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SUMMARY 

A detailed gravity survey of the Stranraer d i s t r i c t of South 
West Scotland was made by Mr. P. Kennett and the writer. The survey, 
the subsequent reduction of data and interpretation of the Bouguer 
anomalies are described. 

I t was found that a negative gravity anomaly of about 17 
m i l l i g a l s i s associated with the Carboniferous and New Red Sandstone 
sedimentary basin at Stranraer. The anomalies show that the basin 
has a mazimiim depth of not less than three thousand feet and i s 
possibly closer to four thousand f i v e hundred feet deep beneath 
Luce Bay, 

The possible nature and density of the concealed sediments 
f i l l i n g the basin i s discussed and the wri t e r suggests that they are 
probably mainly composed of New Red Sandstones having a density of 
about 2.5 gm/cm5. 

I t i s suggested further that the basin i s bounded by a normal 
f a u l t or step favQts along the eastern side and was formed by 
contemporaneous downwarping and sedimentation. 
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1. INTRODUCTION, STRATIGRAPHY AND STRUCTURE 

1.1 INTRODUCTION 

This thesis gives an account of a gravity survey of the 
Stranraer region of South West Scotland and i t s geological 
in t e r p r e t a t i o n . The work was done from the Department of Geology, 
the Durham Colleges, during 1959 and 1960 as part of an M.Sc. course 
i n geophysics. The i n i t i a l f i e l d survey was made by Mr. P. Kennett 
and the w r i t e r i n Autumn 1959» with a further short period i n the 
f i e l d during A p r i l , 1960. 

Stranraer l i e s on the f l a t f l o o r of a valley underlain by 
sediments of Carboniferous, New Red Sandstone, Pleistocene and 
Recent ages i n contrast to the surrounding more h i l l y country where 
Lower Palaeozoic rocks crop out. The purpose of the survey was 
primarily to investigate the shape and magnitude of this sedimentary 
basin using the gravity method and to compare i t with other B r i t i s h 
New Red Sandstone basins. It-was also hoped that the work would 
throw some l i g h t on New Red Sandstone sedimentation and tectonics. 

The region has been surveyed by Bullerwell as part of a 
regional survey of Scotland, (Private communication). His stations 
were too widely spaced to give detailed information but were 
s u f f i c i e n t to indicate a negative gravity anomaly of more than 
10 mgal and thus the probablg interest of further study. 



1.2 GEOLOGY OF THE STRANRAER AREA 

The Stranraer valley i s a broad "U" shaped feature running 
approximately north west to south east, (Fig. I , Inset). I t cuts 
transversely across the south western end of the bel t of Lower 
Palaeozoic rocks which s t r i k e north eastwards across Southern 
Scotland. I t i s the lov7est i n elevation and most westerly of a 
series of such transverse valleys which fora the main drainage 
pattern of the Southern Uplands, towards the Solv/ay F i r t h , (Moore, 
1849). The f l o o r of the valley i s partl y submerged; to the north 
of Stranraer beneath Loch Ryan, and to the south by Luce Bay, wliile 
the isthmus between i s generally below 100 feet Ordnance Datum, 
This f l a t f l o o r i s well covered with roads, making possible a 
detailed gravity survey with a non-portable gravity meter. The 
adjacent Lower Palaeozoic h i l l s rise steeply to 850 feet O.D. on 
the north east side and more gently to 600 feet O.D. to the west of 
the isthmus. 

The oldest rocks exposed i n the area are cleaved Ordovician 
and S i l u r i a n greywackes and shales which form the h i l l s on each side 
of the val l e y . The f l o o r i s underlain by sediments of presumed 
Millstone G r i t , New Red Sandstone, Pleistocene and Recent ages, 
supposedly resting on the Lower Palaeozoic basement rocks, (Fig. I ) . 

.1.2.1 STRATIGRAPHY 

a) Ordovician 
Rocks of Ordovician age crop out over the major part of the 

area, (Pig I ) forming the high h i l l s to the south west and north east 
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of the valley. They consist mainly of variants of gre3rwacke, 
flaggy s i l t s t o n e and mudstone/^ "with coarse conglomeratic bands 
reaching a maximum development at the northern end of the Rhinns of 
Galloway peninsula, (Fig. I , Inset). 

Following the early work of Moore (1840, 1849, 1856), Peach 
and Home (1899) concluded that most of the greywackes and shales 
were Glenkiln-Hartfell i n age, with a facies change northwards from 
black shales to coarse sediments. Kelling (1961) has recently 
described the Ordovician rocks of the Rhinns of Galloway i n some 
d e t a i l and agrees that the vast bulk of them are of Glenkiln-Hartfell 
age with some possibly being as lat e as B i r k h i l l times. He has 
advanced a strat i g r a p h i c a l succession within the greywackes on the 
basis of palaeontological and l i t h o l o g i c a l evidence, and using "way 
up" c r i t e r i a ; - l o a d casts, graded bedding, r i p p l e marks etc., (Table I ) 

Kelling's three main divisions, the Corsewall, Eirkcolm, and 
Portpatrick Groups of rocks, each 5000 to 6000 feet thick, are found 
successively from north of the Rhinns peninsula southwards, and are 
separated by large f a u l t s . The Corsewall Group i s flaggy i n i t s 
lower part and coarse and pebbly above, with thick boulder beds. The 
Kirkcolm and Portpatrick Groups consist of coarse and medium grained 
greywackes with f i n e r siltstones and dark mudstones increasing i n 
proportion southwards. These variations i n lithology are probably 
so rapid, and the different l i t h o l o g i c a l units so mixed that the 
overall rock densities are not much affected. 

b) S i l u r i a n 

Rocks of Silur i a n age are faulted against the Portpatrick 
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Group (Kelling, 1961) and form the southern part of the peninsula, 
(NX 0651). They are greywackes, shales and g r i t s containing Tarranon 
and B i r k h i l l f o s s i l s with bands of black B i r k h i l l Shales occurring 
i n the southeni part, (Geol. Surv., 1925). 

c) Carboniferpus 

Carboniferous rocks crop out i n a t h i n s t r i p a few hundred 
yards wide, running p a r a l l e l with the west side of Loch Ryan between 
Clachan (NX 050709) and Low Knockglass (NX 048586), (Fig. I ) . These 
rest with strong unconformity on the steeply dipping Ordovician strata. 
Thogh contacts are mainly obscured by d r i f t , the thickness i s probably 
less than one hundred feet, decreasing towards the south east. They 
consist of sandstones, siltstones and clays and include a t h i n basalt 
lava flow. The l i t h o l o g i c a l sequence i s not easily seen but 
argillaceous rocks dominate the lower part of the succession and 
arenaceous ones the upper part, (Fuller, 195^. \^ere exposed the 
rocks dip at 25° to 55° towards Lock Ryan. 

Moore (184fi) stated that these rocks had long been known to 
exis t , noting that they contained Stigmaria ficoides and Calamites 
remains, and correlated them with the Coal Measures of the Ayrshire 
Coalfield. Geikie and Irvine (1873) confirmed t h e i r Carboniferous 
age from poorly preserved f o s s i l plants including Alethopteris 
l o n c h i t i c a , but provisionally referred them to the lower group of the 
Calciferous Sandstone Series, the base of the Carboniferous System of 
Scotland. Peach (1897) considered them to be probably Upper 
Carboniferous. The occurrence of Alethopteris lonchitica would date 
these rocks as Lower Coal Measures or Millstone Grit and they are 



shown as the l a t t e r on the Geological Survey map, (1925), 

d) New Red Sandstone 

The Carboniferous beds are overlain by unconformable strata 
consisting of red sandstones and conglomerates. They crop out i n 
the one hundred and f i f t y foot c l i f f on the west shore of Loch 
Ryan at Sloughnagarry (NX 054706) where they are almost entirely 
conglomeratic with thinl seams of sandstone, from half an inch to 
two inches thick marking the lines of s t r a t i f i c a t i o n , ( I r v i n e , 1875)-
The conglomerate forms a low d r i f t mantled ridge, about one mile 
wide, running from Sloughnagarry domi the side of the valley to 
Stoneykirk, (NX 090550), (Fig. I ) . 

Moore (1842) referred to these rocks as "a red breccia", 
noting that they had no organic remains, and ventured no opinion 
respecting the period of t h e i r formation. They were l a t e r shown 
as Trias on the Quarter ImhMap Sheet 16, Scotland (Geol. Surv., 
1904), and as ? Permian on the One Inch Map Sheet 5, Scotland (1925). 
Fuller (1954) covers both p o s s i b i l i t i e s by r e f e r r i n g to these rocks 
as New Red Sandstone, 

The beds dip gently to the east or south east and probably 
everywhere underlie the s u p e r f i c i a l deposits of the valley f l o o r , 
being truncated near the east side by a d r i f t masked f a u l t with a 
downthrow of about three hundred feet to the south west, (Fuller, 
1954). Nearer the centre of the valley at V/est Freugh (NX 109542) 
a water borehole penetrated nearly f i v e hundred feet of conglomerate 
and eighty feet of brown sandstone without reaching the base of the 
formation, (Craig and La^-frie, 1945), (page 8 ) . A notable feature 
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West Freugh Borehole 

Location;- M 109542 
V7est Preugh A i r f i e l d , 1-̂  miles E.H.E. of Stoneykirk 

Collar;- 50 feet O.D. 

D r i f t 

New Red 
Sandstone 

Sand 
Clay 
Sand 
Clay,, with large stones 

at base 
Sand and Gravel.. 

Brown Sandstone 
Conglomerate, upper part 

brQken 
Conglomerate with t h i n 
bands of sandstone 

Conglomerate 
Sandstone 

61 
6 
8 

59 
61 

39 

71 
4141 
791 

690 

Data from D.S.I.R. Wartime Pamphlet No. 29, Craig and Lawrie, 1945. 



to emphasise at this^'stage i s that no previous worker has 
considered the succession to exceed one thousand feet i n thickness, 
Moore (1849) estimated the combined thickness of Carboniferous 
and New Red Sandstone rocks to be four hundred feet and Puller 
(1954) accords the New Red Sandstone Rocks alone a probable 
thickness of between.five hundred and one thousand feet. 

e) Pleistocene and Recent 

i ) Marine Alluvium 
The whole of the valley f l o o r from the shores of Loch Ryan 

to Luce Bay, i s mantled by thic k marine alluvium consisting of 
sands and gravels, into which the twenty f i v e , f i f t y and one hundred 
foot raised beaches have been cut.- The West Freugh Borehole (with 
i t s c o l l a r at 50 feet O.D.) passed through one hundred and f o r t y 
feet of gravels, sands and clays overlying the New Red Sandstone 
rocks, (Craig and Lawrie, 1945). A small part of the gravity 
anomaly must thus be caused by these unconsolidated deposits. 

i i ) Other Superficial Deposits 
Boiilder clay i s widely distributed on the h i l l s on each 

side of the valley, consisting of u n s t r a t i f i e d sandy clay with 
angular and sub-angular stones of greywake, g r i t , shale, metamorphic 
rocks and intrusives, ( I r v i n e , 1875). A low ridge of wind blo^m 
sand l i e s across the head of Luce Bay. Freshwater alluvium deposits 
are small i n extent being confined to the larger stream courses. 
The high ground i n the east of the area has considerable accumulations 
of peat almost completely hiding the underlying g l a c i a l d r i f t and rock. 
The western h i l l s also have numerous p e a t - f i l l e d hollows. 
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1.2.2 REGIONAL STRUCTURE 
During -the Caledonian orogeny the Ordovician and Silurian 

rocks were compressed into complex f o l d patterns whose 'axes follow 
north east - south west d i r e c t i o n j . Selling (1961) interprets the 
folds as a series of north facing as^ymmetrical anticlines 
puckered on t h e i r southern limbs. He considers the Ordovician 
rocks of the peninsula as four main st r u c t u r a l segments, separated 
by large f a u l t s , (Fig. I ) . The most northerly segment comprises 
the Corsewall Group rocks, bounded to the south by the Southern 
Uplands Fault ^-Aiich strikes N 60° E,' north of Clachan (NX 030709) 
and has a downthrow of 3000 to 4000 feet to the south. South of 
the Southern Uplands Fault are two segments composed of rocks of 
the Kirkcolm and Galdenoch Groups, separated by the Galdenoch 
Fault and bounded on the southern side by the Killantringan thrust 
zone, s t r i k i n g N 80*E. The fourth segment, of Portpatrick Group 
rocks, l i e s south of t h i s thrust zone and i s truncated by a further 
thrust s t r i k i n g N 50° E tov?ards Stoneykirk, and bringing i n the 
Silur i a n rocks to the south. A l l of these major f a u l t s and thrusts 
downthrow to the south and are of Caledonian age. Since the lower 
Palaeozoic rocks have a f a i r l y uniform density these Caledonian 
structures are unlikely to have more than a minor influence on the 
gravity ahomalies. 

1.2.3 
New Red Sandstone and Carboniferous Structure 

The basin containing the New Red Sandstone and Carboniferous 
rocks i s similar i n several respects to others i n the Southern 
Uplands since i t cuts across the north easterly strike of the folded 



11 

and faulted Lower Palaeozoic rocks and the i n f i l l i n g deposits 
thicken towards the centre, (West Freugh Borehole Data), cf. Dumfries 
and Lochmaben Basins, (Bott and Masson-Smith, 1960). 

Fuller (1954) considers that the New Red Sandstone and 
Carboniferous rocks l i e i n a syncline pitching south eastwards 
along an a x i a l l i n e through Kirkcolm, (NX 02:9688). Only the 
western limb and the northern extremity of the syncline are exposed. 
Tectonic dip i s consistently east or south east except near 
Sloughnagarry where i t i s horizontal or southwesterly. Fuller, 
considering the dip and thickness of the Carboniferous and New Red 
Sandstone strata on the west side of Loch Ryan, states that there 
i s not s u f f i c i e n t space beneath the loch to accommodate the eastern 
limb of a S3nmnetrical f o l d . He therefore postulates a hidden f a u l t 
rimning parallel, with the east shore c l i f f l i n e and truncating the 
east limb of the syncline, with a downthrow i n the region of 500 feet. 
I t w i l l be seen l a t e r that the gravity anomalies give new l i ^ t on 
t h i s problem of the existence and extent of an eastern boundary 
faiat. 



CHAPTER 2 THE GRAVITY SURVEY 
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2. THE GRAVITY SURVEY 

During four weeks spent i n the f i e l d 580 new gravity-
stations were occupied. A Prost North American gravity meter was 
used f o r the measurements and transported i n a Bedford van, 

2.1 THE FROST GRAVITY METER 

The Prost gravity meter consists essentially of a horizontal 
"beam pivoted at one end, loaded at the other and suspended by springs, 
Beam deflection i s not used d i r e c t l y to measure gravity changes, but 
the beam i s restored to an arb i t r a r y zero position by an auxiliar y 
spring having a micrometer screw tension adjuster. The auxiliary 
spring i s adjustable over a range of about 120 mgal so that the main 
spring only required resetting at the beginning of each survey period. 
The instrument has b u i l t i n barometric compensation and the 
temperature i s regulated by mercury thermoregulators and relays which 
control heating c o i l s i n the double, insulated casing. A thermometer 
and levels are f i t t e d i n the casing. Power for heating coils and 
ill u m i n a t i o n of the levels and scale i s provided by an external six 
v o l t car battery. 

2.2 OPERATION OP THE GRAVITY METER 

The meter was carried by van i n a doubly sprung container 
to minimise road shocks. For several days before and continuously 
during the sui'vey period current was supplied to the instrument to 
maintain the temperature at operation level of 36*^ Fahrenheit. 
Operation procedure i s as follows:-
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1) Place the tripod—on the spot chosen for the gravity station, 
usually near a convenient bench mark or spot height. Roughly level 
" thfe. t r i p o d head using the bulls-eye l e v e l . (On tarmacadam or immade 
roads i t was necessary to put small pieces of slate under the 
tripod legs to prevent them sinking.) 

2) Place the l e v e l l i n g plate on the tripod head and l i f t the gravity 
meter onto i t . Check the previous scale reading to ensure that i t 
has been accurately recorded. 

5) Adjiist the l e v e l l i n g plate thumbscrews u n t i l the instrument is 
accurately l e v e l . 

4) Gently unclamp the gravity meter beam. Turn the micrometer d i a l 
u n t i l the cross hair, viewed through the telescope, appears exactly 
at the n u l l point on the illuminated scale. 

5) Check that the meter is s t i l l l e v e l . 

6) Re-clamp the beam and record the reading of the micrometer d i a l . 
Replace the gravity meter i n i t s container and the tripod i n the van, 

7) Plot the station position and number on the Six Inch map. 

8) Measure the height of the station from the bench mark or spot 
height, using an Abney Level and rule f o r short distances or a 
telescopic l e v e l and s t a f f f o r longer ones. Record the height of 
the s t a t i o n and. time of reading the gravity meter. 



14 

2.3 CALIBRATION OF THE GRAVITY MTER 

I t was not possible to calibrate the instrument before 
the survey BO the previously determined value of some years 
standing, (0.0837 mgal per d i a l division) was used i n the 
reduction of data. The gravity meter was recalibrated after 
the survey by Messrs. Zennett, Scott, Smith and the wri t e r . 

2.3.1 METHOD OP CALIBRATION 

Gravity meter readings were taken at Geological Survey 
gravity base stations of known large gravity difference, at 
Newcastle-upon-Tyne, Durham, Northallerton and York. Their 
gravity values r e l a t i v e to the value at Pendulum House, Cambridge 
are as follows;7 

Newcastle-upon-Tyne .. 241.51 mgal (Bullerwell, private 
communication ) 

Durham .. .. .. 228.64 " ( " ) 
Northallerton . . . . 181.58 " ( » ) 
York 149.86 » » 

The gravity meter was taken by road from base to base 
recording the scale reading and time at each. The looping procedvire 
was used so that the d r i f t of the instrument could be calculated. 
Three c a l i b r a t i o n runs were made i n a l l : - Durham to York via 
Northallerton, Durham to Newcastle-upon-Tyne and Durham to 
Northallerton via an intermediate station at Darlington. The 
cal i b r a t i o n factor was derived from the overall differences of d i a l 
reading and gravity values between York and Newcastle-upon-Tyne, 
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^ ^ Gravity Value-Newcastle - Gravity Value York mgal/dial 
D r i f t Corrected Dial Difference, York - Newcastle division 

The new cali b r a t i o n factor i s 0.0832 mgal per d i a l division 

2.4 GRAVITY VALUES 

Gravity values were determined with respect to the Geological 
Survej Gravity Base Station at the gates of Loch Inch Castle on the 
A.75 road. This station with a gravity value of 981.25571 cm/sec^ 
i s connected by the Geological Survey gravity network to Pendulum 
House, Cambridge which has an assumed gravity value of 981,265 
cm/sec^, (Bullard & J o l l y , 1956). 

2.5 GRAVITY BASE STATIONS 

Two further base stations were set up at Portpatrick and 
Sandhead (Fig. l ) . They were connected to the Loch Inch base and 
to each other giving a triangular loop. The closing error was 0.45 
d i a l divisions (0.038 mgal), giving a standard error of 0.02 mgal f o r 
each of the two bases with respect to Loch Inch base. The values 
were closed by inspection, (Fig. 2). 

2.6 INTERMEDIATE GRAVITY STATIONS 

Intermediate gravity stations were occupied along pre-planned 
traverses, keeping them as f a r as possible perpendiciLLar to the axis of 
the valley. The average distance between stations on a traverse was 
less than half a mile. Base readings were normally taken at 
intervals not exceeding two hours so that the d r i f t of the gravity 
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F I G U R E 1 UNCLOSED AND C L O S E D GRAVITY B A S E STATION L O O P 
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meter was known. Wnan readings were taken along Luce Sands, four 
hours elapsed between base readings. Three readings made during 
1959 were reread i n A p r i l , 1960. The values agreed to within 0.1 
mgal. Their standard deviation was 0.03 mgal. 

2.7 REDUCTION OP DATA 

Dial readings must be corrected for instrument d r i f t and 
mul t i p l i e d by the cal i b r a t i o n factor to give gravity values i n 
m i l l i g a l s . These values then represent gravity at the points at 
which the readings were taken r e l a t i v e to Pendulum House. They 
are p a r t l y dependant on the l a t i t u d e , elevation and type of t e r r a i n 
i n the v i c i n i t y of the sta t i o n . Correction for each of these 
factors i s necessary before geological interpretation can proceed. • 
The corrected values are tenned Bouguer Values and are the basis 
for subsequent interpretation. The corrections necessary to obtain 
Bouguer Values are as follows:-

2.7.1 DRIFT CORRECTION 

Base station readings were plotted graphically against time. 
The d r i f t of the gravity meter was assiimed to be linear between base 
readings and corrections f o r intermediate station readings were read 
d i r e c t l y from the straight l i n e graphs. 

1.7.2 CONVERSION OF DIAL READINGS TO GRAVITY VALUES 

The d r i f t corrected scale readings were multiplied by the 
old c a l i b r a t i o n factor of the gravity meter (pageIV) and related 
to the gravity value i n milli^gals of the Loch Inch base station 
and hence to Pendulum House, 
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2.7.3 ELEVATION CORRECTION 

Gravity values vary with.elevation and must therefore be 
corrected to a datum l e v e l . I n t h i s case the readings were corrected 
with respect to Ordnance Datum or mean sea level at Newlyn, The 
elevation correction consists'of two parts, the Free-Air Correction, 
which i s very nearly constant, and the Bouguer Correction, The 
Free-Air Correction i s + 0,09406 mgal per foot, and the Bouguer 
Correction i s -0.01276 (5 mgal per foot, where i s the density of 
rocks between the gravity s t a t i o n and the datum l e v e l . The two 
corrections may be combined and added to the observed gravity value. 

v i z : - Total Elevation Correction = +h (0,09406 - 0.01276^) mgal. 

where h i s the height of the gravity station above the datum. 

In t h i s survey the t o t a l elevation corrections used were 
as follows:-

Ordovician & Silurian Rocks (Density 2.73 gm/cm5) 0,05922mgal/ft. 
New Red Sandstone Rocks (Density 2,33 gm/cm3) 0,06433mgal/ft. 

^Jhere the rock type was uncertain because hidden by d r i f t the 
correction was calculated f o r both types and two Bouguer values 
were plotted on the gravity map, the less l i k e l y value i n parentheses, 

2.7.4 LATITUDE CORRECTION 

The International Gravity Formula (Cassinis, Dore and Vallarin, 
1937) gives the normal gravity value f o r any given l a t i t u d e , and i s 
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based on a spheroid of -equatorial and polar r a d i i of 6,378,388 and 
6,356,909 metres respectively. The International Gravity Formula 
i s as follows :-

Q^cf) = 978.049 (1 + 0,0052884 s i n ^ f - 0.0000059 sin22 <^) 

where GQI^IS the normal gravity value at lat i t u d e and 978,049 i s 
the normal gravity value at the equator. 

Tables of normal gravity calculated from the International 
Gravity Formiila (Nettleton, 1940) were used to compile a table of 
normal gravity differences between a datum l a t i t u d e (Pendulum House), 
and the latitudes w i t h i n the survey area. An interpolation formula 
(Nettleton, 1940) was used to give values to single minutes, and a 
further table to give values to single seconds of l a t i t u d e . I n t h i s 
area the l a t i t u d e correction amounted to - 1,42 mgal per minute or 
approximately 1,2 mgal per mile. 

Most Nation latitudes were measured to the nearest second 
using Six Inch maps and a l a t i t u d e graticule. A few marginal stations 
were measured on the One Inch map. 

2.7.5. TERRAIN CORRECTION 

Correction needs also to be made f o r the uneven topography 
i n the v i c i n i t y of a gravity station. Any hump or h i l l near a 
station exerts an upward a t t r a c t i o n causing a reduction i n the 
observed gravity value, A hollow also causes a low reading since i t 
represents absence of rock which was assumed to be present i n making 
the Bouguer correction. Terrain corrections are therefore positive. 
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Terrain corrections were calcvilated using the computer method 
developed by Bott, (1959). I t i s unnecessary to describe the method 
here except to say that the computer programme used makes no 
correction f o r t e r r a i n very close to a station. Hammer Zone 
Charts and tables were used to work out the contribution to the 
t e r r a i n corrections of the innermost zones c,d,e,f,g, working on 
the Two and a Half and Six Inch Scale maps. 

2.8 BOUGUER VALUES 

A table of Bouguer Values i s given i n Appendix 2. The 
Bouguer Values were plotted on a map of Two and a Half Inches to 
One Mile and isogals drawn at one mgal intervals. Values at Geological 
Survey stations were plotted as well as values measured at sea i n 
Luce Bay by Bott et a l , (Private Communication). 

2.9 ERRORS IN THE BOUGUER VALUES 

2.9.1 BASE STATION ERRORS 

The errors i n the values of the Portpatrick and Sandhead 
base stations was mentioned i n 2.5. The Standard Error of each base 
was 0.02 mgal with respect to the Loch Inch base station, 

2.9.2 OBSERVATIONAL ERROiS" 

Observational errors arise from reading the micrometer d i a l 
wrongly and from inaccurate l e v e l l i n g of the gravity meter. Both 
of these were minimised by double checking. The micrometer was 
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checked before setting up rat a subsequent station and the l e v e l l i n g 
was re-checked before f i n a l l y recording a reading, 

2.9.3 DRIFT ERRORS 

Errors are made i n assuming that the instrument d r i f t i s 
linea r between base readings. The errors are reduced by taking base 
readings at frequent in t e r v a l s , normally two hours or less. The 
maximum rate of d r i f t detectable from base readings was 0.14 mgal 
per hour. The average d r i f t rate calculated from a l l the base 
readings was less than 0.04 mgal per hour. The standard deviation of 
three readings which were repeated six months after f i r s t reading 
was 0,03 mgal. 

2.9.4 ERROR IN CALIBRATION 

Calibration of the gravity meter subsequent to the survey 
showed that the ca l i b r a t i o n factor used i n converting d i a l readings 
to g r a v i t y values was too large by 0.0005 mgal per d i a l division. 
This causes a maximuin error of +0.25 mgal between the highest and 
lowest values of the survey, 

2.9.5 LATITUDE CORRECTION ERRORS 

The great majority of station latitudes were read to the 
nearest second from Six Inch Scale maps. An error of one second of 
la t i t u d e causes an error i n the gravity value of 0.024 mgal. The 
la t i t u d e of each station was checked by a second observer so 
accidental errors are unlikely. 
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2.9.6 ERRORS IN HEIGHT CORRECTION 

A discrepancy of one foot leads to an error of 0.094 mgal 
i n the free a i r correction, and 0.03 mgal i n the Bouguer Correction 
f o r a rock density of 2.33 gm/cm3. These corrections are opposite 
i n sign and therefore give a combined error of 0.064 mgal per foot. 
One Hmidred and Twenty of the gravity stations were levelled from 
bench marks, using bench mark l i s t s issued by the Ordnance Survey. 
These stations are probably measiored accurately to - 0.2 feet. The 
remainder of the stations were sited on spot heights recorded on the 
Six Inch Ordnance Survey maps. These are.probably accurate t o 
1 1 foot. The maximum error i n height correction i s therefore 
- 0.064 mgal. 

2.9.7 ERRORS IN ROCK DENSITIES 

A density value i n error by 0.1 gm/cm3 causes an error i n 
the Bouguer Correction of 0.0013 mgal per foot. I t i s unlikely that 
the densities used i n reduction are wrong by more than 0.20 gm/cm3 
so the maximiam error i s - 0.0026 mgal/foot. 

2.9.8 ERRORS IN TERRAIN CORRECTION 

The computer method used f o r calculating t e r r a i n corrections 
i s accurate to within 3fo i f the zone chart method i s assumed to give 
correct values (Bott, 1959). The maximum t e r r a i n correction i n th i s 
survey was 2.35 mgal so the maximum error i s ~ 0.12 mgal' . The 
great majority of stations had t e r r a i n corrections of less than 0.5 
mgal so the normal error must be less than 0.025 mgal. 
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2.9.9 TOTAL ERROR 

The maximum t o t a l error i n the Bouguer values i s possibly 
as great as 0.5 mgal ,. Of t h i s error a large part i s systemi^atic 
and known,being the cal i b r a t i o n error. As a result the maximum 
anomaly i s i n error by + 0.25 mgal,':. The remaining error i s 
uncertain but i s probably i 0.1 mgal. 
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3. DETERMINATION OP ROCK DENSITIES 

Knowledge of the rock densities i s required both i n the 
of 

reduction ̂ gravity readings and i n the interpretation of the Bouguer 
anomalies. A l l but a few of the density values \ised i n t h i s survey 
were determined by other workers. A l l of the determinations however 
were made using the laboratory method described below. No 
measurements were made on the New Red Sandstone rocks of the 
Stranraer area, since, i n the few places where they are exposed they 
consist almost e n t i r e l y of a coarse breccia which i s too heterogeneous 
to be measured by the method described. The density could not be 
determined by the gravity traverse method because a l l of the area 
underlain by New Red Sandstone rocks has anomalous gravity values. 
For reduction purposes the density of these rocks was assumed to 
be the same as that of the New Red Sandstone rocks of Dumfries and 
Lochmaben, (Botl^J 1960). 

3.1 mmoD 

Sixteen small \mweathered specimens of Ordovician shale and 
greywacke were collected from quarries and road cuttings i n the area. 
They were placed i n a tank which was sealed and evacuated. After 
several hours s u f f i c i e n t water to cover the specimens was introduced 
while the vacuum was maintained. They were l e f t to soak fo r twenty-
four hours so that the pore spaces f i l l e d with water. Each specimen 
was then weighed twice, f i r s t suspended i n water, and second, a f t e r 
b l o t t i n g o f f surface moisture, i n a i r . The l a t t e r was the saturated 
weight, and the difference of the txTO v/eights was the volume of the 
specimen. The saturated density was obtained as follows:-



„ , . , T̂  Saturated Weight i n A i r (gm,) _ / 3 
Saturated Density = T ' gm./cm-̂  

Sat,Wt,in Air(gm,) - Sat,¥t, i n Water (gm.) 

3.2 . ROCK DENSITIES 

Saturated rock densities of specimens collected from the 
Stranraer, Dalbeattie and Dumfries areas are given i n Table 2. These 
suggest that the density of Lower Paleozoic rocks i s 2.71 - 0,05 gm/cm5 
and of New Red Sandstone rocks 2,33 - 0,04 gm/cm5. The density 
contrast between these rocks i s therefore of the order of 0,4 gm/cm5. 

The density contrast between Lower Paleozoic and Carboniferous 
rocks i s probably 0.15 - 0.2 gm/cm3 (Bott & Masson-Smith, 1957) while 
the unconsolidated surface deposits probably have a density of 2.0 -
2.1 gm/cm5 (Jakosky, 1950, Birch, 1942, Nettleton, 1940) and contrast 
with the Lower Palaeozoic rocks by 0.7 gm/cm5. 

When the reductions of gravity values were made the rock 
densities were assumed to be 2.73 and 2.33 gm/cm5 for Lower Palaeozoic 
and New Red Sandstone rocks respectively (page I7 ). The value used 
f o r Lower Palaeozoic rocks was therefore i n error by 0.02 gm/cm3, 
causing an error i n the Bouguer correction of 0.13 mgal at the 
stat i o n at the highest ele^^ation of fi v e hundred and eleven feet O.D, 

Any estimation of the density of the New Red Sandstone rocks, 
which are presumed to underlie the major part of the valley f l o o r , 
must be mainly conjectural at th i s stage. There are several 
p o s s i b i l i t i e s . 

(a) The rocks could be en t i r e l y composed of breccias as where 
they are exposed along the west side of the valley, (1.2.1. d). Fuller 
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.TABLE 2 

Rock Type L o c a l i t y No. of 
Specimens 

Saturated 
Density 
gm/cm 

Determined 
by:-

S i l u r i a n 
Shale 

5 L o c a l i t i e s 
S. Uplands 27 2.714-0.049 

S i l u r i a n 
Greywacke 

7 L o c a l i t i e s 
S. Uplands 65 2.706i0.055 

Bott 
& 

Masson Smith 
(1960) New Red 

Sandstone 

Dumfries Basin 
Locharbriggs 
Surface 
200ft Depth 

I I 
22 

2.25 - 0.05 
2.53 ^ 0.04 

Bott 
& 

Masson Smith 
(1960) 

Lochmaben 
Bas i n 14 2.32 ± 0.04 

S i l u r i a n 
Shale Haugh of Urr 5 2.71 i 0.004 

S i l u r i a n 
Grrejrwacke 9 2.71 - 0.002 

Kennett 
(M.Sc, Thesis 
unpublished) 

«i Dundrennan 14 2.72 i 0.006 

Permian Red 
Sandstone 

Mauchline 
A y r s h i r e 17 2.28 i 0.03 A. C. McLean 

(1961) 

L, Palaeozoic 
Sediments 
& S p i l i t e s 

A y r s h i r e 68 2.72 

Ordovician 
Greywacke 
& Shale 

S t r a n r a e r 
D i s t r i c t 16 2.704 - O OS Writer 

Saturated D e n s i t i e s of Rocks from S.W. Scotland 
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(1954) considers a t l e a s t ninety-nine per cent of the boulders i n 

the b r e c c i a to be v a r i a n t s of greywacke and s l a t e which could have 

been derived from the l o c a l Lower Palaeozoic rocks. The bre c c i a , 

therefore, probably has a density of 2.5 - 2.6 gm/cm3. I n t h i s 

case the adoption of a density value of 2.33 gm/cm^by analogy with 

the Dumfries and Loclsmaben sandstones would be quite i n v a l i d . 

(b) The b r e c c i a which outcrops could be a large lens 

occurring i n the main formation of sandstone, as lenses of brockram 

occur i n the Pe n r i t h Sandstone of north west England. I n t h i s case 

other l e n s e s of b r e c c i a might occur i n the other parts of the v a l l e y . 

These would p o s s i b l y be indic a t e d by r e l a t i v e l y p o s i t i v e areas i n the 

gerErally negative g r a v i t y f i e l d . 

( c ) The deposit may c o n s i s t of interbedded b r e c c i a s and 

sandstone. (Sandstone does occur beneath the v a l l e y as shown by the 

West Preugh borehole ( P i g . 1) where a t l e a s t eighty feet of sandstone 

a#€ o v e r l a i n by ne a r l y f i v e hundred feet of b r e c c i a ) . I n t h i s case 

the d e n s i t y would probably l i e between 2.33 and 2.5 gm/cm3 depending 

upon the r e l a t i v e proportions of sandstone and b r e c c i a . 

These u n c e r t a i n t i e s made i t necessary to i n t e r p r e t the 

g r a v i t y anomalies f o r a range of density contrasts to cover d i f f e r e n t 

p o s s i b i l i t i e s (Ghap. 5 ) . 
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to s c a l e and then use a g r a t i c u l e . Recently computer methods 

have been used for c a l c u l a t i n g g r a v i t y anomalies. 

4.3 TWO DIMENSIONAL I4ETH0DS 

I n a case where the body causing a g r a v i t y anomaly i s 

l i n e a r l y elongated, a f a i r approximation of the cross - s e c t i o n a l 

shape may be c a l c u l a t e d by assuming that the body extends to plus 

and minus i n f i n i t y i n the d i r e c t i o n of i t s long a x i s . A small 

underestimate of the depth of the cross - s e c t i o n i s involved i n 

t h i s method due to the end e f f e c t . The e r r o r increases with the 

depth of the body. 

4.4 COr^PUTER METHODS 

a) A d i g i t a l computer method i s a v a i l a b l e (Talwani et a l ) which 

makes p o s s i b l e the c a l c u l a t i o n of the t h e o r e t i c a l g r a v i t y anomaly 

across any s p e c i f i e d two dimensional model bounded by a polygonal 

s e r i e s of s t r a i g h t l i n e s . The method i s based on the formula f o r 

the g r a v i t a t i o n a l e f f e c t of a h o r i z o n t a l , s e m i - i n f i n i t e slab bounded 

by a sloping end s u r f a c e , ( P i g . 4c;). The formula given by Heiland 

(1946) i s as f o l l o w s ; -

g = 2(7(^^ (D02 - dGi) - ( x s i n i + d cos i ) [ s i n i loge +cos i ( ^ ^ ) 

where g i s the g r a v i t a t i o n a l e f f e c t of the s e m i - i n f i n i t e slab a t 

point P, G i s the g r a v i t a t i o n a l constant, a n d ^ i s the density contrast 

between the s l a b and siirrounding m a t e r i a l . The remaining sjrmbole are 

shown i n Pi g . 4c. 
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Any polygon can be represented by a s e r i e s of sloping ended 

s l a b s bounded by h o r i z o n t a l s u r f a c e s . Pig. 4d (1) shows a polygonal 

body divided into h o r i z o n t a l s l a b s a, b, q, d, whose thicknesses 

are determined by the sloping surfaces of the l e f t hand side, and 

extending to i n f i n i t y on the r i g h t . Pig. 4d (2) shows a s e r i e s of 

s e m i - i n f i n i t e s l a b s e, f , g, based upon the sloping surfaces of the 

r i g h t hand side of the body. I f the g r a v i t a t i o n a l e f f e c t a t P of 

s l a b a i s A, and of s l a b b i s B e t c . , the g r a v i t a t i o n a l e f f e c t of 

the whole body w i l l b e A + B + C + D - E - F - G . 

The computer method vjorks on the above p r i n c i p l e . I n 

p r a c t i c e a s t a t i o n tape i s prepared g i v i n g the p o s i t i o n of each 

point f o r which the c a l c u l a t e d anomaly i s required, ( P i g . 4 e ) . A 

second tape gives the distance (x) and depth (d) co-ordinates of 

each s u r f a c e of the polygonal model, and the density contrast. 

The programme deals with each sloping ended s l a b i n turn, s t a r t i n g 

from the top of the model and proceeding anti-clockwise, (Pig. 4 e ) . 

I f the second depth co-ordinate of a slab i s greater than the f i r s t 

the e f f e c t i s made p o s i t i v e and v i c e - v e r s a . The c a l c u l a t e d 

anomalies are plotted alongside the observed gravity values to show 

the r e s i d u a l anomalies. 

b) A second computer method allows the calculs.tion of the shapes 

of two dimensional sedimentary basins, of knoTO density contrast, 

from t h e i r g r a v i t y anomalies, (Bott, 1960). I t i s a l o g i c a l 

development of the method j u s t described having the a.dditional 

f a c i l i t y of c o nstructing the model, comparing the c a l c u l a t e d and 

observed g r a v i t y values, and a l t e r i n g the shape of the model i n the 
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d i r e c t i o n i n d i c a t e d by the residual-anomalies. When a g r a v i t y 

anomaly can be e n t i r e l y a t t r i b u t e d to a continuous sedimentary 

b a s i n and the density c o n t r a s t between the sediments and coimty 

rocks i s known, then the conditions s e t out e a r l i e r (4.1) are 

f \ i l f i l l e d and the shape of the basin can be determined. The 

method i s as follows 

F i r s t , from the map of Boug^uer values a g r a v i t y p r o f i l e 

i s drawn across the width of the sedimentary basin, which i s then 

divided i n t o a s e r i e s of v e r t i c a l , two dimensional columns, (Pig . 4a). 

The object i s to f i n d the thickness of sediment beneath each column, 

which would cause the observed g r a v i t y p r o f i l e . The computer i s 

supplied with d e t a i l s of the co-ordinates, h a l f width, density 

c o n t r a s t and the r e g i o n a l l y corrected g r a v i t y anomaly a t the centre 

point of each column. The f i r s t model i s constructed by making the 

thickne s s of sediment beneath each column equal to the thickness of 

a h o r i z o n t a l i n f i n i t e s l a b of the given density contrast, required 

to give the observed anomaly at the centre of the column. The 

c a l c u l a t e d anomaly f o r t h i s model i s obtained by considering the 

sediments beneath each column to be a two dimensional rectangiilar 

block, and by summing the contribution of a l l the blocks f o r each 

p o s i t i o n on the p r o f i l e . The c a l c u l a t e d anomalies f o r the model 

are subtracted from the observed values to give the r e s i d u a l 

anomalies. The depth of each block of sediments i s then a l t e r e d i n 

the d i r e c t i o n i n d i c a t e d by the r e s i d u a l s , and the anomaly r e c a l c u l a t e d 

and compared again with the observed values. This process of 

progressive approximation i s u s u a l l y repeated ten times or u n t i l 

the r e s i d u a l s are smaller than the observational e r r o r . This method 
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i s s u b j e c t to the end e f f e c t e r r o r mentioned i n 4.3> (Two Dimensional 

Methods). 

4.5 APPLICATION 

Both computer methods were used i n i n t e r p r e t i n g the Bouguer 

anomalies. F i r s t the shape of the sedimentary basin was c a l c u l a t e d 

i n terms of a s e r i e s of rectangular blocks (4.4b, F i g . 4a). The 

model was then redrawn making the lower boundary polygonal, (Pig. 4b). 

The t h e o r e t i c a l g r a v i t y anomaly f o r t h i s polygonal model was then 

c a l c u l a t e d using the f i r s t computer method (4.4a) and compared vdth 

the observed Bouguer anomaly as a check on the accuracy of the 

c a l c u l a t e d shape of the b a s i n . I n each case the c a l c u l a t e d anomaly 

c o r r e l a t e d w e l l with the observed g r a v i t y values. 
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5. DESCRIPTION AND INTERPRETATION OP BOUGUER ANOMY 

5.1 DESCRIPTION OP BOUGUER ANOMALY 

The contour map of Bouguer values (Appendix 1) shows a 

negative g r a v i t y anomaly coinciding with the Stranraer v a l l e y . The 

backgroxmd values on each s i d e of the v a l l e y are of the order of •»-29.5 

to+30.5 mgal f a l l i n g to +12 tQ+20 mgal over the v a l l e y f l o o r . The 

anomaly i s l i n e a r , p a r a l l e l to the v a l l e y and as^ymmetrical i n cross 

s e c t i o n . Prom south west to north east the g r a v i t y values f a l l 

f a i r l y s t e a d i l y over the west side of the v a l l e y and the v a l l e y f l o o r 

and then i n c r e a s e r a p i d l y over the eastern side to background l e v e l . 

This steep g r a v i t y gradient i s a marked feature running the length 

of the v a l l e y ' s e a s t e r n s i d e . The maximum gradient i s of the order 

of 17 mgal per mile. The lowest g r a v i t y value recorded was+11.6 mgal 

on the northern shore of Luce Bay, The nearest undisturbed area has a 

value of +28,5 mgal g i v i n g a maximum anomaly of 17 mgal. The l i n e a r 

trough shaped anomaly i s apparently closed to the north and more 

recent measurements a t sea i n Luce Bay by Bott et a l ( p r i v a t e 

communication) show that the anomaly also c l o s e s to the south. 
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5.2 PHYSIOAL. INTERPRETATI ON 

Some f a c t s may be deduced about the cause of the anomaly on 

purely p h y s i c a l groimds. 

a) The negative g r a v i t y anomaly must be caused by some body of lower 

density than the cogntry rocks. A q u a n t i t a t i v e estimate of the 

thic k n e s s of the body can be made. The minimum possible thickness 

f o r a body causing the anomaly i s given by the formula for the 

g r a v i t a t i o n a l e f f e c t of a h o r i z o n t a l i n f i n i t e s l a b , of maximum 

density c o n t r a s t . 

i . e . Anomaly = 2-nG-<̂t 

where G i s the g r a v i t a t i o n a l constant, ^ i s the density contrast and t 

i s the thi c k n e s s of the body. For t h i s anomaly of 17 mgal and for a 

maximum p o s s i b l e density contrast of 0.5 gm/cm^ the body must have a 

thicknes s g r e a t e r than 2650 f e e t . 

b) The body must be elongated north west to south east to cause such 

a l i n e a r anomaly. 

c) The steepness of the g r a v i t y gradient and the rapid changes of 

gradient suggest that the body causing the anomaly i s not f a r below 

the ground s u r f a c e . A l i m i t i n g depth formula (Smith, 1959, Theorem 3) 

may be used to f i n d the maximum possible depth to the top of the body. 

2.70 GO max ^ 
x.e. Depth - ^ (t-^s-v*-; 

A "max 
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where A" i s the r a t e of change of g r a v i t y gradient. A"max taken 

from p r o f i l e C-C' i s mgal / thousand f e e t / thousand feet and 

gives a maximum depth to the top of the body of •56©€!(feet^ * <M^x>!j (j>*Pii\ 

d) The as0ymmetry of the anomaly shows that the body must also be 

as^ymmetrical i n cross s e c t i o n . 

5.3 GEOLOGICAL ASPECTS OP THE GRAVITY ANOMLY 

5.3.1 THE CAUSE OP THE ANOÎ IALY 

The geographic coincidence of r e l a t i v e l y low Bouguer values 

and the valley'sediments i s immediately apparent. I t i s known from 

the exposed rocks i n the north west (Sloughnagarry NX 034706) and the 

borehole at West Preugh (NX 109542) i n the centre of the v a l l e y , that 

New Red Sandstone rocks t h i c k e n towards the south east. The negative 

anomaly a l s o i n c r e a s e s i n the same d i r e c t i o n . I t i s supposed that 

the New Red Sandstone rocks are bounded to the east by a hidden f a u l t , 

( F u l l e r , 1954). This would c o r r e l a t e with the very steep g r a v i t y 

gradient running approximately p a r a l l e l to the supposed f a u l t l i n e . 

The New Red Sandstone rocks are covered only by d r i f t deposits as shown 

i n the borehole and i t has already been shown (5.2c) that the cause of 

the g r a v i t y anomaly i s not deep-seated. Thus i t would seem highly 

reasonable to assume that the low density sediments w i t h i n the v a l l e y 

(Carboniferous, New Red Sandstone rocks and d r i f t ) are the cause of 

the g r a v i t y anomaly. 

5.3.2. THE SHAPE OP THE BASIN 

Assuming that the sedimentary trough i s the cause of the 
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anomaly, the i n t e r p r e t i v e procedures set out i n Chapter 4 can be used 

to c a l c u l a t e the two-dimensional profile.s of the trough. Bouguer 

Anomaly p r o f i l e s are plo t t e d along the s e c t i o n l i n e s A-A', B-B', 

C-O' and D-D' (Appendix I ) and corrected where necessary f o r the 

r e g i o n a l g r a v i t y gradient. Depth p r o f i l e s are computed using density 

c o n t r a s t s between the Lower Palaeozoic basement and sediments of 0.3, 

0.4 and 0.5 gm/cm^, f o r each l i n e of s e c t i o n . The models derived by 

the computer are shoxm i n f i g i i r e s 5A to 5D The anomalies have been 

r e c a l c u l a t e d from s i m i l a r but polygonal models and found to agree quite 

c l o s e l y with the observed values. One example of a polygonal model 

and i t s r e s i d u a l anomaly i s given i n Pig. 5P 

A l l the models derived from the Bougaer Anomaly p r o f i l e s have 

a s i m i l a r b a s i c shape and d i f f e r s i g n i f i c a n t l y only i n depth according 

to the density c o n t r a s t s . They shovj that the sediments thicken s t e a d i l y 

from the south west reaching a maximum depth beneath an a x i a l l i n e two 

t h i r d s to three quarters of the distance across the v a l l e y , and then 

t h i n very r a p i d l y to the eastern margin. I t appears from the models 

A, B and G that the eastern boundary i s steep and thus probably a 

normal f a u l t as supposed by P u l l e r (1954), or a s e r i e s of c l o s e l y 

spaced normal step f a u l t s . This eastern boundary i s shown to be a 

l i t t l e more e a s t e r l y than the c o n j e c t u r a l boundary i n Pig. 1 which 

i s taken from the Geological Svirvey One Inch Map, Sheet 3, Scotland, 

(1923). The models based on the Bouguer Anomaly p r o f i l e D-D' do not 

show such a steep bovmdary on the eastern s i d e , i n d i c a t i n g that step 

f a u l t s p o s s i b l y occur here. 
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5.3.5. THE CONTENTS OF THE BASIN 

The models i n Figs. 5^ to $D are calculated as i f the sediments 
i n the basin are e n t i r e l y composed of New Red Sandstone rocks whose 
density contrast with the Lower Palaeozoic basement may vary between 
0.3 gm/cm^ and 0.5 gm/cm"̂ . No account i s taken i n the models of the 
Carboniferous beds which are known to underlie the New Red Sandstone 
rocks i n the north west of the area, or of the Pleistocene and Recent 
sediments which overlie them over most of the valley f l o o r . 

i ) Pleistocene and Recent Deposits 

The extent of Pleistocene and Recent sediments i s more 
thoroughly known than that of the Carboniferous rocks and l i m i t s can 
probably be placed on the thickness of these loosely consolidated 
deposits. I t i s l i k e l y that t h e i r average thickness l i e s between 
f i f t y and two hundred feet (one hundred and f o r t y feet of sands, clays 
and gravels were found i n the V/est Freugh borehole - page 8 ). Assuming 
the density of these deposits to be 2.0 gm/cm"̂  they vrould account f o r 
0.9 mgalr of the gravity anomaly per hundred feet. They probably do 
not account therefore f o r more than 2 mgal. of the t o t a l Bouguer 
Anomaly, 

i i ) Carboniferous and ? Old Red Sandstone Rocks 

The extent of Carboniferous rocks i n the basin i s not known. 
Prom t h e i r outcrop i n the north west they appear to t h i n southwards 
(page 4> ) but i t i s quite possible that they continue r i g h t under the 
basin and may thicken eastwards as do the New Red Sandstone rocks. 
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I t i s also possible-that Old Red Sandstone rocks occur i n the basin, 
completely hidden by the l a t e r formations. The gravity anomalies 
alone are not s u f f i c i e n t to distinguish between the different 
p o s s i b i l i t i e s , so "geological probability" must be invoked to f i n d 
the more l i k e l y solutions. 

As stated i n Chapter 3c. (page the density contrast 
betx-jeen Carboniferous and Lower Palaeozoic rocks i s l i k e l y to be 
0.15 to 0.2 gm/cm̂ . I f the anomaly of 15 mgal was caused by these 
rocks t h e i r thickness would have to be at least six thousand feet 
which i s geologically unlikely. I t is not possible, howevef, to 
exclude the p o s s i b i l i t y of there being a moderate thickness of 
Carboniferous, and even Old Red Sandstone rocks i n the bottom of 
the basin, 

i i i ) New Red Sandstone Rocks 

The density of the New Red Sandstone rocks is not known with 
certainty since the proportions of breccia and sandstone are unknown, 
(page ). The three possible combinations of the two rock types 
described i n Chapter 3£'- (page ) w i l l be discussed i n turn. 

a) The New Red Sandstone rocks are composed entir e l y of breccia having 
a density contrast of 0.15 to 0.2 gm/cm̂ . 

The v a l i d i t y of t h i s hypothesis i s weakened by two factors, 
( i ) Sandstone was proved to reach a thickness of at least seventy eight 
feet i n the V7est Freugh borehole ( i i ) At least six thousand feet of 
breccia would be required to cause the anomaly of f i f t e e n mgal. This 
thickness i s geologically improbably? i n such a narrow basin, (the 
same objection would apply to any combination of Carboniferous rocks 
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and New Red Sandstone breccia since they both have a l i k e l y density 
contrast of 0.2 gm/cm̂  or less.) 

b) The breccia may occur i n large lenses i n a main mass of sandstone. 
Such lenses would possibly be indicated by r e l a t i v e l y positive 

areas i n the negative gravity f i e l d , though a similar effect might be 
caused by a k n o l l i n the Pre-New Red Sandstone or Pre-Carboniferous 
f l o o r . This p o s s i b i l i t y cannot be entir e l y eliminated. 

c) The New Red Sandstone rocks may consist of interbedded breccias 
and sandstone. 

By analogy with the New Red.Sandstone deposits at Dumfries 
(Bott and Masson-Smith, 1960) t h i s hypothesis would seem to be 
geologically the most satisfactory. Breccias may form up to half of 
the rocks i n the deepest parts of the basin. They are unlikely to 
form a greater proportion because of the excessive depth which would 
be required to cause the anomaly. This p o s s i b i l i t y of there being 
equal proportions of breccia and sandstone haŝ^ been accounted f o r i n 
calculating models A l , B l , 01 and Dl, for a lower l i m i t i n g density 
contrast of 0.3 gm/cm̂ . Models A5f B5, C3 and D3 were derived for 
an upper l i m i t i n g density contrast of 0.5 gm/cm"̂  because of the 
uncertainty as to the true density of the New Red Sandstone rocks. 
I t i s almost certain that the true density contrast l i e s between these 
l i m i t s and a t h i r d set of models (A2, B2, C2 and D2) were derived f o r 
a contrast of 0,4 gm/cm"̂ , 

A fur t h e r p o s s i b i l i t y arises, that the breccias are dominant 
on the western margin (as at Dumfries) and become subordinate to 
sandstones which thicken eastwards. Model 04 (Pig S'c) takes account 
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of t h i s p o s s i b i l i t y , with the density -contrast increasing from 
0.2 gm/cm̂  ( a l l breccia) i n the west to 0.4 gm/cm̂  (sandstone dominant) 
i n the centre of the basin. 

On the basis of the models, approximate depth contours were 
drawn on outline maps of the basin f o r density contrasts of 0.3, 
0.4/ and 0.5 gm/cm̂  (Figs. 6', 7, and 8 ). 

5.4 DISCUSSION 

The Lower Paleozoic f l o o r of the Stranraer sedimentary basin 
i s much deeper than was o r i g i n a l l y supposed (page'^). Even though 
the density contrast between the sediments and the basement i s 
uncertain i t seems, l i k e l y that the basin has a depth of about four 
thousand four hundred feet beneath the north shore of Luce Bay 
(NX 153550), assuming a density contrast of 0.4 gm/cm5. Even for 
the maximum possible density contrast of 0.5 gm/cm3 the deepest part 
. of the basin i s not less than three thousand two hundred feet below 
sea l e v e l . I f Carboniferous rocks and/or New Red Sandstone breccia 
form any large proportion of the sediments, the depth must necessarily 
be much greater. The geological unlikelihood of even greater depths 
than four thousand feet i n such a narrow basin would suggest that most 
of the basin i s f i l l e d with sandstones of New Red Sandstone age, having 
a density contrast of about 0.4 gm/cm3. 

The elongate basin i s not symmetrical i n cross section. The 
f l o o r slopes much more rapidly from the eastern side than from the west 
so that the deepest part of the basin l i e s not f a r from the eastern 
boundary. I t i s f a i r l y certain that t h i s steep eastern boundary i s 
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caused by a large normal f a u l t or series of f a u l t s , at least 
along the northernmost part of the valley. 

The basin i s closed and shallow at i t s northern end and 
from there the sediments thicken southwards, probably reaching 
t h e i r greatest thickness beneath Luce Bay. Later gravity 
measurements at sea have shown that the basin i s also closed at 
the southern end of the bay and does not extend into the Solway 
F i r t h , (Bott et a l . Private Communication). 

I t i s unlikely that such a great thickness of sediments 
can be merely the remnant of a once widespread sheet of New Red 
Sandstone rocks. The basin, closed at both ends, must have been a 
separate u n i t during i t s formation and not a tr i b u t a r y valley of 
some larger system. I t i s most l i k e l y that the great thickness 
of sediments was formed by contemporaneous sinking and i n f i l l i n g 
of the basin f l o o r . The writ e r considers that the downward movement 
of the f l o o r of the basin was accomplished p a r t l y by f a u l t i n g along 
the eastern margin and pa r t l y by downwarping from the western margin 
which acted as a hinge during sedimentation. I t i s possible that 
orientation of the basin perpendicular to the strike of the Lower 
Palaeozoic b e l t of rocks v;as governed by lines of tensional weakness 
which developed at r i g h t angles to the main compressional forces 
during the Caledonian orogeny. 

The Stranraer sedimentary basin f i t s comfortably into the 
pattern of other deep New Red Sandstone basins at least some of which 
appear to have formed by contempraneous sinking and i n f i l l i n g . 
(Cheshire and Carlisle basins, White, 1949; Worcester basin, Cooke 
and Thirlaway, 1956; Dumfries and Lochmaben basins, Bott and 
Ma^son-Smith, 1960.) 
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GRAVITY BASE STATION:- LOCH INCH 

TOWN:- 2m E of St r a n r a e r . COUNTY: - Wigtovnashire. 

1" MAP:- Sheet 79 6" MAP:- NX 16 SW 

DESCRIPTION:-

On north s i d e of A 75 at entrance to l o c h Inch 

C a s t l e . Meter i n l i n e with western edge of 

most e a s t e r l y post and 12 f e e t from the post, 

as shown. 

GRAVITY:- 255.71 mgal 
R e l . to Pend. House 

LATITUDE:- 54° 54' 05" 

LONGITUDE:- 4° 57' 45"W 

ELEVATION:- 85 F t . O.D. 

DATE:- August, 1956 

OBSERVER:- W. B u l l e r w e l l 

M 

STRANRAER 
< 

_ _J L 

LOOM IMCH 

C A S T U E 

/ 
LODGE 

M o m 

A 75 

I 4 
I 

t 
S O U L S C R T . 

GteNLucc. 
— >• 
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GRAVITY BASE STATION:- PORTPATRICK 

TOWN:- P o r t p a t r i c k COUNTY:- Wigtownshire 

1" tlAP:- Sheet 79 6" I4AP:- NX 05 SW 

DESCRIPTION:-

On north side of A 77 a t junction with North Crescent. 

Meter i n l i n e with west w a l l of h o t e l and 4 f e e t out 

from r a i l i n g s as shown. 

GRAVITY:- 264.37 mgal 
R e l . to Pend. House. 

LATITUDE:- 54° 50' 31" 

LONGITUDE:- 5° 06' 56" W 

ELEVATION:- 20 F t . O.D. 
Approx, 

DATE:- October, 1959. 

OBSERVER:- J . Mansfield 

cResceNT 

Nflv/lSATlON 
LIGHT 

S O W T H 

C R E S C E N T 
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GRAVITY BASE STATION:- SMHDHEAD 

TOWN:- Sandhead COUNTY:- Wigtownshire 

1" MAP:- Sheet 79 6" MAP:- NX 04 NE 

DESCRIPTION:-

On sharp corner of A 716 h a l f mile south of Sandhead. 

Meter i n l i n e with and 4 f e e t away from an 11" drainage 

pipe p r o j e c t i n g through garden w a l l of cottage.-

GRAVITY:- 256.79 mgal 
R e l . to Pend. House 

LATITUDE:- 54° 48'.08" 

LONGITUDE:- 4° 57• '^S" W 

ELEVATION:- 63.3 F t . O.D. 

DATE:- October, 1959. 

OBSERVER:- J . Mansfield^.^MMKIJ; 

M 

SANDHeAO. 

7 7 / / 
O U T H O U S E 

t O T T A C e . 
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