
its vertical end in the east-west vertical plane, and buried
at a depth of 700 feet to its upper surface. The corres-
ponding magnetic anomaly given by the equation on page 100
for a susceptibility contrast of 4.96 x 10“-“c.g.s. units

(see p. 100 ) changes by a total of only 40 gammas in the
200 yards over which the observed anomaly is effective,
whereas the observed gradients indicate that a much shallower
source is present.

The theoretical anomaly is computed for a semi-infinite
slab of lava 50 feet thick at a depth of 90 feet from the
surface to the top of the slab. The susceptibility
contrast is chosen as 4.9 x 10““c.g.s.units which i3 twice
the standard deviation of the susceptibility determined
by the bridge measurements ( see p j.00 ) f°r lavas.
Since this model represents lava faulted against lava, the
above susceptibility contrast is assumed to be the probable
maximum value.

The theoretical anomaly computed for this shallow- model
is added to the values determined for the 3tep at the base
of the lavas and the resultant i3 shown as anomaly 'b'

(see Fig 51 )e

The correlation between the observed anomaly and the
theoretical anomaly is significantly improved if the
susceptibility contrast of 6.2 x 10“*c.g.s.units for the dyke
is substituted for the value of 4.9 x 10 “c.g.s.units in

the calculations ( see anomaly 'c', Fig 51 ).

'c' may be interpreted

The theoretical anomalies ’b 1 and
either a3 the result of the preservation of one or more

lava flows of unusually high susceptibility on the down-
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thrown 3ide of the fault or as the result of the intrusion
into the lavas of a sill of quartz-aolerite emanating from
the dyke. In both models, the total thickness of these
rocks is 50 feet and the depth to the top surface is 80 feet.
This implies that from the model containing lavas of high
magnetic susceptibility, the throw of the fault must be
approximately 130 feet. The implication does not necessarily
hold in the case of the model containing the quartz-dolerite
sill since the intrusion may have taken place after the
formation of the fault.

In summary, the magnetic results permit an estimation
of the dimensions of a known quart-dolerite dyke which barely
make3 a significant contribution to the gravity profile
(see p 146 ) and they confirm the presence of the east-
west fault seen as a dislocation on tne gravity proiile
but with tne magnetic profiles, no estimation Of the fault
is possible.

Traverse Mj (see Fife 52 ). This anomaly is similar
to that of traverse M2 and the interpretation methods are
the same. The residual step anomaly after removal of the
dyxe anomaly is of the 3ame order as that of traverse H 2,
and the same magnetic model as used in traverse M2 is
erected for interpretation purposes. The inclination
of the resultant magnetisation is 125°N, i.e., 55° S.

The reversals of tne relative positions of the maximum
and minimum values of the anomalies on traverses 11 2, M3
and traverse M1 must be the result of a reversal of the
direction of remanent magnetisation and therefore it may
be that the correlation 3hown on the Geological Survey
Sheet 31 between the dyke on the Takmadoon road (Traverses
M 2,11 3 ) and the dyke on the Crow road ( Traverse 11 1)
is incorrect. However, this is not certain since the v
relative contributions of induced and remanent magnetisation

vary greatly along east-west Permo-Carboniferoua dykes

(Powell 1Q63) and tni3 iaay be 3,Ich a ca3e.
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CONCLUSIONS

4
Variations in the thickness of the Clyde Plateau Lavas

In the Campsie Hills, the lavas develop their maximum
thickness of 800 feet at North Third in the east, and the
succession thins to approximately 600 feet at Lunipace
5 miles to the south. To the east of North Third, the
lavas die out rapidly in a distance of 3 miles. Over
the major part of the Campsies, an unknown thickness of
lava has been eroded and the average total thickness
of the remaining flows is between 500 and 700 feet.

The lava succession is much thicker in the Kilpatrick
Hills and the maximum thickness of 2500 feet is developed
to the south of the Campsie Pault between Strathblane
and Lennoxtown although the top of the succession is
not seen. A mile to the south of this locality, the
cgmplete succession is present but appears to be only
2250 feet thick and thins gradually southwards to 1700
feet at Kessington.

In the west at Bowling, the maximum thickness is
reduced to approximately 1000 feet. Southwards from
Bowling, the thickness of the lavas increases steadily
to approximately 1800 feet on the north-western side
of the Paisley Ruck, but on the south-eastern side, a
total of 2400 feet of lava is present and this increases
to 2600 feet further south where the lavas are exposed
on the Gleniffer Braes irjspite of the top being eroded.

. This latter trend is also seen between Pollokshields
where the laras are 2000 feet thick and Giffnock where
they reach 3000 feet which is the greatest thickness of
the Clyde Plateau Lavas in any area which has been surveyed.

The rapid change in thickness of the lara succession
across the Paisley Ruck is similar to the changes in thick-
ness of the Carboniferous Limestone sediments across many

of the large ea3t-north-east - w.est-south-west faults
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in Ayrshire (Kennedy, 1958 pp 122-124). The Inchgotrick
Fault in particular is also seen to co.itrol the thickness
of the Clyde Plateau Lavas in the Sorn area (Richey, and
others, 1930 p 65). It appears therefore that the Paisley
Ruck was active either as a normal fault contemporaneously
with the e;trusion of the Clyde Plateau Lavas thus
controlling the development of the lava piles or as a
strike-slip fault at a later date thus bringing lava of
different thicknesses into juxtaposition.

The great thickness of lava which is present between
Strathblane and Lennoxtown probably represents the
maximum accumulation of the extrusions of both the vents
of the Kilpatrick Hills and those of the western Campsie
group. Similarly, the 3000 feet of lava at Giffnock
probably represents, the maximum accumulation of lava in
this region although the source of these lavas is obscure
and little information is available about the thickness
of the lava in the surrounding districts except that
they are known to thin to the south-west where at
Ardrossan, only two flows are present (Richey and others,
1930 p 65).

The attenuation of.the Ivas beneath the Glasgow
syncline suggests that the Lennoxtown-Strathblane and
Giffnock area were once either local depressions which
became filled with accumulating lavas from loc$1l vents
or local lava piles around sources and perhaps magma
chambers and in both cases were at times connected

during phases of.maximum activity.

Structure of the lava plateaux

The general structure of the lavas of the Campsie
and Kilpatrick hills is summarised in the sections shown
in Figs 43-46.

The lack of visible folding within the lavas i3
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confirmed by the survey and the dome structure which gives
rise to the inlier of Cementstones at *tae Carron reservoir
is seen to extend westwards to Waterhead although the base
of the lavas is not exposed in this area.

In the Kilpatrick Hills, the general dip of the lavas
is between 2° and3° to the south-east although local
dips of up to 20°occur in the region of some of the vents

Very little faulting is present within the lavas.
Several east-v/est faults with throws of approximately
500 feet and which are known in the younger sediments
to the east and south of the Campsie hills are seen to
extend into the lava plateaux much further than they
could be visibly mapped in the field. The largest of
these are the faults at Strathblane, just south of the
Campsie fault andatNorth Third in the east. Three
faults are recognised east of Waterhead at Carron
reservoir and these faults have an east-north-east -
west-south-west trend. No other fault trends can be

distinguished.

The origin of the laras of the Campsie and Kilpatrick hills

The alkali olivine-basalts of the Kilpatrick Hills
are c\o:nsid?r.ed to haefe risen to- the lsgrface from a magma
chamber which is at great depth since- it cannot be
detected by the gravity survey, but in low pressure
environment as a result of the early Carboniferous
tensional stress system (see p 11).

In the Campsie Hills, the creation of a magma chamber
beneath Waterhead would cause a delay in th”nigration
towards the surface of the basaltic magma and allow
further differentiation to .take place producing the more
acid trachytes, mugearites and phonolites which are found
in the upper stages of the lava succession. It is
probable therefore that thi3 differentiation occurred

towards the end of the phase of vulcanic.ity in the
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Campsie Hills since the magma chamber, which has an
estimated volume of between 20 and 40 cubic miles,

is not large; enough to have supplied, all the basalt of
the Campsie Hills without replenishment from a deeper
source which'.would disturb ther differentiation process.

This hypothesis is in accordance with the basalt
fractionation scheme put forward by O'Hara (1965» p 37
table 1).

Although it appears likely that many of the later

/trachytes, phonolites, and mugearites have been extruded
through the Meikle Bin vent, the presence of the zone of
alteration about Waterhead farm suggests that Geikie's
interpretation (1897, p 400) that a large vent occupied
this region is correct. This being so, it is probable
that this, vent gave rise to many of the earlier flows,
particularly the Markle basalts to the east at Garrel
Hill. The presence of the overlying unaltered ash beds
at Waterhead suggests that this vent ceased to be active
at an early stage of the volcanic phase.

It is inferred that the lavas of the western Campsie
HillLs above Strathblane are products of the Dumgoyne
and Dumfoyne set of vents and the large fissure to the
north-east (see p 111).

The hypotheses which have been put forward concerning
the role of the Waterhead magma chamber in the development
of the Calciferous Sandstone vulcanicity north of the
Hiver Clyde, and also the significance of the .variation
of. the thickness of the Jara succession in the western
Midland Valley would be great*#- strengthened if similar
gravity surveys were carried out over the remaining
areas of the Clyde plateau Lavas.

In particular, a survey in the neighbourhood of the
trachytic vent of Misty Law would prove whether the
geological environment is analogous to the Meide Bin
area, that is, if a basic igneous intrusive could be

detected beneath the lava. Similarly, south of Barrhead,'
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o
a gravity survey would indicate whether the Moyne Moor
anticline is the result of regional tectonics or a local

platonic intrusion as is the case at Waterhead.

The relation of the vulcanicity to the Midland
Valley rift

The detailed geophysical analysis of the Campsie and
Kilpatrick hills covers only 240 square miles of a total
exposure of 750 square miles of the Clyde Plateau Lavas
in the western Midland Valley. Insufficient information
is available to indicate any significant structural
control of the development of the lava piles except for
the tentative hypothesis that the north-east - south-west
Paisley Ruck may have been effective.

The only fault systems which appear to effect the lavas
north of the River Clyde are the east-north-east -
west-south-west set which are parallel to the Calciferous
Sandstone dykes (see p 7) andto the fissure-vents of
the north-west Campsie Hills (see p 14) and the east-
west set belonging to the Borcovician period (see p 8).

It is the major east-we3t faults which divide up
the lava plateaux, the Campsie Fault separating the
Campsie lavas from the Kilpatrick lavas and t&e Milngavie
Fault separating the Kilpatrick lavas from those of
Renfrewshire. South of the River Clyde, the lava
plateaux are divided-by east-north-east - west-south-
west structures in Ayrshire, for example, the Duskwater
Fault. Sine e the exposures of the Clyde Plateau
Lavas south of the River Clyde are also west of the
Campsie and Kilpatrick blocks, the swing intrend of
the dividing faults may be associated with the swing in
trend of the regional isogals about a north-south line

through Loch Lomond further to the north (Qureshi,



1961 p 23)» but there is insufficient information
available concerning the trend of the ‘regional Bouguer
anomalies in the Glasgow area to allow an elaboration

of this hypothesis.
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APPENDIX A

Derivation of the total field magnetic anomaly for a

vertical east-west striking fault with arbitrary magnetisation,

Fi
ig A.N

F st Intensity of the Earth’s field.

I » Inclination of the Earth’s field below N-directed
( +x) axis.

J a Intensity of magnetisation of slab in a vertical plane,
perpendicular to strike.

i = Inclination of magnetisation of slab in a vertical
plane, perpendicular to strike and measured below
N-directed axis.

N.B. Slab is bounded on the north, and extends to infinity

in the south*

In Fig A, the intensity of magnetisation of the hori-

zontal surfaces is ;-

Jz = KXJ sini( lower surface )

= -J sini ( upper surface )
and similarly for the vertical surface
| J = +J cos i 2
The resultant anomaly intensity in direction of F is;-
At - Az sinl+ AH cos 1 eeee3
(see Fig B )
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Fig B»
90'
9
Magnetisation
Jzproduces a field H with horizontal component H)Ygl" #4
vertical Hz"5
horizontal Bx’-6
vertical Hzx--7
Therefore,
Z=H «#H andi7
77 X
H¥Hx + |,
Effect of Jz'
Pig c. +x -X
GO

Hzz(thin sheet) =+ 2J cos (J)r
ea - 2JZ x/(x2+z2)
where ‘tos () = -x/r and r'= x"+z"
By integrating the effect of a stack of thin sheets

from z - h to z + h, the effect of a step is found as follows

( see Fig D );-



Il

d(Hzz step)/dz = Hzz( thin sheet)

z+h -X
- dz
Hzz(3tep) PALAN T
z+h
2J
z-h
= 2JZ tan"1 - tan'l z'h
1 -X —x
=2JZ ( *2 - "
Similarly,
H (thin sheet) = -2Jz 3in - 2J 2,2 .... 8
z 7 tXx
- d(Hxz step)/dz
SO
z+h x*>(z+h )A
Hkz 3tep = -2Jz [ - * - dz - Jz loge x2+(z-h)2
z-B z%+x?
= -Jz lofe if = -2JZ -Loee
2 rl
rl

It has been shown ( Affleck ,1f!?8 pp 738-748 ) that

Axz™Nz 7 NzXNX for any uniformly

magnetised body, and that

HZﬁJ L - HXX/ T for any body with a strike

from - c¢ to + oC

Therefore,
A* = ¢ Hzx = 2Jz(*2-41) - 2Jxloge !2
= 27 |j3in i - M3 i loge—
from equations 1 and 2
and, \

= Hxx + Hks - 2J —€os i ("2“"1~ + 3in lorer”



IV

Therefore,
A T=AZ sin 1 + AH coa 1 \
= -2J jrcos (I+i). + sin (I+i) logQ~2"

Bat if the magnetisation is induced, then I=i
Therefore,

f
AT = - 2] cos 21(*2-~) o sin 21.logep”

This equation for the total field magnetic anomaly due
to a horizontal semi-infinite 3lab with an ea3t-west strike
is essentially the same as the equation for the total
anomaly‘due to a thick dyke with an east-west strike,
horizontal top surface and sides which extend to an infinite
depth.

This is easily 3hown if Pig I) is re-drawn so that the
point P where the magnitude of the anomaly is to be computed
is in the positive horizontal direction ( see Fig 3 ) and
then the axes are transposed such that » 2 - z and

71 a -X + x ( see Fig F ).

Fig E

Therefore, in the case of a vertical semi-infinite
dyke, the term ) ia an even function of X and the
term log6 r20/r,l i3 $n odd finction and in the case of a
horizontal semi-infinite 3lab, the term ia an odd

function of X and tho term logQr2/r* is an even function®






APPENDIX B

Explanation of results

The gravity stations are numbered as shown on Map
1, and the elevation of each station is measured from
the Ordnance datum ( Newlyn ). The observed gravity is
the difference between the gravity at a given station
and the main base at Kilsyth* The theoretical gravity
is the latitude correction between a given station
and the Kilsyth base station* The elevation correction
is the combined altitude and Bouguer corrections to
the local datum at +300 feet O.D. ( Newlyn ) The Bouguer
anomaly is the local Bouguer anomaly with respect to the
Kilsyth base station where the anomaly is taken to be

zero* Therefore, the local Bouguer anomaly is,

Observed gravity - theoretioal gravity + elevation
correction + terrain correction - 3*87 ( the combined
elevation and terrain corrections at the Kilsyth base
station ).

All corrections are in mgal*

To convert the local Bouguer anomalies to Bouguer
anomalies on the International Gravity formula, based
on the value at Pendulum House, Cambridge of 931%265
om/sec , it is neoessary to include a correction for the
slab of material between the looal datum at +300 feet
and sea levol ( O.D., Newlyn )e

The correction is added to the local Bouguer anomalies

and is as follows,



Material between local datum Correction

(+m300 feet) and O.D. (Newlyn). (Mgal)

Soottish Carboniferous limestone

sediments +14,36
Clyde Plateau Lavas ¢13-34
Cementetones +14.06
Upper Old Red Sandstone +14.78

The density factor used in the Bouguer oorreotiona

is 2.72 g/lem** exoept in the following oases®

Between stations density formation at sirfaoe.
g/om”

A 1 ' mA 12 2.51 Carboniferous Limestone.
sediments

Al13 - A 17 2.36 Upper O.R.5.

(P51 - P.73 2.55 Cementstone Group

0.110- G.120 . 2.51 Carboniferous Limestone
sediments.

J.49 - J.72 2.51 * ?

L. 3- L.50 2.51 ¢ «

14.65 - £1102 2.51 n w

N.74 - N.142 2.36 Upper 0.R.3#

0. 1 - 0.26 2.55 Cementstone Group

Q33 « W72 2.51 Carboniferous Limestone
sediments

H 1 - R.12 2.51 « m

3. 1 - 041 2.36 Upper O.R.3.

V.85 - 7.106 2.36 W M
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j '
jstation Elev. Obs. iTheoret. Elev. Terr. Bouguer
(ft.) Grav. jGrav. Corr. Corr. Anomaly

(mgal) J;(mgal) (mgal) (mgal) (mgal)
Base. 349.6 0 0 2.94 0.93 0

AIX  354.0 0.44 -0.03  3+24 0.90 4¢3
A*2 372.3 -0.93 -0.09 4*34 0.79 00.20 1
ar3 395-8 136 o4 575 031 oo
A4 42009 -3-13 -0.20 726 0.68 -,
A5 437-3 “412 025 ga4 0.71 4070
A.6  455-6 -5-21 -0.30 9.34 0.31 0.
A7 458.6 -5-70 _0.37 9.51 0.70 4023
A3 467-1 603 042 q9.02 0.66 5,
A9 476.1 "6.54 0,49 3.0.56 0.73 4 39
A.10  488.0 716 _0.53 11.23 0.63 L, 4,
Al 500.1- 7733 2060 12.01 0.93 4961
A.12  517-4 375 -0.68  13.04 0.79 ;) 53
A.13  563.4 "11.85 -0.72  15.01 0.72 44 g9
A14  604-8 “14:34 077 1829 0.59 59
Als  632%7 ~16.64 _0.31 19.96 0.38
A6 659%4 “13-23 _0.34  21.56 0.95 _ 43
A17 6745 “1391 0,91 2247 095 g 46
A13 697%9 -20.35 _0.95 23-38 1.27 ) o2
A19  723-3 “22.49 -1.06 2540 1.40 _g ¢y
A*20  737.1 “2271 -1.11  26.23 117 53
A2l 763-9 “24:05 -1.16 2783 1,06 4y
A22  770.1 "23.99 -1.23 2320 1.15 (.33
A.23  315-3 “27-19 -1.29  30.95 1.35 49 ¢2
i A4 34570 "23.57 1134 3270 1.05 44 o
A5 358.2 "23.99 .1.37 3349 1.20 4 .
Ao 397.0 “3173 _1.44 3532 1.07 443
A7 9143 “32-77 -1.43 3636 1.30 44 03
A.23 913.1 -33.11 -1.51  37-03 1.45 4407
A¥29  921-5 33709 -1.53 3729 1.34 40,16
A 30 933.0 3404 _1.57 3323 1.57 4942
A3 937.7 "33:39 <161 3326 1.33 L34
A3 964-9 35734 -1.66 3939 1.53 4962
Ae33  937%9 3677 171 4123 11.23 44 5

A 34 10133 3326 1177 4310 J1.39 4965

A.35 1046.2 ~40-15 -1.85 44,77 11.43 45
!

b



C-RAVITY DATA SHEET NO. 2

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT

Station!Elev. Obs. iTheoret. Elev, Terr. Bouguer

j(ft.) Grav. jGrav. Corr, Corr. Anomaly

i (mgal) j(mgal)  (mgal) (mgal) (mgal)

1

|
A*36 1054.4 -40.22 -1.35 45.27 1.24 %0.37
A.37 1049.6 -39.82 -1.91 44-93 1.27 +0.66
A.33 1041.6 -38.93 -1.94 44.50 1.04 +0.74
A.39 X034.0 -33.34 -1.99 44.04 0.94 +0.77
A*40  1009.7 -36.69 -2.03 42.5310.83  +0.84
A<41  1002.6 -35.57 -2.08 42.15 0.95 ¢1.17
A.42 939+ -35.00 -2.12 41.37 0.93 +1.30
A. 43 963.5 -33.71 -2.19 39.32 0.80 +0.84
A.44  941.1 -32.10 -2.25 33.46 0.74  +0%97
A45  920.9 -30.71 -2.39 37.25 0.73 +1.00
A*46  901.9 -29.41 -2.45 36.11 0.73  +1.12
A 47 3723 -27.65 -2.51 34.34 0.67 +0.98
A.43  854.3 -26.32 -2.57 33.29 0.63  +0.65
A.49 8377 -25.64 —2.64 32.26 0.60 ¢0.71
A.50 851.4 -26.45 -2.69 33.03 0.51 +0.58
A-31 816.5 -24.12 -2.79  30.99 0.72 +0.96
A¥52 793.4 -22.23 -2.84 29.60 0.71 ¢1.36
A.53  769.2 —21.14 -2.01  23.15 0.65 ¢0.33
A*54  756.2 -20.06 -2.96 27.37 0.65 ¢1.13
A#55 741.5 -18.91 -3.03 26.49 (.53 +1.21
A.56  740.4 -18.32 -3.09 26.42 0.43 +1.11
A.57  1736.5 -13.56 -3.14  26.19 0.39 +1.00
A.53  741.4 -13.33 -3.21 26.49 0.44  +1.02
A.59  735.5 -15.79 -3*26 26.13 0.41 +0.61
A.60  717.7 -17.32 -3.34  25%06 0.42  +0%96
A* 61 70.2 -16.99 -3.41 24.67 0.45 +0.85
A* 62 691.8 -15.71 -3.47 23.51 0.50 +0.96
A* 63 661.0 -15.12 -3.52 22.86 0.51  10.86
A* 64 675.7 -15.03 -3.57  22.54 0.53  +0.66
A.65 636.8 -12.77 -3.64  20.21 0.65 +0.59
A* 66 634.7 -12.31 -3.65 20.08 0.63 +0*44
A. 67 631.3 -12.59 -3.63 19.91 0.75  ¢0.53
A 63  6+0.7 -13.13 -3.74  20.44 0.76  ¢0.47

663.6 -14.94 -3.74 22.12 0.72 +0.29
695.+ -16.30 -3.79 23.72 0.63 +0.43
705.9 -16.77 -3%85 24.36 0.70 +0.57

®E =
W W =



GRAVITY DATA

GLASGOW UNIVERSITY

Station!Elev.
%(ft.)

J

i

o=

; Obs.
; Grav.

jj'(mgal)
!
1 729.(3 -18.06
1 755.'i -19.56;
763.5]-20.03
762.0j-19.96
767.0]1-20.41
759.8 -19.84
764.11-20.02
760.7 -19.37
737.9 -13.51
708.3 -16.50
706.2 -16.61
712.8 -16.86
729.8 -17.79
733.0 -17.96
724.5 -17.54
713.9 -16.92
694.9 -15.85
673.9 -1-5.63
662.9 -13.47
630.1; -14.59
694.1 -15.45
706.8; -16.23
725%3 rl17.27
742.1 -17.90
741.2! -17.79
723.3!-16.33
744.8 -18.06
764.8 -19.12
733.7 -20.26
773.0) -19.67
744.4 -17.63
717.1; -15.63
705.41-14.93

i 700.3- -14.71

695*%0! -14.12
693.6; -13.95
694.6: -13.93

Theoret.
Grav.

(mgal)

-3.91
-3.96
-4.02
-4.07
-4.12
-4.17
-4.22
-4.26
-4.32
-4.36
-4.42.
-4.43
-4.49
-4.54
-4.62
-4.66
-4.71
-4.77
-4.34
-4.91
-4.96
-5.02
-5.11
-5.18
-5.24
-5.27
-5.34
-5.41
-5.47
-5.52
-5.55
-5.60
-5.71
-5.73
! -5.79
-5.84
-5.33

I

SLEPT

>0.

GEOLOGY DEPARTMENT

Elev* |1Terr, Bouguer
Corr. jCorr. I Anomaly
(mgal) ! (mgal)! (mgal)
: i
25.74! 0.57 ! +0.46
27.33| 0.56 j +0.49
27.81j 0.51 (+0.35
27.72 ] 0.60 ;+0.41
28.02 0.52 #«+0.12
27.59 j 0.50 3+0.19
27.35 0.51 +0.27
27.64- 0.46 1+0.09
26.27j 0.45 !+0.02
24.50| 0.46 +0.22
24.37j 0.42 -0.11
24.771 0.39 -0.03
25.79 0.40 +0.03
25.98 0.33 -0.05
j25.47 C.32 -0.25
|24.83 10.31 -0.32
23.69 0.33 -0.42
22.73 0.37 ~-0.18
21.27 0.35 -0.07
] 22.30 0.28 -0.30
23.65 0.29 -0.34
| 24.41  0.34 -0.42
| 25.52 0.34 -0.39
126.52 0.33 |-0.10
126.47 0.23 -0.15
25.70 0.26 -0.06
26.69 0.24 -0.34
127.89 0.31 -0.20
29.02 0.33 -0.20
023.63 0.73 -0.05
1 26.67 0.33 -0.10
125.03 0.36 1+0.29
24.33 0.42 :0.24
24.05 0.36 |+0.05
23.70 0.29 i1+0-21
| 23%62  0.25 j+0.21
,23.67 ‘ 0.24 +0.17

e e e ——



GLASGOW UNIVERSITY

GRAVITY DATA SiiEEI NO. 4

! t k
. i 1 ] | s b
Station Elev. |Obs.  jTheoret. jElev* jTerr, jBouguer
I(ft.) : Grav. J_Grav. Corr. jCorr. ; Anomaly
| (mgal) j(mgal) (mgal) !'(mgal)j (mgal) i
. ] 1

B.41
B.42
3.43
B. 44
B.45
B.46
B+4$
B.48
B.49
B.50
B.51
B.52
3.53

Ae N

I m 1 s
, j |

692.2 | _13.16 -5.92 |[23.53 j0.26 : *0.20
634.2 +-13.25 -5.97 23.05 |0.26 i +0.22
670.1 | -12.22 -6.02 22.21 10.29 +0.39
655.0 |-11.56 -6.07 21.30 0.31 +0.11
642.9 1-10.79 -6.12 20.57 0.33 +0.12
634.3 -10.42 -6.17 20.09 0.34 -0.03

632.4 -10.30 -6.21 19.94 0.36 -0.08
627.6 - 992 -6.27 19.66 0.41 +0.01
604.9 - 8.73 -6.26 18.29 0.37 -0.20
584.0 - 7.69 -6.30 17.04 0.32 -0.50
563.4 -£m6.45 -6.33 15.81 0.56 -0.23
542.5 - 5.43 -6.37 14.55 0.62 -0.50 |
524.$ - 4.30 -6.37 13.45 0.64 -0.45

i

589.5 - 6.67 -8.38 17.17
1598.5 - 7.29 .8.33 17.70
1630.0 - 9.18 -8.25 19.57
i631.3 :- 9.09 -8.21  19.65
1639-7 j'- 9.67 -8.17  20.15
1653.2 ;-10.58 -8.17  20.94
1639.4 -12.67 -0.19  23.09
724.8 -14.91 -8.13  25.19
742.3 -16.07 -8.09  26.26
778.5 -18.09 -8.03 28.37 0.61 -1.01
785.5 -13.60 -7.99 23.79 0.61 -1.06

0.50 -1.25
0
0
0
0
0
0
0
0
0
0
798.3 |-19.31 -7.97 29.55 0.65 -0.95
0
0
0
0
0
0
0
0
0
0

.52 -1.27
.43 -1.25"
.58 -0.95
.64 -0.92

.73 -0.95
.65 -0.98

.64 -1.03
.65 -1.12

800.7 !'-19.56 -7.95  29.69 0.77 -0.92
819.4 -20.64 -7.95 30.80 0.61  -1.05
|842.3 1-22.00 -7.94  32.16 0.56 -1.09
1860.3 1-23.02 -7.90  33.22 0.59 -0.98
873.0 -24.06 -7.82  33.98 0.60 -1.17
|838.3 -24.90 -7.76 34.89 0.52 -1.12
1906.0 -25.90 -7.72  35.94 0.55 -1.00
|924.9 -27.43 -7.66 | 37.05 0.60 -1.31
|932.8 j-27.92* -7.63 37.53 0.53 -1.30 |

1946.0 -28.61! -7.61 | 33.3010.61 j-1.18 |
! i i 1 .1



GRAVITY DATA

GLASGOW UNIVERSITY
J

Station Elev. jObs.
(ft.) jGrav. jGrav.

j'(mgal) j(mgal)

] f
0.23  949.51-23.63 -7.57
C.24 972.6 -30.02 -7.66
0.25 933.91-30.72 -7.46
.26 992.1 -31.05 -7.40
0.27 1001.9!-31.73 -7.35
0.23  999.7j-31.46 -7.32
0.29 991.2 -30.30 -7.30
C.30 939.6 -30.68 -7.24
C.31 3-016.5 -32.64 -7.18
C.32 ;1049.7 -35.03 -7.06
¢.33 iL064.6 -36.13 -7.10
0.34 1x076.7 -36.70 -7.02
0.35 11037.5 -37.45 -6.99
C.36j1089.5 -37.72 -6.93
0.37 1091.4 -37.61 -6.37
C.33 11093.1 -33.02 -6.83
C.39 [1093.1 -37.64 -6.75
0.40 j1121.3 -33.97 -6.70
0.41 {1137.3 -39.94 -6.66
C.42 PL150.7 -40.37 -6.22
C.43 [|L149.1; -40.70 -6.77
C.44 |1139.5|-40.18 - 6.53
0.45 1119.0 -38.99 -6.53
0.46 1104.6 -37.82 -6.51
C.47 11075¢3j-36.56 - 6.47
C.48 [1037.3; -34.18 -6.47
0.49 |1029.0] - ;
0.50 11014.3; —32+%17 -6.44
C.51 PL005.2; -31.61 -6.40
0.52 bL010.9; -31.62 -6.40
0.53; 995.0! -30.83 -6.39
0.54 [1000.5| -31.07 -6.31
C.551023.21-32.43  -6.29
C.56 1037.51 -33.39 -6.23
0.57 11045.3; -33.77j - 6.21
0.53 j1050.11 -33.B7! -6.17
C.59 ;1063.4/ -35.10j - 6.19

1

GEOLOGY DEPARTMENT

1

1
kheoret. (Elev.

Corr.

i

|

jTerr. jBouguer
jCorr. JAnomaly

SLEET NO.

i

{

(mgal) j(mgal)! (mgal) =

i

1
J !
38.52 j 0.62 1-0.93
39.39 j 0.63 [-0.85
40.55 j 0.64 1-0.85
41.04 [ 0.53 -0.70
41.62 | 0.70 1-0.63
41.49 | 0.74 j-0.42
40.29 j0.83 j-0.15
40.89 | 0.85 -0.05
42.49 i 0.92 -0.23
44.45 10.34 j-0.32
45.34 10.81 -0.23
46.06 i 0.81 |-0.72
46.70 10.30 -0.81
46.82 0.80 -0.90
46.93 0.76 -0.66
j47.33  0.76 -0.53
47.38 0.84 -0.0%
48.70 0.71 -0.18
j49.65 0.71 —8.11
:50.44 0.82 -0.10
:50.35 0.S5 +0.C6
49-78 0.80 CO.00
48.57 0.93 +0-.01
4771 0.91 +0.42
:46.01 0.74 -0.15
14372 0.80  0.00
j42.39 0.65 40.56
j41.82 0.57 +0.49
142.16 0.55 +0.82
41.22 0.59 +0.67
141.54 0.57 +0.84
| 42.89 0.49 j+0.79
143.73 0.61 +0.83
j44.20 10.591+0.94

1 44.48 j0.60 i +1.17
| 45.57 | 0.55 {+1005

Cmis ——  Commie | e ——
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GRAVITY DATA

GLASGOW UNIVERSITY

Station Elev. | (Qb8.
(ft.) !Grav. iGrav.
j-(mgal) j(mgal)
i 5
1
C.60 1069,1j-34.72 -6.17
0.61 1063.3 1-34.56 -6.07
0.62 1049.1 |-33*%01 ~-6.10
C.63 1023.9 (-32.29 -6.10
C.64- [1033.4 -32.89 -6.00
C.65 1041.2i-33-05 -5.91
0.66 }1030.9 -32.41 -5.98
C.67 [1028.4 -32.26 -5*%96
C.68 1013.3 -31.00 -5.34
0.69 997.2 -29.87 -5.94
C.70 997.7 -29.97 -5.92
C.71 979.4 -29.24 -5.94
0.72 972.5 -28.68 -5.94
0.73 | 966.3 -28.19 -5.36
0.74 | 946.6 -27.02 -5.S6
0.75 940.3 -26.61 -5.97
0.76 927.2 -26.00 -6.00
0.77 | 913.7 -25.23 -6.02
0.73 j 904.5 -24%22 —6.GQ0
0.79 | 890.1 -23.34 -5.96
0.80 1839.0:-23-10 -5.54
0.0l 1-880.7 -22.72 -5.34
0.82 863.r -21.84 -5.32
0.83 851.2 -20.72 -5.92
0.34 347.4 -20.65 -5.92
0.35 857.3 -21.05 ~-5.38
C.36! 850.2; -20.70 -5.03
.8 841.4; -19.30 -5.79
0.83 ( 336.5 -13.8? -5,72
0.39! 331.4 -18.51 -5-69
0.901 310.3 -17.71 -5.65
0.91 011.2 -17.34 -5.57
0.92; 789.1 -15.76 -5.43
G.93; 734.9 -15.47! -5.38
0.94! 776.6 -14.74i -5.33
0.95i 760.3 -13.74: -5.32
0.96; 743.5: -13.24: -5.30

iTheoret. [Elev.

SnBEI LO.

GEOLOGY DEPARTMENT

(mgal)!(mgal)j (mgal)

45.61
45.26
44.42
42.93
43.49
44.43
43+%34
43.20
42.30
41.34
41.37
40.23
39.68
39.51
33.34
38.00
37.19
36.69

34.99 |

34.93j
*34.44 |
133.72 |
132.69 |
| 32.46 |
1$33.08;
133.108S
132.10 !
j31.82!
]31.51]
| 30.73]

30.31j
129.00;
123.76!;
i 28.26;
127.30;
| 26.59 3

jTerr.

0.61
0.64
0.69
0.6S
0.60
0.66
0.65
0.64
0.63
0.78
0.75
0.31
0.87
0.83
0.95
1.10
1.06
0.91
1.01
0.96
1.05
0.97
0.95
0.60
0.65
0.56
0.51
0.56
0.55
0.54
0.5&
0.54
0.63

IBouguer!
Corr. !Corr* jAnomaly j

14-1.46
1+1.30
1+1.19
1+1.35

*1
+2

+2

+2

+2

+2
+2

+3

.29
17
.73
+1.
+2.
3 +2.
.36
+2.
+2.
+2.
.44
+2.
.38
+2.
+2.
+2.
+3.
+2.
+3.
.84
.67
+2.
22
+3.

75
12
54

05
26

jl

64

48

77
76

07
38
04

84

70

T3* 80

+3.

93

+>4.06

+4.
+4,

07
57

0.56 1+4.60
0.51 !+4.83
0.51 1+4.83
0.48;44.66

e @ o o (=T

—.

g
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GRAVITY DATA SnBL1 VO.

{ASGOW UNIVERSITY @FOLOGY DEPARTIVENT

! i | T "m
. | i ! I
station Elev. :Obs. iTheoret. jElev. jTerr, i Bouguer
(ft.), [Grav. J:Grav. JCorr. i'Corr. j Anomaly
j (mgal) j(mgal)  j(mgal) m(mgal)! (mgal)
. * -
J i
1-13.00| -5.30 j26.19 } 0.43 j+4.45

i
E. 1 741.

o14-76  -4.91 27.10
-15.05 -4.76 §27.39
-14.67 -4.74  26.63
E.18 j746.1 -14.30 -4.63 26.45
S.19 |743.2 -14.23 —4%61  26.28
2%20 742.9 -14-34 -4.55  26.26
2.21 |742.9 -14.33 -4.47  26.26
S.22 744.4 -14.50 -4.45 26.35;
E.23 744.4- -14.51 -4%*39  26.34 .64 +4.21

E.24 1744.1 -14.64 -4.37  26.33!, 0.63 +4.18

E.25 j745.0 -14.65 -4.33 26391, 0.61 +4.15 !
E.26 j746.3 -14.95 -4.29  26.46! 0.62 +3.93
E.27 j753*2 -15.53 -4.23 26.87 0.65 +3.84
E.28 762.3 -16.19 -4.13 27.421 0.60 +3.73
0
0

1| +4%57
.64  +4.35
.66 +4%06
67 +4.27
67 +4.24
71 +4.21
.68 +4.27
.66  +4.19

E.15 j757.
E.16 |761.

E.17 749.

6
E. 2 723.9 j-11.75 -5.22 j25.14 | 0.46 j+4.74
E. 3 ,726.7 !-11.81 -5.20 j25.30 0.50 1+4.92
&44 737.5 -12.46 -5.14 | 25.94 0.45 ;+4.92
S. 5 |747.3 |-13%*03 -5.14 126.53!0.43 +4.62
E. 6 |747.2 |-13.19 -5.10 |26.52! 0.42 +4.78
2. 7 |746.0 -13.00 -5.30 j26.45 0.43 j+4.92
E. 8 |744.3 !'-13.31 -5.06 }26.35 0.48 j+4.59
E. 9 i744.6 1-13.36 -5.04 i26.3b 0.54 1+4%63
E.IO [743.5 |-13.40 -5.03 j26.30 0.50 j+4.50
E.1l j744.1 !'-13.64 -5.04 | 26.33 0.50 i+4.33
E.12 |744.2 -13.44 -4.95 26.34 0.50 j+4.53
E.13 |746.3
E.14 753.4 -14.31 -4.95 26.83 0.50!+4.43

1

8

9

1

2

0
0
0
0
0
0
0
0
0
0
0
-13.77 -4.90 26.47 0.54 +4.46
0
0
0
0
0
0
0
0
0
0
0

E.29 1754.2 i-15.37 -4.14  26.93, 0.55 1.3.60
E.30 !749.40 -15.77 -4.10 1 26.65; 0.56 +3.47
S.31 |745.4 !-15.81 -4.06  26.41 0.51 +3.18
E.32 1744.8 -16.18 -4.00 26.37[ 0.52! +2.84
E.33 747.9|-16.40 -3.94  26.561 0.50 +2.85
E.34 757.7 '-17.16 -3.90 27.14 0.53 +2.83
E.35 |763.4 1-17.61! -3.87  27.43j 0.46 : +2.59
E*36 j764.3 1-17.72! -3.85 } 27.53j 0.46 1 +2.55
E.37 ;755.4 | -17.461 -3.85 27.00| 0.49; +2.31 ,,
E.38 :753.5 1-17.511 -3-85 1 27.19! 0.49 1+2.45 -

— —— e



GRAVITY DATA

GLASGOW UNIVERSITY

GnELI

:<0.

GEOLOGY DEPARTMENT

J
Station jElev. ;0bs.  jTheoret. jElev, jTerr.

£.39
£.40
£.41
£.42
£443
£.44
2.45
S. 45
£.47
2.43
£.40
£.50
£.51
£.52
S.53
£.54
£.55
. £.56
£.57
£.53
£.59
£.60
£.61
£.62
£.63
£.64
£.65
£.66
£.67
£.63
£.69
£.70
£.71
£.72
£.73
£.74
£.75,

j(ft.)

| Grav.

i

IGrav.

+| (mgal) I(mgal)

| 764.5: -X7.S4 -5.33
759.0 -17.63 _-3.33
764.3 -13.05 _-3.S3
773.6 -13.63 -3.8S3
776.J -13.95 -3.33
739.21 -19.73 -3.33
736.1 -20.36 -3.33
301.5 -20.61 -3.33
733.1 -20.74 -3.36
734.7j -20.53 -3.36
795.9: -20.37 -3.35
730.8 -20.60 -3.36
773.11-19.67 -3.37
763.6 -19.04 -3%37
761.2 -18.97 .-3.33
754.1| -13.69 -3-37
744.6 -13.22 -3.38
739.6 -17.94 -3.3-3

| 733.3; -17.73 -3.33
731.1 -17.52 -3.33
719.5 -16.93 -3.33
711.8 -16.50 -3.37
702.1 -16.03 -3.3-3
697.3 -15.33 -3.35
697.1!-15.63 -3.35
695.3 -15.43 -3.36

! 694.3 -15.42 -3.39
700.9!-15.30 -3.90

1701.3 -15.04 -3.95

j 707.3 -16,12 -3.99
702.7. -15.99 -4.02
713.4! -16.72 -4.02
721.2- -17.33 -3.96
733.0!-10.00 - 3.92

Corr.

Corr*

!
1Bouguer
! Anomaly

(mgal) ! (mgal)]! (mgal)

i

I 739.3- —13.49j -3.91
; 724.9 -13.33! -3.33
! 724.7j-18.03), -3.36

27*%53 0.47
27.22  0*53
27.56 0.50
28.03 .53
28.24 0.55
29.01 0.65
29.42 0.75
29.74 0.73
29.59 0.77
29.33 0.30
29.40 0.32
29.10 0.30
23.17 0.34
27.49 0.63
27.34 0.65
25.92 0.57
28.36 0.66
26.06 0.69
25.31 0.61
25.35 0.65
24.37 0.60
24.33  0.57
23.34 0.67
23.55 0.57
23.59; 0.35
23.30 0.56
23.33 0.61
23377 0.60
23.79 0.46
24.13 0.62
23.37 0.72
24.51 0.82
24.97 0.33
j25.67 0.76
126.0510.81
j 25.78) 0.85

1+2.33
| >2.42
1>2.31
>2.25
c2.14
+2.13
+2.11
+2.22
.90
.33
.33
+1.67
+1.80
5%1.39
5%1.27
+1.05
+1.05
+1.06
>0.33
+0.94
+0.79
+0.71
+0.63
+H).64
+0.73
+0.35
+0.31
+0.G0
+0.39
+U- 81
+0.71
+0.75
.+0.54

>1
11
>1

J
+0.64

1+0.59
+0.50

125.13 j N+ Oh ;+0.66

e e

e -

| Cmie —— o
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GLASGOW UNIVERSITY

1
!

Station |Elev.
1 (£t0

S.75 713.1
S.77 707.3
3.73  706.3
2.79  697.9
2.30 632.4
3.31  677.1
2.82  671.2
2.83  672.0
3.04  664.3
3.85 660.4
3.36  652.9
3.37  630.1
!

11727.0
2 724.1
3 1736%5
41 727.4
51 710.0
6 653.7
71 620.6
3 683%4
673.6
P.10 677.0
P.11 672*%9
P.12  667.1
P.13 660.8
F.14 675.5
P.15 690.8
P.16 702.7
P.1?  711.7

1 P18 7137
P.19  712%2

! P.20 698.0
F.21 681.9
,.22 . 657.4
Q  634.0
.24 615.9

FEEPEO D ®

TU
N

i Obs.
; Grav.

=

1
1

-17
-16
-16
-16
-15

.35
.57
.93
.62
.60

-15%35

-15
-15
-14
-14
-13

.30

.23
.60

32

.81

-13*82

-11

—11.
-12.

-11

-10.
-10.
-10.

.82
.6?
40
.94
76
10
04

- 8.90

.71

- 8.46
- 8.27
- 7.92
- 8.05
- 8.71
- 9.7?

-10
-11
-11
-11
-10

.79
.13
.23
17
.47

- 9.42
- 8.47

- 6.98
- 5%68

GRAVITY DATA

i!

i<0 .

GEOLOGY DEPARTMENT

}Theoret. Elev*

jGraV.
| (mgal) j(mgal)

»
!

Corr.

- 3%35 24.49
-3.30 24.15
-3*79 24.09!
-3*73 23.59
-3.77 22.67
-3.74 22.36
-3,73 22.19
-3*74 22.05
-3%73 21%60
-3.76 21*36
-3,75 20.92
-3*76 20.76
-5.11 25*31
-5*15 25.14
-5*13 25*8?
-5.21 25*34
-5*%24 24.31
-5.27 23*64
-5%28 j23*16
-5%31 22.73
-5.32 22.15
-5.3? 22*35
-5.34 22.05
-5.38 21.76
-5*'U 21%93
-5%46 22.26
-5*51 23.16
-5.55 23*88
-5%56 :24.39
-5.57 24*53
-5.57 24.44
-5%*57 123.60
-5.54 i22.64
-5.53 21.19
-5*56 i19.00
-5*%56 13.73

0.
1.
1.
0.
0.

|Terr,
iCorr.

95
07
11
94
73

1%03

0.

1.
1.

0.
0.
0.

0
0

0-
0.
0.
0.
0.
0.
0.

0.
0.

0.
1.
0.
0.
.86

0

0.
0.
L,
0.
1.
1.
1.

1.

73

15
16

94
94
79

<

.-H
46

51
53
61
62
67
61
67
69
63
76
07
85
85

85
92
01
94
08
25
28

25

0*?i
4%0.65
4*0.26
4-0.16
40.41
4*0.00
4*0. 47
4*%0.54
4%0.36
4*%0.42
-0.08

4*%4*95
44.96
4*4.88
4*4*90
4*5.05
4*5.02
4*4,59
4526
+5% 22
4%5%39
+-2.22
4*5.35
+5.67
+S.07
+4.91
<1.53
4*4.48
4*4.78
+4.84
4*4.63
.4.09
+4.57
4 .67

4-4.87

(

Bouguer|
Anomaly i
(mgal) !(mgal) (mgal) j

I

40 .331

1
1

!

1

.



GRAVITY DATA

GLASGOW UNIVERSITY

i - ! |
Station Elev ;Obs. iTheoret. jElev*
(ft. j jGrav. iGrav.
| (mgal) j(mgal)
Lo i
|
F.25 594 9 4.50 | -5.53
F.26 574 3 - 3.34 -5*56
P.27 554 3 2.52 -5.53
*.23 540 5 —1.69 -5.53
P.23 533 3 1.32 -5.56
P.30 527 5- 0.74 -5.54
F.31 524 5 - 0.51 -5-50
p-32 524 1 0.57 -5.43
P*33 516 3 - 0.33 -5.44
P.34 503 6 + 0.84 -5* 40
P33 510 ¢ + 0.73 -5r33
P.36 524 3 + 0.42 -5.30
P.371 528 4 ¢ 0.23 -5.29
P.372 529 9 * 0.06 -5.30
P.33 522 4 4 0.45 -5.31
P.39 516 2 4 0.82 -5.30
P.40 513 8 #0.21 -5.29
P.41 495 5 + 1.30 -5.23
P.42 473 0 * 2.25 -5.31
P.43 1460 0 * 2.60 -5-35
P.4M 452 3 * 2.90 -5.37
P.44* 445 5 * 3.01 -5.33
P.45| 439 0. V3.31 -5.40'
P.46 423 o0 4 3.60 -5.41
P.47 415 6 **4.09 -5.41
P.43! 401 4 + 4.85 -5.42
P.49 391 4 + 5.10 -5.43
P.50 332 5 . 5.25 -5.40
P.51 369 0 + 6.'i -5.30
*e52 353 61* 7.01 -5.30
Y 339 6 > 7.71 -5.47
P.53 330 6 > 3.64 -5.41
P.54 334 3 ¢ 3.59 -5.37
B.55; 323 ( ¢ 3.73 -5.33
J2.56] 319 9: 4 9%02| -5.39
1.57j 316 0 + 9.02; -5.41
E,5'3: 313 , ., 3.96; -5.41

I

SnE.,11 GO.

GEOLOGY DEPARTMENT

1

Corr*

17.43
16.26
15%07

1

Terr.
Corr.

[ e T e T U T Y

.47
.54
.63
.65
.74
17
.67
.62
.57
51

.39
.2-3
.15
.16
.43
31
.64
.64
.74
.S7
.33
77
01
.94
.40
.44
.u3
.65
.61
.53
22
.11
.07
21
.25
.15

i
1Bouguer;j

1

I Anomaly!
i(mgal) (mgal) 1 (mgal)
1

*5

+4
+4
+5
+5
+5

+4
+5
+5

15
i5

<5
<5
+5
+4
44
<4
+4
44

+3
*3

3

>3
F3

Fo

+3
+3

*3
+2
+2

j
!
1

k. ]

10

o @ ¢ .

0



GRAVITY DATA

GLASGOW UNIVERSITY

mStation Elev.

P. 59
F.60
. 61
. 62
.63
. 64
.65
.66
. 67
.63
.69
.70
71
P.72

e e e B T e I R
3
w

Ceoppen R
N-JCC R - N B S S M

Q
=

G.ll
G.12
0.13
0.14

0.15
G.16

G.17
G.18

G.19
G.20

(ft.)

311.0
j303.8
304.6
301.4
299.7
237.1
293.4
309.1
311.6
304.7
293.3
285.7
234.8
236.0
293.9

j340.2
344.4
i 344.7
j 359.9
372.7
393.2
420.4
447.2
471.9
1499.3
| 516.6
540.7
555.4
j 572.7
j539.8
| 600.1
1621.0
;639.0
1655.1
671.9

; Obs.
j Grav.

Theoret
Grav.

| (mgal) j(mgal)

I+ 8.39.! -5.40
[+ 8.94 -5.33
jt+ 8.37 -5.37
|+ 8.84 -5.37
k 3.79 -5.37
> 8.63 -5.33
+ 8.49 -5.42
¢ 7.61 -5.47
+ 7.22 -5.51
¢ 7.50 -5%56
+ 7.66 -5.60
+ 8.33 -5.63
+ 8.20 -5.65
+ 8.04 -5.67
+7.23 -5.70
¢+ 8.29 -5.50
¢+ 8.43 -5.49
+ 8.48 -5.46
¢ 3.13 -5.42
¢ 7.69 -5.36
+ 6.62 -5.30
¢ 5.02 -5.25
+ 3%*69 -5.21
+ 2*52 -5.15
+ 1.26 -5.07
+ 0.59 -5.00
- 0.45 -4.94
- 0.35 -4.90
- 1.46 -4.36
- 2.45 -4.32
- 237 -4.77
- 3*%61 | -4.73
- 4.40 -4.69
~ 5.00 -4.63
L 5.91 j-4.59

jElev*
Corr.

SHEET NO.

GEOLOGY DEPARTMENT

ITerr.
iCorr.

I Bouguerj
I Anomaly!

(mgal) I(mgal) (mgal)

+ o+ + o+

|+
|+
|+

1+10.19
1+11.32
+12.84
+14.27
+15.14
j+16.17
+17.18
j+17.79
1+19.03 1
1+20.10

0.68 j2.20
0.54°2.42
0.23] 2.22
0.09] 2.25
0.02!1.81
0.13 2.33
0.10 2.30
0.56i2.28
0.71i2.23
0.29j2.16
0.08! 2.25
0.88 2.36
0.94 2.39
0.36 2.40
0.33;2.07

»

2.37
2.23
2.04
2.20
1.87
1.88
1.73
1.81
1.80
1
1
1
1
1
1
1

2.30
2.60
2.64
3.55
4.30
5.52
7.13
8.73

.65
.65
.63
.63
.53
.53
.50
.35
1.36

+21.05! 1.31
|+22.05] X.25 j+ 3.93 I

4+ + + +HTF e+ o+ o+ o+ o+ 4+

it 8.
it 8.50 j
|+ 3.86 1

3 +2.50
| +2.45
+2.13
+1.94
+1.80
+1.53
+1.40
+1.11
+0.83
+0.52
+0.36
+0.31
+0.13
1-0.04
-0.65

.59
.90
.83
.59
.63
.85
.76
.15
.49
.79
21
.69
.15
.56
.62
.78
17
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GLt/1 TY lAilA

GLASGOW UNIVERSITY

I

T

'"Theoret. jElev*
Corr*

(mgal) ; (mgal)

jTerr,
jCorr.

§
Station Elev. | Obs.
(ft.). jGrav. jGrav*
! (mgal) j(mgal)
i i
i
G.21 695.0 —6.84 -4.52
G.22 721.9 - 3.39 -4.35
G.23 745.6 - 9,53 -4.40
G.24 758.6 -10.13 -4.36
G.25 763.4 -10.53 -4.31
G.26 784.6 -11.40 -4.26
G.27 795.1 -11.55 -4.22
G.28 310.7 i-12.23 -4.15
G.29 329.4 -13.03 -4.08
G.30 845.4 -13.85 -3.99
G.31 843.2 -14.11 -3.95
G.32 854.6:-14.36 -3.88
G.33 859.1 -14.53 -3.84
G.34 870.0 -15.00 -3.78
G.35 382.5 -15.61 -3.69
G.36 ! 891.8 -16.33 -3.65
G.37 899.3 -17.08 -3.57
G.33 | 921.2 -18.63 -3.52
G.39 9.29.7 -19.15 -3.45
G.40 937.8 -19.33 -3.37
G41*| 954.4 -21.15 -3.34
G.42 971.1 -22.58 -3.26
G.43 | 933.2 -22.33 -3.20
G.44 1001.0 -25.04 -3.14
G.45 1016%4 -26.49 -3.05
G.46 1028.1 -27.55 -2.99
G.47 1031.4 -23.23 -2.93
G.48 ,1029.0 -23.52 -2.37
G.49 1026.2 -23.73 -2.31
G.50 1028.6 -29.34 -2.75
G.51 ;1032.5 -30.02 -2.70
G.52 1040.9 -30.34 -2.67
G.53 1046.9 -31.68 -2.63
0.54 |1052.2 -32.41] -2.59
G.551056.3 -32.99 -2.54
G.56 1057.1; -33.34! —2%43
G.5711064.7; -34.13 -2.43
G.58 1076.9 -34.941 -2.42

23.42 1.17
25.01 1.25
26.42 1.13
27.19 1.05
27.77 1.09
28.73 0.95
29.35 0.79
30.28 0.74
31.39 0.61
32.34 0.64
32.51 0.63
32.88 0.80
33.15 0.65
33.80 0.71
34.54 0.69
35.09 0.72
35.53 0.74
36.83 0.72
37.34 0.74
37.81 j0.74
33.80 0.65
39.79 0.76
40.80j 0.75
41.57 0.79
42.48 | 0.71
43.17 0.82
43.36 0.83
43.23 0.85
43.06 0.97
43.20 1.06
43.43 1.14
43-93 1.13
44.28 1.11
44.60 1.22
| +4.84 1,10
44.39 1.27
149.34 1.26
46.06 1.28

AL 1.0.

j Bouguer
1 Anomaly j 1

(mgal)

9.36
+ 9*551
+ 9.75!
¢+ 9.88!
+10.15
+10.14
+10.49
+10.72
+11.02
+11.27
+11.21
+11.57
+11.58
+11.86
+12.06
+11.98
+11.75

+11.53
+11.61

+11.43
+11.09;
+10.84°
+10.
+10.

N =
— o 3 W
N W o = <O

+

L X O O
=]
[\°]

+ +
> 2]
[\%]
o
N

|
=]
=]

7.68
7421
6.95
6.54
6.47
6.17!,

6.11

+ o+ + + + + o+ o+

e



GRAVITY DATA

GLASGOW UNIVERSITY

. | f "
J
Station iElev. ;Obs.
1(ft.) jGrav. IGrav.

| (mgal) j(mgal)

GEOLOGY DEPARTMENT

. S

‘6t

T
i
'Theoret, IElev *

i i
ITerr. }Bouguer )
Corr. ICorr. ! Anomaly]

(mgal) | (mgal] (mgal) i

SHEET NO.

a.59 1090.9 !-35.85 -2.39
G.60 iodd.6 -35.37 -2.33
G. 61 JL094.3 1-39-20 -2.36
G.62 j1097.7 1-36.52 -2.33
G.63 1103.9 ;-37.18 -2.30
G.64 i109.9 1-37.34 -2.27
G.65 L106.6 -37.93 -2.22
G.66 1094.0 -37.42 -2.18
G.67 1085.3 -37.13 -2.12
G.68 1080.0 -37.26 -2.07
G.69 1071.9 -37.10 -2.01
G.70 1061.8 -36.80 -1.95
G.71 1053*3 -36.56 -1.92
G.72 1042.4 -36.18 -1.83
0.73 1032.3 -35.04 -1.82
G.74 1023.5 -35.73 -1.77
G.75 1013.3 -35.38 -1.70
G.76 j1001.2 -35.00 -1.64
G.77 992.0;-34.52 -1.56
G.78 1 991.9! -34.38 -1.49
0.79 | 973.6; -34.22 -1.42
G.80; 961.6 -33.93 -1.32
G.81 949.4!-33.42 -1.79
G.82 | 043.9 -33.92 -1.26
G.83 936.4 -32.33 -1.22
G. 84| 922.5 -31.75 -1.15
G.85j 907.2. -31.04 -1.10
G.86 891.0| -30.19 -1.06
G.87| 865.5;-29.12 -1.03
0.83 340.8 -27.82 -1.01
G.89 816.3 -26.35 -0.96
G.90I 802.4 -25.39 -0.93
G911 782.5!-24.22 -0.86
G.92! 756.9 -22.28 -0.33
0.93! 731. -21.15 ~-0.73
0.94: 707.1i -19.19 -0.69
G.951 631.7;,-13.30  -0.65

I

1 1
|46.90 !1.49 j +6.28 |
146.76 11.23 1+5.87
147.10 1.19 +2.86
47.30 1.23 +5.71 1
47.67 1.15 +5.47 !
43.03 ;1.13 +5.23
47.83 ;1.22 +4.38 |
47.08 ;1.22  +4.83 |
46.57 !1.28  >4%63
46.25 1.39 +4.44
45.73 11.48  +4.28 !
45.17 1.71  +4.26 j
44.70 1.61  +3%96 |
44.03 1.86 ! +3.96
43.43 1.85 +3.65 }
42190 1.84 +3.37 ;
42.30 1.94 ,3.29
41.53 1.98 +3.05
41.04 2.07 ,3.16
41.03 1.88 ,3.17
39.95 2.17 ,2.61 j
39.23 2.45 +2.56
33.51 2.00 ,1.43
38.18 2.21 ,2.34
| 37.74 2.12 +2.44
:36.31 2.64 ¢2.78
36.01 2.13 ,2.13
| 35.04 2.59 +2.51
33.53 2.62 ,2.13
32.07 j 2.97 +2.34
30.62 3.00 +2.44
29.79 3.00 ,2.60
28.61 3.10 ,2.76
27.09) 2.92  ,3.03
25.57| 2.58 +2.35 1
j24.14j 3.21 | -2.88
;22.641 2.99! +2.j! ]

s

13

--------------



GRAVITY DATA SnEET NO. 14

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT
Lo SRR IESAT
Station (Elev. !Obs. TITheoret. jElev. jTerr. jBouguer
(ft.) j Grav. jGrav. Corr. ;Corr. _;Anomaly
| (mgal) [(mgal)  j(mgal) j(mgal)j (mgal)
1 f 1 1

G 96 662.81-13.08 -0.62  +21.51! 3.17 +2.11
G 97 646.5 “17.26 -0.58  +20.55 3.34 +2.18
G 93 629.5 -16.75 -0.55  +19.54] 3.82 +2.19
G 99 616.05-16.21 -0.53  +18.74 3.25 +1.38

G100 599.8 -15.18 -0.48  +17.78 3.21 +1.46
G.101 583.2 -14.14 -0.43  +16.79 3.48 +1.83
G.102 564.6; -13%07 -0.40 +15.69 3.35 +1.70 ]'
G.103 546.1: -12.02 -0.32 +14.59 3.29 +1.67
G.104 522.9: -10.59 -0.28  +13.22 3.02 +1.50 1
G.105 499.1 - 3.85 -0.27  T11.81 3.00 +1.82 |
G.106 479.4; - 7.37 -0.23  *10.46 2.83 +2.00 |
G*107; 460.11 - 5.73 -0.22  + 9.49 2.02  +2.49
G.108 445.7:- 5.02 -0.20 + 8.64 2.85 +2.40
G.109 431-61 - 4.52 -0.17 + 7.81 2.92 +2.17
G110 413.8 - 3.89 -0.15 + 7.37 2.96 +2.42 o W,
G.111j 410.5! - 3%32 -0.11 + 6.85 2.70 +2.25
G.112 397.2; - 2.58 -0.06 + 6.03 2.64 +2.16
G.113 372.4; - 0.77 -0.01 + 4.49 2.40 +2.24
G.114 357.0 + 0.37 +0.04 + 3.53 2.17 +2.24
G.115 335.8: + 1-65 +0.10 + 2.22 2.19 +2.29
G.116 246.7: + 8%43 +0.38 - 3.30 1.52 -3.21
G.117 246.9! + 8-52 +0.45 - 3.29 1.34 +3.15
G*113; 231.4] + 8.31 t0.51 - 4.25 1.28 +1.98
a*ii9 229%7 « 7%53 +0.55 ~ 4.36 1.30 +1.15
G.120 230.31+ 7%53 +0.62 - 4.32 0.99 +0.94
J

H 1 917.1 #3417 -0.35 +36.59 2.02 +0.22
o 2 951.8] -36.13 -0.43 +38.65 1.96 +0.18 |
o 3 1033.2 -37%98 —0.49  +43.77 2.29 +3.73 ]
IL 4 1144.6] -47.80 -0.59 +50.09 2.24 +0.07 :
H 5jH42.1 -47.73 -0.66 +49.94 2.17 -0.15 !
H 6 1172.3 -49.58 -0.73 +51.73 2.13 -9.32 !
o 7 1244.6. -53%*67 -0.82 +56.01 2.14 -0.21 |
H, 3 1285.5:-55.94 -0.92 +58.44 1.90 -0.39 |
H o 1315.7 -57.37 -1.02 ¢60.23 1.91 -0.07 j
H.10 1317.2 -57.33 -1.10 +60.32 1.86 -0.12
a.ii 1315.7 -56.71, -1.17 +60.23 1.75 +0.28

- =

e gttt @\t ——



GRAVITY DATA

GLASGOW UNIVERSITY

|

'Theoret.
iGrav.

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

.24
27
32
.38
.45
S1
.54
57
.62
.68
.75
91
.90

.09
17
.20
.26
.30
.33
.39
.45
.43
.53
.57
-2.61
—2.63
-2%66
-2.72
-2.76
-2.80
-2.83
-2.85
- 2.80
-2.84
-2.02

Station!Elev. Obs.
i (ft.) Grav.
| (mgal) j(mgal)
|

H.12 1305.5 -56.16
H.13 1287.5 -54.77
H.14 1257.5 -52.60
H.15 1253.4 -52.32
H.16 1288.0 -54.71
H.17 13003 -54.79
H.18 1322%9 -55.87
H.19 1321.7 -55.52
H.20' 1347.3 -56.92
H.21 1358.6 -57.28
H.22 1336.7 -55.89
11.23  |1311*3 -54.25
H.24 1274.3 -51.68
H.25 : :
H.26 1239.2 -49.27
H27 1174.3 -45%00
H23 1129.0 -42.19
H.29 11092.2 -40.15
H.30 1053.0 -37.84
H.31 1003.2 -34.71
H.32 951.9 -31.10
H.33 925.6 -29.64
H.34  835.1 -26.95
H.35 824.7 -23.79
H.36 323.9 -23.41
.37 814.8 -22.46
H.33 787.3 -21.02
H.39 739.7 -21.42
a*40 793.8 -21.54
H.41 784.0 -20.92
& 2 797.0 -21.74
H43 840.4 -24.22
H44 350.2 -24.72
H45 367.6 -25.88
H.46 879.2 -26.53
H.47 370.3 -26.00
H.43 860.8 -25.41

-2.85

SiiEE1

GE?LOGY DEPARTMENT

Elev.
Corr.

(mgal)

*59.68
*58.56
%56.78
. 56.54
+58.59
+59+32
+60.66
£5-SQ 59
§%62.10
1%62.73
*61.43
159.97
1%57.78

*55.70
j*51.85
1*49.16
*46.98
1*44.95
1%42.00
+33.65
+37.10
1%34.70
[*31.11
(*31.37
1%30.52
+23.89
1%29.04
[*>29+28
1%28.70
*29.47
*32.04
[+32.63
1+33*66
+34.35
[+33*82
1+33*26

|

;Terr. Bouguer
ICorr. Anomaly T
I(mgal) (mgal)

»
I 1 E

1.69 +0.14
1.53 +0.18
1.57 +0.56
1.45  +0.43
139 _0.15 1
1.37  +0.52 ‘
1.43  +0.81 i
1.40 14,03 ‘
1.63  +1.32 1
1.73 +1%73
1.54  41.51
1.45  +1.49
1.38  4+1.71
1.49 *1.96 '
1.35 +2.18 j
1.32 +2.22 @
1.14 +1.84
1.00 +1.94
1.02 +2.11 ;
1.24 +2.53 I
1.10 +2.24
1.04 - 2.44 i
1.14 - 2.60 11
0.97 :2.49 i
0.99 +2.57 .
1.45 +2.82 }
1.64 +2.72 1
1*73 +2.89 1
1.67 +2.82
1.31 +2.37
1.05 +2.17
0.91 - 2.10
0.78 +1.83
0.76 +1.S7
0.73 +1.86
0.66 +1*79



GRAVITY DATA &JSLT x.0. 2.6

GLASGOW UNIVERSITY

{StationjElev. Obs.
(ft.) | Grav.
j (mgal)

H.49
H. 50
H.51
H.52
H.53

H.55
H*56
H. 57
H.58
H 59
H.60
H. 61
H.62
H.63
H.64
H.65
H.66
H.67
H.68
H.69
H.70
H.71
H.72
H.73
H.74
H.75
H.76
H.77
H.78

H79

355%7 j-25.25
>853,0 r 25.54
856.0 1-25.43
854.5 -25%37
839.0 1-24.64
832.9 -24.28
315.1 -23.25
808.5 -22.76
812.5 -23.14
802.5 -22.56
792.6 -22.05
T83:8 -21.56
734%5 -21.10
770%4 -20.15
750.8 -18.95
752.4 -19.23
768.8 -2+

780%9 -21.15
779.1 -21.08
770.4 -20.59
802.8 -22.52
816.7 -23*55
806*3 -22.90
786.4 -21.41
772.2 -20.47
744.3 -18.73

720.5 -17.35
710.8 -16.80

| 707%0 -16.37
| 705*1 -16.30

-

1703%1 -16.20

jTheoret.
IGrav.

j(mgal)

|-2.89
1-2.93
1-2.95
|-2.99
1-3.02
1-3.04
-3.05
1-3%09
-3%11
-3.16
-3.18
-3.20
-3.24
-3.29
-3.32
-3.33
-3%32
-3.33
-3.34
-3.36
-3%37
-3.40
-3.42
-3.45
-3.48
-3.52
-3.56
-3.60
-3%64
-3.68
-3.73

GEOLOGY DEPARTMENT

jElev, [Terr. {Bouguer!
jCorr. {Corr. | Anomalyl

j(mgal)j (mgal)l (mgal)

k32%95[0.65 i +1.59 !
>33.09 ;0.66 i +leqm !
>32.97 0.74 | +1.46 j
¢32.88 .84  ¢1.49

+31.96 0.89 +1.32
+31.60 .82 ¢1.23 j
[#30.55 0.54 j >0.92
[#30.16 ¢.59 1>1.03 |
+30.39 0.56 1>0.83
1+29.80 .57 >0.80 1
[+29.21 0.52 ! >0.63 I
[+29.01 0.50 ! >0.88 1}
[+28.73 0.53 1>1.05 }§
[+27.89 0.51 +1.09 1
1426.73 0.54  +1.13 j
[+26.82 .57 +0.96
1+27.80 0.58 +0.851
1+28.52 0.63 >0.80
(+28.41 0.70  >0.82
1>27.90 .64 >0.72 |

[>29.81 0.59 & il |
[>30.64 0.64 >0.46

>30.02; 0.89 >0.72 1
i>28#35:0.60 >0.72 |
1>28.00 0.69 >0.87
1>26.35 0.71 >(.89
|>24.94j 0.78  >0.95
[>24¢36; 0.49 >0.58
|>24.13 0.59 >0.84
|>24%02; 0.58  +0.75 .
[>23.90 0.60 >0.72 |

-

—_— Cmie



GRAVITY DATA S.JELT 1i0.21J

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT
I '
|' ) ST I, "
Station jElev. jObs. jTheoret. jElev. jTerr. jBouguer
}(ft.)_ f.GraV. IGrav. Corr, ;Corr, | Anomaly
j (mgal) [(mgal) (mgal) j (mga)L (mgal)
1 -
I. 1 828.91-32.03 -0.10  31.36 j0.45 .-4.24 i
2. 2 828.01-32.15 -0.09 31.31 0.38 -4.42 j
I. 3 828.3 -32.07 -0.07 31.33 j0.38 _-4.32
X. 4 827.6 -32.17 -Q;04 31.29 10.36 -4.43 1
I. 5 327.3 -32.31 -0.03 31.30 0.37 -4.54
I. 6 829.2 .32,07 -0.04 31.33 (.39 -4.21 :
I. 7 832.4 -32.05 -0.07 31.57 0.41 -3.99
I. 8 331.0 -31.94 -0.12 31.49 0.46 -3.93
1.19  332.5 -31.90 -0.11  31.57 0.47 -3.84
1.10 337.8 -32.09 -0.09 31.89 0.51 -3.65
1.11  840.7 -31.91 -0.09  32.07 0.43 -3.32
1*12  849.0 -32.66 -0.07 32.56 0.51 -3.13
1.13  852.2;-32.23 -0,05 32.74 0.49 -2.92
1.14  836.5 -31.33 -0.05 31.81 0.49 -2.95
1.15  323.3 -30.89 -0.07 31.33 0.53 -2.92
1.16  821.6 -30.17 -0.12  30.93 0.59 -2.64
1.17 812.9 -30.01 -0.16 30.42 0.64 -2.98
1.18 805.8 -29.21 -0.20 29.99 0.62 -2.67
1.19 799.5:-28.56 -0.22  29.62 0.71 -2.32
1.20 ;737.5;-27.31 -0.22 28.91 0.78 -2.21 |
1.21 1769.9 -26.83 -0.17 27.87 0.72 -2.33
1.22  754.3 -25.56 -0.14  26.94 0.72 -1.91 |
1.23  736.2 -24.55 -0.13 25.87 0.66 -2.02
1.24  713.5 -23.53 -0.10  24.82 0.65 -2.03 |
1.25 702.1 -22.03 -0.09 23.85 0.64 -1,35 |
1.26 687.4 -21.92 -0.09 22,97 0.69 -2.22 |
1.27 673.7 -21.30 -0.09 22.46 0.59 -2.21
1.23  670.2 -20.43 -0.10 21.95 0.53 -1.37
1.29  659.5 -19.65 -0.11  21.32 0.55 -1.76
1.30 644.1 -13.56 -0.11  20.40 0.59 -1.55
1.31 628.5 -17.63 -0.13 19.48 0.58 -1.57
1.32  616.9 -16.54 -0.17 13.79 0.59 -1.20
1.33  604.2 -15.42 -0.18 18.04 0.53 -0.90
1.34 599.2 -15.14 -0.17 !17.74 0.44 -1.00
1.35 1600.9 -14.35 !-0.17 17.85 0.43 -0.61
1.36  589.7 -14.13 | -0.20 17.18 0.43 -0.59
1.37 !575.9 -13.15 j-0.19 [16.36 ;0.42 00.43
1.33 :564.1 =12.27 !- 0.18 :15.66 0.33 -0.28



GRAVITY DATA

GLASGOW UNIVERSITY

\ 1 ;
i !

Station IElev. jObs. Theoret.

1.39
I* 40
1.41

| 1.42

| 1.43
1.44
1.45
1.46
1.47

o o o TN G S G
o 00 1 AN AW N -

sr.io
j.u
J.12
J.13
J.14
J. 15
J.16
J.17
J.18

J.19
J.20

J.21
J.22

J.23
| J.24
J.25
1J.26

i(ft.) |Grav. IGrav.
j (mgal) j(mgal)

i |
553.3 | -11.72'! -0.16
550.6 j -11.551 -0.23
555.6 j -11.42; -0.29
551.0 ( -11.04] -0.36
544.6 -10.74! -0.42
541.5j -10.54 -0.44
547.0 | -10.62 -0.46
551.1 -10.94 -0.47
573.6 -12.3C -0.54

653.3 -14.35 -3.77
| 663.9 -14.73 -3.@D
| 663.2 -14.60 -3.34
653.7 -14.35 -3.36
640.3 -13.36 -3.33
| 634.0 -13.02 -3.90
1 649.2 -13.31 -3.09
648.5 «L3.81 -3.35
| 647.7 -13.63 -3.02
j 647.1 -13.47 -3.85
1653.7 -13.Si -3.09
664.8 -14.4-7 -3.93
1676.6 -15.27 -3.97
| 687.4 -15.97 -4.04
1704.1 -16.09 -4.07
| 705.4 -16.92 -4.09
686.3 -15.64 -4.13

! 666.2 -14.34 -4.12
1 652.5 *13.33 -4.10

644.6 -12.33 -4.10
640.1 -12.63 -4.14
620.1 -11.26 -4.20

' 606.5 -10.40 -4.23
591.6 . 9.74 -4.23

579.6 . 9.12! -4.2*'
| 572.5  3.73j -4.18

]

SiEET -.0, 13

GEOLOGY DEPARTMENT.

f

Elev.
Corr.

;Terr.
jCorr.

1Bouguer .
! Anomaly |

(mgal) ; (mgal)l (mgal)

1
1

15.34 0.37 1-0.40
15-33 [0.54 1 ~0.22
15.16 0.37 j -0.05
14.88 0.37 -0.02
14.51 0.36 -0.16
14.32 0.36 -0.17
14.69 0.38  ¢0.12
14.89 0.40 +0.01
16.22 0.39 -0.10
j
I .
21.32 0.59 -0.08
21.66 0.53 -0.21
121.62 0.49 -0.20
121.35 0.50 -0.23
320.23 0.90 +¢0.07
119.83 0.75 ~-0.16
120.78 0.58 -0.27
120.74 0.56 -0.23
120.70 1.02 ++0.40
120.66 0.91 ¢0.38
i21.05 0.74 +0.22
121.71 0.68 ¢0.12
122.42 0.68 ¢0.01
123.06 0.67 -0.15
124.05 0.53 -0.20
|24.13 0.50 -0.25
22.99 0.62 -0.03
j21.80 0.53 40.05
120.93 0.6S ¢0.31
120.51 0.63 +0.34
120.24 0.63 +0.28
119105 0.59 j*0.31
18.25 W07 ,*0.42
17.36 0.54 |4%0.06
|16.64! 0.47 -c.08

16.22 :0.53 1-0.03

' "

e —(e

]

—
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GLASGOW UNIVERSITY

|
Station Elev. Obs.
y(ft.), ;Grav.

j.2i

1 1

566.0 |-

J*28 1560.3 | -

J.29
J.30
J.31
J.32
J.33
J.34
J5 35
J.36
J.37

2 .38
J.39
J.40
J.U
J.42
J«43
J.44
J *45
J.46
J.47
J.48
J.49
J.50
Je 51
Je52

J.53 :

J*54
J.55
J. 56
J.57
J.58
J.59
J-60
J.61
J+62
J.63

J .64

|551.9
546.0
538.3
533+%4
527.0
526.4
524.4
520.7
499.5
484.2-
466.3
449.9
433.7
43173
432.5
412«6
401.3
389.9
1371.3
353.3
333.9
330.4
344*1
334.9
313.3
293.1
1234.5
290.8
279.8
1257.3
229.7
221.5
213.0
138.2
:191.5
133.7

bTheoret.
jGrav.
! (mgal) j(mgal)
I
8.42| -4.17
7.95 -4*13
- 7.52 -4.09
- 7.02 -4.04
- 6.65 -*4.02
- 6.23 -4*00
- 5.94 -3%93
Q.6.05 -3.94
- 5.91 -3.91
- 5.53 W3.84
4.2% -3.18
#3%26 -3.75
- 2.14 -3.58
- 1.11 -3.61
e 0.10 -3.55
> 0.08 -3.38
> 0.11 -3*45
r 1.37 -3*%38
> 2,12 -3*%35
> 2.73 S3, 36
+ 3.89 -3*35
+ 5.21 -3.37
* 6.;60 -3.38
> 7*%08 -3.40
> 6.47 -3.40
> 7.07 -3.40
+ 3.11 -3.36
>9.13 -3.34
>9.10 -3.30
> 9.33 -3.25
1-9.92 -3.25
+11.25 -3.22
>12,89 -3.19
>13.34 -3.19
*13.83! -3*20
+14.54 -3*17
+14.89; -3.15
+15.44' -3.13

GRAVITY DATA

SAEal uO.

i
jElev.
jCorr.

j
!

15.33

jTerr.
|Corr.

j(mgal) !(mgal)
i 1

Jo. 36

15« 49 Jo. 39

14.93

0.36

14.5410.33

14.22
13.39
13.51
13%43
13.36
13.14
11.37
10.96
9*93
3.92
7796
7.31
7.39
6.70
6.03
5.35
4.24
3.20
2.10
1.83
0 n*
2.16
1.14
-0.11
-0.32
-0.55
-1.20
-2.51
-4.19
-4.6?
-5.18

0.31
0.29
0.33
0.30
0.30
0.23
0.32
0.30
0.34
0.40
*0.43
0.39
0.35
0.50
0.41
0.46
0.43
0.57
0*50
0.47
0.41
0.41
0.3C
0.39
0.40
0.33
0.35
0.30
0.32
0.26
0.29

-6.06j0.25

-6.46
| -6.92

0.27
0.28

Bouguer j
Anomaly 1

(mgal) |

-0.27 |
-0.07 !
-0.13
>0.17
-0.02
>0.03 1
>0%05
-0.11
-0.03 j
>Q.13
>0.27 j
r0.42 j
| >0.55
5>0.73
>0.37
j>0.90
>1.04 j
>1.32
| *1.34
| >1*31 !
;3 >1%39 !
| >1%74 |
j>1.95 |
i >2.17
 12%35 1
i>2.37 |
1>2.38 |
1>2.19 !
+1.37
>2.01 |
1 >1.90
| >1.85
>1.79
>1.67
>1.65
j>1.44
j ¥1.41
1>1.51

o T e T~

A



GRAVITY DATA

GLAS5GO0\7 UNIVERSITY

1

I

g

t

S:IELI

40 .

GEOLOGY LEPARTIIENT

4
|

i

.1 | I
[station !Elev. ;Obs. jTheoret. jElev. jTerr. Bouguer*1
Corr.

J.65
J* 66
J.67
J-63
J.C9
J.70
d".71
J.72

O
T O o ovuaombs wi —

.12

HAR AR AR AARARAR R AT XA AR AR S
®

I

184.4
134.6
172.6
167.0
171.7
163.3
155.1
152.5

322.
334.
391.
462.
545.
615.
695.
760.
803.
i 862.
931.
903.
1075.
1136.

11214.

11266.
1330.

1331.

(1403,

11432.

1464.
1435.
11512.
(1539.
1554.
1541,

DO O NVNW Ny IO, D N RN

j Grav. IGrav.
1 (mgal) j(mgal)
i i -
i

>15.40 -3.15
j>15.27 -3.13
>15%99 -3.13
>16.45 -3.09
>15.99
*16.37 -3*03
>16.97 -3.09
>17.22 -3-12
*2.31 -0.07
- 0.96 -0.15
- 1.44 -0.14
- 590 -0.20
-10.31 —0.2D
-15.05 -0.32
-20.19 -0.40
.-24*10 -0.45
-27.26 -0.53
-31*64 -0.59
-35.33 -0.64
-33.24 -C.69
—44*34  -0.77
-43.03 -0.36
-52.75 —0*25
-56.16 -1.02
-60.07 ~-1.09
-62.96 -1.13
-64*54 -1.15
-66.54 -1.20
-68.73 -1.24
-70.07 -1.31
-71.79 -1.37
-74.16 -1.42
-74.591 -1.50
-73.731 -1.54

-6

.33

-6.37?

-7.
-7.

-7
-8

-S.
-3.

53
91
(54
il
83
73

> 1»35

* 4
> 5
» 9

.99
.43
.63

>14* 5,
»13.63
23*46

27

29.

33
37

40.

45
49

54.

57
61

64.

65

67.

69
70
71
73
174
173

.29
86
33
45
84
.96
.59
24
.28
.12
15
.47
18
.07
.29
.89
.53
42
.60

[Corr.

1

1 0.21
1 C.21
1C.19
C.22
C*20
C.22
0.26
C.22

.09
.57
.31

.65
.56

.66
. 60
.34

.46
.37

»60
.73

.81

.64
.93

.67
.85
.98
.04
.23
3*14
3.31

3.54
3.76
3*24

W NN NN N NN N D DN NN DN% D DD N

w

i Anomaly
(mgal) [(mgal)! (mgal)
i

*1
*1
>1
+1
+1
*1
*1
*1

*2
*2

+2
+2
+1
+1
+1
+0

-0.

.03
.08

-0
-0

-0.
.37

-0

-0.
-0.
.25
.08
11
.40
S
.34
.84
-2.
.87
.37

-1
-0
-1
-1
-1
-1
-1

-1
-2

.42
.32
.29
.47
.29
.20
.28
.30

.31
.50
+2.
21
.13
.29
.53
.13
.03

10

32

30

70
86

39

20

-



GRAVITY DATA

GLASGOW UNIVERSITY

i 11 J ..............
Station Elev. | Obs.
.(ft.) Grav. IGrav.
} ! (mgal) 1(mgal)
[
K.27 1577%3 -76.17 -1.60
K.23 1600.2 -77.36 -1.66
K.23 1623.1 .73.35 -1.71
K.30 1666.u -31.65 —1.76
K.3i 1656.1 -30.34 -1.79
K. 32 1623.7 -73.76 -1.34
X.33 1628.2 -73.74 -1.83
K.34 1601.2 -76.70 -1.56
£-35 1369.5 -74.54 -2.03
£¢36 1333.3 -73.46 -2.09
X#37 1596.J -73.70 -2.14
K.33 1533.5 -75.09 -2.23
X.39 1621.7 -77.52 -2.32
K.40 1643.7 -73.93 -2.47
K.41 1617.3 -77.07 -2%55
A.42 1600%6 -75.74 -2.64
X.43 1586.3 -75.06 -2.73
£.44 153j.6 -75.16 -2.S0
£.45 1396.4 -75.35 -2.33
£.46 ,1622.4 -77.31 -2.93
X.47 i632.6 -73.40 -3.03
« § 16254 -77.95 -3.12
£.49 1640.3 -73.30 -3.16
K.50 1653.2 -30.16 -3.21
Kpi 1673.0 -31.34 -3.26
£.52 1720.4 -34.08 .3.21
Ko3 1757.6 -36.94 -3.34
A.54 1307.9 -90.77 -3.40
£.55 1353.2 -93.39 -3.45
1397.0 -97.01 -3*54
L. 1 520.5 - 4.58 —6.66
L. 2 4955 - 2.11 -6.69
L. 3  472.7 - 0.94 -6.70
6. 4 443.6 * 0.51 -6.71
6. 5 4249 ¢ 1*71 -6.72

SHEET

NO.

GEOLOGY DEPARTMENT

i

Theoret. Elev* [Terr.

Corr.

‘Corr.
(mgal)|(mgal) (mgal)

+75.74 3.40
<¢77.10 3.70
+73.74 3.32
¢31.0Q j.82
+03.42 3.77
+70.6Jj 3.36
+73.74 3.30
+77.14 3.56
+75.23 3.43
+74.34 3.23
+74.50 3.05
+76.13) 3.35
+73.33 2.63
+79.63 2.62
+73.15 2.33
¢77.13 2.31
+76.31 2.2.)
+76.47 2.22
+76.S3 2.23
+73.42 2.36
+79.02 2.42
+78.6Q 2.49
+79.49, 2.53
+<30.34 2.59
+31.72 3.23
+34.23; 4.13
+36.44, 4.53
&89*42) 5%47
+97.id 6.02
£94%70 5.08
i
#13%13!  0%43
+11.61 0.60
»10.71 0.64
¢ 9.211 0.75
¢ 775! 0.84

1

Bouguer

Anomaly

-2.
-2.

51
10

-2*35

-2.

46

—2»33

-2,
-2.
.82
.69
.34

-1
-1
-1

-2.
.74
72
- 3.
.02
.33

-1
-2

-3
_2

- 3.
- 3.
.46
.39

.39
.86

.73
.82
.43
91
17
.16
11
.35

-3
-3

49
44

19

22

13
15

-1*55

-0.
-0.
-0.
-0.

46
16
11
39

Qo G @

T

Qo o

. ™ e

—— et —

— Cmtomy



¥

GRAVITY DATA ShEEf i0. 22
, GLASGOW UNIVERSITY GEOLOGY DEPARTMENT
j 11— f T -
I | i j J i
Station |[Elcv. 10bs. *“Theoret. IElev. |Terr, 1Bouguer I
j(ft.) ;Grav. ]:Grav. Corr. jCorr, IAnomaly
. { (mgal) j(mgal)  (mgal) { (mgal) j (mgal)
1 . .
I i j i .
1. 0 [*03.xj. j-6.72  ,6.70 jO.3+ | -0.30
L. 7 j336.7 j. 3.97 -6.73 ¢5.33 |0.90 | -0.35 1
I* 3 363.2 {# 5.33 _6.73  4%4.23 j0.89 j-0.13 i
L. 9 357.0 {" 6.12 -6.75 1%*3.53 0.3+ -0.13 y G
L.IO j343.2 k 6.30 -6.79 *3.03 0.77 | -0.0+ 1

i.u  343*3\x 7,25 -6.32 2.C3 0.67 -0%19

L.12 333.6 k 7.59 -6.33 -2.39 0.96 ; >0.12

»13 3373k 7.77 -6.37 i>2.31 0.69  -0.07

I»14 340.6 k 7.73 -6.90 >2.32 0.67  *0.15

L.15 335.Ck 3.06 -6.91 >2.17 0.52 -0.03

L.15 319.6 k 3.73 -6.96 >1.21 0.50 -0.34

L.17 3C0.5 j*10.05 -7.00 >0.03 0.41 -0.33

1.13 239.3 j+10.35 -7.02 -0.66 0.42 -0.33

L.1'J 233.3 .11.26 -7.03 -1.04 0.37 -0.31

L.20 253.7 >12.17 -7.07 -1.30 0.35 -0.30

[*21 259.3 (+12.3* -7.17 -2.52 0.33 -0.33 i
L.22 253.2 »12.37 -7.25 -2.58 0.33 -0.45
L.23 :253.3 *12.31 -7.81 -1.9* 0.23 -0.52
L.24 232.51*11.56 -7.39 -1*09 0.24 -8 O
1.25 291.9 1*10.95 -7.43 -0.50 0.21 -0.69
L.26 233.31%¥10.77 -7.53 -0.39 0.21 -C.81
1.27 1236.1 |*11.07 -7.57 —0.36 0.24  .0.99
L«2d 23*.2|*11.10 -7.6* -0.94 0.13  -1.17
L.23 j237.5 |*1C.9* -7.63 -0.70 0,17 -1.22
1*30 |233.5[¥10.70 -7.72 -0.71 0.21  _1.39
If31 ;235.1 1*11.06 -7.'30 -0.92 0.16 -1.35
1.32 231.8 *10.37 -7.37 -1.13 0.19 -2.41
«e33 | 231.% -11.12 -7.96 -1.16 0.24  -1.63
1.34 270.3 [*11.35 -3.04 -1°34 0.27 -1.63
1.35 |252.11*13.03 -3.11 !-2.97 0.31 -1.86 ,
1.36 233.9 *14.14 -3.13 j—4<10 0.27 -1.74 ;
1.37 |213.3jf15.21 -3.26  -5-06 0.29 -1.69
1.3-3 1200.8 1*16.23 —3.34 -6.15 0.30 -1.73
1¥*39 j186.5j*17.0+ -3.41 j-7.0+ 0.20 -2.03
L.40 j171.3 1¥13.07 | -3.43 -7.93 0.23 -2.03 |
1.41 157.5 jf1j.02 !-3.56 [*8.31 0.20 -2.04
i.42 ;15%7.0 913.30 j-9.63 i-9.18 j0.13 :-2.20 j
1.43 i180.5 j>19.45 i -3.63  -J.27 10.17 j -2.20 |

i o

L—— Yk ="



Station EIGv.

L.44
L.45
L.46
L.47
L.48

L.49
L.50

0 N N LW~

P EEEEEFEEE
O

—
S

M.
M.12
1713
11.14
to. 15
M.16
21.17
M.18
21.19
14.20
M.21
15.22
M.23
M.24
11.25
15.26
M. 27
M.28

—_—
—_—

621.

GRAVITY DATA

-8

-8.
.36

-8

-8.
.96
.00
.04

-3
-9
-9

-6

-6.
-3.
-6.
-6.
.81

-6

-6.

-6
-6

-6.

-6

-6.
-6.
.01

-7

-7.
-7.
-7.
-7.
27

-7

-7.
.36
.42
.48

-7
-7
-7

-7.
.61

.71

-7
-7

-7.
-7.

Grav.

.74

80

91

.67

69
72
74
77

84

.88
.90

92

.93

94
99

05
11
05
19

30

55

75
83

GLASGOW UNIVERSITY
A
i
(ft.) | Grav.

| (mgal) j(mgal)
i
146.4 1+19.63
144.9 |+19.76
1146.0  +19.69
149.9 +19.41
154.0 +18.84
154.0 +18.85
160.6 +13.44
538.8 - 4.67
549.0 - 5.37
554.9 - 5.73
563.5 - 6.36
572.4 - 6.55
573.8 - 6.68
577.7 - 6.76
595.5 -77.69
604.3 - 8.11
613.7 - 3.66
617.4 - 8.87
1624.0 - 9.22
:630.4 - 9.31
1634.0 - 9.95
1621.5 j- 9.25
*j585.5 - 7.33
j584.7 - 7.02
1592.4 - 7.37
602.5 - 7.80
i611.5 - 8.22
1618.5 - 8.53
628.6 - 9.22
1631.1 - 9.30
1629.0 - 9*2'5
633.2 - 9.33
[622.8 i- 8.691
603.1 |- 7.77!
2 . —'"8e64

ShEET "0 ~3

GEOLOGY DEPARTVENT

|Corr.

(mgal) ! (mgal)! (mgal)
!

i
1

- 9.52jo0.17

- 9.62 0.17

- 9.5510.16

- 9.30 0.15

- 9.06jo.15

- 9.05[0.16

—8.64 0.16

+14.22  0.33
+14.82  0.34
+15.17 0.45
+15.69 0.33
+16.21  0.34
+16.29 0.40
¥16.53 0.37
j+17.59 0.34
1+18.11 0.34
+13.67 0.37
1+18.89 0.34
1+19.23  0.43
'+19.67 0.49
+19.88 0.40
+19.14 0.36
j+17.00 0.42
*16.95 0.47
+17.40 0.52
;+18.00  0.43
1+13.54 0.40
1+18.95 0.44
1+19.56  0.43
+19.71 0.40
+19.58 0.40
+19.83, 0.44
+19.21  0.69
1+13.34| 0.49
[#19.12  0.45

j-2
1-2
-2
1-2
-2
-2
-2
1

-0.
17

-0

-0.
-0.
-0.
.67

-0

-0.
-0.
0.
41
44

-0
-0
-0
-0
-0

-0.

-0
-0

-0.
-0.

-0
-0

-0.

-0

-0.
-0.

-0

-0.
17

>

-0

.33

-36

.43
52
.90

91

.95

61

75
95
64

57

51
43

.26

51
.55

67
.93
.62
53
51
.45
.42
52
.64
69
60
.26
56

i i
Obs. ITheoret. [EIGV* |Terr. iBouguer;
|[Corr. j Anomalyl

1

1

I T

— e i e



' GRAVITY DATA SiiELT b0.?4
« . . N

X

GLASGOW UNIVERSITY GEOLOGY sDEPARTMENT
" I 7’

otationjEIGVv. Obs. “Theorot.1Elov, jTerr. jBouguerj
i(ft.)jGrav. iGrav. jCorr. 1iCorr. jAnomaly!

j (mgal) j(mgal) (mgal)j(mgal)j (mgal) I
| 1 |l i Jl J[
ft.29  ~32.1 |- 9.25[-7.09  |19.77 0.45 -0.79

A 30  532.9 9.25 -7.94 #19.81 .53 A0.72
fai 31 605.1 -77.39 -7.93 413.40 0 48 :-0.37
5432 535.2 j- 6.68 -3.04 417.21 .0.48 i-1.00
to.33 531.7 !'- 6,23 -3.10 416.77 ¢ 45 1-0.93

jto.34  393.2 1- 7.31 -8.15 3\17.75 0.49 |-1.09
jtoi35 614.9 j- 9.14 -3.22 <*18.74 (. 54 1-1.94
im*36  621.4 |- 8.64 -3.29 jt-19.13 0.50 -1.17
Mi 37 [596.3 I- 7.08 -3.32 jt-17.63 o9.52 1-1.12
M 33 534.1 !'- 6.18 337 1*16.91 .55 l-.96
2439  553.8 - 5.13 .3%45 ji-15.70 0,56 1-1.19
to.40 546.5 - 4.08 .3.52  h-14.67 0.63 1-0.97
to.41 517.1 - 2.43 -3.58 j+12.92 (.57 -1.39
lto 42 4742 - 0.04 -3.66 1+10.37 .64 -1.56
to.43 4497 ¢ 1.36 -3.72 4 891 (g3 -1.69
Mi44 4425 ¢ 1.84 377 ¢ 8.43 o960 -1.72
H:45 435-0 * 233 .8.79 4+ 8.04 0.63 -1.39
Mid4e 4522 ¢ 1.17 -3.35 + 9.06 0.64 -1.53
Mi47 453.4 + 1.04 339 4913 057 -1.70
M4g 457.7 ¢ 090 -3.96 & 9.39 0.60 _1.94
Mid9 4639 ¢ 0.44 902 975 0.63 -2.07
to. 50 s451.1 ¢ 1.17 -9.05 ¢ 899 0.63 -2.13
M51 14254 ¢ 2.85 -9.09 ¢ 7.46 0.63 -1.92
Mi 52 395.6 ¢ 4.67 -9.10 + 5.69! 0.63 _-1.99
M. 53 360.2 ¢ 6.77 -9.12 ¢ 3.58 0.59 -2.05
M 54 337.0 ¢ 832 -9.15 ¢ 2.2010.66 -1.84
to.55 322.7 * 9.0l -9.14 + 1.35 0.66 -1.92
M.p6 |295*1 ¢10.8¢ -9.16 - 0.29 0.67 -1.85
to.57 |282.9 ¢11.50 -9.21 |- 1.02 0.49 -2.11
M58 274.0 ¢12.28 _9.23 - 1.55 0.50 |-1.87
t0.59 i266.4 T13.01 -9.24 - 2.00: 059 _1.84
H.60 1260.5 ¢13.43 -9.27 |- 2.35 0.58 ;-1.81
to.61 | 253.5 ¢13.39 -9.27 - 2.77; 0.47 ;-1.89
M.62 11249-0: ¢13.87 -9.25 |- 3.04! 0.43 ;-2.19
M63 1245.1 ¢14.10; -S.23 j- 3.27; 0.46 j-2.14
K 64 24021 +14.43 .9.23 | - 3.56 0.44 ] -2.12

M65 - 236.9 +14.72 -9.24 - 3.76; 0.40 ;-2.03
65 j



GLASGOW UNIVERSITY

Station |Elev.
j(ft.} | Grav.

j (mgal) (mgal)

F.66
M.67
M.68
11* 69
11.70
11.71
M.72
M.73
M.74
M.75
M.76
M.77
M.73
M.79
M. 80
M.81
M.82
M.83
M. 84
M.85
M. 86
M. 8?
M+ 88
M. 89
M.90
M.9l'
M.92
o903
M.9%4
M.95
H.96
M.97
M.98
M.S9
£.100
M.101
11.102

240.1
1264*4
289*4
290.3
300.
312.
331.
342.
346.
324.
323.
331.
315.
311.
292.
272.
245.
222.
205.
190.
190.
178.
1156.
140.
138.
136.
125.
127.
142.
139.
127.
115.
122.
121.
120.
119.
121.

3

WM O\ L O —= W AN WO DN B O = O 0NN WO W= N Y NN NNy, o -

t
J

Obs.

I

i+14.49
+12.74
+11.49
+11.38
+10,80
+10.42
+ 9.73
+ 8.45
+ 8.27
+ 9.80
+ 9.90
+ 9.50
+10.42
+10.95
+12.20
+13.40
+14.98
+16.49
+17.55
+18.31
+18.48
+19.21
+20.53
+21.51
+21.4C
+21.34
+21.81
+21.72
+20.96
+20.9C
+21.78
+22.60
+22.11
+21.96
+22. 68
+22.80

+22.59

GRAVITY DATA

GEOLOGY DEPARTMENT

J DT i
i |
jTheoret. 1Elev.
iGrav. Corr.
(mgal)
J J
|
- 9.25 - 3.71
- 9.25 - 1.90
- 9.23 - 0.65
- 9.25 - 0.bO
- 9.27 + 0.05
- 9.30 + 0.75
- 933 +1.96
-.9.34 + 2.64
- 9.40 + 2.86
- 946 + 1.50
- 951 + 1.47
- 9.55 +1.95
- 9.51 +0.93
- 9.67 + 0.74
- 9.71 - 0.43
- 9-79 - 1.73
- 936 - 3.34
- 991 - 4.82
- 997 - 5.89
-10.01 - 6.30
—10.06 - 6.31
-10.13 - 7.53
-10.19 - 8.83
-10.24 - 9.92
-10.28 -10.04
-10.34 —10.11
-10.37 —30.33
-10.41 -10.70
-10.40 9.80
-10.52 - 9.97
-10.57 -10.70
-10.63 -11.44
-10.67 -11.03
-10,71j-11.04
-10.75; -11.13
-10.78 -11.18
-10.75; -11.07

Terr.
Corr.

SaE-L1

Bouguer
Anomaly

(mgal) (mgal)

0.43

0.35

0.40

0.59

0.55

0.50

0.47

0.36

0.37
0.37
0.42
0.57
0.47
0.54
0.47
0.57
0.42
0.46
0.31

0.34
0.23
0.28
0.22
0.24
0.22
0.22
0.21
0.19
0,20
0.19
0.20
0.20
0.19
0.18
0.19
0.19
0.19

“1.51
-1.S3
-1.86
-1.75
-1.74
-1.51
-1.04
-1.76
-1.77
-1.66
-1.59
-1.41
-1.63
-1.31
-1.39
-1.42
-1.67
-1.65
-1.87
-2.03
-1.98
-2.04
-2.1s
-2.28
-2.57
-2.76
-3.05
-3.07
-2.99
-3.27
-3.16
2313
-3.27
-2.48
-2.88
-2.84
-2.91

2,



GRAVITY DATA SiiBE'il LQ. 26

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT

Station Elev. jObs. jTheoret.|Elev, jTerr. ; Bouguerj
(ft.) IGrav. jGrav. Corr* ;Corr. j Anomaly;

j (mgal) j(mgal)  (mgal)|(mgal)j (mgal) j

Ho1 2429 {4 8 10 +0.25 - 3.40,1 59 1+2.67
N. 2 1247.3 '+ 7 87 +0.21 - 3.1411 ¢3 1+2.70 j
N. 3 253.0 j+ 775 +0.19 . 2.8011 61 1+2.88 |
N. 4 '258.4 j<l7 73 +0.14 - 248j1 ¢7 1+43.19 1
N. 5 2685+ 7 36!+0.10 - 1.83;x &7 1+3.38 j
N. 6 2733 + 7 38 +0.06 - 1.59;1 62 1+3.60 |
L7 272.6 , 7 52 +0.08 - 1.63;1 56 ;+3.66
N. 8 275.9 + 7 58 +0.11 - 1.43]11 54 '+3.93 |
N. 9 276.5 + 7 38 +0.14 - 1.40!1 45 |*3.28
N.10  269.5 | 7 g5 +0.18 - 1.82;1 47 1*3.81
N.I1 264.2 o 8 24 +0.19 - 2.13'1 41 1%3.8+
N.12  259.3 4+ 8 50 +0.20 |- 2.42; 1 39 1+3.80
N.13  254.1 4+ g 80 +0.20 |- 2.73; 1 47 i+3.87
N.14  258.1 4+ 8 57 +0.20 j- 2.49; 1 46 1+3.87 1
N.15 j251.5. + 8§ 90 +0.23 U 2.88'1 46 j+3.84 |
N.16  250.5 + 8 72 +0.27 2.95! 1 48 1+3*66
N.17 2504 4+ 8§ 73 +0.30 - 2.95:1 40 j+3%¢]
N.18 [250.7 + 8 ¢7 +0.34 - 2.93 1.39  +3.60 ;
N.19  249.1 + 8 68 +0.39 - 3.03 1.42 '+3.59
N<20 |251.6 '+ 8 50 +0.39 - 2.83;1.43 1+3.59 :
N.21  248.9 + 8 53 +0.39 I- 3.04 1.44 +3.45 1
N.22 ;250.1 + 8 42 +0.37 |- 2.93 1.48 1+3.47
jN.23 2509 + 8 17 +0.37 |- 2.92 1.57 +3.32
N.24 252.8 + 7 92 +0.33 i- 2.81 1.61 1+3.18 |
N.25 j258.7 + 7 49 +0.35 |- 2.46 1.59 +3.10 |
N.26  256.1 + 7 55 +0.34 I- 2.6111.66 i+3.07
N.27 j255.6 + 7 16 +0.26 !- 2.64 1%72  1+2.63 |
N.28 2573 + 6 84 +0.27 2.54 2.15 1+2.85
N.23 j261.2 4+ 6 72 +0.19 /. 2.31 2.H  1+2.84 |
| H.30 j269.9 4+ ¢ 18 +0.19 1- 1.79: 2.50  1+3.21 I
| 11.31 |279.6 . 520 +0.19 - 1.22! 2.29 12.59
'N.32 |286.9 + 4 52 +0.19 - 0.78 2.20 +2.27
Iw.33 1293.3 , 383 +0.19 9 0.10 2.13  1+2.18 j
'K.34  295.5 + 4 06 +0.20 -.0.271 1%*s6  1+2.08 j
N.35 j294.6 + 4 131 +0.20 A 0.32 1.95  1+2.09 j
N.36 301.5 + 3 88 +0.23 4. 0.09, 1.66 1+1.99 ;
N.37 293.7 + 4 220 +0.22 U 0.07 1.75 1+2.25 !
N.38 i296.4 + 4 33110.20 *'t0'22! 1.76 1+2.20

%
k
k



v

GRAVITY DATA SuEET NO. 27

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT

j i r 1 ..

f ! J 1

Station Elev. jObs. 'Theoret. Elev. Terr. Bouguer

(ft.) |Grav. |Gravt Corr. Corr. Anomaly
(mgal) [(mgal)  (mgal) (mgal) (mgal)

=
H.39 296.8 . 4 28 j4%0.17 -0.19 1.78 4*2.17
N.40 2957 # 4 48 4%0,13 -0.26 2.01 4*2.47
N.41  292.6 ;¢ 4 84 4x0.09 -0.44 2.04 42.66
N.42 2931 + 4 72 4%0.04 -0.41 2.3S 4%2.86
N. 43  296.0 44 41 0.00 -0.24 2.59 4%2.94
N.44 2995 439 _0.05 -0.03 2.52 4%2.53
H.45 305.6 4 3 04 -0.06 4%0.34 2.18 41.63
N.46 319.5 . 217 -0.06 4*1.16 ,2.45 4*1.85
N.47 3279 41 62 _0.07 4*1.66 3 95 4*1.39
N.48 331.5 1 50 -0.06 4-1.87 1.80 4*1.24
N.49 331.9 41 62 -0.04 4%1.90 1.79 4%1.40
N.50 j334.0 41 66 _0.03 4%2.02 1.73 4*1.51
N.51  331.6 2 03 -0.01 4*1.83 .67 4*1.70
N.52 321.8 + 2 81 0.00 4%1.29 1.56 4*1.79
N.53 314.5 324 0.00 4%0.35 1.68 4*1.91
H.54 317.3 ¢ 329 0.00 4%1.03 1.62  4%2.08
IL55 301.2 43 68  0.00  4%0.07 1.62 ¢1.50
H.55 1290.4 4455 0.00 -0.57 1.67 4-1.78
N.57 1276.1 4518 0.00 .-1.42 1.72 4*1.61
N*58 1277.3 4 5 01 4+0.01 -1.35 1.65  4*1.45
N.59  289.9 44 52 4%0.02 -0.60 1.61  4-1.68
N.60 | 259-4 4 6 06 4+0.06 7242 1.59 4142
H. 61 247.7 4 6 72 +0.04 !-3.12 1.48  4*1.25
N.62 j233.3 46 92 4%0.01 -3.67 1.66  4*1.05
IU 63 239.3 « 6 77 -0.04 1-3.61 1 77 4%1.02
N. 64 247.3 4 6 44 -0.07 -3.14 1.91 4*1.27
N.65 263.0 + 5 40 _0.09 -2.20 1.76  4*1.00
N.66 ;265.6 4 5 60 -0.11 -2.05 1.84 4*1.41
N.67 254.1 + 6 03 -0.13 -2.73 1.88  4*1.18
N.68 244.3 4 6 59 -0.14 -3.29 1.84 4%1.13
IL69 | 220.0 4 8 03 -0.15 -4.76 1,97  4*1.22
N.70 |204.1 4 8 80 -0.17 -5.71 1.95 4*1.00
H.71 1194.0 4 8 93 -0.21  -6.31 2.02 40.56
N.72 ;173.2 4 9 43 -0.26 [-7.25 1.95 0.00
IT.73 175.8 4 9 34 -0.35 -7.39 1.90 -0.35
N.74 !'161.8 410 03 -0.39 ;-8.23 2.10 -0.38
a.75 156.7 4%10 51 -0.44 -8.53 1.99 -0.35
N.7S  1164.7 4 9 84i-0.50 j-8.05 1.95 -0.63



GRAVITY DA'Ja SHRAT -‘Q.gS

J- » .

GLASGOW UNIVERSITY . -GEOLOGY DEPARTMENT
\1 i o m ;0" omom"]
. 1 1 u !
Station Er1gv, 005, ‘Theoret. Elev. jTerr, \%ouguer{
(ft. j jGrav. iGrav. Corr. jCorr. j Anomaly!
i (mgal) [(mgal) (mgal) j(mgal)j (mgal)
i . . j J
re.77 1170.5 j+ 9.33 _9.53 - 8.30j1-37 1-1.35
U.78 j177.6 j+ 8.96 -0.56 - 7.8511.93 1-1.39
3779 159.2 1+10.08 _9.61 - 9.0211.93 -1.44
27°80 |145.1 >10.86 _9.68 - 9.93 1.97 -1.62
27.81 k148.1 +10.62 _(.¢9 - 9.74 1.96 11.78
21.82  157.1 +10.21 _9.82 - 9.16 1.83 -1.76 |
K03 1539 +10.70 -0.89 ¢ 9.36 1.85 -1.57 i
27.84 151.6 +10.76 -0.94 - 9.52 1.83 -1.69 j
21.05 152.6 +10.42 -1.00 - 9.45 2.01 -1.89
21.86 170.7 + 9*38 -1.06 . 829 1.73 -2.16 ;
IL37 185.4 + 822 -1.11  _ 734 1.65 -2.25 ;
IL88 197.5 + 7.63 -x.15 . 657 1.78 -2.18
N.89 2059 + 6.94 -1.21  _ 603 1.85 -2.32
n.90 191.3 + 7.85 "1-28 . 697 1.06 -2.41
o1 171.3 + 8.80 -1.32 1 g55 2,01 -2.55 ;
IT92 153.5 +10.06 -1.39 _ 939 2.10 -2.55 |
N.93 |145.4 +10.50 -1.44 j ¢ 971 2.32 .2.35 |
17.94 134.1 +11.33 -1.47 j-10.64 2.31 -2.32 |
N.95 117.3: +12.24 -1.49  j-11.68 2.41 -2.39
N.96 |111.1 +12.59 -1.55 -12.11 2.39 -2.55
17.97 110.7
17.98 113.3 +12.59 -1.64 11197 1.99 -2.90
27.99 113.0 +12.71 -1.70 1-11.98 1.92 -2.92

77 -3.04 |
71 -3.10
71 -3.28
43 -3.74 |
72 -3.69 1
|
|

N.10Qi 110.,2 +12.95 -1.73 :-12.16
N.101 106.8 +13.22 -1.76 j-12.38
N.102 106.4 +13.12 -1.83 [-12.41
N.103| 106.7 +12.97 -1-83  1.12.39
27.104 999! +13.24 -1.95 [-12.83
27.105 97.5! +13.44- -2-01 1-12.98
N.106 103%2; +12.93 -2.09 !-12.62
27.107; 99.8 +13.28 -2:16 1.12.63
27.108 98.2 +13.50 -2.23 -12.93
N.109 97,5 +13.27 -2.33 |-12.98
11 109.0 +12.4s -2.45 1 -12.24
27.111 107.81 +12.44 -2.53 | -12.32
iot2 103.4 +12.74° -2.63 }-12.61
17.113 100,6 +13.00 -2.69  -12.73
H.IU 97.0; +13.08 -2.77 ;-13.01

73 -3.%4
.70 -3-95
72 -3*35
72 -3.31 [
.59 -4.32
51 -4.56
.60 | —4*63
.60 -4.75
.52 -4.82

1
1
1
1
2
1
1
1
1
1
2
2
2
2
2
2

+12.71 -1.59  -12.13 2.05 -2.33
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1.77 -4.30



GRAVITY DATA SiiEEl HO. 29

GLASGOW UNIVERSITY GOLOGY DEPARTIVENT
sl #r.
T 1— i

J . .

. 1 1 I j
Station Elov. 0b3. 'Theoret. jElev. !Terr, ! Bouguerj
(ft.) !Grav. iGrav. jCorr. jCorr. j Anomalyj

! (mgal) j(mgal)  j(mgal) j(mgal)! (mgal) j

J | j | i
H.115 90,6 +13.62 j-2.81 U 3.42!'1.69 -4.79
IT.116 90.0 +13.79 -2.85 -13.46j1.46 1.4.93

R.117 86.3 713.89 !-2.91 -13.70 j1.44 |-5,15 |
N.118  85.3 j+13.96 | -2.95 -13.73 1.36 |-5.23 j
K.119  0.3.1 m+13.97 1-2.99 -13.90 1.36 j
K.120 31.2 1+13*94 j-2.93 -14.03 1.40 1-5.59 ! .
K. 121 77.1 141421 1-3.08 -14.29 1.30 j.5.73 |
K122 70,8 1+14.29 j-3.13 -14.69 1.20 1-6.20 |
K#123  72.0 1+14.16  _3 13 -14.61 1.10 | -6.35
K.124  71.5 1+14.10. _.3.15 -14.64 1.01 1-6.55 |
N.125  64*01+14*19 -3.25 -15.13 0.95 !-6.74
IT 126 72.4 T+14.11 -3.21 -14.59 0.91 -6.75
H.127 74.2 +14.14 -3*39 -14.48 0.84 -6.76
N.128 j 75 +14.06 -3.46 -14.41 0.76 -6.92
N.129 | 66.6 +14.34 -3.54 -14.96 0.77 -6.76
N.130 i 73.5 *13.90 -3.63 -14.20 0.65 -7.15
N.131 79.2 +13.32 -3.68 -14.15 0.61 -7.17
N.132 | 73.2 +14.05 -3.73 (-14.21 0.58 -7.17
0.58 -7.10
N.134- 73 +14.42 -3.26 §|'14.22 0.54 -6.99

+14.27 -3.92  -14.05 ¢.51 ~-7-07
+14.41 -3.94 -13.97 ¢.51 -6.86
+14.34 -4.04 L13.84 0.48 -6.93

N.135 30.
N.136 ; 32
N.137 34

11.133 +14.51 -4.11 i-14.06 ¢.45 -7.08

60.

82.6 +t14.45 -4.17 F13.94 0,44 -7.04

2

2

.6

5

.2

2
N.133 | 76.5 +14.31 -3.79 -14.33

2

8

.1

.1

7

K.139 6

3

+14.75 —4.23 j14.15 0.40 -7.10

N.140 79.

!

|

|

IT141 | 85.1 +14.34 -4.27 113.78 0,41 -7.17

N.142§ 37.1 +t14.26 -4.31 +13.65 0.42 -7.15 j
1

1 i

O. 1 1475.5 - 3.43 -10.25 +10.31 0.92 1-5.33

0.-2 | 4973 - 4.36 -10.20 [*12.19 0.92 | -5.33 |
jo.. .3 |519%*3 - 6,29 -10.15 1+13.54 1.00 j -5.78 |
jo. 4 j326.0 - 6.74 -10.10 +13.92 1.02 -5.73 j
0.5 1533.1 - 7.16 -10.04 +14.36 1.15 -5.57 |
0.% 6 531.0 - 7.19; - 9.99 #14.2311.09 j -5.74 j
0. 7 ;533.3 - 7.371 - 9.95 +14.37 j1.29 ! -5.54 ;
0<6 !524.9'" - 6,98 - 9.89 +13.8511.43 1-5.47



gravity data

GLASGOW UNIVERSITY

Station |[Elev. !Obs. jThe
1(ft.) ,;Grav. I!Gravi

G
(0}

*

=)

0*

»

)

-

Qg 22220 re

[ — I ]

9

! (mgal) [(mg
j |

oret

al)

% s1m - 6.59 -5.84

10 | 508.? - 6.27j -9.
.11 j 5054 - 6.20 -9,

- 913 -9,
.13 513.6 - 6.70 -9.
14 5164 - 7.0S -9.
15 5274 - 7.55j -9.
16  536%9 - 6.23 -9.
IT 557.3 - 9.51 -9.
18  s538.6 -11.31 -9.

12

19 @56 -14.33 -9
20 ¢30r4 -17.01 -0
21 .55 -19.56 -3
22 753.3 -21.64 -3
23 791.7 -23.73 -3

79
71
63
56
49
41
34
27
16
.05
S1
.34
.80
.73

24  331.0 -26.22 -3%65

25 672.6 -25.58 -3
26 901.i -30.30 -3
27 955.0 -32.57 -3
23 1006.1 -35.71 -3
29 1036.9 -37.26 -3
30 1052.8 -36.02 -3
31 1063.2 -36.23 -3

32! 1063.7 -36.24 -3.
33 1073.¢g -38.67 -3.
34 1075.3 -38.58 -3.

34 1075.3 -36.59 -3
35 1074.4 -38.62 -3

36 1046-8 -36.79 -3.
37 1¢1M  -34.90 -3.
33 1030.8 -35.66 -8.

39 1060.1'-37.31 -3

40/1081.3 -33.53 -3.

1093.3!-39.32  -7.
42 1097.ii -39.44! -T7.
43'1116.5 -40.39 -7.
44;1118.6j -40.39s -7.
45 1119%6! -40.50 -7.

.53
51
.43
06
*32
.26
.23
19
19
21
.16
17
11
06
05
.08
02
99
92
83
76
69

cA-Eli

L.e.

GEOLOGY DEPWIRTIEEEI

i

jElev* jTerr.

| Bouguer
jCorr. ;Corr. j Anomaly

j(mgal) ! (mgal)| (mgal)

}+13*29 1*53
I+12.C5 1.76
1+12.63 1.70
1+11.60 1.79
1+13*16 2.03
#13.31 1.62
1+14-00 1.95
j+14.33 2.01
1+15.85 1.61
1+17-65 IVP1
1+20.-67 1.74
+28.43 2.12
1+25.96 1.99
1+28.23 1.95
1+30+29 1.88
1+32.71 2.02
1+35.27 1.80
1+37.04 1.73
1+33.84 1.63
1+41.37 0.93
1+43-70 1.07
j*t44.64 0.93
1+45%26 0.89
1+45%29 O.83
1+45%34 0.78
1+45%97 0.90
j+45.97 0.90
1+45.92 0.82
1+44*23 0.81
+42.62 1.26
1+43-33 0.89
1+45.07 0.93
i+46.33 0.92
i+47.04°0.96
+47.27 ' 1.00
F48.42! 0.88
[+43.54j0.94
i+48.60 1.02

"5.49
-5.33
-5.4-6
-5.30

-4.95
-5.52

-4.90
-4.90
-5.30
-4.95
-4.95
-4.25
-4.33
-4.14
-4.22
-4.02
-3.98
-3.92
-4.41
-5.09
-4.69
-4.59
-4.29
-4.19
-4.11
-3.79
-3.75
-3.92
-3-70
-2.95
-3%36
-3.26
-3*%17
-3.18
-2.96
-2.79
-2.54
-2.44

J
1

1

k.

e s ——

— Cmie

30



GRAVITY DATA

GLASGOW UNIVERSITY

Station Elev.

0
0

O OO OO0 OO0 O O O OO0 0 OO0 OO0 0O 0 OO0 o000 o0 oo oo o o oo

.46
,47
.43
.49
.50
51
.52
.53
.54
.55
.56
.57
.53
.59
.60
.61

.62
.63
.64
.65

.66
.67

.68
.69
.70
.71

12
.73
.74
.15
.76
77
.73
.79
.80
.31

(n.)

324.1
339.0

342.3

SeELT -;0. 31

GEOLOGY DEPARTMENT

J
J 1
!
Obs Theoret. jElev* jTerr.
Grav. Grav. jCorr. !Corr.
(mgal) j(mgal)  (mgal)j(mgal)
1 1
1-39 64 -7.61  14*48.00 1 01
-38.17 |-7.55 it46.53 1 10
37.15 -7.49 1+4541 1 03
-36.13 -7.33  {+44.54 0 93
35.14 -7.33 1143.69 0 39
34029 -7.31 +43.04 0 64
33.67 -7.19 j+42.67 0 8l
233.04 -7.25 t42.01 0 65
3207 -7.21 1+41.43 0 75
231.98 -7.20 1+41.30 0 71
232 37 -7.20 1+41.79 0 64
.31.94 -7.13 4132 0 74
226.97 -7.04 }36.51 0 85
2602 -7.00 1+35-80 0 88
2537 -6.94 1+35.78 10 85
2581 -6.37 it35.72 0 83
2565 -6.32 1+35.62 0 86
24 62 -6.76 1+34.67 0 89
223.60 -6.71 1+33.93 0 92
2301 -6.66 1+33.62 1 04
27 44 -6.61 +33.03 0 70
26.94 -6.57 +37.39 0 69
226.09 -6.52 j+37.24 0 62
2623 -6.47 1+37.54 0 90
2644 -6.42 H37.83 070
26.40 -6.53 1+37.51 0 62
26.10 -6.28 1+37.37 0 71
-25.00 -6.23 1+36.33 0 63
2369 -6.13 H35.13 0 54
2190 -6.06 1+33.43 0 62
20.33 -5.93 [F32.56 0 53
2057 -5.92 j+32.33 0 45
-18.93 -5.87 [+30.96 0 45
-18.83 ~-5.33 J1+31.08 0 45
-19.63 -5.79 +31.96 0 46
19.74; -5.73 hF32.16 0 39

!
!
i

Bouguer
Anomaly 1

(mgal) |
!
-2.%31
-1,.96
—2 %07
-1, 86
.1.76

+1,*37
+1.,80
+1. 51
+1.*75
+1 *87
+2*03 !
+2 .27
+2 41
+2% 42
+2..74
+3.%00 !
+3.08 i
+3.21 !

——

—_—

—



GRAVITY DATA

GLASGOVf UNIVERSITY

Station Elcv.

- 5 W W N o ~0 O~ W 9T WD TTTNY YT WK UMY YUY TD YUY DY YT T

0 N N L A~ W N~

.11
.12
.13
. 14
15
.16
.17
.13
.19
.20
.21
.22
.23
.24
.25

26

.27
.23
.29
.30
.31
.32
.33
.34

iTheoret.
IGrav.

| (mgal) j(mgal)

| Obs.
(ft.) :Grav.
i

748.0 1-12.65
771.9 -14.11
797.4 -15.36
797.2 -15.29
783.5 -14.40
770.9 -13.85
758.9 -13.50
760.9 -13.75
767.2 -14.24
773.5 -14.30
800.1 -15.61
792.1 -15.30
737.4 -14.80
771*3 -13.33
750.8 -12.61
742.5 -12.11
7441 -12.12
746.4 -12.13
1743.2 -12.05
j751.7 -12.02
753%3 -12.14
756.8 1-12.22
j760.4 -11.99
766.6 -12.08
769.8 -12.15
l781.9 -12.41
780.6 -12.87
'786.5 -13.05
770%2 -11.65
773%7 -11.55
773.1 -11.61
2739 .4 -12.00
1783.1 -11.69
797.3 -12.04,
j601.1 -12.09
;806.4 1-12.03
;807.8 -11.92

-5
-5

06
02
-5.00
-4.92
-4.38
-4.79
-4.75
471
4% 63
-4.63
455
-4.43
-4.42
-4.37
-4.30
-4.26
-4.23
411
-4.17
-4.14
-4.12
-4.15
-4.05
-4.02
-4.09
-3.95
-4.02
-3.99
-4.01
-4.01
—4.00
-4.01
-4.00
-3.98
-4.00
-3.97
-3.89

SPELT iiO.

GEOLOGY DEPARTIYiENT

1
Elcv.
Corr.

+26.66
+23.
+29.
+29.
+23.
+28.
+27.
+27.
+27.
+28.
+29.
'+29.29
1*29.01
1*%28.05
1*%26.83
+26*34
[+26.43
j+26.57
1%26.68
+26.83
i?26.98
(*27.19
1+27.40
(*27.27
1*%27.96
f+23.68
j+23.60
[+23.9*
+27.98
*28.19
>+23.46
1+29.13
1+29.05
1+29.60
jt29. 82
+30.14
N30.22 |

i

jTerr. j Bouguer

ICorr. | Anomaly
(mgal) ! (mgal)j (mgal)

10.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.

41

.41
.70
.61
42
.44
51
.54
.59
.44
.48
.43
.46
.49

.53
.56

.48
.61
.64

65

.75
.61
57
.62
.55
.54
.52
.56
.67
.63
.60
.53
57
.53
.54
.43

49

49
50
08
12
05
96
70
64
61
32
22
07
33
47
58
66
69
92
23
50
60
56
96
32
40
39
36
60 |
12
9% 44
9.53
4+ 9.33
+10.06
+10.29!
| +10.40]
+10.75|
| +11.03]

S S S R e A SR 20 S S S S S R
O 00 0 W o0 N N 9993 DN YN N Wi

i2



GKAVITY LaTa

GLASGOW UNIVERSITY

Station jElev.

P.33
P. 39
P.40
?2.41
P.42
P. 43
P.44
P. 45
P .46
P*47
P. 43
P .49

Gl

CROLLOT B O 7
[SSIREN Y. NV, T I SR

e
-
(=N}

qe11
Q12
Q.13
Q.14
0.15
016
17
w.1-3
..19°
+*20
Q.21
*.22

i(ft
i
i
!

)

1309%3

313.
7

315

313.
323.
326.
331.

7

8
0
6
3

336*3

343

862

234.
©249.
267.
235.
306.
322.
336.
356.
351.
355.
361.
363.
376.
379.

397.
420.

43'6

439.
447.
444.
444,
445.

0 AN = W= 5 AW O D oW UL O~

.9
852.6

.8
332.8

mmw-lko

; Obs.
IGrav.

[Grav.

I (mgal) j(mgal)

i

-11.94
-12.08
-12.00
-12.08
-12.03
-12.10
-12,56
-12.66
-13.07
-13.45
-14.40
-15.83

¢ 7.65
* 7.64
¢ 592
* 4.72
* 3% 36
.49
51
.59
.65
71
.49
.01
.54
17
.64
- 3.13
- 4.27
- 4.49
- 4.96
- 4.34
—4. 2
- 5.03

* & &
S O O O O oo = N

1
—_—

-3.83
-3.30
-3.84
-3-78
-3.76
-3.74
-3.31
-3.63
-3.65
-3.62
-3.66

-3.53
»

-0.07
*0.01
*0.03
*0.13
*0.13
*0.17
*0.22
>0.29
i0. 38
*0.45
*0.52
*0.53
*0.62
*0.71
*0.79
*0.95
*1.05
*1.12
a.22
>1.34
*1.40
m4-1.53

|Theoret.' Elev.
jCorr.

Si-Ei/i'

GEOLOGY DEPARTMENT

i

jTerr.
jCorr.

Bouguer
Anomaly

i(mgal)|(megal) , (mgal)

1

[.30.35! <3.61
*m30.531 0.49
>30.701 0.51
>30.831 0.48
>31.131 0.50
>31.34 0.48
t31.85; 0. 48
*31.921°%49
*32.37
*32.891 0.54
*33.50[ 0*57
*34.69! 0.64

1

1.

!

!
- 3.93; 1.52
-, 3.01) 1.40
- 1.91 1.22
- 0.36 1.20
*0.39: 1.14
* 1.31 1.08
* 2.13; 0.91
* 3.33; 0.38
* 3%06; 0.76
* 3%29 0.66
* 3%68 0.66
* 4.07; 0.60
* 4.50; 0.55
* 4.70; 0.33
*5.79] 0.49
»7.18 0.45
* 3.13 0.33
* 323 0.34
* 3.77; 0.31
* 3.50j 0.28
* 3.61; 0.23
* 3.68: 0.23

>11.27
*11.23
*11.50
*11.64
>11.93
>12.12!
+12.00
*¥12.25
>12.29;
*12.49
*12.24!
*12.05

1
1

0
1.22!
0.93,
1.44!
1.43
1.371
1
1
1
1
1
1
1
1
1
1

*

26,
.30;
56!,

i
.53j
42
. 38;
47!

47!
.60

49!

* V.V VvV V V V

*

..0.

33



GRAVITY DATA SHEET iiQ. "

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT

StationjElcv. 10bs. I'lheoreti Elcv. Terr. Bouguer.
|(ft.) 1Grav. jGrav. |Corr. Corr. Anomaly!

_ j (mgal) j(mgal)  (mgal) (mgal) (mgal)
1
[ - 1 ]

55 *1.50 1

Q.23 452.1 (-5.49  *1.56 *9.05 |
0%24  45'i.5 -5.76 +1.62 *9.49 .23 *1.71 |
25 4621 597  41.69 #9.65 (023  *1.73 |
g.26 460.9 -6,02 *1 .75 1-9.53 .22 *1 .66
,e27 455.2 -5.74 ¢1.32  #9%24 022  1.67
Q.28 4449 532 #1483  *8.62 (023  41.54 |
<3%29 447.7 -5.57 *1.94 +3.79 0.20 ¢1.49 1
Q30 4433 =571 4197 #8393 11.45
g 31 4500 -5.96 42 .c0 *8.93 022 +1.32
032 4435 -5.68  xp02 T84 0025 e1.26
033 437.0 -531 4205 315 025 +*1.27
034 4340 =540 sy qp 7793030 %13
Q35 415.4 -4.52 ¥2 16 *6.87 0.27 *0.91
c 36 333.3 -3%20  x9.9p  *5.31 041  x037
v37 376.5 -2.65 x99 456 045  x0.73
0.33 364.4 -2.14 sy 35 400033 0.72
Q.33 346.9 _1 .23 0239 291 0.30 +0.50
Q40  353.2 -2.03 *0 47 *3%30 0.32 *0.14
041  333.4 -1.56 xy 55  *2.38 0.26  -0.24
C.42 333.6 -1.40 *2.61 +2.03 G.26 -0.32
4 43 333%7 -1.52. *2.62 *2.09 0.24 -0.4 4
044 327.5 -1.26 *2.63 ¢1.70 022 -0.,53
Q45 320.9 -0.31 *2.71 *1.29 0.22 -0.36
<46 3142 -0.61 *2.77  *0.38 022  -0.61
ged47  307.6 -0.27 *2.36  *0.47 .23 -0.53
Q.43 1301.3 0003 *2.96 40.03 .22 -0.53
w40 2305 4046  *3702 -0.59 0.26  -0.72
Q.50 270.3 ¢1.02 ¢3%06  -1.19 y.25 -0.73
0.51 271-4 «*2.i7 *3*15 -1.77 0.22 -0.10
052 261.5 #2%31 *322  -8.39 0.21 -0.02
Q.53 2543 *2.97 ¢3¥29  -2.33 1021 -0.23
0¥s4  255.4 *3%01 +3%30  -2.77 0.81 -0.12
C.53] 256.5 .3.00 *3.30 -2.70 0.20 -0O.u?
.tj/lj/r)Z 256.4 *2 93 >;“3'.30 .—2.70 0.22 —0.12
056 1256.2 *3%04 3:34 1-2.72 0.21 0.00
@57 213.1 *3.81 +3*40 322 0.19  40.31
g 53 x230.1>4.61 3404347023 7010

*3.56  _ .
0.59 ' 212.61%5.59 5.42 0.25 0.11

i —



GRAVITY UATA

GLASGOW UNIVERSITY

I

Station

Q.60
Q.61
Q. 62
Q.63
q.64

Q.65
a*66
Q.67
g.68
g.69
Q.70
Q.71
Q.72

O 0 N1 NN AW N -

Elev.
(ft.)

Obs.
Grav.

(mgal)

198.6 >6.26

187.3 ¢6.57

191. J ¢7.23
177.6 ¢7.46

177.2 ¢7.98.

146.2 ¢7.56
131.8 ¢8.36
124.2 +8.71
119.6 ¢8.55
121.0 ¢8.24
118.0 It8. 22
125.5 #7768
129.0 ¢7#31

1

279.9 -2.25
238.8 -2.63
294.6 -2.93
303.6 -3.29
326.3 -4.37
329.5 -4.34
325.8 -3%41
320.8 -2.79
312.6 -2.19
304.1 -1.52
312.9 -1.92
302.9 -1.21

328.3 -2.72
357.1 —4.12

305.0 -5.77
393.3 —6.38
403.7 -6.33

394.3 -6.05
3dJ6»0r6» 21

400.7 -6.39
400.8 -6.52

1

Theoret.

|Grav.
(mgal)

+3.63
+3.69
+3.75
+3.79
+3.86
+3.96
+4.04
+4.11
+4.19
+4.24
+4.31
.4.38
.4.46

+4.36
+4.27
.4.22
+4.17
+4.08
.3-98
+3.90
+3.78
+3.71
+3.63
+3.53
+3.43
+3-37
+3.31
+3.21

+3.15
43.08

+3.00
+2.90
+2.82
r2.75

ijiil/i- X x;\J» 35

GEOLOGY DEPARTMENT

r~

Terr.
Corr.

1Elev.
Corr.

(mgal)

0.22
22
.19
.20

-6.29
-6.99
-7.35
-7.59
-7.61 0.13
-9.54 0.19
-10.43340.22
-10.90 0.21
-11.19 0.22
-11.10 0.22
-11.28]0.22
-10.32 0.23
-10.60 0.21

c oo o

! -
1

-1.24 0.24
-0.69 0.27
-0.33 0.33
40.22 .50
+1.63 .33
+1.83 31
+1.60 .37
+1.29 0.34
+0.70 0.33
40.25 .10
¢0.30 (0.37
40.18 0.43
+1.69 0. 30
+3.40 0.36
45.06 0.36
+5.85 0.40
46.17 0.40
¢5.61 0.33
j.5.72 0.44
1¥5.99 0.44
j*¥6»00 0.49

S oo oo

—a-E

IBouguer

Anomaly

(mgal) (mgal)

-0.04
-0.38
-0.05
-0.01
+0.54
-1.70
-1.63
-1.74
-2.10
-2.27
-2.40
-2.40
-2.49

-2.76
-2.65
-2.63
-2.29

-2.15
-2.09

-1.41
-1.25
-1.25
-1.13
-1.10
-0.99
-1.03
-0.92
-1.01
-0.35
-1.05
-0.93
-1.02
-1.01
-1.15

—

— e

>



GRAVITY DATA SHEET NO.

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT

1
Station Elcv. Obs. Theoret. Elev. Terr, JlBouguer;

(ft.) Grav. Grav. Corr. Corr. ! Anomalyl
(mgal) (mgal) (mgal) (mgal) ] (mgal) |
i -1

R22  389.J -5.74 +2.65 ¢5.31 0.60  -1.05 1
R.23 399.1 -6.32 42.55 +5.90 0.47 -1.27 1
R24  409.0 -6.71 +2.46 +6.25 0.62  -1.25
B.23 307.6 -5.53 ¢2.37 ¢5.21 p*67 *1.15

H.26  303.3 -5.37 ¢2.26 ¢4.96 0.67  -1.35
R.27 387.9 -5.73 ¢2.16  #5%23 0.65  <1.56
R.28 303.5 -5.41 ¢2.07 +4.97 0.50 -1.95
R 29 382.1 -5.16 +1.99 +4.89 0.65 *1.50
R 30 399% -5.90 +1.90 ¢5.93 0.53  _1.37
R.31  409.3 -6.39 +1.35 +6.51 0.56  —1.34
R 32 406.9 -5.98 +1.76 ¢6.36 0.60  -1.13
R33 414.0 -6.43 ¢1.69 ¢6.33 0.54 1,24
R 34 422.3-6.31 ¢1.53  ¢7.23 0.60  _3%22 gm
R.35 409.1 -5.57 ¢1.49  *6.49 0.74  -0.72
R 36 402.0 -5.20 1740 ¢G.07 0.57  -1.03
R 37 400.2 -5.46 ¢1.33  *6.44 0.69  -0.87
R.39 412.7 -5.75 ¢1.22  ¢6.71 0.64  -1.15
R.39 421.6 -6.04 +1.10 ¢7.24 0.65  -0.91
K40 441.9 -7.46 +1.02 ¢0.45 0.61 .15
R.41  456.9 -3.35 ¢0.97  #9.34 0.62  -1.29
R.42  469.3 -0.91 ¢0.93y clO.10 0.70  -1.03
R 43 404.5 -9.72 ¢0.79 °10.90 0.69  -1.13
K.44 485.4 -9.76 ¢0.75 p11.04 0.63  -1.21
H45 477.6 -9.30 ¢0.70 1-10.57 0.73  -1.17
H46 457.6 -3.12' *%0.62 +9.38 0.71 -1.26
H 47 45C.5 -7.75 0.53  ¢3.96 0.63  -1.49
R. 43 447.9 -7.56 ¢0.52 +8.00 0.53 -1.56
R.49 427.7 -6.47 +0.47  ¢7.60 0.40  -1.79
R 50 419.3 -5.04 ¢0.42  ¢7.12 0.41  -1.75
H.51 402.2 -5.21 40.37  ¢6.03 0.67 .96
R.52 409.1 -5.29 ¢0.30  ¢6.50 0.51  -1.85
R. 33 400.7 —4.15 40.25  ¢6.00 0.64  -1.13
R 54 390.7U3.a2 ¢0.20  ¢537 0.62 -1.03
R.55 404.1 -4.11  ¢0.15 +6.19 0.50 -1.14
R 36 411.3 -4.49 ¢0.11 ¢6.63 0.40 -1.22
H.37  424.3 -5.02  .0.05  ¢7.40 0.36  -1.08
R.58  430.9 -3.25 0.00 ¢7.79 0.36 -0.97
R.59 443.5 -6.10 -0.05 +8.66 0.37 -3.99



GRAVITY DATA

GLASGOW UNIVERSITY

Station Elev.

R.60
K 61
R.62
fl.63
R# 64
R.65
R.66
8.67
R.68
R.69
R.70
R.71
R.72
H.73
K.74
H.75
R.76
K*77
R.78
R*79
8.00
H31
ft. 82
R.33
R. 84
R.85

W W W W W ¥
X1 NC A N -

!

Obs.
Grav.

jTheoret.lElev.
Grav.

(mgal) (mgal)

452.9 % 6.4J -0%12
452.3 - 6.14 -0.19
451.6 - 591, -0.24
473%0 - 7.28 -0.23
491.1 —8.65 -0.29
523.3 - 9.63 -0.34
543.6 -10.79 -0*39
559.1 -11.71 -0.43
567.4 -12.19 -0.43
590.2 -13.57 -0.53
603.4 -14.59 -0.57
622.1 -15.78 -0.62
623.1 -16.02 -0.69
635.0 -16.55 -0.76
6230 -16.09 —90.81
632.1 -17.09 -0.87
623.3 -17.41 -0.93
633.9 -17.76 -0.99
623.5 -13.00 -1.05
616.0 —317.33 —1.15
604.2 -16.99 -1.22
504.3 -16.23 -1.23
563.6 -15.82 -1.36
540.1 -14.54 ~-1.45
525.3 -13.43 -1.52
513.1 -12.91 -1.59
35.4 ¢ 9.38 ¢3%20
33.7 * 9.36 ¢3.26
3)*0 ¢ 9.88 ¢3.32
34.4 * 9,79 4*%3.33
34.Gj¢ 9.52 ¢3.44
33.7! 9.50 +3.49
33.2 * 9,34 43.53
40.3]~ 9.12 *3.56

GEOLOGY DEPARTMENT

Corr.

jTerr.
ICorr.

SnELT .<0.
37

I Bouguer!

| Anomaly

(mgal) j (mgal)| (mgal)

¢ QX9 0.40
¥ 9.06! 0%42
* 9.02] 0.50
410.59: 0.44
+11.371 0.45
*13.32| 0.41
+14.50 0.41
+15.42 0.45
+15.92 0.42
+17.27- 0.47
+13.36 0.45
+19.17( 0.45
419.53 0.42
+13.94 0.43
*19.22 0.43
+13.77J 0.43
+13.57! 0.43
*19.87) 0.47
+13.5!3j 0.46
+13.81 0.49
*13.11 0.45
¢isioq 0.56
*15.991 0.60
+14.77 0.57
+13.41 0.61
+12.66 0.60
L
-16.96 0.55
-17.06 0.53
-17.12 0.52
-17.021 0.56
-17.05 0.56
-17.06 0.56.
-16.78 0.53
-16.61! 0.63

1-0.92
i —0*72
-0.49
-0.41
1-0.99
-0.11
-0.14
-0.14
-0.20
-0.23
-0.22
-0.65
-0.63
w0 6
-1.12
-1.63
-2.21
-2.23
-2. 31
-3.05
-302
-3.60
-3.33
-4e°j2
-4.35
-5.09

——o  Comie

It et o

-7.20
-7.23
-7-27
-7.16
! '7.40
| -7.37
-7.20

i-7.13

b



GRAVITY DATA SHEET NO.

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT

Station Elov. Obs. Theoret. Elcv. Terr. Bouguer
(ft.) Grav. Grav. Corr. Corr. Anomaly

(mgal) (mgal)  (mgal) (mgal) (mgal) \

9.03 #3.61 —16.0.66  —7.06

3.28 42.3 ¥ 8.58 ¢4.22 -16.51/0.93  -6.60
3.29  37.4 ¥ 8.71 ¢4.10 -16.3311.13 —¢*63
3.30 36.7 8.94 ¢4.16 -15.33]1.25 -6, AD
3.31 32.3 ¥ 9.06 ¢4.18 -17.13 1.65 -6.13
3.32 23X ¥ 9.43 ¢4.20 -17.42 1.43  -6.17
3.33  24.7 v 9.78 .4 24 -17.64jl.45 -6.04
3.34  2X.5+ 9.66 .4.26 -17.351.51 -5.69
8.35 22.4 >10,11 .4.29 -17.79 1.66 —5.60
3*36 22.3ja0.17 .4.31 -17.76 1.63 -5.'3
3.37 2X.0 tl10.28 .4.35 -17.33jl.53 -503
3.38  20.31tX0.36 ¢4.39 -17.92 1*51  -5.52
3.39  22.9 [tXO.55 ¢4.43 -17.76 1.63  -4.97
3.40 25.6 ao.ex 4.47 -17.59 1*57 -4.31
3.41 3X.5 jtX0.38 +4.53 -17.21 1-34  -4.83
3.42 42.0 t10.02 ¢4.54 -15.30 1*26 = -3.35
3.43  5X.5. 9.56 +4.34 -14.74 1.36  -3.15
3.44  60.3 jt 9.X0 #4.52  -14.21 1.15 331
3.45 693 jt 3.62 ¢4.52 U13.68)l(.34 -3.07

0.9 42.0 ,
0.10 42.5 ¢ 3.36 #3.63 -16.5Cj0.70 -7.18
oai 47.9 ¢ 9,43 ¢3.67 -16.15 0.69 -7.23
3.12 46.9 ¢ 8.52 ¢3.71 -16.22!0.73 -7.08
3.13 45.2 ¢ 3.3X >3.73 -Xfi. 33(0.02 -7.32
0.14 39.3 ¢ 8.7X 43.30 -X6.67,0.94 -7.03
3.15 33.1 ¢ 3.60 #3.34 -16.73 1.09 -7.04
3.16 36.X ¢ 8.35 43.00 -16.9x]0.53 -7.10
3.17 31.6 ¢+ 9.0X ¢3.94 -17.2d1.08 -7.04
3.18 23.3 ¢ 9.29 ¢4.00 -17.41,1.23 -6.76
3.19 27.0 ¥ 9.3X #4.05 -17.49 1.03 —5%91
3.20 25.2 ¥ 9.23 44.03 —17.61;1.33 -3.79
3.21 26.2 ¥ 9.X5 ¢4.14 -17.5511.34 -6.79
3.22 26.4 ¥ 9.23 ¢4.18 -17.53,1*30  -6.69
$.23  ?23.X ¥ 9.28 ¢4.30 -17.421.14 -6.67
3.24 31.6 ¥ 9.X5 44.24 -17.201.23  -6.40
3.25 34.6 ¥ 8.34 ¢4.23  -17.21 0.82 -7.14
3.26 39.2 ¥ 8.66 ¢4.24 -15.71 U.63  -6.79
a.27 42.0 ¥ 8.53 ¢4.23 -i6.53jLOO -6.64
¥
¥

i I- i



GRAVITY DATA

@LASGOW UNIVERSITY

Station Elev.

3%46
.47
.48
.49
.50
51
.52
.53
.54
.55
.56
.57
.58
.59
.60
.61
.62
.63
.64
.65
.66
.67
.68
.69
.70
.71
72
.73
.74
.75
.76
17
.78
.79
30
31
32

W W W W W W W W WW W W WM WW WW W W W W WWw W W W W W Ww W W W L W W

(ft.)

78.6
83.5
93.3
110.1
120.1
125.6
123.2
126.7
119.5
106.4
39.
70.
54.
43.
37.
33.
37.
47.
57.
67.
74.
82.
89.
95.
1101.8
103.
114.
116.
124.
132.
125.
114.
104.
33.
93.

102.
114.

(5]

QW = O = m A M= o= &N &

AU 9 ko Ao A 3= o

Obs.
Grav.

(mgal)

¢+ 8.01
¢ 7.40
¢+ 6.70
.92
.96
.01
.98
.27
.65
.46
32
51
.08
.76
11
.01

<*
n

*0v000*¥<0000
—
W
o

<

A N W I QNN AW
[
=]

* &

r

Theoret.

Grav.
(mgal)

+4.50
+4.40
+4.46
04.44
04.46
04.48
+4.54
+4.56
+4.58
0462
*4.64
+4.66
+4.68
*4.71
*4.75
+4.76
*4.76
+4.76
+4.70
*4+80
04.34
+4.86
+4.88
04.92
+4.94
+4.97
*44.99
+5.01
,5.03
+5.07
+5.09
+5.13
*5.13
*5.17
+5.17
*5.19
¢5.18

SHEET NO.

GEOLOGY DEPARTMENT

HV

Elev.

Corr6 Corr.

5

39

Terr, jBougueq
| Anomaly

!

p

(mgal) (mgal); (mgal) |

-13.13
-12.54
-11.90
-11.26
-10.67
-10.34
-10.19
-10.28
-10.70
-11.48
-12.49
-13.62
-14.53
-15.20
-15.60
-15.80
-15.60
-14.98
-14.40
-13.31
-13*35
-12.93
-12.49
-12.11
-11.75
-11.34
-11.02
-10.07
-10.41
- 9.91
-10.35
-11.00
-11.62
-12.25
-12.23
-11.71
-10.99

i

I — I — I — R — I — R — R — N S S N R S L e e e e T e e e e e i I S S

.39
.50

.83
.03
.02
17
72
71
71
.87
.53
.44
.50
.53
91
.88
.88
.95
.32
.76
.67
.50
.34
.34
.25
21
.05
.97
.03
.91
.35
.33
.82
.87
.90
.86
77

-3.
-3.

10
03

-2.73

-2.
-2.
-2.
-2.

-2.
—2.33
-2.
-2.

-3.

74
10

95
02
61

63

87
83

19

-3%02

-2
-3

.70
.05
12
.89
.09
.06
.95
91
.10
.19
32
.35
-3*46
-3-
-3-
.20
.92
.74
.45
.16
.90
.90
.20

28
16

!

1
i
|



GRAVITY DATA SHEET NO. 40

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT

13

Station Elev, Obs. Theoret. Elevt Terri Bouguer
(ft.) Grav. Grav. Corr* Corr6 Anomaly

(mgal) (mgal) (mgal) (mgal) (mgal)

3%83 125.0 <6.16 45.20 -10.33 0.69 -2.20
3.84 135.0 ,5.66 520 -10.23 0.72 -2.52
a*35 138.9 45.41 45.20 - 999 0.69 -2.56
3406 131.1 ¢6.11 520 -10.47 0.71  -2.32
3.07 123.7 ¢6.36 5.20 -10.93 0.68 -2.56
S.03 129.8 46.10 #5.22  -10.55 0.70 -2.40
3.89 143.1 ¢5.41 522 - 973 0.65 -2.32
3.90 156.7 #4.55 ¢5.22 - 8.83 0.63 -2.35 j
3.91 170.9 ¢3.75 +5.22 - 8.00 0.61 -2,29
3.92 182.9 2.99  #5.22 - 7.26 0.55 -2.37
3.93 193.8 ¢2.06 522 - 6.58 0.57 -2.b0 .
3494 190.4 ¢2.33 ¢5.23 - 6.80 0.56 -2.55 1
3.95 189.7 ¢2.38 #5.23 - 6.90! 0.53 -2.63
3%96  186.5 ¢2.46  #5%24 - 7.04 0.53 -2.68
3.97 184.3 *2.33 527 - 7.17 0.50 -2.89 .
0.98 182.4 *2.62  #527 - 7.29 0.70 -2.57
3.99 102.2 ¢2.76 527 - 7.30 0.49 -2.65
3.100 192.2 ¢2.91 ¢5.26 - 7.30 0.48 -2.52
|
| Ci
F
! 1
T. 1 744.7 -12.46 -4.29 42637 0.62  ¢6.37
T. 2 764.1 -13.74 -4.23  ¢27.52! 0.58 46.26
T. 3 775.2 ¢14.54 —4.21 ¢28.18! 0.68 ¢6.24
T. 4 761.9 -13.85 *4.20 ¢27.39 0.77  ¢6.24
T. 5§ 752.3 -13.27 —4.19 026.82j0.94 46.43
T. 6 749.¢ -13.53 -4.19 ¢26.66 1.14 ¢6.21
T. 7 764.7 -14.56 -4.19  +27.55 0.93 ¢5.91
T. 8 793., -16.44 -4.13  #29-25,1.43  96.24
T. 9 7939 —16.63 -4.15 ¢29.29; 0.87 ¢5.46
T.10 7309 r16.63 -4.11  +289'jj 0.76 #5.14
T.11  705.1 -16.61 -4.07 42877 0.67 +4.39
7¥12 nc6 7 -15.77  -4.03  #27.6/ 0.66  ¢4.66
*e13  ng9 4 .-15.20  -3.99  26.83 0.61 ¢4.38
T.14 5, ¢ -15.41 -3.92  #26.751 0.67 *4.22
TA5 5447 1-15.92  -3.06  +26.98 0.63 ¢3.96



GRAVITY DATA

GLASGOW UNIVERSITY

Station Elev.

T.16
T.17
T.18
T.19
T. 20
T.21
T.7?
T.23
T. 24
T.25
T.26
T.27
T.23
T.29
T.30
T* 31
T# 32
T#33
T.34
T. 33
T*36
T.37
T.33

c o= gs

U *
U-.’:

© ® W N

U.i0
I U.il

(ft.)

756.9
755.2
749.8
745.0
746.5
745.1
749.3
761.8
761.3
776.3
773.5
770.7
770.3
773%0
772.4
736.5
763.4
760.0
772.5
735%6
795.9
732.6
736.1

36.8
64.4

96.5
126.0
160.8

196.2 -
228.3 -

254.3

236.1 -
314.1 -
343.9 -

Obs.
Gruv.

(mgal)

-16.12
-15.98
-15.69
-15.97
-15.42
-15.30
-15.79
-16.74
-16.98
-18.05
-18.46

-13.23
-13.28

-13.32
-13.52
-19.62

-18.63
-13.55
-19.54
-20.48
—21.14
-20.54
-20.88

.93
.26
30
.75
.68
.36
2.07
-3-31

5.08
6.69
8.59

* * o <
S = W U X W

Theoret.
Grav.

(mgal)

-4.36
-3.73
-3.27
*3.62
-3.56
-3.48
-3.40
-3.34
-3.31
-3.31
-3.30
-3.28
-3.26
-3.24
-3.20
-3.14
—3*09
-3.04
-2.93
-2.91
-2.85
-2.80
-2.78

%4.23
.4.16
4.11

.4.06
.4.01

%3.93
.3.85
.3.81

+3%72
¢+3.71
+3.74

GEOLOGY DEPARTMENT

Elev.
Corr.

(mgal)

+27.05
426.99

426.77
426.39

426.48
426.40
426.64
+27.38
.27.36
+28.27
429.38
+27.91
+27.89
+28.05
+28.02
+28.85
.27.84
*27.23
.28.02
+23.30
+29.41
+28.62
+23.83

-15.61
-13.37

-12.07
-10.32
3.25
— 6.16
4.25
2.71
0.82
¢ 0.14
¢ 2.58

.......
Terr, 11B0uguer
Corr, | Anomaly
(mgal)! (mgal)
0.55 ¢3.29
0.59 ¢4.00
0.76 #4.60
0.66 +4.19
0.65 +4.28
0.69 ¢4.44
0.63 +4.21
0.61 +4.04
0.62 *3.32
0.63 +3%67
0.60 ¢3.35
0.52 +3.05
0.52 +3-00
0.53 +3.15
0.55 +2.93
0.57 +2.79
0.60 42«30
0.62 .2.44
0.66 +2.29
0.69 +2.23
0.68 +2.23
0.77 *2.13
0.84 +2.14
1.70 —4. 62
1.45 -4.97
1.52 -5.01
1.51 -4.87
1.30 -5.13
1.40 -5.06
1.01  .5.33
1.05 -5.03
0.93 -5.12
0.33 -5.13
0.93 -5.16

SHEET 110. "

v



GRAVITY DATA

GLASGOW UNIVERSITY

"1
Station Elev. Obs.
(ft.), Grav.

(mgal)
U2 343.3 - 3.92
11.13  366.5 -10.34
U.14  407.6 -13.07
U.15 452.9 -15.62
U.16  436.7 -19.76
U.17  533.9 -19.92
UIO 562.* -21.46
U.19  595.6 -23.59
U.20 623.0 -25.40
U.21 643.2 _26.63
U222 661.6 -27.49
U.23 679.9 -28.72
U24 717.5-31.09
U.25 744.3 -32.63
tJ.26  720.3 -30.80
U.27 733.1 -32*%14
U.23  770.3 -34.07
U.29 737.2 —35.80
U.30 303.5 -36.56
a.31 736.6 -34.97
U.32 021.0 -37.79
U.33 059.6 -39.61
U.34  004.7 -41.36
U.35 904.7 -42.56
U.36 950.0 -44.87
U.37 982.0 -46.92
U30 933.9 -47.99
U.39 L037.2 -49%98
U.40 1074.3 -52. 31
U.41 1004.1 -52.32
U.42 1077.7 -52.34
U.43 1075.1 -51.96
U. 44 1.073.9 1-51.97
U.45 1065.3 j-5L¢60
J.46 1053.9 1-50.33
U.47 L054.7 i-50.67
U.43 1036.6 j-52.16

Theoret.

Grav.
(mgal)

+3.76
+3.79
+3.75
+3.74
+3.71
+3.73
+3%69
+3.64
+3.54
+3%48
+3%44
+43.36
+3*31

3.

25

+3%20
+3*15

*3.
+3.

10
08

<-2.99

.2,
2.
.2,
2.
2.
2.
2.
*2.
,2.
2.
,2.

93
39
04
78
74
69
64
58
53
47
42

+2.35
+2.32

*2%25

.2
.2

.18
.16

+2.10

12

GEOLOGY DEPARTMENT

Elev. jTerr.
Corr. 1Corr.

(mgal)|(mgal)

J
»

¢ 2.0611.03
* 3.94:1.47
¢ 8%33(1.49
¢ 9%07; 1.50
*11.67|1 .6*
+13*37;1.%0
¢15.56 1.40
*17%53|1.34
¥19.45(1.59
420. 65; i #

21.44; +28
#22% 53.i .41
024.76;i #11
426.38; X.25
%24.93:1.45
425.97j1.55
¢27.39ji.40
429.48 i.i9
¢30.16 1.97
¢23*35|1.65
+30.90ji.06
¢33.18ji.75
¢34.67 1.62
¢35.36ji.7i
+33.55 1.70
440.44 j1.66

*41.51j1.61
. 43.72ii.50

. 45.92(1.72
446.50 ji.(>6
046.12ji.46
045.961!.32
445.39 ji. 27
. 45.38jl. 2i
*44.71 j1.1?
+44.75j1.19
446.64jL.34

4

1

StiEET NO.

Bouguer]
Anomalyl1

(mgal)

.09
.01
32
.18
.61
.99
.68
.95
.69
.30
.20
.29
.78
.67
.09
33
.55
.92
31
41
.01
.71
.16
12
.30
.05
.16
.10
-6.

07

—6.11
—6.28

-6
-6

.13
.43

-6.70

-6

71

-6.50
-5.93

4<

o Commie sk -

i ¢ ot o o ol © i o



GRAVITY DATA

GLASGOW UNIVERSITY

i

Station Elev.

U.49
U.50
U.51
a.52
U. 53
0.5*
0.55
0.56
0.57
0.58
0.59
0.60
0.61
0.62
0.6}
0.64
0.63
U.66
U.67
U.68
U.69
U.7Q
0.71
0.’%2
0.73
0.7%
0.75
0.76
0.77
0.78
0.79
0.80
0.81
0.82
0.83
0.8%*
0.05
0.06

(ft.)

U32.2
1153.2

1226.7
1207.9
1139.9
1152.2
1103.3
1137.5
1219.7
1197.0
1175.3
1191.0
1193.9
1223%0
12t*.8
1239.3
12%6.3
1206.6
1171.0
1161.0
PL137.0
1152.3

1110.3
1169.0

1056.6
1056.8
1109.6
1171.7
1105.6
1071.5
1030.3

Obs.
Grav.

-54.66
-56.51
—60.34
-59*29
-53.24
*55.73
-52.99
-56.58
-59.58
-58.24
-56.68
-57.65
-57.83
-59.75
-59.74
-60.55

-61.10
-58.44

-55.81

-55.35

-57.03

-54.93

-52.21

-49.79

-49.24

-49.24

-53.22
-56.85

-52.44

-50.20

-49.05

1041.8%4 j.o*

1037.6
1005.0
1036.2

-47.37

-45%60
L47.33

1021.7 i-46.16

1017.8
1020.7

-46.39
-*5.83

Theoret.

Grav;
[ (mgal) (mgal)

2.
*2.
*2.
2.
+2.12
2.

»2.10
.2,
*2.
2.
+2.
+1.
.93
.89
+1.
+1.
+1.
.75

+1
+1

+1

+1.
.67

+1

1.

.59
1.

1.
1.
.49

*1

+1

1.
1.
1.
37

+1

+1.
,2.

15
16
14
13

11

10
09
07
01
98

87
33
80

71

63

56
52
47

54
74
81

94
00

»2.07

.2,
2.

15
25

-2.33

2.
2.

41
50

SHEET NO.

GEOLOGY DEPARTMENT

Elevi
Corr*

(mgal)

449.35
+50.89
+54.95
+53%34
+52.73
+50.54
+47.94
449.67
+54.51
+53-19
+51.90
+52.34
+53.01
+54.73
+54.34
+55.70
+56.11
+53*%74
+51.65
+51.06
+52.60
+50.54
+43.05
+51.53
444.37
+44.33
+43%01
+51.69
€47.77
+45.75
+44* 49
+43.99
+43.74
+41.76
*43*%66
+42.79
442.52
*42.7%

Terr.
Corr.

(mgal)

.30
13%
.34
.42
.72
.16
.08
.08
.40
.25
.13
21
.28
17
.19
.23
.40
.14
.04
.03
.10
.04
.02
.39
.04
.02
.13
5%
.14
.91
.85
17
75
2))
74
.70
0.70
0.32

[ — R R — I — N S I N N e e e e e e e e e T T T T T T N S W O ey

=}

Bouguer
Anomaly

(mgal)

-5.73
-6.20
-5%78
-5.77
-5.49

1-5.79
-5.74
-7.60
-5.45
-5.60
-5.51
-5.49
-5.58
-5.33
-5.71
-5.06
-5.66
-5.63
-5.28
-5.46
-5.57
-5.68
-5.45

+0.78
-5.73
-5.72
-6.41
-5.75
-5.59
-5.55
-3* 64
-5.15
_4 .68
-4.74
-4.60
-4.21
-4.63
-3.64

43



GRAVITY DATA

I ASAOW UNIVERSITY

Station

0.87
0.88
U.89
0.90
0.91
0.92
0.93
0.94
0.95
U.96
U.97
0.93
U*93
. 0.100
0*101
U.102
U.103
U.104
U.105
0.106
U.107
0.108;
0*109
0.110
0*111
0*112
U*113
0.114
b
U.11$
U.117
Uu.nA
U.H9
U.12Q
[ 1]
[LIZ%
U.123
0*124

EIGv.
(ft.),

Obs.
Grav.

(mgal)

L001.9 +44.98
933.4 1-43.75
963.1 -42.74
953%0 -42.06
914.1 -39.52
993.0 -30%98
919.0 -39* 83
830.2 -36.36
832.1 -36.14
344.0 -35.63
939.6 -35.71
035.3 -35.31
333.4 -36.07
842.0 —36.10
839.6 -36.05
836.8 -36.13
843%9 -36.4"
803.4 -34.17
7£.7.9 -32.04
751.2, -31.12
735.3 -30.41
710.0 -29.26
702.2 -23.13
690.3 -27.07
630.7 -26.27
665- 3 -25.33
644.1j -24.05
624.6; -22.35
609.7 -21.37
595.0 -21.03
530.31 -19.94
563*8 -19.16
552.0] -1 1. 11
536.8] -17.40
532.1j -17.00
506. 8;-15.36!
493.5 -14.531
478.2; -13%55]

Theoret.
Grav.

(mgal)

+2% 60
*2*%69
+2.81
+2.92
+2.97
+3%01
+3%07
+3.09
+3.10
+3.15
+3-21
+3.78
+3.35
+3%42
+3.47
+3.53
¢3%53
+3%63
+3%68
+3*73
+3%79
+3%81
0.85
+3.89!
+3.95
+4.00
+4.04
+4.06
+4.10
+4.13
+4.18
+4.19
+4.23
°44.25
+4.23
+4. 32
+4.35
+4.36

SHEIJT 110.44

GEOLOGY DEPARTMENT

—

Elev» jTerr* jBouguer{

Corr.

jCorr. | Anomaly

(mgal) ! (mgal)i (mgal) 1
1 !

!
J

+41.62| 0.75 -3.83
+40.82| 0.75 -3.36
+39%62  0.00 | -3.38 '
¢33.72 1.16 -3.13
+36.41 0.01 ~-3.20
+35%33 0.84 -3.12 |
+36.71 1.04 -2.03
+34.99 0.35 ~-1.79
02.74 1.26 -2.91 1
02%26 0.93 -3.16
£32.00 1.00 -3.37
+31.77 0.99 ~-3.14
¢31%33 1*24 -3.52
+32.14 1.09 -302
¢32.00 (.93 +3*52
+31.33 1.01 -3.63
¢32.23 1.32 -3*16 |
¢29.35 1.27 -3*31 |
27%75 1.19  -3.29 |
426.76 1.23 -3%22
¢25-31 1.24 -3.44
+24.791 1.24 -3.29
¢23.35] 1.14 -3%20
+23%14) 1.15 ~-2.76 '
#22.57 1.14 -2.49
*21.66j 1.33 -2.23
¢20.41 1.36 ~-2.11
¢19.28 1.13  -2.23
+18,37 1.07 ~-2.20
¢17.49j 1.14 -2.14
¢16.6tj 1.17 ~-1.04
+15.76 1.23 -1.85
.14.94) 1.06 -1.84
+14%04; 0.99 -1.99
v13.76 0.32 1} .11
¢12%26 0.91 -1.74
o11.47: 0.92 ]‘l'lr”
+10.57] 0.81 ] -1.68



GRAVITY DATA SHEET NO. 45

@ASGOW UNIVERSITY GEOLOGY DEPARTMENT
Station Elev. Obs. Theoret. Elev, jTerr. Bouguer

(ft.) Grav. Grav. Corr. jCorr. Anomaly '
(mgal) (mgal) (mgal)[(mgal) (mgal) ,

i
}

0.125 4634 -12.65 +4.39 -.9.69 0.30 -1.64
U.126 449%7 _11.67 +4*41 . 8.08; 0.74  -1.51 '
0.127 436.2 1973 .4.45 ¢ 8.08 0.63 -1.42
U.128 434*2 _19%3¢ ¢4.48 . 7.96 0.73 -1.04 ™
0.129 417.0 _ 9x57 44.52 ¢ 6.99j 0*73  -1.15
0<130 401.5 _ 8.61 ¢4.55 ¢+ 6.C210.71 -1.20

U.131 386.7 - 7.82 ¢4%*59 . 5.14; 0.64  -1.32
0.132 365*7 - .70 +m4.66 ¢ 3.90 0.56  -1.45
U.133 351%0 . 6.05 +¢4.74 ¢ 3.03; 0.63 -1.52
0.134 340%*3 - 5,44 +4.81 ¢ 2.320.63 -1.48
135 313*1 —4%05 ¢4.83 ¢ 0.78;0.56  -1.70

0
0.136 294.1 —3%16 +4.95 - 0.3510.55 -1.88
0.137 272.0 - 2.01 1*5%02 - 1,65 0.56 -1.96
0.133 245.3 . 0%15 +¢5.10 - 3.24 0.51 -1.65
0.139 235.8 ¢ 0%*24 ¢5.14 - 3.31 0.44 -1.86
0.140 209.4 ¢ 1.53 ¢5.20 - 5.37 0.45 -2.01
0.141 209.5 ¢ 1%53 ¢5.25 - 5.37 0.40 _ -2%Q6
v. X 1012.4 _31+94 -6.49 #42.24 0.56 40.56
r. 2 j.029.2 _32*%70 -6.45 +43.18 (.59 +0.75
V.3 W <] -33*00 -6.49 444.30 0.61 +0.75
V. 4 “>73.2 -35.54 -6.34 ¢45.85 0.58 . 0.48
y* 3 109Q.4 _36.43 -6.60 .46.87 0.65 00.62
vt 6 i089.8 _3¢.55 -6.67 .46.84 0.62 . 0.33
y#y j.102.6 _37.22 -6.75 ¢47.59 0.63 40.43
y# 8 il06/8 -37.44 —6.33 ¢47.85 0.63 10.39
V. 9 1123*1 -33.92 -6.39 .49.17i0.57 11.06
V.10 .150%0 _409.32 -6.99 .50.41/0.56 S
V.l |i53%6 -40.60 ~-7.06 il il]i i -0.36
V.12 1165%4 —41.27 -7.13  iLalj0gd
V.13 « 74.2 —41.66 -7.13 . 51%84;0.58 -0.27
V.14 « 73.8 -41*#71 ~-7.18 VilPLL[etHd -0.33
V.15 L73.4 —-41.80 -7*21 +51%79 0.64 -0.45
V.16 « 736 -41.82 -7.27  #51=79 | .| -0.49

V.17 4r71.% -41.87 -7.31 #51%67;0.71  -0.67

V.18 1176*0 -42.69 -7*36 +51*%95 0.70 -1.27



45

NO.

SLEET

GRAVITY DATA

GEOLOGY' DEPARTMENT

GLASGOW UNIVERSITY

Bouguei
Anomaly

Terr
Corr.
(mgal) (mgal) (mgal)

Elev.
Corr

Theoret.
Grav.
(mgal) (mgal)

Obs.
Grav..

(ft.).

Station Elev,

w0 . el B e — . @ i == O L O L e —

9941&66"1-“.!24116.\\\.75.!0;31156,%3.!0:11-3."00L10;ﬂ
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GLASGOW UNIVERSITY

1

Station Elov.

(ft.)

V57
V.53
Vi#59
7,60
V¥ 61
V¥ 62
V.63
V.64
V.65
V.66
7.67
V*68
V.69
7.70
7.71
7.72
V.73
7.74
7.75
7.76
7.77
V.73
V.79
V.00
V.81
V*32
V.33
V.84
V.85
V.86
V.87
V.88
V.89
7,90
v,91
V,92
V.93
V.94.

1249.9
1223.2
1179.1
1154.5
1174.8
1176.7
1148.0
1150.0
1119.3
1105.0
1094.5
974.1
956.0
920.2
856.2
736.7,
713.8
670.4
616.2
579.1
552.3
522.6
498.7
483.6
445.9
407.4
366.3

331.0
290.4
269.0
250.6
226.7
221.0
204.9
165.5

125.9
98.2

Obs.
Grav.

1(ingal)

-43.
-48.

.36

-43

-42.
-43.
-44.
-42.

-41

-31

-24

-15

51
20

32
75
09
17

.92
-40.
-39.
-39.
.90
-30.
-23.
52
-16.
.36
-12.

56
68
24

41
32

74

65

—9* 68
- 3.16
—66.84
- 4.96
- 2.74
- 2.11
- 0.09
+ 2.13
+ 4.68

t 7.02
+10.04

til

. 62

+13.13

+14.74
+15*%06

+15.91

+18.43
+21.08

+23.07

T

Grav.

GRAVITY DATA

SHEET NO.

GEOLOGY DEPARTMENT

r~

Elcv.
Corr.

heoret.

jTerr.
jCorr.

(mgal) j(mgal)l(mgal)
o

- 9.64
- 9.70
- 9.77
- 9.83
- 9.37
- 9.92
- 9.99
-10.05
-10.11
-10.18
—10.25
-10.34
-10.43
-10.53
-10.62
-10.69
-10.76
-10.33
-10*89
-10.94
-10.97
-10.96
-10.95
-10.99
-11.04
-11.11
-11.16
-11
-11.34
-11.40
—11.46
-11.50
-11.56
-11.58
-11.60
-11.66
-11.72

.23

The elevations of stations

and the stations

have been

#56-33: 1.55
#54.75j1%54
+52-1311%6?
¢50.67(1*57
+51.83 1.56
#52.00j1.57
#50.29j 1.75
¢50.40 1-66
+48. 58; 1474
+47.74! Lyi
*47.11) 1-86
+39.98; 2.02
+38.90 1.97
+36.78 1.96
¢32.93 2.19
+25.90] 2.31
024.54 2.38
021.97 2-07
+18.75 2%22
#16.55:, 2%30
+14.99 2%19
+13.201, 2.49
*11.73j 2.55
+10.89 2.81
+ 8.65. 2-28
+ 6,371 2.22
+ 3.93 2.15
+ 1,98;
- 0.61!
- 1.98;
- 3.16,
_4.69j'
- 5.06
- 6.09
- 8.61
-11.15
-12.92

2.12
2.15
1.54
1.50
1.31
1.32
1.61
1.31
1*32
1-25

V.95 o

abandoned*

Bouguer
Anomaly

(mgal)

-4.14
-5.48
-3.70
-3.78
-4.05
-4.32
-3.99
-3.78
-4.21
-4.08
-4.39
-4.11
-3.04
-3.98
- 3.34
- 3.09
-3.07
-301
-3.47
-4.12
-4.50
-4.10

—3.23
-3.27
-4.07
-4.26
-4.27

rrrrrr

47

”%

V.101 are unobtainable



GRAVITY DATA

@ ASGOW UNIVERSITY

i

Station Elev. Obs.

V.102
V.103
V.104
7.105
V.106

SFEsEsz2=2z2¢2

10

: %z
> o=

W.14
w.15
w.I<§
w.17
W.18
w.19
W20
W21
W.22
W.23
W.24
W 25
W26

W.27
tf.28

(ft-.) Grav.

(mgal)
46.9 426.70
44.6 ¢27.03
43.4 ¢27.12
41.2 426.92
39.6 +26.77
100.3 ¢10.34
168.3 ¢11.07
164.5 ¢11.23
177.7 ¢10.50
102.9 ¢10.31
193.7 ¢ 9.27
239~ ¢ 7.30
263*8 ¢ 5.37
297-7 ¢ 3.49
329-8 ¢ 1.37
364-2 - 0.66
394.0 . 2.58
417.3 - 3.73
.429.5  4.36
437.4 - 4.78
426.8 - 3.99
413*7 - 3-13
413%4-2.93
429.5- 3.75
443%0—4.64
434.3- 4.25
440.6 - 4.52
445.9- 5.07
445.1- 5.20
466.2- 6.47
487.1- 7.75
505.S]- 8.80
489.8—7.89

1

1

r~

1
Theoret. jElev,
Corr.

Grav.
(mgal)

*¢11.32
-11.90
-11.98
—12.25
-12.12

—0.38

0
0.37
- 0.39
0.39
0.38
—0. 39
.40
37
.29
.29
31
.30

w
(=]

.29
.28
.27
.26
.28
- 0.29
- 0*31
- 0.31
- 0.30
- 0.29
—0.26
—0.27
- 0.29
- 0.28

I R - — I — R — I — R —— I ]

1
<

-16.22
-16.36
-16.44
-16.53
—16.63

* & & & & O o !

<

%

* & + o o

¢

7.10
7.30
3.03
7.25
6.94
6.01
4.03
2.14
0.14
1.77
3.31
5.57
6.93
7.63
G15
7.52
6.74
6.72
7.60
S. 40
7.99
8.34
8.65
8.60
9.86

+11.10
+12.21

+11.25

(=R —

S o oo cc oo c o o oo o0 O e -

ITerr.
;Corr*
(mgal) [(mgal)

.26

.59
.92
90
.54

117
.66
.52
.28
.29
.29
.98
.93
.86
91
.08
.04
.75
31
.75
.63
.57
.42
.45
.45
.43
.48
.46
.45
.45
33
.43
.40

SHEET NO.

*0.76
i*0.68
+0.48
+0.27
+G.40
+C.30
-G.01
-G.06

A

-0.03
-0.11
-G.13
-0.36
-0.17
-0.04
-0.04
+0.06
+0.04
+0.03
+0.24
+0.1i
+0.04
+0.12
+0.13
—0.31
-0.29
-0.41
-0.32
—0. 38

~ e -

-

Comuf— k@ G0



G ASGOW UNIVERSITY
r
Station Elev. Obs. Theoret* Elevi Terr.
(ft.) Grav. Grav. Corr. Corr.
(mgal) (mgal)  (mgal) (mgal)
W.29 475.2 - 7.05 - 0.23 *10.39 0.42
20 454.8 - 5.96 - 0.19 * 9-18 0.37
%31 450.2 - 5.64 - 0.15 * 8.91 0.39
W.32 448.5 - 5.71 - 0.10 ¢ 8.80 0.42
>
l
X. 1 461.5 - 6.15 + 1.64° ¢ 9.58 0 31
X. 2 467.3 - 6.35 ¢ 1.63 ¢ 9.920 30
x. 3 476.2 - 6.87 + 1.61 ¢10.450 31
X. 4 483.3 - 7.65 ¢ 1.60 11.17 0 30
X. 5 500.8 - 8.49 ¢ 1.58 +11.91 0 30
X. 6 J507.4 - 9.09 ¢ 1.54 +12.30 0 30
X. 7 1506.8 - 9.04 & 1.51 +12.26 0 29
X. 8 5157 - 9.75 ¢ 1.49 +12.79 0 30
.X. 9 511.7 - 9.53 + 1.47 ¢12.56 0 29
X.10 1487.6 - 7.82 + 1.41 #11.12 0 30
X.11 :478.6 - 7.33 ¢ 1.35 ¢10.59 0 28
X.12 [481.9 - 7.44 ¢ 1.31 ¢10.79 0 34
X.13 15004 < 8.74 ¢ 1.24 +11.88 0 25
X.14 519.9 - 9.69 ¢ 1.20 +13.04 0 29
X.15 535.6 -10.75 ¢ 1.17 ¢13.97 0 35
X.16 542.2 ~-11.00 ¢ 1.11 ¢14.36 0 32
X.17 553.2 -11.64 ¢ 1.06 ¢15.02 0 41
X.18 561.1 ~-12.18 ¢ 1.01 #15.48 0 35
19 561.0 -12.16 + 1.00 ¢15.48 0 32
X.20 563.7 -12.37 ¢ 0.98 ¢15.63 0 32
X.21 571.9 -12.90 ¢ 0.95 +16.12 o 34
X.22 580.5 -13.55 + 0.93 +¢16.64 0 35
X.23 563.6 -12.83 ¢ 0.90 1563 0 32
X.24 563-4 -12.82 + 0.93 ¢15.62 0 32
= o5 558.3 -12.57 ¢ 0.96 41532 0 34
X.26 556.0 -12.71 ¢ 1.02 +15*18 0 34
X.27 548.6 -12.26 ¢ 1.09 ¢14.74 0 34
X.28 536.2 -11.55 + 1.13 1*14.01 0 31
X.29 519.6 -10.71 ¢ 1.20 +13.02 0 31

GRAVITY~ DATA

GEOLOGY DEPARTMENT

SHEET HQ. 49

Bouguer
Anomaly

(mgal)

-0.34
-0.47
-0.36
-0.46

+1.51
+1.63
+1.63
+1.55
+1.43
+1.18
+1.15
+0.96
+0.93
*1.14
+1.02
+1.13
+0.76
+0.97
+0.88
+0.92
+0.98
+0.80
+0.77
+0.69
+0. 64
+0.50
+0.15
+0.18
+0.18
-0.04
+0.04
+0.03
-0.05

G o0 & pumie —

e Commis Commie e ok G

| S oo
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GRAVITY DATA SHEET NO. 5Q

JASGOW UNIVERSITY GHOLOGY DEPARTMENT
T — " . ( y o P —
' !
Station iElev. jObs.  jTheoret. jElev, jTerr. | Bouguer
j(ft.) Grav. jGrav. Corr. -Corr. jAnomaly
j (mgal) j(mgal)  (mgal)I(mgal)j (mgal)
1 1 -i ° 1. " e '11«—u L

X.30  536.31-11.67 1.27 L14.0110.36 i +0.10
X.31  560.0 -13.19 ¢1.34 #15.42 0.45  ¢0*15
X.32  562.4 -13.50 41.39 #15.561 0.52  ¢0.10
X.33  529.9 -11.67 ¢1.45 ¢13.64 0.41 -0.04
X.34 492.4 - 9,53 ¢1.54 +11.41 0.45 0.00
X.35 455.1 - 7%*40 #1.59 9.19 0.54  ¢0.05

L 2

X.36 413.4 - 4.76 41.61 ¢ 6.72! 0.63  ¢0.33
X.37 379.5 - 2.76 ¢1.67 ¢ 4.72 0.48 ¢0.24
X.30  349.4 - IwOl ¢1.73 ¢ 2.93 0.56 +0.34
X.39 328.5! ¢ 0.14 +1.82 ¢ 1.69 0.64  ¢0.42
X#40 351.6! - 1.27 ¢1.86 ¢ 3.06 0.50 +0.32
X.41 361.5 - 2.06 ¢1.92 ¢ 3.650.39 +0.03
X.42 331.2 - 3.39 ¢1.93 + 4.81 0.36 -0.16
X.43 397%1 - 4.48 ¢1.94 ¢ 5.76; 0.37 -0.28
X#44  412.9 - 5.70 +1.96 ¢ 6.70 0.37 -0.54
X.45 412.4 - 5.70 ¢1.97 ¢ 6.67 0.36 -0.57
X.46 4232 —6.46 ¢2.02 + 7.31 0.41 -0.59
X.47 411.4 - 5.64 ¢2.04 ¢ 6.61 0.44 -0.82
X.48 390.9; - 4.79 +2.12 + 5.39 0.47 -0.68
X.49 355.3 - 2.86 ¢2.20 ¢ 3.28 0.51 -0.74
X.50 367.0j- 3.76 ¢2.24 ¢ 3.98 0.57 -0.85
x.51 393.8|- 5.47 42.24 ¢ 5.56 0.75 -0.79

46 +10.95
.50 +11.28

.54 *11.25

018.2 -12.15 -3.92 ¢30.43 0
824.0| -12.57 -3.35 431.07 0
834.3 -13.32 -3.78 431.68 0
844.9 -14.24 -3.71 +32.31 0.53 +11.02
055.31 -15.12 -3.55  +32.93 0.64  ¢10.93
869.5 -16.45 -3.59 #33.77] 0.65 +10.51
833.3! -17.60 -3.49 ¢34.62 0.76 +10.41
900.3|-18.89 -3.43 +35.60 0.78 +10.21i
912.3|-19.95 -3.38 +436.31 0.93 +10.04
Y.I0 927.2|-21.26 -3.29 1+37.19; 1.17 ¢ 9494
Y.l 941.31-22.85 -3.24 |¢38.06i 1.21 | ¢ 9.35;
.19 1439.03 1.23 1 ¢ 8.88

KKK <<
© W a AW N =

1
w

< Y.12 958.2!1-24.32'



GRAVITY DATA

@ ASGOW UNIVERSITY

Station Elev.

Y.13
Y.14
Y.15
Y.16
Y.X7
Y.18
Y.19
Y. 20
Y. 21
Y.22
Y. 23
Y. 24
Y.25
Y. 26
Y. 27
Y. 2d
Y.29
Y.30
Y. 31
Y. 32
Y. 33
Y. 34
Y.35
Y. 36
*.37
*.38
Y. 39
Y.40
Y. 41
Y. 42
Y.43
Y.44
Y.45
Y. 46
Y. 47
Y.40
Y. 49
Y. 50
Y. 51
Y. 52

4

I1Obs.
(ft.) jGrav.

1

j

SHEET

NO.

GFOLOGY DEPARIVENT

-

f

jTheoret. Elev. 3Terr. ﬁ'BouguerJ

jGrav.

| (mgal) j(mgal)

|
997.51+26.00

993.5 -27.49
1008.3 -28.57
1019.1 -29.77
1045.9 -31+*53
1104.3 -35.21
1143.6 -37.39
1188.7 -40.37
1234.1 -43.13
1296.0 -47.51
1381.9 -53.47
1438.4 -56.99
1483.9 -60.76
1557.0 -65.87
1598.6 -68.42
1662.3 -73.12
1705.2 -76.00
1749.5 -79.16
1749.5 -79.06
1757.8; -79.74
1747.7 -79.05
1727.4j-78.20
1712.G-77.3?
11693.7 -76.25
1682.6 -76.06
1646.5 -73.60
1605.9 -71.22
1547.0 -68.07
1468.7 -63.02
1354.3 -56.15
1246. 0j -50.01
1224.9 -48.35
1191.0 -46.81
11711 -45.39
1123.5 -42.94
1104.8 -41.58!
1069.6; -39.29
'1042.5; -37.77i
1025.4 -36.48

996.7 -34.57

-1
-1
-1
-1
1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

.14
.08
.00
.95
.87
.80
.76
.68
.58
.54
.50
.44
.38
33
.26
.18
.10
.99
.95
.90
.85
.86
.78
.75
.66
.58
.49
41
33
.24
21
.24
.26
.26
.26
.28
31
.36
.39

.39

Corr. ICorr,
(mgal) j(mgal)! (mgal)
i !

j J

04C.17jJ 137  ¢8.53
¢41.121 1.39 | +8.07
442.00 1.56 j +8.12
| 42, 64! 1.72 1 +7.77
+44.231a .49 | +7.45
¢47.69! 1.09 | +6.89
¢50.02| 1.34 +7.3+
¢52.70 1.34 | +7.12
055.39 i« 30| >7.11
~59.07 1.68 +6.63
464.16  2.07 | #6.39
*67.51 2.67 ) t6.83
¢70.50 2.56 1+6.05
+74.54 3.09 *5.56
+77.01  2.99 | +5.45
+80.78 3.95 *15.56
¢83.33 4.24 +5.52
+85.95 4.35 ' 5.28
+85.96 3.84 +4.92
+86.45 3.71 t4.65
+85.85 3.92 ¢5.00
¢34.64 3.69 +4.44
+83.73 3%*58 ¢4.33
+82.65 3.53 +4.30
+81.99 3.53 13.93
¢79.85 3.03 1.}
*+77.44 2.70 *3.56
¢73.95 3.09 3.69
+69.30 2.71 !3.79
¢62.52 2.53 3.80
+56.10 2.70 | 3.71
+54.85 2.94 +4.32
¢52.84 3.26 ¢4.16
¢51.65 3.09 |4.21
048.83 3.26 ¢4.02
b47.72 2.71 |3.70
045.64 2.31 ' 3.48
1644.03! 2.45 #3748
043.02 1.91 ¢3.19
%41.31 1.95 3.43

! Anomaly

i

|

ok



GRAVITY DATA SKEET NO. 5,

GLASGOW UNIVERSITY GEOLOGY DEPARTMENT

Station Elcv. Obs. ‘Theoret. Elev. iTerr, jBouguer)
(ft.) Grav. jGrav. Corr. ‘Corr. j Anomaly;

(mgal) (mgal)  (mgal) j(mgaDl (mgal) j

698.0 - 7.10 - <56 423.60 1.21 49.28
742.0 - 9.75 - 48  426.21 1.13 49.24
786.6 -12.45 - <40 ¢28.85 1.29 ¢9.42
063.2 -16.94 ~ .37  33.40j 1.22  ¢9.44
926.1 -20.62 - .30 #37.13 1.58 49.92
993.9 -24.71 = .24  ¢41.15 1.92 +10.25
1058.1 -28.62 - .18 ¢44.96 1.44 +8.86
1100.5 -31.10 - .12  #47*47 1.50 49.88
1155.2 -34.95 - .08  ¢50.72 1.59 +9.41
1149.8, -34.15 - .99  ¢50.39 1.13 ¢9.51
1135-3 -33.49 - .96  449.53 1.05 49.26
Z.12 1108%7i -31.63 - .90  ¢47.96 0.91 9.47
Z.13 1092.2)-37.15 - .84  ¢46.98; 1.08 +8.74 i
Z.14 1085.2 -31.14 - .78  ¢46.56 0.97 +8.74
7Z.15 1072.6 -30.84 m .78  #45.82 1.11 ¢8.44
7Z.16 1087.2 -32.74 - .47 446.68 1.04 ¢7.64
Z.17 1123.7 -35.31 = .73  448.85 1.04 ¢6.98
Z.18 1150.1 -37.76 = .70  ¢50.41 1.13 ¢6.21
Z.19 1161.11-38.42 - 64 ¢51.06 1.22 ¢6.32
7420 XI87.9 -40.18 - .63  ¢52.65 1.32 +6.29
ZAL 1225.9 -42.59 = 59  #57.90 1.31 ¢6.16
2.22 1267.8 -45.39 = .56 #57.39 1.39 1+5.96
7.23 1309.2 -47.81 - .54 459.84 1.59 ¢6.21

1

1

1

1

2

2

2

2

2

2

3

3

3

3

3

NNNNNNNNN
© %N B W =

N N
— =
- Qo

7.24j1350.6 - +62.30 1.74 -
7.25 1382.1 -53.00 ~ .48  ¢64.21 1.85 ¢5.71
7.26 1+17.8 -55.90 - .45 466.28 1.89 ¢4.95
7.27 1450.+ -58.23 - .42  +68.21 1.94 ¢4.63
7.28 1+86.3 -60.71 - .41  ¢70.34 2.11 ¢4.46
7.29 1511.9 -62.54 ™ .38 “471.87 2.18 ¢4.26
7Z.30 1529.7 -63.80 . .30 ¢72.93 2.24 #4.15
Z.31 1584.3 -68.45 - .30  ¢76.16 2.50 ¢3.04
7.32 1631.1 -71.07 - .27 j+78.93 2.77 ¢3.49
7Z.33 1663.3 -73.37 - .24  30.84 2.88 +3.24
7.34 1694.0 -75.+3 - 22  ¢82.66 3.01 43.15
Z.35 1711.3 -76.63 - .19  ¢83.69 3.12 +¢3.12
2.36 1729.2 -78.12 - .19  ¢84.75 3.10 ¢2.67
7Z.37 1759.9 -80.26 - .17  +86.57 3.27 ¢2.54
7Z.38 1778.8 -82.19 - .16  ¢87.69 3.47 +1.94



GRAVITY DATA StiELI NO, 53

[ ASGOW UNIVERSITY GEOLOGY DEPARTMENT
! : 1 !
1 s
Station Elov. !Obs. jTheoret. IElev. jTerr. jBouguer
(ft.,) jGrav. jGrav. Corr. jCorr. j Anomaly =

j (mgal) |[(mgal)  (mgal) (mgal)' (mgal)
1 .

\ j
7Z.39 1733.9 -32.64 -3.15  ¢88.53 3 51 +2.44
Z.40 1307.51-34.04 -3.12  #89.40 3 56  ¢1.93
Z.41 1305.1i-33.64 -3.04  89.25 3 39 +2.19
742 1303.61-33.06 -2.99  ¢39.46 3 25 +1.99
7Z.43 1307.5 -83.79 -2.94 ¢39.39 3 05 +1.94
Z.44 1796.0 -83.40 -2.92 ¢33.71 316  +1.68
7.45 1777.0 -82.16 -2.90  +87.55 3 18 ¢1.84
Z.46 1746.0 -79.61 -2.87 +85.75 3 16 ¢2.56
7Z.47 1709.4 -77.31 -2.86 ¢33.59 316 +2.70
7.48 1663.0 -74.13 -2.86  ¢31.12 2 94  +3.20
7.49 1637.1 -71.72 -2.86  ¢79.29 2 93  +3.77 ;
Z.50 1589.3 -68.34 -2.006 ¢76.45 2 60  +3.93
7.51 1560.2 -65.96 -2.06  ¢74.73 2 59 14.63
7.52 1545.8 -65.26 -2.33 473.33 3 07 +4.99
7.53 1504.0 -62.33 -2.79 ¢71.40 2 78  +5.14
Z.54 1448.4 -58.75 -2.75 468.10 2 59 +5.32
Z.55 1409.1 -55.76 -2.69 ¢65.77 2 55 +6.00
7.56 1339.5 -51.82 -2.64 ¢61.64 1 90 +5.21
7Z.57 1303.4 -49.59 -2.61 ¢59.50 1 35 15.23
7.58 1264.2 -47.10 -2.57 ¢57.13 1 70  +5.34
7Z.59 1233.5 -45.17 -2.53 ¢55.38 1 60 +5.45
Z.60 1197.3 -42.91 -2.49 +53.21 1 42 #5.36
Z:61 1175,1 -41.53 -2.45 +51.89 1 43 +5.42
7Z.62 1153.4 -40.14 -2.41 ¢50.61) 1 30 +5.49
7.63 1128.5 -38.87 -2.38 +49.13 1 30 +5.31
7Z.64 1108.0 -37.81 -2.32 4791 1 27 +5.18

ek o e
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